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Abstract

The species with limited dispersal capability are often composed of highly genetically structured
populations with small geographic ranges. One of the interesting groups of marine organism
maintaining their genetic structure, which tends to be unchanged over millions of years is the
horseshoe crab. This study aims to investigate the haplotype diversity and genetic connectivity of
Tachypleus gigas in Indonesia. To achieve this, a total of 91 samples were collected from six
main habitats of Tachypleus gigas, namely Bintan, Balikpapan, Demak, Madura, Subang, and
Ujung Kulon. They were amplified using mitochondrial (mt) AT-rich region DNA sequences.
The results showed that 34 haplotypes consist of 6 sharing and 22 unique from all localities. In
general, the pairwise genetic differentiation (Fs1) value was low (-0.01 to 0.13) and not
significantly different (p>0.05) except in Ujung Kulon-Madura and Kulon-Subang (p<0.05).
Furthermore, the overall gene flow was 6.71 and the analysis of molecular variation (AMOVA)
confirmed a major difference within (95.23%), rather than among the population (4.77%). Also,
the construction of haplotype network exhibited evidence of gene flow and sharing between
populations. Based on Tajima’s D and Fu Fs test, the SSD value indicates expansion whereas the
mismatch distribution illustrates the stationary population. In addition, coastal horseshoe crab
around Indonesia indicated a population connectivity that require local based conservation.
Conclusively, the study shed light on the evidence of the gene flow and the expansion of
population which contradict previous facts that adults and juveniles of horseshoe crab has
visually observed a limited movement among locations.
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$he§pecies with limited dispersal capalility are often composed of hightly genetically
structured populatlons wnth smaII geo r@phn:,ra; es. Oneof»the%e#es@ng-gmups—ef

F netic ; be-unchanged over
s-of-years b ThIS stu\o{aclr&s to investigate the haplotype

ty and genetic connectivity of Tachyp eus gigas in Indonesia. Te-achieve-this, Qtotal
of 91 samples were collected from six main habitats of Tachypleus gigas, nam%y Bintan,
Balikpapan, Demak, Madura, Subang, and Ujung Kulon. They were amplified using
mitochondrial ( mNéAT-rlch region DNA sequences The results showed that 34 haplotype
consist of 6 shar#g and 22 unique fFem all localities. In general, the pairwise genetic

differentiation (Fs;) value was low (-0.01 to 0.13) and not significantly different (p>0 5)
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except in Uj un%\Kulon Mfgurgma{ndeulon Subang (p<0.05). uﬁhffmﬁe’(he overall gene
ﬂow v_\(’as 6.71 h aIysxs of molecular variation (AMOVA) ¢

g#erente W|th|n (95.23%)xrather than among the populatlong 4.77%). ‘,;ghe
construction of haplotype network exhibited evidence of gene ‘flow and st)marl g between

populatlons Based on Tajima’s D and ur, est the SSD value mdxcates expansmn
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wherea@ the m?smatch distribution |I+us-trates—the stationary population. In-adeition, é}astal
horseshoe crabfaround Indonesia lndrcatﬁd ypopulatlon ‘connectivity that requ|reflocal L/

base g onsmﬂcwswew-t-heﬁudy shed light on taegewd nce of daegene flow
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and the expan5|on Of)bOPUKiElOrn which contradict previous foaets tha adult{and juvenile
<Qf/horseshoe cra ) limited movement among locations
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[62]

45 Introduction \(\‘\b\.\\wc\\ ot

46 <The Cases of gene flow are common in marine organisms, which are spread over large

47  geographic ranges (Palumbi, 1994; Crandall et al., 2019). Gene flow often precludes genetic

48  subdivision] therefore, #h extensive sampling of species with high or intermediate dispersal . P”
49  abilitigs is required (Lessios et al., 1998). Alternatively, #ke population structure sheuléd-be- Cw@/ 2rif TN
50 separated-by-reasens-ef genetic drift, strong post-settlement selection (Hedgecock, 1986), and

51 spatial-landscape patterns (Johnson & Black, 1998; Watts & Johnson, 2004)J aswell asto @

52 limited dispersal capability (Collin, 2001). Fafﬁ'remrcre;"‘ttre@pecies with limited dispersal

53  capability are often composed of highls: genetically structured populations with small geographic )
54  ranges. This provides more opportunities-to.compare the depths and,positions of intraspecific (™ 8
55 gengetic with the locations as extrinsic factors (Bernardi &%ﬁleyﬁggg;/ Venthik = il ?\”\0

56 An One-ofthe interesting groupk,. of marine organism maintaining the@' -geﬁet«ienstructure;j 1 WP Al 3|

57 - - whiek-tends-to-be unchanged over millions of years is the horseshog crab‘,{\z ?ig ES-aHT- ic ©
T\\Q'm,éaﬁbie%a?%@mm living fossilianimats (Eldredge and Stanley 1984), ed For almost 500\‘,’\/\' o ,ﬁu/:‘

59  million years. They are ancient marine arthropods exhibiting life-history and habitat preferences | PW R A\\‘, )\\
" 60 \(‘ that indicate a restricted dispersal capability (Sekiguchi, 1988_)f. Generatly; they-ace-classified-as N\ ™
< /\)V%pfﬁﬂf—%ﬂ—epﬁc horseshoe crab (Limulus_Polyphemus)-and-are-krowdite-be the only Atlantic speciegiebaty,w@
) 62 inhabits the eastern coast of NortiAmerica from Maine to Mexico (Rutecki et al., 2004; Walls et
63 al., 2002). Three Asian horseshoe crabs including Carcinoscorpius rotundicauda, T achypleus
64 gigas, and Tachypleus tridentatus (Lee % Morton, 2005; Sekiguchi & Shuster, 2009) are
65 distributed sporadically from Southeast Asia to Japan. These species are found in Indonesian
66 coastal waters, dispersed around Sumatra, Java, Kalimantan, and Sulawesi (Rubiyanto, 2012;
67 Mashar et al., 2017; Meilana et al., 2016).
68 Throughouyt their life cycle, they are highly dependent on environmental-conditions in e
Ma&aLhaMB@XFﬁrthmmc studies of horseshoe crabs generally T/ (it V
(30 focused on L. polyphemus along the eastern coast of North America (Pierce et al., 2000; King et/ ot
71__al., 2004), However, these crabs occupied Southeast Asia to Japan (Sekigdchi, 1988) and most ‘ﬁ[«)(j\s
research(suggested that they are declining both locally and regionally. This du? to the loss of
suitable spawning grounds because of over-harvestiiig for food, biomedical, and Goastal
development (Itow, 1993; Botton, 2001; Chen et al., 2004). In addition, T. gigah was once
relatively profuse along the northern Javasea. However, it is believed that the po ulatiot} of
76  Indian and mangrove horseshoe crab are unidentified based on their conservation status, for
77  which insufficient data are available (World Conservation Monitoring Centre, 1996) ¥Therefore,
78 is study examines the genetic diversity and connectivity, as well as the population structure, of
79  the AT-rich region of mitochondrial DNA from the coastal horseshoe crabs. This has proven to
80 be a useful marker in intraspecific studies of some other arthropods (Brehm et al., 2001) to
81 facilitate conservation efforts for t btishment©f horseshoe crab conservation in Indonesia.

82 Lruryie)
83 Materials & Methods

84 Study ar&ai and sample collection

85 ~Firelddultg and juvenilegef % gigas were-observed-and collected from shallow waters with
86 the help of a local fisherman. focaﬁon&aroup%w ﬁne‘gia“inc'l'udin»gA-Bintan-;Barlik-pap\an,

87 Demak; Madura; Subang, and Ujung Kulon were ot red in this study (Fig. 1). A total of 91
88 hemolymp'&f T. gigas were collected from April 2019 fo August 2020, consisting of 8, 14, 16,
S'UM()\ ed & .
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89 13,20, and 20 samples from Bintan Island (BT), Bdlikpapan (BP), Demak (DK), Madura (MD),
90 Subang (SB) and UJung Kulon (UK), respectively. Mse-the—heml-ymph—eﬁg‘il samples wasyserr
91 - ; R-eae and immediately preserved with absolute ethanol. Field

92 experlments and samplmg were approved by the Research Council of Study Program the IPB
93  University (Letter number: 1426/1T3.F3.2/KP.03.03/2019)

94 Dun vt Bvzihe)
95 Genomic DNA eiraction, amplification and DNA sequencing .
96 All genomic . hemol ymph following the protocol of the GeneAli ﬂ() Ur
97  extraction kit produset. A fragment %%T rich region was amplified usmg-a-g&—ef primet{Hb-
98 128 (% -GTCTAACCGCGGTAGCTGGCAC 3’) and Hb-trna (5’ -GAGCCCAATAGCTTAA
99 ATTAGCTTA-3’) designed from mt genome of the Atlantic horseshoe crab (Lavrov et al.,
100  2000). A totat-volume-of 25-ul. PCR reaction was car%ied out including 12.5 pl. MyTaq HS Red
101 Mix, 9 uL ddH,0, 1.25 uL forward and reverse primet, and | uL. DNA template. The entire X
102 mtureﬁreactlona was amplified using #he polymerase éham reaction (PCR) thelmocycler‘sa'rrd-th*eT\'L P n}‘}"(’d\
103 following Yang et al. (2007) was pre-denaturation at 95°C for 3 mins, This-was followed by
104 30 cycles ofdenaturation at 94°C for 30 sec, annealmg at 50°C for | min, extens10n at 72°C for 2
105  min, one cycle at 72°C for 2 min, and 25°C for 5 min. The PCR product was visualized by
106 electrophoresis on 1% agarose gel in TAE buffer with ethidium bromide at 100 V for 30 min. H
107  additton, UV light imq;Zed@ determine the band, which indicates the presence of a DNA

108 fragment. The DNA sequéncing was done by 13t BASE, Malaysia.

109 h{?ﬁi \/:!'f;

110 Data Analysis

111 Genetic diversity

112 A total of 91 AT-rich region sequences were obtained from the analysed hemolyphs. 350,
113 he MEGA X (Kumar et al., 2018) was used to geperate multiple alignments of the edxted 0
114 sequences. The genetic dwersxty was measured #% the number of haplotype (Hn), 1@ dxversxty f
115 (Hd), and titatof nucleotlde\(n usmg DNASp v6 (Rozas et al., 2017).

116 et ) .
117 T#® Population Structure e
118 The population structure was édmfed by erght s fixation index (FST), gene flow (Nm),

119  and the analysis of molecular variance (AMOVA) using Arlequin v.3.5 prezram (Excoffier & JUTSonT
120  Lischer, 2010), with 1000 permutations. The significance level threshold () to determine the Gl mEW
121  pattern of differentiation between locations is 0.05. Furt-hermore,/tge Pairwise F-statistic (Fgst) ) ( T

122 were calculated as genetic distance based on the differences between population using DNASp

123 v6 (Rozas et al., 2017). The-value-of Egpranges-from-0-to-I; Fsrclose-tozero-indicates-low. level

124 of genetic-differentiation;-while the highrfevel is determined-by-the-value closeto-one.

125

126 Population Connectivity & Qﬁ,g[,l)rm;\

127 The genetic connectivity among populations was estimated using a median joining (MJ)

128 network (Bandelt et al., 1999) and was %}\culated using Network v 4.6.1.0 based on haplotype

129  data. The haplotype composition was'ﬂg-fameé-m—all study areas aad-then-iHustrated-in-an & W\"’{’{"

130  appropriateTap to show the pattern of distribution and genetic connectlylty among populations.

131 Husthermote, Tajima’s D and Fu’s F statistical tests were used to det—efmme—%he popula‘uon

132 equilibrium ~Fire gelzgatlve values of Tajima’s D (Tajima, 1989) indicate population expansmn

133 and/or purifying selection, whereas)positive values indicate a decrease in population size and/or

134  balancing selection. Hdwcver—thehlegatlve Fg values indicate a recent population expansion (Fu,
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135 1997) and Bositive Eu*s F values suljgest that it is steady. Thetristory-of effective population
136 size was assessed through the pgjrwisgimismatch distribution in Arlequin apd-theresutts-reflect " v 2l
137 the stochastic lineage loss. A-l-seq,éthe unimodal result described: the-expansion-poputatior-giow hﬂv/)viif"\ § wrN
138 and a recent bottleneck effe(? while the mtlltimodaleug%ists the equilibrium demographic
139 condition or stationary population. e s

141 Results

142 Genetic Diversity Lrm SX.

143 A total of 91 AT-rich sequences each »th approximately 670 bp were obtainedhall

144 sampling locationg}including Java (UK, SB, DK, and MD) and Sumatk‘\ra Islang especially in ~ _

145  Bintan and also Borneo (Balikpapan). Fusthesmorg, @eneﬁe—é&vefsify—was—cafuﬂatce}-aad Uz,;2b‘2

146 -analysed-based-on-the initial processes that were sequence atipnment. In total, 43gucleotide sites by L‘\{_&

147  and 34 haplotypes were exposed. TI}&QQ otypes that were obtained-censist of tg@%W f?f.] y A
148 found in certain locations) and co haplotypej(Table 1). Also, the gjnw ‘ Z 4Q
149  gigas in each sampling sites VM?‘V&NG (Table 2) a iteadm— § NI

aS ecatto e 2 S SN ALLLCTH d 9 X
151 Atﬁa-glance:ﬁe obtained haplotype diversity was guite

152 O.945)Lwith a mean gene diversity per population of # = 0.9352{\. Conversely, nucleotide diversity

153  was relatively low in all locations ranging,from 7 = 0.0049 to 0.009( L However, the overall

154  diversity was similar among populations, Raplotype and nucleotide Were Bwest for DK, followed

155 by populatim{ m SB and UK. Furthermore, the haplotype and nucleotide diversity waé'ffi’gm\b/ﬁ"k
156 for BP, followed by UK (/#=0.9421 = =0.0054), SB (#=0.9263 = = 0.0052), MD (h=0.9103 7t =

157 0.0066), and BT (#=0.8929 = = 0.0066). Meanwhile, the lowest haplotype diversity was in DK

168  (h=0.7833 n =0.0049) (Table 2).

160 The Population Structure ‘ anced

161 The results from pairwise Fgr valuefshowi.thatthe_enti#&.papumﬁm.wagfaaémg from -

162 0.0l to 0.13 (Table 3). Generally, the Fgr value among locations was not significantly differfnt

163  (p>0.05), with an excepti g{the co parisoﬂ’ between UK-MD and UK-SB, which indicatg the
) . 0 . . A

164 restricted gene flow amo%@ggulatlof . Furthermore, the populations that have a higher pairwise

165  Fs7 value than others includ BT-MD (p>0.05), BT-SB (»>0.05), UK-MD (p<0.05), and UK-SB :\\
166  (p<0.05). Meanwhile,-the negative-values of pairwise Exwerefoy stween ) | g DG
16 7—H-BT-(Esr-=-0:01+>0:05)-DB-BI-(Fsr =002, p>0-05); anct SB=NB- 0570054\ e
168 ~Fhe svel-andnegativevalte of 7 e tack-of-divistorramong poputati 0

169 W . The overall gene flow (Nm) estimated among populations was 6.7 {zaed } -

170 AMOVA alsdlc d that the majority of variation was found within (95.23%) rather tfan v /
171 among populations (4.77%) (Table 4). Additionally, the mean Fsr was calculated as 0.04 (p- V\A\\/\%
172 value = 0.0069), which indicates a low level of genetic differentiation. C‘}G‘”

173 )

174 The Population Connectivity (.2

175 A total of 34 haplotypes weée identified using Median-Joining Network of haplotypes

176 created for all samples of 7. gigas (Fig. 2). The analysis showed the existence of the deminant’ Cmm uf\) U\A
177  haplotypes (HI, H3, HS, H8, H9 and H18) which e EVoution k. H3 was the \ I
178  most common, being identified in all populations except in UK and cdlisistof 15 individuals, ;[ ',\wﬂ
179 Similary, HS was found in 12 individuals from the BT}, BP, DK, SB, and UK populations. AV

180 However, there were specific haplotypes, which'are o 1y founq\@’ certain locatiod. Meanwhile,
ON )

{
[/ n l/\\cQ?(;Lk‘ Oé Gert {]VT} ZW\VMJ jc,ﬂsugwb J“l@

Peer] reviewing PDF | (2020:10:54456:0:1:NEW 6 Nov 2020)



181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200

201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226

the highest number of unique

2 \b er]
V\Eis ir? W whereas the lowest was in BT. There were

two unique haplotypes (H2 and H4) in samples from BT, three (H14, H15, and H16) from DK,
five (H6, H10, H11, H12 and H13) from BP, five (H17, H19, H20, H21 and H22) from MD, five

(H23, H24, H25, H26 and H27) from SB, and seven (H28, H29,
from UK. hrterms of the-rum

locationj(Fig. 2). Furthermore, the value of the Tajima’s D statistics in all

population were

H}O, H31, H32, H33, and H34)
ba{gmniqwhapmmugﬂgwﬁewml~mmhewi% in
~UK-has the most-number,-which-were-found-only-in-Iindividuat-for-each (F ig. 3y

T m {he anatysis-esnetwork analysis showed that there was shariag haploty

*

negative, with an exception in DK, MD, and SB, showing no significant p-value, which therefore
indicates no evidence of selection-Similary, the result of Fu’s and F's test was negative except in P
all six observed, indicating an excess number of WW’ Hﬂﬂ

e

DK with no significant p-values for

expected from a recent population expansion. However, the results of the mismatch distribution

were measured [0 determne-the-contka

SXENATANTARNG a
-distributian illustrated the multimodal patterns, which
historical expansion in all locatishl

| Furthermore, the value of SSD']
were all statistically insignificant
population expansion.

S, »

show the stationary population

2 Jpon

Discussion AT

Fig.

Hetween the observed and expected mismatch distributions
(p > 0.10), indicating the presence of non-equilibrium and a

In this study, the haplotype diversity was high in six populations of coastal horseshoe crab

in the northern Java Sea, Bintan, and Balikpapz?n. There was also a high number of polymorphic

sites (43 within 34 haplotypes) in Indonesian coastal{?&hﬂeumab‘mihemha;%lay .

which only 13 were found (Roihan & Ismail, 201 1):
(h= 0.935() was high while that of nucleotide (& = 0.0064) was low in all
Furthermore, the hapf())type and nucleotide diversity of Malaysian coastal

were #8e reported by Yang et al., (2007) on "

urthermore, the mean haplotype diversity
the populatior.
horseshoe crab“(T.
gigas) was h=0.797+0.129; 7 = 0.058+0.001 oihanJg&/ Istnail, 2011). Similar observations
R~ JPINE . .

shorseshoe crab (7. tridentatus) in Taiwan,
which was 0.626:+0.075 for genetic variation (4) and 0.0039+0.0055 for nucleotide diversity (m).
Ge erally, results from several studies reported a high genetic diversity s however, the nucleotide

b

A
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N

ratg of the mtDNA genes. These phenomena indicate only small differences, which is the

signafure of @

The nucleotide\j ﬁ)

wa'g\?ow for horseshoe crab. Additionally, the high number of haplotypes shows a high mutation

.demographic expansion from a small effective population size (Avise, 2000).
a sensitive index for the analysis of the population genetic diversity (Nei

&
Li, 1979), which is influenced by the life-history characteristics, environmental heterogeneity, ‘DQ'
large population size {(Nei, 1987; Avise, 2000), fishing pressure (Madduppa et al., 2018),reduced [.;vM
mediated larval transport, and 3YIniited exchange to other populations (Timm et al., 2017).
Furthermore, the rat¢ of mitochondrial-evolution arid historical factors play an important role in

determining the patferns of

e

etal., 2010).

An unusu I'e:
Fs70.02 to 0.1/and not sitgmﬂ ant) was found; with-an-¢

engtic variability (Grant et al., 2006; aiu\chi
Cadl/ﬁ ?vw {)LQDAL < 24 ) el 2l Lo
result, which is a lackof extensive differentiatioramong populations (very low
ption between UK-MD and UK-SB.

T\e,l ~et al., 2009; Ya

il

This indicateg/that there ‘o Subdivision among populations. Conversely, the life-history

characteristi

and habitat preferences of horseshoe crabs suggested that their dispersal capability

is restricted (Sgkiguchi, 1988). Moreover, they have limited movement capabilities only intheir

N H~ n,u;y\/_aflb) — ZH\@'\ 2. l\ Ul‘ e
C?{,) 251» C‘( Y] /\%‘Zu@ i QV\‘M J;éu/\l/‘()

A
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227  range area. The finding of Yanglet al., (2007) revealed that their movement capabilities did not
228 exceed 150 km. Qthers reported {that the movement analysis on horseshoe crab (L. polyphenus)
229 in the Great Bay Estuary, New Hampshire (USA) has a mean annual linear range for all animals
230  of 4.5 kmand 9.2 km as the max\num distance moved (Schaller et al., 2010). Swan, (2005)

231 conducted the larggst study of Limulus migrations to date and plausmle long-distance

232 movements were ddcumented for 14 Individuals that moved 104-265 km from their release sites,
233 over multiple years.! According to ecological observations, their hatched larvae swim freely for
234 approximately 6 days and then settle in the bottom of shallow waters around their natal beaches
235  (Shuster 1982). Howeyey, the strong tendency of larvae concentrated in inshore rather than

236 offshore (100-200 km) otton & Loveland, 2003) suggests that their capability for long-range
237  dispersal between estudries is limited. Therefore, a possible cause of the contradictory results i
238  the presence of a recent bottleneck effect, which simultaneously decreased the overall genetic
239 variation among populations and mc,,t_@,asgﬂihamehanae%ﬂg (Liew et/MJé—.
240  Additionally, the negative value of Fgr indicates no similarities between two random individuals
241 from equal rather than separated populations (Arnason & Palsson, 1996). The low level of Fyr
242 reflects the higher gene flow around localities\Moreover, the results of the mtDNA analysis
243 shows a moderate-level-of overall gene flow which was 6.71. Furthermore, gene flow often
244  ensues in Marine organisms that are-dispersed acrdss wide geographic ranges (Palumbi, 1994). A «}a oCu/r
245 similar stydy by Roilfan and Ismail (2011) reported'that the Fyp value of the crab along the west Y

246 coast of peninsular M‘alaysxa range. from 0.111 — 0.557. Other findings in the area reported that
247  the Fgr value, which w;}s analysed using microsatellite tharker ranges between 0.1441 and

248 0.8469. In addition, A QVA analysis exposed that most of\the genetic variation found was due

249 to the differences within, ther than among popu <zi}&’ions indicatiiig-an extensive gene flow.
250 Furthermore, here vas onw&&sef sharthg hap otypes from t twas
251 discovered.~Rhe analysi g the median-joining network shows the population expansions in the

252 past regarding the shari plotypes among localities. This evidence was also illustrated by a
253 , star-like profile whereas the umque haplotypes branched out from the center. Moreover,

ot M) ">

\ i
{\0‘3(’\7/ Tajima’s D and Fu K& test i \dicate the occurrence of the population expansion. However, the 5 fl N .
L 7255 graphs of mismatch d tubul%lon showed the multimodality in the entire population, which [n A’t I (,‘176””“[1)/77[ w

3}( 256 i{%ﬁﬁie equilibrium ok stationary. In contrast, the movement capabilities of adult horseshoe

257  crab among populations %e presence of sharing haplotypes may give confusing
258 results in this study, becalge crab y.in the home range-area.-l the distance
259 among populations was mgyge than 300 km whereas the crab capabilitﬁiﬁw

260 265 km (Swan, 2005). The dommon haplotypes between localities is explained by the history

261 biogeography in Southe}st Alia region known as Sunda S%dmc J ’at Ta and> \/lw GQMNJV
262 Borneo. Historically, Stindalagd experienced simultaneo and conhsequent 7"?& 4: Maﬁﬂ -
263 deglaciation during tife Pleistodene penod These phenomena were assocxated w1th a deerease in

264 sealevel, an equal/l/mpmtant ctor in the dispersal of plants and animals (Voris, 2000).

265 Furthermore hapfotype sharing dpd the resulting gene flow is attributed to breeding migration,

266 mutatien, pelagiC larvae, and shaSgg of common ancestors (Frankham, 1996). W-hcreagﬁhe

267  occurrence of the many unique hap Xt%l.aes is explained by the time duung the last glacial

268 maximum. Many species became isolqted in refugia, however; genetic differentiation and
269  divergence pccured due to the retreat and dispersal of glacial ice sheetm 2000). Lo
7\\ , W[f’l o SR
270 . = gl S 2
271 The Implication for Conservation L@
bﬂ‘ ‘/]N/ J )V{}

N 5

ﬁ\r\‘u
0\ r>0 , o
N J\ {7\} \
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"~ crab needs to be elucidated with characteristic of pOrulatic
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= M\\a

J . :
=Ehe-proactive management appreach-for Asiap coastal horseshoe crabs (T’ gigas) in
Indonesia needs to consider the parameter of populdtion genetid, Generally, these parameters

show that the species in Indonesia indicates a single\stock atton-The high genetic and low .
nucle.o.tide divgrsity ShOV\" ‘fh/ t A{Lhe coastal hgrseshoe crabg are able .t() adapt to the envirompeggl/_\ mn ) _‘lm
condition and its composition fwall population has low dlfferena?aﬁwﬂ'reover, the findings . ﬁ
Teveal that 7. gigas in Indonesia have low genetic differentiation as well as indication of o n

population connectivity and expansion. Therefore, all the results lead to a single stock poprtatitn 9,,0 ?W
of Indonesisfzzoastal horseshoe crab. However, they migrate from their natal beach to the deeper Gone A
water and return to spawn (Walls et al. 2002). This implies that all individuals do not move far L s
away along the coastline. Although the Indonesigh coastal horseshoe crab reveals a single -
population stock, the best conservation strategy fhat needs in this part is the local in conjunction

with regional-based management. .
{ﬁ\éﬁf\) \!6 \Vf\\j ° - ‘ﬁ/\\\) ng}x T 7\3)A [imu\\d) P"({’IP}M‘M

ig diversity within populations of horseshoe crab 7.

ANow level of differentiation, which indicates a single

arl connectivity. Furthermdre, with regard to the limited movement potential o? N,\ﬁw(\ﬁ;
% at historical demography was part of the population i

r, the local-based conservation is the preferred

analysis based on male and femalgtorseshoe

genome (e.g., microsatellites). This also requires the
range around Indonesia.
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1 Tabdl 3 Gy
2 Pairwise Fgr between populations of Tachypleus gigas #a six sampling locations
BT BP DK MD SB UK
BT -
BP 0.05 -
DK 0:08 0.00 -
MD 0.13 0.00 0.00 -
SB 0.11 0.01 -0.02 -0.01 -
UK -0.01 0.08 0.09 0.10* 0.10* -

Notes : Fgr value significantbprdifferban (p<0.05)* ns: not significant; BT= Bintan;
BP=Balikpapan; DK= Demak; MD= Madura; SB= Subang; UK= Ujung Kulon
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L
Hre ahalysis of molecular varia?éen (AMOVA) #hat conducted based on e haplotype frequencies
of Tuchypleus gigas

Source of
variation

Among
populations
Within
populations

Total

Percentage of
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Figure 1

(" S.
Sampling locations of Tachypleus gigas (n = number of sample; UK = Ujung Kulon, SB =
Subang, DK = Demak, MD = Maduraf, BP = Balikpapan, BT = Batam)
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Figure 2

Haplotype network of Tachypleus gigas (n= 91) population in six Iocati@round
Indonesia, constructed wit \Median Joining method ‘
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