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Abstract. Squat lobsters are organisms that have high abundance and can
be found in almost all environmental conditions, one of which is dead
coral. Due to its wide distribution and many systematic differences within
the group, this group has a complex classification history. This lobster
squat group can be accurately identified using molecular analysis
combined with morphological identification. The purpose of this study was
to identify squat lobsters on dead coral in the Seribu Islands, Jakarta
through phylogenetic tree reconstruction based on molecular and
morphological identification. A total of 18 squat lobster individuals
collected from dead coral heads were preserved using 96% ethanol. The
mitochondrial 16S rRNA gene target was used for molecular identification.
The BLAST results on NCBI were identified as Allogalathea elegans,
Allogalathea babai and Galathea sp. 2, which form 3 clades in the
phylogenetic tree. Furthermore, we confirmed this type through
morphological identification, which involves comparing the shape of the
rostrum and the structure of the spines on the carapace. Both tools have
been validated and can describe the types of squat lobsters in the Seribu
Islands, Jakarta. Squat lobsters play a role in the food web of coral reef
ecosystems as an important food source for carnivores. This study has the
potential to provide insight into the function of dead coral in coral reef
ecosystems and can broaden insights into marine biodiversity and also
provide relevant data for the management and conservation of coral reef
ecosystems.
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1 Introduction

Dead coral microhabitats have a divergent community structure that will in general be
smaller in body measure. Dead coral has a complexity of life that is potentially inhabited by
more and diverse decapods [1]. Estimates of cryptic species diversity have been much
greater in dead coral compared to live coral microhabitats [2]. Deceased corals are
considered the most significant microhabitats for the number, biomass, and productivity of
crustaceans, particularly within the family Galatheidae [3].

Galatheidae is well recognized as the “squat lobsters”, for their abdomen are wrapped
beneath the thorax, delivering a presenting of “crouching or squatting” [4]. Squat lobsters is
an important food source for carnivores, including fish, gastropods, molluscs and
octopuses, that’s why squat lobsters play a role in the food web in coral reef ecosystems.
The genus Galathea is one of the biota animals that can be found in the gaps of coral reefs,
both dead and living corals [3]. The taxonomy and phylogeny of this species group have
been admitted revolutionizing in the last three decades [5]. The higher classification is
mainly readjustment [6] for describing 14 new genera [7] and a lot of new species [8]
exhibiting the incredible achievements of taxonomists to characterize and clarify accurately
the squat lobster diversity. Family Galatheidae is one of the most diverse group of decapod
crustaceans [7]. The genus Galathea Fabricius, 1793 includes 52 species in the Indo-
Pacific region [8]. For the last decennary, this lobster group has been observed at different
places from Pacific and Indian Oceans, however, it is still poorly known in Indonesia. The
research about monospecific or cosmopolitan species in a wide range of both marine and
terrestrial taxa has uncovered an actual variety for many groups, including Galatheidae, that
was formerly being underestimated. Those taxa have been identified breaking down into a
species level possessing the complexity with a high morphological closeness, however, they
are recognizable species genetically [10, 11, 12]. The Galatheidea family has been recorded
for its cryptic speciation prior [13].

The higher classification of squat lobsters is underpinned having been really stable for
phylogenetic concepts [10, 14]. The complementary approach contributing by molecular
data in segregating the species divided by subtle morphological characters [15,16]. Some
genera of these lobsters have been contributed from molecular data in order to segregate the
sibling or cryptic species, e.g. genus Paramunida and Allogalathea [17].

Morphological identification only found one species of Galatheidae, namely Galathea
sp in Seribu Island [3]. Identifying species among lobsters in the family Galatheidea is
mainly difficult to be proven due to a lot of their conservatively morphological straits [18].
Identification aims to find out and recognize various characteristics as a differentiator
between one individual and another individual [19]. Conventionally, classifying this group
taxonomically has been referred to the morphological characters, nevertheless, the latest
molecular technique has evidenced to be an effective tool in delineating species [23].
Molecular data provide a complementary approach to distinguishing species separated by
subtle morphological characters [5, 20]. However, only a few reports are related to these
monospecific taxa, and their collected materials are limited. The present study was
conducted to identify was conducted to identify phylogenetic and morphological
description for squat lobster collected in the Seribu Island 2013 to 2015. This study fills the
gap in data on the diversity and distribution of squat lobsters in the Seribu Islands region by
using an identification method that integrates molecular and morphological analysis.
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2 Materials and Methods

2.1 Sample collection

The decapod specimens used in this study were the collection of Biodiversity and
Biosystematics Laboratory of Marine Faculty of Fisheries and Marine Sciences, IPB
University. They were the squat lobster species taking from dead coral heads in Seribu
Islands reefs. A total of 156 samples were collected from three islands: Kelapa Island (n=
21), Pramuka Island (n= 44), and Pari Island (n= 91) representing the northern, central and
southern parts of the Seribu Islands. Molecular analysis was conducted at the Laboratory of
Biodiversity and Marine Biosystematics Faculty of Fisheries and Marine Sciences IPB
University.

The collected specimens were extracted from dead corals covered with flora and fauna
still attached to the reef substrate. The corals were placed into plastic bags and then
fragmented at the base using a hammer and chisel. Subsequently, the fragments were
promptly stored in a 20-liter bucket underwater. The sampling and processing procedures
adhered to the method previously described [21].

The dead corals were transported to ashore and irrigated to prevent the biotas from
going to be death. The biotas hiding in the gully were taken and sorted from dead coral
fragments. The remaining coral fragments were laid down into a bucket of seawater. After
splitting and examining all the branches and base, the fragments were cleaved becoming
small pieces and re-examined was taken. The seawater containing small pieces of coral was
filtered through a 2 mm sieve. The filtered organisms were collected for identification.
Each sample was identified according to the highest taxa and separated. The decapods
inhabiting corals were collected and grouped by species. Furthermore, the collected biotas
were dipped in the clove oil in order to the biota becoming faints and making easy to carry
out a documenting. Those biotas were photographed and then stored in the collecting
bottles containing a 96% of ethanol. The tissues taken at the foot section of the biotas and
further deposited in the tubes containing 96% of ethanol for molecular identification.

2.2 Morphological analysis

Morphological characteristics refer to the Squat Lobster journals. The process of drawing
morphological characters using a drawing pad with Sai's Paint Tool software. Identification
carried out includes several morphological characters such as the area of carapace, presence
or absence of thorns, lumpum plumosa, or the number and structure of the back crossing on
the surface of the carapace which are very useful for distinguishing species [8].

2.3 Molecular analysis: DNA extraction, amplification and sequencing

The muscle tissue of walking legs or claws were extracted for isolating the genomic DNA
using a gSYNC DNA Extraction KIT for Blood and Tissue according to a protocol. The
length of the 449 base-pair (bp) fragments of the mitochondrial DNA of 16S rRNA was
amplified using 16S-F2 primers (5'-CGRGYTTTTATATCTGGTT-3") and 16S-R (5'-
TTATGCTACCTTRGCACAG-3"). The final volume of the amplification reaction is 15 pl.
PCR amplification using 3 pl DNA extracts, 1.25 ul each of Primer PCR forward and
reverse, 0.2 mM dNTP, 1.5 MgCl2, 0.5 ml BSA (10 mg/ml) and 12.5 pl Taq DNA
polymerase (Red Mix). The thermal cycle conditions for both genes were composed of a
first-stage denaturation of 94 °C for 4 minutes followed by 39 cycles at 94 °C for 30
seconds, for annealing temperature 45.5 °C for 1 minute and extension (elongation segment
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DNA) at 72 °C for 1 minute, final extention at 72 °C for 10 minutes [9]. The PCR has been
successful, when fragment has been strengthened, purified utilizing a QIAquick PCR
Purification Kit [2]. The PCR products were then incorporated into an agarose gel (2%)
containing EtBr (ethidium bromide) alongside a 1000 bp of molecular weight marker and
visualized under a UV light (GelDoc). The sequencing of unpurified PCR products was set
in one direction by utilizing a BigDye® Terminator v3.1 cycle sequencing kit chemistry
and analyzed on an ABI 3730 at First Base, Malaysia.

The obtained sequencing results are then sequenced using the MEGA 6 (Molecular
Evolutionary Genetic Analysis) program. The data is aligned using Clustal W [22]
contained in the program. The best DNA sequence analysis was compared to the DNA
sequence in the database (GeneBank). Phylogenetic analysis is done by creating a
phylogenetic tree in the Mega.6 program by using the Neighbour Joining program to see the
kinship according to a Kimura 2-parameter model, and 1,000 bootstrap replications with the
program MEGA [22].

3 Results and discussion

DNA barcoding, which involves the identification of species using short DNA sequences,
has become increasingly prominent in recent years. The primary objective of this approach
is to establish reference libraries of barcode sequences for well-characterized species,
providing a robust molecular framework for accurate species identification in natural
ecosystems [23]. Comparing to conventional morphology identification methods, a notable
advantage of the DNA barcoding technique is its rapid ability to gather molecular
information [24]. Furthermore, DNA barcoding and taxonomic identities are highly useful
for identifying the damaged organisms e.g., [25].

A total of 18 individuals were successfully amplified and sequenced, with none of the
sequences showing more than 93% similarity. The majority fell within the 80-84%
similarity range. The species sampled in this study did not match the 16S sequences
available in GenBank. Most sequences showed 72% similarity, with the closest matches
ranging from 83% to 84%, highlighting the limited number of published sequences for
coral reef crustacean species. The 16S gene, while highly conserved as a mitochondrial
marker, exhibits mutations in certain variable regions associated with the loops in
ribosomal RNA structures [26]. The highest observed sequence identity of 93% suggests
that the sampled species are likely distinct species within a complex species group (e.g.,
[27]. Additionally, the limited availability of DNA barcoding data for coral reef
invertebrates underscores the challenges in establishing a comprehensive mitochondrial
barcode database for marine invertebrates. This has prompted the development of large-
scale (e.g., the Marine Barcode of Life and the Moorea Biocode Project). DNA barcode
compilation is anticipated to provide an effective system for species identification, thereby
enhancing our understanding of reef biodiversity. Standardized sampling approaches,
integrated with molecular analyses, are crucial in achieving this goal [2].
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Fig. 1. The Squat Lobster (Family Galatheidae) Neighbor-Joining phylogenetic tree of 18 sequences
utilizing a Kimura-2 Parameter Model with 1000x Bootstraps.

The result of reconstruction phylogenetic tree from individual gens with neighbor-
joining showed three clades which had a mixing between location. The topology of its tree
exhibits the existences of well supported monophyletic clades. The results of the
phylogenetic tree reconstruction show that the samples form 3 clades with Allogatahea
elegans, Allogalathea babai, and Galathea sp.2. Meanwhile, based on the results of
molecular identification, none of them had sequence identity higher than 93% with any
genebank 16S sequence.

The mitochondrial genes indicated three strongly divergent clades (Figures 1). This
study utilized a molecular sequence to determine the diversity of concerned species. We
realize that the delimitation of species which is based on using a single molecular marker
and molecular threshold may increase questions about the validity of this research.
However, a single approach also is not able to deliver a definitive conclusion for boundaries
of species, that why a combination of taxonomic and DNA-based methods is challenging
here. Integrating the molecular tools into systematic studies have emphasized the
taxonomic status of many taxa characterizing on the morphological data [22]. Fortunately,
this kind of approach also discloses a wide diversity hiding behind a great morphological
similarity [28, 29] have performed that using artifacts in delineating species is useful due to
a solely inherited molecule maternally has a little influence in crustaceans. Further, [30]
find the DNA barcode providing identification of crustaceans at a special level. Sequence
divergence among congeneric species and intraspecific variation are averaged of 17.16%
and 0.46% respectively. Consequently, species recognition is perceived in 95% for the case.
Hence, the DNA barcoding sounds to be a powerful tool to discriminate the family
Galatheidae and to enrich the diversity studies of this group. Identification based on a DNA
sequence is useful and informative, especially for juveniles and micro-crustaceans.

This condition designates that a single locality of the taxonomic method is able to be
very effective to delineate species, even though the identified taxa sometimes are
commonly sibling species. Nevertheless, identification of species based on DNA is likely to
uncover more complex patterns among comparisons of sites in where the complexity of
sibling species sometimes is going to deal with e.g., [30]. This problem is evidenced in our
data set. For instance, the individuals identified as species of galathea are deeply divergent
from other species galathea from geneBank. Further, the existing standard sequence data
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(DNA barcodes) enables this research to be conducted by identifying the species
morphology without any names which are useful for the species particularly. The DNA
barcode, therefore, could be utilized to be a guide for traditional surveys in real time.The
three clades of identified species had collected 16S sequences in GenBank based on
BLAST: Allogalathea elegans (clade 1), Allogalathea babai (Clade2 ) and Galathea sp.2
(clade 3). Those clades are not matched to the GenBank sequences by more than 93%
signifying these taxa are either complexed species or likely becoming misidentified.
According to the morphological and genomic characteristics, these recovered clades are
recognized as distinct species in this study. Furthermore, the genera levels were observed as
the monophyletic groups and even though they were not fully resolved by a phylogenetic
relationship, however, the all three species identified in this research are highly reinforced
by all the phylogenetic analyses. Identifying species using given criteria could be
sometimes controversial [31]. Hence, combining molecular and morphological approaches
may help to clarify the boundaries of species [32]. Based on the results of previous studies
using morphological identification, finding the species Galathea sp in the Seribu Islands.
Squat lobsters contribute to the coral reef ecosystem's food web by serving as a vital food
source for carnivores such as fish, gastropods, mollusks, and octopuses [3].

3.1 Morphological identification

3.1.1 Clade 1

Rostrum extends in the form of a triangle, the length is almost the same as the width. The
dorsal surface is almost to be horizontal on the lateral appearance to several long thick
plumose setae, the lateral margins consist of 4 sharply short spines. The ridges are formed
without any setae and possessing some long pulmonary thick setae on the dorsal surface of
the rostrum. Carapace length does not include rostrum and lateral spines along the width,
cervical grooves indistinct. Transverse ridges are shaped with the short setac and several
long and thickly scattered setae. A mesogastric ridge is steady and elongates to an
anteriormost of the branchial marginal spines composing of 2 epigastric spines.
Midtransverse ridge is not disturbed, gone ahead of by a shallow vertical groove,
accompanied by five ridges which all of them is uninterrupted. The marginally lateral
margins are a medially convex composing of six spines, two are in the front and four are
behind the indistinct anterior vertical groove. The pereiopod 1 is in a length range of 1.5 to
2.0 times of the carapace. It is relatively slender with many short setae and several long
setae on the dorsal area. Further, along the lateral and mesial margins of all articles are
composed of strong rows of spines, mesial and distal spines. Merus has 0.9 times of the
carpus length. It is 2.6 times longer than the carpus which is constructed by strong rows of
spines, mesial, and strong distal spines. Sequentially, carpus is equal to 0.8 lengths of palm,
2.2 times longer than wide margin, lateral and mesial margin subparallel, and the dorsal
surface is grown small spines in a long line. The mesial surface has a row of spines which
are well grown. A row of small spines is located along the lateral margin. Furthermore, the
palm is 2.5 times longer than the broad, lateral and mesial subparallel margins. Spines are
roughly in the row on dorsal, mesial, and lateral. The lateral row goes ahead by the lateral
margin of the fixed finger. Fingers are 0.8 times longer than the palm. Each finger is set
distally possessing two rows of teeth, spoon-shaped, the mesial margin of moving finger
unarmed. The pereiopod 2-4 are comparatively slender, moderate setose rarely have long
setae in all articles. The extensor margin consists of 2 or 3 proximal spines. Dactylus is not
the same length, ends in a sharp and strong spine; while the flexor margin is a triangular
terminal tooth that stands out preceding by four or five worn teeth.
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Fig. 2. Morphology of clade 1 (A. Carapace and abdomen; B. Thoracic sternites; C. Left Pereopod 1;
D. left Pereopod 2,3,4; E. Antenna).

3.1.2 Clade 2

The rostrum is distinguished by an elongated and triangular form, possessing 1.3 times
wider and almost horizontal in a lateral view. Its dorsal surface is without any setae or
spine. Its lateral margins have four pointed teeth. The carapace is slightly longer than broad.
The ridges have the short dense setae. The cervical groove is different. The ridge on the
gastric and the branchial region is like a scale with 2 epigastric spines and 1 para hepatic
spine on each side. The side margin is slightly to be convex medially consisting of 8 spines
namely 2 spines in the front and 6 spines behind the cervical groove anteriorly. The middle
transverse ridge is not disturbed, gone ahead of by a shallow cervical groove, and followed
by 4 uninterrupted ridges. The pereiopod 1 possesses two times lengthier than the carapace.
It has the rare-long plumose setac. The merus is equal to 1.3 times the length of the
carapace, and 2 times lengthier than the carpus. The carpus has a 0.9 length of the palm and
2.1 times lengthier than the broad. The palm is equal to 3.3 times wider than the width. The
spines are set in the irregular rows. The dorsal-lateral row of spines elongates throughout
the side margin of the fixed finger. The finger is equal to 0.9 times lengthier than the palm.
Each distal finger has two rows of teeth. The P2-P4 is bearable long and slender possessing
several short and long setae. The dactylus is not the same length, ends in the spine which is
sharp, and strong. Its flexor margin is complemented by a terminal tooth triangularly that
stands out going ahead of by 4 or 5 worn teeth.
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Fig. 3. Morphology of clade 2 (A. Carapace and abdomen; B. Thoracic sternites; C. Left Pereopod 1;
D. left Pereopod 2,3,4; E. Antenna).

3.1.3 Clade 3

The rostrum is equal to the width of the body. The dorsal surface is almost becoming
horizontal form in a lateral view covering by several setiferous scales. The lateral margins
consist of four shallow pointed teeth. The carapace is slightly wider than the length of the
body. The cross ridge possesses some very fined setac which are without any long setae.
The cervical groove is almost indistinct. The gastric region is complemented by four cross
ridges namely one epigastric ridge without any interruption, convex and unarmed, one
protogastric uninterrupted ridge possessing several small setac without any para hepatic
spines, one mesogastric ridge which extends laterally on the anteriormost of the branchial
spine marginally, and one uninterrupted metagastric ridge which elongates laterally on the
anterior branchial spines. The pereopod has a length of 1.7 times than the carapace. It is
slightly compressed on the palm of the hand and is more on the finger. Further, it is covered
by fine-setiferous scales composing of long scattered setac. The merus possesses a 0.5
times length of the carapace and some several spines setting roughly in the rows. Its dorsal
spines are hard, and the distal spine is protruded. Moreover, the carpus is equal to 1.1
lengths of the palm, 1.9 times lengthier than the width. Its dorsal dan lateral surfaces are
coating by spines. The medial margins have three thorns (the second one is strong). The
palms are 1.5 times lengthier than the wide. The lateral and middle margins are slightly
convex. The spines are set roughly in the dorsal-lateral and dorsal-mialial rows. The dorsal
side has several scattered spines. The palms are 1.5 times lengthier than the width. The
lateral and middle margins are quite convex. The spines are drawn up harshly in the dorsa-
lateral and dorsa-middle rows. The dorsal surface is covered by several scattered spines.
The finger is recognized as somewhat lengthier than the palm, and unarmed. Each distal
finger consists of two rows of teeth. The P2-P4 is moderately slender having a few short-
scattered setac. The dactylus is not the same length, ends in the spine which is pointed
form, and strong. The flexor margin has a terminal tooth triangularly which stands out
preceding by 4 or 5 worn teeth.
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Fig. 4. Morphology of clade 3 (A. Carapace and abdomen; B. Thoracic sternites; C. Left Pereopod 1;
D. left Pereopod 2,3,4; E. Antenna).

Fig. 5. Galatheidae. e) Allogalathea elegans; f) Galathea australiensis; g) Galathea magnifica; h)
Galathea Whiteleggii.

The species and genera of this organism are specified by a shape of rostrum and spine
arrangement on the carapace and abdominal somites. Bearing in mind that an abdominal
somite 1 is easy to be observed from the dorsal surface [33]. This kind of lobsters is
characterized by a carapace equipped dorsally by setiferous transverse ridges, laterally with
spine rows. The rostrum is dorsoventral flattened, triangular, with on average have 4 lateral
teeth. Abdominal somites unarmed. Pereopod 1 relatively short and spiny. The pereopod is
in range 2 to 4 with a row of spines on its extensor crests of merus and carpus. Flexor
margin of dactylus has distinct teeth which each is bearing stiff seta. Moreover, the ultimate
teeth are commonly prominent [7].

Based on molecular and morphological results, there is a difference in findings.
However, this study confirms that the lobster squat found in the Seribu Islands is identified
as belonging to the Family Galatheidae. In the molecular results, clades 1 and 2 formed a
single clade with Allogalathea, but species confirmation based on rostrum shape points to
the genus Galathea. According to research [17] it was stated that Allogalathea was
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previously identified as Galathea, making Allogalathea the closest genus to Galathea. The
sequence similarity between Allogalathea and Galathea also makes this possible.
Additionally, many studies have found both species to be cryptic, which could indicate the
presence of a new species.

4 Conclusion

The confirmed specimens belong to the family Galatheidae. Molecular confirmation results
reveal that the specimens are divided into three clades, two clades classified under the
genus Allogalathea, while morphologically, all specimens resemble the genus Galathea.
Molecular identification indicates that none of the specimens have sequence identities
exceeding 93% with any 16S gene bank sequences, highlighting the limited availability of
published 16S sequences for coral reef crustaceans, particularly those from the family
Galatheidae. This suggests that these taxa may represent species complexes or have been
misidentified. Based on the results of this study, further research can be conducted using
COI markers and more in-depth morphological observations to obtain more accurate
identification results. Definite species identification is expected to provide an important
contribution to enriching the database in the gene bank.
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