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Abstract

Detailed knowledge of the anatomy of the species is an essential element in taxonomic studies, since it allows the comparison
and differentiation of separate groups of taxa. It becomes especially important when considering type species, as the sub-
sequent identification of the species that compose the taxa is based on its characteristics, considered common in the group.
However, despite its relevance, there are still numerous species without detailed descriptions, being especially significant
among invertebrates. The family Goniodorididae is a little-known group of nudibranchs that includes eight recognized
genera: Okenia, Goniodoris, Ancula, Lophodoris, Spahria, Trapania, Goniodoridella and Murphydoris. Several of their
species are not completely described, including type species, and the systematics of the family is still unclear. Here we study
in detail the external morphology and internal anatomy of the type species of five of the eight Goniodorididae genera using
microcomputed tomography and scanning electron microscopy. We include the species Okenia elegans, Goniodoris nodosa,
Ancula gibbosa, Goniodoridella savignyi and Murphydoris singaporensis as well as one species of Trapania, T. graeffei.
We describe for the first time the detailed internal anatomy of the type species Goniodoridella savignyi. The diagnostic
features of each genus are compared, and a preliminary framework is shown to clarify their systematics and identifications.
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Introduction

In recent decades, the near absence of funding in taxonomic
research, and the rapid decrease of specialists in several
groups of taxa and geographic areas, has led traditional
taxonomy to be an endangered science (Wheeler, 2013;
Waterton, 2017). In the attempt to revitalize it, different
fields for study and delimitation of species have begun to
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integrate taxonomic studies (Tauzt et al., 2003; Hotynski,
2008; Pires et al., 2010; Wheeler, 2013; Waterton, 2017).
Integrative taxonomy evaluates several lines of evidence as
morphology, ecology, phylogeny, biogeography and devel-
opmental data, among others (Waterlon et al. 2013; Schlick-
Steiner et al., 2014; Pante et al., 2015). However, the incor-
poration of molecular analyses for the study of species has
opened an increasingly marked shift between molecular and
morphological research (Hallas & Gosliner, 2015; Sigwart &
Lindberg, 2015; Ziegler et al., 2018), to the point that DNA
sequence data are more accessible than traditional taxo-
nomic expertise based on morphology for some taxa (Pires
et al., 2010; Fedosov et al., 2019). Molecular techniques
have improved their efficiency by allowing sequencing thou-
sands of genes (Abdelkrim et al., 2018; Lemer et al., 2019)
or obtaining large numbers of sequences from one target
sample (deWaard et al., 2019). Nevertheless, in a less con-
spicuous way, the different tools for morphological analyses
have also been improved and provide valuable new data for
these integrative studies.

Traditionally, studies on species morphology have been
done mainly through observations of external morphology
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and internal anatomy, dissections, histology or scanning
electron microscopy observations. In addition, nowadays the
development of digital reconstruction imaging techniques,
as microcomputed tomography (UCT), allows the acquisi-
tion of 2D and 3D images by non-invasive visualization
even for specimens with few millimetres’ length (Hoffmann
et al., 2014; Xavier et al., 2015; Ziegler et al., 2018; Mar-
condes Machado et al., 2019). Microcomputed tomography
relies on differences in X-ray attenuation of biological tis-
sues, generates sections in three planes and reconstructs the
relative position of internal and external structures of the
specimen (Ziegler et al., 2018). This approach of morpho-
logical analysis using digital techniques has been termed as
morphomics (Chughtai et al., 2016; Ziegler et al., 2018).
The use of microcomputed tomography has several advan-
tages against classic dissections of specimens: (1) It allows
to keep the integrity of specimens under study; (2) it could
facilitate the systematic re-examination of rare and valuable
specimens since natural history museums would allow to
study exclusive type material of poorly described but deli-
cate specimens; (3) it allows a comprehensive analysis of
external and internal features in their natural context, ensur-
ing that structures were not affected by the invasiveness of
the traditionally conducted dissections (Candas et al., 2016;
Moles et al., 2017; Penney et al., 2018; Ziegler et al., 2018;
Marcondes Machado et al., 2019; Schillo et al., 2019; Paz-
Sedano et al., 2021).

Within the phylum Mollusca, nudibranchs are considered
a model group of study in different fields of biodiversity
research due to their variability, specialization and diversi-
fication regarding their ecology, defensive strategies, natu-
ral history and biology (Goddard et al., 2011; Goodheart &
Wigele, 2020; Hallas & Gosliner, 2015). In the last decades,
the number of nudibranch species known to science has
increased exponentially (Padula et al., 2014; Ekimova et al.,
2016; Korshunova et al., 2017; Carmona & Wilson, 2018).
However, despite the efforts of different researchers, the tax-
onomy, species richness, ecology, phylogeny and biogeogra-
phy of many nudibranchs are still far from known. The fam-
ily Goniodorididae H. Adams & A. Adams, 1854 is a group
of very poorly known dorid nudibranchs (Gosliner, 2004).
It currently includes eight genera: Okenia Menke, 1830;
Goniodoris Forbes & Goodsir, 1839; Ancula Lovén, 1846;
Lophodoris G. O. Sars, 1878; Spahria Risbec, 1928; Trapa-
nia Pruvot-Fol, 1931; Goniodoridella Pruvot-Fol, 1933; and
Murphydoris Sigurdson, 1991 (MolluscaBase, 2021).

The family has come to include up to 26 different genera
(MolluscaBase, 2021), several of them now synonymized
due to considering that some taxonomic characteristics
were not supported differences (Marcus Er, 1972; Bouchet
& Ortea, 1983; Baba, 1990; Gosliner, 2004). However,
few studies have been published with the attempt to clarify
the systematics of the family and determine the taxonomic
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characteristics of each genus. Gosliner (2004) carried out the
first phylogenetic analysis of the family based on morpho-
logical data. It resulted in the synonymy of the genera Hop-
kinsia, Hopkinsiella and Sakishimaia with Okenia (Gosliner,
2004). In addition, a phylogenetic study on the genus Trapa-
nia, also based on morphological data, explored the relation-
ships of this genus with Okenia, Goniodoris and Ancula.
However, Gosliner and Fahey (2008) were mainly focused
on the evolutionary relationships and species delimitation
of Trapania, whose monophyly was supported. Afterwards,
phylogenetic studies on Goniodorididae started to include
molecular data, but most of them are focused on Okenia
species and little is known about the relationships among
remaining genera (Pola et al., 2014, 2019; Paz-Sedano
et al., 2017, 2021; Sales et al., 2019). In addition, three out
of eight of the type species are still poorly described (7ra-
pania fusca (Lafont, 1874), Spahria minima Risbec, 1928
and Goniodoridella savignyi Pruvot-Fol, 1933). This lack of
information could lead to the placement of a species within a
genus to which they do not belong. This affects not only the
systematics of the family, but also biodiversity assessments,
the understanding of evolutionary relationships, the devel-
opment of conservation strategies and the validity of com-
parative studies (Neubauer et al., 2018; Garcia-Melo et al.,
2019). This problematic framework is exacerbated by the
fact that the family Goniodorididae includes species of very
small size (4-15 mm) and species that are cryptic or cam-
ouflaged in the environment in which they live (Gosliner,
2004; Rudman, 2004; Gosliner & Fahey, 2008; Pola, 2015;
Pola et al., 2019). These facts make it difficult to sample
and collect specimens. Specifically, some species have not
been found since their original description, including type
species. In addition, several specimens are not accessible for
the detailed studied due to their state of preservation, due
to the policies of the museums themselves or even because
they have been lost.

In this context, the main goal of this study is to describe
in detail the anatomy of the type species of Goniodor-
ididae either recently collected or loaned by natural his-
tory museums, to review and determine the diagnostic
characteristics of each genus. Until new specimens are
collected, the study and comparison of type species of
the different genera of the family Goniodorididae is an
initial step towards a better knowledge of the systematics
of these understudied taxa. The internal anatomy of most
the type species is studied under uCT, showing external
and internal features in their natural context, for instance,
the spicule pattern and the reproductive system. Neverthe-
less, the scanning resolution does not allow the observa-
tion of small structures such as the radula, labial cuticle
and penis of the specimens. Therefore, the descriptions
are complemented by dissections and scanning electron
microscope photographs.
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Material and methods
Specimens

We carried out an exhaustive search for type material and
type species of each genus belonging to the family Goni-
odorididae deposited in natural history museums or speci-
mens sampled by collaborators and located in their personal
collections. In addition, in an attempt to collect the species
considered lost by the natural museums as close as possible
to the type locality, we promoted citizen science, contacting
divers and naturalists from all over the world. We obtained
specimens of five of eight type species. Only paratypes of
Murphydoris singaporensis Sigurdson, 1991 were found, on
loan from the Lee Kong Chian Natural History Museum
of Singapore (Singapore). One specimen of Okenia ele-
gans (Leuckart, 1828) from La Planassa, Girona (Spain),
was loaned by the Museo Nacional de Ciencias Naturales,
Madrid (Spain). Specimens of Goniodoridella savignyi
Pruvot-Fol, 1993 from the Mooloolah River, Queensland
(Australia), were donated by collaborators and deposited
at the Australian Museum (Australia). Specimens of Goni-
odoris nodosa (Montagu, 1808) and Ancula gibbosa (Risso,
1818) from Norway were loaned by the Zoology Museum of
Bergen University (Norway), and specimens of G. nodosa
and A. gibbosa were also donated by collaborators from the
White Sea (Russia) and deposited at the Museo de Ciencias
Naturales (Madrid, Spain). Only one specimen identified
as Trapania fusca (Lafont, 1874) from Banyuls-sur-Mer
(France) was found in our attempt to examine specimens
of the type species of Trapania. It was deposited at the
Naturhistorisches Museum Basel (Switzerland). However,
the identification of this specimen has been questioned by
Doneddu et al. (2020) and is now accepted as Trapania gra-
effei (Bergh, 1880) (see systematic remarks of 7. graeffei).
We describe the detailed anatomy of this specimen since
specimens of T. fusca are not available anywhere. Specimens
belonging to Lophodoris danielsseni (Friele & Hansen,
1876) were recently studied by some of us, and therefore,
we have not included them in the present study to avoid
redundancy (Paz-Sedano et al., 2021). Specimens belonging
to the monotypic genus of Spahria, Spahria minima Risbec,
1928, were not available anywhere.

Morphological examination

The external morphology of the specimens was examined
from photographs of living specimens and from labo-
ratory observations. Most of the species were scanned
by microcomputed tomography (uCT) at “Estacién de
Bioloxia Marifia da Grafia”, University of Santiago de
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Compostela (Spain), except for Okenia elegans, which
had already been previously dissected by one of us (SPS).
For puCT scanning, specimens were preserved in etha-
nol absolute; 1% iodine in 96% ethanol was used as the
contrast agent, dyeing the specimens for 3 days. After-
wards, they were washed with 96% EtOH, dried with
hexamethyldisilazane for 2-3 h and left to dry over-
night. Imaging was performed using a microtomography
Skyscan 1172, using the following parameters: source
voltage =55 kV, source current= 165 pAm, frames aver-
aged =4 and filter =no. The scanning time was 112, 144,
184, 186 and 188 min for Goniodoris nodosa, Ancula
gibbosa, Trapania graeffei, Goniodoridella savignyi and
Murphydoris singaporensis, respectively. Images were
reconstructed with the software NRecon and cleaned with
the software CTAnalyzer (http://bruker-microct.com/
products/downloads.htm). Data were corrected and vis-
valized using DataViewer and CTVox software. Three-
dimensional images were visualized and edited using the
Amira software for scanning successfully obtained. Raw
image data and rotational movies are online available
on MorphoBank (http://morphobank.org/permalink/?
P3886).

Internal anatomy schematics were drawn based on
UCT results. However, due to the small size of the radu-
lae, labial cuticles and penises, these structures were not
clearly observed by uCT. Therefore, additional specimens
of Goniodoris nodosa, Ancula gibbosa, Goniodoridella
savignyi and Murphydoris singaporensis were dissected,
trying to maintain their integrity as much as possible.
The internal anatomy of Okenia elegans was examined
under a Nikon SMZ-1500 dissecting microscope with an
attached camera lucida. The buccal bulb of the specimens
was submerged in 10% NaOH to dissolve the surround-
ing tissues, and then, the radula and labial cuticle were
rinsed in distilled water. The penis and labial cuticle were
dried using hexamethyldisilazane, and the radula, labial
cuticle and penis were examined under a Hitachi S3000N
scanning electron microscope (SEM) at “Servicio Interde-
partamental de Investigacidon”, Autonomous University of
Madrid, Spain. The internal anatomy of Trapania graeffei
was only studied using uCT due to the availability of a
single specimen.

Results

We successfully obtained reconstructed 3D images of Goni-
odoris nodosa, Ancula gibbosa, Trapania graeffei, Gonio-
doridella savignyi and Murphydoris singaporensis. Detailed
descriptions of the external morphology and internal anat-
omy of the specimens studied are provided below, including
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photographs of the living animals, 2D tomographic images
of digestive and reproductive systems, drawings of internal
anatomy and scanning electron microscope photographs of
the radulae, penises and labial cuticles.

Order Nudibranchia Cuvier, 1817

Family Goniodorididae H. Adams & A. Adams, 1854

Genus Okenia Menke, 1830

Type species: Idalia elegans Leuckart, 1828, by
monotypy

Okenia elegans (Leuckart, 1828)

(Figs. 1a; 2a, b; and 3a—d)

Euplocamus laciniosus Philippi, 1841: 42-59; pl. 5

Idalia cirrigera Philippi, 1844: iv+303 pp., pls 13-28

ldalia dautzenbergi Vayssiere, 1919: 17: 53-92

Material. (MNCN 15.05/88175) Spain, Girona, Blanes,
La Planassa, 20 mm preserved, 28/04/2016, collected by
M. Ballesteros, 96% EtOH, dissected (SEM: radula, labial
cuticle, penis).

Fig.1 a Okenia elegans
(Leuckart, 1828); photo: D.
Poloniato, in Pola et al. (2019).
b Goniodoris nodosa (Montagu,
1808); photo: 1. Ekimova. ¢
Ancula gibbosa (Risso, 1818);
photo: (a) H. Jensen (ZMBM
130701), (b) I. Ekimova
(MNCN 15.05/92163). d Tra-
pania graeffei (11424 a, Basel
Museum); e Goniodoridella
savignyi Pruvot-Fol, 1933;
photo: G. Cobb. f Murphydoris
singaporensis Sigurdson, 1991
(ZRC.MOL.15663); photo: Lee
Kong Chian Natural History
Museum, Singapore
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External morphology (Fig. 1a). Preserved specimen
20-mm length. Body elongated and tall, ending in long and
slightly rounded posterior end of foot. Notal border well
developed, reduced, with 35 lateral papillae. Four papillae
located in front of rhinophores, remaining 31 cover notal
border, until posterior part of gill. Papillae elongated and
slender. Two long anteriormost papillae located in front of
rhinophores, up to double in length than remaining papil-
lae. Four dorsal papillae, two in midline of body behind
rhinophores and two in front of gill. Shape and size of dorsal
papillae similar than posterior lateral papillae. Rhinophores
none retractile, very long and slender, bearing 37 lamellae
each. Rhinophoral sheath absent. Gill composed of 16 bipin-
nate branches, forming a closed circle around anus. Oral
tentacles modified to form a flat and wide oral veil on head,
ending in two rounded lobes over mouth. Foot wide and flat,
protrudes from sides of body. Anterior part of foot rounded.
Mantle thick and muscular, without spicules. Reproductive
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Fig.2 Drawings of internal anatomy. a, b Okenia elegans (Leuckart,
1828) (MNCN 15.05/88175). a Buccal bulb. b Reproductive sys-
tem. ¢ Reproductive system of Goniodoris nodosa (Montagu, 1808)
(MNCN 15.05/92160). d Reproductive system of Ancula gibbosa
(Risso, 1818) (ZMBN 129656). e Reproductive system of Trapania
graeffei (Bergh, 1880) (11,424 a). f Reproductive system of Goni-
odoridella savignyi Pruvot-Fol, 1933 (QMMO 85,916). g Reproduc-
tive system of Murphydoris singaporensis Sigurdson, 1991 (ZRC.
MOL.15663a). am, ampulla; bc, bursa copulatrix; bp, buccal pump;
fgm, female gland mass; hd, hermaphroditic duct; oe, oesophagus; p,
penis; pb, penial bulb; ra, radular sac; rs, receptaculum seminis; sgl,
salivary gland; ud, uterine duct; va, vagina; vd, vas deferens. Scale
bars 1 mm

opening located on right lateral side of body, in first third
of body.

Colour pattern (Fig. 1a). Body, lateral and dorsal papil-
lae, rthinophores and gill bright red. Lateral papillae orangish
towards tips. Foot edge with orange yellowish thin band. Gill
branches and rhinophores with white small patches.

Foregut anatomy (Figs. 2a and 3a—c). Buccal bulb very
thick and muscular (Fig. 2a). Dorsal buccal pump large,
expanding backwards (Fig. 2a). Radular sac short, located
ventrally, expanding backwards (Fig. 2a). Oesophagus thin,
beginning from buccal bulb behind buccal pump. Salivary
glands elongated, located at junction of oesophagus with
buccal bulb (Fig. 2a). Wide, oval stomach connects with
digestive gland + ovotestes complex, located in its left side.
Possible connections between oesophagus and stomach
within digestive gland 4+ ovotestes complex could not be
studied in the already dissected specimen. Intestine thin,
long, arises from stomach and continues in right side of
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body towards anus. Anus located dorsally on posterior part
of body. Labial cuticle surrounds lips and expands within
buccal pump. Surrounding lips, labial cuticle bears an arma-
ture formed by thick spikey rodlets (Fig. 3a). Radular for-
mula 34 x 1.1.0.1.1. Inner lateral tooth with single large and
thin cusp, and wide, quadrangular base (Fig. 3b, c). Cusp
large and pointed, with smooth masticatory margin (Fig. 3c).
Outer corner of base ends in sort of prominent wing with
pointed edge (Fig. 3c). Outer lateral tooth much smaller,
slightly curved inwardly externally, resulting in large base
and two pointed cusps. Upper one thinner and more pointed
than lower one (Fig. 3c).

Reproductive system (Figs. 2b and 3d). Reproductive sys-
tem large, located in anterior third of body. Thin preampul-
lary hermaphroditic duct begins in ovotestis, located within
digestive gland 4+ ovotestes complex. Hermaphroditic duct
expands into large, thick, elongated ampulla. Two large,
thin ducts emerge from ampulla. Long, narrow oviduct duct
connects ampulla with female gland mass. Second duct con-
nects ampulla to first portion of prostate. Prostate very large,
elongated and sausage-shaped. From middle part of prostate,
long and thin vas deferens continues, which curls slightly
and expands in its final part to form ejaculatory duct. Penis
with short, wide penial spines (Fig. 3d). Spines became
larger and more pointed towards distal part, arranged in
aligned longitudinal rows (Fig. 3d). Vagina short but simi-
lar in width to ejaculatory end of vas deferens. Vagina con-
nects with large, rounded bursa copulatrix. At base of bursa
copulatrix joins a pyriform receptaculum seminis and a thin
uterine duct that enters female gland mass. Receptaculum
seminis smaller than bursa copulatrix.

Remarks The genus Okenia was described by Menke
in 1830. The type species is Okenia elegans, originally
described from Séte, France (Mediterranean coast) (Leuck-
art, 1828). However, this species has not been recorded from
its type locality since its original description (Pola et al.,
2019). Here we study the only specimen found of Okenia
elegans. It was collected in Blanes (Girona, NE Spain).
This specimen was dissected in a previous study, making it
impossible to study under pCT (Pola et al., 2019).

Our specimen from Girona shares the same external
morphology and internal anatomy as previous descriptions
of Okenia elegans (Leuckart, 1828; Vayssiere, 1901, 1913,
1919). Leuckart (1828) very briefly described the species Ida-
lia elegans, having a red body with six dorsal papillae. After-
wards, specimens collected in Banyuls-sur-Mer (France),
nearby the type locality, were fully described including exter-
nal and internal details and drawings (Vayssiere, 1901, 1913,
1919). The features described and figured by Vayssiere fit
perfectly with the specimen here studied (see Vayssiere, 1901,
1913, 1919).

Based on the morphological analysis of Okenia elegans and
the review of the literature focused on Okenia species (Alder &
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Fig.3 Scanning electron micro-
graphs of a—d Okenia elegans
(Leuckart, 1828) (MNCN
15.05/88175) and e-h Goni-
odoris nodosa (Montagu, 1808).
a Detail of jaw elements. b
Frontal view of rachis and inter-
nal and external teeth. ¢ Detail
of internal and external teeth. d
Penial spines. e Detail of cuticle
elements (ZMBN 130629). f
Frontal view of rachis and inter-
nal and external teeth (ZMBN
130629). g Detail of internal
teeth (ZMBN 130629). h Penial
spines (MNCN 15.05/92161).
Scale bars: a 100 um. b 300 um.
¢ 100 pm. d 200 pm. e 30 pm. f
300 um. g 100 pm. h 50 pm

Hancock, 1845; Cervera et al., 1991; Gosliner, 2004; Gosliner
& Bertsch, 2004; Rudman, 2004, 2007; Edmunds, 2009; Ortea
etal., 2014; Sales et al., 2019; Pola et al., 2019), we conclude that
the genus Okenia is mainly characterized by having a reduced
mantle margin with lateral papillae; dorsal papillae may also be
present. The rhinophores are lamellated, and surrounding the
anus are a variable number of gill branches. The radula always
has two different lateral teeth (Table 1). However, the genus
Okenia currently includes species with wide morphological
variability between species, and thus, the review of the species
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belonging to this genus is critical to understand the taxonomy
and systematics of the genus, the family Goniodorididae and
even the superfamily Onchidoridoidea Gray, 1827 (Martynov
& Schrold, 2011; Hallas & Gosliner, 2015). As examples of this
variety, the distribution along the body, the size and the shape
of the papillae are very different. They can be found only on the
notal edge or covering the entire body, as in Okenia academica
Camacho-Garcia & Gosliner, 2004, Okenia hiroi (Baba, 1938);
Okenia aspersa (Alder & Hancock, 1845); or Okenia rosacea
(MacFarland, 1905). Regarding the foregut anatomy, the shape
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_ 2 < ‘g < g of the inner tooth may change from having a long rod-like blade
= % z B %—’- g _ 2 '% S) without denticles (e.g. Okenia stellata Rudman, 2004) to pointed
_§ g g E gé’ ; g g 8 cusps with a smooth (Okenia elegans) or serrated (e.g. Okenia
-:: ® |z £ &g f S = é % % Jjaponica Baba, 1949) masticatory margin. The outer lateral
S8 2 2 S22ET X 85 A tooth may be small and quadrangular (e.g. Okenia barnardi
=@ =< N s e “ @ Baba, 1937), small with one or two pointed cusps (e.g. Okenia
. s 2 - . ) mija Burn, 1967, Okenia virginiae Gosliner, 2004) or almost as
<2 £ 7; L§ g ;D § Q= long as the inner tooth with one or two cusps (e.g. Okenia vena
§ S E % g g g E - ) ‘a;) Rudman, 2004 and Okenia rhinorma Rudman, 2007). In the
E E E : .g %‘ u‘% %’ § S: E é@ reproductive system, there are also some remarkable differences,
£ 2 —q‘; ;é % g8 - Z 8E&z such as the position and size of the receptaculum seminis, which
SE|&&5° & é 25 é £ =< could become a very small structure near the bursa copulatrix
. = L2 (e.g. Okenia pilosa (Bouchet & Ortea, 1983), Okenia plana
LLE £ 2 3 . Baba, 1960). Another taxonomic characteristic with differences
g % & g E % § 'g 3 among Okenia species is the presence/absence of spicules in the
§ ‘é E 2 B E ;D § _ E 5 ) mantle. The type species Okenia elegans has a muscular man-
g _ % g % = ;g § < g Z g tle lacking spicules, while species as Okenia aspersa Alder &
§* g é’ 538 § E Lo é E O w Hancock, 1845; Okenia mediterranea (Ihering, 1886); Okenia
. e picoensis Paz-Sedano et al., 2017; Okenia rosacea (MacFarland,
g f: oS 1905); or Okenia zoobotryon (Smallwood, 1910) have spicules
2 .'q.é 2 s EE E ax embedded in the mantle, covering the body or within the papil-
= Cg £ % g £ g s = lae (Cervera et al., 1991; Pola et al., 2014; Paz-Sedano et al.,
E S, E 2 g g ;i’ g = 3 2017; Penney et al., 2018). This wide variety may suggest that
2 5’} S & = S E0S > 3 Okenia could include species that do not belong to this genus
g o and synonymized genera could be recovered. The present study
z | s g 5 g . T‘j of Okenia elegans and its comparison with the remaining type
S| E g _ g 2 g ° species determines the basic diagnostic characters of the type
;. § %0 B S ié 2 ; E = < 5 species, which will help future taxonomists to assign species to
3 E E = é g Ig § = ; g g ﬁ g a genus in a more accurate way (see discussion).
5| &8 38 E 8= x 22553 Genus Goniodoris Forbes & Goodsir, 1839
§ = f - & il - Type species Doris nodosa Montagu, 1808, by monotypy
'% § g . E § Goniodoris nodosa (Montagu, 1808)
Ci ; §“ T:, f % é 2 g = (Figs. 1b; 2¢; 3e-h; 4a, b; and Sa—c).
e % £z - g Zg P =g %§ Doris nodosa Montagu, 1808: v+ 183 pp., pls 17-30
2ls |88 2488z Z Z:is Doris barvicensis G. Johnston, 1838: 44-56
5‘5 § § ':% g % j:é &0 g ; E g C‘:;s % Goniodoris emarginata Forbes, 1840: 102-108, pl. 2
w | < = S ET z E = Doris elongata W. Thompson, 1840: 4-102, pl. 2
én 4 s 9 . Material. (MNCN 15.05/92160) Russia, Murmansk Oblast,
2 E 2 £3 S5E% Teriberka, 12—14-m depth, 12 mm preserved, 15/05/2019, col-
% 2 g 3 E g g %% g% lected by I. Ekimova, 96% EtOH, pCT sc.anning; (MNCN
§D § '§ = % % 2, = ;g E £ E 15.05/92161-MNCN 15.05/92162) Russia, Barents Sea,
|59 2 EEE& X 5Z2E 4 Teriberka Bay, collected by T. I. Antokhina, 96% EtOH,
5 C& | < alla z @ (MNCN 15.05/92161) 10 m, 18 mm preserved, 25/08/2018,
fﬁ ~ < %;; . S dissected (SEM: radula, penis), (MNCN 15.05/92162) 18 m,
5L g g “é’ E % = § 30/08/2018, dissected (SEM: radula); (ZMBN 125097,
§ g é N 2 E § £ : % (‘;: % ZMBN 125097.1) Norway, Gylte Brygge, Drgbak, Frogn,
gl |22 Z Jst ZSEE Akershus, collected by Drgbak team 2018, 96% EtOH,
e |E AN g £ § £E X 582 (ZMBN 125097) 14 mm preserved, (ZMBN 125097.1)
Z(9=]~° = A z > 10 mm preserved; (ZMBN 125696, ZMBN 125696.1) Nor-
£ k= 5 8 ) way, Egersund havn, Egersund, Eigersund, Rogaland, 12-m
> % _é % 3 § depth, 19/01/2019, collected by E. Svensen, 96% EtOH,
% z E E = ,E (ZMBN 125696) 15 mm preserved, (ZMBN 125696.1) 7 mm
e 2 2 O 2 2 preserved; (ZMBN 130629) Norway, Hellersgy, Mandal,
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«Fig.4 Microcomputed tomography reconstructions of internal anat-
omy. a, b Goniodoris nodosa (Montagu, 1808) (MNCN 15.05/92160).
a Digestive system. b Reproductive system. ¢, d Ancula gibbosa
(Risso, 1818) (ZMBN 129656). ¢ Digestive system. d Reproduc-
tive system. e, f Trapania graeffei (Bergh, 1880) (11,424 a). e Diges-
tive system. f Reproductive system. g, h Goniodoridella savignyi
Pruvot-Fol, 1933 (QMMO 85,916). g Digestive system. h Repro-
ductive system. i, j Murphydoris singaporensis Sigurdson, 1991
(ZRC.MOL.15663a) i Digestive system. j Reproductive system.
am, ampulla; bc, bursa copulatrix; bp, buccal pump; dhgl, digestive
gland +ovotestes complex; fgm, female gland mass; hd, hermaph-
roditic duct; in, intestine; ns, nervous system; oe, oesophagus; op,
oesophagal pump; p, penis; pb, penial bulb; ra, radular sac; rs, recep-
taculum seminis; sgl, salivary gland; st, stomach; ud, uterine duct; va,
vagina; vd, vas deferens

Vest-Agder, 10 mm preserved, 24/05/2019, collected by Man-
dal Team 2019, 96% EtOH, dissected (SEM: radula, labial
cuticle).

External morphology (Fig. 1b). Preserved specimens
7-18-mm length. Body rounded, ending in long and pointed
posterior end of foot. Mantle edge well developed, cover-
ing body. Body lacks dorsal and lateral papillae but several
tubercles cover dorsum with no apparent pattern. Rhino-
phores none retractile, slender, bearing 14—17 lamellae
each. Rhinophoral sheaths absent. Gill composed of 11-14
tripinnate branches forming a circle around anus. Oral tenta-
cles broad and flattened, triangle-shaped, extend in front of
head. Foot wide and flat, covered by mantle with exception
of most posterior part, where extension of foot gives rise to
tail. Reproductive opening located on right lateral side of the
body, in first third of body.

Colour pattern (Fig. 1b). Body translucent white, with
disperse hyaline white dots along dorsum, side of body and
oral tentacles. Rhinophores and gill branches pinkish with
white traces in lamellae and pinnae.

Foregut anatomy (Figs. 3e—g and 4a). Buccal bulbs
of specimens from White Sea (Russia) were previously
removed and studied by Ekimova et al. (2019). We review
here its features in a specimen from Norway (ZMBN
130629). Buccal bulb very thick and muscular (Fig. 4a).
Dorsal buccal pump rounded, expanding backwards. Radular
sac large, ventral, expanding backwards (Fig. 4a). Oesopha-
gus thin, beginning from buccal bulb, behind buccal pump.
Elongated salivary gland located at junction of oesopha-
gus with buccal bulb (Fig. 4a). Nervous system covers this
union. Oesophagus continues and inserts into digestive
gland + ovotestes complex. Stomach and oesophagus concur
in diffuse chamber inside digestive gland + ovotestes com-
plex. Small, oval stomach located in left side of body. Thin
and long intestine begins in stomach, run towards right side
of body and ends in anus. Anus located dorsally, at poste-
rior part of body (Fig. 4a). Labial cuticle surrounds lips and
expands inside buccal pump. Labial cuticle covered by thin
and flat, scale-shaped elements (Fig. 3e). Radular formula
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18-21x1.1.0.1.1. Inner lateral tooth with single large cusp
and wide wing-shaped base (Fig. 3f, g). Cusp pointed, with
masticatory margin bearing 16-25 small and sharp denticles.
Base of inner lateral tooth rectangular, with rounded and
curved inwards edge (Fig. 3f, g). Outer lateral tooth much
smaller, smooth, and rectangular (Fig. 3g).

Reproductive system (Figs. 2¢, 3h and 4b). Reproductive
system large, located in anterior third of body. Thin pream-
pullary hermaphroditic duct begins in ovotestis, located
within digestive gland 4+ ovotestes complex. Hermaphroditic
duct expands in large, kidney-shaped ampulla. Short, nar-
row postampullary duct divides into oviduct and prostatic
portion of vas deferens. Prostate thick and relatively large,
descends and turns ampulla. Prostate becomes very thin,
long vas deferens, very coiled for much of its length. Dis-
tal part of vas deferens enters in large pear-shaped penial
bulb. Penis armed, located inside penial bulb. Penial spines
thin, sharp, very pointed, arranged in rows (Fig. 3h). Vagina
very long, almost as wide as prostate. Vagina characterized
by having flat shape close to genital opening. It becomes
a round tube with thinner screwed tube inside. Externally,
it seen as an irregular widening. After seemingly irregular
area, vagina becomes very narrow and widens again on its
way to bursa copulatrix. Bursa copulatrix large and slightly
oval. Following narrowing of vagina, thin duct arises and
divides into short duct that connects to receptaculum seminis
and uterine duct. Receptaculum seminis small and rounded,
almost half size of bursa copulatrix. Long uterine duct con-
tinues to connection with ampulla.

Spicule pattern (Fig. 5a—c). Body supported by dense net-
work of spicules, which includes mantle, foot, gill branches,
oral tentacles and rhinophores. More concentrated and
numerous ventrally. Spicules elongated, wider at middle part
and sharp at apices. Tubercles of mantle, gill branches and
crest of mantle supported by disorganized set of spicules at
base, with several spicules from mantle, joining at dorsal
part as pyramid-shaped. Spicules at mantle edge support
serrated margin, pointed outwards (Fig. 5a, b). Rhinophores
with dense amount of curved and small spicules, forming a
tube supporting entire structure (Fig. 5b). On foot, spicules
forming intercalated meshwork. Spicules of foot wider and
longer, arranged transversally from sides to centre (Fig. 5c).

Remarks The genus Goniodoris was first proposed by
Forbes and Goodsir (1839) as a new genus based on speci-
mens of Doris nodosa Montagu, 1808, making Goniodoris
nodosa the type species of the genus. Goniodoris nodosa
was first described from Great Britain. Its current distribu-
tion ranges from the Mediterranean Sea to Russian waters
(Nobre, 1932; Bouchet & Tardy, 1976; Urgorri & Besteiro,
1983; Thompson & Brown, 1984; Garcia-Goémez et al.,
1991; Cervera et al., 2004; Evertsen & Bakken, 2005; Naya-
Garmendia, 2016; Ekimova et al., 2019). The species is well
distinguished by its white coloration and body shape, with a
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Fig.5 Spicule patterns using
microcomputed tomography.

a Lateral view of Goniodo-

ris nodosa (Montagu, 1808)
(MNCN 15.05/92160). b Detail
of anterior dorsal spicules of G.
nodosa (MNCN 15.05/92160).
¢ Ventral view of G. nodosa
(MNCN 15.05/92160). d
Lateral view of Goniodoridella
savignyi Pruvot-Fol, 1933
(QMMO 85,916). e Dorsal view
of G. savignyi (QMMO 85,916).
f Ventral view of G. savignyi
(QMMO 85,916). Scale bars:
a—c 250 um. d—f 100 pm

well-developed mantle margin and a pair of expanding oral
tentacles in front of the head. The external morphology of
the species has been described by several authors based on
specimens collected in different countries of north Europe
(Alder & Hancock, 1845; Thompson & Brown, 1984; among
others), as well as radula details (Miller, 1958; Thompson
& Brown, 1984; Ekimova et al., 2019). The external mor-
phology and the radula of the specimen here studied match
with previous descriptions. Internally, only few details of
the reproductive system were previously described by Lloyd
(1952) and more recently by Ekimova et al. (2019). Lloyd
(1952) compared the reproductive system of G. nodosa in a
discussion focused on its differences with the species Archi-
doris britannica (Johnston, 1838) (originally described as
Doris britannica Johnston, 1838; currently accepted as Doris
pseudoargus Rapp, 1827), describing it as “the vaginal duct
is longer and thrown into a V-shaped bend above the buccal
mass; the bursa copulatrix is extremely large and may be
divided into a spherical proximal half, containing sperm and
prostatic fluid and a club shaped distal half which has brown-
ish purple contents”. Afterwards, Ekimova et al. (2019) pro-
vided more details of the reproductive system, describing a
sausage-shaped ampulla and receptaculum seminis, a small
oval bursa copulatrix, a long vas deferens with a prominent
prostate and a muscular penial bulb with a short penis. Both
descriptions included information of the bursa copulatrix;
however, the size and shape vary. We studied the internal
anatomy of the specimens analyzed by Ekimova et al. (2019).
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However, the morphology of the bursa copulatrix agrees with
the description of Lloyd (1952), being likely that Ekimova
et al. (2019) confused the bursa copulatrix and the receptacu-
lum seminis. We consider that the bursa copulatrix of the
specimen here studied under uCT is defined more accurately
having a slightly oval shape than a sausage shape. Maybe
this interpretation could be influenced by the position and
manipulation of the reproductive system during dissection in
previous studies. Also, it may vary based on the reproductive
state of individual specimens.

Based on the morphological analysis and the review of
previous descriptions of species belonging to the genus Gon-
iodoris, we can conclude that the genus differs from other
Goniodorididae genera by having a smooth mantle brim
which covers the body and an oral veil flattened, forming
tentaculiform lobes. The body lacks dorsal and lateral papil-
lae, but present small tubercles supported by spicules on the
dorsum, sides of the body and behind the mantle brim. The
rhinophores are lamellated, and there are a variable number
of tripinnate gill branches, forming a circle surrounding the
anus. The radula has one inner and one outer lateral tooth
(Table 1) (Abraham, 1877; Vayssiere, 1901; Burn, 1961a, b;
Thompson & Brown, 1984, among others).

Genus Ancula Lovén, 1846

Type species: Polycera cristata Alder, 1841, by monotypy

Ancula gibbosa (Risso, 1818)

(Figs. 1c; 2d; 4c, d; and 6a—f)

Tritonia gibbosa Risso, 1818: 368-377
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Polycera cristata Alder, 1841: 337-342; pl. 9

Ancula cristata Alder, 1841: 337-342; pl. 9

Ancula sulphurea Stimpson, 1853: 1-66; pls 1-3

Ancula pacifica McFarland, 1905: 35-54

Material. (ZMBN 130701) Norway, Gasver, Sogn og
Fjordane, 30-m depth, 4 mm preserved, 01/06/2019, col-
lected by H. Jensen, 96% EtOH, dissected (SEM: radula,
labial cuticle, penis); (ZMBN 129782) Norway, Oslof-
jorden, Drgbak, Akershus, 17-m depth, 7 mm preserved,
16/03/2019, collected by H. Jensen; (ZMBN 129656)

Fig.6 a—f Scanning electron
micrographs of Ancula gibbosa
(Risso, 1818) and g photographs
of labial cuticle and radula
under microcomputed tomogra-
phy of Trapania graeffei (Bergh,
1880) (11424a, Basel museum).
a Jaw elements (MNCN
15.05/93237). b Detail of jaw
elements (MNCN 15.05/93238).
¢ Detail of honeycomb-shaped
elements. d Frontal view of
rachis and internal and external
teeth (ZMBN 130,701). e

Detail of half radula (ZMBN
130701). f Penial spines and
cilia (MNCN 15.05/93238).
Scale bars: a 100 pm. b 10 pm.
¢ 10 pm. d 50 pm. e 30 pm. f
100 pum
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Norway, Espegrend, Hordaland, 4-m depth, 5 mm pre-
served, 29/03/2019, collected by Espegrend workshop
2019, pCT scanning; (MNCN 15.05/92163, MNCN
15.05/93237-15.05/93237) Russia, N.A. Pertzov White
Sea Biological Station, collected by I. Ekimova (MNCN
15.05/92163) 10-m depth, 5 mm preserved, 05/07/2016,
(MNCN 15.05/93237) 10-m depth, 5 mm preserved,
28/06/2016, dissected (SEM: radula, labial cuticle, penis),
(MNCN 15.05/93238) 10-m depth, 4 mm preserved,
28/06/2016, dissected (SEM: radula, labial cuticle, penis),
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(MNCN 15.05/93239) 10—-15-m depth, 4 mm preserved,
29/06/2016, dissected (SEM: radula, labial cuticle, penis).

External morphology (Fig. 1c). Preserved specimen 4—7-
mm length. Body elongated and slender, ending in long and
pointed posterior end of foot. Developed notal border absent.
Two thin and slender papillae located at base of each rhino-
phore. Ten to twelve dorsal papillae surround gill, 5-6 on
each side. Dorsal papillae shorter and thicker than anterior
ones, with rounded and more swollen tip. Rhinophores none
retractile, bearing 9-12 lamellae each. Rhinophoral sheaths
absent. Gill composed of 3 tripinnate branches, forming a
semicircle around anus, opened at posterior part. Oral ten-
tacles digitiform, one on each side of mouth. Mantle thick,
lacks spicules. Reproductive opening located on right lateral
side, in first third of body.

Colour pattern (Fig. 1¢). We studied two morphotypes of
Ancula gibbosa: (a) with body, anterior papillae, rhinophores
and gill branches translucent whitish. Papillae surrounding
gill branches transparent whitish at base with hyaline white
from middle to tip; (b) entire body translucent whitish. Base
of papillae, gill branches and rhinophores translucent whitish
as body colour. Anterior papillae orangish yellow in middle
part, with translucent tips. Rhinophores with white colour
at middle part and yellow tips. Gill branches and papillae
surrounding gill with orangish yellow from middle to tip.
Posterior part of body, behind gill, with middorsal orange
line, approximately from third posterior part of body to end.

Foregut anatomy (Figs. 4c and 6a—e). Buccal bulb thick
and muscular (Fig. 4c). Dorsal buccal pump rounded,
expanding backwards. Radular sac short, located at posterior
part of buccal bulb (Fig. 4c). Oesophagus thin, beginning
from buccal bulb, between buccal pump and radular sac.
Small, oval salivary glands located at junction of oesopha-
gus with buccal bulb. Nervous system covers this junction.
Dense number of oral glands surrounding mouth. Oesopha-
gus continues and inserts into digestive gland + ovotestes
complex. Stomach and oesophagus concur in diffuse cham-
ber inside digestive gland + ovotestes complex. Small, kid-
ney-shaped stomach located in dorsal left part of body. Thin
and long intestine begins in stomach, run slightly towards
right side and ends in dorsal, posterior anus (Fig. 4c). Labial
cuticle surrounds lips and expands inside buccal pump. Sur-
rounding lips, labial cuticle armed. Elements smooth, cylin-
drical, ending in a cusp with rounded tubercles (Fig. 6a, b).
Inside the buccal pump, labial cuticle with honey-shaped
elements (Fig. 6¢). Radular formula 25-27 x 1.1.1.1.1.
Rachidian tooth small and rectangular. Inner lateral tooth
rectangular with wide base (Fig. 6d, e). Upper part folded
inwards giving place to masticatory margin. Masticatory
margin with one large, wide denticle, followed by 10-12
smaller denticles which become thinner and smaller towards
inner part (Fig. 6d, e). Outer lateral tooth much smaller,
conical, with single sharp cusp (Fig. 6e).
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Reproductive system (Figs. 2d, 4d and 6f). Reproductive
system located in anterior third of body. Thin hermaph-
roditic duct begins in ovotestis, located within digestive
gland + ovotestes complex. Preampullary hermaphroditic
duct expands in small sausage-shaped ampulla. Ampulla
continues into short, narrow postampullary duct, which
bifurcates into long, wide prostate and narrow oviduct.
Width of prostate and vas deferens without morphologi-
cal differentiation. Vas deferens long and coiled, ending in
penis at most distal part. Penis with numerous cilia along the
penis and hooked penial spines only located at base (Fig. 6f).
Vagina similar in width to vas deferens. Penis and vagina
partially inside large muscular penial bulb. Vagina short and
enters in female gland mass by very short and thin duct.
Bursa copulatrix large and oval; receptaculum seminis elon-
gated. Both appear to connect independently and directly to
female gland mass through very short duct. Receptaculum
seminis slightly smaller than bursa copulatrix.

Remarks The genus Ancula Lovén, 1846 was originally
proposed based on change of identification of Polycera cris-
tata Alder, 1841 type material. Later, Pruvot-Fol (1954)
declared the species Tritonia gibbosa Risso, 1818 as Ancula
and synonym of Ancula cristata. While Polycera cristata
remains as the type species of Ancula, it is considered a
junior synonym of Ancula gibbosa. The genera Drepaniella
and Eucrairia are also synonyms of Ancula. The genus
Drepaniella Burn, 1961 (type species Drepaniella mapae
Burn, 1961) was described as a new genus mainly due to
the difference of having one bifurcated process at the base
of each rhinophore, instead of a pair of single rhinopho-
ral process as occurs in Ancula (Burn, 1961a). However,
this name was already preoccupied by a genus of Hemip-
tera, so it was replaced for Eucrairia Burn, 1961 (Burn,
1961b). Subsequently, in 1972, Er. Marcus considered that
the state of the processes was not a sustained difference.
Thus, Drepaniella and Eucrairia become synonymous
with Ancula. Years later, these synonyms were questioned,
and Baba (1990) suggested the revision of the genus and
its likely new division, proposing the use of Ancula for the
species with several extra-branchial papillae on each side,
and Eucrairia for the species with a single extra-branchial
papilla on each side. This morphological difference was not
previously mentioned by Er. Marcus (1972) or Burn (1961a).
After the results here obtained and the bibliographic revision
of Ancula species, two important features led us to think that
the genus Eucrairia could be recovered in future studies: (1)
the number of papillae surrounding the anus as proposed by
Baba (1990) and (2) the presence/absent of the central tooth.
The presence of a central tooth has only been observed in
specimens identified as Ancula gibbosa, which have several
papillae around the anus (Thompson & Brown, 1984; Baba,
1990). The remaining species, Ancula espinosai Ortea,
2001; Ancula evelinae Er. Marcus, 1961; Ancula fuegiensis
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Odhner, 1926; Ancula kariyana Baba, 1990; Ancula len-
tiginosa Farmer & Sloan, 1964; and Ancula mapae (Burn,
1961), are described having only one papilla on each side
of the gill branches and, when information is available, they
lack rachidian teeth. Here we determined that the radular for-
mula of species of Ancula is Nx 1.1.1.1.1. However, further
phylogenetic studies using type material or newly collected
material of different Ancula species are needed to accept or
reject the recovery of the genus Eucrairia and consider both
genera Ancula and Eucrairia as monophyletic.

Although the systematic revision of species belonging to
Ancula is still needed, specimens here studied share the same
characteristics as the description of Ancula cristata (Alder,
1841), original type species of the genus Ancula. Ancula
cristata was first sampled from Cullercoats, England. It was
described as having transparent white body and may have a
wide variety of orange-yellow pattern along its different body
structures. Rhinophores pale yellow which may be tipped
with bright orange. There are two papillae at the base of each
rhinophore. Branchial gill three, with a transparent white col-
our and may have yellow tips. Gill surrounded by ten papillae
which may have orange or pale-yellow tips. Posterior end of
foot may be marked with an orange central line. The spe-
cies lacks spiculae (Alder, 1841; Alder & Hancock, 1845;
Baba, 1990). The digestive and reproductive systems of A.
gibbosa were previously described by Er. Marcus (1961) and
Baba (1990). Despite the doubts on the systematics of the
genus, based on our study of the type species Ancula Lovén,
1846, it is distinguished by having rhinophores lamellated,
a pair of papillae situated at the base of each rhinophore,
a variable number of papillae beside the gill and three gill
branches arranged in a semicircle around the anus. Internally,
the radular formula is Nx 1.1.1.1.1, and the penis is armed
(Table 1) (Alder & Hancock, 1845; Lovén, 1846; Forbes &
Hanley, 1853; Pruvot-Fol, 1954; Burn, 1961a; Er. Marcus,
1972; McDonald, 1983; Baba, 1990).

Genus Trapania Pruvot-Fol, 1931

Type species Trapania fusca (Lafont, 1874), by monotypy

Trapania graeffei (Bergh, 1880)

(Figs. 1d; 2e; 4e, f; and 6g)

Drepania graeffei Bergh, 1880: 599-652, pls 9-14

Material. (11,424 a, Basel Museum) France, Banyuls-
sur-Mer, 3 mm preserved, 02/03/1985, collected by H. R.
Haefelfinger, uCT scanning.

External morphology (Fig. 1d). Preserved specimen
3-mm length. Body elongated, ending in pointed end of
foot. Body lacks distinct notal border. One extra-rhinophoral
appendage located on side of each rhinophore, elongated and
short, orientated backwards. One extra-branchial appendage
with same shape and size as extra-rhinophoral appendages
on each side of gill. Rhinophores none retractile, long and
elongated, bearing 7 lamellae each. Rhinophoral sheaths
absent. Gill composed of three tripinnate branches, forming
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semicircle around anus. Oral tentacles long and elongated.
Foot thin. Anterior part of foot with two long and elongated
propodial tentacles. Mantle thick and muscular, lacks spic-
ules. Reproductive opening located on right lateral side in
first third of body.

Colour pattern (Fig. 1d). Body colour of living animal
well described by Bergh (1881). However, specimen here
studied preserved some details of body colour. Figure 1d
shows a photograph taken under the light microscope of the
borrowed specimen. Body of preserved specimen translu-
cent, orangish due to internal organs. Preserved specimen
retains brown spots along body. Brown spots more concen-
trated behind rhinophores, forming two patches from rhino-
phores towards extra-branchial processes, becoming more
dispersed on foot.

Foregut anatomy (Figs. 6e and 6g). Buccal bulb large,
thick and muscular (Fig. 4e). Elongated dorsal buccal pump,
expanding posteriorly (Fig. 4e). Radular sac small, short,
ventral and expanding posteriorly (Fig. 4e). Oesophagus
thin, beginning from buccal bulb, behind buccal pump. Pair
of very small, rounded salivary glands located at junction
of oesophagus with buccal bulb (Fig. 4e). Nervous system
covers this junction. Oesophagus continues posteriorly and
inserts into digestive gland + ovotestes complex. Stomach
and oesophagus join in diffuse chamber inside digestive
gland + ovotestes complex. Small, thin stomach located in
dorsal left part of body. Thin and long intestine begins in
stomach, runs upwards and turns towards right side of body.
Intestine terminates in dorsal, posterior anus (Fig. 4e). Stud-
ied specimen of Trapania graeffei was not dissected because,
to date, only one specimen has been found in the collections
of the several museums consulted. Therefore, we decided not
to study the radula and the labial cuticle under the scanning
electron microscope in order to maintain the integrity of
the animal. However, some details of these structures could
be observed thanks to uCT (Fig. 6g). Labial cuticle armed
and surrounds lips (Fig. 6g). Radular formula approximately
21x1.0.1. Lateral teeth with one large outer cusp and vari-
able number of pointed denticles along masticatory margin
(Fig. 6g). No further details can be determined due to resolu-
tion of the scanning.

Reproductive system (Figs. 2e and 4f). Reproductive sys-
tem located in anterior third of body. A wide preampullary
hermaphroditic duct originates in ovotestis, located within
digestive gland + ovotestes complex. Hermaphroditic duct
expands in very large and oval ampulla. Postampullary duct
short and narrow, divides into oviduct and prostatic por-
tion of vas deferens. Thick, large and bent prostate becomes
relatively short and narrows into thinner vas deferens. Distal
part of vas deferens enters penial bulb, covering penis and
vagina. Penial spines could not be observed under micro-
computed tomography. Vagina relatively long, slightly wider
close to genital opening. Vagina connects with large and
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ovoid bursa copulatrix. Long, narrow duct connects with
elongated and small receptaculum seminis at base of bursa
copulatrix. Short and thin uterine duct arises at base of
receptaculum and enters the female gland mass.

Remarks The type species of the genus Trapania, Trapa-
nia fusca (Lafont, 1874), was first described from Arcachon
(France) as Drepania fusca. However, this name was already
pre-occupied by a group of Hemiptera, and thus, Pruvot-Fol
(1931) proposed its change to Trapania (Kress, 1968). In
spite of being the type species of the genus, its synonym
with two other species, Trapania graeffei (Bergh, 1880) and
Trapania tartanella (Ihering, 1886), has been accepted for
years (Doneddu et al., 2020). Trapania graeffei (Bergh, 1880)
was originally described from Tegueste (Adriatic Sea), with-
out any comparison with T. fusca. Trapania tartanella was
described from Napoli (Italy), as a new species with differ-
ences in the number of penial spines and lack of black dots
on the back, which are present in T. graeffei and T. fusca
(Ihering, 1886). However, in describing 7. tartanella, Ihering
(1886) left some doubts about its differences with 7. fusca,
specifying that further anatomical studies would be necessary
comparing both species. At that moment, these three species
were not completely described, lacking details of the inter-
nal anatomy of all of them, and morphological differences
started to be questioned by several authors. Pruvot-Fol (1954)
and Schmekel (1968) considered T. tartanella and T. graef-
fei juveniles of T. fusca, while Baba (1935) and MacFarland
(1966) maintained T. tartanella and T. graeffei as synonyms,
keeping T. fusca as different species. Ortea et al. (1989) and
Cervera et al. (2000) support T. tartanella, T. graeffei and T.
fusca as three independent species.

To date, most authors have accepted that 7. tartanella is
a different species from 7. graeffei and T. fusca, based on
the colour pattern and radula features, but there were still
some doubts about the validity of 7. graeffei and T. fusca
(Haefelfinger, 1960; Kress, 1968; Ortea et al., 1989; Cervera
et al., 2000; Gosliner & Fahey, 2008). Recently, Doneddu
et al. (2020) reviewed this problematic framework and ana-
lyzed the descriptions and distributions of Trapania fusca
and Trapania graeffei published to date. They concluded that
both species must be considered valid based on the colour
pattern, attributing to 7. fusca the single specimen described
by Lafont (1874) from the Atlantic Ocean, and T. graeffei all
other specimens found in the Mediterranean Sea. Because
the coloration pattern and radular characters have been con-
sidered supporting features to distinguish between Trapania
species (Kress, 1968; Rudman, 1987; Cervera et al., 2000;
Fahey, 2004; Gosliner & Fahey, 2008), here we agree with
previous authors (Ortea et al., 1989; Cervera et al., 2000;
Donnedu et al., 2020) and retain the taxonomic status of 7.
tartanella, T. graeffei and T. fusca as different species until
further anatomical and molecular analyses that included these
three species can be performed.
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Neither Lafont (1874) nor Bergh (1881) specified in their
original descriptions where, if any, type specimens of 7.
fusca and T. graeffei were deposited. We have searched for
specimens of Trapania fusca in different museums around
the world and contacted collaborators and citizens in order to
collect new material. As for the Natural History Museums,
the Muséum de Bordeaux — Sciences et nature (Bordeaux,
France) has deposited some material studied by A. Lafont.
However, no specimens of Trapania fusca were found
among them. If the material was deposited in the Bordeaux
Museum, here we consider it lost (L. Charles pers. com-
mun.). In addition, as the original description is published
in the Journal of Conchyliologie, we asked the head of con-
servation of the mollusc collection at the Muséum National
d’Historie Naturelle in Paris, where most of the species
published in that journal are deposited. Unfortunately, the
type species of Trapania was not found there either. There-
fore, we conclude that the type material of T. fusca does not
exist. Among the divers and citizen consulted, who have
decades of experience in the biodiversity of the Arcachon
Bay, they indicated that 7. fusca has not been found in the
area at least since 1980 (M. Poddubetskaia pers. commun.),
when they started frequenting the area. We neither found
further material from other localities. The only one specimen
identified as T. fusca was the one studied here, deposited in
the Basel Museum (Switzerland). However, after Doneddu
et al. (2020), it must be considered Trapania graeffei until
proven otherwise.

In the original description of T. graeffei, Bergh (1881)
described the radula having 51 rows of teeth. The mastica-
tory margin has 22-24 denticles, ending in a large, pointed
hook. In the specimens here studied, we counted less rows
of teeth with the images taken from uCT scanning but this
difference in the radular formula could be due to the resolu-
tion of uCT, which seems insufficient when very small struc-
tures are studied. The large outer cusp is visible and agrees
with Bergh’s (1881) description. Regarding the reproductive
system of T. graeffei, only specimens from Villefranche-sur-
Mer (France, Mediterranean coast) were detailed studied and
drawn by Kress (1970, as T. fusca), whose description agrees
with the specimen here studied.

Although the type species of Trapania cannot be com-
pared with the remaining type species studied here, the
synapomorphies of the genus Trapania are well defined in
the literature, being the genus of the family Goniodorididae
easier to distinguish. Trapania species have a reduced mantle
margin. They are characterized by having a single pair of
curved extra-rhinophoral and extra-branchial appendages.
The rhinophores are lamellated, and the anus is surrounded
by three tripinnate gill branches that form a semicircle. Tra-
pania is the only genus of Goniodorididae with a single lat-
eral tooth, and the jaws have elements. The penis is armed
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(Table 1) (Kress, 1968; Rudman, 1987; Gosliner & Fahey,
2008).

Genus Goniodoridella Pruvot-Fol, 1933

Type species: Goniodoridella savignyi Pruvot-Fol, 1933
by monotype

Goniodoridella savignyi Pruvot-Fol, 1933

(Figs. le; 2f; 4g, h; 5d—f; and 7a—d)

Material. (QMMO 85913-85916) Australia, Queensland,
Mooloolah River, La Balsa Park, 30/08/2019, collected by
Gary Cobb, 96% EtOH, (QMMO 85913) 3 mm preserved,

Fig.7 a—d Scanning electron
micrographs of Goniodoridella
savignyi Pruvot-Fol, 1933
(QMMO 85914) and e-h
scanning electron micrographs
of Murphydoris singaporen-

sis Sigurdsson, 1991 (ZRC.
MOL.15663c¢). a Labial cuticle.
b Frontal view of rachis and
internal and external teeth. ¢
Detail of external teeth from
side view. d Penial spines. e
Frontal view of radula. f Frontal
view of rachis and internal and
external teeth. g Detail of inter-
nal teeth. h Penial spines. Scale
bars: a 5 um. b 50 pm. ¢ 30 um.
d 20 um. e 200 pm. £ 50 um. g
30 pm. h 50 ym

l GfBS

(QMMO 85914) 4 mm preserved, dissected (SEM: radula,
labial cuticle, penis), (QMMO 85915) 3 mm preserved, dis-
sected (SEM: radula, labial cuticle), (QMMO 85916) 3 mm
preserved, uCT scanning.

External morphology (Fig. le). Preserved specimens
3—4-mm length. Body elongated, ending in long and pointed
end of foot. Notal border well developed, reduced, covering
body. Two elongated and conical papillae located in front
of rhinophores. Along sides of body, edge of mantle ser-
rated due to presence of small pointed tubercles, but lacking
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well-developed papillae. On each side of body, wide, flat
and long posterior papilla extends up to the middle of tail at
end of mantle. Middorsal crest of small tubercles run from
behind rhinophores to gill. Rhinophores non-retractile, slen-
der and smooth. Rhinophoral sheaths absent. Gill composed
of six simple thin branches, forming semicircle around anus.
Gill branches grouped in pairs, sharing stalk. Oral tentacles
small and digitiform. Anterior part of foot rounded. Repro-
ductive opening located on right lateral side of body, in first
third of body.

Colour pattern (Fig. le). Hyaline white body with tuber-
cles, papillae, rhinophores, gill branches and posterior end
of foot tipped in yellow.

Foregut anatomy (Figs. 4g and 7a—c). Buccal bulb thick
and muscular. Dorsal buccal pump rounded, expanding
posteriorly (Fig. 4g). Radular sac long, ventral and expands
posteriorly (Fig. 4g). Oesophagus elongated, beginning from
posterior end of buccal bulb behind buccal pump. Elongated
salivary glands located at junction of oesophagus with buc-
cal bulb (Fig. 4g). Nervous system covers this junction.
Oesophagus continues posteriorly and inserts into digestive
gland + ovotestes complex. Stomach and oesophagus join in
diffuse chamber inside digestive gland 4 ovotestes complex.
Small, oval stomach located in left dorsal part of body. A
thin and long intestine originates in stomach, and continues
laterally towards right side of body. Intestine ends in dorsal,
posterior anus (Fig. 4g). Thin, weak labial cuticle surrounds
lips and expands within buccal pump. Labial cuticle with
honeycomb-shaped cuticle elements (Fig. 7a). Radular for-
mula 17x1.1.0.1.1. Inner lateral tooth with single large cusp
and wide, rectangular base (Fig. 7b). Cusp large and pointed,
with masticatory margin bearing 19-25 small, thin pointed
denticles (Fig. 7b). Denticles longer in middle part. Base
ends in sort of prominent wing with pointed edge in upper,
external part (Fig. 7b). Outer lateral tooth much smaller,
curved, with large and thick cusp in upper part, followed by
two rounded projections and small poorly developed cusp.
Base quadrangular (Fig. 7c¢).

Reproductive system (Figs. 2f, 4h and 7d). Reproductive
system located in anterior third of body. Thin preampullary
hermaphroditic duct originates in ovotestis, located inside
digestive gland + ovotestes complex. Hermaphroditic duct
expands into large, oval ampulla. Narrow postampullary
duct splits into two narrow ducts: oviduct duct and duct that
connects with prostatic portion of vas deferens. Prostate
large, wide, sausage-shaped, becomes thin and short vas
deferens. Distal part of vas deferens widens into penial bulb
in distal part. Penis with spines. Penial spines short, hooked,
arranged in rows (Fig. 7d). Short vagina connects to large,
rounded bursa copulatrix. At base of bursa continues a duct
that connects with large, pyriform receptaculum seminis.
Halfway to receptaculum seminis joins uterine duct. Bursa
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copulatrix and seminal receptacle similar in size. Uterine
duct connects with female gland mass.

Spicule pattern (Fig. 5d—f). Body supported by dense net-
work of spicules, which includes mantle, foot, gill branches,
oral tentacles and rhinophores, being more concentrated and
numerous in ventral part of body. Spicules elongated, wider
at middle part, with sharp ends. Tubercles of mantle, gill
branches and crest of mantle supported by disorganized set
of spicules at base, consisting of several spicules from man-
tle, which join at dorsal part as a pyramid shape. Spicules
at notal edge supports serrated margin, pointed outwards
(Fig. 5d, e). Rhinophores with dense amount of curved,
small spicules, forming tube which supports entire structure.
On foot, spicules form intercalated meshwork. Spicules of
foot wider and longer, arranged transversally from sides to
centre (Fig. 51).

Remarks The genus Goniodoridella Pruvot-Fol, 1933
was first described highlighting as diagnostic characteris-
tics the presence of two extra-branchial claviform processes
on the back of the gills, small and conical appendages in
front of the rhinophores and a slight crest in the midline
of the mantle (Pruvot-Fol, 1933). We were not able to find
specimens collected near the type locality, Gulf of Suez
(Egypt) (Pruvot-Fol, 1933). However, G. savignyi has been
reported widespread in Indo-Pacific waters and seems to
be common in Australia (Baba, 1960; Willan & Coleman,
1984; Rudman & Darvell, 1990; Rudman, 1998; Burn,
2006; Su et al., 2009; Martynov et al., 2015; Gosliner et al.,
2018), where the specimens here studied are from.

In the original description, Pruvot-Fol (1933) did not
clarify the coloration of specimens, stating that the specimen
studied from the Suez Canal did not have indications of col-
our (“un individu sans indications de coloration’). However,
in the next paragraph, the author also mentioned that the col-
our was black (“de couleur sombre”). In following publica-
tions, the general body colour of G. savignyi appears whitish
with yellow patches on the middorsal crest and mantle edge,
tip of rhinophores and posterior branchial processes yellow
and may yellow tip of gill branches (Baba, 1960). This col-
our pattern is also found in several publications reporting
the species (Willan & Coleman, 1984; Rudman & Darvell,
1990; Rudman, 1998; Burn, 2006; Su et al., 2009; Martynov
et al., 2015; Gosliner et al., 2018).

The specimens here studied match with the original
description having smooth rhinophores and simple gill
branches, one small, conical papilla in front of each rhino-
phore and one claviform papilla behind the gill (Pruvot-Fol,
1933). Moreover, G. savignyi has a serrated mantle margin
and a middorsal crest (Pruvot-Fol, 1933). Pruvot-Fol (1933)
described the radular formula 1.1.0.1.1, but did not indicate
the number of rows, neither detailed the shape of external
teeth due to the small size. Afterwards, Baba (1960) found
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G. savignyi in Japanese waters and described more details
of the gill, having three bipinnate branches, and the radular
formula with 12—18 rows of teeth.

Despite the fact that G. savignyi has been found and
reported by numerous authors (Baba, 1960; Willan &
Coleman, 1984; Rudman & Darvell, 1990; Rudman,
1998; Burn, 2006; Su et al., 2009; Gosliner et al., 2018;
Martynov et al., 2015), the anatomy of its reproduc-
tive system has not been described previously. Here
we include for first time scanning electron microscope
photographs of its radula, penis and labial cuticle and a
detailed description of its reproductive system.

Currently, the genus Goniodoridella only includes two
species, G. savignyi and G. borealis Martynov, Sanamyan
& Korshunova, 2015. G. borealis was described as differ-
ent species according to the colour and details of the dor-
sal processes. However, its coloration is transparent whit-
ish with light and dark yellow on the dorsal crest, mantle
edge, rhinophores, gill branches and anterior and posterior
papillae (Martinov et al., 2015a), as well as in G. savignyi.
Also, G. borealis has discrete lamellae on the rhinophores
and the radula formula is 15x 1.1.0.1.1 while the rhino-
phores of G. savignyi are smooth and the radula formula
is 12-18x 1.1.0.1.1 (Baba, 1960; Martynov et al., 2015).
Despite the probability of existence of species complex
within G. savignyi (Martynov et al., 2015), further molecu-
lar studies would be needed to ensure the difference between
these species due to the highly similar anatomical features.

The genus Goniodoridella is characterized by having
a mantle edge marked by spicules, giving a serrated crest
appearance, but without papillae. It has claviform extra-
branchial processes behind the gill and small, conical
appendages in front of the rhinophores. The rhinophores can
be lamellated or smooth; the anus is surrounded by a variable
number of simple gill branches forming a semicircle around
the anus. The radula formula is Nx 1.1.0.1.1 (Table 1) (Pru-
vot-Fol, 1933; Baba, 1960; Martynov et al., 2015).

Genus Murphydoris Sigurdson, 1991

Type species: Murphydoris singaporensis Sigurdsson,
1991 by monotypy

Murphydoris singaporensis Sigurdsson, 1991

(Figs. 1f; 2g; 44, j; and 7e-h)

Material. Paratype (ZRC.MOL.15663). Singapore,
Buloh, mangroves between Kranji and Sungei Rivers, three
specimens, 15/04/1987, collected by J. B. Sigurdsson. One
specimen scanned under pCT (ZRC.MOL.15663a), one
specimen dissected (ZRC.MOL.15663c).

External morphology and colour pattern (Fig. 1f).
Described in detail in the original description by Sigurdson
(1991).

J GfBS

Foregut anatomy (Figs. 41 and 7e—g). Buccal bulb is
described and drawn by Sigurdson (1991: 262, Fig. 1d).
Oesophagus continues posteriorly and inserts into diges-
tive gland 4+ ovotestes complex. Stomach and oesophagus
meet in diffuse chamber inside digestive gland + ovotestes
complex. Small, oval stomach located in left dorsal part of
body. Thin and long intestine begins in stomach, continu-
ing laterally towards right side of body and ends in dor-
sal, posterior anus (Fig. 41). Labial cuticle smooth. Radular
formula 14 x 1.1.0.1.1. Inner lateral tooth with single large,
thin cusp and wide, rectangular base (Fig. 7e—g). Cusp
large and pointed. Masticatory margin bears 9—11 small,
pointed denticles (Fig. 7e—g). Posterior end of cusp well
developed, ending in a sort of prominent wing with pointed
edge (Fig. 7e—g). Outer lateral tooth much smaller, with two
pointed cusps, upper one thinner and more pointed than
lower one (Fig. 7e-g).

Reproductive system (Figs. 2g, 4j and 7h). Reproductive
system small, located in anterior third of body. Thin pream-
pullary hermaphroditic duct originates in ovotestis, located
within digestive gland + ovotestes complex. Hermaphroditic
duct expands in small, oval ampulla. Short postampullary
duct divides into oviduct duct and prostatic portion of vas
deferens. Prostate starts as narrow duct and then expands
in wide elongate sac. Prostate narrows and continues as
vas deferens, ending in penis. Penis with hooked spines,
similar in shape and size of spines along penis (Fig. 7h).
Vagina short and narrow, connects with large and rounded
bursa copulatrix. At base of bursa copulatrix, thin duct joins
smaller, oval receptaculum seminis. Uterine duct emerges
from female gland mass and connects at base of receptacu-
lum seminis.

Spicule pattern. The pCT scan did not show a marked
spicule pattern. Some spicules were seen scattered through
the layers but we were not able to obtain clear photographs
of them. Sigurdson (1991) described the body wall with
numerous spicules which disappeared in preserved speci-
mens. Swennen and Buatip (2012) found spicules elsewhere
in the skin, including the foot.

Remarks. The genus Murphydoris Sigurdsson, 1991
only includes one species, Murphydoris singaporensis
Sigurdsson, 1991, originally described from Singapore.
Murphydoris was proposed as a new genus mainly distin-
guished by the lack of lamellae in the rhinophores and dor-
sal gill surrounding the anus (Sigurdsson, 1991; Swennen
& Buatip, 2012). Sigurdsson (1991) described the species
as having a reduced mantle edge, with a small upstanding
ridge, some appendages located on the posterior part of
the body, radular formula Nx 1.1.0.1.1 and armed penis
(Sigurdsson, 1991; Swennen & Buatip, 2012). To date, the
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only available photographs of this species were published
by Swennen and Buatip (2012) based on specimens col-
lected in Thailand. These authors also provided a complete
anatomical description of the species.

Here we fully describe the type material of the mono-
typic species of the genus for the first time, showing pic-
tures of the specimens and scanning electron microscope
photographs of the radula, labial cuticle and penis. The
study of the paratypes allowed us to find some differ-
ences with the original description. Sigurdsson (1991)
described the species as follows: “Mantle edges form two
low ridges starting slightly in front of and to the sides
of the rhinophores; these extend backwards, each end-
ing in three bifid to trifid papillae on each side of anus,
behind which the ridges join to form a median metapodial
ridge. There are no peri-anal ctenidia”. However, we have
observed that these three bifid or trifid papillae are, in
fact, a tripinnate gill. It constitutes one gill branch located
at the posterior part of the mantle edge. This position
of the gill is characteristic of Murphydoris within Goni-
odorididae family. Thus, the body of this species lacks
papillae.

Regarding the reproductive system of the species, in
overall the description and drawing of Swennen and Buatip
(2012) match with the paratypes. However, we found some
differences in the female part. Swennen and Buatip (2012)
described a long receptaculum seminis and drawn this
structure arising from the vagina, followed by a small and
rounded bursa copulatrix, which also emerges from the
vagina. In the paratypes, we observed that the vagina is
connected with a rounded bursa copulatrix. At the base of
the bursa emerges a second duct that connects to a smaller,
oval receptaculum seminis. Near the base of the receptacu-
lum seminis the uterine duct arises. These differences could
be due to the interpretation of the drawing since Swennen
and Buatip (2012) did not describe the connections in the
main text of the article. Here we describe in detail the inter-
nal anatomy of the species, being important to clarify the
morphology of the different structures and the connections
between them since it has taxonomic importance for the
characterization of the species.

The study of the paratype of Murphydoris singaporensis
allowed us to conclude that the genus is characterized by
having a reduced mantle margin, lacking dorsal or lateral
papillae. The rhinophores are smooth, and it is the only
genus characterized by having the gill branches located at
the posterior end of the mantle margin, instead surround-
ing the anus. The radula has one inner and one outer lateral
tooth, with an armed labial cuticle (Table 1). Moreover,
the species also have a muscular thickening of the oesoph-
agus, described by Sigurdsson (1991) as oesophagal pump.
This structure has been only described in the present spe-
cies, and it could be a synapomorphy of the genus.
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Discussion

Micro-CT has been used to study the anatomy of different
groups of molluscs, giving important information to the
taxonomic and phylogenetic knowledge of species (Hand-
schuh et al., 2013; Candas et al., 2016; Palmer et al., 2017;
Marcondes Machado et al., 2019). The advantages of this
tool include the study of the taxonomic characteristics of
small specimens while maintaining the integrity of rare
animals, the possibility of discovering new diagnostic char-
acteristics and the examination of organs in their natural
position (Faulwetter et al., 2014; Marcondes Machado
et al., 2019). However, there are still limitations in the abil-
ity to distinguish organs of similar density and lack of reso-
lution for the visualization of small structures (Marcondes
Machado et al., 2019), such as the radula, labial cuticles
and penial spines in our specimens. Therefore, to date, the
combination of micro-CT scanning with traditional tech-
niques as dissections and scanning electron microscope is
the best way to study small nudibranchs.

The family Goniodorididae belongs to the superfamily
Onchidoridoidea Gray, 1827, which includes five families:
Onchidorididae Gray, 1827; Goniodorididae H. Adams &
A. Adams, 1854; Corambidae Bergh, 1871; Calycidorididae
Roginskaya, 1972; and Akiodorididae Millen & Martynov,
2005 (Hallas & Gosliner, 2015). The superfamily has been
characterized by the presence of a buccal pump, gather-
ing the different families into Suctoria (Valdés & Bouchet,
1998; Millen & Martynov, 2005; Hallas & Gosliner, 2015).
The shape of the inner lateral teeth is also shared in Onchi-
doridoidea families, with hook-shaped inner lateral teeth,
with the exception of Akiodorididae (Millen & Martynov,
2005; Hallas & Gosliner, 2015). Moreover, the spicules
show a common pattern in families Goniodorididae and
Onchidorididae, having overlapped sheets of spicules in the
mantle and the tubercles are supported by spicule mounds
(Penney et al., 2018; Paz-Sedano et al., 2021). Regarding
the family Goniodorididae, the spicule pattern has been
studied in species Okenia rosacea and Lophodoris daniels-
seni, in addition to the specimens of Goniodoris nodosa
and Goniodoridella savignyi here included (Penney et al.,
2018; Paz-Sedano et al., 2021). Due to the shared pattern
among genera, as well as the presence or absence of spic-
ules within a same genus (e.g. the presence of spicules
in O. rosacea but the lack of spicules in O. elegans), the
spicule pattern seems to be a taxonomic characteristic at
the superfamily level. The evolution of this feature within
the superfamily cannot be known until further species are
studied and phylogenetic relationships among species and
genera are clarified.

Goniodorididae is characterized by having a generally
reduced mantle margin, the body may present dorsal and/
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or lateral papillae, rhinophores are lamellated or smooth,
the anus is dorsal and often surrounded by gill branches
and the radula formula may be 1.0.1, 1.1.0.1.1, 1.1.1.1.1.
The jaws are weak or absent, and they feed on ascidi-
ans and bryozoans. The receptaculum seminis connects
adjacent to or on the uterine duct (Thompson & Brown,
1984; Edmunds & Just, 1985; Gosliner, 2004; Rudman,
2004; Gosliner & Fahey, 2008; Swennen & Buatip, 2012;
Hallas & Gosliner, 2015; Edmunds, 2009). However, the
features of each genus seem to be unclear, since several
undescribed species can be found in field guides ascribed
to different genera. For instance, Murphydoris sp. in
Coleman (2008: 295) is identified as Goniodoridella sp.
1 in Debelius and Kuiter (2007: 29). Also, Goniodoridella
sp. 3 by Nakano (2018: 166) is identified as Goniodoris
aspersa Alder & Hancock, 1846 by Debelius & Kuiper
(2007: 28).

Dichotomous key

1. Broad mantle margin ...2
- Absence or reduced mantle margin ....3

2. Presence of strong spicules supporting a dorsal and mantle crest, lack
dorsal and lateral papillae, radular formula N x 1.1.0.1.1....

Regarding the external similarities that may confuse the
identification of species between Goniodorididae genera,
we could group them into three groups, (1) Goniodoris and
Lophodoris, which have a broad mantle margin; (2) Ancula,
Trapania and Spahria, which have a cylindrical body shape,
and (3) Okenia, Goniodoridella and Murphydoris, which
have a reduced mantle margin.

Goniodoris and Lophodoris lack dorsal or lateral papillae,
the rhinophores are lamellated and have several gill branches
around the anus and the radular formula is Nx1.1.0.1.1
(Table 1; Fig. 8) (Friele & Hansen, 1876; Wigele & Cervera,
2001; Ekimova et al., 2019; Paz-Sedano et al., 2021). However,
only Lophodoris has long, strong spicules, and a dorsal crest
(Table 1; Fig. 8) (Friele & Hansen, 1876; Marcus & Marcus,
1970; Paz-Sedano et al., 2021). Ancula, Spahria and Trapa-
nia share the presence of appendages in front of the rhino-
phores, which are lamellated (Table 1; Fig. 8) (Risbec, 1928;

Broad mantle margin

rhinophores dorsal crest
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formula N x 1.1.0.1.1.... Goniodoris

3. Absence of mantle margin, giving a cylindrical body shape ....

- Presence of reduced mantle margin .... 6

4. Prsence of extra-branchial and extra-rhinophoral appendages ... 5
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radular formula N x 2.1.0.1.2 ... Spahria

5. Several extra-branchial appendages forming a circle around the gill, two
extra-rhinophoral appendages, radular formula N x 1.1.1.1.1 .

- Two extra-branchial appendages forming a circle around the gill, two
extra-rhinophoral appendages, radular formulaN x 1.0.1....

6. Presence of lateral and/or dorsal papillae ..................
- Absence of lateral and dorsal papillae, gill branches located at the end of
the notal edge, on each side of the anus, radular formula N x 1.1.0.1.1

.. Murphydoris

7. Two conical lateral papillae in front of the rhinophores, several near the
gill branches, rhinophores lamellated or smooth, radular formula

N x1.1.0.1.1 .... Goniodoridella

- Several lateral papillae around the entire mantle edge, may have dorsal
papillae, rhinophores always lamellated, radular formula N x 1.1.0.1.1 ..

.. Okenia

Fig.8 Dichotomous key of Goniodorididae genera
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Thompson & Brown, 1984; Baba, 1990; Gosliner & Fahey,
2008). However, Spahria lacks extra-branchial appendages
(Risbec, 1928), Ancula has several extra-branchial appendages
forming a circle around the gill (Baba, 1990) and Trapania
has only two (Gosliner & Fahey, 2008). Internally, the radu-
lar formula is also different, with Nx1.1.1.1.1, Nx2.1.0.1.2
and N x 1.0.1 for Ancula, Spahria and Trapania, respectively
(Table 1; Fig. 8) (Risbec, 1928; Thompson & Brown, 1984;
Baba, 1990; Gosliner & Fahey, 2008). The most problematic
group may be the one including Okenia, Goniodoridella and
Murphydoris. All three genera were described with a reduced
mantle margin with lateral papillae and radular formula
Nx1.1.0.1.1 (Pruvot-Fol, 1933; Sigurdsson, 1991; Gosliner,
2004; Rudman, 2004; Swennen & Buatip, 2012; Martynov
et al., 2015). However, Okenia may have papillae around the
entire mantle edge and dorsal papillae, while Goniodoridella
has two lateral papillae in front of the rhinophores and several
near the gill branches (Pruvot-Fol, 1933; Gosliner, 2004). Oke-
nia has lamellated rhinophores (Gosliner, 2004), while in Mur-
phydoris thinophores are smooth (Swennen & Buatip, 2012).
In addition, our study of Murphydoris singaporensis paratypes
allowed us to observe that the appendices located on each side
of the anus, at the end of the notal edge, are gill branches.
Therefore, the species lack dorsal and lateral papillae. This
characteristic is unique to Murphydoris and, together with its
smooth rhinophores and its body shape, allows to distinguish
this genus from other Goniodorididae (Table 1; Fig. 8).

Despite the possibility that future studies including more
species of Goniodorididae could recover some synonymized
genera, our results attempt to facilitate the identification of
each current valid genera, the assignment of species to each
genus and future morphological comparisons.
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