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ABSTRACT

Calcinus is the colorful hermit crab genus belonging to the family Diogenidae and is
often found in coral reefs of the tropical Indo-West Pacific region, including southern
Honshu, Japan, which is the northern limit of their occurrence. In the present study,
we found C. vachoni for the first time in the intertidal zone of Jeju Island—the
southernmost island of South Korea. We examined their morphology and provided a
diagnosis of their morphological details with illustrations. In addition, the Korean
Calcinus population was genetically characterized using mtDNA cox! sequences and
by placing them into three previously reported regional haplogroups. The
phylogenetic tree from maximum likelihood analysis revealed that Korean C. vachoni
is assigned to the C. vachoni haplogroups exclusively, one of the three well-supported
mitochondrial haplogroups with distinct geographic ranges (i.e., C. vachoni, C. aff.
vachoni Cooks, and C. aff. vachoni Mascarenes). This result provides new
information on the species distribution of C.vachoni, extending their geographic
range further north into the southern coast of Korea. In this study, we also first report
the potential association of C. vachoni with their co-occurring colonial anemone
species Palythoa aff. mutuki and dead coral head of Pocillopora species based on our
on-site observation and a public coral collection database of Calcinus species.
However, their ecological association with co-occurring coral species is putatively
assumed for now and therefore has to be validated by compelling evidence from
further field observation and experimental studies (i.e., whether the presence/absence
of colonial anemones affects the behavior and survival of the hermit crabs).

Subjects Biodiversity, Ecology, Marine Biology, Taxonomy, Zoology
Keywords C. vachoni, mtDNA cox1, Genetic divergence, Cryptic lineages, Ecological association,
Palythoa aff. mutuki

INTRODUCTION

The family Diogenidae Ortmann, 1892 is one of the seven taxa in the superfamily
Paguroidea Latreille, 1802 and consists of 22 genera (Lemaitre ¢» McLaughlin, 2023b).
They are found in various habitats, from intertidal to slightly deep subtidal, and most
species are found in empty shells. Some species are known to show a symbiotic association
with anemones. Members of this family are readily distinguished from other hermit crabs
by their third maxillipeds that are close to each other in their bases. This family is also
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characterized by other characteristics: the left cheliped is generally larger than the right
one, the antennular flagella terminate in a filament, no paired pleopods on the fourth and
fifth abdominal somites, and the abdominal tergites are mostly not well calcified
(McLaughlin, 2003). Among the genera of the Diogenidae, genus Calcinus is mostly
moderate-to-large in body size and have 13 pairs of gills, left cheliped larger than the right
one, moderate to well-developed triangular rostrum, and colorful carapace and pereopods
(McLaughlin, 2003; McLaughlin et al., 2007). The color pattern of the Calcinus species is
considered highly useful for distinguishing the species (McLaughlin et al., 2007; Malay ¢
Paulay, 2010). Overall, 47 Calcinus species have been reported worldwide (McLaughlin
et al., 2010; Lemaitre ¢» McLaughlin, 2023a); most of these are found in the tropical or
subtropical coral reefs in the Indo-West Pacific region (Malay ¢ Paulay, 2010). They are
considered to show a facultative symbiotic association with a wide range of coral species
including Acanthastrea echinata, Pocillopora grandis, P. verrucosa, P. meandrina,
Seriatopora hystrix, Acropora, Montipora, Porites, and Xenia spp. (Hazlett & Bach, 2010;
Malay & Paulay, 2010; Britayev & Mikheev, 2013; Florida Museum Invertebrate Zoology
Collection (http://specifyportal.fimnh.ufl.edu/iz/)). Nevertheless, a comprehensive
phylogenetic and biogeographic analysis for the genus Calcinus species using multi-locus
genetic information (mtDNA coxI and 16S rDNA, and histone three nuclear DNA
sequences) uncovered a wealth of hidden diversity of Calcinus species in which C. vachoni
was subdivided into three cryptic lineages (i.e., C. vachoni, C. aff. vachoni Cooks, and C. aff.
vachoni Mascarenes), each showing allopatric distribution (Malay ¢ Paulay, 2010).

In the faunal study of hermit crabs in Korea, we found C. vachoni for the first time in the
intertidal zone of Jeju Island—the southernmost island of South Korea. In the present
study, we examined their morphology and provided a diagnosis of their morphological
details with illustrations. We also conducted a molecular identification of the Korean
C. vachoni specimens using the mtDNA coxI sequences by comparing them with the
previously published sequences available on GenBank that includes the sequences of
Malay & Paulay (2010). In addition, we report the potential association of C. vachoni with
the colonial anemone species Palythoa aff. mutuki for the first time based on on-site
observation of their habitat, literature review and a public collection database of Calcinus
species.

MATERIALS AND METHODS

Twelve individuals of C. vachoni were collected from nearby living colonial anemones
(Fig. 1) in the rocky intertidal zone of Gamsan-ri, Andeok-myeon, Seogwipo-si, Jeju Island
(33°14'07.1"N 126°21'31.4"E), the Republic of Korea, on September 6, 2021.

We determined ITS1-5.8S-ITS2 sequences and the partial sequence of 285 rDNA
(GenBank accession nos.: 0Q456449-0Q456456) for species identification of colonial
anemones. Sequence comparison and BLAST search for our colonial anemone samples
were not able to distinguish P. aff. mutuki from P. mutuki because the nucleotide
sequences between these two species were very similar (95.4-98.4%), not separated in the
previous analysis (Mizuyama, Masucci & Reimer, 2018). Nevertheless, the morphological
characteristics of our samples agree with P. aff. mutuki in that they have a smooth capitular
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Figure 1 A tide pool where Calcinus vachoni was found co-occurring with the colonial anemone,
Palythoa aff. mutuki. Red circle: Calcinus vachoni. Full-size K&l DOT: 10.7717/peerj.15691/fig-1

ridges surface (Fig. 1) consistent with Mizuyama, Masucci & Reimer (2018), differing them
from P. mutuki with a jagged surface.

To investigate potential factors affecting the habitat of C. vachoni, a qualitative survey of
on-site observation was conducted on 12 studied sites in tidepool areas within 500 m of
their habitat (Table 1). Voucher specimens were deposited in the Honam National
Institute of Biological Resources (HNIBR voucher specimen no.: HNIBRIV911).

All specimens were fixed in 95% ethanol and subjected to morphological and molecular
analysis. Morphological characteristics were examined using an MZ8 dissection
microscope (Leica, Wetzlar, Germany). The shield length was measured as the body size
from the tip of the rostrum to the midpoint of the posterior margin of the carapace using a
CD6CSX digital caliper (Mitutoyo, Kawasaki, Japan) at the 0.1-mm scale. The main focus
of the present study is to characterize morphological and molecular information of the
Korean Calicinus species. Therefore, our taxon sampling for these analyses is limited to the
Korean population, along with some other Micronesian Calicinus species as reference taxa
(Table 2).

For molecular analysis, the first or second ambulatory legs of five Korean C. vachoni
specimens were excised for total genomic DNA extraction using DNeasy Blood & Tissue
Kits (Qiagen, Hilden, Germany). For molecular identification of Calcinus specimens, we
performed phylogenetic analysis of mtDNA coxI sequences obtained from 19 individuals
of eight Calcinus species collected from South Korea and Micronesia that were newly
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Table 1 Detailed information on the 12 surveyed sites.

Site GPS Presence/absence of Calcinus Presence/absence of Palythoa
vachoni aff. mutuki

Site #1  33°14'07.1"N 126°21'31.2"E
Site #2  33°14'07.4"N 126°21'31.5"E
Site #3  33°14'08.1"N 126°21'34.1"E
Site #4  33°14'10.3"N 126°21'32.7"E
Site #5  33°14'09.8"N 126°21'36.1"E
Site #6  33°14'09.2"N 126°21'34.9"E
Site #7  33°14'08.4"N 126°21'35.6"E
Site #8  33°14'06.6"N 126°21'34.1"E
Site #9  33°14'06.5"N 126°21'35.1"E
Site #10 33°14'06.3"N 126°21'36.3"E
Site #11  33°14'05.7"N 126°21'36.4"E
Site #12  33°14'05.3”"N 126°21'37.8"E

Note:
O, presence; X, absence.

I I I B A R A s T o B )
MoK K XK XK X X X X X O O

sequenced in this study (voucher specimens of Micronesian hermit crabs have been
deposited in the Marine Arthropod Depository Bank—MADBK; MADBK voucher
specimen nos. are as follows: MADBK 160518_004, MADBK 160518_006, MADBK
160519_016, MADBK 160524_007, MADBK 160530_001, MADBK 160534_004, MADBK
160535_002, MADBK 160536_005, and MADBK 160537_003; Table 1). To amplify the
mitochondrial coxI gene fragment, the universal primers LCO1490 and HCO2198 were
used (Folmer et al., 1994). Polymerase chain reaction (PCR) was performed using 3 uL of
DNA template, 5 uL of 10 x Ex Taq buffer, 5 pL of ANTP mix (10 mM), 2 uL of each
primer (10 uM), 0.25 puL of Go Taq DNA polymerase (Promega, Madison City, WI, USA),
and 35.75 uL of distilled H,O to make up a total volume of 50 pL. PCR was conducted as
per the following steps: 10 min denaturation at 94 °C, followed by 40 cycles of 1 min at
94 °C, 1.5 min at 45 °C, and 2 min at 72 °C and then a final extension for 10 min at 72 °C.
PCR products were visualized on 1% agarose gels and sequenced using an ABI PRISM
3730x]l DNA Analyzer (Applied Biosystems, Foster City, CA, USA). The nucleotide
sequences of coxl were edited using the Geneious Prime software v.2022.0.1 (Biomatters,
Auckland, New Zealand) and its Clustal Omega program (Sievers et al., 2011). The cox1
sequences of the Korean C. vachoni specimens and the Micronesian samples were
deposited in GenBank (MZ215675-MZ215720). In addition, 25 mtDNA coxI sequences of
nine Calcinus species and an outgroup species (Dardanus deformis) were retrieved from
GenBank and included in the phylogenetic analyses (Table 1).

Species identification of the Korean C. vachoni specimens was molecularly confirmed by
reconstructing their phylogenetic relationships with other hermit crab species using
maximum likelihood (ML) analysis of the coxI sequence data with the MEGA10 program
(Kumar et al., 2018). The ML analysis of cox1 sequences was performed based on the
general time reversible models (Tavaré, 1986) with gamma distribution (+G) and
invariable sites (+I) rate categories that were obtained from the Bayesian Information
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Table 2 GenBank accession numbers and geographic information of Decapoda species used for phylogenetic analysis in this study.

Family Species Location Specimen number mtDNA cox1 GenBank
accession no
Calcinidae Calcinus vachoni Jeju, Korea HNIBRIVI11 ON763592
ON763593
ON763594
ON763595
ON763596
Balingasay, Philippines UF 6748 FJ620291
Maug Island, Mariana Islands UF 5742 FJ620339
Okinawa, Japan UF 6992 FJ620395
China MK747767
Calcinus aff. vachoni Reunion Island, Mascarene Islands UF 12634 FJ620293
Mascarenes UF 13011 FJ620294
FJ620295
Sodwana Bay, South Africa MB-A066068 MH482034
MB-A065989 MH482078
Port Shepstone, South Africa MB-A066419 MH481935
MB-A066420 MH482017
Pumula, South Africa MB-A066399 MH481962
MB-A066397 MH482022
MB-A066398 MH482045
Calcinus aff. vachoni Cooks Rarotonga Island, Cook Islands UF 1377 FJ620296
UF 11702 FJ620292
Calcinus elegans Kosrae, Micronesia MADBK 160518_004 ON763555
MADBK 160518_006 ON763556
ON763557
Rangiroa Atoll, Tuamotu Archipelago UF 1351 FJ620284
Calcinus guamensis Kosrae, Micronesia MADBK 160535_002 ON763558
ON763559
Hiva Oa Island, Marquesas Islands UF 5171 FJ620288
Calcinus haigae Kosrae, Micronesia MADBK 160534_004 ON763560
ON763561
ON763562
American Samoa UF 3225 FJ620307
Calcinus laevimanus Kosrae, Micronesia MADBK 160519 016 ON763563
ON763564
Reunion Island, Mascarene Islands UF 5426 FJ620270
Calcinus lineapropodus Kosrae, Micronesia MADBK 160524 _007 ON763565
ON763566
ON763567
Guam Island, Mariana Islands UF 1322 FJ620255
(Continued)
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Table 2 (continued)

Family

Location Specimen number mtDNA cox1 GenBank
accession no

Diogenidae (outgroup)

Calcinus minutus Kosrae, Micronesia MADBK 160536_005 ON763568
ON763569
American Samoa UF 3263 FJ620303
Calcinus morgani Kosrae, Micronesia MADBK 160530_001 ON763570
American Samoa UF 3236 FJ620277
Calcinus pulcher Kosrae, Micronesia MADBK 160537_003 ON763571
ON763572
ON763573
Pohnpei Island, Micronesia UF5396 F]620377
Dardanus deformis Kosrae, Micronesia MADBK160523_007 ON763584

Note:

Accession numbers in bold: sequences obtained from this study.

Criterion scores model using the jModelTest 2.1.7 application (Posada, 2008).

The robustness of individual nodes in the ML trees was assessed using bootstrap analysis
with 1,000 pseudo-replicates. Interspecific and intraspecific sequence divergences were
estimated using the K2P distance matrix in the MEGA10 program.

RESULTS AND DISCUSSION

Morphological characteristics of C. vachoni

The morphological characteristics of the Korean Calcinus specimens coincided with the
original description of C. vachoni (Forest, 1958). The genus Calcinus is distinguishable
from other hermit crab genera by the following morphological characteristics: 13 pairs of
gills, left cheliped larger than the right one, absence of paired pleopods, and well-developed
triangular rostrum. Calcinus vachoni is distinguishable from other congeneric species
based on the following morphological characteristics: ventral margins of the dactyl and
propodus of ambulatory legs have sparse tufts of setae; dorsal margin of the right chela has
3-6 tubercles; ventral margins of the dactyls and propodi of the second ambulatory legs
have a higher number of tufts of setae compared with the margins of those of the first
ambulatory legs; the telson exhibits numerous spines on the terminal to lateral margins;
and the pereopods exhibit a cream dactyl and bluish-gray propodi. Since C. vachoni is
currently divided into three haplogroups from molecular analysis (Malay ¢» Paulay, 2010),
i.e., C. vachoni, C. aff. vachoni Cooks, and C. aff. vachoni Mascarenes (Malay ¢ Paulay,
2010), and Korean Calcinus specimens were identified as the C. vachoni haplogroup based
on mtDNA coxI sequences (see detail in the Results & Discussion section). Morphological
diagnosis of the C. vachoni haplogroup is first reported below.

SYSTEMATICS

Class Malacostraca Latreille, 1802
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Figure 2 Dorsal view of Calcinus vachoni Forest, 1958 (male, shield length 3.5 mm, HNIBRIV911,
abdomen lost). Full-size £a] DOL: 10.7717/peerj.15691/fig-2

Order Decapoda Latreille, 1803

Family Diogeinidae Ortmann, 1892

Genus Calcinus Dana, 1851

Calcinus vachoni Forest, 1958 (Figs. 2 and 3).

Calcinus vachoni Forest, 1958: 285, Figs. 2, 3, 9, 10, 15, 19; Morgan, 1990: 11, Fig. 2;
Morgan, 1991: 205, Figs. 60-62; Poupin, 1997: 712, Figs. 6E, F, 8A-F; McLaughlin et al.,
2007: 170-171; McLaughlin et al., 2010: 19; Arima, 2014: 42.

Calcinus seurati Miyake, 1963: 63; Matsuzawa, 1977: pl. 79, Fig. 3; Miyake, 1983: 113;
Chang & Chen, 1992: 108 (not Calcinus seurati Forest, 1951).

Not Calcinus vachoni Lewinsohn, 1982: 53 (= Calcinus guamensis Wooster, 1984).
Materials examined: A total of 12 individuals (shield length 2.6-3.9 mm), Gamsan-ri,
Andeok-myeon, Seogwipo-si, Jeju Island, Korea (33°14'05”N, 126°21'30"E) rocky
intertidal, nearby colony of P. aff. mutuki, 6 Sep 2021, coll. ] Jung, HNIBRIVI11.
Diagnosis: A total of 13 pairs of phyllobranchiate gills. Shield (Figs. 2 and 3A) semi-ellipse,
1.1 times longer than width; rostrum and lateral projections broad triangular. Ocular
peduncle 0.8 shield length, inflated basally; cornea slightly dilated; ocular acicles terminally
bi- or trifid. Antennular and antennal peduncles shorter than ocular peduncles when fully
extended. Pereopods with numerous fine granules. Chelipeds unequal, left appreciable
larger. Lateral and dorsal surfaces of palm of left cheliped (Figs. 2 and 3B) without distinct
spines or tubercles. Right cheliped (Figs. 2 and 3C) with 3-6 tubercles on dorsal surface of
palm; carpus with 2-3 small spines on dorsal margin. Ambulatory legs (Figs. 2, 3D, and
3E) with numerous fine granules, 2.7-3.3 times as long as shield. Ventral margins of dactyl,
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Figure 3 Calcinus vachoni Forest, 1958 (male, shield length 2.9 mm, HNIBRIV911). (A), Shield and
cephalic appendages, dorsal view; (B), left cheliped, dorsal view; (C), right cheliped, dorsal view; (D), right
first ambulatory leg, mesial view; (E), left second ambulatory leg, lateral view; (F), telson, dorsal view.
Scale bar: 2 mm. Full-size K&l DOT: 10.7717/peerj.15691/fig-3

propodus, and meri with tufts of moderate setae, other margins with sparse setae or naked;
dactyl 0.4-0.5 propodus length, ventral margin with 4-5 corneous spines. First ambulatory
leg with fewer tufts of setae on ventral margins of dactyl and propodus than on those of
second. Abdomen twisted, membranous. No paired pleopods in either sex, abdominal
tergites not well calcified. Uropods asymmetrical. Telson (Fig. 3F) asymmetrical, left
posterior lobe larger than right; terminal and lateral margins of posterior lobes with
numerous spines.

Color: Shield creamy white. Ocular peduncles bluish-gray; acicles creamy white.
Antennular peduncle deep blue. Antennal flagellum red. Chelipeds generally bluish-gray
except cream fingers. Ambulatory legs cream or light bluish-gray; dactyl generally cream.
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Figure 4 Phylogenetic tree from the maximum likelihood analysis for mtDNA cox1 sequences of Calcinus species, including Korean C. vachoni
specimens (blue) and Dardanus deformis (outgroup). Values on each node indicate bootstrap supporting values (250%). The names of the
C. vachoni haplogroups refer to Malay ¢ Paulay (2010). *Sequences newly determined in this study; **sequences retrieved from GenBank.

Full-size &) DOT: 10.7717/peerj.15691/fig-4

Distribution: Jeju Island, Korea (a new record of its occurrence); Vietnam (type locality);
Indo-Pacific region from South Africa to Easter Island and southern Japan; shallow
subtidal to 20 m (Forest, 1958; Murata, Watanabe ¢ Asakura, 1991; Poupin, 1997; Poupin,
Boyko & Guzmdan, 2003; McLaughlin et al., 2007; Malay ¢ Paulay, 2010; Landschoff &
Gouws, 2018).

Habitat: found in living P. aff. mutuki in intertidal zone; nearby living and dead corals such
as P. verrucosa and other Pocillopora spp. from subtidal to 20 m depth (McLaughlin et al.,
2007; Arima, 2014; Florida Museum, 2023).

Molecular phylogenetic analysis of Korean C. vachoni with some other
Calcinus species

The phylogenetic tree from ML analysis revealed that Calcinus species formed a
monophyletic group that is composed of multiple sequence assemblages representing
individual Calcinus species, each receiving high branch support (mostly 299% of bootstrap
supporting values; Fig. 4). This result is consistent with the previous phylogenetic study
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@ Calcinus vachoni
O Calcinus aff. vachoni Mascarenes
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Figure 5 Map showing the localities of Calcinus samples whose cox1 sequences were analyzed in this
study. Green arrows: newly identified habitats of the three C. vachoni haplogroups in this study.
Full-size K&l DOT: 10.7717/peerj.15691/fig-5

based on multiple molecular markers (cox1, 16S and 18S rDNA) that delimited the species
boundary of the genus, including C. vachoni (Malay ¢» Paulay, 2010). However,
interrelationships among Calcinus species were not clearly resolved with low supporting
values for internal noses in mtDNA coxI sequence. Nevertheless, the phylogenetic tree
from improved taxon sampling of the Korean Calcinus species in this study confirms the
previous findings of Malay ¢» Paulay (2010) that the coxI sequences of C. vachoni were
subdivided into three well-supported haplogroups (100% bootstrap support)—C. vachoni,
C. aff. vachoni Cooks, and C. aff. vachoni Mascarenes. This highlights the regional
monophyly according to their geographical origin, where the former two haplogroups
were more closely related to each other than to C. aff. vachoni Mascarenes (Figs. 4 and 5).
The C. vachoni haplogroup sampled from the temperate Northern Pacific/Central
Indo-Pacific regions (including the Chinese and Korean coxI haplotypes) was initially
clustered with the C. aff. vachoni Cooks haplogroup (with a geographical origin of Cooks
Island) belonging to the Eastern Indo-Pacific realm; it was then grouped with C. aff.
vachoni Mascarenes (including the South African coxI haplotypes) belonging to the
Western Indo-Pacific region. In contrast to the relatively low intra-haplogroup sequence
divergence (<3.19%), the sequence divergence among the three C. vachoni haplogroups
ranged from 12.2% (between C. vachoni and C. aft. vachoni Mascarenes) to 15.8%
(between C. aff. vachoni Cooks and C. aff. vachoni Mascarenes); this was comparable to the
average sequence divergence (12.3%) between different Calcinus species, such as that
between C. haigae and C. minutus. This deep genetic divergence among the three
geographic lineages was first discovered by Malay ¢ Paulay (2010) based on the molecular
analysis of three gene fragments (cox1, 16S rDNA, and H3). According to a recent
biogeographic classification of the coastal/shelf areas worldwide that reflects the patterning
of marine biodiversity and endemism (Spalding et al., 2007), the three regional
haplogroups coincide with their spatial distribution belonging to different marine realms.

Jung and Park (2023), PeerdJ, DOI 10.7717/peerj.15691 10/15


http://dx.doi.org/10.7717/peerj.15691/fig-5
http://dx.doi.org/10.7717/peerj.15691
https://peerj.com/

Peer/

From morphological and molecular analyses, the results of this study update an extended
geographic distribution of C. vachoni further northward to the southern coast of Korea
than previously reported. However, it still remains uncertain whether these three regional
haplogroups represent morphologically indistinguishable but genetically distinct cryptic
species. To resolve this taxonomic issue (i.e., cryptic species complex among different
geographical assemblages) and elucidate the underlying mechanisms of their phylogenetic
divergence, further investigation is required, including extensive taxon sampling from the
three marine biogeographical realms for both morphological and molecular analyses.

Ecological association between C. vachoni and colonial anemones

In this study, we conducted an on-site observation of C. vachoni habitat from 12 studied
sites in tidepool areas. Out of 12 survey sites, 12 individuals of C. vachoni were exclusively
found at site #1 where the colonial anemone P. aff. mutuki co-occurred (Table 2).
Although it was estimated from a single event (found at site #1), their co-occurrence with
colonial anemones suggests a putative association between C. vachoni and P. aff. mutuki.
Hermit crabs are known to have symbiotic associations with many cnidarians, such as
hydrozoans, sea anemones, and corals (Williams & McDermott, 2004; Jung & Kim, 2017).
In a previous study, C. vachoni were reported to inhabit near corals (McLaughlin et al.,
2007), and the microhabitat distribution of C. hazletti was positively affected by Pocillopora
meandrina, which is their co-occurring coral species (Hazlett ¢» Bach, 2010). Moreover,
Iglesias (2007) suggested that the behavior of C. latens (other congeneric species) such as
climbing, being withdrawn, being stationary, and locomoting is affected by chemicals
released from surrounding organisms. Despite the rich source of information regarding the
relationships between hermit crabs and corals, the ecological association between

C. vachoni and their coral species has not yet been well-characterized. We additionally
examined the collection data of Calcinus species from Florida Museum Invertebrate
Zoology Collection database (http://specifyportal.flmnh.ufl.edu/iz/: as of April 2023) and
found that 75% (60 out of 80) of C. vachoni records were associated with coral collections
(i.e., found on dead coral head of Pocillopora species), suggesting their occurrence is likely
associated with the presence of corals species. High proportion of dead coral heads of
Pocillopora species provides a rich source of habitat for diverse invertebrates including
many crustacean species (Madduppa et al., 2019). Our result is consistent with an earlier
report that the occurrence of C. hazletti was more predominant in microhabitats of the
cauliflower coral P. meandrina (Hazlett ¢» Bach, 2010). The presence/absence data of a
previous study showed that the behavior of Calcinus hermit crabs (e.g., C. latens) was
affected by chemicals released by their co-occurring corals (Iglesias, 2007). Similarly, we
observed all C. vachoni individuals were found to stay highly stationary with low feeding
and locomotory activity until their death within 2 months in the absence of their colonial
anemone partner (J Jung, 2021, personal observation). The co-occurrence of two living
species does not always represent their ecological interactions (Blanchet, Cazelles ¢» Gravel,
2020). Nevertheless, the implications of the presence/absence data obtained from both
on-site and personal observations support the idea that the presence of colonial anemone
species P. aff. mutuki might affect the habitat preference of C. vachoni in their natural
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environments in Korea. The results of this study putatively assume the ecological
associations between C. vachoni and their colonial anemone counterpart P. aff. mutuki;
however, it has to be validated by compelling evidence from further field observation and
experimental studies (i.e., ex situ study to confirm whether the presence/absence of
colonial anemones affects the behavior and survival of the hermit crabs).

CONCLUSIONS

In this study, the tropical hermit crab species C. vachoni was first reported in the intertidal
zone of Jeju Island—the southernmost island of South Korea. Based on morphological and
molecular analyses, we update an extended geographic distribution of C. vachoni
haplogroup further northward to the southern coast of Korea than previously reported.
In addition, the present study suggests potential ecological associations between C. vachoni
and their colonial anemone counterpart P. aff. mutuki; however, it has to be validated by
compelling evidence from further investigation of how the presence/absence of the
colonial anemone affects the behavior and survival of the hermit crab C. vachoni.

ACKNOWLEDGEMENTS

Sung-Jin Hwang identified P. aff. mutuki and Jina Park, Eggy Triana Putri, and Joohee
Park helped with the field survey.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

This research was supported by a grant from the Honam National Institute of Biological
Resources (HNIBR), funded by the Ministry of Environment (MOE) of the Republic

of Korea (HNIBR202101101), and the Basic Science Research Program through the
National Research Foundation of Korea (NRF) funded by the Ministry of Education
(2020R1A2C2005393, 2021R1A6A1A10039823). The funders had no role in study design,
data collection and analysis, decision to publish, or preparation of the manuscript.

Grant Disclosures

The following grant information was disclosed by the authors:

Honam National Institute of Biological Resources: HNIBR.

Ministry of Environment (MOE) of the Republic of Korea: HNIBR202101101.
National Research Foundation of Korea (NRF).

Ministry of Education: 2020R1A2C2005393, 2021R1A6A1A10039823.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions

e Jibom Jung conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
article, and approved the final draft.

Jung and Park (2023), PeerdJ, DOI 10.7717/peerj.15691 12/15


http://dx.doi.org/10.7717/peerj.15691
https://peerj.com/

Peer/

e Joong-Ki Park conceived and designed the experiments, analyzed the data, prepared
figures and/or tables, authored or reviewed drafts of the article, and approved the final
draft.

DNA Deposition

The following information was supplied regarding the deposition of DNA sequences:
The cox1 sequences available at GenBank: ON763551 to ON763596, ON763584, and

0Q456449-0Q456456.

Data Availability
The following information was supplied regarding data availability:

The data is available at NCBI GenBank: ON763551-ON763596, ON763584,
0Q456449-0Q456456.

The voucher specimens were deposited in the Honam National Institute of Biological
Resources (HNIBR voucher specimen no.: HNIBRIV911).

Voucher specimens of Micronesian hermit crabs have been deposited in the Marine
Arthropod Depository BankAMADBK; MADBK voucher specimen nos. are as follows:
MADBK 160518_004, MADBK 160518_006, MADBK 160519_016, MADBK 160524_007,
MADBK 160530_001, MADBK 160534_004, MADBK 160535_002, MADBK 160536_005,
and MADBK 160537_003.

REFERENCES
Arima H. 2014. Hermit crab illustrated. Tokyo: Seibundo-shinko-sha, 1-223.

Blanchet FG, Cazelles K, Gravel D. 2020. Co-occurrence is not evidence of ecological interactions.
Ecology Letters 23:1050-1063 DOI 10.1111/ele.13525.

Britayev TA, Mikheev VN. 2013. Clumped spatial distribution of scleractinian corals influences
the structure of their symbiotic associations. Doklady Biological Sciences 448:45-48
DOI 10.1134/S0012496613010146.

Chang KH, Chen YS. 1992. Guide to the seashore life in the Northeast Coast National Scenic Area of
TaiwaN. Taipei: Northeast Coast National Scenic Area Administration Tourism Bureau,
Ministry of Transportation, 1-240.

Dana JD. 1851. Conspectus crustaceorum quae in orbis terrarum circumnavi gatione, Carolo
Wilkes e classe Reipublicae Foederatae Duce, lexit et descripsit. Paguridea. Proceedings of the
Academy of Natural Sciences of Philadelphia 5:267-272.

Florida Museum. 2023. Genus: calcinus species: Vachoni. FLMNH IZ specify web portal. Available
at http://specifyportal flmnh.ufl.edu/iz/.

Folmer O, Black M, Hoeh W, Lutz R, Vrijenhoek R. 1994. DNA primers for amplification of
mitochondrial cytochrome ¢ oxidase subunit I from diverse metazoan invertebrates. Molecular
Marine Biology and Biotechnology 3(10):294-299 DOI 10.1371/journal.pone.0013102.

Forest J. 1951. Remarques sur quelques Paguridae du genre Calcinus a propos de la description de
deux especes nouvelles de Polynesie orientale: Calcinus seurati et Calcinus spicatus. Bulletin de la
Societe Zoologique de France 76:83-99.

Forest J. 1958. Les pagures du Viet-Nam. II. Sur quelques espéces du genre Calcinus Dana. Bulletin
du Muséum National d’Histoire Naturelle 30(2):184-229.

Jung and Park (2023), PeerdJ, DOI 10.7717/peerj.15691 13/15


http://www.ncbi.nlm.nih.gov/nuccore/ON763551
http://www.ncbi.nlm.nih.gov/nuccore/ON763596
http://www.ncbi.nlm.nih.gov/nuccore/ON763584
http://www.ncbi.nlm.nih.gov/nuccore/OQ456449
http://www.ncbi.nlm.nih.gov/nuccore/OQ456456
http://www.ncbi.nlm.nih.gov/nuccore/ON763551
http://www.ncbi.nlm.nih.gov/nuccore/ON763596
http://www.ncbi.nlm.nih.gov/nuccore/ON763584
http://www.ncbi.nlm.nih.gov/nuccore/OQ456449
http://www.ncbi.nlm.nih.gov/nuccore/OQ456456
http://dx.doi.org/10.1111/ele.13525
http://dx.doi.org/10.1134/S0012496613010146
http://specifyportal.flmnh.ufl.edu/iz/
http://dx.doi.org/10.1371/journal.pone.0013102
http://dx.doi.org/10.7717/peerj.15691
https://peerj.com/

Peer/

Hazlett BA, Bach CE. 2010. Microhabitat distribution of the hermit crabs Calcinus haigae and
Calcinus hazletti (Decapoda: Anomura: Diogenidae). Pacific Science 64(3):441-447
DOI 10.2984/64.3.441.

Iglesias IS. 2007. Chemically stimulated behavior of the hermit crab Calcinus latens (Randall 1840)
and the role of chemical signaling as a mode of sensory perception within the coral rubble
habitat of Moorea, French Polynesia. In: UCB Moorea Class: Biology and Geomorphology of
Tropical Islands. CA: eScholarship.

Jung J, Kim W. 2017. First record of two species of hermit crabs (Decapoda, Paguridae) from
South Korea, with remark on the associated hydrozoan, Hydrissa sodalis. Crustaceana
90(6):659-672 DOI 10.1163/15685403-00003683.

Kumar S, Stecher G, Li M, Knyaz C, Tamura K. 2018. MEGA X: molecular evolutionary genetics
analysis across computing platforms. Molecular Biology and Evolution 35(6):1547-1549
DOI 10.1093/molbev/msy096.

Landschoff J, Gouws G. 2018. DNA barcoding as a tool to facilitate the taxonomy of hermit crabs
(Decapoda: Anomura: Paguroidea). Journal of Crustacean Biology 38(6):780-793
DOI 10.1093/jcbiol/ruy084.

Latreille PA. 1802. Histoire naturelle, générale et particuliére, des crustacés et des insectes. Vol. 3.
Paris: F. Dufart, 1-480.

Latreille PA. 1803. Histoire naturelle, générale et particuliére des crustacés et des insectes: ouvrage
faisant suite aux owuvres de Leclerc de buffon, et partie du cours complet d’histoire naturelle
rédigé par CS Sonnini, membre de plusieurs Sociétés savants. Vol. 73. Paris: Dufart, 1-432.

Lemaitre R, McLaughlin P. 2023a. World Paguroidea & Lomisoidea database. Calcinus dana,
1851. World Register of Marine Species. Available at https://www.marinespecies.org/aphia.php?
p=taxdetailse>id=106840 (accessed 14 April 2023).

Lemaitre R, McLaughlin P. 2023b. World Paguroidea & Lomisoidea database. Diogenidae
ortmann, 1892. World Register of Marine Species at. Available at https://www.marinespecies.org/
aphia.php?p=taxdetailse»id=106736 (accessed 14 April 2023).

Lewinsohn C. 1982. Researches on the coast of Somalia. The shore and the dune of Sar Uanle 33.
Diogenidae, Paguridae and Coenobitidae (Crustacea, Decapoda, Paguridea). Monitore Zoologico
Italiano. Supplemento 16:33-68 DOI 10.1080/00269786.1982.11758558.

Madduppa HH, Santoso P, Subhan B, Anggoro AW, Cahyani NKD, Arafat D. 2019. Different
species, life form, and complexity of dead coral head affect the species diversity and density of
decapods. IOP Conference Series: Earth and Environmental Science 278(2019):012042
DOI 10.1088/1755-1315/278/1/012042.

Malay MCND, Paulay G. 2010. Peripatric speciation drives diversification and distributional
pattern of reef hermit crabs (Decapoda: Diogenidae: Calcinus). Evolution: International Journal
of Organic Evolution 64(3):634-662 DOI 10.1111/j.1558-5646.2009.00848 x.

Matsuzawa K. 1977. Sea shore animals of Muroto. Muroto: Kansai Insatsu-Kyogo Company,
1-261.

McLaughlin PA. 2003. Ilustrated keys to families and genera of the superfamily Paguroidea
(Crustacea: Decapoda: Anomura), with diagnoses of genera of Paguridae. Memoirs of Museum
Victoria 60(1):111-144 DOI 10.24199/j.mmv.2003.60.16.

McLaughlin PA, Komai T, Lemaitre R, Rahayu DL. 2010. Annotated checklist of anomuran
decapod crustaceans of the world (exclusive of the Kiwaoidea and families chirostylidae and
galatheidae of the galatheoidea). Part I. Lithodoidea, lomisoidea and paguroidea. Raffles Bulletin
of Zoology 23:5-107.

Jung and Park (2023), PeerdJ, DOI 10.7717/peerj.15691 14/15


http://dx.doi.org/10.2984/64.3.441
http://dx.doi.org/10.1163/15685403-00003683
http://dx.doi.org/10.1093/molbev/msy096
http://dx.doi.org/10.1093/jcbiol/ruy084
https://www.marinespecies.org/aphia.php?p=taxdetails&id=106840
https://www.marinespecies.org/aphia.php?p=taxdetails&id=106840
https://www.marinespecies.org/aphia.php?p=taxdetails&id=106736
https://www.marinespecies.org/aphia.php?p=taxdetails&id=106736
http://dx.doi.org/10.1080/00269786.1982.11758558
http://dx.doi.org/10.1088/1755-1315/278/1/012042
http://dx.doi.org/10.1111/j.1558-5646.2009.00848.x
http://dx.doi.org/10.24199/j.mmv.2003.60.16
http://dx.doi.org/10.7717/peerj.15691
https://peerj.com/

Peer/

McLaughlin PA, Rahayu DL, Komai T, Chan TY. 2007. A catalog of the hermit crabs (Paguroidea)
of Taiwan. Keelung: National Taiwan Ocean University, 1-365.

Miyake S. 1963. On decapod crustaceans from the yaeyama group, Ryukyu Islands. Reports of the
Committee on Foreign Scientific Research, Kyushu University 1:61-74.

Miyake S. 1983. The aquatic lower animals of Japan. In: Utinomi H, ed. Gakken Illustrated Nature
Encyclopedia. Tokyo: Gakken Company Limited, 98-342.

Mizuyama M, Masucci GD, Reimer JD. 2018. Speciation among sympatric lineages in the genus
Palythoa (Cnidaria: Anthozoa: Zoantharia) revealed by morphological comparison,
phylogenetic analyses and investigation of spawning period. Peer] 6(8):e5132
DOI 10.7717/peerj.5132.

Morgan GJ. 1990. A collection of Thalassinidea, Anomura and Brachyura (Crustacea: Decapoda)
from the Kimberley region of northwestern Australia. Zoologische Verhandelingen 265:1-90.

Morgan GJ. 1991. A review of the hermit crab genus Calcinus dana (Crustacea: Decapoda:
Diogenidae) from Australia, with descriptions of two new species. Invertebrate Taxonomy
5(4):869-913 DOI 10.1071/IT9910869.

Murata K, Watanabe S, Asakura A. 1991. Hermit crabs of genus Calcinus (Crustacea: Decapoda:
Anomura) from Boso Peninsula. Journal of the Natural History Museum and Institute, Chiba
1:21-23.

Ortmann AE. 1892. Die decapoden-krebse des strassburger museum, mit beson derer
beriicksichtigung der von herrn Dr. Doederlein bei Japan und bei den Liu-Kiu-inseln
gesammelten und zur zeit im strassburger museum aufbe wahrten formen. IV. Die abtheilungen
galatheidea und paguridea. Zoologisher Jahrbiichern. Abtheilung fiir Systematik, Geographie und
Biologie der Thiere 6:241-326.

Posada D. 2008. jModelTest: phylogenetic model averaging. Molecular Biology and Evolution
25(7):1253-1256 DOI 10.1093/molbev/msn083.

Poupin J. 1997. Les pagures du genre Calcinus en Polynésie frangaise avec la description de trois
nouvelles espéces (Decapoda, Anomura, Diogenidae). Zoosysterma 19(4):683-719.

Poupin J, Boyko CB, Guzman GL. 2003. Calcinus hermit crabs from Easter Island, with
biogeographic considerations (Crustacea: Anomura: Diogenidae). Memoirs of Museum Victoria
60(1):91-97 DOI 10.24199/j.mmv.2003.60.13.

Sievers F, Wilm A, Dineen D, Gibson TJ, Karplus K, Li W, Lopez R, McWilliam H, Remmert M,
S6ding J, Thompson JD, Higgins DG. 2011. Fast, scalable generation of high-quality protein
multiple sequence alignments using clustal omega. Molecular Systems Biology 7(1):539
DOI 10.1038/msb.2011.75.

Spalding MD, Fox HE, Allen GR, Davidson N, Ferdafia ZA, Finlayson M, Halpern BS,

Jorge MA, Lombana A, Lourie SA, Martin KD, McManus E, Molnar J, Recchia CA,
Robertson J. 2007. Marine ecoregions of the world: a bioregionalization of coastal and shelf
areas. BioScience 57(7):573-583 DOI 10.1641/B570707.

Tavaré S. 1986. Some probabilistic and statistical problems in the analysis of DNA sequences.
Lectures on Mathematics in the Life Sciences 17(2):57-86.

Williams JD, McDermott JJ. 2004. Hermit crab biocoenoses: a worldwide review of the diversity
and natural history of hermit crab associates. Journal of Experimental Marine Biology and
Ecology 305(1):1-128 DOI 10.1016/j.jembe.2004.02.020.

Wooster DS. 1984. The genus Calcinus (Paguridea, Diogenidae) from the Mariana Islands
including three new species. Micronesica 18(2):121-162.

Jung and Park (2023), PeerdJ, DOI 10.7717/peerj.15691 15/15


http://dx.doi.org/10.7717/peerj.5132
http://dx.doi.org/10.1071/IT9910869
http://dx.doi.org/10.1093/molbev/msn083
http://dx.doi.org/10.24199/j.mmv.2003.60.13
http://dx.doi.org/10.1038/msb.2011.75
http://dx.doi.org/10.1641/B570707
http://dx.doi.org/10.1016/j.jembe.2004.02.020
http://dx.doi.org/10.7717/peerj.15691
https://peerj.com/

	Morphological and molecular analysis of the tropical hermit crab Calcinus vachoni (Decapoda, Diogenidae) and its potential association with colonial anemone ...
	Introduction
	Materials and Methods
	Results and Discussion
	Conclusions
	flink5
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


