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Abstract. Fitrian T, Madduppa H, Ismet MS, Rahayu DL. 2022. Taxonomy and molecular phylogeny analysis of the genus Diogenes 
“Edwardsii group” (Decapoda: Anomora: Diogenidae) based on mitochondrial DNA sequences. Biodiversitas 23: 5302-5313. Many 

variations of morphological characters differ from one species to another, showing high interspecific variation within the 
genus Diogenes Dana, 1851. Subtle morphological differences among certain species make it difficult to identify diagnostic characters. 
Although the genus is very speciose, the study on the molecular is poorly reported. This study aimed to evaluate the taxonomy and 
phylogeny of the genus Diogenes using morphological and molecular features. The molecular phylogeny of 15 species 
of Diogenes included in the "Edwardsii group" was constructed based on two mitochondrial genes COI and 16S rRNA. The results of 
the phylogeny tree construction based on concatenated mitochondrial genes COI and 16S rRNA mtDNA formed 5 clades of 
monophyletic. Phylogenetic relationships of Diogenes species based on concatenated mitochondrial genes COI and 16S rRNA 
sequenced suggest that the morphological and molecular analyses of the species in this study corroborated one another. Among 15 

species studied, three species were challenging to identify due to their resemblance to other species traits. The phylogenetic tree 
demonstrates that the three taxa denoted by 'sp.' were different from the known species of Diogenes so far. Diogenes sp.1 was closely 
related to Diogenes moosai Rahayu & Forest, 1995, Diogenes sp.2 resembles Diogenes laevicarpus Rahayu, 1996, while Diogenes sp.3 
was closely related to Diogenes goniochirus Forest, 1956. 
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INTRODUCTION 

The genus Diogenes Dana, 1851 consists of about 80 

species and is widely spread in the Indo-Pacific and East 

Atlantic (Almón et al. 2021; Rahayu 2021; Rahayu and 

Pratiwi 2022). Diogenes is one of the most complex genus 

of hermit crabs in the family Diogenidae, characterized 

primarily by the presence of intercalary rostral process 
between the ocular acicle, the crista dentata of the third 

maxilliped having only a few teeth, and the endopod of the 

maxillule lacking lateral processes or having completely 

developed and curved lateral processes. Four informal 

groups were defined based on the morphological variances 

of these features, namely: Custos, Edwardsii, 

Troglopagurus, and Pallescens groups (Forest 1952; 

Rahayu and Forest 1995; McLaughlin 2005; Asakura and 

Godwin 2006; Asakura and Tachikawa 2010). 

Edwardsii group is characterized by the simple intercalary 

rostral process, non-bifurcate antennal acicles, antennal and 

antennular peduncles being distinctly longer than the ocular 
peduncles, and a long and setose antennal flagellum 

(Asakura and Tachikawa 2010). The group comprises 49 

species and are found throughout Indo-Pacific and East 

Atlantic (Rahayu 2015; Trivedi et al. 2016; Igawa and Kato 

2017; Landschoff and Rahayu 2018; Almón et al. 2021, 

2022). So far, 10 species of Diogenes from the Edwardsii 

group have been identified in Indonesian seas.  

Species identifications have traditionally been based on 

morphological characters, but sometimes it is challenging 

to obtain an accurate identification exclusively based on 

this approach, especially when cryptic species occurred. To 
solve these difficulties, the combination of morphological 

characters with molecular markers has been demonstrated 

to be a powerful tool in providing accurate identifications 

in marine organisms in general and in hermit crabs in 

particular (Raupach et al. 2015; Shih et al. 2016; 

Landschoff and Gouws 2018; Almón et al. 2021). DNA 

barcoding is a useful tool for the taxonomic classification 

and identification of species by sequencing a very short, 

standardized DNA sequence in a well-defined gene (Purty 

and Chatterjee 2016; Madduppa et al. 2017; Landschoff 

and Gouws 2018). The mitochondrial DNA is widely used 

in identifying a species from Indonesia marine 
invertebrates (Aprilia et al. 2014; Kurniasari et al. 2014; 

Sahriyani et al. 2014; Toha et al. 2015; Saleky et al. 2016; 

Madduppa et al. 2016; Dailami et al. 2018; Pranata et al. 

2020; Hikam et al. 2021), discover new species in a wide 

range of taxa (Wang et al. 2017), and used for phylogenetic 
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studies (Galan et al. 2018; Sultana et al. 2018; Mantelatto 

et al. 2021). DNA barcoding has advantages in precision 

and accuracy in the safe identification of species compared 

with the morphological observations (Madduppa et al. 

2017; Fuentes-López et al. 2020).  

The COI and 16S rRNA markers have been extensively 

used and have proved to be effective tools in the study of 

decapod crustaceans (Almón et al. 2021; Mantelatto et 

al. 2022). In the present study, we used partial DNA 

sequences from the mitochondrial genes cytochrome c 
oxidase subunit I (COI) and 16S ribosomal RNA (16S 

rRNA). Additionally, we performed a morphological study 

based on the traditional taxonomic characters, as well as on 

a search for new characters, in order to support our 

molecular findings. Morphological and molecular analysis 

in this work provides more information about the 

phylogenetics of Diogenes and validates the taxonomic 

validity of morphological traits using molecular characters. 

Furthermore, the information of two markers (individually 

or in combination) can help to support the morphological 

results, not only for the identification of new species but 
also to elucidate the taxonomic validity of closely related 

species (Shih et al. 2016; Almón et al. 2021; Mantelatto et 

al. 2022). 

MATERIALS DAN METHODS 

Research materials  

The fifteen species of Diogenes which are included in 

the Edwardsii group, namely Diogenes avarus Heller, 1865, 

Diogenes fasciatus Rahayu & Forest, 1995, Diogenes foresti 

Rahayu & Hortle, 2002, Diogenes goniochirus Forest, 

1956, Diogenes holthuisi Asakura & Tachikawa, 2010, 

Diogenes inglei McLaughlin & Clark, 1997, Diogenes klaasi 
Rahayu & Forest, 1995, Diogenes laevicarpus Rahayu, 1996, 

Diogenes moosai Rahayu & Forest, 1995, Diogenes rectimanus 

Miers, 1884, Diogenes singaporensis Rahayu, 2015, Diogenes 

takedai Rahayu, 2012, Diogenes sp.1, Diogenes sp.2 and 

Diogenes sp.3 were used in this study (Figure 1). The  

specimens used in this study were obtained from several 

locations in Indonesia, Singapore, Japan, and Thailand and 

deposited at Research Center Oceanographic, National 

Research and Innovation Agency (RCO-BRIN) (Table 1). 

Procedures 

Morphological observation  

Morphological characters were observed directly and 

using Olympus CX23 Binocular Microscope. Animal size, 

as indicated by shield length (sl) was measured from the 

midpoint of the rostrum to the midpoint of the posterior 
margin of the shield. 

DNA extraction, amplification, and sequencing  

Genomic DNA was extracted from pereopod muscle 

tissue using QIAGEN DNeasy Blood and Tissue Kit (Cat 

no. 69504). The COI and 16S rRNA molecular marker 

fragments were amplified by polymerase chain reaction 

(PCR). The PCR amplification was performed in a 25.5 μL 

reaction mixture containing 12.5 µL Taq DNA Polymerase 

(Bioline), 1 µL of each forward and reverse PCR primer, 9 

µL of ddH2O, and 2 µL DNA template. The partial COI 

was amplified using the forward primer LCOI 1490 5’-
GGT CAA CAA ATC ATA TTG G-3' and the reverse 

primer HCOI 2198 5’-TAA ACT TCA GGG TGA CCA 

AAA AAT CA-3' (Folmer et al. 1994). The 16S rRNA was 

amplified using the forward primer 16S-F2 5'-CGR GYT 

TTA TAT CTG GTT-3' and the reverse primer 16S-R 5'-

TTA TGC TAC CTT RGC ACA G-3' (Cabezas et al. 

2011). The PCR program on the COI primers was set as 

follows: initial denaturation at 95°C for 10 s, 30 cycles of 

denaturation (94°C for 30 s), annealing (50°C for 30 s), and 

extension (72°C for 30 s) with the final extension step at 

72°C for 10 min. The PCR program on the 16S rRNA 
primers was set as follows: initial denaturation at 94°C for 

4 min, 39 cycles of denaturation (94°C for 30 s), annealing 

(45.5°C for 1 min), and extension (72°C for 1 min) with the 

final extension step at 72°C for 10 min. The positive PCR 

products were sent to a sequencing facility in first base 

Malaysia and loaded into ABI 1377 sequencer machine.  

 

 
Table 1. The specimens sequenced for this study with collection locality and NCBI GenBank accession numbers for partial sequences 
of COI and 16S rRNA 
 

Species name Collected Locality 
GenBank Acc. no. 

COI 16S rRNA 

Diogenes avarus Heller, 1865 Reference Collection-RCO Timika-Papua, Indonesia OM956218 ON064098 
Diogenes fasciatus Rahayu & Forest, 1995 Reference Collection-RCO Ubin Island, Singapore OM992268 ON064088 
Diogenes foresti Rahayu & Hortel, 2002 Reference Collection-RCO Timika-Papua, Indonesia OM992271 ON064092 
Diogenes goniochirus Forest, 1956 Reference Collection-RCO Phuket, Thailand 0M992266 ON064086 
Diogenes holothuisi Asakura & Tachikawa, 
2010 

Reference Collection-RCO Kumejima, Japan OM992270 ON064091 

Diogenes inglei McLaughlin & Clark, 1997 Reference Collection-RCO Singapore OM992265 ON064085 
Diogenes klaasi Rahayu & Forest, 1995 Reference Collection-RCO Teluk Banten, Indonesia OM992264 ON064084 
Diogenes laevicarpus Rahayu, 1996 Reference Collection-RCO Ubin Island, Singapore OM992275 ON064096 
Diogenes moosai Rahayu & Forest, 1995 Reference Collection-RCO Serangoon Island, Singapore OM992272 ON064093 
Diogenes rectimanus Miers, 1884 Reference Collection-RCO Singapore OM992273 ON064094 
Diogenes singaporensis Rahayu, 2015 Reference Collection-RCO Ubin Island, Singapore OM992274 ON064095 
Diogenes tekedai Rahayu, 2012 Reference Collection-RCO Lombok, Indonesia OM992269 ON064090 
Diogenes sp.1 Reference Collection-RCO East Lombok, Indonesia OM964805 ON064089 

Diogenes sp.2 Reference Collection-RCO Timika-Papua, Indonesia OM992267 ON064087 
Diogenes sp.3 Reference Collection-RCO North Sulawesi, Indonesia OM992276 ON064097 
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Figure 1. The fifteen species of the genus Diogenes used in the study. A. Diogenes avarus Heller, 1865, B. Diogenes sp.1, C. Diogenes 
sp.2, D. Diogenes fasciatus Rahayu & Forest, 1995, E. Diogenes foresti Rahayu & Hortel, 2002, F. Diogenes sp.3, G. Diogenes 
goniochirus Forest, 1956, H. Diogenes holthuisi Asakura & Tachikawa, 2010, Diogenes inglei McLaughlin & Clark, 1997, J. Diogenes 
klaasi Rahayu & Forest, 1995, K. Diogenes laevicarpus Rahayu, 1996, L. Diogenes moosai Rahayu & Forest, 1995, M. Diogenes 
rectimanus Miers, 1884, N. Diogenes singaporensis Rahayu, 2015, O. Diogenes takedai Rahayu, 2012 
 

 

 

Data analysis 

Species of the specimens are identified morphologically 

according to Rahayu and Forest (1995), Rahayu and Hortle 

(2002), Siddiqui et al. (2004), McLaughlin et al. (2007), 

Asakura and Tachikawa (2010), and Rahayu (1996, 2012, 

2015). In addition, detailed morphological characterization 

was conducted in Diogenes sp.1, sp.2, and sp.3. 

Alignment and sequence visualization was carried out 

using ClustalW on MEGA X (Kumar et al. 2018) and 

manually checked in the MEGA X. The final alignment 

consisting of COI gene and 16S rRNA was then verified 

into the BLASTn (https://blast.ncbi.nlm.nih.gov/Blast.cgi) 

to ensure the identity of the samples and to test homology 

with the available sequences in GenBank. The 15 sequence 
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data for the Diogenes obtained in this study have been 

deposited in GenBank (Table 2). The total number 

analyzed in the COI gene sequences was 53 sequences 

consisting of 15 specimen sequences from this study and 

38 sequences from the GenBank database (Tabel 2) as a 

reference used to test the homology between the sequences 

studied and the sequences in the GenBank database. The 

phylogenetic tree analysis using 17 sample sequences from 

each marker (COI and 16S rRNA), consisting of 15 sample 

sequences used in this study and 2 sequences 
of Clibanarius infraspinatus Hilgendorf, 1869 (accession 

number MK076144) and Dardanus arrosor Herbst, 

1796 (accession number MH482004) sequences from 

GenBank as outgroups. Phylogenetic analysis was 

performed by constructing a phylogenetic tree using the 

Neighbor-Joining method (Saitou and Nei 1987) with 

Kimura-2-Parameter substitution models (Kimura 1980) 

was reconstructed with 1000 replicates of bootstrap value 

(Felsenstein 1985) by using the MEGA X. The genetic 

distance between species was investigated using the 

MEGA X (Kumar et al. 2018). 

RESULTS AND DISCUSSION 

Morphological characters 

Based on morphological characters, three species in this 

study (Diogenes sp.1, sp.2, and sp.3) cannot be attributed to 

all known species of the genus. Diogenes sp.1 resembles D. 

avarus in the following characters: short and moderately 

stout of ocular peduncle; palm of left cheliped with 

medially elevated outer surface armed with moderately 

closely spaced tubercles; second and third pereopods 

slender and carpi with rows of small spines. However, the 
differences are detected in the proportion of ocular 

peduncle length and shield, which is 0.5, with no dilated 

cornea in D. avarus versus 0.8 and dilated cornea 

in Diogenes sp.1; the absence of small spines on the fourth 

segment of antennal peduncle in D. avarus, versus presence 

of moderately strong spine in Diogenes sp. 1; propodi of 

second pereopods with rows of small spines on dorsal 

margin in D. avarus, versus without rows of small spines 

on dorsal margin in Diogenes sp.1.  

 
Table 2. The 38 reference sequences of the genus Diogenes and 2 outgroups used in this study 
 

Species name Locality No. accession References 

Diogenes armatus Almón, Cuesta, Schubart & García Raso  
in Almón, Cuesta, Schubart, Armenia & García Raso, 2021 

Spain MW776699 Almón et al. (2021) 

Diogenes pugilator P. Roux, 1829 Spain MW776677 Almón et al. (2021) 

Diogenes sp. Spain MW776712 Almón et al. (2021) 
Diogenes curvimanus Clément, 1874 France MW776661 Almón et al. (2021) 
Diogenes ovatus Miers, 1881 Guinea-Bissau MW776720 Almón et al. (2021) 
Diogenes sp. Spain MW776710 Almón et al. (2021) 
Diogenes sp. Spain MW776713 Almón et al. (2021) 
Diogenes curvimanus Clément, 1874 Belgium MW776660 Almón et al. (2021) 
Diogenes sp. Singapore MN690174 Ip et al. (2019) 
Diogenes edwardsii De Haan, 1849 South Korea MN114253 Jung and Kim (2019) 

Diogenes sp South Africa MH482041 Landschoff and Gouws (2018) 
Diogenes brevirostris Stimpson, 1858 South Africa MH482027 Landschoff and Gouws (2018) 
Diogenes sp. South Africa MH482016 Landschoff and Gouws (2018) 
Diogenes sp. South Africa MH481965 Landschoff and Gouws (2018) 
Diogenes sp. South Africa MH482061 Landschoff and Gouws (2018) 
Diogenes albimanus Landschoff & Rahayu, 2018 South Africa MH482073 Landschoff and Gouws (2018) 
Diogenes costatus Henderson, 1893 South Africa MH482075 Landschoff and Gouws (2018) 
Diogenes aff. Pallescens South Africa MH482068 Landschoff and Gouws (2018) 
Dardanus arrosor Herbst, 1796 South Africa MH482004 Landschoff and Gouws (2018) 

Diogenes goniochirus Forest, 1956 China MW411962 Li et al. (2020) 
Diogenes deflectomanus Wang & Tung, 1980 China MK747781 Li et al. (2020) 
Diogenes rectimanus Miers, 1884 China MK747782 Li et al. (2020) 
Diogenes edwardsii De Haan, 1849 China MK747784 Li et al. (2020) 
Diogenes nitidimanus Terao, 1913 China MK747783 Li et al. (2020) 
Diogenes avarus Heller, 1865 China MK747780 Li et al. (2020) 
Clibanarius infraspinatus Hilgendorf, 1869 China MK076144 Li et al. (2019) 
Diogenes sp. India MT590694 Mazumder et al. (2020) 

Diogenes costatus Henderson, 1893 Pakistan MW697229 Narejo et al. (2021) 
Diogenes pugilator P. Roux, 1829 North Sea: German Bight KT208810 Raupach et al. (2015) 
Diogenes canaliculatus Komai, Reshmi & Kumar, 2013 India KJ150701 Reshmi and Bijukumar (2014) 
Diogenes merguiensis De Man, 1888 India KM043474 Reshmi and Bijukumar (2014) 
Diogenes alias McLaughlin & Holthuis, 2001 India KM043472 Reshmi and Bijukumar (2014) 
Diogenes violaceus Henderson, 1893 India KJ150705 Reshmi and Bijukumar (2014) 
Diogenes dubius Herbst, 1804 India KM043473 Reshmi and Bijukumar (2014) 
Diogenes miles Fabricius, 1787 India KJ150703 Reshmi and Bijukumar (2014) 

Diogenes manaarensis Henderson, 1893 India KM043475 Reshmi and Bijukumar (2014) 
Diogenes planimanus Henderson, 1893 India KJ150704 Reshmi and Bijukumar (2014) 
Diogenes custos Fabricius, 1798 India KJ150702 Reshmi and Bijukumar (2014) 
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The morphological characters of Diogenes sp.2 are 

similar to D. edwardsii and D. laevicarpus. These three 

species have ocular peduncles slightly shorter than length 

of shield; left cheliped stout, with longitudinal sulcus on 

the outer surface of dactyl, palm shorter than dactyl, outer 

surface with longitudinal ridge medially; strong ridge on a 

fixed finger. The differences are on the following 

characters: D. edwardsii has a small cornea (0.5 times as 

long as ocular peduncles); sulcus on the left cheliped dactyl 

flanked by pointed spines; ridge on the fixed finger consists 

of large, pointed spines; palm always carries sea anemone 
on its surface; second and third pereopod with a row of 

spines on the dorsal margin of propodi and carpi. The D. 

laevicarpus has characters as follows: cornea 0.3 times as 

long as ocular peduncle; sulcus on left cheliped dactyl 

broad, flanked by sparse tubercles; ridge on fixed finger 

low, consists of small tubercles; a row of spines only on the 

dorsal margin of carpi of the second pereopod. Diogenes 

sp.2 has cornea same as D. laevicarpus, sulcus of left 

cheliped dactylus deep, broad, flanked by a row of large 

tubercles on either side; prominent ridge on fixed finger 

consists of smalls tubercles; anemones have never affixed 
palm; second and third pereopod with a row of spines on 

the dorsal margin of propodi and carpi.  

Diogenes sp.3 resembles D. foresti in having ocular 

peduncles slightly shorter than length of shield, stout, 

slightly inflated basally; the outer surface of the palm of the 

left cheliped with numerous small acute tubercles, 

longitudinal ridge medially; second and third pereopods 

long and slender, small distal spine on the carpus of third 

pereopod. The differences can be seen in the shape of 

ocular peduncles, which are dilated distally and proximally 

in D. foresti (only dilated on the cornea in Diogenes sp.3); 

the fourth segment of antennal peduncle with small spine 
latero-distally in D. foresti (unarmed in Diogenes sp.3); 

second and third pereopods long with dactyl curved, with a 

strong distal spine on each dorsal margin of carpi in D. 

foresti (second and third pereopod long but the dactyls 

quite straight, carpi of the second pereopod with row of 

spines on dorsal margin in Diogenes sp.3).  

Molecular identification 

BLASTn examination by comparing the sample 

sequence with the reference sequence in the NCBI 

GenBank database found homologous sequences on COI 

markers with several species of Diogenes sequences from 
the NCBI GenBank. However, the 16S rRNA markers 

identified by BLAST, on average, were not homologous to 

several species of Diogenes in the GenBank database. The 

BLASTn results of COI marker sequence data through 

GenBank NCBI showed a sequence homologous, however, 

the average of the query coverage showed less close to 

100%, E(Expect)-Value > 0, and PerIdent was not close to 

100% in each database and the type of difference 

morphologically observed species of Diogenes by classical 

taxonomy with species of Diogenes based on BLAST in 

the GenBank database (Table 3).  

This shows that the availability of Diogenes sequence 

data in the GenBank database is still very limited. The 

collection of DNA sequence codes along with accurate 

taxonomic, systematic references, will allow for an 

effective identification system and will be very useful in 

determining subtle/cryptic species. The construction of a 

phylogeny tree for 15 sample sequences with 38 reference 

references (Neighbor Joining, Kimura 2 parameter 1000x 

bootstrap) using COI markers is shown in Figure 2. The 

COI gene shown the number of data sets consisting of 617 

sites with 334 conserved sites and 283 variable sites, the 
nucleotide frequency was a T/U (thymine/uracil base)= 

37.0%, C (cytosine base)= 16.8%, A (adenine base)= 

25.2%, G (guanine base)= 20.9%. Overall phylogenetic 

analysis for 53 COI gene sequences (using the neighbor-

joining method and bootstrapping with 1000 replicates) 

indicated that all sequences formed a monophyletic clade 

or derived from the same ancestor (Figure 2). 

Phylogenetic analysis 

The phylogenetic tree construction used 17 sequences, 

consisting of 15 sequences used in this study and 2 samples 

from C. infraspinatus and D. arrosor sequences 
downloaded from the NCBI GenBank (Figure 3). The COI 

gene markers shown the number of data sets consisting of 

617 sites with 365 conserved sites and 252 variable sites, 

the nucleotide frequency was a T/U (thymine/uracil)= 

36.5%, C (cytosine)= 16.8%, A (adenine)= 25.2%, and G 

(guanine)= 21.5%. The 16S rRNA gene marker shown the 

number of data sets consisting of 583 sites with 103 

conserved sites and 438 variable sites, the nucleotide 

frequency was a T (thymine/uracil)= 38.0%, C (cytosine)= 

12.7%, A (adenine)= 36.2%, and (guanine)= 13.2%). The 

combined dataset of the two gene markers (COI marker 

and 16S rRNA) reconstructs the phylogeny tree are shown 
in Figure 4. The total data set of the combining COI gene 

markers and 16S rRNA consists of 1146 sites with 450 

conserved sites and 656 variable sites, the nucleotide 

frequency was a T/U (thymine/uracil)= 37.3%, C 

(cytosine)= 15.0%, A (adenine)= 30.1%, and G (guanine 

base)= 17.5%. 

The tree topologies on COI and 16S rRNA markers 

using 17 sequences obtained a slightly different form of the 

branching position of the species Diogenes sp.1 and 

Diogenes sp.3. The tree topologies on COI markers 

obtained Diogenes sp.3 form clade together with D. 
goniochirus and D. fasciatus (bootstrap=100), with 

Diogenes sp.2 (bootstrap=45) and with D. laevicarpus 

(bootstrap=57), Diogenes sp.1 form clade together with D. 

avarus and D. foresti (bootstrap=92). The tree topologies 

on 16S rRNA markers obtained Diogenes sp.1 cluster 

together and form clade D. goniochirus and D. 

singaporensis (bootstrap=47), Diogenes sp.2 occurs in a 

branch group with D. laevicarpus (bootstrap=70), Diogenes 

sp.3 cluster together and form clade with D. avarus and D. 

foresti (bootstrap=99). 
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Figure 2. Neighbor-joining phylogenetic tree of 15 sample sequences and 38 sequences downloaded from GenBank generated by COI 
gene with 1000x bootstrap 
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Figure 3. Phylogenetic tree of Diogenes generated by (A) COI genes (617 bp) and (B) 16S rRNA genes (583 bp) 



 

 
Table 3. BLAST identification results based on the COI genes 

 

Species based on morphological character Query cover E-value Per.Ident Species based on BLAST NCBI 
Genbank 

accesion number 

Diogenes avarus Heller, 1865 100% 3,00E-178 85.65% Diogenes avarus Heller, 1865 MK747780.1 
Diogenes sp.1 99% 3,00E-143 80.49% Diogenes costatus Henderson, 1893 MH481985.1 
Diogenes sp.2 86% 00.00 92.61% Diogenes edwardsii De Haan, 1849 MN114253.1 
Diogenes fasciatus Rahayu & Forest, 1995 92% 00.00 97.83% Diogens rectimanus Miers, 1884 MK747782.1 

Diogenes foresti Rahayu & Hortel, 2002 99% 00.00 85.52% Diogenes avarus Heller, 1865 MK747780.1 
Diogenes sp.3 95% 00.00 98.41% Diogenes rectimanus Miers, 1884 MK747782.1 
Diogenes goniochirus Forest, 1956 98% 00.00 99.54% Diogenes rectimanus Miers, 1884 MK747782.1 
Diogenes holthuisi Asakura & Tachikawa, 2010 100% 00.00 84.82% Diogenes nitidimanus Terao, 1913 MK747783.1 
Diogenes inglei McLaughlin & Clark, 1997 95% 1,00E-177 85.62% Eumunida picta Smith, 1883 EU243556.1 
Diogenes klaasi Rahayu & Forest, 1995 95% 00.00 87.54% Diogenes costatus Henderson, 1893 MH481993.1 
Diogenes laevicarpus Rahayu, 1996 94% 4,00E-152 83.62% Diogenes nitidimanus Henderson, 1893 MK747783.1 
Diogenes moosai Rahayu & Forest, 1995 97% 7,00E-169 83.93% Diogenes costatus Terao, 1913 MH481993.1 
Diogenes rectimanus Miers, 1884 96% 00.00 89.93% Diogenes sp. MH482041.1 

Diogenes singaporensis Rahayu, 2015 97% 00.00 91.48% Diogenes deflectomanus Wang & Tung, 1980 MK747781.1 
Diogenes takedai Rahayu, 2012 95% 00.00 86.36% Diogenes costatus Terao, 1913 MH481985.1 

 
 

 
Table 4. Genetic distance among species of the genus Diogenes used in the study based on combined (COI and16S rRNA) 
 

No. Species name  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

1 Diogenes avarus                                 
2 Diogenes fasciatus 0.282                               
3 Diogenes foresti 0.021 0.291                             
4 Diogenes goniochirus 0.268 0.148 0.278                           
5 Diogenes holthuisi 0.342 0.279 0.337 0.290                         
6 Diogenes inglei 0.336 0.280 0.342 0.291 0.289                       

7 Diogenes klaasi 0.330 0.244 0.338 0.276 0.313 0.305                     
8 Diogenes laevicarpus 0.337 0.216 0.345 0.276 0.310 0.319 0.307                   
9 Diogenes moosai 0.271 0.257 0.273 0.223 0.337 0.312 0.278 0.337                 
10 Diogenes rectimanus 0.277 0.229 0.283 0.230 0.276 0.273 0.217 0.265 0.241               
11 Diogenes singaporensis 0.302 0.292 0.309 0.180 0.331 0.335 0.312 0.326 0.246 0.255             
12 Diogenes takedai 0.307 0.257 0.322 0.259 0.323 0.329 0.246 0.296 0.271 0.219 0.262           
13 Diogenes sp.1 0.315 0.346 0.314 0.317 0.387 0.395 0.345 0.383 0.295 0.324 0.313 0.340         
14 Diogenes sp.2 0.283 0.164 0.303 0.224 0.297 0.287 0.244 0.208 0.290 0.216 0.285 0.260 0.332       

15 Diogenes sp.3 0.284 0.206 0.289 0.168 0.351 0.351 0.330 0.334 0.300 0.315 0.344 0.323 0.388 0.288     
16 Clibanarius infraspinatus 0.349 0.339 0.352 0.349 0.341 0.327 0.328 0.374 0.345 0.295 0.366 0.352 0.382 0.318 0.405   
17 Dardanus arrosor 0.334 0.285 0.343 0.321 0.325 0.309 0.333 0.361 0.349 0.300 0.350 0.335 0.384 0.318 0.378 0.313 
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Figure 4. Phylogenetic tree of Diogenes species based on concatenated mitochondrial genes (COI and 16S rRNA) (Neighbor Joining, 

Kimura 2 parameter 1000x bootstrap, 1146 bp) 
 
 
 

The tree topologies of the genus Diogenes based on two 

combined data on the COI and 16S rRNA formed 5 clades 

consisting of I, II, III, IV, and V with a significant 

bootstrap mean value. The clustering of form clade I was 

composed of D. singaporensis (bootstrap=79), D. moosai 
(bootstrap=37), Diogenes sp.1 (bootstrap=59) with the 

subclades D. avarus, and D. foresti (bootstrap=100). Based 

on genetic distance, Diogenes sp.1 is closer to D. moosai 

(0.925). The clustering of form clade II was composed of 

D. takedai (bootstrap=77) with the subclades D. rectimanus 

and D. klaasi (bootstrap=35). The clustering of form clade 

III was composed of D. laevicarpus and Diogenes sp.2 

(bootstrap=91). Based on genetic distance, Diogenes sp.2 is 

more closer to D. fasciatus (0.164). The clustering of form 

clade IV was composed of D. facsiatus (bootstrap=77) with 

the subclade Diogenes sp.3 and D. goniochirus 

(bootstrap=97). Based on genetic distance, Diogenes sp.3 is 
more closer to D. goniochirus (0.168). The clustering of 

form clade V was composed of D. inglei and D. holthuisi 

(bootstrap=61). Based on data analysis, the genetic distance 

of the investigated specimens between species is shown in 

Table 4. The genetic distance of the investigated between 

17 species shows a range of 0.021- 0.405. Genetic distance 

shows the relationship between each sequence, the smaller 

the value means the more closely related to the 

sequence/individual (Madduppa et al. 2017). 

Discussion 

Species of Diogenes are generally defined as having a 
spinose (intercalary rostriform) process developed from the 

ocular plate between the ocular acicles, Diogenes was 

established by Dana (1851) for a relatively few species in 

which the intercalary rostral process forms a large, 

somewhat flattened, marginally pinose structure 

(McLaughlin and Holthuis 2001); Thirteen pairs of biserial 

phyllobranchiate gills; Antennal acicle broadened basally 
and often developed as pair of bifurcate spinose processes; 

flagella often with long ventral setae. Crista dentata of third 

maxillipeds frequently with few teeth, without an accessory 

tooth. Endopod of maxillule with external lobe obsolete or 

well developed and recurved. First, maxilliped usually with 

flagellate exopod. Left cheliped much larger than right; 

dactyls and fixed fingers opening obliquely. Males with 

paired gonopores, no sexual tubes; females with paired, or 

less frequently, single gonopore; no paired pleopods in 

either sex; with unpaired pleopods on second to fifth 

segments in both sexes; male pleopods, with few 

exceptions, uniramous. Uropods asymmetrical or rarely 
symmetrical. Telson without transverse indentations; 

terminal margin entire or divided into 2 lobes by small 

median cleft; terminal and lateral margins armed or 

unarmed (Siddiqui et al. 2004). 

Morphological characteristics of hermit crabs in the 

species belonging to the genus Diogenes vary greatly. 

McLaughlin (2002) proved this, who made D. gardineri 

Alcock, 1905 and D. serenei Forest, 1956, synonymous 

with D. pallescens Whitelegge, 1897. Morphological 

analysis of the three species showed variations in several 

characters previously considered key characters to 
distinguish the type so that the character can no longer be 

used to distinguish the three types. These characters 

include the ratio of the length and width of the shield, the 
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ratio of the length of the ocular peduncle to the antennular 

peduncles, the presence or absence of ventral spines under 

the intercalary rostral process, the size of the spines on the 

cheliped, and the number of spines on the pereopod. 

McLaughlin (2005) showed morphological variations in the 

species belonging to the Troglopagurus Group, which 

made D. stenops Morgan & Forest, 1991 and D. 

setrocristatus Morgan & Forest, 1991 synonyms of D. 

jousseaumei Bouvier, 1897 and D. platyops Rahayu & 

Forest, 1995 synonymous with D. jubatus Nobili, 1903. 
Variations in this Troglopagurus Group include: the 

number of spines on the ocular acicle, the ratio of the 

length of the ocular peduncle to that of the cornea, the 

dactylus and propodus of pereopods 2 and 3, and the shape 

of the telson. In addition, variations in intraspecific 

characters differ from one species to another, making the 

key characters for species also different. For example, 

variations in shield form can be used as key characters in 

one species but may not apply to other species; the size and 

density of spines/setae depend on the size or sex of the 

organism for one species but not for another. Based on the 
definition of the morphological variations, the 3 species 

of Diogenes in this study, namely Diogenes sp.1, sp.2, and 

sp.3 cannot be identified yet.  

Molecular analysis can be performed to identify 

cryptic/sibling species (Pante et al. 2015), mainly the 

mitochondrial genes, which have demonstrated the 

existence of many cryptic lineages (Hultgren and Brandt 

2015; Cunha et al. 2022). The incorporation of molecular 

tools into systematic studies has confirmed the taxonomic 

status of many taxa described based on morphological data 

(Landschoff and Gouws 2018), for example, in the genus 
Cryphiops (Mantelatto et al. 2021) and the genus Diogenes 

(Almón et al. 2021). The BLASTn results of COI marker 

sequence data through GenBank NCBI showed a sequence 

homologous, however, the average of the query coverage 

showed less close to 100%, E(Expect)-Value > 0 and 

PerIdent were not close to 100% in each database and the 

type of difference morphologically observed species of 

Diogenes by classical taxonomy with species of Diogenes 

based on BLAST in the GenBank database. The collection 

of DNA sequence codes along with accurate taxonomic, 

systematic references, will allow for an effective 

identification system and will be very useful in determining 
subtle/cryptic species. The results of molecular 

identification of 15 sequences using the cytochrome 

oxidase subunit I (COI) gene by comparing sample 

sequences with reference sequences in the NCBI GenBank 

database supported by topologies tree construction with the 

Neighbor-Joining method showed that all sequences 

formed a monophyletic clade or derived from the same 

ancestor supported by the Bootstrap Method variation 

estimation model (1000x replication). 

The phylogenetic relationship among the 

genus Diogenes species was mainly delineated based on the 
COI, 16S rRNA, and combined COI and 16S rRNA 

data sets. We analyzed the phylogenetic relationships 

among Diogenes to test whether the three taxa denoted by 

'sp' are distinct species with morphologically closest 

species. Results of the reconstruction tree topologies on the 

COI and 16S rRNA markers showed there were different 

positions of Diogenes sp.1 and Diogenes sp.3 and the 

difference in bootstrap support values for each marker. The 

bootstrap value is not considered a reliable measure of 

clade support (Craig and Felder 2021). However, based on 

the effective assessment, it shows that the tree is better with 

a higher bootstrap proportion and to get an accurate 

bootstrap value with the number of taxa analyzed since tree 

space itself increases exponentially with the number of taxa 

(Regier et al. 2013). The discrepancy positions of Diogenes 
sp.1 and Diogenes sp.3 are thought to be due to the 

different base pair lengths and evolutionary rates resulting 

from the two markers. The COI marker resulted in a longer 

base pair length and a faster evolutionary rate than the 16S 

rRNA marker. Previous research recommended that the 

long DNA sequences can yield a sufficient number of 

characters for robust phylogenetic inference and provide 

high phylogenetic resolution of relationships among closely 

related congeneric species of the genus Clibanarius (Li et 

al. 2019), while the relatively short DNA sequences used 

for phylogeny construction may explain the inconsistent 
phylogenetic patterns observed in previous reconstructions 

of Clibanarius phylogeny (Negri et al. 2014). Research 

about assessing the effectiveness of mitochondrial COI and 

16S rRNA genes also showed 16S has a lower species 

identification success than COI on DNA barcoding of 

farmland spiders (Wang et al. 2017). 

Concerning the phylogenetic validity of Diogenes based 

on two genes concatenated datasets, clades I, II, III, IV, and 

V were formed. The clustering based on molecular analysis 

or phylogeny tree topologies supports the clustering based 

on morphological analysis. The clade I comprised 
Diogenes sp.1, D. moosai, D. singaporensis with subclade 

D. avarus, and D. foresti. These five species' common 

morphological characters were found shields longer than 

broad, ocular peduncles stout, left cheliped with irregular 

rows of small tubercles or subacute spines, second and 

third pereopods slender. Based on the morphological 

characters, Diogenes sp.1 is closer to D. avarus, but there 

are several variations of different morphological characters. 

However, based on molecular analysis and genetic 

distance, Diogenes sp.1 is closer to D. moosai. Based on 

the morphological and molecular characters, Diogenes sp.1 

is a different species from D. avarus and it is suspected 
that Diogenes sp.1 is a new species. The clade II was 

composed of D. takedai, D. rectimanus and D. klaasi. The 

common morphological characters of these three species 

are as follows: a shield that slightly longer than broad, left 

cheliped dactyl longer than palm; row of strong spines on 

upper and lower margin of palm; right cheliped with dactyl 

longer than palm; upper surface with a row of small spines, 

slight hiatus between dactyl and fixed finger. The clade III 

was composed of D. laevicarpus and Diogenes sp.2, their 

common morphological characteristics were that found 

shield was longer than broad, left cheliped dactyl with an 
elongated sulcus, and had a fixed finger with a longitudinal 

ridge. Based on morphological characters, Diogenes sp.2 is 

closer to D. edwardsii but there are several variations of 

different morphological characters, while based on 

molecular analysis, Diogenes sp.2 is closer to D. 
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laevicarpus which is suspected that Diogenes sp.2 is a new 

species and very close to D. laevicarpus. The clade IV was 

composed of D. facsiatus, Diogenes sp.3 and D. 

goniochirus. The common morphological characteristics of 

these three species were found in the form of a shield, 

which is approximately as long as broad, ocular peduncles 

stout, left cheliped covered by small, pointed spines. Based 

on morphological characters Diogenes sp.3 is closer to D. 

foresti, but there are several variations of different 

morphological characters. However, based on molecular 
analysis Diogenes sp.3 is closer to D. goniochirus. It is 

suspected that Diogenes sp.3 is a new species. The clade V 

was composed of D. inglei and D. holthuisi. Their common 

morphological characteristics were in having an ocular 

peduncle, which is shorter than a shield, tapering in the 

cornea, an antennal acicle short not reaching the base of the 

fifth segment of the antennal peduncle, left cheliped with a 

row of prominent spines on the upper margins of dactyl, 

palm and carpus, and lower margins of palm and fixed 

finger; the outer surface of dactyl with a short row of 

spines near upper margin.  
 In the combined-markers (COI+16S rRNA) genetic 

approaches, the tree topologies showed substantially 

similar phylogenetic relationships among the terminal taxa 

with the previously assigned morphological trait-based 

species groups. The molecular and morphology analysis 

results suggested that Diogenes sp.1 is different species 

with D. avarus, Diogenes sp.2 and D. foresti are also 

distinct species, and Diogenes sp.3 and Diogenes 

edwardsii as well as different species. The application of 

molecular tools, combined with traditional morphological 

analyses, has confirmed the taxonomic relationships of the 
species in the genus Diogenes. These results strengthen the 

analysis of the observed morphological differences. This 

also proves that an error in identification can occur in the 

species with subtle morphological differences if a 

molecular analysis is not carried out. Previous research has 

shown that the application of molecular tools, combined 

with traditional morphological analyses and the study of 

live color patterns, has revealed the existence of three 

different species of hermit crab along the coasts of the 

Iberian Peninsula (Almón et al. 2021).  

In conclusion, subtle differences in morphological data 

indicate phylogenetic importance for the genus Diogenes. 
Most sample sequences of the genus Diogenes from 

GenBank formed a cluster together with specimens from 

this study. The concatenation of COI and 16S rRNA partial 

sequences led to higher confidence in the phylogenetic 

relationships. The analysis of the phylogeny tree 

construction based on the combined COI gene data and 16S 

rRNA mtDNA formed 5 monophyletic groups/clades. An 

overall phylogenetic analysis indicated that all species form 

monophyletic clades or are derived from the same ancestor 

by previous classic taxonomic work. The morphology and 

molecular analysis inference shown here demonstrate 
that Diogenes sp.1, Diogenes sp.2, and Diogenes sp.3 are 

different from any other species known in the 

genus Diogenes, a description of these three species will be 

done in a future study. 
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