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Abstract

pecies with limited dispersal capability are often composed of highly genetically structured
populations with small geographic ranges. This study aims to investigate the haplotype diversity
and genetic connectivity of coastal horseshoe crab (Tachypleus gigas) in Indonesia. To achieve
this, a total of 91 samples were collected from six main habitats of coastal horseshoe crab,
namely Bintan, Balikpapan, Demak, Madura, Subang, and Ujung Kulon. They were amplified

AM \& )29 usin mltochondclzl (mt) AT-rich region DNA sequences. The results showed #at 34 haplotypes

“consist of 6 shariee and 22 unique from all localities. In general, the pairwise genetic
/ differentiation (Fir) value was low (0 to 0.13) and not significantly different (p>0.05) except mfor

Ujung Kulon-Madura and Kulon—Subang (p<0 05). Furthermore, the analysis of molecular

variance (AMOVA) onfitmed a1 erenice within popelatien (95.23%) rather than among
populatio (4 77%). AtsT;, the constrge ' +of haplotype network exhibited evidence of gene ﬂow N
and shar% haplotype between populations. Based-eathe Tajima’s D and Fu Ffs test valuef’

indicates a population expansion. In this study, the coastal horseshoe crab arw
suggested § populg;uo &onnecﬂwty hat require a 1 based conservation ely, he

study shed"hg'l'rt'on-tsée evidence of the gene flow which contradict previous f%th_aﬁg)rseshoe ()u\ (\JELL“*
crab has vrsuatty-observeda limited movement azen among locations, (,,fg Kvﬂﬁw J
( d»\m g vl ¢ ejlen? P
Introduction | 1 ales of J —
Fhelcases of e flow are common in marine organisms, Wthh are spread over large
geographic ranges (Palumb1, 1994; Crandall et al., 2019). Gene flow often precludes genetic

subdivision, therefore an extensive sampling of species with high or intermediate dispersal
abilities is required (Lessios et al., 1998). Alternatively, tie population structure s-healj—be "\/“H
rel
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46 sepe;ated—ggig\sms-of genetic drift, §trong post-settlement selection (Hedgecock, 1986), and
47  spatial-landscape patterns (Johnson & Black, 1998; Watts & Johnson, 2004) as well as tea
48 limited dispersal capability (Collin, 2001). Eusthermere; the gpecies with limited dispersal
49 capability are often composed of highly\genetically structured populations with small geographic
) 50! - ranges. This provides msere opportunities\to compare the depths and positions of intraspecific
(3 ;Jc*m;vg\ge_r_lgfi_cjvith the locations as extrinsic factors (Bernardi & Talley, 2000).
52 Horseshoe crabs, an interesting group of marine organisms aseeedso known as living fossily
53 amiEars (Eldredge and Stanley 1984), #res for almost 500 million years. They are ancient LY
54 marine arthropods exhibiting life-history and habitat preferences that indieste a restricted SV al ]

55 dispersal capability (Sekiguchi, 1988). " erican horseshoe crab-. -~

56 (Limulus polyphemus} and-are-knewn-te-be the only Atlantic species that inhabits the easte Mc?{'v' S
57 coast of North Ameri¢a from Maine to Mexico (Rutecki et al., 2004; Walls et al., 2002). Three M _{B&

58 Asian horseshoe cra‘tE including Carcinoscorpius rotundicauda, Tachypleus gigas, and

59  Tachypleus tridentatiis (Lee &Morton, 2005; Sekiguchi & Shuster, 2009) are distributed
60 sporadically from Southeast Asia to Japan{These species are found in Iridonesian coastal waters,
61 dispersed around Sumatra, Java, Kalimantanyand Sulawesi (Rubiyanto, 2012; Mashar et al.,
62 2017, Meilana etal, 2016). & '
63 Throughout their life cy, f
64 coastal habitats. Fhese-erabs® : a-1C
65 research suggest'éd that th: % e declining both locally and regionally. This is due to the loss of
66 suitable spawning grounds\b ecause of over-harvestifn@ for food, biomedical, and coastal
67 development (Itow, 1993; Botton, 2001; Chen et al., 2004). ka-additron, 7. gigas was s once
W along tk Indonesian coastal waters, especially in the northern Java Sea. .-]—z A
C,@f‘\“h 9 owever, iis-belteved-thatthe population;\of coas } and mangrove horseshoe crabfare of uncorTH

) 70 unidentifred-based-ontheir conservation status, forswhrch insufficient data are available (World
71 Conservation Monitoring Centre, 1996). Furthermore, the population genetic studies of
72 horseshoe crabs generally focusé#h on American horseshoe crab,and a little for Asian horseshoe
73 crab‘S(Pierce et al., 2000; King et al., 2004; King et al., 2005; Yimg etal, (2007,; Roihan &
74  TIsmail 1201 1’; King et al., 2015). Therefore, this study examines the genetic diversity and
75 connectivity, as well as the population structure, &f the AT-rich region of mitochondrial DNA

76  from the coastal horseshoe crabs. This has proven to be a useful marker in intraspecific studies of
77 some other arthropods (Brehm et al., 2001) 10 fagilitate censervation cfforts for the ostablishment

78 of horseshoe crab conservation in Indonesia. v
79 Jereemny,

80 Materials & Methods
81 Study area and sample collection

Ca cJabat]

(Sekiguchi, 1988)ynd fhost

82 llheﬂ’dulﬁ and juvenilefof 1 . ﬁgas were observed-and collected from shallow waters with
83 the help of a local fisherman, , six locations around Indonesia) including Bintan, Balikpapan,
84 Demak, Madura, Subang, and Ujung Kulon were-observed-in-this-study (Fig. 1). A total of 91

85 h T. gigas were collected from April 2019 to August 2020, consisting of 8, 14, 16,
86 13, 20, and 20 samples from Bintan Island (BT), Balikpapan (BP), Demak (DK), Madura (MD),
87 Subang (SB), and Ujung Kulon (UK), respectively. Moreewer, the hemolymph ef-at=samples
88 was collecfed from each individual and immediately preserved with absolute ethanol.

89

90 Genomic DNA extraction, amplification, and DNA sequencing
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: mthCl&kMr 3

IR Wi daked om wchandro
&4 genomic kvere—eeﬂected from,h olymph following the protocol of the GeneAi
extraction kit . A fragment of A¥-rich region was amplified using a pair of primer’Hb-
128 (5’-GTCTAACCGCGGTAGCT AC-3’) and Hb-trna (5’-GAGCCCMTAGCﬁAA
ATTAGCTTA-3’) designed from mf genome of the Atlantic horseshoe crab (Lavrov et al.,
2000). A tetat-vetume-of 25-uL PCR reaction was carried out including 12.5 uL MyTaq HS Red
Mix, 9 uL ddH,0, 1.25 pL. Forward and reverse primer, and 1 uL DNA template. The entire =
mixturelreaction’ was amplified using the polymerase chain reaction (PCR) thermocycler and the 2 w\(]Ml“%‘
ste , ollowing Yang et al. (2007) was pre-denaturation at 95°C for 3 mins, This-was followed by
30 cycles of denaturation at 94°C for 30 sec, annealing at 50°C for 1 min, extension at 72°C for 2
min, one cycle at 72°C for 2 min, and 25°C for 5 min. The PCR product was visualized by
electrophoresis on 1% agarose gel in TAE buffer with ethidium bromide at 100 V for 30 min. ¥t

addigron, UV light 1 f ine the band, which-indicates the presence of a DNA
fragment. The DNA sequenting was done by 1t BASE, Malaysié‘:g
. tyl

[y viedt d3et AR

Data Analysis LS.
Genetic diversity

A total of 91 AT-rich region sequences were obtained frorrtircamatyzed emmelyphs. Adso,
the MEGA X (Kumar et al., 2018) was used to generate multiple alignments of the edited
sequences. The genetic diversity was measured by the number of haplotypéS (Hn), ﬁa diversity
(Hd), and thatef nucleotidg () using DNASp v6 (Rozas etal, 2017). " 2pltp-

Ak 1
Fire Popuylation Structure
opulation structure was indicated by Wright’s fixation index (Fsr), gene flow (Nm),

and analysis of molecular variance (AMOVA). Mﬁaﬁef,%e significance level threshold (a) to
determine the pattern of differentiation between locations g5 0.05. The Pairwise F-statistic (Fsr) |
were calculated as genetic distance based on the difference DNASp

n

v6 (Rozas et al., 2017). The e of Fyr rangesfrom6-te ate ""I’G"W‘levels mﬂ\gw\’f\
. g . - - nned by - U EK[jeLf‘D
Population Connectivity v \

The genetic connectivity among populations was estimated using a median joining (MJ)
network (Bandelt et al., 1999) and was calculated using Networls v, 4i 1.0 based on haplotype

data. The haplotype composition was-ebtained in all study areas n illustrated 1n an
appropriate map the A\of distribution and genetic connectivity among populations.
Furthermere, Tajﬁi) oD and Bu’s s statistical tests were used to daemm%?)%itiw\ askefd
equilibrium. ajima’s D test-uses-the-freqg ide-sit ton;-whereas-Fu's

: he-hao] fictribution (Fu 1997 I locin

v.3.5 program.~T he-negative-values-o e vopulation expansion

uenev-ok-nucleotige-stteseparati
The analysis was conducted usi
S S i et

= v < [ Cl < 1 O Ul c
and/orpurifying\selection, whereas positive-values indicate a-decrease i population size-and/or
balaneing-selection—However, the negative Fu’s-Fs-values indicate a recent popula fofi expansion
(F 997 a0 !‘!~.»- I e "'v”"' "a OCS SUZETN a TS dy

Results
Genetic Diversity

A total of 91 AT-rich sequences each wath approximately 670 bp were obtained in all
sampling locations including Java (UK, SB, DK, and MDB}a-ﬁd Sumatera Island especially in
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S geTe TSIty Was calculatedanc
atyzed-based-on-the-in srocesses.that-were-sequence atignment. In total, 43 nucleotide sites
139  and 34 haplotypes were exposed. The haplotypes that were obtained.eonsist of W{Sﬁl’y_\}’) A'\'\

140 found ingertain locations) and common haplotype’(Table 1). Alse, the genetic diversity of 7.

141  gigas ireach sampling sites varyif vatue (Table 2)@1&&?19, percentage of A+T composition in

142  each locations was slightly different, which was approximately 81%. s i o
143 At a glance, the obtained haplotype diversity was quite high;ranging from = 0.7834 to d o I
144 0.945hwith a mean gene diversity per population of 2= 0.93 5%, Conversely, nucleotide diversity D{-/ {2( Z(ﬂ_ \
145  was relatively low in all locations ranging from m = 0.0049 to 0.0095. The overall diversity was \ =
146 similar among populations, but tﬁle lowest haplotype and nucleotide diversity were in DK

147  (h=0.7833 © =0.0049). Hewevez/ﬂle haplotype and nucleotide diversity was highest for BP,

alikpapan). Fu

148  followed by UK (h=0.9421 n = 0.0054), SB (h=0.9263 = = 0.0052), MD (#=0.9103 = = 0.0066), W 5‘/\
149 and BT (#=0.8929 n = 0.0066) (Table 2). , o 8
150 Saht
151 T Population Strugture i ”’f"’.‘Sw&
152 HreTesultsfrom pairwise Fgr value g € , ing from O
1/1_52\‘@706@ (Table 3). Generally, the Fsr value among locations was not significantly different

amb 154 -65), with an excepti% éhe comparison between UK-MD and W L ,;J.L

ey (7‘” 155 restricted gene flow among opulatiogf Furthrermese-tie [populations t igher pairwise

p 156 Fsr valu f\tham others include BT-MD (p>0.05), BT-SB (p>0.05), UK-MD (p<0.05), and UK-SB
157 (p<0.05). He: alues of pairwise Fgr in-the-eemparisomrbetween UK-BT, DB-DK and
158  SB-MD were effectively zero vehre Fhefow fevel of Fyrmeans that there-is-no-genstic
159 -subdivision-ameng populatiens-also indicates gette flow phenemen. Furthermore, sults from
160 AMOVA abm-cc?i-rmeﬂ that the majority of variation was foung within (95.23%) rather than
161 among populatiops (4.77%) (Table 4). Zmane
162 Shae 9
1 630 Fve Population Connectivity (|, 1hed =

) Q,@BAQL——M& 34 haplotypes were using Median-Joining Network of traptetypes ;
‘(\L\ﬁﬂms created-for-all-semptesof-Fgigas (Fig. 2). WMM ﬂ“?r‘g
466 haplotypes (H1, H3, HS, H8, HO and H18) whick-san indicatromof gene flow ptrenonremna
167 among geographic sites. H3 was the most common, being identified in all populations except #r
_ 168 1 15 individuals. Sisitarty, H5 was found in 12 individuals from the BT, BP,
\W A DK, SB, and UK populations. However, there were specific haplotypes,whieh-are only found in Lo {_ﬂ
\n° 170 certain locatiott Meanwhile, the highest number of uniquewas in(UK population,whereastiie L G Y’”u’

171 lowest was in BT. There were two unique haplotypes (H2 and H4) in samples from BT, three
172 (H14, H15, and H16) from DK, five (H6, HI0, H11, H12 and H13) from BP, five (H17, H19,
173 H20, H21 and H22) from MD, five (H23, H24, H25, H26 and - H27) from SB, and seven (H28,

174 H29, H30, H31, H32, H33, and H34) from UK. In terms’of the number of unique haplotypes,
; : ST o

176 -imdividuatforeacir (Fig. 3). Nt Hnad punhem D
177 The historical demography was assessed based on theymtDNA AT-richzégion haplotypé
178 suit-fro : i5of k sisstrov af there was sharifig haplotypé in all
179 locationt (Fig. 2). Furthermore, the value of the Tajima’s D fest (Table 5) in all populationl were
180 negative‘: with an exception in DK, MD, and SB, showing fio significant p-value, which therefore

181 indicates no evidence of selection. Similarly, the result of Fu’s F's test (Table 5) was negative;

e-+€ST T1d 1Y O CLWO araly VU

 ‘ (lfef\awm %
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182  except in DK;with no significant p-values for all six observ-ed indicating an excess number of
183 s ex ected from a recent population expansion.

184 EY% » i~

185 Discussion Jchnoy ke ok Tndondd

186 In this stydy, the haplotype diversity was &gh in six populations of coastal horseshoe crab
187 in the northernf Java Sea, Bintan, and Balikpapan! There was also a high number of polymorphic

188 sites (43, witksn 34 haplotypes) in Indonesian coastal horseshoe crab. Fusthesmere; the mean
189  haplotype divegsity (= 0.9353) was quite high while that of nucleotide diversity (m = 0.0064)
190 was low in all t e populatlorf milarlyi\high haplotype diversity value has been reported in
191  exder T gigas'in Malaysia, whieh-wes-around / = 0.797+0. 129and = 0.058+0.001 (Roihan &
192  Ismail, 2011). Other relat‘?d observations were also reported by Yang et al., (2007) on tri-spin
horseshoe crab (7 tridentatus) in Taiwan, which was 0.626+0.075 for genetic variation (k) and
0.0039i0 0055 for nucleotide diversity (7).

ajll n this study the genetic diversity for coastal horseshoe crab was high but the
nucleotide va The high number of haplotypes indicates that the populations studied are
adequately large to maintain a high level of genetic diversity. These phenomena indicate only
small differences, which is the signature of a rapid demographic expansion from a small
effective population size (Avise, 2000). The nucleotide (x) is a sensitive index for the analysis of
tha population genetic diversity (Nei & Li, 1979), which is influenced by #he life-history
characteristics, environmental heterogeneity, large population size (Nei, 1987, Avise, 2000),
fishing presgure (Madduppa et al., 2018), reduced rrediated larval transport, and a limited
exchange‘fgiohther populations (Timm et al., 2017). F'u-rtl'mrmese,‘the rate of mitochondrial
evolution and historical factors play an important role in determining the patterns of genetic
variability (Grant et al., 2006 Xlao et al., 2009; Yamaguchi et al., 2010).
ck-of extensive d1fferent1at10n among populations (very low
Fs70.02 t0 0.1 and nft 51% at) was found, with as exceptloxi between UK-MD and UK-SB.
This indicates that thete is<4e subdivision among populations. Conversely, the life-history
characteristics and habitat pre erences of horseshoe crabs suggested that their dispersal capability
is restricted (Sekiguchi, 19 )\}1};3 crab has limited movement capabilities only in their home
range area. The finding of ‘nfovetnent distance of the coastal horseshoe crab (7. gigas) in

Malaysia was up to 30 km'YMohamad etal., 2019), while the movement capabilities of trl-spineg&
horseshoe crab did not exceed 150 ki (Yang et al., 2007). Similarly reported on American

horseshoe crab in the Great Bay Estuary (USA) has a mean annual linear range as the maximum

distance moved 4.5 km and 9.2 km (Schalle t al., 20] 0). Over multiple-ygar studies by Swan,

(2005) were documented that Limulus move 52'"[04 tl 265 km from their release sites.

According to ecological observations, their hatched larvae swim freely for approximately six

days and then settle in the bottom of shallow waters around their natal beaches (Sh:%u,gxz.)\ 2 ?("J R

However, the strong tendency of larvae concentrated in inshore rather than offshore’(100-200

km) (Botton & Loveland, 2003) suggests that their capability for long-range dispersal between

eqtuaries is limited. erefore a p0551b1e cause for the contradictory results 1s due to the
2 ¢ polymorphism and reduced sample size—~—

).A7 v value of g7 in D)

; reflects the highr gene flow around localities. Gene flow phenomena

often ensues in marine organisms that are dispersed across wide geographlc ranges (Palumbl

/.4

ap b0 RO Q, oot ?ﬂﬁg’g\ 0’?&@5\’
T H .N- AN ) 20, !w V\JLN IMLM‘ € )\
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similar study by Roihan and Ismail (2011) reported that the Fiy value of the crab along the west

coast of peninsular Malaysia ranges from 0.111 —0.557 which indicaté' moderate until high

genetic differentiation (Wright, 1978; Hartl & Clark, 19’77). Other ﬁnd;ngs in the area reported

that the Fst value, which was analyzed using microsatellite marker ranges between 0.1441 and (W\\;JP

discovered from all samples{91 samplag). The analysg;of the median-joining network shows k€
population expansions in the past re%g—&he' : shari%g haplotypes among localities. Overall,

patterns of relationship at the mtDNA level have reduced geographical structure. The haplotype
network reveals the recent demographic processes, but the small rromberof sample sizes also
limitiyg the possibility of observing the intermediate haplotypes inferred to exist pn the network.

e a%.igs is also explained story of
biogeography ift Southeast Asid Yegion known as'$ unda shelves including Java, Sumatera, and
Borneo. Historically, Sundaland experienced simultaneeus dewatet&d and then inundatsd during

hes STIomena eassoctated-with-a ease in-seatevelamequally

< - disversal of plants-amtammals. (Voris, 2000), Haplotype sharing in this
study and the resulting gene flow is & ibuted to breeding migration&nggaﬁ-em;pelagic larvae,
also sharing of the common ancestors (Fr. am, 1996). s the occurrence of the many
unique haplotypes is explained by thé?gmple size : also theq;i{dxir__\ingﬂwlast -
glacial maximum phenomena. Many s?)ecies became isolated in/refugia, however, genetic il b\‘z‘l"’ -
differentiation and divergence occurred due to the retreat and Ai of glacialice sheets
(Hewitt, 2000). Load Pulishy 2B e3 N, Sad

The proactive management approach for Asian coastal horseshoe crabs (7. gigas) in

Indonesia needs to consider the-pasameterof population genetié. Generally, these parameters
show that the species in Indonesia indicates a single stock po.p:ﬁa-&en High haplotype diversity
that occurs with low nucleotide diversity has been associated with population growth or

expansion after period of low effective population size (Grant & Bowen, 1998). Moreover, the
findings reveal that 7. gigas in Indonesia have low genctic differentiation as well as indication of

population connectivity and expansion. Therefore, all the results lead to a single stock papulati-ez—‘(jﬁ\

WC a O€ia 2 g e-11 CLalr

of Indonesia coastal horseshoe crab. Fhrs \J
—the-eeastlise. Although the Indonesian coastal horseshoe crab reveals a single pepulation stock,

the best conservation strategy that needs in this part is the localyin conjunction with regional

based management. Additionally, an advanced analysis based on male and female horseshoe crab

needs to be elucidated from the nuclear genome (e.g., microsatellites or SNPs). This also requires

the expansion of the pumber-in geographic range around Indonesia.

Jopr & JZmpig
Conclusions
Conclusively, an overall Qigh genetic diversity within populations of coastal horseshoe

crab (7. gigas) was observed,and the resultfshowed a low level of differentiation, which indicates

a single stock peputatiea and onnectivity.vTherefore, the local-based conservation is the

preferred management methof, which is one of the precautionary approaches to conserving the

Indonesian coastal horseshoefcrab.

A

O
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