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Abstract.- The spiny lobster Panulirus pascuensis stands out among the endemic species of Easter Island, due to its cultural and
economic importance. A total of 16 microsatellite loci were characterized in 18 individuals, 9 of which were polymorphic. The
mean number of alleles per locus was 3.44 (2-6) and the observed heterozygosity ranged from 0.11 to 0.93. None of the loci
exhibited significant linkage disequilibrium or departures from HWE. These new microsatellites will be used to obtain information
about migration, population structure and genetic diversity of P. pascuensis in order to improve the future sustainable management
and conservation plans.
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INTRODUCTION
Remote island systems are characterized by having a unique
fauna, since the high degree of isolation results in high
endemism (DeMartini & Friedlander 2004). Given the
particular characteristic of the remote islands, the study of
their biota allows research on metapopulation dynamics,
speciation processes and mechanisms underlying the
maintenance of biodiversity (Hixon & Webster 2002, Almany
et al. 2009, Friedlander et al. 2013). In the current context
of global change and increased anthropogenic pressure which
could have negative effects on the diversity and abundance of
the biota, the study of these systems has acquired importance
to anticipate possible effects, mainly due to their greater
susceptibility to environmental changes (Hanski 1999, Bell
2008).
Easter Island or Rapa Nui is considered one of the most
isolated inhabited islands in the world (Anderson 1995, Boyko
2003); it is located 4,130 km west of the Chilean coast and
2,415 km east of Ducie Island (Abbott & Santelices 1985).
Its levels of species diversity are relatively low but include
high endemism (Rehder 1980, Randall & Cea-Egaña 1984,

Roberts et al. 2002), which could be explained by its high
isolation level (Friedlander et al. 2013). One of the most
emblematic marine species of Easter Island is the endemic
spiny lobster Panulirus pascuensis Reed, 1954 (Order
Decapoda, Family Palinuridae); its main distribution includes
Easter Island and Salas y Gómez Island, but it has also been
reported in Pitcairn Island and the austral islands of French
Polynesia (Retamal 2004, Poupin 2008). This species
represents an important fishery resource for the Rapa Nui
population (Boyko 2003, Tapia 2010), and although its
exploitation is mainly for subsistence or handicrafts (Castilla
et al. 2014), historic data show a decrease in population sizes
as well as in the average size of individuals (CORFO 1978,
Castilla et al. 2014, Yáñez et al. 2014). There is not much
information about the biology and ecology of this species, for
example information about its ontogeny is lacking (Vereschaka
1990, 1995; Parin et al. 1997, Rivera & Mujica 2004).
Moreover, molecular markers to study the migration patterns,
population structure and the genetic diversity of this species
have not yet been developed. Massively parallel Next
Generation Sequencing (NGS) makes it possible to develop
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Table 1. Primer sequences and characteristics for 16 microsatellite loci of Panulirus pascuensis from Easter Island. Ta= annealing
temperature, N a= number of alleles / Secuencia de los primers y características de los 16 loci microsatellites descritos para
Panulirus pascuensis de Isla de Pascua. Ta= temperatura de alineamiento, Na= número de alelos

microsatellite markers in non-model species (e.g., Vega-Retter
et al. 2016). The objective of this study was to identify and
characterize microsatellite loci for P. pascuensis, in order to
perform future genetic studies for the design and
implementation of appropriate conservation and management
plans in fishery.

MATERIALS AND METHODS
Eighteen adult individuals of P. pascuensis were collected
in Easter Island (27°13’S, 109°22’W) between September
2013 and November 2015, and one pereiopod of each
individual was stored in 95% ethanol. A small piece of muscle
(approximately 1 mg) was used for DNA extraction using
the salt-extraction protocol (Aljanabi & Martinez 1997).
DNA concentrations were measured with a Nanodrop
1
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Spectrophotometer (Thermo Fisher)1. One individual was
chosen for sequencing, and its quality was checked with the
Bioanalyzer Agilent Model 2100. The library was built using
the GS Rapid Library Preparation kit in OMICS-Solutions,
Chile. In order to maximize sequencing, 4 different species
were barcoded for the same run in a 454 GS Junior system
(Roche); thus 1/4 of the reads were for P. pascuensis. After
sequencing, repeated motifs (di and tetra) were searched
for with MISA software and primers were designed using
Primer3. Fifty loci (LAN1 to LAN50) were tested in 4
individuals with a 12 µl polymerase chain reaction containing
100 ng template DNA, 0.5 µl each primer (0.25 µM), 2.4 µl
dNTP (100 µM dNTP) (Applied Biosystems), 0.5 µl MgCl2
(2 mM), 1.3 µl 10x PCR buffer (0.96x), 0.12 µl Taq
Polymerase (0.5 U) (Invitrogen) and 4.68 µl H2O. Cycling
conditions consisted of an initial denaturing step of 2 min at
95°C, followed by 35 cycles of 30 s at 95°C, 1 min at the

annealing temperature, 1 min at 72°C and a final elongation
step at 72°C for 3 min. Sixteen of the 50 loci showed reliable
amplifications using agarose gel electrophoresis. To evaluate
polymorphism in an automatic sequencer, the 18 individuals
collected were analyzed for these 16 loci. PCR products
were genotyped in the sequencing core at the Pontificia
Universidad Católica, Chile, using the internal size standard
LIZ 500 (Applied Biosystems) and with the reverse primers
of each microsatellite locus marked with a fluorescent dye.
Sequences were published in GenBank with accession
numbers KX553880-KX553895 (Table 1). The MicroChecker software (van Oosterhout et al. 2004) was used
to detect potential genotyping errors and the presence of
null alleles in the microsatellite data. Allele frequencies and
parameter estimates were calculated using the GENETIX
software (Belkhir et al. 1996-2004). Linkage disequilibrium
was estimated for all pairs of loci, and deviations from HardyWeinberg expectations (HWE) were calculated using the
permutation test associated with the FIS calculation in the
GENETIX software.

Table 2. Characteristics of the 9 polymorphic microsatellite loci of
Palinurus pascuensis. N= number of analyzed individuals, Na= number
of alleles, Ho/H e= observed and expected heterozygosity. FIS individual
F-statistic accounting for deviations in the observed number of
heterozygotes. No significant departures from HWE were observed,
tested using 5,000 permutations / Características de los 9 loci
microsatélites polimórficos de Palinurus pascuensis. N= número de
individuos analizados, Na= número de alelos, Ho/H e= heterocigosidad
observada y esperada. El índice FIS relaciona las heterocigosidades
para determinar posibles desviaciones al Equilibrio Hardy-Weinberg
(EHW). El análisis de permutaciones (5.000 permutaciones) no
detectó desviaciones estadísticamente significativas al EHW

RESULTS AND DISCUSSION
Of the 16 characterized microsatellite loci, 7 showed a tetraand 9 a dinucleotide motif. Nine out of 16 microsatellites
were polymorphic (Table 1). There was no evidence of null
alleles or stuttering errors in the polymorphic microsatellites.
No significant deviations from HWE were detected and
significant linkage disequilibrium was not detected among
pairs of loci, indicating that the loci are probably not closely
linked on chromosomes. These microsatellites showed allele
sizes ranging from 147 bp (LAN37) to 441 (LAN26), and
numbers of alleles from one (LAN2, LAN12, LAN16,
LAN19, LAN21, LAN26, LAN33) to 6 (LAN28). The 9
polymorphic loci showed an average of 3.44 alleles per locus
with observed heterozygosity ranging from 0.29 (LAN17)
to 0.93 (LAN28) (Table 2). While 7 of the loci described in
this work presented only one allele, it is important to consider
that a small sample size was used from one island. It is
probable that these loci may exhibit more than one allele in a
more extensive sample including different islands.
Considering that direct approaches are difficult to perform
in marine environments (Levin 2006, Gawarkiewicz et al.
2007), the molecular tools here characterized will be helpful
to investigate the connectivity of the spiny lobster
populations. Moreover, these microsatellite loci will allow
information about the population structure and genetic
diversity of this species, which together with the connectivity
pattern is a fundamental information to build appropriate
conservation and management plans of this important lobster
species in Easter Island.

ACKNOWLEDGEMENTS
We thank R Espejo and OMICS Solutions Chile for Next
Generation Sequencing. The authors acknowledge the financial
support of the Chilean Millennium Initiative grant NC120030.
EDC thanks CONICYT-PCHA/Doctorado Nacional/201421140682. EM acknowledges Postdoctoral FONDECYT
3150419. CVR thanks FONDECYT 11150213.

LITERATURE CITED
Abbott IA & B Santelices. 1985. The marine algae of Easter
Island (Eastern Polynesia). Proceedings of the Fifth
International Coral Reef Congress 5: 71-75.
Aljanabi SM & I Martinez. 1997. Universal and rapid saltextraction of high quality genomic DNA for PCR-based
techniques. Nucleic Acids Research 25: 4692-4693.
Almany GR, SR Connolly, DD Heath, JD Hogan, GP Jones,
LJ McCook, M Mills, RL Pressey & DH Williamson.
2009. Connectivity, biodiversity conservation and the design
of marine reserve networks for coral reefs. Coral Reefs 28:
339-351.
Anderson A. 1995. Current approaches in East Polynesian
colonization research. Journal of the Polynesian Society 104:
110-132.
Belkhir K, P Borsa, L Chikhi, N Raufaste & F Bonhomme.
1996-2004. Genetix 4.05, logiciel sous Windows TM pour
la génétique des populations. Laboratoire Génome,
Populations, Interactions, CNRS UMR 5171, Université de
Montpellier II, Montpellier. <http://www.genetix.univmontp2.fr/genetix/genetix.htm>

Vol. 52, N°2, 2017
Revista de Biología Marina y Oceanografía

397

Bell JJ. 2008. Connectivity between island Marine Protected
Areas and the mainland. Biological Conservation 141: 28072820.
Boyko CB. 2003. The endemic marine invertebrates of Easter
Island: How many species and for how long? In: Loret J &
JT Tanacredi (eds). Easter Island scientific exploration into
the world’s environmental problems in microcosm, pp. 155175. Springer, New York.
Castilla JC, E Yáñez, C Silva & M Fernández. 2014. A
review and analysis of Easter Island’s traditional and artisan
fisheries. Latin American Journal of Aquatic Research 42:
690-702.
CORFO. 1978. Participación de la Corporación de Fomento
de la Producción en el desarrollo de Isla de Pascua 19661978, 25 pp. CORFO, Santiago.
DeMartini EE & AM Friedlander. 2004. Spatial pattern of
endemism in shallow water reef fish populations of the
Northwestern Hawaiian Island. Marine Ecology Progress
Series 271: 281-296.
Friedlander AM, E Ballesteros, J Beets, E Berkenpas,
CF Gaymer, M Gorny & E Sala. 2013. Effects of isolation
and fishing on the marine ecosystems of Easter Island and
Salas y Gómez, Chile. Aquatic Conservation: Marine and
Freshwater Ecosystems 23: 515-531.
Gawarkiewicz G, S Monismith & J Largier. 2007. Observing
larval transport processes affecting population connectivity:
Progress and challenges. Oceanography 20: 40-53.
Hanski I. 1999. Metapopulation ecology, 328 pp. Oxford
University Press, Oxford.
Hixon MA & MS Webster. 2002. Density dependence in reef
fish populations. In: Sale PF (ed). Coral reef fishes: Dynamics
and diversity in a complex ecosystem, pp 303-325. Academic
Press, San Diego.
Levin LA. 2006. Recent progress in understanding larval
dispersal: New directions and digressions. Integrative and
Comparative Biology 46: 282-297.
Parin NV, AN Mironov & KN Kesis. 1997. Biology of the
Nazca and Salas y Gómez Submarine Ridges, an outpost of
the Indo - West Pacific fauna in the Eastern Pacific Ocean:
Composition and distribution of the fauna, its communities
and history. Advances in Marine Biology 32: 145-242.
Poupin J. 2008. Biogeography of the decapod and stomatopod
crustacea of the Tropical Pacific: Issues and prospects.
Pacific Science 62: 377-383.

Randall JE & A Cea-Egaña. 1984. Native names of Easter
Island fishes, with comments on the origin of the Rapanui
people. Occasional Papers of the Bernice Pauahi Bishop
Museum of Polynesian Ethnology and Natural History, USA
25: 1-16.
Reed EP. 1954. Palinuridae. Scientia 21: 131-139.
Rehder HA. 1980. The marine mollusks of Easter Island (Isla
de Pascua) and Sala y Gómez, 167 pp. Smithsonian Institution
Press, Washington DC.
Retamal MA. 2004. Decapods of the Chilean oceanic islands:
Easter and Salas y Gómez. Ciencia y Tecnología del Mar 27:
55-68.
Rivera J & A Mujica. 2004. Distribución horizontal de larvas
de crustáceos decápodos capturadas entre Caldera e Isla de
Pascua (Pacífico Sudoriental), octubre 1999. Investigaciones
Marinas 32: 37-58.
Roberts CM, CJ McClean, JEN Veron, JP Hawkins, GR
Allen, DE McAllister, CG Mittermeier, FW Schueler,
M Spalding, F Wells, C Vynne & TB Werner. 2002.
Marine biodiversity hotspots and conservation priorities for
tropical reefs. Science 295: 1280-1284.
Tapia C. 2010. Informe Langosta de Isla de Pascua (Panulirus
pascuensis Reed, 1954). Centro de Estudios de Sistemas
Sociales CESSO. <http://www.cesso.cl/wp-content/uploads/
2014/02/Langosta_Isla_de_Pascua.pdf>
van Oosterhout C, W Hutchinson, D Wills & P Shipley.
2004. MICRO-CHECKER: Software for identifying and
correcting genotyping errors in microsatellite data. Molecular
Ecology Notes 4: 535-538.
Vega-Retter C, M Briones & D Véliz. 2016. Characterization
of sixteen microsatellite loci in the marine gastropod
Monetaria caputdraconis (Gastropoda: Cypraeidae) by next
generation sequencing. Revista de Biología Marina y
Oceanografía 51: 695-698.
Vereschaka A. 1990. Pelagic decapods from seamount of Nazca
and Sala y Gomez ridges. In: Mironov AN & JA Rudjacov
(eds). Plankton and benthos from the Nazca and Sala y
Gomez submarine ridges, pp. 129-155. Academy of Sciences
of the USSR, Moscow.
Vereschaka A. 1995. Macroplankton in the near-bottom layer
of continental slopes and seamounts. Deep Sea Research
Part I: Oceanographic Research Papers 42: 1639-1668.
Yáñez E, C Silva, MA Barbieri & H Trujillo. 2014. Socioecological analysis of the artisanal fishing system on Easter
Island. Latin American Journal of Aquatic Research 42: 803813.

Received 20 October 2016 and accepted 7 June 2017
Editor: Claudia Bustos D.

398 Díaz-Cabrera et al.
New microsatellites of Panulirus pascuensis

