
348

Diong et al.: Singapore polyclad phylogeny

Flatworms of Singapore: molecular phylogeny of Polycladida 
(Platyhelminthes: Rhabditophora) and an annotated checklist of 
Cotylea species

Samuel Yong Jie Diong1*, Rene S. L. Ong2, Samantha J. W. Tong3, Tashfia Raquib2, Yin Cheong 
Aden Ip1,4, Danwei Huang1,2,3 & Jia Jin Marc Chang1,2

Abstract. The taxonomy of polyclads has been a subject of contention due to the inconsistent emphases on 
different morphological traits. While past molecular phylogenetic analyses have illuminated relationships amongst 
suborders and several families, uncertainties persist at the lower taxonomic levels. This study analysed 270 
sequences of 28S rRNA from 135 species to gain insights into many of these relationships, particularly at lower 
taxonomic levels. The results recovered the monophyly of the suborders Acotylea and Cotylea, and of the cotylean 
families Pseudocerotidae and Prosthiostomidae. However, the family Euryleptidae and the genera Pseudobiceros, 
Nymphozoon, and Thysanozoon were shown to be non-monophyletic. Euryleptidae was split into two distinct 
clades while Pseudobiceros, Nymphozoon, and Thysanozoon have other genera nested within. The analysis 
recovered a clade with Thysanozoon and Acanthozoon that was sister to the clade containing Pseudobiceros, 
Phrikoceros, and Nymphozoon. The synonymies of Tytthosoceros and Phrikoceros, Pseudobiceros hymanae, 
and Pseudobiceros splendidus, as well as Pseudoceros duplicinctus and Pseudoceros prudhoei were rejected; our 
results supported their distinction and so they remain separate. New Tytthosoceros combinations were 
established from the phylogeny. The diagnosis of Pseudoceros prudhoei was also emended. Importantly, the 
study generated 26 novel cotylean sequences, further enriching our understanding of this diverse order.
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INTRODUCTION

Polycladida is an order of free-living flatworms in the phylum 
Platyhelminthes. There are over 1,000 described living 
species within Polycladida, most of which are found in the 
marine environment (Tyler et al., 2022). Only two species 
of polyclads in the suborder Acotylea are known from non-
marine environments, freshwater Limnostylochus borneensis 
and semi-terrestrial Myoramyxa pardalota (Ramos-Sánchez 
et al., 2019). These dorsoventrally flattened acoelomate 
worms display a wide array of colours and patterns on their 
dorsal surfaces. Polyclads found in the tropics and subtropics 
tend to display bright and conspicuous colourations, while 

those in higher latitudes tend to have duller colours (Bulnes, 
2010). 

The phylogeny of polyclads has been contested at nearly 
every taxonomic level apart from the suborders. The order 
Polycladida comprises two suborders, Acotylea and Cotylea 
(Lang, 1884), which are distinguished based on the absence 
and presence of ventral suckers, respectively. However, recent 
findings have suggested exceptions to this diagnostic criterion 
such as the families Cestoplanidae and Theamatidae (Bahia 
et al., 2017; Dittmann et al., 2019; Litvaitis et al., 2019).

A better understanding of the polyclad phylogeny based on 
DNA sequence data has led to taxonomic revisions and a 
more data-supported classification. Many recent studies used 
molecular markers to establish the interrelationships within 
Polycladida (Litvaitis et al., 2010; Rawlinson et al., 2011; 
Aguado et al., 2017; Bahia et al., 2017; Tsunashima et al., 
2017; Litvaitis et al., 2019). The 28S ribosomal DNA (rDNA) 
is one of the most common phylogenetic genetic markers 
used for this purpose, although other molecular markers 
such as the 16S and 18S rDNA (Katayama et al., 1993; 
Aguado et al., 2017; Oya & Kajihara, 2020; Oya et al., 2020; 
Oya & Kajihara, 2021) have been used in various studies. 
Mitochondrial data, specifically the sequences of cytochrome 
c oxidase subunit I (COI) gene, have also been used for the 
analysis of phylogenetic relationships within Polycladida. 
However, the lack of universal primers for the mitochondrial 
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marker in polyclads limited COI gene sequencing to only a 
handful of species, with only a few studies having sequenced 
and analysed the whole mitogenome (Kenny et al., 2019; 
Yonezawa et al., 2020). Another study by Goodheart et 
al. (2023) made use of transcriptomic data to reconstruct 
the polyclad phylogeny, providing another strong basis for 
understanding species relationships. With more genetic data 
becoming available, the analysis of multiple gene markers 
can provide better resolution of the phylogenetic relationships 
and more precise taxonomic classification within the order.

Studies on the polyclad molecular phylogeny have shown 
that previous morphological phylogenies were not able to 
adequately represent the relationships within the group 
and have challenged the classification of some families 
within these suborders. For example, Cestoplanidae and 
Theamatidae, which were traditionally placed in Acotylea 
due to possessing traditional acotylean traits, were found to 
be basal clades clustered within Cotylea in some analyses but 
could also be in Acotylea depending on the genetic markers 
used (Bahia et al., 2017; Dittmann et al., 2019; Litvaitis 
et al., 2019; Goodheart et al., 2023). Bahia et al. (2017) 
proposed that this incongruence challenged the traditional 
clusters of the suborders, but also noted that the monophyly 
of both Acotylea and Cotylea was still supported by all 
studies. Multiple studies have placed Theamatidae, previously 
placed under Acotylea, into a Cotylea clade containing 
the families Boniniidae and Amyellidae (Dittmann et al., 
2019; Litvaitis et al., 2019). However, despite such strong 
support for this clade, there seem to be no phylogenetically 
relevant characteristics distinct to these families to elevate 
Boninioidea to superfamily level (Dittmann et al., 2019; 
Litvaitis et al., 2019).

Bahia et al. (2017) also suggested revisions to many 
traditional superfamilies within Polycladida as the molecular 
phylogeny showed that they are non-monophyletic. New 
diagnoses and classification of superfamilies were suggested 
and one such example is the superfamily of Pseudocerotoidea. 
Pseudocerotoidea was described by Faubel (1984) to 
include families with ruffled pharynx but was later found 
to be paraphyletic, which prompted the revision of the 
superfamily to include Euryleptidae and Pseudocerotidae, 
and the diagnosis to be an oval-shaped body, cerebral and 
tentacular eyespots, and developed marginal tentacles. These 
superfamilies were also supported by Dittmann et al. (2019), 
who also suggested revisions to the paraphyletic family of 
Euryleptidae. The proposed revision sought to retain the 
family name for the clade containing Cycloporus japonicus, 
Cycloporus variegatus, Maritigrella, and Prostheceraeus, 
while proposing a new family, Stylostomidae, which 
includes at least Cycloporus gabriellae, Euryleptodes, and 
Stylostomum. Despite these results by Dittmann et al. (2019) 
and Bahia et al. (2017), Litvaitis et al. (2019) and Dittmann 
et al. (2023) reconstructed a monophyletic Cycloporus 
clade in their study. This has led to conflicting results for 
the revision suggested by Dittmann et al. (2019), so further 
clarification is required.

Other studies have also attempted to resolve some of the 
relationships amongst some genera within Pseudocerotidae, 
such as Acanthozoon, Phrikoceros, Pseudobiceros, 
Pseudoceros, Thysanozoon, and Yungia, but have failed to 
come to a consensus (Tsunashima et al., 2017; Litvaitis et 
al., 2019; Goodheart et al., 2023). Pseudocerotidae can be 
distinguished from other cotylean families by morphological 
traits such as the type of pharynx, pseudotentacles, 
arrangement of eyespots, and number of gonopores. Most 
studies have shown that Pseudoceros is monophyletic and 
sister to the other clade containing Acanthozoon, Phrikoceros, 
Pseudobiceros, Thysanozoon, Tytthosoceros, and Yungia. 
However, the monophyly and relationship between these 
genera are still in contention, with Litvatis et al. (2019) 
supporting the monophyly of Phrikoceros and Thysanozoon, 
but Tsunashima et al. (2017), Bahia et al. (2017), and 
Dittmann et al. (2019) showing the opposite.

Many of these studies focused on the higher taxonomic levels, 
such as the superfamilies or families, and used representative 
genera to determine higher classifications, resulting in 
many uncertainties amongst the lower classification levels. 
There have been analyses focusing on the lower taxonomic 
levels of genus and species but the taxonomic coverage 
of species within the order remains limited. Therefore, 
more comprehensive sampling and analyses are needed to 
fully understand the evolutionary history and diversity of 
Polycladida.

Singapore hosts a tropical coastal environment where most 
known polyclad species are cotyleans, which are known to 
be more diverse and abundant in warmer regions (Bulnes, 
2010; Bolaños et al., 2016). In recent years, there have been 
several published studies on the diversity of polyclads in 
Singapore waters. The most comprehensive biodiversity 
study of polyclads in Singapore by Ong & Tong (2018) 
places the number of described species at 38, with another 
81 distinct but unknown species recorded. In 2020, another 
seven new cotylean records were documented (Ong et 
al., 2020). Of the estimated total of 126 species found 
in Singapore, 88 are from Cotylea and the remaining 38 
are from Acotylea. There have been two studies by Tong 
& Ong (2020) and Chim et al. (2015) that examined the 
reproduction of polyclads, from unique mating behaviour to 
parental care and embryonic development. The molecular 
phylogenetic study of Singapore polyclads by Lim (2016) 
which used 24 locally collected samples and analysed a 
total of 48 species, was hitherto the first and only molecular 
phylogenetic study of local polyclads that provided insight 
into the lower taxonomic relationships within the cotylean 
families of Pseudocerotidae and Prosthiostomidae despite its 
limited scope. These previous studies collected numerous 
specimens for later DNA work, some of which are used in 
the present study to investigate the molecular phylogeny of 
polyclads in Singapore.

Here, we analyse the phylogeny of polyclads based on 
182 specimens from Singapore representing 56 putative 
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Fig. 1. A map of Singapore showing the sampling locations of polyclad specimens used in this study. 

species across three cotylean families and three acotylean 
superfamilies. We sequence the 28S rRNA gene to reconstruct 
a species-rich phylogeny for comparison with past studies 
and current taxonomic classification. We expect that the 
comprehensive collection in this study, in conjunction 
with molecular phylogenetic analysis, will lead to better 
understanding of the flatworm phylogeny and the discovery 
of potential new species. Our results reveal 15 lineages that 
may constitute species new to science and further contribute 
28S rRNA sequences from 26 polyclad species which have 
never been sequenced, inclusive of the 15 potential new 
species. More broadly, our study enhances the understanding 
of polyclad biodiversity in Singapore and provides support for 
an annotated checklist that is produced herein to document 
the diversity of this fascinating clade.

MATERIAL AND METHODS

Specimen collection and morphological identification. 
Polyclad specimens were either obtained from the 
Comprehensive Marine Biodiversity Survey (2011–2015), 
or collected by the authors at various intertidal, subtidal, 
and offshore dive locations in Singapore between 2014 and 
2023 (Fig. 1). All specimens have been accessioned into the 
Zoological Reference Collection (ZRC) of the Lee Kong 
Chian Natural History Museum (LKCNHM), Singapore. 

The flatworms were hand-collected with a soft paintbrush 
from various intertidal and subtidal habitats. Specimens 
were kept in individual containers for transportation. In the 
laboratory, they were placed in glass petri dishes, measured, 

and photographed using either a Nikon D800 digital SLR 
camera fitted with 60-mm macro lens and SU-800 flash 
system, or a Canon EOS 5D digital SLR camera with MP-
E65 macro lens and 430EX II flash system. Flatworms 
were kept alive for a few hours for closer observation 
and documentation. For each polyclad specimen, a tissue 
subsample, approximately 2–5 mm in diameter, was cut from 
the edge for DNA extraction, after which they were preserved 
by being coaxed onto a piece of filter paper immersed in sea 
water, and then placed on a frozen block of 10% buffered 
formalin together with the filter paper. The specimens were 
left in the fixative for 24–48 hours before transferring to 
70% ethanol. Tissue subsamples that were not immediately 
used for extraction were stored in 99% ethanol at -20ºC.

A total of 182 samples of polyclad flatworms were analysed 
in this study. Specimen identification to the lowest taxonomic 
level was conducted based on published morphological 
traits, referencing previous records in Singapore (Ong et 
al., 2015; Bolaños et al., 2016; Ong et al., 2018; Ong & 
Tong, 2018). Within Cotylea, the major characteristics 
used for identification to genus were the type of pharynx, 
cerebral eyespot arrangement, number of gonopores, and 
pseudotentacle characteristics. Colouration and pattern of the 
dorsal surface were used for identification to species level, 
based primarily on the colour and pattern system established 
by Newman & Cannon (1994, 1996a, 1996b, 1997, 1998). As 
histology was not conducted for the specimens, only some 
acotyleans with distinctive key morphology were identified 
to family level. The majority of the Acotylea specimens 
were only identified as acotylean, with a morphospecies 
number assigned, based on the general morphology of 
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the ventral surface, arrangement of eyespots and tentacle 
characteristics (if any). Unidentified species are referred to 
by the nomenclature in Ong & Tong (2018) for consistency.

DNA extraction, amplification and sequencing. Genomic 
DNA from the subsampled tissues was extracted using the 
DNeasy Blood and Tissue Kit (Qiagen Inc.) according 
to manufacturer protocols. A partial fragment of the 28S 
rRNA (~1000 bp) gene was amplified through polymerase 
chain reaction (PCR) using 28S universal primers 
(LSU fw1: 5′-AGCGGAGGAAAAGAAACTA-3′; LSU 
rev2: 5′-ACGATCGATTTGCACGTCAG-3′) following 
Sonnenberg et al. (2007). Each 25 µl PCR reagent mixture 
contained 1.0 µl of gDNA extract, 12.5 µl of GoTaq Green 
Master Mix (Promega, Madison, Wisconsin), 1.0 µl of bovine 
serum albumin (BSA), 8.5 µl of water and 1.0 µl each of both 
forward and reverse primers. The mixtures then underwent 
a thermocycling profile of 94°C for 4 minutes, followed by 
45 cycles of 20 seconds at 94°C, 20 seconds at 52.5°C, 90 
seconds at 72°C, and 8 minutes final extension at 72°C. PCR 
success was confirmed through agarose gel electrophoresis 
on 1% agarose gels stained with GelRed (Biotium).

Successful 28S amplicons underwent purification, cycle 
sequencing with BigDye Terminator 5X Sequencing Buffer 
v3.1 and BigDye Terminator v3.1 (Applied Biosystems, 
Waltham), and Sanger sequencing on an ABI 3130XL 
DNA Analyzer (ThermoFisher Scientific) at Axil Scientific 
Pte Ltd. Sequencing reads were assembled and checked 
using Geneious Prime 2023.2 (https://www.geneious.com). 
A total of 138 specimens were successfully sequenced and 
used in the following phylogenetic analysis. The 28S rRNA 
sequences have been uploaded to NCBI GenBank (accession 
numbers PQ863115–PQ863252).
 
Phylogenetic analysis. The 28S rRNA sequences were 
consolidated and organised in a data matrix using Mesquite 
v3.81 (Maddison & Maddison, 2023) for alignment and the 
supplementation of GenBank sequences. Sequences were 
also searched against the online NCBI (National Center 
for Biotechnology Information) GenBank database with 
the Basic Local Alignment Search Tool (BLAST) (Altschul 
et al., 1990; Camacho et al., 2023) on 7 December 2023 
to determine preliminary identifications. The GenBank 
sequences representing identities with the highest scores with 
our unidentified specimens were recorded and added to the 
matrix. A total of 132 28S rRNA sequences (Supplementary 
Material), from BLAST sequences of identities with the 
highest scores and sequences referenced from Litvaitis 
et al. (2019), were obtained from GenBank for a total of 
270 sequences. Paromalostomum fusculum (KP730517) 
and Microstomum papillosum (FJ715316) were added as 
outgroups as they were previously shown to be closely 
related to Polycladida (Karling, 1974; Katayama et al., 1996; 
Carranza et al., 1997; Litvaitis & Rohde, 1999; Baguñà & 
Riutort, 2004; Laumer & Giribet, 2014; Egger et al., 2015; 
Laumer et al., 2015;). All sequences were aligned with 
MAFFT v7.520 with G-INSI-I algorithm (Katoh et al., 2002; 
Katoh & Standley, 2013).

jModeltest v2.1.10 (Posada, 2008) was run to determine 
the best nucleotide substitution model for the 28S rRNA 
data. It returned a result of GTR+G+I which was the model 
used in the subsequent analyses. The maximum likelihood 
(ML) tree was reconstructed using RAxML-NG v1.2.1 
(Kozlov et al., 2019), running 50 random starting trees. 
Node supports were assessed by bootstrapping the ML tree 
with 1,000 non-parametric replicates. Bayesian inference 
(BI) was performed using MrBayes v3.2.7a (Huelsenbeck 
& Ronquist, 2001; Ronquist et al., 2012), producing two 
runs of 12 million generations of four chains of Markov 
chain Monte Carlo (MCMC) with a sample frequency of 
100 generations. Following assessments of run convergence 
based on the average standard deviation of split frequencies 
(<0.05) (Ronquist et al., 2012) and Tracer v1.7.1. (Rambaut 
et al., 2018), the first 20,001 sampled trees were discarded 
as burn-in. A total of 100,000 sampled trees remained that 
were summarised with majority-rule consensus.

RESULTS

A total of 270 sequences representing 135 species were 
included in the analysis, of which 59 were species collected 
in Singapore. These 59 species make up about 47% of the 
total species recorded in Singapore.

The phylogenetic tree presented in this study contains 
more cotylean species and is focused on the three families 
Euryleptidae, Prosthiostomidae, and Pseudocerotidae (Figs. 2, 
3). Pseudocerotidae (Fig. 3) is the most common and abundant 
family found in Singapore waters and is the largest family 
represented in this study. Due to the lack of information on 
acotyleans (Fig. 4), there is an underrepresentation of local 
acotyleans, and most of the species within Acotylea used 
in the analysis were obtained from GenBank.

The results from analyses with maximum likelihood (ML) and 
Bayesian inference (BI) exhibited high congruence for both 
suborders. However, differences between the two analyses 
were observed, with greater discrepancies observed in the 
nodes of the Acotylea clade. Here, only the tree topology 
from the ML analysis is reported with the inclusion of branch 
support values from both analyses.

This study successfully recovered monophyletic suborders 
with high support values for the suborders Acotylea 
(maximum likelihood bootstrap support, BS=69, Bayesian 
posterior probability, PP=1) and Cotylea (BS=64, PP=1) (Fig. 
2). Within Cotylea, Pericelidae is shown to be sister to the 
clade containing the other families found in Singapore (Fig. 
2). The node splitting Prosthiostomidae from Euryleptidae 
and Pseudocerotidae shows moderate support by ML but is 
highly supported by BI (ML=54, PP=1) (Fig. 2).

In total, 31 species remained unidentified, with 16 species 
from Acotylea and 15 from Cotylea. Comparisons of 
existing records with the gross morphology, colouration, 
and pattern of the unidentified cotylean species did not 
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find any matches for these 15 cotylean species. Further 
investigations may show that they are new and do not yet have 
a formal description. The 16 Acotylea species were either 
undescribed or unidentified due to the lack of histological 
data. Furthermore, this study obtained novel 28S sequences 
for 26 Cotylea species, of which 11 are known: Eurylepta 
aurantiaca, Nymphozoon bayeri, Phrikoceros baibaiye, 
Pseudobiceros bajae, Pseudobiceros fulgor, Pseudobiceros 
hymanae, Pseudoceros concinnus, Pseudoceros laingensis, 
Pseudoceros prudhoei, Pseudoceros rubrotentaculatus, and 
Pseudoceros scintillatus.

Cotylea. A total of 97 species from 17 genera in Cotylea 
were analysed in this study, including 39 species from 

Singapore (Figs. 5–22). These species represent four families 
in Cotylea: Euryleptidae, Pericelidae, Prosthiostomidae, and 
Pseudocerotidae, which were part of three of the revised 
superfamilies recognised by Bahia et al. (2017), i.e., 
Euryleptidae and Pseudocerotidae within Pseudocerotoidea, 
and Prosthiostomidae and Pericelidae as the only family in 
Prosthiostomoidea and Periceloidea, respectively (Fig. 2).

Pseudocerotidae (BS=83, PP=1) and Prosthiostomidae 
(BS=88, PP=1) were recovered as clades with strong support 
values (Figs. 2, 3). Euryleptidae was non-monophyletic 
and divided into two distinct clades (Fig. 2). The first 
clade (henceforth referred to as Euryleptidae 1) contained 
the monophyletic genera Cycloporus, Maritigrella, and 
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Fig. 3. Maximum likelihood phylogeny of family Pseudocerotidae. Monophyletic species are represented by a single collapsed tip, with 
their identification numbers indicated. Taxa highlighted in red represent sequences generated in this study. For species with numerous 
specimens, the total number of specimens is shown in brackets, and individual identification numbers are provided in the Supplementary 
Material. Support values for each branch are given as maximum likelihood (ML) bootstrap support (≥50) and Bayesian posterior probability 
(≥0.85) in the format (ML/PP). The bars indicate the genera within the family.
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Fig. 4. Maximum likelihood phylogeny of suborder Acotylea. Monophyletic species are represented by a single collapsed tip, with their 
identification numbers indicated. Taxa highlighted in red represent sequences generated in this study. Support values for each branch are 
given as maximum likelihood (ML) bootstrap support (≥50) and Bayesian posterior probability (≥0.85) in the format (ML/PP). Numberings 
allocated to unknown species was based on Ong & Tong (2018), if any, for consistency. Species were distinguished by observable external 
morphological traits when specimen was collected. 
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Prostheceraeus. The second clade (henceforth referred 
to as Euryleptidae 2) encompassed the species Eurylepta 
aurantiaca, Cycloporus sp., and Stylostomum ellipse. 
Euryleptidae 2 was sister to Pseudocerotidae (BS=38, 
PP=0.68) while Euryleptidae 1 was sister to the clade 
containing Euryleptidae 2 and Pseudocerotidae (BS=35, 
PP=0.63).

The monophyly of most genera within Euryleptidae and 
Prosthiostomidae was supported in the analyses. They 
included Cycloporus, Maritigrella, and Prostheceraeus from 
Euryleptidae 1, as well as Enchiridium and Prosthiostomum 
from Prosthiostomidae. Only the genus Eurylepta was 
paraphyletic with species dispersed between Euryleptidae 
1 and Euryleptidae 2.

The analysis included seven genera and 64 species from 
Pseudocerotidae (Fig. 3), with 32 of these species known 
from Singapore. The genera analysed were Acanthozoon, 
Nymphozoon, Phrikoceros, Pseudobiceros, Pseudoceros, 
Thysanozoon, and Tytthosoceros. Prosthiostomidae was 
represented by 15 species in the analysis, including one 
unidentified species from Singapore that was most closely 
related to Prosthiostomum purum. Within Pseudocerotidae, 
Pseudoceros was monophyletic and sister group to the rest of 
the family (BS=96, PP=1) (Fig. 3). Thysanozoon was found 
to be non-monophyletic, with Thysanozoon alagoensis in a 
separate lineage from the rest of the genus. Tytthosoceros 
formed a clade which was sister to a clade of two undescribed 
species, Pseudocerotid 1 (ZRC.PLA.0300, ZRC.PLA.0301) 
and Tytthosoceros sp. 1 (ZRC.PLA.0303), and Phrikoceros 
jannetae and Phrikoceros sagamianus (BS=63, PP=1). 
Pseudobiceros was not monophyletic (Fig. 3), with the genera 
Nymphozoon and Phrikoceros nested amongst its species. 
Nymphozoon, containing only three species, Nymphozoon 
bayeri, Nymphozoon cinderella, and Nymphozoon orsaki, 
was recovered as non-monophyletic with Pseudobiceros 
gratus nested within.

Acotylea. Many of the diagnostic traits of Acotylea groups 
are found internally and can only be reliably identified using 
histology. As histology was not performed on the specimens 
here, most of the acotyleans analysed in this study could 
not be accurately identified based on morphology (Fig. 4). 
They are loosely classified based on observable exterior 
morphological features such as the eyespot arrangement, 
presence/absence of nuchal (true) tentacles, as well as 
the arrangement of the pharynx and the reproductive 
organs. (Figs. 23–25). Different morphospecies numbers 
are considered to be distinct species. Morphospecies that 
are clearly separated phylogenetically are also considered 
distinct species.

There were 35 species of Acotylea analysed in this study, of 
which 17 species were from Singapore. These unidentified 
samples can be placed in their respective superfamilies with 
reference sequences available on GenBank. The 17 species 
of Acotylea present in Singapore were distributed across 
all three superfamilies, Discoceloidea, Leptoplanoidea, 
and Stylochoidea. One unidentified species, Acotylea 8 

(ZRC.PLA.0319) was nested within Discoceloidea, and in 
the same clade as Amemiyaia pacifica (LC508143). For 
Leptoplanoidea, sequences obtained from Singapore were 
distributed throughout three clades in the superfamily (Fig. 
4). Gnesioceros cf. sargassicola is the only acotylean species 
identified to species level albeit with some uncertainty. Due 
to the lack of available data to distinguish morphological 
differences between the specimens, they are treated as a 
single species despite one specimen (ZRC.PLA.2157) being 
placed in a different clade. Eight species were recovered in 
Stylochoidea and some within this superfamily were identified 
to family level: Planocerid 1, Planocerid 4, and Stylochid 
3. All local Planoceridae species were in a single lineage, 
and the two Stylochidae species were nested in Stylochidae.

ANNOTATED CHECKLIST OF COTYLEA 
SPECIES

Provided here is an annotated compilation of Cotylea 
species that have been analysed based on the molecular 
phylogeny (Figs. 3, 4). Where applicable, accession numbers 
of examined specimens from the Zoological Reference 
Collection (ZRC), Lee Kong Chian Natural History Museum 
(LKCNHM), Singapore, are indicated with the collection sites 
as part of their distributions in Singapore. The numbering 
of unknown species used in this checklist follows that of 
Ong & Tong (2018) for consistency.

Place names: Pulau [= island], Terumbu [= submerged reef], 
Beting [= sandbar], Besar [= big], Sungei [= river or stream], 
Tengah [= middle], Laut [= sea ward].

Phylum Platyhelminthes Minot, 1876

Clade Rhabditophora Ehlers, 1986

Order Polycladida Lang, 1884

Suborder Cotylea Lang, 1884

Superfamily Euryleptoidea Stimpson, 1857

Family Euryleptidae Stimpson, 1857

Cycloporus sp. 1
(Fig. 5A)

Cycloporus Newman & Cannon, 2002.
Cycloporus sp. 1 - Ong & Tong, 2018: 79.

Material examined. ZRC.PLA.0147 (Terumbu Berkas).

Distribution. Singapore.

Diagnosis. Dorsal background brownish cream with splotches 
of brown scattered around the submargin, and some along the 
median area. Short white or light-cream median line lightly 
bordered by brown pigments. Marginal band surrounding 
the entire body with interrupted, short darker brown lines 
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Fig. 5. Dorsal view of live flatworms. A, Cycloporus sp. 1 (ZRC.
PLA.0147); B, C, Eurylepta aurantiaca (B, ZRC.PLA.0149; C, 
ZRC.PLA.0307).

with white dots and a clear white rim. Anterior margin and 
marginal tentacles lighter in colour, with a triangular area 
formed by numerous white spots in front of the cerebral 
eyespots. Numerous white dots circled around the cluster of 
cerebral eyespots. Small rounded, whitish marginal tentacles.

Remarks. Only one specimen of this small species was 
collected, so the degree of intraspecific variation is unknown. 
This species is distinct but sister to the rest of Cycloporus 
(Fig. 2).

Eurylepta aurantiaca Heath & McGregor, 1912
(Fig. 5B, C)

Eurylepta aurantiaca Heath & McGregor, 1912: 481 (type locality: 
Monterey Bay, California, USA). 

Eurylepta aurantiaca - Hyman, 1953: 370; Faubel, 1984: 220; 
Bolaños et al., 2003; Bahia et al., 2014: 520; Ong & Tong, 
2018: 79.

Material examined. ZRC.PLA.0149 (Pulau Semakau), ZRC.
PLA.0307 (Beting Bemban Besar).

Distribution. United States: California, Florida, Mexico, 
Columbia, Brazil, Singapore.

Diagnosis. Dorsal body colour ranges from light orange to 
peachy pink and slightly translucent nearer the margin with a 
darker medial line formed by numerous reddish-brown dots. 
White creamy spots are randomly scattered around the body. 
Marginal band consists of dense white spots surrounding the 
entire body, including the marginal tentacles. Pointed distinct, 
erect marginal tentacles extending from anterior margin. 

Remarks. This is the only described species of Eurylepta 
in Singapore (Ong & Tong, 2018). Although it is classified 
as Eurylepta, this species and Stylostomum ellipse are 
phylogenetically distinct from the rest of Euryleptidae. This 
is the first molecular phylogenetic study to include this 
species. Previous studies have suggested that Euryleptidae 
is not monophyletic (Bahia et al., 2017; Dittmann et al., 
2019). This study has also recovered two distinct clades of 
Euryleptidae. Our results show that Eurylepta aurantiaca 
is nested in the second clade of this family and this may 
provide additional support for the reclassification of the family 
(Fig. 2). However, it is recommended that more sampling 
should be done, especially with Eurylepta aurantiaca from 
other localities, to confirm this placement and for a clearer 
understanding of phylogenetic relationships more generally. 

Maritigrella fuscopunctata (Prudhoe, 1978)
(Fig. 6A, B)

Pseudoceros fuscopunctatus Prudhoe, 1978: 594 (type locality: 
Donsborough, Western Australia). 

Eurylepta fuscopunctatus - Gosliner et al., 1996: 95. 
Maritigrella fuscopunctata - Newman & Cannon, 2000: 195; 

Velasquez et al., 2018: 252; Ong & Tong, 2018: 81.

Material examined. ZRC.PLA.2156.

Distribution. Australia, Papua New Guinea, Indonesia, 
Israel, Singapore.

Diagnosis. Background whitish-cream with varying sizes 
of blackish spots arranged in a transverse row around 
the margin, including the marginal tentacles. Spots are 
surrounded by lighter blackish shade. Median area is orange 
or light orange-brown with whitish lines criss-crossing, 
loosely forming a pattern of honeycomb netting. Distinct 
broad marginal tentacle held upright with cerebral eyespots 
in two clusters (Fig. 6B).
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Remarks. This species was originally described as a 
Pseudoceros by Prudhoe (1978). It was reassigned to 
Euryleptidae and genus Maritigrella by Newman & Cannon 
(2000) due to morphological traits such as the cylindrical 
pharynx, distinctive broad, ear-like, erect marginal tentacles 
and eyespots in a paired cluster. This study places this 
species within Euryleptidae and Maritigrella (Fig. 2). It is 
noted that the Maritigrella fuscopunctata sequenced here 
is not in the same clade as Maritigrella fuscopunctata of 
Velasquez et al. (2018).

Maritigrella virgulata Newman & Cannon, 2000
(Fig. 6C, D)

Maritigrella virgulata Newman & Cannon, 2000: 201 (type locality: 
Heron Island, southern Great Barrier Reef, Australia). 

Maritigrella virgulata - Ng et al., 2011: 274; Ng, 2012: 105; Ong 
& Tong, 2018: 81.

Material examined. ZRC.PLA.0160.

Distribution. Australia, Singapore.

Fig. 6. A, B, Maritigrella fuscopunctata (ZRC.PLA.2156); C, D, Maritigrella virgulata (ZRC.PLA.0160); E, F, Maritigrella sp. 1 
(ZRC. PLA.0158). A, C, E, dorsal view of live flatworm; B, D, F, close-up of marginal tentacles.
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Diagnosis. Dorsal background whitish-cream with transverse 
black stripe extending from margin toward the median line. 
Black stripes are bordered by grey pigments and are of 
unequal lengths. Median line made up of irregular orange 
spots arranged in a longitudinal line starting from posterior 
to cerebral eyespots. Distinct broad marginal tentacle held 
upright with similar black stripes as the body, and cerebral 
eyespots in two clusters (Fig. 6D).

Remarks. This is a distinct species that is grouped with 
the rest of Maritigrella, which is nested within the main 
Euryleptidae clade. It is also in the same clade as the other 
Maritigrella virgulata and Maritigrella marygarsonae (Fig. 
2).

Maritigrella sp. 1
(Fig. 6E, F)

Eurylepta sp. 6 - Ong & Tong, 2018: 81.

Material examined. ZRC.PLA.0158 (Pulau Sudong).

Distribution. Singapore.

Diagnosis. Dorsal background whitish-cream with numerous 
small blackish spots scattered around, with more concentrated 
at the median area. Larger dark brown or black spots bordered 
with lighter brown shade surrounds the entire body in the 
submarginal region. Distinct cream marginal band void of 
any spots surrounds entire body, stopping at the marginal 
tentacles. The anterior area to both sides of the cerebral 
eyespots are orange or light brownish-orange and does not 
contain the small brown spots like the rest of the body. 
Marginal tentacles filled with dark brown or black spots with 
cream tip, with such spots absent from the frontal-anterior 
portion (Fig. 6F). Cerebral eyespots in a pair of clusters.

Remarks. This species was previously identified as Eurylepta 
sp. 6 in Ong & Tong (2018). Based on the molecular 
analysis here, it is reidentified as Maritigrella sp. 1 as it is 
found to be sister to the rest of the identified Maritigrella 
species and falls into a single clade (Fig. 2). The diagnostic 
feature of Maritigrella that distinguishes it from the rest of 
the Euryleptidae is the lack of uterine vesicles (Newman & 
Cannon, 2000). As histology was not done on this specimen, 
this characteristic was not verified. Records of this species 
have been rare, and only one specimen has been collected. 
The patterns of Maritigrella are usually of lines, stripes 
and/or spots and dots, except for Maritigrella stellata. 
Importantly, Maritigrella spp. all have broad, erect, ear-like 
marginal tentacles (Fig. 6B, D, F) and eyespots in a pair of 
elongated clusters.

Prostheceraeus sp. 1
(Fig. 7)

Eurylepta sp. 4 - Ong & Tong, 2018: 79.

Material examined. ZRC.PLA.0156 (Pulau Berkas).

Distribution. Singapore.

Diagnosis. Dorsal background whitish-grey with conspicuous 
dark brown or black median streak cutting through the 
cerebral eyespot, to the anterior end, and tapering off towards 
the posterior end. Yellow submargin, with a narrower 
whitish-grey outer marginal band surrounding entire body, 
including the marginal tentacles. Pointed, long marginal 
tentacles tapering at the top (Fig. 7B). 

Remarks. This specimen was previously identified as 
Eurylepta sp. 4 in Ong & Tong (2018). However, it is 
shown to be in the same clade as the genus Prostheceraeus 
(Fig. 2). Both Eurylepta and Prostheceraeus are generally 
characterised by an elongate or oval body with slender, 
erected and pointed tentacles, tubular pharynx, and 
smooth dorsal body. This may easily cause confusion or 
misidentification. While the first three characteristics were 
observed in our specimen, histology is yet to be carried out 
to determine the characteristics of the reproductive system, 
where more differences might be noted. As Prostheceraeus 
is recovered as a monophyletic genus in this study as well 
as in Dittmann et al. (2019) and Litvaitis et al. (2019), this 
specimen is reidentified as Prostheceraeus based on the 
molecular analysis. Further sampling is required to establish 
its identity more precisely.

Fig. 7. Prostheceraeus sp. 1 (ZRC. PLA.0156). A, Dorsal view of 
live flatworm; B, Close-up of marginal tentacles.
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Superfamily Prosthiostomoidea Lang, 1884

Family Prosthiostomidae Lang, 1884

Prosthiostomum sp. 1
(Fig. 8)

Prosthiostomid 2 - Ong & Tong, 2018: 106.

Material examined. ZRC.PLA.0210 (Lazarus Island).

Distribution. Singapore.

Diagnosis. Body elongate with orange-brown dorsal 
background without spots. Pharynx long and tubular. 

Remarks. This specimen was previously identified as 
Prosthiostomid 2 in Ong & Tong (2018). Molecular 
phylogenetic analysis places this species within the genus 
Prosthiostomum (Fig. 2). 

Fig. 8. Prosthiostomum sp. 1 (ZRC.PLA.0210). A, Dorsal view of 
live flatworm; B, Close-up of anterior area showing the cerebral 
and marginal eyespots arrangement. 

Superfamily Pseudocerotoidea Lang, 1884

Family Pseudocerotidae Lang, 1884

Acanthozoon sp. 1
(Fig. 9A)

Acanthozoon sp. - Lim et al., 1994: 71; Chua, 2007: 129; Ng et 
al., 2007; 89; Ng et al., 2011: 374; Ng, 2012: 105. 

Acanthozoon sp. 1 - Ong & Tong, 2018: 82.

Material examined. ZRC.PLA.0162, ZRC.PLA.2048 
(Serapong reef), ZRC.PLA.2049 (Serapong reef), ZRC.
PLA.2159, ZRC.PLA.2160 (Lazarus Island), ZRC.PLA.2161 
(Lazarus Island), ZRC.PLA.2162 (Lazarus Island), ZRC.
PLA.2163 (Lazarus Island), ZRC.PLA.2164 (Lazarus 
Island), ZRC.PLA.2165 (Lazarus Island), ZRC.PLA.2173 
(Lazarus Island).

Distribution. Singapore.

Diagnosis. Dorsal background black with numerous small 
yellow-tipped papillae and sparsely scattered white-based 
papillae with yellow tip. Some of these white-based papillae 
can be quite broad, giving the impression that white spots or 
patches are present. Broad white margin surrounds the entire 
body including pseudotentacles. Pseudotentacles single-fold, 
erect, with pointed tip. 

Remarks. This species is very commonly seen in Singapore 
despite not having a formal description. This species is 
placed in a different clade from Acanthozoon aranfaibo 
while being distinct from Thysanozoon. The close 
phylogenetic relationship between the two genera supports 
the morphological similarity (presence of papillae on the 
dorsal body) between these genera (Fig. 3). 

Nymphozoon bayeri Hyman, 1959
(Fig. 9B)

Nymphozoon bayeri Hyman, 1959: 578 (type locality: Iwayama 
Bay, Palau, Micronesia). 

Nymphozoon bayeri - Prudhoe, 1985: 30; Newman et al., 2003: 
198; Bolaños et al., 2016: 135; Ong & Tong, 2018: 85.

Pseudobiceros sp. - Chua, 2007: 129. 

Material examined. ZRC.PLA.2155.

Distribution. Micronesia, Singapore.

Diagnosis. Body mainly black and white with greyish 
dorsal background. Broad, black outer margin followed by 
an inner white band, surrounding the entire body including 
the pseudotentacles. Presence of a medial longitudinal black 
stripe bordered by a continuous white band that extends 
to the cerebral eyespots. Simple, single-fold, pointed 
pseudotentacles with white tips.
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Fig. 9. Dorsal view of live flatworms. A, Acanthozoon sp. 1 
(ZRC.PLA.2162); B, Nymphozoon bayeri (ZRC.PLA.0003); C, 
Nymphozoon orsaki (ZRC.PLA.0195).

Remarks. This is the type species of its genus, Nymphozoon. 
One of the defining characteristics of the genus is having 
multiple female gonopores, with the number increasing 
with age, arranged in a midventral longitudinal row and 
two male gonopores posterior to pharynx. Variations in 
this species are relatively low, with some having darker 
or lighter body colour and some greyish-brown rather than 
black. All Nymphozoon species are recovered in a single 
clade also containing Pseudobiceros gratus. This clade is 
nested within the genus Pseudobiceros (Fig. 3).

Nymphozoon orsaki (Hyman, 1959)
(Fig. 9C)

Maiazoon orsaki Newman & Cannon, 1996b: 1427 (type locality: 
Dam Awan, Madang, Papua New Guinea). 

Maiazoon orsaki - Gosliner et al., 1996: 99.
Maiazoon orsaki - Newman & Cannon, 2003: 71. 
Flatworm - Leong et al., 2003: 110. 
Nymphozoon orsaki - Bolaños et al., 2016: 136; Ong & Tong, 

2018: 85.

Material examined. ZRC.PLA.0195, ZRC.PLA.2154 
(Raffles Lighthouse).

Distribution. Papua New Guinea: Madang, Micronesia: 
Marshall Islands, Maldives: Male Atoll, Philippines, 
Indonesia, Thailand, Singapore.

Diagnosis. Dorsal body orange-cream or pinkish-cream with 
a thin white medial longitudinal line bordered by a darker 
brownish-orange smudge. Orange-brown inner marginal band 
followed by a narrow black rim. Squared pseudotentacles 
formed by deep lateral folds of the margin.

Remarks. This species was originally described as Maiazoon 
orsaki but has been reassigned to Nymphozoon orsaki by 
Bolaños et al. (2016) as Maiazoon was synonymised. The 
distinguishing feature of Maiazoon—three to five female 
gonopores and two sclerotised stylets—was also found in 
Nymphozoon which removed the need for the separation 
of genera. This genus contains three species, Nymphozoon 
bayeri, Nymphozoon cinderella, and Nymphozoon orsaki, 
which are recovered as part of a clade (Fig. 3) having 
Pseudobiceros gratus nested within. A Nymphozoon orsaki 
sequence (KY263697) was placed in a separate clade from 
the rest of the genus. There is no morphological information 
available to verify its identity for comparison with specimens 
used in this study. 

Phrikoceros baibaiye Newman & Cannon, 1996
(Figs. 10, 11A)

Phrikoceros baibaiye Newman & Cannon, 1996b: 1430 (type 
locality: Hastings Point, New South Wales, Australia). 

Phrikoceros baibaiye - Newman & Cannon, 2003: 71; Ng et al., 
2011: 314; Ng, 2012: 104; Bolaños et al., 2016: 138; Ong & 
Tong, 2018: 87. 

Marine Flatworm - Chua, 2002: 67.
Pseudobiceros sp. - Tan & Yeo, 2003: 171. 
cf. Phrikoceros baibaiye - Chua, 2007: 129. 
Phrikoceros sp. - Ong et al., 2015: 182, fig. 7.

Material examined. ZRC.PLA.2151 (Seringat Kias), ZRC.
PLA.2152 (Seringat Kias), ZRC.PLA.2153 (Seringat Kias).

Distribution. Australia: New South Wales, Singapore.

Diagnosis. Dorsal background ranging from bright orange, 
orange-red to orange-brown or rust coloured, with numerous 
or sparingly scattered white spots and or dots. White rim 
made up of dense white dots. A short line formed by white 
microdots behind the cerebral eyespots. Square-like, laterally-
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Fig. 10. Dorsal view of live Phrikoceros baibaiye (A, ZRC.PLA.2151; B, ZRC.PLA.0006). C, D, post-situ of Phrikoceros baibaiye from 
Newman & Cannon (1996b) (reproduced with permission from Queensland Museum).

Fig. 11. A, Close-up of Phrikoceros baibaiye pseudotentacles (ZRC.PLA.0006); B, Close-up of Tytthosoceros lizardensis pseudotentacles 
(ZRC.PLA.2108).

ruffled pseudotentacles with similar rim made up of white 
dots (Fig. 11A). 

Remarks. This is the type species of the genus. The 
specimens used in this study are a dull orange-brown (Fig. 
10A), notably duller in colour in comparison to the usual 
bright orange or orange-red colour seen (Fig. 10B) in this 

species. It is also noted to be much smaller (only ~2 cm) 
than the typical size of the species (3–5 cm) sighted locally, 
despite being a sexually mature adult. In Newman & Cannon 
(1996b), similar colour variation was noted (Fig. 10C, D). 
Phrikoceros baibaiye, the only species in the genus in 
this analysis, although in a distinct clade, is nested within 
Pseudobiceros (Fig. 3). 
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Fig. 12. Dorsal view of live flatworms. A, Pseudobiceros bajae (ZRC.PLA.0197); B, Pseudobiceros bedfordi (ZRC.PLA.0007); C, 
Pseudobiceros flowersi (ZRC.PLA.2146); D, Pseudobiceros fulgor (ZRC.PLA.0015).

Pseudobiceros bajae (Hyman, 1953)
(Fig. 12A)

Pseudoceros bajae Hyman, 1953: 365 (type locality: Gulf of 
California, Mexico). 

Cryptobiceros bajae - Faubel, 1984: 215. 
Pseudobiceros bajae - Newman & Cannon, 1994: 240; Marquina et 

al., 2015: 373; Bahia & Schrödl, 2016: 109; Ong et al., 2018: 
57, fig.4; Ong & Tong, 2018: 87

Material examined. ZRC.PLA.0197 (Terumbu Berkas).

Distribution. Mexico: Gulf of California, Singapore.

Diagnosis. Dorsal body black with small white dots scattered 
over the entire body. Ventral side of similar colour without 
any white dots. Laterally ruffled, square-like pseudotentacles 
with white tips. 

Remarks. Similarities in colour and pattern between 
Pseudobiceros bajae and Pseudobiceros stellae have led 
to some confusion in their identification. They can be 
differentiated by the white dots on the dorsal surface: 
Pseudobiceros bajae has separate and evenly spaced white 
dots while the white dots on Pseudobiceros stellae are 

clustered. They have different types of pseudotentacles as 
well, with Pseudobiceros bajae having laterally ruffled, 
square pseudotentacles, while Pseudobiceros stellae has 
simple, ear-like, pointed pseudotentacles. This species is in a 
clade together with two undescribed species, Pseudobiceros 
sp. 1 and Pseudobiceros sp. 4 (Fig. 3).

Pseudobiceros bedfordi (Laidlaw, 1903)
(Fig. 12B)

Pseudoceros bedfordi Laidlaw, 1903: 314 (type locality: Singapore). 
Pseudoceros bedfordi - Bock, 1913: 254; Kato, 1943: 87; Kato, 

1944: 299; Marcus, 1950: 84; Dawydoff, 1952: 82; Hyman, 
1954: 220; Hyman, 1959: 566; Prudhoe, 1989: 77. 

Pseudoceros micronesianus - Hyman, 1955a: 78. 
Pseudobiceros bedfordi - Faubel, 1984: 216; Newman & Cannon, 

1994: 241; Newman & Cannon, 1997: 343; Newman & Cannon, 
2003: 81; Newman et al., 2003: 197; Chua, 2007: 129; Ng et 
al., 2011: 374; Ng, 2012: 105; Sreeraj & Raghunathan, 2013: 
39; Dixit & Raghunathan, 2013: 167; Bolaños et al., 2016: 
138; Ong & Tong, 2018: 88.

Flatworm - Ng et al., 2007: 89. 

Material examined. ZRC.PLA.2148 (Lazarus Island), ZRC.
PLA.2149 (Terumbu Hantu), ZRC.PLA.2150 (Tanjung 
Hakim).
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Distribution. Singapore, Micronesia: Ifaluk Atoll, Palau, 
Guam, Onotoa, Saipan, Marshall Islands, Philippines: 
Mindanao, Australia: Great Barrier Reef (Heron Island, 
Lizard Island), Western Australia (Coral Bay), Papua 
New Guinea: Madang, Laing Island, Indonesia: Sulawesi, 
Mozambique: Inhaca Island, India: Andaman and Nicobar 
Islands (Havelock Island, Campbell Bay). 

Diagnosis. Dorsal body brownish to pinkish-brown with 
numerous transverse brownish to pinkish-orange streaks 
lineated with black. Transverse streaks are of varying lengths, 
some may form small arcs, and some contain a thin white 
line in the middle. Streaks start transverse nearer the edge 
and turn towards the longitudinal axis closer to the median. 
Broad black margin with white dots surrounds the whole 
body including pseudotentacles. Dorsal surface is covered 
with small yellow to white dots except in the interior of the 
streaks. Pseudotentacles simple, single-fold, and pointed.

Remarks. Despite colour variations, the transverse streaks 
are unique to this species. Pseudobiceros bedfordi is a 
distinct species and is most closely related to Pseudobiceros 
pardalis (Fig. 3).

Pseudobiceros flowersi Newman & Cannon, 1997
(Fig. 12C)

Pseudobiceros sp. 1 - Gosliner et al., 1996: 102. 
Pseudobiceros flowersi Newman & Cannon, 1997: 347 (type 

locality: Lizard Island, Great Barrier Reef, Australia). 
Pseudobiceros flowersi - Newman & Cannon, 2003: 81; Newman 

et al., 2003: 197; Ong et al., 2015: 182, fig. 4; Marquina et al., 
2015: 364; Bolaños et al., 2016: 143; Ong & Tong, 2018: 88.

Material examined. ZRC.PLA.2146, ZRC.PLA.2147.

Distribution. Australia: Great Barrier Reef, Micronesia: 
Palau, Papua New Guinea, Philippines: Luzon, Singapore. 

Diagnosis. Dorsal body varies from bright olive green to 
greenish-brown with speckles of white dots and spots, and/
or brownish-green blotches. White, thin longitudinal median 
line starting at cerebral eyespot and ending anteriorly to the 
posterior margin bordered by dark pigment. Margin with three 
bands; inner wide, black; then olive green or brown, with 
a narrow, white rim. Pseudotentacles with white tips and a 
small white patch in between. Ventrally light green or brown 
with white dots similar to dorsal surface. Pseudotentacles 
square-like and laterally ruffled.

Remarks. There is some variation in the colouration of 
this species. The dorsal colouration has been recorded to 
range from light green to dark greenish-brown and some 
specimens lack the black inner margin. Pseudobiceros 
flowersi is subtended by a very long branch on the phylogeny 
and shows a clear separation from other species within the 
genus although it forms a sister group to Pseudobiceros 
damawan (Fig. 3).
 

Pseudobiceros fulgor Newman & Cannon, 1994
(Fig. 12D)

Pseudobiceros fulgor Newman & Cannon, 1994: 245 (type locality: 
Heron Islands, Great Barrier Reef, Australia). 

Pseudobiceros fulgor - Gosliner et al., 1996: 101; Newman & 
Cannon, 1997: 348; Newman & Cannon, 2003: 81; Tan & 
Yeo, 2003: 172; Chua, 2007: 129; Bolaños et al., 2016: 144; 
Ong & Tong, 2018: 88.

Material examined. ZRC.PLA.0015.

Distribution. Australia: Great Barrier Reef (Heron Islands), 
Indonesia: Bali, Micronesia: Marshall Islands, Philippines: 
Anilao, Mauritius, Singapore. 

Diagnosis. Dorsal body orange-brown or dark brown with 
numerous fine broken irregular white stripes. Black margin 
surrounds the whole body including pseudotentacles, with 
white streaks parallel to the rim. Random white or faint 
yellow blotches may be present along some of the white lines. 
Ventral surface light orange-brown with black marginal band. 
Pseudotentacles are simple, single-fold, pointed, and ear-like. 

Remarks. Mild colour variation in overall body colour 
and pattern (the density of white lines) in this species 
seems to depend on the age of the specimen (pers. obs.). 
Bigger and mature specimens tend to be darker and have 
increased density of fine lines. Pseudobiceros fulgor is a 
distinct species in this study, and is sister group to a clade 
comprising Pseudobiceros bajae, Pseudobiceros sp. 1, and 
Pseudobiceros sp. 4 (Fig. 3). 

Pseudobiceros hancockanus (Collingwood, 1876)
(Fig. 13A)

Proceros hancockanus Collingwood, 1876: 91 (type locality: 
Singapore). 

Stylochopsis malayensis Collingwood, 1876: 94 (type locality: 
Pulo Barundum, Borneo). 

Prostheceraeus hancockanus - Lang, 1884: 567. 
Pseudoceros malayensis - Bock, 1913: 258, 259. 
Pseudoceros hancockanus - Kaburaki, 1923: 639. 
Flatworm - Ng et al., 2007: 89. 
Pseudobiceros uniarborensis Newman & Cannon, 1994: 252 (type 

locality: Heron Islands, Great Barrier Reef, Australia). 
Pseudobiceros uniarborensis - Newman & Cannon, 1997: 360; 

Newman et al., 2003: 197; Gosliner et al., 1996: 103; Apte & 
Pitale, 2011: 110; Ng, 2012: 142; Maghsoudlou & Rahimian, 
2014: 332; Marquina et al., 2015: 367.

Pseudobiceros hancockanus - Newman & Cannon, 1994: 249 [Not 
Pseudobiceros hancockanus (Collingwood, 1876)]

Pseudobiceros hancockanus - Bolaños et al., 2016: 146; Ong & 
Tong, 2018: 90.

Material examined. ZRC.PLA.0021, ZRC.PLA.0027, ZRC.
PLA.2050, ZRC.PLA.2051, ZRC.PLA.2052 (Sentosa), ZRC.
PLA.2138, ZRC.PLA.2139, ZRC.PLA.2140, ZRC.PLA.2141 
(Lazarus Island), ZRC.PLA.2142, ZRC.PLA.2143, ZRC.
PLA.2144, ZRC.PLA.2145, ZRC.PLA.2146.
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Distribution. Singapore, Borneo, Australia: Great Barrier 
Reef (Heron Island, One Tree Island, Lizard Island), Western 
Australia (Tantabiddi, Coral Bay), Papua New Guinea: 
Madang, Philippines, Micronesia: Guam, India: Lakshadweep 
(Kavratti Island), Iran: Gulf of Oman. 

Diagnosis. Dorsal body dark brown to black with three 
marginal bands: the innermost a bright, distinct orange, 
followed by a middle transparent grey, and the outermost 
white rim. Ventral surface is brown with the same marginal 
bands. Black simple-folded pseudotentacles with white tips, 
bordered with only the white rim. A white, narrow line 
anterior and posterior to the cerebral eyespots. 

Remarks. This species is one of the most common 
flatworms found in Singapore. There are some variations 
in the colouration of the marginal band where the middle 
grey band is indistinct, or appears whitish instead of grey. 
Pseudobiceros hancockanus is in a distinct clade of its own, 
sister to Pseudobiceros apricus (Fig. 3).

Pseudobiceros hymanae Newman & Cannon, 1997
(Fig. 14)

Pseudoceros affinis - Hyman, 1960: 309 [Not Pseudoceros affinis 
(Collingwood, 1876)]. 

Fig. 13. Dorsal view of live flatworms. A, Pseudobiceros hancockanus (ZRC.PLA.2138); B, Pseudobiceros sp. 1 (ZRC.PLA.0242); C, 
Pseudobiceros sp. 4. (ZRC.PLA.0239); D, Pseudobiceros sp. 5 (ZRC.PLA.0206).

Pseudobiceros hymanae Newman & Cannon, 1997: 350 (type 
locality: Madang, Papua New Guinea). 

Pseudobiceros hymanae - Sreeraj & Raghunathan, 2013: 39; Dixit 
& Raghunathan, 2013: 167; Bolaños et al., 2016: 149; Ong & 
Tong, 2018: 90.

Material examined. ZRC.PLA.0017, ZRC.PLA.2135, ZRC.
PLA.2136, ZRC.PLA.2137.

Distribution. Papua New Guinea: Madang, Hawaii: 
Makapuʻu Point, Australia: Great Barrier Reef (Heron Island), 
Western Australia (Rottnest Island), India: Andaman and 
Nicobar Islands (South Button Island, Ritchie’s Archipelago), 
Singapore. 

Diagnosis. Dorsal background velvety black with a broad 
orange marginal band and narrow black rim around the whole 
body. Square-like, laterally-ruffled, black pseudotentacles, 
with the same marginal bands laterally only (Fig. 14C). 
Ventral surface greyish-black with the same marginal bands. 

Remarks. There are a few other species with similar 
colouration as Pseudobiceros hymanae, but most of them 
can be differentiated by the colouration and order of 
marginal bands. Pseudobiceros splendidus has identical 
colouration and pattern to Pseudobiceros hymanae except 
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with microscopic white dots indistinguishable by the naked 
eye (Newman & Cannon, 1997). This has led to both 
these species being synonymised by Litvaitis et al. (2019). 
However, in this study, it is clear from the phylogenetic 
analysis that Pseudobiceros hymanae and Pseudobiceros 
splendidus are separate species despite being remarkably 
similar in colouration and pattern (Fig. 3).

Pseudobiceros stellae Newman & Cannon, 1994
(Fig. 15)

Pseudobiceros sp. - Poulter, 1987: pl. 2.I.2e.
Pseudobiceros stellae Newman & Cannon, 1994: 252 (type locality: 

Great Barrier Reef, Australia). 
Pseudobiceros stellae - Newman & Cannon, 1997: 360; Newman 

& Cannon, 2003: 83; Apte & Pitale, 2011:110; Ng, 2012: 142; 
Marquina et al., 2015: 373; Sreeraj & Raghunathan, 2015: 87; 
Ong et al., 2015: 182, figs. 1–3; Bahia & Schrödl, 2016: 114; 
Ong et al., 2018: 58, fig. 5; Velasquez et al., 2018: 247; Ong 
& Tong, 2018: 90.

Material examined. ZRC.PLA.2124, ZRC.PLA.2125, ZRC.
PLA.2126, ZRC.PLA.2127, ZRC.PLA.2128, ZRC.PLA.2129, 
ZRC.PLA.2130, ZRC.PLA.2131, ZRC.PLA.2132, ZRC.
PLA.2133 (Seringat Kias).

Distribution. Australia: Great Barrier Reef, Coral Bay 
(Newman & Cannon, 2005), India, Papua New Guinea, 
Israel, Singapore.

Diagnosis. Dorsal background is blackish-brown or brown 
with white speckles and dots in clusters of different sizes (Fig. 
15A–C). Interrupted narrow white spotted rim. Median area 
is darkened and raised. Simple, single-fold pseudotentacles 
with white tips.

Remarks. Pseudobiceros bajae and Pseudobiceros stellae 
are very similar in their colouration and pattern which can 
lead to confusion. Both species have black background with 
white dots over the dorsal surface. However, Pseudobiceros 
bajae has individually scattered white dots and square, ruffled 
pseudotentacles. Pseudobiceros stellae has been recovered in 
a clade that is sister to Pseudobiceros murinus (Fig. 3). It is 
noted that Pseudobiceros stellae of Velasquez et al. (2018) 
is not recovered in the same clade as the Pseudobiceros 
stellae in this study. The pattern of Pseudobiceros stellae 
described in Velasquez et al. (2018) differs from the original 
description. The specimen has white speckles randomly 
scattered across the body with large blotches of white 
and a median line formed by these speckles and blotches, 
instead of white dots arranged in ‘flower-like’ clusters. This 

Fig. 14. Dorsal view of live Pseudobiceros hymanae. A, ZRC.PLA.2136; B, ZRC.PLA.0017; C, Close-up of pseudotentacles showing 
the marginal bands along the lateral ruffles; D, In-situ of Pseudobiceros hymanae from Newman & Cannon (1997) (reproduced with 
permission from Queensland Museum).
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Fig. 15. Dorsal view of live Pseudobiceros stellae. A, with brownish body colouration (ZRC.PLA.2124); B, with blackish body colouration 
(ZRC.PLA.2132); C, with blackish-brown body colouration (ZRC.PLA.2130); D, blackish body colouration, in-situ photograph from 
Newman & Cannon (1994) (reproduced with permission from Queensland Museum).

difference was noted by the authors but it was still identified 
as Pseudobiceros stellae.

Pseudobiceros sp. 1
(Fig. 13B)

Pseudobiceros sp. 1 - Ong & Tong, 2018: 91.

Material examined. ZRC.PLA.0242.

Distribution. Singapore.

Diagnosis. Dorsal background brownish-cream to light 
brown. Broad, black margin surrounds the entire body, 
including the pseudotentacles, and fades lighter towards 
the interior. Square-like, laterally-ruffled pseudotentacles. 

Remarks. The morphology of this species places it in 
Pseudobiceros; however, no existing species description 
fits the colour and pattern of this species. This is a distinct 
species on the phylogenetic tree and its closest relative is 
another undescribed species, Pseudobiceros sp. 4 (Fig. 3).

Pseudobiceros sp. 4
(Fig. 13C)

Pseudobiceros sp. 4 - Ong & Tong, 2018: 91.

Material examined. ZRC.PLA.0205, ZRC.PLA.0238 
(Terumbu Salu), ZRC.PLA.0239. 

Distribution. Singapore.

Diagnosis. Entire dorsal surface is black without any markings 
or margins. Square-like, laterally-ruffled pseudotentacles.

Remarks. The closest description to this species is 
Pseudobiceros bajae but it can be differentiated by the lack 
of white dots scattered over the body. Phylogenetic analysis 
also shows that this species is separate from Pseudobiceros 
bajae, although they, along with Pseudobiceros sp. 1, are 
closely related (Fig. 3).

Pseudobiceros sp. 5
(Fig. 13D)

Pseudobiceros sp. 5 - Ong & Tong, 2018: 91.
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Material examined. ZRC.PLA.0206 (Terumbu Salu).

Distribution. Singapore.

Diagnosis. Dorsal body velvety black with two broad 
marginal bands, an inner white band and outer orange band, 
throughout its entire body, including the pseudotentacles. 
Square-like, laterally-ruffled pseudotentacles with a small 
whitish triangle in between. Cerebral eyespot in a clear area 
with a narrow white line running through from in between 
the pseudotentacles to fading off towards the posterior end 
of the body. Two white lines seemingly run parallel to this 
median line.

Remarks. There are other species with similar colour and 
pattern, and these species can be differentiated by the order 
and colour of their marginal bands. Two of such similar-
looking species found in Singapore are Pseudobiceros 
hancockanus, where the order of marginal band from inner 
to outermost is orange, grey, and white, and Pseudobiceros 
hymanae, where the marginal bands are inner orange and 
outer black. Furthermore, none of these two species have 
the white longitudinal lines that easily distinguish them from 
Pseudobiceros sp. 5. Although this undescribed species 
is clearly distinct morphologically and phylogenetically, 
it is closely related to Pseudobiceros hancockanus and 
Pseudobiceros apricus (Fig. 3). 

Pseudoceros bifurcus Prudhoe, 1989
(Fig. 16A)

Pseudoceros dimidiatus - George & George, 1979: 43, pl. 49 fig 
7 [Not Pseudoceros dimidiatus Graff, 1893]. 

Pseudoceros bifurcus Prudhoe, 1989: 78 (type locality: M’Sanga 
Tsohole Reef, Benthedi, Mayotte, Comoro Island, Madagascar). 

Pseudoceros bifurcus - Newman & Cannon, 1994: 216; Gosliner 
et al., 1996: 104; Newman & Cannon, 1998: 299; Newman & 
Cannon, 2003: 72; Ng, 2012: 105; Bolaños et al., 2016: 151; 
Ong & Tong, 2018: 93.

Material examined. ZRC.PLA.0029 (Lazarus Island).

Distribution. Comoro Islands, Madagascar, Australia: Great 
Barrier Reef (Heron Island, One Tree Island, Lizard Island), 
Indonesia: Sulawesi (Manado), Philippines, India: Andaman 
and Nicobar Islands (Little Andaman), Singapore. 

Diagnosis. Dorsal body colouration ranges from evenly 
blue to bluish-lavender, or light cream-mauve to violet. 
Conspicuous median line of two colours, anterior bright 
orange and posterior interrupted or continuous white. Median 
line is bordered by a dark purple hue which may appear 
faded or absent in the anterior orange portion. 

Remarks. This species’ dorsal background colouration 
may vary slightly but the diagnostic characteristic of 
the species is the unique dual colouration of the median 
line. Pseudoceros bifurcus is recovered in a large clade 
of Pseudoceros including Pseudoceros concinnus and 
Pseudoceros rubrotentaculatus and is most closely related to 
Pseudoceros sp. (ZRC.PLA.0320) on the phylogeny (Fig. 3).

Pseudoceros concinnus (Collingwood, 1876)
(Fig. 16B)

Proceros concinnus Collingwood, 1876: 90 (type locality: Labuan, 
Pulo Daak, Borneo). 

Proceros concinnus - Lang, 1884: 593. 
Pseudoceros concinnus - Kaburaki, 1923: 64; Newman & 

Cannon, 1994: 208; Newman & Cannon, 2003: 73; Sreeraj 
& Raghunathan, 2011: 4; Dixit & Raghunathan, 2013: 166; 
Bolaños et al., 2016: 155; Ong & Tong, 2018: 93. 

Pseudoceros sp. - Chou, 1988: 84; Chua, 2007: 15 & 129; Ng, 
2012: 104.

Polyclad - Tan & Ng, 1988: 34; Lim et al., 1994: 71; Leong et 
al., 2003: 76; Ng et al., 2007: 90.

Material examined. ZRC.PLA.0034 (Pulau Pawai), ZRC.
PLA.0035 (Pulau Salu), ZRC.PLA.0039, ZRC.PLA.2119, 
ZRC.PLA.2120, ZRC.PLA.2121, ZRC.PLA.2122, ZRC.
PLA.2123.

Distribution. Malaysia: Borneo, Straits of Malacca, 
Philippines: Tawi Tawi Island, Papua New Guinea, India: 
Andaman and Nicobar Islands (Great Nicobar Island), 
Singapore. 

Diagnosis. Dorsal background white to cream in colour 
with a double longitudinal blue medial line, that is often 
mistakenly seen as only one. A continuous blue marginal 
band along the entire body including the pseudotentacles.

Remarks. Pseudoceros concinnus is one of the most common 
flatworms found in Singapore. It shows minor intraspecific 
variation in its dorsal colour and pattern. Colour varies from 
white to cream with pink, orange, or yellow tint, likely due 
to intestinal content. Its phylogenetic position shows that it 
is closely associated with Pseudoceros bifurcus, Pseudoceros 
rubrotentaculatus, Pseudoceros sp. (ZRC.PLA.0320, 2171, 
2172), and Pseudoceros sp. 3. Pseudoceros concinnus is 
recovered in two distinct lineages, but this may be due to 
the limitation of the 28S gene in resolving lower taxonomic 
groups as the pattern and colouration of the species are very 
similar in all specimens of this species (Fig. 3). 

Pseudoceros indicus Newman & Schupp, 2002
(Fig. 16C)

Pseudoceros unidentified sp. - Stummer-Traunfels, 1933: 3565, 
fig. 16. 

Pseudoceros concinnus - Hyman, 1954: 220; Prudhoe, 1989: 79. 
[Not Pseudoceros concinnus (Collingwood, 1876)] 

Pseudoceros indicus Newman & Schupp, 2002: 178 (type locality: 
Dunwich, Stradbroke Island, Moreton Bay, Queensland, 
Australia). 

Pseudoceros indicus - Newman & Cannon, 2003: 74; Newman 
et al., 2003: 197; Apte & Pitale, 2011: 109; Ng, 2012: 105; 
Dixit & Raghunathan, 2013: 166; Sreeraj & Raghunathan, 
2013: 39; Bolaños et al., 2016: 157; Jie et al., 2016: 33; Ong 
& Tong, 2018: 94.

Flatworm - Tan & Yeo, 2003: 63. 

Material examined. ZRC.PLA.0051 (Pulau Sekudu), ZRC.
PLA.0064 (Pulau Pawai), ZRC.PLA.0066, ZRC.PLA.2113, 
ZRC.PLA.2114, ZRC.PLA.2115, ZRC.PLA.2116 (Chek 



368

Diong et al.: Singapore polyclad phylogeny

Fig. 16. Dorsal view of live flatworms. A, Pseudoceros bifurcus (ZRC.PLA.0029); B, Pseudoceros concinnus (ZRC.PLA.0035); C, 
Pseudoceros indicus (ZRC.PLA.0051); D, Pseudoceros laingensis (ZRC.PLA.2111); E, Pseudoceros paralaticlavus (ZRC.PLA.0181); F, 
Pseudoceros rubrotentaculatus (ZRC.PLA.0042). 

Jawa), ZRC.PLA.2117 (Changi), ZRC.PLA.2118 (Changi), 
ZRC.PLA.2175.

Distribution. Australia: Queensland (Dunwich, Stradbroke 
Island, Moreton Bay), Philippines, New Guinea: Paidaido 
Island, Comoro Islands: Mayotte, India: Lakshadweep 
Island, Andaman and Nicobar Islands, Micronesia: Palau, 
Chuuk Lagoon, South Africa, Papua New Guinea: Madang, 
Singapore. 

Diagnosis. Dorsal background cream or opaque white with 
well-defined, separate, royal blue or dark purple spots of 
varying sizes and spacing, forming a margin around the 
body, including the pseudotentacles.

Remarks. Similarity in colouration has led this species to be 
confused with Pseudoceros concinnus. However, the clear 

lack of blue median line provides a distinction between 
the two species. The phylogenetic analysis also shows that 
although these two species are closely related, they are placed 
in two separate clades. Pseudoceros indicus faces the same 
issue as Pseudoceros concinnus as it is also recovered in 
multiple lineages (Fig. 3).

Pseudoceros laingensis Newman & Cannon, 1998
(Fig. 16D)

Pseudoceros laingensis Newman & Cannon, 1998: 309 (type 
locality: Laing Island, Madang, Papua New Guinea). 

Pseudoceros laingensis - Newman & Cannon, 2003: 75; Ng, 2012: 
142; Bolaños et al., 2016: 159; Ong & Tong, 2018: 96.

Material examined. ZRC.PLA.2109, ZRC.PLA.2110, ZRC.
PLA.2111, ZRC.PLA.2112, ZRC.PLA.2174.
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Distribution. Papua New Guinea: Madang, Singapore.

Diagnosis. Dorsal background cream with randomly scattered 
purple spots. Dense purple spots of varying sizes forming 
a margin around the body, including the pseudotentacles. 

Remarks. Variation in this species includes the body colour 
ranging from cream to cream-yellowish or pinkish, depending 
on presence of any intestinal food content, and the number 
of dorsal purple spots present. Pseudoceros laingensis is 
monophyletic and is closely related to Pseudoceros indicus 
(Fig. 3).

Pseudoceros paralaticlavus Newman & Cannon, 1994
(Fig. 16E)

Pseudoceros paralaticlavus Newman & Cannon, 1994: 232 (type 
locality: Heron Island, Australia). 

Pseudoceros paralaticlavus - Gosliner et al., 1996: 107; Newman 
& Cannon, 1998: 311; Apte & Pitale, 2011: 110; Marquina et 
al., 2015: 358; Ong & Tong, 2018: 96. 

Material examined. ZRC.PLA.0181 (Sister’s Island).

Distribution. Australia: Heron Island, One Tree Island, 
Lizard Island, Moreton Bay; Papua New Guinea, India, 
Singapore.

Diagnosis. Dorsal body colour black, with a whitish 
longitudinal medial band. Medial band starts from behind 
the eyespots and stops near the posterior end of the body. 
There are two marginal bands, inner broad white and outer 
narrow yellow. Black pseudotentacles with only the outer 
narrow yellow margin. 

Remarks. Pseudoceros paralaticlavus is in a distinct clade 
from other Pseudoceros species and is closely related to 
Pseudoceros jebborum (Fig. 3).

Pseudoceros prudhoei Newman & Cannon, 1994
(Fig. 17A–E)

Pseudoceros prudhoei Newman & Cannon, 1994: 235 (type locality: 
Heron Island, Australia). 

Pseudoceros prudhoei - Newman & Cannon, 1998: 312; Newman 
& Cannon, 2003: 36, 76; Newman & Cannon, 2005; Apte & 
Pitale, 2011: 110; Dixit & Raghunathan, 2013: 167; Okuno & 
Naruse, 2013: 50; Marquina et al., 2015: 360.

Pseudoceros cf. prudhoei - Maghsoudlou & Rahimian, 2014: 333; 
Ong & Tong, 2018: 96.

Material examined. ZRC.PLA.0254 (Pulau Sudong).

Distribution. Australia: Great Barrier Reef (Heron Island); 
Papua New Guinea, India, Iran: Persian Gulf, Kenya: 
Shimoni, Israel, Singapore.

Diagnosis. Dorsal body colour is blackish to brownish-black, 
with two marginal bands, inner whitish to greyish-white and 
outer narrow bright yellow, surrounding the entire body, 
including the pseudotentacles.

Remarks. Descriptions of Pseudoceros prudhoei and 
Pseudoceros duplicintus are very similar and have led to 
much confusion. This study showed that the two species 
are placed in distinct clades and thus should remain separate 
(Fig. 3). Further analysis of this distinction is presented in 
the discussion section below.

Pseudoceros rubrotentaculatus Kaburaki, 1923
(Fig. 16F)

Pseudoceros rubrotentaculatus Kaburaki, 1923: 643 (type locality: 
Dumurug Point, Cataingan Bay, Masbate, The Philippines). 

Pseudoceros rubrotentaculatus - Marcus, 1950: 88; Bolaños et al., 
2016: 161; Ong & Tong, 2018: 97. 

Pseudoceros sp. - Chua, 2007: 129; Auger, 2013: 165. 
Pseudoceros tristriatus - Ng et al., 2011: 374; Ng, 2012: 105. [Not 

Pseudoceros tristriatus Hyman, 1959]

Material examined. ZRC.PLA.0042 (Pulau Jong).

Distribution. Philippines: Cataingan Bay, Singapore.

Diagnosis. Dorsal body creamy white with three non-
connecting longitudinal light brown stripes bordered by 
darker brown or purplish brown. Bright blue marginal 
band surrounds the body including the area between the 
pseudotentacles and cerebral eyespots. Pseudotentacles with 
bright orange tips. 

Remarks. The three stripes on the dorsal surface of 
Pseudoceros rubrotentaculatus may result in confusion with 
Pseudoceros tristriatus. However, the colouration between the 
two species is distinct with Pseudoceros tristriatus having a 
blue dorsal background while Pseudoceros rubrotentaculatus 
has a creamy-white dorsal background. This species is sister 
to a clade with two undescribed species: Pseudoceros sp. 3 
and Pseudoceros sp. (ZRC.PLA.2172) (Fig. 3).

Pseudoceros scintillatus Newman & Cannon, 1994
(Fig. 18A)

Pseudoceros scintillatus Newman & Cannon, 1994: 237 (type 
locality: Heron Island, Australia). 

Pseudoceros scintillatus - Ong & Tong, 2018: 97. 

Material examined. ZRC.PLA.0183 (Pulau Jong).

Distribution. Australia: Heron Island, Singapore.

Diagnosis. Dorsal background black with varying numbers 
of large, irregularly sized yellow-green maculae encircled by 
a white rim. Maculae extend onto the wide distinct orange 
marginal band that runs around the entire body including 
the pseudotentacles. 

Remarks. Pseudoceros scintillatus is in a clade together 
with Pseudoceros cf. stimpsoni (Fig. 3).
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Fig. 17. A–E, Dorsal view of live Pseudoceros prudhoei (A, ZRC.PLA.0254; B, ZRC.PLA.0252; C, ZRC.PLA.0255; D, ZRC.PLA.0184); 
E, In-situ of Pseudoceros prudhoei from Newman & Cannon (1994) (reproduced with permission from Queensland Museum). F, Dorsal 
view of live Pseudoceros duplicinctus (ZRC.PLA.0178).

Pseudoceros cf. stimpsoni Newman & Cannon, 1998
(Fig. 18B)

Pseudoceros stimpsoni Newman & Cannon, 1998: 315 (type locality: 
Madang, Papua New Guinea).

Pseudoceros stimpsoni - Marquina et al., 2015: 361. 
Pseudoceros cf. stimpsoni - Ong & Tong, 2018: 98.

Material examined. ZRC.PLA.0308, ZRC.PLA.2101, ZRC.
PLA.2102 (Changi Beach). 

Distribution. Papua New Guinea, Australia: Lizard Island, 
Singapore.

Diagnosis. Dorsal colour pattern is mottled cream and light 
brown-grey background. Two interrupted submarginal bands, 
the inner black and outer orange. Pseudotentacles have a 
distinct orange submarginal band bordered with black. 

Remarks. A difference in the marginal band is noted 
between the specimen examined in this study and the original 
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description. Specifically, the specimen here does not have the 
submarginal orange band bordered with black at both sides. 
Pseudoceros cf. stimpsoni is not recovered in a monophyly 
and is in a clade together with Pseudoceros scintillatus despite 
having distinct colouration and pattern (Fig. 3).

Pseudoceros sp. 2
(Fig. 18C)

Pseudoceros sp. 2 - Ong & Tong, 2018: 98.

Material examined. ZRC.PLA.0185 (Lazarus Island).

Distribution. Singapore.

Diagnosis. Dorsal body whitish-cream with yellowish-orange 
or orange spots of varying size all over the body. Orange 
spots absent nearing the margin. Similar yellowish-orange or 
orange marginal band surrounds the whole body including 
the pseudotentacles, with a narrow clear rim.

Remarks. This species is recovered in a clade with 
Pseudoceros heroniensis (Fig. 3). However, the description 
of Pseudoceros heroniensis does not fit Pseudoceros sp. 2 
and is therefore considered a distinct species. Pseudoceros 

heroniensis was described by Newman & Cannon (1994) 
to have brown and white dots while Pseudoceros sp. 2 only 
possesses orange spots. The marginal bands are also different. 

Pseudoceros sp. 3
(Fig. 18D)

Pseudoceros sp. 3 - Ong & Tong, 2018: 98.

Material examined. ZRC.PLA.0251 (Pulau Pawai), ZRC.
PLA.0320.

Distribution. Singapore.

Diagnosis. Dorsal body whitish-cream. Yellow median line 
bordered with dark blue that starts from after the cerebral 
eyespots and stops near the posterior end. Blue margin 
surrounds the whole body including pseudotentacles. 

Remarks. This species closely resembles Pseudoceros 
concinnus or Pseudoceros bifurcus but can be differentiated 
by the median line. This species is also closely related to 
both Pseudoceros concinnus and Pseudoceros bifurcus, and 
is recovered in the same clade (Fig. 3). 

Fig. 18. Dorsal view of live flatworms. A, Pseudoceros scintillatus (ZRC.PLA.0183); B, Pseudoceros cf. stimpsoni (ZRC.PLA.0308); C, 
Pseudoceros sp. 2 (ZRC.PLA.0185); D, Pseudoceros sp. 3 (ZRC.PLA.0251).
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Thysanozoon nigrum Girard, 1851
(Fig. 19A)

Thysanozoon nigrum Girard, 1851: 137 (type locality: Coast of 
Florida, USA). 

Thysanozoon brochii var. nigrum - Lang, 1884: 535. 
Thysanozoon nigrum - Verrill, 1901: 41; Hyman, 1939: 15; Hyman, 

1940: 484; Hyman, 1952: 196; Hyman, 1955b: 263; Hyman, 
1955c: 137; Marcus & Marcus, 1968: 69; Ong et al., 2018: 56, 
fig. 3; Ong & Tong, 2018: 84; Nanda et al., 2024: 96.

Material examined. ZRC.PLA.0175, ZRC.PLA.0176, ZRC.
PLA.0177 (Pulau Salu).

Distribution. United States: Coast of Florida, Sub-tropical 
western Atlantic (along the coast of Florida, Texas), Bermuda, 
Bahamas, Singapore, India: Gujarat coast.

Diagnosis. Dorsal surface black or dark grey covered with 
numerous black, elongated, and pointy papillae. White 
speckles or spots scattered over body. Narrow, white 
interrupted rim formed by small white dots randomly spaced 
around the entire body, including the pseudotentacles. 
Laterally ruffled, square-like pseudotentacles with white 
tips formed by white dots.

Remarks. Presence, quantity, and arrangement of white 
spots vary. The specimens of Thysanozoon nigrum used in 
this study are grouped together in a clade with Thysanozoon 
sp. 1 (ZRC.PLA.2103), while the sequences of the other 
Thysanozoon spp. in GenBank from Litvaitis et al. (2019) are 
placed in a different clade from others in the genus (Fig. 3). 

Thysanozoon sp. 1
(Fig. 19B)

Thysanozoon sp. 1 - Ong & Tong, 2018: 84.

Material examined. ZRC.PLA.2103 (Tanjung Hakim), ZRC.
PLA.2104 (Lazarus Island).

Distribution. Singapore.

Diagnosis. Dorsal background reddish-brown to brown with 
numerous black blunt papillae with white dots and black tip. 
A black marginal band with white spots scattered randomly 
surrounds the whole body, including the pseudotentacles. 
Laterally ruffled, square-like pseudotentacles with white tip 
formed by small dots. 

Remarks. Saturation of dorsal colour can change in an 
individual, as previously observed in two specimens kept 
in captivity which showed colours changing from reddish-
brown to orange-brown, although papillae and margin colours 
remained the same (Ong & Tong, 2018). This suggests that 
the overall body colour of the flatworm may be affected by 
its intestinal content. Similar observations have also been 
made in other species, particularly with Pseudoceros spp. 
(Bolaños et al., 2016; Ong & Tong, 2018), but the changes 
in body colour contrast are much less pronounced. In all 

Fig. 19. Dorsal view of live flatworms. A, Thysanozoon nigrum 
(ZRC.PLA.0177); B, Thysanozoon sp. 1 (ZRC.PLA.2104).

observations, the pattern and marginal bands, if any, are 
present and remain consistent. 

Tytthosoceros lizardensis Newman & Cannon, 1996
(Fig. 20)

Tytthosoceros lizardensis Newman & Cannon, 1996a: 485 (type 
locality: Heron Island, Australia). 

Tytthosoceros lizardensis - Newman & Cannon, 2003: 86; Khalili 
et al., 2009: 41; Maghsoudlou & Rahimian, 2014: 336; Dixit et 
al., 2015: 3; Ong et al., 2015: 182, fig. 6; Bolaños et al., 2016: 
163; Ong, 2016: 108; Ong & Tong, 2018: 102.

Material examined. ZRC.PLA.2105, ZRC.PLA.2106, ZRC.
PLA.2107, ZRC.PLA.2108 (Seringat Kias).

Distribution. Australia: Great Barrier Reef (Heron Island); 
Iran: Qeshm Island; India: Andaman and Nicobar Islands 
(Great Nicobar Island, Campbell Bay); Singapore. 

Diagnosis. Dorsal body varies from light brown to brown or 
olive green to greenish-brown covered with cream or white 
spots. The numerous white dots are either densely arranged 
on the medial area to form fine streaks leading laterally 
towards the margin or are aggregated into clusters resulting 
in a mottled pattern on the surface. Narrow black marginal 
band sometimes interrupted by white microdots and a white 
rim cover the entire body, including the pseudotentacles. 
Simple, single-folded, ear-like pointed pseudotentacles with 
white tip (Fig. 11B).
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Fig. 20. A–F, Dorsal view of live Tytthosoceros lizardensis, showing the body colour and pattern variation (A, ZRC.PLA.2105; B, ZRC.
PLA.2107; C, ZRC.PLA.2108; D, ZRC.PLA.2106); E, F, In-situ of Tytthosoceros lizardensis from Newman & Cannon (1996a) (reproduced 
with permission from Queensland Museum). 

Remarks. Some variations in colour and pattern occur 
within the species. Mottled background forming transverse 
streaks and distinct marginal bands are the main identifying 
features to identify the species. Tytthosoceros lizardensis is 
not recovered as a clade as Tytthosoceros sp. 2 is nested 
within the species (Fig. 3). However, it is noted that the 
specimens of Tytthosoceros lizardensis used in this study 
fall into a distinct clade from the one available in GenBank 
(Lizard Island, Australia).

Tytthosoceros sp. 1
(Fig. 21A, B)

Tytthosoceros sp. 1 - Ong & Tong, 2018: 102.

Material examined. ZRC.PLA.0303 (St John’s Island).

Distribution. Singapore.

Diagnosis. Dorsal body is a mottled yellowish-cream and 
brownish-black. Interrupted yellow submarginal band around 
the whole body, except for the pseudotentacles. Light cream 
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Fig. 21. A, B, Tytthosoceros sp. 1 (ZRC.PLA.0303); C, D, Tytthosoceros sp. 2 (ZRC.PLA.0194). A, C, dorsal view of live flatworm; B, 
D, close-up of pseudotentacles.

rim. Simple, single-folded, ear-like and pointed dark brown 
to black pseudotentacles with white tip (Fig. 21B). 

Remarks. Only one specimen of this species has been 
found, and therefore variations in colour and pattern are 
unknown. This species is identified as Tytthosoceros and not 
Phrikoceros due to the presence of simple, single-folded, 
pointed pseudotentacles (Fig. 21B) instead of the square, 
laterally ruffled pseudotentacles found in Phrikoceros. 
However, this species does not fall in the same clade as 
the other species of Tytthosoceros, so the genus could be 
polyphyletic or it could be new to science (Fig. 3). More 
specimens will have to be examined to be conclusive. 

Tytthosoceros sp. 2
(Fig. 21C, D)

Tytthosoceros sp. 2 - Ong & Tong, 2018: 104.

Material examined. ZRC.PLA.0194 (Pulau Hantu).

Distribution. Singapore.

Diagnosis. Dorsal body orange-cream to reddish-light 
brown with numerous white dots covering the whole body, 
except at the margin. Reddish-brown diffused median line 

starting from cerebral eyespots and ending a distance away 
from the posterior end. Red marginal band surrounding 
the whole body including pseudotentacles interrupted by 
cream or white lateral streaks formed by tiny dots. Simple, 
single-folded, ear-like and pointed pseudotentacles pointed 
with white tip (Fig. 21D). 

Remarks. The morphology of this species fits the description 
of the genus Tytthosoceros, but not with any described 
Tytthosoceros species. This species is also placed in the 
same clade as Tytthosoceros lizardensis (Fig. 3).

Pseudocerotid sp. 1
(Fig. 22)

Pseudocerotid sp. 1 - Ong & Tong, 2018: 104.

Material examined. ZRC.PLA.0300, ZRC.PLA.0301 
(Raffles Lighthouse).

Distribution. Singapore.

Diagnosis. Dorsal body is mottled whitish-grey and white or 
cream with reddish and blackish microdots. Raised median 
area that has more densely packed reddish and blackish 
microdots, giving the impression of a blackish-brown median 
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Fig. 22. A, B, Dorsal view of live Pseudocerotid 1 (A, ZRC. 
PLA.0300; B, ZRC.PLA.0301); C, Close-up of pseudotentacles.

line that extends from the cerebral eyespots to near the 
posterior end. White or cream blotches scattered within the 
median line. Narrow yellow submarginal band interrupted 
by dense white dots surrounds entire body, including the 
pseudotentacles. Broad, ear-like and erect marginal tentacles 
(Fig. 22C).

Remarks. This species contains a mixture of morphological 
characteristics of multiple genera and thus is not assigned to 
any one genus. Some of the traits are similar to Tytthosoceros 
such as the type of pharynx and single male gonopore. 
However, the morphology of the pseudotentacles (Fig. 
22C) is not congruent with others in that genus or those in 
Pseudobiceros but suggests an affinity with Euryleptidae. 
This species forms a distinct clade with the other unknown 

species Tytthosoceros sp. 1 and together are sister group to 
the rest of Tytthosoceros (Fig. 3).

DISCUSSION

The split between Cotylea and Acotylea is strongly supported 
in this study (BS=100, PP=1), which is consistent with 
previous work (Bahia et al., 2017; Tsunashima et al., 2017; 
Dittmann et al., 2019; Litvaitis et al., 2019). The families 
that are usually contested, Cestoplanidae and Theamatidae, 
were not included in the present analysis (Fig. 2). Families 
within Cotylea, Pericelidae (BS=64, PP=1), Prosthiostomidae 
(BS=88, PP=1), and Pseudocerotidae (BS=83, PP=1) are 
strongly supported, although Euryleptidae is paraphyletic. 
Two of three superfamilies in Acotylea, Discoceloidea 
(BS=81, PP=1) and Leptoplanoidea (BS=66, PP=0.92), are 
monophyletic with strong support while the other superfamily 
Stylochoidea is recovered to be monophyletic but has weak 
support. Further discussions of the lower taxonomic levels 
are covered below.

Acotylea. The acotylean samples used in this study have not 
been examined with histology, thus the internal morphology 
cannot be determined. As the identification of acotylean 
species is mainly based on internal morphology, accurate 
identification of the samples based on external morphology 
is not possible. However, with reference sequences available 
on GenBank, the unidentified samples can be placed in their 
respective superfamilies (Fig. 4). While species identification 
is difficult to ascertain due to the lack of data, some 
observations can be made from the analysis. 

Acotylea 19 is placed in the same clade as Stylochoplana 
pusilla with strong support values (100/1) (Fig. 4), which 
might suggest that they could be the same species. Acotylea 
13 and 14 could also fall under Latocestidae based on 
its phylogenetic position. However, further sampling is 
required to increase the reliability of these claims as well 
as to determine the identity and relationships of the other 
unknown acotyleans.

One Gnesioceros cf. sargassicola specimen (ZRC.PLA.2157) 
is placed in a separate lineage from the rest of the identified 
species. This implies that they are likely a different species 
than the other Gnesioceros cf. sargassicola specimens 
despite being identified as the same species based on their 
similar external morphology. Moreover, none of the local 
Gnesioceros cf. sargassicola specimens fall into the same 
clade as the Gnesioceros sargassicola sequence obtained 
from GenBank (MH700309). More data, both molecular 
and histological, should be acquired in future studies to 
accurately identify the species.

Non-monophyly of Euryleptidae. This study supports the 
paraphyly of Euryleptidae, but our results indicate a different 
division of the family compared to other studies (Fig. 2). 
The results from Bahia et al. (2017) and Dittmann et al. 
(2019) suggested that the genera Eurylepta, Stylostomum, 
and species Cycloporus gabriellae were recovered as the 
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Fig. 23. Dorsal view of live flatworms. A–D, Gnesioceros cf. sargassicola (A, ZRC.PLA.2157; B, ZRC.PLA.2158; C, ZRC.PLA.0312; 
D, ZRC.PLA.2157); E, Planocerid 1 (ZRC.PLA.0313); F, Planocerid 4 (ZRC.PLA.0294).

sister clade of Pseudocerotidae, while the other genera and 
the remaining species of Cycloporus form another clade. In 
contrast, this study recovers a strongly supported Cycloporus 
clade (BS=90, PP=1), with the exception of some Cycloporus 
sequences, similar to the studies by Litvaitis et al. (2019) and 
Dittmann et al. (2023). A comprehensive study by Dittmann 
et al. (2023) concluded that Cycloporus is monophyletic and 
some sequences on GenBank are likely misidentified due to 
the morphological similarities within the family. It is also to 
be noted that in their study, Cycloporus sp. (MZ813374) was 

also in a clade with other Eurylepta species as is the case 
in this study as well, thus supporting the misidentification 
of a possible Eurylepta species. Furthermore, Cycloporus 
gabriellae (KY263656 and KY263658) are also in separate 
clades from the rest of the Cycloporus, further supporting the 
assertion of Dittmann et al. (2023) that they were wrongly 
identified. Regardless, the paraphyly of Euryleptidae remains, 
with one clade containing Eurylepta and Stylostomum, and 
the other containing the monophyletic genera of Cycloporus, 
Maritigrella, and Prostheceraeus (Fig. 2).
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Fig. 24. Dorsal view of live flatworms. A–C, Acotylea 2 (A, ZRC.PLA.0299; B, ZRC.PLA.0231; C, ZRC.PLA.0232); D, Acotylea 3 
(ZRC.PLA.0256); E, Acotylea 8 (ZRC.PLA.0319); F, Stylochid 3 (ZRC.PLA.0260).

The analysis further emphasises the uncertainty of the 
placements of the two Euryleptidae clades. Euryleptidae 1, 
the clade with Cycloporus, Maritigrella, and Prostheceraeus, 
is sister to the larger clade containing Pseudocerotidae and 
Euryleptidae 2. Euryleptidae 2, containing Stylostomum and 
Eurylepta, is sister to Pseudocerotidae (Fig. 2). The support 
values for both clades are very low (Fig. 2), showing that 
there are insufficient data to determine the placement of 
these clades. This ambiguity is also observed in the 18S 
rRNA analysis by Dittmann et al. (2019). Further studies 
with more genetic markers and species are needed to better 

understand the relationships between these taxa, and closer 
morphological inspection may reveal diagnostic characters 
for each of them.

Acanthozoon and Thysanozoon within Pseudocerotidae. 
This study has provided evidence to support the placements 
of Acanthozoon and Thysanozoon as a clade within 
Pseudocerotidae. This relationship has often been assumed, 
given that these are the only genera within Pseudocerotidae 
that possess the morphological trait of having dorsal papillae, 
and are distinguished by Acanthozoon having only one male 
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Fig. 25. Dorsal view of live flatworms. A, B, Acotylea 9 (A, ZRC.PLA.0269; B, ZRC.PLA.0273); C, Acotylea 13 ZRC.PLA.0279); D, 
Acotylea 14 (ZRC.PLA.0285); E, Acotylea 16 (ZRC.PLA.0290); F, Acotylea 19 (ZRC.PLA.2166).

gonopore and Thysanozoon with two male gonopores. Our 
study provides empirical support for this relationship with 
other genera within the family. These findings indicate that 
the clade containing both Acanthozoon and Thysanozoon 
is a sister group to the clade containing the paraphyletic 
Pseudobiceros.

Molecular phylogenetic analysis of 12 samples of Acanthozoon 
sp. 1 has provided strong support for its classification as a 
distinct taxon. The only other Acanthozoon species analysed, 

Acanthozoon aranfaibo (MK299362), is nested amongst 
other Thysanozoon species. Unfortunately, there are no other 
Acanthozoon species available for comparison. Our analysis 
recovers a paraphyletic Thysanozoon with Acanthozoon 
nested within the genus. Thysanozoon alagoensis is the only 
species that does not clade together with the other species 
of its genus. However, many of the nodes do not have very 
strong support values, indicating uncertainty surrounding the 
relationships within these genera. Future analysis with more 
data may help elucidate this relationship.
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Phrikoceros and Tytthosoceros .  Phrikoceros and 
Tytthosoceros differ from the other genera within 
Pseudocerotidae by having the Pseudoceros trait of single 
male and female reproductive systems while possessing 
Pseudobiceros traits of pseudotentacle shape and simple 
ruffled pharynx. The two genera are further differentiated 
by the shape of their pseudotentacles with Phrikoceros 
having square, laterally ruffled pseudotentacles (Fig. 11A) 
while Tytthosoceros has simple-folded, pointed, ear-like 
pseudotentacles (Fig. 11B).

Litvaitis et al. (2019) synonymised Tytthosoceros with 
Phrikoceros as the two genera were monophyletic in 
their analysis. However, it is to be noted that in their 
synonymisation of the two genera, only a single Phrikoceros 
mopsus sample was used to represent the genus while also 
not being the type species of the genus. In a recent study by 
Bahia (2022), the misclassification of Phrikoceros mopsus 
in Quiroga et al. (2004) was noted, and the morphological 
differences between the two genera highlighted. When 
Quiroga et al. (2004) established the new combination 
Phrikoceros mopsus from Pseudoceros mopsus, the 
pseudotentacles’ differences between the two genera were 
not noted or compared. The reclassification was based 
on marginal ruffling, simple pharyngeal folds and the 
arrangement of the eyespots. Bahia (2022) showed that 
Phrikoceros mopsus used in Litvaitis et al. (2019) has 
pointed, ear-like pseudotentacles and should have been 
placed in Tytthosoceros instead. Although no Phrikoceros 
species were used in Bahia’s (2022) phylogenetic analysis, 
the results showed that all the Tytthosoceros spp., including 
Tytthosoceros mopsus, new combination, were recovered in 
a clade. Bahia (2022) thereby resurrected the synonymised 
genus Tytthosoceros.

A similar finding was reported in Gammoudi et al. (2025) 
and Tsuyuki et al. (2025), where the newly described species 
Phrikoceros jannetae and the reclassified Phrikoceros 
sagamianus were both assigned to Phrikoceros. This 
misplacement is not surprising, as both species possess 
simple-folded, pointed, ear-like pseudotentacles—features 
characteristic of Tytthosoceros, not Phrikoceros.

The phylogenetic distinction between the two genera, with 
Phrikoceros baibaiye and Tytthosoceros lizardensis included 
as type species of their respective genera, is demonstrated 
in this study. Results clearly show that they are distinct, 
with Phrikoceros nested within Pseudobiceros while 
Tytthosoceros is in a separate clade, supporting Bahia (2022) 
in re-establishing Tytthosoceros, as well as re-classifying 
Phrikoceros mopsus as Tytthosoceros mopsus. The present 
study rejects the synonymy of Tytthosoceros and Phrikoceros, 
and propose the reclassification of Phrikoceros jannetae as 
Tytthosoceros jannetae, new combination and Phrikoceros 
sagamianus as Tytthosoceros sagamianus, new combination.

The confusion between Phrikoceros and Tytthosoceros 
originated from the initial misidentification of Phrikoceros 
mopsus, which was mistakenly classified as a Phrikoceros. 
As a result, no true Phrikoceros species were available for 

comparison, and none of the species described by Newman & 
Cannon (1996b) had been sampled until this study. Although 
Gammoudi et al. (2025) attempted to observe pseudotentacles 
in live specimens, they reported being unable to identify the 
pseudotentacle type described by Newman & Cannon (1996b)
and Bahia (2022) for Phrikoceros. They attributed this to the 
plasticity of the pseudotentacles. However, since the species 
described by Gammoudi et al. (2025) is a Tytthosoceros, 
the characteristic square, laterally ruffled pseudotentacles of 
Phrikoceros would not be present regardless of the flatworm’s 
movement or condition.

Polyphyly of Pseudobiceros. In this study, the genus 
Pseudobiceros has been shown to be polyphyletic, being 
split into two distinct clades. One clade consists solely of 
Pseudobiceros species, specifically Pseudobiceros apricus, 
Pseudobiceros caribbensis, Pseudobiceros evelinae, 
Pseudobiceros hancockanus, Pseudobiceros splendidus, 
Pseudobiceros stellae, and Pseudobiceros sp. 5 (Fig. 3). 
The other clade contains the remaining Pseudobiceros 
species, the three species of the genus Nymphozoon, and 
Phrikoceros baibaiye.

Our examination of the gross morphology of specimens 
reveals that, while the key diagnosis of Pseudobiceros 
involves the presence of two male gonopores, there are no 
distinguishing characteristics between the two Pseudobiceros 
clades. There are two distinctive pseudotentacle types among 
the Pseudobiceros species: i) simple-folded, ear-like and 
pointed pseudotentacles and ii) square, laterally ruffled 
pseudotentacles, but these characteristics can be found 
throughout both clades. Despite the three genera, Phrikoceros, 
Pseudobiceros, and Nymphozoon, being closely related, there 
are differences in their morphology such as the shape of 
pseudotentacles and number of male and female gonopores. 
An interesting difference between the two clades is that the 
clade containing only Pseudobiceros species includes more 
species that are found in the Caribbean as compared to the 
other clade, suggesting that geographic locality could explain 
the phylogenetic differentiation within the genus.

Other studies have also found the genus to be non-
monophyletic. The phylogeny reconstructed by Bahia et 
al. (2017) and Dittmann et al. (2019) also showed that 
Nymphozoon orsaki, previously classified as Maiazoon 
orsaki, is nested within Pseudobiceros, rendering the 
genus paraphyletic. More comprehensive sampling of 
Pseudobiceros spp., particularly from different geographical 
locations and across the two clades of Pseudobiceros, is 
required to better understand the genus.

Pseudobiceros splendidus and Pseudobiceros hymanae. 
Our results show that Pseudobiceros splendidus and 
Pseudobiceros hymanae are phylogenetically distinct, with 
the species separated into the two clades of Pseudobiceros 
(Fig. 3). Pseudobiceros splendidus, first described by 
Lang in 1884, was compared to Pseudobiceros hymanae 
(Newman & Cannon, 1997) because of their very similar 
body colour and marginal bands. Newman & Cannon 
(1997) emphasised the presence of microscopic white 
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dots, a characteristic originally noted by Lang (1884) for 
Pseudobiceros splendidus, as a distinguishing feature that 
led them to describe Pseudobiceros hymanae (Fig. 14D) 
as a new species. The geographical distributions of these 
species are also distinct, with Pseudobiceros hymanae found 
in the Indo-Pacific region and Pseudobiceros splendidus in 
the Mediterranean and Atlantic (Newman & Cannon, 1997). 
Pseudobiceros evelinae (Marcus, 1950) was not included 
in the comparison by Newman & Cannon (1997) as the 
original description indicated the body to be red, which sets 
this species apart distinctively.

However, Litvaitis et al. (2019) challenged this distinction. 
They synonymised these two species, along with Pseudobiceros 
evelinae and Pseudobiceros periculosus (Newman & Cannon, 
1994) together based on general body colouration and similar 
marginal bands, even though Pseudobiceros hymanae was 
not included in their phylogenetic study. They proposed 
that the diet and nutritional state of the polyclad could 
influence the presence of microscopic white dots, and these 
can be considered intraspecific variations. Conversely here, 
observations of live flatworms kept in captivity for durations 
ranging from a few days to weeks, noted that while dietary 
factors can make a difference in the overall colouration of 
the body, the difference is in the way of lighter or darker 
shades or overall tonal colour, while the body colour generally 
remains the same (Tong & Ong, 2020; R. S. L. Ong, pers. 
obs.). Importantly, no changes were noted or seemed to 
affect the patterns and the marginal bands. Therefore, the 
hypothesis that diet and nutritional state of the polyclads 
can affect or change the pattern and/or marginal bands is 
currently unsupported.

Furthermore, there are subtle differences in the marginal bands 
between these similar species, relating to the continuation or 
absence of the same margins along the pseudotentacles as 
well as the width of these marginal bands that have not been 
addressed. In view of the phylogenetic separation between 
Pseudobiceros splendidus and Pseudobiceros hymanae 
presented in this study, the latter should be considered a 
separate, distinct species.

Pseudoceros duplicinctus and Pseudoceros prudhoei. 
Newman & Cannon (1994) described Pseudoceros prudhoei 
as “brown covered in brown microdots: two marginal bands; 
inner band wide, blue or light purple; outer band narrow, 
bright yellow”, while the photographs of the live species do 
not show the inner band as blue or light purple; instead, it 
is whitish/greyish-white. Examples available in Newman & 
Cannon (1994, 2003, 2005) showed a white inner margin 
instead of a blue or light purple band. The description of the 
marginal bands provided more closely matches Pseudoceros 
duplicinctus (Fig. 17F), yet available images showed 
otherwise. We propose that the description of Pseudoceros 
prudhoei (Fig. 17E) should be amended according to the 
photographs to avoid further confusion with Pseudoceros 
duplicinctus. Velasquez et al. (2018) synonymised these two 
species, likely due to the confusion in the descriptions. While 
they recognised three morphotypes of Pseudoceros prudhoei, 
it was noted that there were no specimens resembling 

Pseudoceros duplicintus sensu Prudhoe, 1989. It is noted 
that younger (juvenile) Pseudoceros prudhoei seems to 
be more solid black dorsally (Fig. 17A) while the mature, 
biggest specimen appears to be blackish-brown (Fig. 17D).

In Ong & Tong (2018), the discrepancies and confusion 
between these two species were also highlighted and 
explained. This study shows that Pseudoceros prudhoei 
in this study is distinct from Pseudoceros duplicinctus in 
Velasquez et al. (2018). These two species should thus 
remain separate until additional specimens are examined and 
molecular analyses, including comparisons of any potential 
morphotypes, are conducted. Furthermore, the description of 
Pseudoceros prudhoei should be revised to, “velvety orange-
brown or blackish body with an inner marginal band of white 
followed by a narrow yellow rim”, to more accurately reflect 
the observed colouration and pattern.

Putative new genera and species. This study has identified 
several potential new genera and species within Cotylea. 
There is a potential new genus within Pseudocerotidae 
based on two undescribed species, Tytthosoceros sp. 1 and 
Pseudocerotid 1, and two known species of Tytthosoceros 
jannetae, new combination, and Tytthosoceros sagamianus, 
new combination (Fig. 3). These species form a clade that is 
both distinct and sister to Tytthosoceros. Further examination 
of morphological traits of these species should be done to 
determine if there are traits that are unique and distinct to 
this clade.

Several other undescribed species within Cotylea (15 in 
total) exhibiting distinctive patterns and colouration have 
been identified and listed in the annotated checklist above. 
Presently, comparisons of these species with recorded 
taxa hitherto indicate that there are no good matches 
morphologically. Results from our phylogenetic analysis 
have also shown that these species are distinct from known 
polyclad species that have been sequenced before. Further 
investigation of existing literature and analyses of more 
collections could provide further evidence on whether these 
specimens represent new species awaiting formal description.

CONCLUSIONS

The present study has performed a comprehensive analysis 
of 270 sequences from 135 species within Polycladida. The 
results provide additional insights into the relationships of 
the lower taxonomic levels of Polycladida and have led 
to a better understanding of the diversity of Singapore 
flatworms with phylogenetic support. In particular, the 
monophyletic suborders of Cotylea and Acotylea, the 
acotylean superfamilies of Leptoplanoidea, Stylochoidea, and 
Discoceloidea, and the cotylean families of Pseudocerotidae 
and Prosthiostomidae have been recovered. However, some 
groups within Polycladida, such as Euryleptidae and the 
genera Pseudobiceros, Thysanozoon, and Nymphozoon, are 
not monophyletic. The phylogenetic analysis supports the 
separation of the genera Tytthosoceros and Phrikoceros, as 
well as the reestablishment of Pseudobiceros hymanae and 
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Pseudobiceros splendidus, and Pseudoceros prudhoei and 
Pseudoceros duplicinctus, as separate species. Furthermore, 
this study provides phylogenetic support for the subsequent 
description of 15 potentially new species within Cotylea and 
contributes 28S sequences from 138 Polycladida specimens.

Within Cotylea, congeners are often differentiated by their 
body colour, patterns and pseudotentacles rather than their 
reproductive morphology. The reproductive anatomy has been 
found to be too similar within the same genus to be useful in 
species identification, thus leading to the current system of 
identification of species based on colour and pattern (Newman 
& Cannon, 1994, 1996a, b, 1997, 1998, 2000). It is, therefore, 
important to observe and document the morphological 
characters of live flatworms to ensure accurate depictions 
of the characteristics as these traits are often unobservable 
following preservation. The integration of live morphological 
observation and molecular analysis has led to more reliable 
identification, and will furthermore create a more stable 
and consistent phylogenetic framework for understanding 
the relationships between polyclads. As demonstrated in 
Dittmann et al. (2019), taxon sampling, choice of marker 
genes, alignment method, and the phylogenetic analysis 
parameters can greatly affect and influence the outcomes 
of the phylogenetic analysis. We suggest that the inclusion 
of mitochondrial gene and genomic data can provide even 
better phylogenetic resolution at lower taxonomic levels 
to shed light on the lesser-known relationships (Aguado et 
al., 2017; Tsunashima et al., 2017), potentially resolving 
the taxonomic issues highlighted in Dittmann et al. (2019).

While this study has contributed observations and molecular 
data on a large number of polyclad species in an understudied 
locality—59 of the estimated 126 species recorded to date 
in Singapore—this only makes up about 47% of the known 
species diversity. There is clearly a need for more targeted 
sampling of the rarer polyclads and cryptobenthic species 
for inclusion in future phylogenetic analyses.
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