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Abstract

We describe a new species, Moridilla jobeli sp. nov., belonging to the marine heterobranch group Aeolidioidea. Up to 
now, it is only recorded from Bunaken National Park, North Sulawesi, Indonesia. A combination of histological, computer 
tomographic and scanning electron microscopic methods was applied in order to describe and illustrate the anatomy of 
Moridilla jobeli sp. nov. in detail. Furthermore, we conducted molecular analyses which include available partial COI and 
16S rRNA sequences, as well as the nuclear gene Histone 3 (H3) of Facelinidae and Aeolidiidae. NeighborNet analyses, 
species delimitation tests and phylogenetic reconstruction methods show the distinctiveness of the new species from the 
type species Moridilla brockii Bergh, 1888 and the two recently described species Moridilla fifo Carmona & Wilson, 2018 
and Moridilla hermanita Carmona & Wilson, 2018, as well as the monophyly of the genus. A phylogenetic analysis of 
the Facelinidae and Aeolidiidae does not result in a resolved tree, therefore relationship of former assumed closely related 
genera, Noumeaella Risbec, 1937 and Palisa Edmunds, 1964, cannot be discussed in detail.

Abstrak

Kami mendeskripsikan spesies baru, Moridilla jobeli sp. nov., dari taxon Aeolidioidea, dikumpulkan di Sulawesi Utara, 
Indonesia, dengan menerapkan metode histologis, tomografi komputer dan metode scanning electron microscopic, untuk 
menganalisis anatominya secara rinci. Selanjutnya analisis molekuler dilakukan dengan memasukkan sekuens yang 
tersedia dari COI parsial, 16S rRNA, parsial dan Histone 3 (H3) dari Facelinidae dan Aeolidiidae. Analisis NeighborNet, 
tes delimitasi spesies dan metode rekonstruksi filogenetik menunjukkan kekhasan spesies baru dari jenis spesies Moridilla 
brockii Bergh, 1888 dan dua spesies Moridilla fifo Carmona & Wilson, 2018 dan Moridilla hermanita Carmona & Wilson, 
2018, yang baru-baru ini dijelaskan, serta monophyly dari genus. Analisis filogenetik dari Facelinidae dan Aeolidiidae 
tidak menghasilkan pohon yang terselesaikan, oleh karena itu hubungan keduanya yang diasumsikan terkait erat dengan 
genera Noumeaella Risbec, 1937  dan Palisa Edmunds, 1964, tidak dapat dibahas secara rinci.

Key words: Facelinidae, Aeolidiidae, Noumeaella, Palisa, systematics, species delimitation, integrative taxonomy
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Introduction

During various species diversity studies in Bunaken National Park, North Sulawesi, Indonesia (Eisenbarth et al. 
2018; Kaligis et al. 2018), four undescribed species of Noumeaella Risbec, 1937 were recorded. Edmunds (1970) 
postulated a close relationship between Noumeaella, Palisa Edmunds, 1964 and Moridilla Bergh, 1888, based on 
similarities of rhinophores, foot tentacles, cerata shape and radula morphology. Thus, assignment of new detected 
species to one of these genera is difficult without a thorough morphological analysis applying all state of the art 
techniques like histological studies or micro-computed tomography. Additionally, the relationship of these three 
genera within the Facelinidae was not thoroughly analysed by any morphological or molecular phylogenetic studies. 
Latest molecular studies render Facelinidae paraphyletic (Carmona et al. 2013; Mahguib & Valdés 2015; Goodheart 
et al. 2015; Goodheart 2017; Goodheart et al. 2018; Martynov et al. 2019) and even contradict a close relationship 
of these genera. Palisa groups with some facelinid taxa, whereas Noumeaella groups with other facelinids as sister 
taxon to Aeolidiidae. Moridilla brockii (included only in one study on Aeolidiidae) clusters with facelinid species 
but not with Noumeaella (Carmona et al. 2013). In the available genomic studies (Goodheart 2017; Goodheart et al. 
2017, 2018; Martynov et al. 2019) Moridilla was not included; however, Palisa groups with genera that also show 
a closer relationship to Moridilla (see Carmona et al. 2013) than to Noumeaella. The description of the monotypic 
genus Moridilla with Moridilla brockii was based on a single individual from Pulau Dapur, Java, Indonesia (Bergh 
1888). Various records throughout the Indo-Pacific seem to confirm a wide spread distribution of this species. Re-
cent morphological descriptions of two further species from Papua New Guinea and Northern Australia (Carmona 
& Wilson 2018) increase information on this genus, however data given for some characters are insufficient.

A barcoding approach of the Bunaken material from the studies of Eisenbarth et al. (2018) and Kaligis et al. 
(2018) revealed that two of the therein mentioned Noumeaella species actually group with the genus Moridilla. This 
corroborates the difficulty in assigning specimens correctly to the genera mentioned. Here we want to clarify and 
support the affiliation of one of these new species, Moridilla jobeli sp. nov., to other described Moridilla species 
and demarcate this new species from other similar looking Moridilla and Noumeaella species. We also address the 
phylogenetic relationship of these two genera within the Facelinidae by a first molecular phylogenetic approach of 
this taxon and discuss the current systematic situation. 

Material and methods

Taxon sampling. Specimens were collected in Bunaken National Park (BNP), North Sulawesi, Indonesia during 
2015-2016 by scuba diving (Figure 1, Table 1). For details see Eisenbarth et al. (2018). One further specimen from 
Bangka Island, North Sulawesi, Indonesia, collected in 2017, was also included in the analysis, as it looks similar 
to the new species. All individuals were sampled between 4 to 12 m water depths from various substrates such as 
Caulerpa racemosa, coral rubble and sponges. No association to any specific hydrozoan substrate was observed. 
Specimens were photographed alive and subsequently transferred to 96% ethanol or preserved in formaldehyde/sea-
water (1:5), after removing a small piece for barcoding. Detailed information on specimens with our internal identi-
fiers and museum numbers will be available in Diversity Workbench (Triebel et al. 2018) within the module Diver-
sity Collection. Type material is stored in the Museum Zoologicum Bogoriense in Bogor, Java, Indonesia (MZB.
Gst.21.592; MZB.Gst.21.593) and Sam Ratulangi University, Manado, North Sulawesi, Indonesia (SRU20190001). 
All further material is stored at Sam Ratulangi University collection. For specific numbers see Table 1.

Morphological investigation. One specimen (SRU20190001, 15 mm) was embedded in hydroxyethyl meth-
acrylate for serial sectioning (2.5 μm) (Kulzer ®7100). Sections were stained with toluidine blue and investigated 
under an Olympus microscope (CX41). Regions of special interest were photographed with an Olympus DP22 and 
analysed with the accompanying software cellSensV1.15, or a ZEISS AXIO, Imager.Z2M with ZEISS AxioCam 
HRc and the software AxioVision, Release 4.8.1 (11-2009). For MicroCT analyses, one paratype (MZB.Gst.21.593) 
was stained with a 1% iodo-potassium iodide solution (lugolian solution), then critically point dried with the au-
tomated critical-point-dryer Leica EM CPD300 and scanned with a SkyScan1272 -CT scanner with the following 
parameters: source voltage: 26kV, source current: 197 µA, exposure time: 900 ms, rotation steps: 0.1 over 360, 
frame averaging: 8, random movement: 15, 3 horizontal scans combined, image pixel size: 2,999 µm. Reconstructed 
images were imported into Thermofisher Amira 6.5.0 to segment individual structures. The arithmetic function was 
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used to separate the individual materials and subsequently exported as .tif stacks. Volume rendering was performed 
with Volume Graphics VGStudio Max 3.2.

Following the CT-scan, this specimen (MZB.Gst.21.593) was rehydrated, radula and jaws removed and used 
for scanning electron microscopy with a ZEISS SIGMA 300 VP and SmartSEM vers. 5.09. Jaws were also inves-
tigated under the light microscope. 

FIgure 1. Location of study area: (A) Indonesia and Sulawesi with dashed lines indicating close-up area in B. (B) Localities 
(red dots) in Bunaken National Park (BNP).

Molecular analyses. Mitochondrial cytochrome c oxidase subunit I (COI) and 16S rRNA were sequenced 
for 12 Moridilla specimens and seven specimens belonging to Facelinidae (Table 1). Based on the results of Kor-
shunova et al. (2017) and Goodheart et al. (2018) with regard to paraphyly of Facelinidae and outgroup results, 
we retrieved all available sequences of Facelinidae and Aeolidiidae from GenBank. According to the published 
phylogenetic analyses we chose available sequences of Unidentia and some Flabellinoidea as outgroup. Accession 
numbers of all used sequences are listed in Table 2. Additionally we run an analysis including more cladobranch 
members. Details are provided in Supplementary Table 1.
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DNA-Isolation has been carried out by means of QIAGEN® DNeasy Blood and Tissue-Kit, following manufac-
turer’s instructions. Partial sequences of mitochondrial COI (ca. 680bp) and ribosomal 16S (ca. 450bp) were ampli-
fied by polymerase chain reaction (PCR) using the primers LCO1490-JJ (5’ –CHACWAAYCATAAAGATATYGG-
3’) and HCO2198-JJ (5’-AWACTTCVGGRTGVCCAAARAATCA-3’) (Astrin & Stüben 2008) for COI; 16Sar-L 
(5′ -CGCCTGTTTATCAAAAACAT-3’) and 16Sbr-H (5′- CCGGTCTGAACTCAGATCACGT-3’) (Palumbi et al. 
2002) for 16S. The amplification of COI was carried out by denaturation for 15 min at 95 °C, followed by 15 touch-
down cycles [94 °C for 35 s, 55 °C (-1 per cycle) for 90 s, 72 °C for 90 s] along with 25 standard cycles (94 °C for 
35 s, 40 °C for 90 s, and 72 °C for 90 s), with a final extension of 10 min at 72 °C. Amplification of partial 16S was 
performed by denaturation for 15 min at 95 °C, followed by nine touchdown cycles [94 °C for 45 s, 56 °C (−1 °C 
per cycle) for 45 s, 72 °C for 90 s] along with 25 standard cycles (94 °C for 90 s, 48 °C for 90 s, and 72 °C for 90 s), 
with a final extension of 10 min at 72 °C. PCR products were sequenced by Macrogen Europe (Netherlands).

Alignments were obtained using the web server of MAFFT (Kuraku et al. 2013) in default settings with the 
progressive method G-INS-1. Two alignments were used for this study: 1) The full data set, based on nuclear gene 
H3 and mitochondrial genes 16S and COI, comprises sequences of 151 specimen including all available Facelinidae 
and Aeolidiidae sequences from NCBI and new sequences, with a length of the concatenated alignment of 1480 
positions (H3 positions 1-327, 16S rRNA positions 328-822, COI positions 823-1480); 2) The reduced data set 
comprises sequences of 35 specimens, and includes only sequences of Moridilla, Noumeaella and Palisa, and the 
outgroups mentioned above, in a concatenated data set of COI and 16S (COI positions 1– 658, 16S rRNA positions 
659–1118). Maximum Likelihood (ML) analyses of all analyses were performed using RAxML v0.6.0 BlackBox 
(Kozlov et al. 2018) with default settings and automatic bootstopping.

The reduced data set, which includes only the three genera, was used for detailed delimitation analyses to evalu-
ate distinctiveness of the three genera and Moridilla species: Distance analysis was performed in BioEdit Vers. 7.2.5 
(Hall 1999), NeighborNet analysis were carried out by using SplitsTree 4.14.3 (Huson & Bryant 2006). Species 
delimitation tests were conducted in the graphic ABGD web version (Puillandre et al. 2012) for COI, and the bPTP 
web server (Zhang et al. 2013) for COI and16S. Species delimitation tests were performed in default settings.

results

Systematics

Nudibranchia Cuvier, 1817

Cladobranchia Willan & Morton, 1984

Family Facelinidae Bergh, 1889 

genus Moridilla Bergh, 1888

Type species. Moridilla brockii Bergh, 1888

Diagnosis. The genus Moridilla is characterized by the following features: Body elongate, slender, tapering at 
posterior end of foot. Foot narrow; foot corners tentacular elongated. Rhinophores side by side, papillate. Tentacles 
elongate. Anterior cerata in slanted rows with innermost dorsal cerata unique in shape, significantly elongated, in 
coiled position, differently coloured; get fully extended in length and waved about forcefully when animal feels 
threatened. Jaw medium sized, masticatory border strong, slightly curved with single row of denticles. Radula uni-
seriate. Penis unarmed. Semi-serial receptaculum seminis (Bergh 1888; Edmunds 1970).

Moridilla jobeli sp. nov. Schillo & Wägele
(Figures 2–10)

Type material. Holotype: Museum Zoologicum Bogoriense, Bogor, Java, Indonesia: MZB.Gst.21.592; col-
lected 20th October 2016 by Jobel Dialao; Cela cela, Bunaken, BNP, North Sulawesi, Indonesia, 1°36’42.4’’N, 
124°46’04.7’’E; depth 9.2m; length 20 mm; tail used for barcoding (GenBank No. MK514311, MK478682). 
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Paratypes: Museum Zoologicum Bogoriense, Bogor, Java, Indonesia: MZB.Gst.21.593; collected 20th October 
2016 by Jobel Dialao; Cela cela, Bunaken, BNP, North Sulawesi, Indonesia, 1°36’42.4’’N, 124°46’04.7’’E; depth 
9.2m; one specimen, length 35 mm; tail used for barcoding (GenBank No. MK514312). Collection of Sam Ratu-
langi University, Manado, North Sulawesi, Indonesia: SRU20190001; collected 19th August 2015 by Jobel Dialao; 
Cela cela, Bunaken, BNP, North Sulawesi, Indonesia, 1°36’42.4’’N, 124°46’04.7’’E; depth 7m; one specimen, 
length 15 mm, used for serial sectioning. 

Additional material, see Table 1. All further material is deposited in the collection of Sam Ratulangi University, 
Manado, Indonesia.

Type locality and live observation. Only recorded from several localities in Bunaken National Park, North 
Sulawesi, Indonesia (Figure 1, Table 1). When disturbed, animals started to swim with lateral movements to avoid 
disturbance and inner cerata are forcefully extended, as typical for the genus. 

FIgure 2. Moridilla jobeli sp. nov.: Living animals. (A) SRU2015/01/Nosp2-15Bu-2 on Caulerpa racemosa, with close-
up of cerata. (B) Paratype SRU20190001. (C) Paratype SRU20190001ventral view, SRU2015/01/Nosp2-15Bu-2 lateral view 
on original substrate Caulerpa racemosa. (D) SRU2016/02/Nosp2-16Bu-1 in situ, with close-up of cerata. (E) SRU2016/02/
Nosp2-16Bu-5 crawling on sponge. (F) Holotype MZB.Gst.21.592 in situ on sponge.
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etymology. This species is dedicated to Jobel Dialao, Bunaken Island, whose outstanding skills and dedication 
in finding and collecting marine heterobranchs are honoured here. 

external morphology and colour (Figures 2A–F). Length of living specimens up to 60 mm; body elongate 
and slender, tail pointed. Rhinophores smooth anteriorly, with dense papillae only in posterior part. Oral tentacles 
twice the length of rhinophores (Figure 2B); propodial tentacles of similar length as rhinophores, with tips recurved 
and pointed (Figure 2C). Cerata arranged in indistinct 4–6 clusters, with the first right and left cluster separated from 
the hind groups by the elevated pericardial area (Figures 2B, D). Cluster in the hind part distinguishable mainly by 
the large inner cerata leaving a bare mid-dorsal zone, whereas small outer cerata arranged in one to two irregular 
lines (Figure 2B). Cerata curved inwardly. No distinct notum border present. Foot slightly wider than body when 
crawling on substrate. Genital openings behind first cerata cluster, followed closely by the nephropore. Anus situ-
ated between the second and third cerata cluster. 

General colouration of the specimens varying from pale to more intense orange (Figures 2A–F). Notum, foot 
and foot tentacles translucent-opaque, only in few specimens with a tinge of darker cream or orange colouration 
at the dorsum; head usually translucent, in few specimens darker in colouration (cream to orange). Tips of rhino-
phores cream coloured to light brownish or orange, but base never with coloration. White patch behind rhinophores, 
sometimes continuing anteriorly between rhinophores. First two thirds of oral tentacles with white pigmentation at 
least in the posterior part; towards tips cream, brownish or orange coloured. Longest inner cerata white with light 
brownish or orange colouration at the base, tips always translucent; smaller cerata with less white pigmentation than 
longest cerata. Tail dorsally with white pigment. 

Anatomy and histology 
(Figures 3–10, Suppl. Videos, Suppl. Fig. 1). 

Two specimens, one juvenile (histology; paratype SRU20190001), one adult (µ-CT; paratype MZB.Gst.21.593) 
were investigated (see Table 1). The first supplementary video shows a 3D reconstruction of µ-CT scans of 
Moridilla jobeli sp. nov. (paratype MZB.Gst.21.593). Some organs are displayed in diverse colours. The second 
supplementary video shows a series of µ-CT scans of cross sections through Moridilla jobeli sp. nov. (paratype 
MZB.Gst.21.593) from posterior to anterior. The Supplementary Figure 1 gives an overview of the positions of 
organs in µ-CT scans of longitudinal sections of the animal.

Digestive tract (schematic outline in Figure 3A, µ-CT reconstructions in Figures 4A–D). Mouth opening sur-
rounded by thick specialized vacuolated epithelium (Figure 5A); leading into very short oral tube, surrounded by 
transversal muscle layer; epithelium consisting of specialized vacuolated cells, strongly ciliated; no mucus cells 
interspersed. Muscular pharynx medium sized, bulbous (Figure 4B); cuticle lining of smooth labial disc and pha-
ryngeal lumen less cuticularized than jaws and radula (staining rose coloured and not greenish) (Figure 5B). Jaw 
plates aliform (Figures 4C, 5B); masticatory border with one row of 6–7 prominent denticles (Figures 6A, B). 
Radula formula 20 x 0.1.0 (Figure 7A). Main denticle of triangular rachidian teeth flanked by two smaller denticles 
on both sides throughout complete length of radula (Figures 7A–D), except of one tooth with three denticles on one 
side (Figure 7D).

Salivary glands highly branched, reaching into base of anterior left and right cerata group; composed of many 
narrow tube like structures uniting into a long single duct leading into pharynx (Figures 3A, 4A, D); glandular tubes 
of salivary gland composed of violet stained cells surrounding a small central lumen (Figure 5C); tube leading into 
pharynx and composed of very small cuboidal non-glandular cells with ciliated cells interspersed. Oesophagus very 
short, still lined with cuticle (Figure 5D). Stomach large (Figures 3A, 4B, D); epithelium of stomach composed of 
specialized vacuolated cells and ciliated cells (Figures 5E, F). Right and left anterior digestive gland ducts open-
ing next to each other into frontal part of stomach (Figures 4B, 5F); posterior left duct starting in posterior part of 
stomach and running dorsally towards posterior end of body; composed of small specialized vacuolated cells sur-
rounding a tiny lumen. Digestive gland ducts leading to cerata; composed of thin branches (Figures 4B, D) with 
small specialized vacuolated cells; digestive gland in cerata highly folded with glandular and enzyme producing 
cells interspersed by ciliated cells (Figure 8A). Cnidosacs elongate, sometimes as a winding long tube; surrounded 
by longitudinal and circular muscles (Figure 8B). Epithelium of cnidosacs composed of large cells with huge vacu-
ole usually with one cnidocyst; transitions from digestive gland to cnidosac sometimes long, surrounded by same 
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type of muscle fibres as cnidosac; with ciliated cells (Figure 8B). Transition from stomach into intestine situated in 
anterior part of stomach, slightly towards left side (Figure 3A). Folded epithelium consisting of cuboidal specialized 
vacuolated cells with large basal nuclei and long cilia; typhlosole in first third of intestine (Figure 8C). Anus opening 
in a small papilla on right side of body (Figures 4D, 8D).

Reproductive system (schematic outline in Figure 3B, µ-CT reconstruction in Figures 4A, C). Reproductive sys-
tem androdiaulic. Specimen prepared for histology in male phase. Gonad lying mainly ventrally, reaching anterior 
of stomach and digestive gland; composed of many densely lying follicles with spermatogonians (Figure 9A). Adult 
specimen with large gonad also lying ventrally to digestive gland branch, with large blossom like follicles filled with 
sperm and peripheral lying oogonia (Figure 9B). Short hermaphroditic duct leading to ampulla, epithelium of the 
duct consisting of cuboidal cells with long cilia and big nuclei. Tube-like winding ampulla situated above and partly 
within female glands; surrounded by thick muscular layer and packed inside with irregular arranged autosperms; 
epithelium with ciliated cuboidal to disc shaped cells (Figure 9C). Proximal vas deferens ciliated with prismatic 
cells and basal nuclei. Vas deferens continuing in prostatic part (Figure 9D); epithelium comprising of alternating 
ciliated and glandular cells. Unarmed penis located within muscular and highly ciliated penial sheath; opening in 
atrium together with nidamental glands (Figures 3B, 4D). Receptaculum seminis opening in proximal oviduct (Fig-
ure 3B); epithelium highly folded, with cuboidal, spongy cells and apical cilia; surrounded by muscular layer. Lu-
men of receptacle in the histologically investigated juvenile animal empty (Figure 9E), but filled with sperms in the 
specimen investigated by µ-CT. Proximal oviduct composed of cylindrical cells with big nuclei. Nidamental glands 
of histologically investigated animal in immature condition showing sections with smaller and larger coils (Figure 
9F); mucus cells in all sections alternating with ciliated cells. Only very little mucus formation was observed (Figure 
9F). Adult specimen with highly folded nidamental glands (Figures 4C, D). Atrium opening laterally on right side, 
in front of anal opening; epithelium consisting of ciliated, cylindrical cells with large nuclei and few mucus cells 
with violet granules interspersed.

FIgure 3. Moridilla jobeli sp. nov.: Schematics based on paratypes MZB.Gst.21.593 and SRU20190001. (A) Digestive sys-
tem. (B) Genital system. Abbrevations: am, ampulla; dg, digestive gland; oes, oesophagus; in, intestine; jw, jaw; ng, nidamental 
gland; ot, oral tube; p, penis; ph, pharynx; pr, prostate; rd, radula; rs, receptaculum seminis; sg, salivary gland; st, stomach; ty, 
typhlosole.
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FIgure 4. Moridilla jobeli sp. nov.: MicroCT reconstructions of paratype MZB.Gst.21.593. Epidermis rendered transparent, 
digestive system greenish, reproductive system bluish, nervous system yellow. (A) Dorsal view of anterior body without diges-
tive system, except pharynx. (B) Dorsal view of anterior body with digestive system. (C) Lateral view without digestive system; 
nidamental gland and jaw sagittal sectioned. (D) Ventral view with digestive system; note openings of penis and nidamental 
gland, followed by nephropore and further back anus (arrows). Abbrevations: a, anus; am, ampulla; at, atrium; cpl, cerebro-
pleural ganglia; dg, digestive gland; hc, haemolymph channel; g, gonad; jw, jaw; ng, nidamental gland; np, nephropore; pc, 
pericardium (transparent) with ventricle shining through; pg, pedal ganglia; ph, pharynx; rd, radula; rh, rhinophores; sg, salivary 
gland; st, stomach. 
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Circulatory and excretory system (Figures 4A–D; 10A, B). Pericardium in anterior part of visceral cavity (Fig-
ure 4A); epithelium very delicate with flat cells; ventricle muscular, atrium thin-walled (Figure 10A). A distinct 
haemolymph channel running ventrally to digestive gland and gonad from anterior to posterior part of foot (Figures 
4C, D). Syrinx funnel-shaped; inner lumen densely folded with cilia (Figure 10B).Voluminous kidney situated on 
top of gonad, mainly to the right side, sometimes intermingling with digestive gland. Epithelium cells highly vacu-
olated with big basal nuclei. 

FIgure 5. Moridilla jobeli sp. nov.: Digestive system of paratype SRU20190001. (A) Mouth opening; note the specialized 
vacuolated cells. (B) Pharynx with jaws. (C) Salivary glandular ducts (arrows). (D) Transition pharynx to oesophagus; please 
note the cuticle in the oesophagus (arrows). (E) Stomach epithelium. (F) Stomach and transition to left and right anterior diges-
tive gland ducts. Abbrevations: dg, digestive gland; jw, jaw; ph, pharynx.
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FIgure 6. Moridilla jobeli sp. nov.: Pharyngeal structures of paratype MZB.Gst.21.593. (A) Masticatory border of jaw with 
denticles (light-microscopy). (B) Details of masticatory border of jaw with denticles (SEM).

Nervous system and sensory organs (Figures 4A, C; 10C, D). Ganglia forming a closed ring, surrounding the 
short oesophagus (Figure 4A). Cerebral and pleural ganglia fused. Eyes situated close to posterior base of rhino-
phores and connected dorsally to cerebral ganglia with short optical nerve; orientation of pigment cup more to the 
lateral than dorsal side (Figure 10C). Statocysts between cerebro-pleural and pedal ganglia; with several small 
otoconia (Figure 10D).

Epithelia and glandular structures. Epidermis of body, cerata and rhinophores composed of specialized vacu-
olated epithelium (Figure 8B); cells elongate, cylindrical with basal nucleus and numerous vacuoles. Apically, cells 
covered with microvilli fringe, occasionally short bunched cilia present. Few mucus cells with violet granula inter-
spersed with higher concentration along cerata epithelium. Foot epithelium with specialized vacuolated epithelium 
composed of elongated cells higher than in dorsal epidermis; intensely ciliated with randomly distributed subepi-
dermal glandular cells stained reddish to violet; higher concentration of subepithelial gland cells towards foot rim. 
No glandular stripe present in juvenile.

Species delimitation and phylogeny 
(Figures 11–13)

Distances of partial COI gene range from 14 to 21 % between Moridilla jobeli sp. nov. and all available sequences 
of other Moridilla species (Table 3). The NeighborNet analysis of this gene shows the clear clustering of the eleven 
specimens of Moridilla jobeli sp. nov. and their close relationship to the sequences of the three other Moridilla 
species (Moridilla brockii, Moridilla fifo and Moridilla hermanita) (Figure 11). Additionally, one specimen from 
Bangka Island, which was also preliminarily assigned to Noumeaella, clearly groups within this Moridilla clade. 
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The twelve Noumeaella specimens (including N. rubrofasciata, N. isa and N. sp.1–N. sp. 5) and Palisa papillata 
group separately from the Moridilla cluster, however the distance is not prominent. 

TABle 3. COI gene pairwise uncorrected p-distances amongst all Moridilla species.
Moridilla jobeli Moridilla cf. brockii Moridilla sp. Moridilla fifo Moridilla hermanita

Moridilla jobeli 0.9–1.9 14.2–15.1 14.8–15.7 15.5–16.2 20.4–21.2
Moridilla cf. brockii 14.2–15.1  0.0 10.2 13.0 16.8
Moridilla sp. 14.8–15.7 10.2 0.0 12.8 17.1
Moridilla fifo 15.5–16.2 13.0 12.8 0.0 14.2
Moridilla 
hermanita

20.4–21.2 16.8 17.1 14.2 0.0

FIgure 7. Moridilla jobeli sp. nov.: Scanning electron micrographs (SEM) of radula of paratype MZB.Gst.21.593. (A) Over-
view of radula. (B) Details of oldest rachidian teeth; lateral denticles partly worn off. (C) Details of rachidian teeth from hind 
part. (D) Rachidian tooth with an abnormal number (3 instead of 2) of denticles on one side.

Results from the various species delimitation tests are mapped against the Maximum Likelihood tree based on 
the reduced data set, using available sequences of Unidentiidae as outgroup (Figure 12). All species delimitation 
tests applied for each gene are consistent in their results and reveal the distinctiveness of Moridilla jobeli sp. nov. 
from all other Moridilla species. The single specimen from Bangka Island, Moridilla sp. (SRU2017/01/Nosp1-
17Ba-1) shows distinct divergence to Moridilla jobeli sp. nov.. Species distinction is also shown for M. fifo and M. 
hermanita. Within the Noumeaella clade, Noumeaella sp. 1 to Noumeaella sp. 5 are considered as a single species 
in all species delimitation tests.

The Maximum Likelihood tree of the reduced data set (16S and COI, including all available Moridilla, Palisa 
and Noumeaella sequences, Figure 12) reveals monophyly of Moridilla. Specimens of Moridilla jobeli sp. nov. 
form a sister clade to Moridilla sp., and these together a sister clade to M. cf. brockii. M. fifo and M. hermanita are 
sister taxa and stand as a sister clade to all other Moridilla species. Palisa papillata results in a closer relationship 
to Moridilla than to Noumeaella. The genus Noumeaella is paraphyletic, with Noumeaella rubrofasciata closely 
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related to Palisa and Moridilla, however with low bootstrap support (43). Noumeaella isa, N. rehderi and four un-
described species, represented by nine specimens (except for Noumeaella sp. 9) are grouped in a clade. 

The Maximum Likelihood analysis of the concatenated full data set (H3, 16S and COI) including all available 
sequences of the families Facelinidae and Aeolidiidae, and some members of the Flabellinoidea and Unidentiidae 
(Figure 13, 50% majority rule tree), confirm the monophyly of Moridilla and Moridilla jobeli sp. nov. herein with 
highest bootstrap support (100). Noumeaella again is not monophyletic but represented by six different clades with 
an unresolved relationship. Aeolidiidae are a monophyletic group with very low bootstrap support (51). Palisa 
papillata forms the sister group to Hermissenda. Relationships with regard to other facelinid taxa are not resolved. 
Similar results, but with even lower bootstrap support were also obtained in the data set comprising more and alter-
native cladobranch outgroups (Supplementary Figure 2). Here, besides the sequence of Noumeaella rubrofasciata, 
all other Noumeaella sequences form a monophyletic clade, however bootstrap value is low.

FIgure 8. Moridilla jobeli sp. nov.: Digestive system of paratype SRU20190001. (A) Digestive gland in cerata. (B) Cnidosac 
in one ceras; note the three parts of the sac are one sac winding as a tube in the tip of the ceras. (C) Typhlosole (arrow) in first 
part of intestine. (D) Anus and anal papilla.

Discussion

For more than 150 years, Moridilla was considered as a monotypic genus with only one colourful species, Moridilla 
brockii, widely distributed in the Indo-Pacific. Bergh (1888), when describing the colour of Moridilla brockii, re-
ferred to the original German description of the collector J. Brock: “…milchweis gewesen, der Rücken mennigroth 
gesprenkelt, die Rückenpapillen schwärzlichbraun”. This translates to “milky white, the dorsum speckled with 
red (vermilion), the cerata blackish brown”. In comparison, our animals are translucent white with distinct white 
patches. One specimen shows a dorsum with a tinge of orange. Despite the variation in colours observed, none of 
our animals resembles the original description of Moridilla brockii; they neither show the dorsum speckled with red-
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dish nor are the cerata blackish brown. Our animals differ from M. fifo and M. hermanita, which are both described 
with bright orange oral tentacles and rhinophores, in missing this colouration at the base of both head tentacles. 
Additionally, our animals do not show a greyish, bluish or dark colouration of the cerata. M. fifo and M. hermanita 
do not have a white pigment patch behind the rhinophores as present in Moridilla jobeli sp. nov., although in some 
of our specimens, this patch is paler than in others. 

FIgure 9. Moridilla jobeli sp. nov.: Genital system; A, C–F based on paratype SRU20190001; B based on paratype MZB.
Gst.21.593. (A) Gonad of juvenile specimen with exclusively spermatogonians. (B) Ovotestis of adult animal with oogonians 
peripheral and spermatogonians centrally (µ-CT). (C) Several cross sections of ampulla. (D) Vas deferens with prostatic part 
(arrow) and penis in penial sheath (arrowhead). (E) Receptaculum seminis. (F) Cross section of genitalia. Abbrevations: am, 
ampulla; rs, receptaculum seminis; ng, nidamental gland. 
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FIgure 10. Moridilla jobeli sp. nov.: Anatomy of paratype SRU20190001. (A) Pericard with auricle (arrowhead) and ventri-
cle (star). (B) Syrinx opening in pericard (arrow). (C) Eye on right side. (D) Statocyst on right side with otoconia (arrow head); 
arrows indicating epithelium of digestive gland when branching from stomach and composed of specialized vacuolated  cells. 

FIgure 11. COI NeighborNet analysis of reduced data set with Moridilla, Palisa and Noumeaella only. The major split 
between Moridilla and Palisa/Noumeaella is visualized by a red line. Please note the low resolution (short edges) between the 
various species and genera.
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With regard to morphology, Moridilla jobeli sp. nov. has longer foot tentacles than is depicted in the live mate-
rial of M. fifo and M. hermanita. Bergh (1888) described the anterior foot with “ausgezogene Fußecken” (p. 682), 
which indicates shorter tentacles. However, his description is based on a preserved animal. Our preserved mate-
rial shows long foot tentacles. The shape of the jaws and teeth is very similar in all described Moridilla species. 
The masticatory processes (and only this feature in the pharynx) of M. brockii is described as (brownish-) black; 
in Moridilla jobeli sp. nov. it is more yellow, similar to M. hermanita and M. fifo. However, the last two species 
have 11 to 18 denticles along the border, whereas the new species has only six to seven. The 24 mm M. brockii has 
23 rows of rachidian teeth, whereas our specimen with an original length of 35 mm shows only 20 teeth. Unfortu-
nately, no length measurements for M. fifo and M. hermanita are available. Moridilla fifo and Moridilla hermanita 
are described with three to four denticles on each side of the main rachidian cusp (although, only two denticles are 
visible in the depicted figures). Our specimen had only one tooth with three denticles on one side, which therefore 
seems to be an abnormality. Moridilla brockii is similar to our species with only two denticles. Cnidosacs in M. 
brockii are pear-shaped and described as “nicht groß” (not large) (p. 683). In contrast, we observed very elongate 
and large, even winding cnidosacs in the cerata of Moridilla jobeli sp. nov.. The position of the anus lies between 
the second and the third cerata cluster of Moridilla jobeli sp. nov., whereas for M. brockii, M. fifo and M. hermanita 
it is described to be underneath the third group of cerata. A summary of these distinguishing features is provided in 
Table 4.

Distance and NeighborNet analysis of COI and the species delimitation tests based on both genes confirm 
Moridilla jobeli sp. nov. as a separate species. The short distances in the split-based analysis reflect the low boot-
strap values seen in both data sets (full with H3, 16S and COI, reduced with 16S and COI only), as well as the low 
resolution with regard to relationships between the various species and genera. 

One Moridilla brockii sequence was included in the first molecular study on Aeolidiidae (Carmona et al. 2013). 
This specimen (CASIZ186245) was not further addressed in the study, and therefore colouration is not mentioned. 
However, we can only assume its correct identification. Our specimens show a high distance divergence of about 
15 % from this single M. cf. brockii sequence and the distinctness is also shown in the species delimitation tests. 
One specimen, collected at Bangka Island, clusters with M. cf. brockii (Figure 11) or Moridilla jobeli sp. nov. 
(Figure 12), both branches with low bootstrap support. This animal differs from Moridilla jobeli sp. nov. mainly 
in the rhinophores, which are orange in colour from the tip down to the base, as well as in the arrangement of the 
cerata in distinct clusters. It differs from M. brockii in the general coloration. All molecular analyses retrieve the 
sister group relationship between M. fifo and M. hermanita, which are recorded from localities lying quite far apart 
(North Australia versus Papua New Guinea).Together, they form the sister taxa to the other Moridilla species in all 
performed analyses. 

The Maximum Likelihood analysis of the families Facelinidae and Aeolidiidae, based on the full data set (H3, 
16S and COI) reveals the monophyly of Moridilla including Moridilla jobeli sp. nov.. Aeolidiidae is monophyletic, 
but the paraphyly of Facelinidae as proposed by Carmona et al. (2013),  Mahguib & Valdés (2015), Goodheart et 
al. (2015) , Goodheart (2017) and Martynov et al. (2019) cannot be confirmed or rejected, since the relationships 
among the facelinid groups are not resolved. Despite the much larger taxon sampling, including 151 specimens, we 
thus are also not able to address the relationship of Palisa and Noumeaella with regard to Moridilla. An interesting 
point is the paraphyly of Noumeaella, with regard to an undescribed species from Morocco, that is placed as the sis-
ter taxon to all Facelinidae and Aeolidiidae (however, see also Supplementary Figure 2). Paraphyletic Noumeaella 
were also recovered by our reduced data set consisting of Moridilla, Noumeaella and Palisa sequences (Figure 12). 
Yet, our unresolved tree does not contradict published results based on smaller data sets: 1) Moridilla as part of 
the facelinid clade, which usually now groups with Aeolidiidae (Carmona et al. 2013); 2) Palisa and Noumeaella 
(except the species from Morocco) as part of the other facelinid clade (Goodheart et al. 2017).

We conclude that the genus Moridilla comprises five distinct species which can be distinguished based on ex-
ternal morphology, coloration and molecular data. So far, Moridilla jobeli sp. nov. is only reported from Bunaken 
National Park, North Sulawesi, Indonesia. The undescribed Moridilla species from Bangka Island North Sulawesi 
and M. brockii from Java might comprise two further species from Indonesia. With M. fifo from Northern Australia 
and M. hermanita from Papua New Guinea, the distribution of the genus is thus well documented in the Indo-Pa-
cific. However, the many records of “Moridilla brockii” specimens from other localities throughout the Pacific are 
difficult to assess due to the lack of knowledge on colour variation within this species and the vague colour descrip-
tion of the holotype. The rather similar colouration of the newly described Moridilla species and the lack of species 
specific anatomical characters within the genus emphasize the importance of barcoding to avoid misidentification.
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FIgure 12. Maximum Likelihood tree of reduced data set of concatenated COI and 16S sequence data. Results of species delimita-
tion tests of COI data with ABGD and bPTP tests, as well as 16S data with bPTP test depicted on the right side. Specimen numbers sp. 
1 to sp. 9 refer to undescribed species, all listed as Noumeaella sp. in GenBank (also see Table 2). Stars indicate bootstrap values higher 
90. (A) Moridilla jobeli sp. nov. (second paratype SRU20190001); (B) Moridilla sp. (SRU2017/01/Nosp1-17Ba-1); (C) Moridilla fifo; 
(D) Moridilla hermanita; (E) Moridilla brockii (C and D after Carmona & Wilson 2018; E after Gosliner et al. 2015) 
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FIgure 13. Maximum Likelihood tree of the concatenated full data set of H3, 16S and COI sequence data. Some clades are 
collapsed to condense information. Note the lack of resolution for most facelinid groups. Diamonds help visualize Moridilla 
and Noumeaella clades.
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SuPPleMeNTArY FIgure 1. Moridilla jobeli sp. nov.: MicroCT scans of paratype MZB.Gst.21.593. (A) Cross section 
of ovotestis and locations of sections; (B) longitudinal section through pharynx and genital system; (C) longitudinal section 
through digestive system. Abbrevations: a, anus; at, atrium; dg, digestive gland; g, gonad; jw, jaw; ng, nidamental gland; ph, 
pharynx; st, stomach.
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SuPPleMeNTArY FIgure 2. Maximum Likelihood tree of the concatenated full data set of H3, 16S and COI sequence 
data including more and alternative cladobranch taxa as outgroups. Nodes were not collapsed and bootstrap values are indi-
cated. 
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SuPPleMeNTArY TABle 1. Additional outgroup taxa used in Maximum Likelihood tree Supplementary Figure 2. 
Species names, voucher numbers and GenBank accession numbers.

GenBank Accession No.
Species Voucher No. COI 16S H3
Dendronotoidea Allman, 1845
Dendronotidae Allman, 1845
Dendronotus dalli Bergh 1879 ZMMU:Op-295 KM397001 KM397083 KM397094
Dendronotus lacteus (W. Thompson, 1840) ZMMU:Op-286 KC660034 KC611290 KC660050
Dendronotus robustus A.E. Verrill, 1870 ZMMU:Op-391 KM396970 KM397053 KM397120
Proctonotoidea gray, 1853
Proctonotidae Gray, 1853
Bonisa nakaza Gosliner,1981 CASIZ176146 HM162746 HM162670 HM162579
Janolus barbarensis (J. G. Cooper, 1863) CASIZ176833 HM162747 HM162671 HM162580
Janolus capensis Bergh, 1907 CAS:IZ:176974 KP940453 KP940448 KP940458
Janolus mirabilis Baba & Abe, 1970 CASIZ179494 HM162750 HM162674 HM162583
Tritonioidea lamarck, 1809
Tritoniidae Lamarck, 1809
tritonia festiva (Stearns, 1873) CAS:IZ:184478 KP153291 KP153258 KP153324
tritonia manicata (Deshayes, 1853) - KY629602 KY629592 KY629606
tritonia striata Haefelfinger, 1963 BAU2696 LT596541 LT596543 LT615408

SuPPleMeNTArY VIDeO 1. Moridilla jobeli sp. nov.: A 3D reconstruction of MicroCT scans of paratype MZB.
Gst.21.593. Organs are visualized in different colours.

SuPPleMeNTArY VIDeO 2. Moridilla jobeli sp. nov.: Series of MicroCT scans of cross sections through Moridilla 
jobeli sp. nov. (paratype MZB.Gst.21.593) from posterior to anterior.


