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4 General discussion 
 

Skeneimorph gastropods 

 

Already first anatomical data on skeneimorph gastropods provide evidence for the extent of 

polyphyly (Paper 1). Several as Skeneidae described species are not members of this family, 

some do not even belong to the Vetigastropoda but have to be placed in other gastropod clades 

(Fig. 4.1). These species lack typical vetigastropod characters like sensory papillae at cephalic 

and epipodial tentacles, a retained right kidney or statocysts with several statoconia and thus 

could be excluded easily. Leptogyra and Leptogyropsis are placed nowadays in the 

Neomphalina (Heß et al. 2008; Kunze et al. 2008), while Hyalogyra, Hyalogyrina and 

Xenoskenea are assorted to the heterobranch superfamily Valvatoidea (Kunze et al. 2008; 

Haszprunar et al. 2011; Fig. 4.1). 

Further 13 skeneimorph species originally described as Skeneidae were investigated 

morphologically (Tab. 4.1). The vetigastropod affiliation of all species is proved rather easily 

by the presence of two kidneys, statoconia in the statocysts, sensory papillae at cephalic and 

epipodial tentacles and epipodial sense organs (ESOs). ESO is an important character to 

designate the superfamilies affiliation. While the species of Trochoidea (incl. Skeneidae), 

Angarioidea and Phasianelloidea have an ESO combined on the base of an epipodial tentacle, 

all other superfamilies have a simple ESO (see below section ‘Tentacles in lower gastropods’; 

Fig. 4.2). Haliotoidea have a kind of combined ESO too, but all members of this superfamily 

can be defined without any doubt by the shell. To assign those species with a simple ESO to a 

certain family or even superfamily is more difficult because the existing morphological data 

for these taxa are in most parts poor and incomplete as demonstrated for Seguenzioidea (Paper 

3). 

The examined specimens of Bathyxylophila excelsa Marshall, 1988 were deep-frozen 

before stored in alcohol. This causes an extremely poor state of preservation of the external 

epithelia and details like the ESOs were not conserved. However, Kano (2008) put this species 

in relation to the Larocheidae (Scissurelloidea) based on molecular data. The morphological 

data do not contradict this and so Bathyxylophila represents another genus of slit-less 

Scissurelloidea (common name: little slit snails). 

The affiliation of Ventsia tricarinata Warén & Bouchet, 1993 to the Seguenzioidea was 

revealed by Kano (2008) using a molecular approach and can be confirmed by the unique 

seminal receptacle found also in the genera Seguenzia, Carenzia and Xyloskenea (personal  
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Figure 4.1 Overview of the recent affiliations of species originally described as Skeneidae. 

Picture references: a, Marshall 1988; b, Warén 1991; c, Warén & Bouchet 1993; d, Warén et al. 1993; e, Hasegawa 

1997; f, Kunze et al. 2008; g, Beechey 2009; h, Kunze (unpublished data). 
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observation G. Haszprunar & T. Kunze; personal communication T. Sasaki). Ventsia 

tricarinata has a very special mosaic of apomorphic (e.g. organs for inner fertilization) and 

plesiomorphic characters (e.g. subradular organ) and forms with other small skeneimorph 

genera (e.g. Adeuomphalus, Akritogyra, Anekes, Granigyra, Xyloskenea) most likely an early 

offshoot of the Seguenzioidea (Kano et al. 2009), currently named ‘skeneimorph Seguenzi-

oidea’ as a working title (Fig. 2.2). 

The angarioidean respectively phasianelloidean shells are very characteristically 

formed and species of these two superfamilies can be grouped into both taxa rather easily. All 

other species with a combined ESO belong to the Trochoidea. 

Wanganella nowadays is placed in the trochoidean family Liotiidae (Rosenberg 2012). 

The examined species Wanganella fissura Laseron, 1954 has separate sexes lacking a 

copulatory organ. 

Skeneidae sensu stricto (Skeneinae) can now be defined clearly. These are all species 

having a so-called propodial penis on the right edge of the propodium (Warén 1991, 1992). 

Copulatory organs are also found in other Vetigastropoda, but the location on the right 

propodium is unique for Skeneinae. A right propodial penis can be detected in the following 

genera: Skenea, Dikoleps, Skeneoides, Lissospira, Dillwynella, and Protolira (Warén 1992, 

1993; Warén & Bouchet 1993; Rubio et al. 1998, 2004; personal observation T. Kunze). The 

record of a penis in Lodderena (Warén 1992) is invalid, because the examined species is 

nowadays accepted as Skenea catenoides (Monterosato, 1877) according to Oliverio (2006). 

Also the presence of a penis in Pseudorbis as given in Warén (1992) could not be reassessed 

because no source, respectively species, is specified there. The species examined in this study 

having a propodial penis (Skenea serpuloides (Montagu, 1808), S. profunda Friele, 1879 and 

Dillwynella voightae Kunze, 2011) are all true hermaphrodites with separate ovary and testis 

and a seminal receptacle. In most gastropods the gonad is situated in the very posterior part of 

the visceropallium next to the digestive gland. In Skeneinae this position is occupied by the 

ovary whereas the testis is located anteriorly in the body. All products are discharged via the 

right kidney and a common urogenital duct. 

The other Skeneidae species treated do not have a right propodial penis combined with 

true hermaphrodism. These species are morphologically very diverse; the same is true for their 

reproductive biology. Lodderena minima (Tenison-Woods, 1878) has separate sexes. 

Bruceiella globulus Warén & Bouchet, 1993 is, contrary to the original description, a 

hermaphrodite (Warén & Bouchet 1993) but lacks a propodial penis. Leucorhynchia 
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Table 4.1 Species investigated in this study. 

Species investigated Family Methods1 Skeneidae2 Project3 
        sken. tent.

Cocculiniformia      

Cocculina craigsmithi McLean, 1992 Cocculinidae LM - - + 

Cocculina spec. Cocculinidae SEM - - + 

Neomphalina      

Peltospira operculata McLean, 1989 Peltospiridae SM, SEM - - + 

Peltospira smaragdina Warén & Bouchet, 2001 Peltospiridae SM, SEM - - + 

Cyathermia naticoides Warén & Bouchet, 1989 Melanodrymiidae SEM - - + 

Vetigastropoda      

Homalopoma spec.4 Colloniidae LM - - + 

Diodora spec. Fissurellidae LM, 3D, SEM - - + 

Clypeosectus curvus McLean, 1989 Lepetodrilidae LM - - + 

Lepetodrilus fucensis McLean, 1988 Lepetodrilidae LM - - + 

Lepetodrilus spec.5 Lepetodrilidae SEM - - + 

Wanganella fissura Laseron, 1954 Liotiidae LM, 3D, SEM (+) + + 

Kaiparapelta spec. Pseudococculinidae LM, 3D, SEM - - + 

Bathyxylophila excelsa Marshall, 1988 Scissurellidae LM, 3D (+) + - 

Larochea miranda Finlay, 1927 Scissurellidae LM   + 

Scissurella jucunda Smith, 1890 Scissurellidae LM, 3D, SEM - - + 

Carenzia carinata (Jeffreys, 1877) Seguenziidae LM - + + 

Ventsia tricarinata Warén & Bouchet, 1993 ua Seguenzioidea LM, 3D, SEM (+) + + 

Bruceiella globulus Warén & Bouchet, 1993 Skeneidae LM + + - 

Cirsionella australis Angas, 1877 Skeneidae LM, 3D + + - 

Dillwynella modesta (Dall, 1889) Skeneidae SM + + - 

Dillwynella voightae Kunze, 2011 Skeneidae SM, LM, SEM + + + 

Lissospira spec. Skeneidae SEM + - + 

Leucorhynchia caledonica Crosse, 1867 Skeneidae LM, 3D + + - 

Lodderena minima (Tenison-Woods, 1878) Skeneidae LM, 3D + + - 

Munditiella ammonoceras (Adams, 1863) Skeneidae LM + + - 

Protolira valvatoides Warén & Bouchet, 1993 Skeneidae LM, CT, S + + - 

Skenea profunda Friele, 1879 Skeneidae LM + + - 

Skenea serpuloides (Montagu, 1808) Skeneidae LM, 3D + + + 
�

Explanations: 

1, Methods: CT, computer tomography; LM, light microscopy (histological sections); S, synchrotron tomography; 

SEM, scanning electron microscopy of body; SM, stereo microscopy of body; 3D, 3D reconstructions based on 

histological sections. 

2, Skeneidae: +, classified as Skeneidae nowadays; - never placed in Skeneidae; (+) classified as Skeneidae 

previously but not nowadays. 

3, Project: sken., concerning skeneimorph gastropods; tent., concerning tentacles in lower gastropods. 

4, Homalopoma spec. aff. amussitatum (Gould, 1861). 

5, Lepetodrilus spec. aff. pustulosus McLean, 1998. 

Abbreviation: ua, unassigned to a family yet.
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Figure 4.3 Evolutionary scenarios of gastropod tentacles plotted on different phylogenies. 

A,B. Two topologies of relationships among gastropod clades, modified after Aktipis et al. (2008: fig. 9.6). C. 

Tree modified and simplified after a maximum-likelihood tree based on a five-gene combined analysis (Aktipis & 

Giribet 2012: fig. 3). 

Abbreviations: cESO, combined epipodial sense organ; CT, cephalic tentacle; ESO, epipodial sense organ; ET, 

epipodial tentacle.  

Vetigastropoda superfamilies shown in blue colour (e.g. Trochoidea). Light grey marks examplary evolutionary 

scenarios of the characters examined. Cancellation used for a reduction/loss of a character. 
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new kind of epipodial appendage occurs, the epipodial tentacle as an iterative homologue of 

the cephalic tentacle, but does not occur in all superfamilies (e.g. lacking in Pleurotomarioidea). 

Haliotoidea, Angarioidea, Phasianelloidea, and Trochoidea have the ESO situated at the base 

of an epipodial tentacle (ESO: combined type). 

Also sensory papillae at cephalic and epipodial tentacles are restricted to 

Vetigastropoda. They are lacking due to secondary reduction in adult Fissurelloidea. In 

Pleurotomarioidea and Lepetodriloidea no papillae are described yet, but data about the 

juvenile development are lacking, as they do for Neomphalina. The combination of sensory 

papillae situated on an ESO was found the first time in Scissurella jucunda Smith, 1890 

(Scissurelloidea) and is singular for Scissurellidae. 

The position of Neomphalina as a vetigastropod superfamily or as an own clade was 

discussed throughout and the lack of epipodial tentacles in Neomphalina always supported the 

second view. Now this character can be eliminated as a vetigastropod apomorphy, but the 

findings of Aktipis & Giribet (2012) about the relations of lower gastropod groups reveal the 

data about tentacles in a new light. ESO might be a common character shared by the lower 

gastropod clades Patellogastropoda, Cocculiniformia, Neritimorpha, Neomphalina and 

Vetigastropoda. 

The systematics of higher gastropod taxa is under permanent reconsiderations, 

therefore evolutionary scenarios are difficult to discuss. When the occurrence of appendages is 

plotted on the two tree topologies of the seven higher gastropod taxa (Fig. 4.3A, B), the 

evolution of these appendages can be infused: cephalic tentacles, ESO, and epipodial tentacles 

were each invented once, combined with a loss of ESO in a common ancestor of 

Caenogastropoda and Heterobranchia. Concerning cephalic tentacles and ESO the situation is 

the same, if the data are compared to an actual tree (Fig. 4.3C) calculated on five gene analyses 

(Aktipis & Giribet 2012). However, the distribution of epipodial tentacles cannot be explained 

with a single event. They might be invented or lost several times. Several most parsimoneous 

scenarios are possible with this tree: three independent inventions (Angarioidea & 

Phasianelloidea; Scissurelloidea; Haliotoidea & Seguenzioidea & Trochoidea) or one 

invention of epipodial tentacle (ET) and two independent losses (shown in Fig. 4.3C). A 

combined ESO evolved at least twice: [1] the Haliotis-type of ESO represent a unique 

development, [2] but the other type found in Angarioidea, Phasianelloidea, and Trochoidea 

seems to be very similar and might be invented most likely only once, as the position and 

relation of these three superfamilies are still doubtful. Otherwise this type has to be invented at 

least two times independently. 
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Methodological approaches 

 

Serial semi-thin sectioning is a useful and well established method to investigate micro-scale 

gastropods with a size under 2 mm. The sections were made using glass or diamond knives 

mounted on a rotator microtome. During sectioning of Protolira valvatoides Warén & Bouchet, 

1993, a snail from hydrothermal vents and suspected to be closely related to Skenea (Kano 

2008), lots of small mineral particles in the gut (Fig. 4.4F) and mantle cavity did not allow  

 

 
Figure 4.4 Serial sections prepared by histological sectioning, microCT and synchrotron tomography. 

A,D. Histological section of Wanganella fissura. B,E. MicroCT sections of Protolira valvatoides. C,F. 

Synchrotron tomographic sections of P. valvatoides. G,H. Automatic generated surfaces in AMIRA using the 

synchroton data of P. valvatoides. G. Surface rendering (autosurface). H. Direct volume rendering (voltex). 
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to perform useful sections. It became obvious that only non-invasive methods might help to get 

a data set suitable for 3D reconstructions. 

Microcomputed X-ray computertomography (microCT) or synchrotron X-ray 

microtomography (SR-microCT) were used for various solid parts of invertebrates, e.g. shells, 

sea urchin pyramids, statoliths of medusae or parts of the arthropod exoskeleton (Stock et al. 

2003; Prymak et al. 2005; Westneat et al. 2008; Heethoff et al. 2009; Heethoff & Norton 2009). 

However, also soft tissue can be examined using such microCT scans, e.g. woodlouse 

circulatory organs, honey bee brain, internal arthropod anatomy, sponges, marine worms or 

scorpion book lungs (Wirkner & Richter 2004; Nickel et al. 2006; Betz et al. 2007; Ribi et al. 

2008; Westneat et al. 2008; Kamenz & Weidemann 2009; Dinley et al. 2010) especially when 

contrasting detergents like osmium tetraoxide are applied during preparation (Kamenz & 

Weidemann 2009; Metscher 2009a, b). Golding applied CT scans on whole snails (Golding & 

Jones 2007) and also for single organ systems, the radula supporting organs (Golding et al. 

2009). 

It seems to be promising to test this method for data acquisition combined with 

labelling and surface rendering in AMIRA on skeneimorph microgastropods (Figs. 4.4, 4.5). In 

cooperation with Lauren Howard from the Natural History Museum in London a CT scan was 

performed. The specimen was stained with osmium tetraoxide and critical point dried 

afterwards. As SR-microCT provides a better resolution such a scan was done at the Swiss 

Light Source in Zürich, made possible by cooperation with Stefan Bengston and Veneta 

Belivanova from the Swedish Museum of Natural History in Stockholm. This specimen was 

stained with osmium tetraoxide and plastic embedded afterwards. 

The data of the microCT scan and the synchrotron microtomography of P. valvatoides 

were compared with those of Wanganella fissura based on sectioning (Figs. 4.4, 4.5). The 

thickness of the sections was around 1.5 μm by all three data sets, but the resolution and 

especially the contrast of the non-invasive methods did not reach the quality of histological 

sectioning. As shown in Fig. 4.5 larger organs like the complete digestive system, the kidneys, 

ovary and testis can be reconstructed rather well. When it comes to small organs or details like 

shown for the nervous system (Fig. 4.5: 4’) only the largest ganglia and commissures are 

detectable and all small details are lost. Especially those organs that can be only determined by 

the histology, like seminal receptacle, bursa copulatrix or hypobranchial gland, could not be 

detected at all. Small channels, e.g. urogential duct, renopericardial duct or oviduct, are not 

visible on the scans. It was also impossible to find epipodial sense organs there. The 

synchrotron data had a better resolution but even then the small nerves could not been seen. 
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Figure 4.5 Comparison of methods using histological sections and computer tomography scans (Poster presented 

at the World Congress of Malacology in Phuket 2010). 
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After tomographic scanning, critical point dried specimens are still complete. Both gross 

anatomy and radula preparation can be examined afterwards in the SEM. Another big 

advantage of the non-invasive methods is the rather fast data acquisition. After preparation of 

the soft body including contrasting with osmium tetraoxide and combined with plastic 

embedding respectively critical point drying, the specimen has to be put into the analytic 

instrument and the scan will be performed in a few hours (maximum up to half a day). The 

pictures of the data set are perfectly aligned for the 3D reconstructions and no photographing, 

sorting and alignment is needed. The mineral particles influence the pictures rather little (Fig. 

4.4E, F) and those artefacts can be eliminated easily using interpolation. Using automated 

surface reconstruction functions in AMIRA like autosurface and direct volume rendering 

(voltex) 3D models can be generated easily (Fig. 4.4G, H). Unfortunately, until the resolution 

can be raised substantially, the scans provide no more than a good, but sketchy, overview of the 

anatomy. For complete data sets substantial histological characters are missing. Thus, it turned 

out that the time consuming histological sectioning is still the best and only suitable method to 

investigate skeneimorph gastropods. 

 

 

Conclusions and outlook 

 

Histological sectioning combined with computer aided 3D reconstructions and SEM provide 

the best results to examine microgastropod morphology. Non-invasive approaches, like 

microCT and synchrotron based computertomography give promising results, but their 

resolution is still too poor to replace histological sectioning. 

In this study 14 species from four families originally classified as Skeneidae were 

examined. Among Skeneidae a subclade Skeneinae can be diagnosed by a right propodial 

penis and true hermaphrodism. However, the relationship to the remaining species being 

defined as Skeneidae on molecular data is not solved yet. Before more data of other 

trochoidean snails are available, it is unclear if they group within the Skeneidae or belong 

elsewhere in the Trochoidea. Further studies are planned in close cooperation with the groups 

of Dr. Kano (Tokyo) and Dr. Williams (London) applying molecular approaches. The 

characters defining the taxon Skeneidae originally, namely the small shell, lack of nacre and 

the rhipidoglossate radula are convergences caused by dwarfing. 

Additional 14 species from ten families were examined for the tentacle project. The 

data about microanatomy and histology of skeneimorph gastropods are not only the first for the 
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taxon Skeneidae, but also substantially complement the matrix of structural data for 

Vetigastropoda. Unfortunately, these data are still far from being complete. Each 

comprehensive description of the anatomy and histology highlights new aspects. Especially the 

lack of comparative data made it often difficult to clear up systematic relations. It turned out 

that some morphologic characters differ largely among the examined species and are much 

more variable than expected. For example, mono- and bipectinate ctenidia are found in closely 

related species. This variability demands a change in the systematic interpretations. The 

occurrence of bursicles and sensory papillae correlates much better with modern phylogenetic 

data and underline their systematic relevance. However, in general the morphology of the 

vetigastropod soft bodies is very similar to each other, so (super)family characters are not very 

obvious and distinct characters like the special seminal receptacle in Seguenzioidea are rare. A 

further limit is that due to the few existing data the importance and emphasis of characters is 

often problematic to interpret. As shown for the epipodial sense organ even a seemingly well 

known and established character has to be re-interpreted, if new data are added. These data not 

only influence our knowledge of Vetigastropoda, but also concern four of the seven major 

gastropod clades and shed new light onto the evolution of tentacles in the complete lower 

gastropods. 
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Ich versichere hiermit an Eides statt, dass die vorgelegte Dissertation von mir selbständig und 

ohne unerlaubte Hilfe angefertigt ist. 

 

München, den 27. September 2012 

 

 

___________________________ 

 

 

 

 

 

 

Erklärung  

 

Hiermit erkläre ich, dass die Dissertation nicht ganz oder in wesentlichen Teilen einer anderen 

Prüfungskommission vorgelegt worden ist und dass ich mich nicht anderweitig einer 

Doktorprüfung ohne Erfolg unterzogen habe. 

 

 

München, den 27. September 2012 

 

 

___________________________ 

 
 




