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Abstract

A comparative systematic survey of fossil Mesozoic laetmogonid sea cucumbers (Elasipodida) and their relatives is 
presented. A re-examination of the fossil record shows that only 13 fossil taxa can be recognised as belonging to this 
group. Four further known ‘laetmogonid’ taxa can be regarded as incertae sedis. An analysis of the results supports the 
following taxonomic changes. Palaeocaudinidae Boczarowski, 2001 represents a junior synonym of the Laetmogonidae 
Ekman, 1926. The subfamily Staurocaudininae Boczarowski, 1997 is restricted to the type species of Staurocaudina. The 
new family Palaeolaetmogonidae comprises probable stem group members of the Laetmogonidae. Three new species 
(Palaeocaudina rugia, Priscolaetmogone oloughlini, Palaeolaetmogone frankwiesei) are described from Late Cretaceous 
sediments of Europe. Two new genera (Palaeolaetmogone, Priscolaetmogone) are erected. The geographic distribution 
and phylogenetic relationships of Mesozoic and Cenozoic laetmogonid holothurians are analysed and discussed.

Key words: Europe, India, Triassic, Jurassic, Cretaceous, systematics, Elasipodida, Holothuroidea, Echinodermata, new 
genus, new taxa

Introduction

Macroinvertebrate communities of the deep sea are characterised by high biodiversity (e.g., Bely-
aev 1966; Hessler & Sanders 1967; Zenkevič 1970; Wolff 1977; Grassle 1989; Rex et al. 1993). 
This includes various groups of the Holothuroidea, like the Myriotrochidae (Apodida), Synallacti-
dae (Aspidochirotida), Deimatidae, Elpidiidae, Psychropotidae and Laetmogonidae (all Elasipodida) 
confined to bathyal, abyssal and hadal depths (e.g., Agatep 1967; Hansen 1956, 1967, 1975; Gebruk 
1990; Lambert & Boutillier 2011).

Modern laetmogonid sea cucumbers (Figs. 1–2) were first recorded from the “Challenger” expedition 
of 1872–76 (Théel 1879, 1882) and were later reported from nearly all marine deep-water environ-
ments (e.g., Sluiter 1901; Mitsukuri 1912; Hansen 1975; Pawson 1978, 1983; Madsen & Hansen 1994; 
Thandar 1998, 1999; Rogacheva et al. 2009; Solís-Marín et al. 2009; Massin & Hendrickx 2011).

Members of this family are medium-sized with an elongate, more or less cylindrical gelatinous 
body and well-defined diagnostic wheels. Up to the present, 6 genera with around 17 modern species 
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are known. These are: Laetmogone Théel, 1879; Benthogone Kœhler, 1895 and Pannychia Théel, 
1882 as well as the monotypic Apodogaster Walsh, 1891; Psychronaetes Pawson, 1983 and Gebru-
kothuria Rogacheva & Cross, 2009 in Rogacheva et al. 2009. Laetmogonid representatives are found 
in the deep sea (bathyal to abyssal) only, with cosmopolitan and endemic species. All are exclusively 
epifaunal detritus feeders and grazers.

The first fossil laetmogonid holothurians from Mesozoic sediments were described by Marthe 
Deflandre-Rigaud in 1946 (Jurassic, Oxfordian of the Normandy, France), followed by a few other 
descriptions (Mostler 1970; Soodan 1977; Singh et al. 1981; Lipiec 1992; Jamnik & Ramovš 1993; 
Sztejn 1993; Reich 1995; Krainer et al. 1994; Krainer & Mostler 1997) or mentions only (e.g., Soodan 
1972), mostly from Europe.

In this article, I strive to critically evaluate published records of Mesozoic Laetmogonidae. My 
report also presents new records and observations, including several new taxa, to set a baseline for 
future studies on fossil Elasipodida.

Material

This study is based on review of records in the literature and of samples of isolated fossil calcareous 
holothurian ossicles from different Mesozoic European localities, as follows:

(1) ENCI-HeidelbergCement Group quarry, south of Maastricht, The Netherlands. The material 
(sampled in 1999) described herein comes from partly silicified limestones embedded in glauconitic, 
grey chalky marls of the Vijlen Member (Gulpen Formation; Felder 1997, Felder & Bosch 1998), 
which are late Early Maastrichtian in age (Belemnella cimbrica Zone; Keutgen et al. 2010, Jagt & 
Jagt-Yazykova 2012). The present laetmogonid body-wall ossicles are associated with sclerites of 
chiridotid (Apodida; Reich 2003b), dendrochirotid, holothuriid, and molpadiid sea cucumbers (Reich 
& Jagt 2001). Jagt (1999) noted echinoderm bioclasts predominate in the Vijlen Member, considering 
sedimentation in a low-energy setting below storm wave base.

(2) Peninsula Jasmund, Isle of Rügen, western Pomerania, Germany. The material described 
below, was preliminarily described in Reich (1997b) and originates from the standard section of  

FIGURE 1. Schematic drawings of modern mem-
bers of the Laetmogonidae. 1: Laetmogone [body 
length: ~10 cm]; 2: Pannychia [body length: 
~15 cm].
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the ‘Rügen chalk’ at complex VIII north of Sassnitz, Jasmund peninsula (Reich & Frenzel 2002; 
Herrig 2004b). Rügen is a classic fossil type locality of the European Upper Cretaceous, where the 
succession is built up by 90 m of chalk sediment, Early Maastrichtian in age (Belemnella obtusa, 
B. sumensis, B. cimbrica, B. fastigata belemnite Zones).

The elasipodid body-wall ossicles are associated with other members of the Apodida, Molpa-
diida, Aspidochirotida, Dactylochirotida, Dendrochirotida (Reich 2001a, 2002, 2003a, 2003b, 2003c, 
2003d; Reich et al. 2004). The whole sedimentation interval of the Rügen Chalk contains a highly 
diverse and typical ‘boreal’ (Northern Temperate Realm) faunal association of the outer shelf to upper 
bathyal (~150–300 m water depth; Herrig et al. 1996).

(3) Late Cretaceous geschiebes (glacial erratic boulder) from northeastern Germany and the 
Baltic Sea bottom. These grey- and whitish-coloured flints (collected in the 1980s and 1990s) were 
formed in their early diagenesis by secondary matrix silicification within Upper Cretaceous chalks 
and limestones. The age of these sediments was precisely dated using foraminifers and ostracods 
(mostly Maastrichtian), and the source area of this type of geschiebe is presumed to be the bottom of 
the Baltic Sea, most likely the Adlergrund, SW off the Isle of Bornholm (Herrig 2004a).

These partly silicified limestones contain, in addition to other invertebrates, a rich and diverse 
assemblage of sea cucumbers, with members from all modern orders (Reich 1995, 1997a, 2002, 
2003b). Herrig (2004a) considered after investigation of ostracods a deposition of the chalk in a water 
depth of ~100 m.

FIGURE 2. Calcareous hard parts of Laetmogone violacea Théel, 1879 (specimen 6 cm long; SMNH 110035–110037). 
1a–1c: radial element of the calcareous ring notched for the passage of the radial nerves and showing a fragile network 
of stereom structure; 1a: anterior view; 1b: inner view; 1c: outer view; 2–3: wheels of large and small type, lower side 
showing the cone formed by the primary cross, which is directed inwards in the body wall, and upper side showing the 
perforated calcareous membrane covering the nave; 4–6: spinous cross- (4–5) and rod-shaped (6) ossicles. Recent, North 
Atlantic Ocean, between Faroe Islands and Scotland, 1015 m water depth (coll. H. Théel). Scale bar 1000 µm = 1a–1c; 
Scale bar 100 µm = 2–6.
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(4) Isle of Wolin, Województwo zachodniopomorskie, Poland. The Upper Turonian material (Sub-
prionocyclus neptuni ammonite Zone; sampled in 1991 and 2000) described herein, originates from a 
small abandoned quarry near Kępa (see Reich & Wiese 2010), where flint-bearing chalk was exposed.

The ossicles of the Laetmogonidae were mentioned by Reich (1995, p. 685) for the first time and 
are associated with numerous other holothurian ossicles (Apodida, Aspidochirotida, Dendrochirotida; 
Reich 2000, 2001b, Reich & Wiese 2010). Reich & Wiese (2010) assumed open shelf settings with a 
depositional depth of ~100–120 m for this environment.

Additional extant and fossil material was investigated at several institutions (IGPI, MNHN, NHM, 
and SMNH).

Methods

Fossil holothurian ossicles from chalk and calcareous marls were isolated using ‘Nötzold’s method’ 
with acetic acid (96–100 %) and copper (II) sulphate, those from clays using hydrogen peroxide 
(10 %) or hot water. Most of the material comes from partly silicified limestones, isolated by hydro-
fluoric acid (30–40 %) (see Wissing & Herrig 1999). The latter method delivered very well-preserved 
material due to early diagenetic impregnation of the sediment matrix by SiO2 without any further 
compaction (Herrig 1982, 1993). After washing (sieve sizes: >0.063 mm and 1 mm), the residues 
were dehydrated at a temperature of ~70°C. 

Modern holothurian ossicles were obtained by maceration of distinct parts or entire specimens 
in hypochlorous acid or diluted household bleach, followed by washing in distilled water through a 
microbiological filter (size 2 µm) to acquire all hard parts.

All specimens were studied under a binocular microscope first and later mounted on stubs and 
coated with Au/Pd or Au for investigation and documentation using scanning electron microscopy 
(SEM) and field-emission scanning electron microscopy (FEM).

All the figured and type material of Reich 1995ff. (cf. Reich 1999) was transferred in 2002 from 
FGWG to GZG, due to the missing curatorial support of the Greifswald palaeontological collections 
at that time. For terminology and orientation of wheel-shaped ossicles of laetmogonid holothurians 
see Fig. 3.

Institutions are abbreviated as follows: DAG = Deutsches Archiv für Geschiebeforschung, Ernst-
Moritz-Arndt University Greifswald, Germany; FGWG = old acronym of the (today’s) Institute of 
Geography and Geology, Ernst-Moritz-Arndt University Greifswald, Germany; GZG = Geoscience 
Centre, Georg-August University Göttingen, Germany; IGPI = Institute of Geology and Palaeontol-
ogy, University of Innsbruck, Austria; MNHN = Muséum national d’Histoire naturelle, Paris, France; 
NHM = Natural History Museum, Department of Palaeontology, London, UK; SMNH = Swedish 
Museum of Natural History, Stockholm, Sweden.

Systematic Palaeontology

Class  Holothuroidea de Blainville, 1834
Order  Elasipodida Théel, 1882
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Family Laetmogonidae Ekman, 1926

Laetmogonidae n. fam. Ekman, 1926: 480
Lætmogonidæ—Mortensen 1927: 360–361
Laetmogonidae Ekman 1926—Deichmann 1930: 118–119
Laetmogonidae Ekman, 1925—Pawson 1965a: 19
Laetmogonidae Ekman, 1926—Hansen 1975: 47–48; Rogacheva et al. 2009: 479–480
Protocaudinidae cohors nov. vel parafam. nov. Deflandre-Rigaud, 1961: 103–104 [pro parte]
Protocaudinidae cohors nov. vel parafam. nov. Deflandre-Rigaud, 1962: 96–97 [pro parte]
Protocaudinidae Deflandre-Rigaud, 1961—Frizzell & Exline, 1966: U668–U669 [pro parte]
Protocaudinidae Deflandre-Rigaud—Mostler 1970: 351 [pro parte]
Palaeocaudinidae fam. n. Boczarowski, 1997: 336 [nomen nudum]
Palaeocaudinidae fam. n. Boczarowski, 1999: 73 [nomen nudum]
Palaeocaudinidae fam. n. Boczarowski, 2001: 150

Included genera. Laetmogone Théel, 1879 [syn. Bathygone Pawson, 1965a; Cryodora Théel, 1879; 
p.p. Ilyodaemon Théel, 1879; Laetmenoecus Clark, 1913]; Pannychia Théel, 1882 [syn. Laetmo-
phasma Ludwig, 1894]; Apodogaster Walsh, 1891; Benthogone Kœhler, 1895 [syn. Benthophyces 
Kœhler & Vaney, 1905; p.p. Ilyodaemon Théel, 1879]; Psychronaetes Pawson, 1983; Palaeocaudina 
Boczarowski, 1997 [fossil]; Gebrukothuria Rogacheva & Cross, 2009 in Rogacheva et al. 2009.

Remarks. Rogacheva et al. (2009: 480) recently amended the diagnosis of the family Laetmogo-

FIGURE 3. Terminology and orientation of wheel-like ossicles in laetmogonid holothurians. 1–3: Laetmogone violacea 
Théel, 1879 (SMNH 110036), Recent, North Atlantic Ocean (cf. Fig. 2); 1: lower side; 2: upper side; 3: lower side, lateral-
oblique view; 4: Palaeocaudina dorsetensis (Soodan & Whatley, 1988) (GZG.INV.91199), early Oxfordian, Villers-sur-
Mer, Normandy, France (coll. M. Reich); 4a: lower side; 4b: lower side, lateral-oblique view.
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nidae Ekman, 1926 to accommodate the new genus Gebrukothuria Rogacheva & Cross in Rogacheva 
et al. 2009. But this new definition has not turned out well due to the fact that the new diagnosis 
does not contain all described species any more. This concerns the modern Laetmogone interjacens 
(Sluiter, 1901) and L. perplexa Thandar, 1998, for example. Both species have a lateral brim (cf. 
Thandar 1998: table 3) contrary to the new diagnosis given by Rogacheva et al. (2009: 480; “…never 
fused into a brim…”). Furthermore I doubt that the “Calcareous ring is reduced or not calcified.” 
(Rogacheva et al. 2009: 480) in the entire family (see Fig. 2). The latter is possibly a conservational 
or maceration artefact: Gebrukothuria profundus was even erected on a single specimen only and 
does not have a calcareous ring. 

In the opinion of the author, the diagnostic laetmogonid wheels (cf. also Smirnov 2012: 814) are 
a distinctive synapomorphy of the family, which are, unfortunately, not present in Gebrukothuria.

In 1997, Boczarowski erected the new fossil family Palaeocaudinidae without any diagnosis, pub-
lishing a corresponding diagnosis only a few years later (Boczarowski 2001: 150). However, this 
family (parafamily) represents a younger synonym of the Laetmogonidae.

Besides the listed fossil Palaeocaudina, which is more related to the extant Laetmogone and 
Benthogone, Thuy et al. (2012: Fig. 2O) figured recently a new laetmogonid wheel-type (currently 
under description by the author), which represents probably the forerunner of the disctinct modern 
laetmogonid genus Pannychia.

Genus Palaeocaudina Boczarowski, 1997

Type species. Protocaudina hexagonaria Martin, 1952 emend. Gutschick & Canis, 1971

Palaeocaudina gen. n. Boczarowski, 1997: 336
Palaeocaudina gen. n. Boczarowski, 1999: 73
Palaeocaudina Boczarowski, 1997—Boczarowski 2001: 150–151

Diagnosis. “Sclerites with the central pore cross have contained four pores, none and marginal girdle 
have had no indentation on the edge.” [Boczarowski 1997: 336].

FIGURE 4. Holotype of Palaeocaudina acmaea (Matyja, 1972) from the Late Jurassic (Oxfordian) of central Poland 
(Tokarnia near Kielce, Holy Cross Mountains). a: upper side; b: lower side. Reproduced from Matyja (1972: Text-fig. 
12a-b; modified) with permission of the publisher.
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Remarks. This genus has to be revised due to several reasons: (1) the diagnosis given by Boc-
zarowski (1997) covers also a large part of wheels of modern laetmogonids; (2) the proposed type 
species Protocaudina hexagonaria Martin, 1952 emend. Gutschick & Canis, 1971 as well as other 
Palaeozoic members are not clear laetmogonids and were included by some authors within Prae-
caudina Mostler, 1970 emend. Gaździcki et al. 1978. Praecaudina Mostler, 1970 on the other hand, 
originally established for concavo-convex sclerites with hexagonal to octagonal outline, 4 central 
perforations, 1–2 marginal rows of perforations and a dentate rim, is dubious momentarily: Mostler 
(1970) published a drawing only and stated very clearly on the always dentated rim of Praecaudina, 
whereas Gaździcki et al. 1978 emending this genus, not mentioning this feature any more. All later 
figured and established species of Praecaudina show non-dentated rim.

In sum, we need a modern overview on laetmogonid wheel-like ossicles using SEM studies to 
establish a detailed catalogue of characteristics, also applicable in fossil elasipodid wheel-ossicles.

Included species. Protocaudina acmaea Matyja, 1972; Protocaudina dorsetensis Soodan & What-
ley, 1988; Protocaudina herrigi Reich, 1995; Palaeocaudina rugia n. sp.; Protocaudina sp. sensu 
Singh et al. 1981; Protocaudina sp. 1 sensu Sztejn 1993.

Palaeocaudina acmaea (Matyja, 1972)
Figures 4, 19(6)

Protocaudina acmaea Matyja, 1972: 243–244, Fig. 12
Protocaudina acmaea Matyja—Mostler 1972: 9
Palaeocaudina acmaea (Matyja, 1972)—Boczarowski 1997: 336; Boczarowski 1999: 73
Protocaudina n. sp. Fenninger & Holzer, 1971: Pl. 2 (Fig. 10) [?]
P. n. sp. Fenninger & Holzer—Mostler 1972: 9 [?]

Type locality, horizon and age. Tokarnia village, 18 km SW of Kielce, central Poland; Late Juras-
sic, Middle Oxfordian, Gregoryceras transversarium ammonite Zone. [Matyja 1972: 243; modified]

Diagnosis. “Wheel-shaped scrlerite [sic!] with quadruplicate perforation in the centre. Central 
plate, perforated in this way, is connected to the rim by 8 wide, lanceolate spokes. Both edges of lower 
margins of every spoke roll-like thickened.” [from Matyja 1972: 243]

Discussion. P. acmaea differs from all other known Palaeocaudina species in possessing very 
wide short spokes in connection with a large central portion. There are no known modern relatives 
with these characteristics.

Occurrence. Known from the late Middle Oxfordian of Poland; with additional, questionable 
material from the Kimmeridgian of Austria.

Palaeocaudina dorsetensis (Soodan & Whatley, 1988)
Figures 5, 19(7–8)

Protocaudina dorsetensis n. sp. Soodan & Whatley, 1988: 120, Pl. 2 (Fig. 1)
Protocaudina triperforata Schallreuter, 1968—Soodan & Whatley 1988: 120, Pl. 2 (Fig. 2)

Type locality, horizon and age. Crook Hill, Dorset, U.K.; Late Jurassic Oxford clay (Callovian). 
[Soodan & Whatley 1988: 120; modified]

Diagnosis. Not given by Soodan & Whatley (1988), only a description: “Sclerites in the form of 
a medium size disc, oval in shape, smooth periphery; eight very short spokes; interspoke area oval, 
large, elongated, parallel to the margin of the rim; central area with 4 central perforations, central 
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perforations equally spaced; central cross with rays having enlarged middle part; rim inclined to the 
plane of the disc; curved upwards and inwards. Diameter varies from .27 mm to .30 mm.” [from 
Soodan & Whatley 1988: 120]

Discussion. P. dorsetensis differs from all other known Palaeocaudina species in possessing a 
distinct concavo-convex shape and a prominent primary cross. This fossil species is probably more 
closely related to the modern Benthogone or Psychronaetes (cf. Pawson 1965b, 1983; Hansen 1975) 
than to Laetmogone.

Occurrence. Known from the Callovian Oxford Clay of Dorset, England as well as from the early 
Oxfordian of Normandy, France (pers. observ.).

Palaeocaudina herrigi (Reich, 1995)
Figures 6, 19(10)

Protocaudina herrigi n. parasp. Reich, 1995: 683–685, Text-figs. 1–4 [vidimus]
Palaeocaudina herrigi (Reich, 1995)—Boczarowski 1997: 337; Boczarowski 1999: 73; Reich & Jagt 2001: Text-fig. 1 

[vidimus]

Material. Holotype GZG.INV.91202 (formerly FGWG 109/1); Paratypes GZG.INV.91203, 91204, 
91205 (formerly FGWG 109/2) (all from the type locality and horizon); GZG.INV.91200 (formerly 
FGWG 270/1), 91201 (ENCI quarry Maastricht, The Netherlands; upper Lower Maastrichtian).

Type locality, horizon and age. Zarrenthin near Jarmen, Western Pomerania, Germany; Geschiebe 
(glacial erratic boulder) that origined from the southern Baltic Sea; Late Cretaceous, upper Upper 
Maastrichtian. [Reich 1995: 683; modified]

Diagnosis. “Eine Art der Paragattung Protocaudina mit subzirkularem bis annähernd oktogo-
nalem Umriß, leicht gewölbter Nabe und sich nach oben biegenden Speichen, acht kurzen, breiten 
Speichen, die sich zur Felge hin verjüngen, subtriangulären Speichenzwischenräumen, sowie einer 
annähernd x-förmigen Stütze (Primärkreuz sensu EKMAN 1926) im zentral perforierten Bereich der 
Nabe.” [from Reich 1995: 684]

Translation (herein): “A species of the paragenus Protocaudina with subcircular to nearly octogo-
nal outline, sligthly concave hub and spokes curving upward, eight short and wide spokes, that are 
narrower at the rim, subtriangular interspoke areas as well as a roughly x-shaped support (primary 

FIGURE 5. Holotype of Palaeocaudina dorsetensis (Soodan & Whatley, 
1988) from the Middle Jurassic (Callovian) of South West England (Crook 
Hill, Dorset); lower side. Reproduced from Soodan & Whatley (1988: Pl. 
2, Fig. 1; modified).
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cross sensu Ekman 1926) in the centrally perforated area of the hub.”
Discussion. Boczarowski (1997: 337) assigned this species to his new genus Palaeocaudina. New 

material of P. herrigi from partly silicified limestones from the Vijlen Member (Gulpen Formation) 
of Maastricht are even better preserved than the type material from the Baltic Sea bottom. Note the 
well-preserved primary cross, which rises gradually in the direction of the upper side. P. herrigi is 
more closely related to the modern Laetmogone, than to other Recent genera.

Occurrence. So far known only from the Early Maastrichtian chalk the Netherlands, and the Late 
Maastrichtian of the Baltic Sea area.

Palaeocaudina rugia n. sp.
Figures 7, 19(9)

Protocaudina n. parasp. 1 Reich, 1997a: Pl. 15 (Fig. 14) [vidimus]
Protocaudina parasp. nov. a Reich, 1997b: 90–91, Fig. 60, Pl. 5 (Fig. 4) [vidimus]
“Protocaudina” parasp. nov. a Reich & Frenzel, 2002: 197; Reich et al. 2004: 501
“Protocaudina” parasp. nov. A Reich, 2001a: Pl. 1 (Fig. 11) [vidimus]

Etymology. After Rugii, the East Germanic tribe which lived at the southern shore of the Baltic Sea 
in the first century, and Rugia, Latin for the Isle of Rügen.

Material. Holotype GZG.INV.91206; Paratype GZG.INV.91207 (both from the type locality and 
horizon); GZG.INV.91208 (formerly FGWG 126/14) (geschiebe DAG 2013 from Ladebow near 

FIGURE 6. Palaeocaudina herrigi (Reich, 1995). 1: upper side (GZG.INV.91200); 1a: stereoscopic images; 1b: ana-
glyph image; 2: lower side (GZG.INV.91201); 2a: stereoscopic images; 2b: anaglyph image. Both specimens from the Vi-
jlen Member of the Gulpen Fm. (upper Lower Maastrichtian), ENCI quarry Maastricht, The Netherlands (coll. M. Reich).
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Greifswald, Pomerania; upper Upper Maastrichtian, cf. Reich 2003b: 367).
Type locality. Standard section of the ‘Rügen chalk’ north of Sassnitz, Peninsula Jasmund, Isle of 

Rügen, Pomerania, Germany.
Type horizon and age. Cretaceous: upper Lower Maastrichtian (Belemnella fastigata belemnite Zone).
Diagnosis. A laetmogonid species with Palaeocaudina-type wheels, roughly circular in outline, 

with a large central primary cross, and a narrow connecting central portion. Primary perforations 
prominent, suboval to subtriangular, always larger than the strongly suboval to oval marginal per-
forations. 8 very short spokes. Rim inclined relative to the plane of the central portion. Struts of the 
primary cross, spokes and rim of equal thickness.

Description. These laetmogonid wheels, roughly circular in outline, with a diameter of ~140 µm, 
bear a very prominent large central primary cross. The connecting central portion between the primary 
cross and the spokes is very small. As diagnostic for Palaeocaudina, there is no dentation along the 
primary and marginal perforations. Primary perforations suboval to subtriangular, and always larger 
than the smaller marginal perforations. With 8 very short spokes, connecting the small central portion 
and the rim, rim slightly inclined. All spokes and struts as well as the rim are of equal thickness.

Discussion. P. rugia differs from other Cretaceous laetmogonids, like P. herrigi, in possessing a 
prominent large primary cross and a much smaller central portion. It is probably more closely related 
to the modern Benthogone than to other modern genera, concerning the shape of the central portion.

Occurrence. So far known only from the Early Maastrichtian chalk of Rügen, Germany, and the 
Late Maastrichtian of the Baltic Sea area.

Palaeocaudina sp. 1
Figure 8

Protocaudina sp. Singh et al. 1981: Fig. 2

Discussion. The specimen of Singh et al. (1981: Fig. 2) is too poorly figured to add to our knowledge 
of this genus without investigation of the original material.

Occurrence. So far only known from the Upper Bathonian of Rajasthan, India.

FIGURE 7. Palaeocaudina rugia n. sp. 1a: upper side (GZG.INV.91206), stereoscopic images; 1b: anaglyph image. 
From the Rügen Member of the Hemmoor Fm. at standard section, north of Sassnitz, Peninsula Jasmund, Isle of Rügen, 
Pomerania, Germany, complex/sample VIII/04 (upper Lower Maastrichtian; Belemnella fastigata belemnite Zone).
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Palaeocaudina sp. 2
Figure 9

Protocaudina sp. 1 Sztejn 1993: 125, Pl. 3 (Fig. 4)

Discussion. The specimens recorded by Sztejn (1993) unfortunately are too poorly preserved and 
filled with sediment to be identify in a satisfactory manner.

Occurrence. So far only known from the Early Kimmeridgian of Poland.

Family Palaeolaetmogonidae n. fam.

Type genus. Palaeolaetmogone n. gen. 

Protocaudinidae Deflandre-Rigaud—Mostler 1970: 351 [pro parte]
Staurocaudininae subfam. n. Boczarowski, 1997: 334 [pro parte]
Staurocaudininae subfam. n. Boczarowski, 1999: 73 [pro parte]
Staurocaudininae subfam. n. Boczarowski, 2001: 130–131 [pro parte]

Diagnosis. Elasipodid sea cucumbers with distinctive concavo-convex wheels bearing a typical cen-
tral primary cross (covered or not covered by a calcareous membrane), with marginal perforations 
(upper side) and/or at primary perforations possessing denticulated margins.

Included genera. Palaeolaetmogone n. gen.; Priscolaetmogone n. gen.; “Neomicroantyx Mostler 
in Krainer, Mostler & Haditsch, 1994”.

Remarks. Boczarowski (1997: 334) originally erected a new subfamily (Staurocaudininae) within 
the Cucumariidae Ludwig, 1894 emend. Pawson & Fell, 1965 (Dendrochirotida) for some new Devo-
nian material (Staurocaudina), as well as some Mesozoic holothurian species, like Protocaudina 
mortenseni Deflandre-Rigaud, 1946 and P. khadirensis Soodan, 1977. He considered Staurocaudina 
to be related to the modern Staurocucumis Ekman, 1927, because both possess denticulated primary 
and marginal perforations in their ossicles.

However, only the type species of Staurocaudina (S. canina) has entire marginal perforations with 
fine toothlets, probably similar to those found in the modern Staurocucumis liouvillei (cf. Ekman 
1925; Hansen 1988; Massin 1994). All Mesozoic ‘Protocaudina’ species included by Boczarowski in 

FIGURE 8. Palaeocaudina sp. 1 [= Protocaudina sp. of Singh et al. 1981] 
from the Middle Jurassic Jaisalmer Formation (Jaisalmer Member, Upper 
Bathonian) of Rajasthan, Northwest India. Reprinted with the permission 
of the Indian Academy of Sciences, Bangalore, from Singh et al. (1981: 
Fig. 2, modified).
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the Staurocaudininae are definitively members of the Elasipodida and related to the Laetmogonidae, 
probably to stem group laetmogonids.

In my opinion there are two diagnostic characters of stem group laetmogonids: (1) toothlets at the 
periphery of the marginal and/or primary perforations, and (2) complete covering of the nave/primary 
cross by a calcareous membrane. Both characteristics can also be found in Palaeozoic laetmogonid 
relatives, including species of ‘Protocaudina’ and ‘Microantyx’ are known. 

A revision of all Palaeozoic ‘Protocaudina’ and ‘Microantyx’ species is urgently needed using 
SEM studies, because their relationships have become confused. Boczarowski (1997) transferred 
most of these species (‘stem group laetmogonids’, herein) to the Rotasacciidae Haude & Langenstras-
sen, 1976, a family of the Palaeozoic Ophiocistioidea (see Reich & Haude 2004, Reich 2010) without 
clear evidence. Boczarowski hereby definitively missed Early Jurassic records (Krainer et al. 1994; 
Krainer & Mostler 1997) of ‘his ophiocistioid wheels’ (e.g., ‘Microantyx’; Boczarowski 1997, 1999), 
whereas undisputed ophiocistioids are known from the Palaeozoic only (Reich 2007, 2010).

Genus Palaeolaetmogone n. gen.

Type species. Protocaudina mortenseni Deflandre-Rigaud, 1946

Unnamed genus “Protocaudina” Frizzell & Exline, 1966: U668

Etymology. After Greek παλαιός (= ancient) and the modern holothurian genus Laetmogone.
Diagnosis. Elasipodid sea cucumbers with distinctive concavo-convex wheels bearing a typical 

central primary cross, not covered by a calcareous membrane, and with peripherally-denticulated 
marginal (or rarely) primary perforations.

Included species. Protocaudina mortenseni Deflandre-Rigaud, 1946; Protocaudina khadirensis 
Soodan, 1977 [syn. Protocaudina elliptica Soodan, 1977]; Palaeolaetmogone frankwiesei n. gen. et 
n. sp.; Protocaudina rigaudae Mostler, 1970.

Occurrence. Upper Triassic (Carnian) to Late Cretaceous (Turonian) of Europe and India.

FIGURE 9. Palaeocaudina sp. 2 [= Protocaudina sp. 1 of Sztejn 1993] from the Late Jurassic (Kimmeridgian) of central 
Poland (Łódź trough, Bełchatów PD-2B borehole). 1: lower side; 2: upper side. Reproduced from Sztejn (1993: Pl. 3, 
Figs. 4a, 4c; modified) with permission of the publisher (Polish Academy of Sciences, Warsaw).
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Palaeolaetmogone frankwiesei n. gen. et n. sp.
Figures 10, 19(4)

Etymology. Named after friend and colleague Dr. Frank Wiese (Göttingen), in recognition of his 
numerous contributions to Turonian stratigraphy and palaeontology.

Material. Holotype GZG.INV.91211, Paratype GZG.INV.91212.
Type locality. Kępa, Isle of Wolin, Województwo zachodniopomorskie, Poland.
Type horizon and age. Cretaceous: Upper Turonian (Subprionocyclus neptuni ammonite Zone).
Diagnosis. A species of Palaeolaetmogone with wheels circular in outline and a prominent pri-

mary cross with large primary perforations. Primary cross plane not curved upward or inward. 8 short 
spokes connect the central portion with the rim. All marginal perforations are denticulated at their 
periphery with medium-sized toothlets.

Description. These small (~80 µm) palaeolaetmogonid wheels are circular in outline and slightly 
concave. The central portion with a prominent primary cross and large somewhat triangular primary 
perforations covers around 50 % of the wheel diameter. The primary cross lies in a plane, and has 
fragile, thin struts, that do not curve upward or inward. 8 short spokes connect the central portion with 
the rim. All marginal perforations, equal in size, with 5–6 medium-sized toothlets at the periphery.

Discussion. P. frankwiesei differs from other palaeolaetmogonid species, like P. mortenseni, in 
possessing a prominent large plane primary cross, covering around 50 % of the whole wheel. There 
are no similar modern representatives.

Occurrence. Known only from the Late Turonian of northwestern Poland.

Palaeolaetmogone khadirensis (Soodan, 1977)
Figure 11

Protocaudina khadirensis Soodan, 1977: 181–182, Pl. 1 (Figs. 1–2)
Protocaudina elliptica Soodan, 1977: 181, Pl. 1 (Figs. 3–4)
Staurocaudina khadirensis (Soodan, 1977)—Boczarowski 1997: 335; Boczarowski 1999: 73

Type locality, horizon and age. Khadir Island, Kutch, India; Middle Jurassic, lower part of the 

FIGURE 10. Palaeolaetmogone frankwiesei n. gen. et n. sp. (GZG.
INV.91211), upper side. From Kępa, Isle of Wolin, NW Poland (Upper 
Turonian; Subprionocyclus neptuni ammonite Zone).
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Khadir Formation, ?Callovian. [Soodan 1977: 181; modified]
Diagnosis. “Sclerite in the form of medium-sized concavo-convex wheel; periphery scalloped, 

scallops opposite the interspoke-space ; eight spokes, short, broad near the centre, thinner towards 
the periphery ; interspoke-space almost triangular with outer margins arched along the scallops ; rim 
inclined to the plane of wheel, curved upwards and inwards, inner margin finely dentate ; central part 
of the sclerite large with four perforations, two large and nearer than the smaller which are widely 
spaced, diameter 0.25 mm.” [from Soodan 1977: 181]

Discussion. The two species, described by Soodan in 1977 from the same locality and stratum, 
are clearly synonymous. Soodan did not consider the interspecific variability; Protocaudina elliptica 
Soodan, 1977 differs from Protocaudina khadirensis Soodan, 1977 only slightly by a more elliptical 
outline. The figures published by Soodan (1977) are too poor to make any further comparison.

Occurrence. So far only known from the Middle Jurassic (?Callovian) of Kutch, India.

Palaeolaetmogone mortenseni (Deflandre-Rigaud, 1946)
Figures 12, 19(3)

FIGURE 11. Palaeolaetmogone khadirensis (Soodan, 1977) from the Middle Jurassic Khadir Formation (lower part, 
?Callovian) of Kutch, India. 1a: lower side; 1b: upper side (holotype, originally described as Protocaudina khadirensis); 
2a: lower side; 2b: upper side (originally described as Protocaudina elliptica). Reproduced from Soodan (1977: Pl. 1, 
Figs. 1–2; modified) with permission of the publisher (The Palaeobotanical Society, Lucknow).
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Protocaudina Mortenseni n. sp. Deflandre-Rigaud, 1946: Text-fig. 1–2 [vidimus]
Protocaudina mortenseni Deflandre-Rigaud, 1946—Deflandre-Rigaud 1952: 6
Protocaudina mortenseni Deflandre-Rigaud, 1946—Lipiec 1992: 442, Pl. 2 (Figs. 3–4) [?]
Protocaudina mortenseni Defl.-Rig.—Deflandre-Rigaud 1953: Text-fig. 14 [vidimus]
Protocaudina mortenseni Deflandre-Rigaud—Sieverts-Doreck 1958: Pl. 6 (Fig. 6); Deflandre-Rigaud 1961: 105–106, 

Text-figs. 148–149, Pl. 3 (Figs. 1–2) [nom. nud., vidimus]; Deflandre-Rigaud 1962: 98, Text-figs. 148–149, Pl. 3 (Figs. 
1–2); Frizzell & Exline 1956: 138, Pl. 8 (Figs. 13–14) [all vidimus]

Protocaudina mortenseni—Frizzell & Exline 1958: 1 card
“P.” mortenseni Deflandre-Rigaud—Frizzell & Exline 1966: U668; Mostler 1972: 9
P. mortenseni—Soodan 1972: 225 [?]
Protocaudina paucispinosa cent. nov. vel parasp. nov. Deflandre-Rigaud, 1961: 106, Text-fig. 145, Pl. 3 (Fig. 3) [nom. 

nud., vidimus]
Protocaudina paucispinosa cent. nov. vel parasp. nov. Deflandre-Rigaud, 1962: 98, Text-fig. 145, Pl. 3 (Fig. 3) [vidimus]
“P.” paucispinosa Deflandre-Rigaud, 1961—Frizzell & Exline 1966: U668; Mostler 1972: 9
“Protocaudina”—Frizzell & Exline 1966: Text-fig. 527 (1d) [vidimus]
Staurocaudina mortenseni (Deflandre-Rigaud, 1946)—Boczarowski 1997: 335
Staurocaudina mortenseni (Deflandre and Rigaud, 1946) [sic!]—Boczarowski 1999: 73

Type locality, horizon and age. Villers-sur-Mer, Normandy, France; Late Jurassic “Marnes de Vil-
lers”, Oxfordian. [Deflandre-Rigaud 1961: 105; 1962: 98; modified]

Diagnosis. “Sclérite disciforme à contour subcirculaire ou un peu elliptique légèrement festonné; 
huit perforations marginales, elliptiques allongées à bord externe aplati, parallèle au contour du sclé-
rite, et pourvu de quelques courtes dents (deux à cinq); croisillon en X allongé, nettement bombé et en 
étrier, situé au centre d’une aire médiane assez grande, et determinant quatre perforations subégales 
deux à deux.” [Deflandre-Rigaud 1961: 105; 1962: 98]

Translation (herein): “Discus-shaped sclerites with subcircular outline or slightly elliptical arched; 
eight short dentate marginal perforations, elliptical in outline, with flattened rim, parallel to the con-
tour of the sclerite; in the centre a stirrup-like X-shaped structure with four roughly equal perforations, 
arranged in pairs.”

Description [from Frizzell & Exline 1956: 138]: “Sclerite in form of a very small wheel; rim 
inclined to plane of wheel, coarsely dentate; periphery slightly scalloped; with 8 very short and nar-
row spokes; interspoke spaces low and wide, inner margins arched, outer margins nearly straight; 

FIGURE 12. Palaeolaetmogone mortenseni (Deflandre-Rigaud, 1946) from the Late Jurassic “Marnes de Villers” (Early 
Oxfordian; Quenstedtoceras mariae ammonite Zone) of Normandy (Villers-sur-Mer), northwestern France. 1: lower side 
(holotype); 2: lower side (paratype). Reproduced from the unpublished PhD thesis (1961) of Marthe Deflandre-Rigaud 
(MNHN).
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teeth restricted to interspoke perforations, from 2 to 5 above each perforation; central perforations in 
2 unequal pairs, larger perforations contiguous and separating smaller perforations; diameter, about 
0.07 to 0.09 mm.” 

Discussion. P. mortenseni and P. paucispinosa, both described by Marthe Deflandre-Rigaud from 
the same locality and stratum, are clearly synonymous (pers. observ. on the type material). Unfor-
tunately, Deflandre-Rigaud did not consider interspecific variability. There are no similar modern 
representatives: Wheel ossicles of modern Pannychia are have similar inward teeth at the rim (Solís-
Marín et al. 2009: Pl. 47C), but these are much larger than in P. mortenseni and in Pannychia the 
number of these teeth always corresponds to the number of marginal perforations.

Occurrence. So far only known from the Upper Jurassic (Oxfordian) of Normandy, France and 
questionably from the Callovian/?Lower Oxfordian of the Polish Tatra Mts.

Palaeolaetmogone rigaudae (Mostler, 1970)
Figures 13, 19(1)

Protocaudina rigaudae n. sp. Mostler, 1970: 352, Pl. 3 (Figs. 5–6)
Protocaudina rigaudae Mostler—Kozur & Mock 1972: Pl. 4 (Fig. 8); Kozur & Mock 1974: Pl. 2 (Fig. 23); Mostler 1977: 

Text-fig. 5 (Figs. 21–22)
Protocaudina rigaudae Mostler—Kozur & Mock 1972: Pl. 4 (Figs. 9–10); Kozur & Mock 1974: Pl. 2 (Fig. 22) [both non]
Protocaudina cf. rigaudae Mostler, 1971—Jamnik & Ramovš 1993: 30, Pl. 3 (Fig. 2)
Staurocaudina rigaudae (Mostler, 1970)—Boczarowski 1997: 335–336; Boczarowski 1999: 73

Type locality, horizon and age. Raschberg, Salzkammergut, Austria; Late Triassic, Carnian. [Mos-
tler 1970: 352; modified]

Diagnosis. “Eine Art der Gattung Protocaudina CRONEIS 1932 mit folgenden Besonderheiten: 
Im Zentralfeld 4 gleich große oben bezahnte Poren, die durch sehr schmale Nabenspeichen vonein-
ander getrennt sind. Von der breiten, gewölbten Nabenfelge biegen 10–12 kurze, im Querschnitt 
runde Speichen steil zur Felge hinauf.” [Mostler 1970: 352]

Translation (herein): “A species of the genus Protocaudina CRONEIS 1932 with the following 
characteristics: In the central area 4 spokes equally in size and dentate at the periphery. Wide convex 
hub with 10–12 short, in cross-section round, spokes curving upward to the rim.”

Discussion. P. rigaudae differs from other palaeolaetmogonid species in possessing small toothlets 
at the periphery of the marginal and primary perforations. There are no similar modern representa-
tives bearing a dentate periphery at primary perforations.

Occurrence. So far only known from the Late Triassic (Carnian) of Austria and the Norian of 
Slovak Republic and the Kamnik-Savinja Alps, Slovenia.

FIGURE 13. Holotype (lower side) of Palaeolaetmogone rigaudae (Mostler, 
1970) from the Upper Triassic (Carnian) of the Salzkammergut (Raschberg), 
Austria. Reprinted from Mostler (1977: Text-fig. 5: 21) with the permission of the 
Naturwissenschaftlich-Medizinischer Verein in Innsbruck. The exact size is not 
known and was not indicated in Mostler (1970, 1977) either.
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Genus Priscolaetmogone n. gen.

Type species. Priscolaetmogone oloughlini n. gen. et n. sp.
Etymology. After Latin prisco (= ancient) and the modern holothurian genus Laetmogone.
Diagnosis. Moderately warped concave laetmogonid wheels with a four-pillared top centered over 

the primary cross of the nave.
Included species. Type species P. oloughlini n. gen. et n. sp. (Later Cretaceous, Baltic Sea area) 

and one undescribed species from the Kimmeridgian of Austria (pers. comm. H. Mostler, 2001).
Occurrence. Late Jurassic (Kimmeridgian) to Late Cretaceous (Maastrichtian) of Europe (Austria 

and the Baltic Sea area).

Priscolaetmogone oloughlini n. sp.
Figures 14, 19(5)

Etymology. Named after P. Mark O’Loughlin (Melbourne), in recognition of his numerous contri-
butions to holothurian systematics and for supporting my research with comparative modern sea 
cucumber material.

Material. Holotype GZG.INV.91210, Paratype GZG.INV.91209.
Type locality. Vierow near Greifswald, Pomerania, Germany. Geschiebe (glacial erratic boulder) 

that origined from the southern Baltic Sea bottom.

FIGURE 14. Priscolaetmogone oloughlini n. gen. et n. sp. (GZG.INV.91210). 1a: upper side, stereoscopic images; 1b: 
upper side, anaglyph image; 1c–e: upper side, picture series of lateral-oblique view. Please note the small dentation (ar-
rows in 1a and 1d) around the interspoke areas. From Vierow near Greifswald, Pomerania, Germany; geschiebe (glacial 
erratic boulder) with origin at the southern Baltic Sea bottom (lower Upper Maastrichtian).
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Type horizon and age. Cretaceous: lower Upper Maastrichtian; partly silicified limestone (DAG 
1015; cf. Reich 2003b: 366).

Diagnosis. A laetmogonid with wheels of Priscolaetmogone n. gen., the latter circular to subcircu-
lar in outline. 8 short spokes, connecting the large central portion with the rim. Marginal perforations 
finely dentate. A small- to medium-sized four-pillard top is centered over a small primary cross of the 
nave.

Description. These unusual laetmogonid wheels, circular to subcircular in outline, are ~100 µm 
in diameter and bear a small- to medium-sized four-pillared top over the nave. This top and the pri-
mary cross are equal in size and thickness. There are no connecting cross-beams within this top. The 
central portion of the wheel is large, and 8 short spokes connect this area with a smooth rim. The rim 
is inclined to the plane of the central portion, but lower than the four-pillared top. All marginal per-
forations are equal in size and shape: straight on one side, and rounded on the opposite side, all fine 
dentate.

Discussion. Besides the undescribed Kimmeridgian species of Priscolaetmogone n. gen. from 
Austria [= ‘Priscopedatus sp.’ in Fenninger & Holzer 1971: Pl. 2 (Fig. 9)], no other similar fossils 
are known. Even within the members of the 6 modern laetmogonid genera, there is no species known 
with comparable wheel ossicles. It seems very likely that this four-pillared top has a functional mor-
phological role, probably penetrating the outer skin and aiding in defence or helping in locomotion.

Occurrence. So far known only from the type locality and horizon.

Priscolaetmogone? n. sp.
Figure 15.

Priscopedatus n. sp. Fenninger & Holzer, 1971: Pl. 2 (Fig. 9)

Discussion. This new species probably represents the oldest record of the genus Priscolaetmogone, 
was first figured by Fenninger & Holzer (1971) and is currently under description (pers. comm. H. 
Mostler, 2001).

Occurrence. Known only from the Kimmeridgian (Rettenbach limestones: “limestones with Sac-
cocoma”) of Upper Austria.

FIGURE 15. Priscolaetmogone? n. sp. (upper side; originally figured as 
“Priscopedatus n. sp.”) from the Kimmeridgian of the Hubkogel at Bad 
Ischl, Upper Austria. Reproduced from Fenninger & Holzer (1971: Pl. 2, 
Fig. 9; modified) with permission of the Naturwissenschaftlicher Verein 
für Kärnten.
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Genus “Neomicroantyx Mostler in Krainer, Mostler & Haditsch, 1994”  [nomen nudum]

Proposed type species. “Neomicroantyx ingridae Mostler in Krainer, Mostler & Haditsch, 1994”
Diagnosis. Not given by Mostler in Krainer et al. 1994, therefore this name is a nomen nudum. 
Included species. “Neomicroantyx ingridae Mostler in Krainer, Mostler & Haditsch, 1994”.
Occurrence. Early Jurassic of Austria and Middle Jurassic of Poland.

“Neomicroantyx ingridae Mostler in Krainer, Mostler & Haditsch, 1994”  [nomen nudum]
Figures 16, 19(2)

Neomicroantyx ingridae Mostler n. gen. n. sp.—Krainer et al. 1994: Pl. 4 (Figs. 11–12, 15–16)
Neomicroantyx ingridae Mostler—Krainer & Mostler 1997: Pl. 4 (Fig. 16), Pl. 5 (Fig. 10)
Staurocaudina sp.—Boczarowski 2012: Text-fig. 9 (A1–A2) [?]

Proposed type locality, horizon and age. Hochkranz near Weißbach, Salzburg, Austria; Early Juras-
sic, Lower Toarcian.

Diagnosis. Not given by Mostler in Krainer et al. 1994.
Discussion. Since a description and diagnosis of this taxon is still lacking, the species described by 

Mostler in Krainer et al. (1994) remains a nomen nudum. However, this new species and new genus 
shows a typical Palaeozoic ‘Microantyx’-type wheel from early Jurassic sediments, which is quite 
important due to the fact that several authors (e.g., Kozur & Mostler 1989; Gilliland 1993a; Boc-
zarowski 1997) thought that this ossicle type belongs to the Ophiocistioidea. However, ophiocistioids 
are definitively known from the Palaeozoic only (Reich & Haude 2004; Reich 2007, 2010), and due 
to similar morphology with laetmogonid wheels we can assume that ‘Microantyx’-/‘Neomicroantyx’-
type are more likely attributable to the Holothuroidea (Elasipodida). Recently Boczarowski (2012) 
published a probable juvenile ossicle of this species from the Bathonian of Poland, unfortunately 
without description, but presenting a picture of the upper side (Boczarowski 2012: Fig. 9A).

“Neomicroantyx ingridae” shows distinct characteristics, probably of stem group laetmogonids. 

FIGURE 16. “Neomicroantyx ingridae Mostler in Krainer, Mostler & Haditsch, 1994” [nomen nudum] from the Lower 
Toarcian of the Northern Calcareous Alps near Lofer (Hochkranz near Weißbach, Salzburg, Austria). 1: upper side; 2: 
lower side. Reprinted from Krainer et al. (1994: Pl. 4, Figs. 11, 15; modified) with the permission of the publisher, the 
Geological Survey of Austria.
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There are no similar modern representatives.
Occurrence. So far only known from the Lower Toarcian and Sinemurian/Pliensbachian of Aus-

tria, as well from the Upper Bathonian of Poland.

Class  Holothuroidea de Blainville, 1834
incerti ordinis et incertae familiae [proposed “laetmogonids”]

“Protocaudina antyx” Kristan-Tollmann, 1964  [nomen dubium]
Figure 17
Protocaudina antyx Kristan-Tollmann, 1964: Text-fig. 1 (5)

Discussion. “Protocaudina antyx” from the Late Triassic of Austria is based on a single incomplete 
large ossicle (~780 µm), of which the complete rim and all spokes are missing. This specimen unfor-
tunately is too poorly preserved and filled with sediment to determine with certainty the taxonomic 
identity, therefore I consider this nominal species to be a nomen dubium.

Occurrence. Known only from the Rhaetian Zlambach marls of Styria, Austria.

“Protocaudina latifolia Mostler, 1972”  [nomen nudum]

P. latifolia Mostler, 1972: 9

Discussion. “Protocaudina latifolia” is probably a manuscript name only. I was not able to track 
down this name (cf. Reich 2013, in press).

Occurrence. Jurassic, other details unknown.

“Laetmophasma” sensu Gowda, 1954
Figure 18

Laetmophasma ?—Gowda 1954a: 14
Lætmophasma—Gowda 1954b: 152, Text-fig. 4

Discussion. The specimen figured by Gowda (1954b: Text-fig. 4) is within a thin-section and too 
poorly preserved to be identified in a satisfactory manner, but it looks more like an chiridotid wheel, 
rather than an laetmogonid wheel. First listed as “Laetmophasma?” in Gowda (1954a), Gowda men-
tioned two species of Laetmophasma in an abstract one year later (1955). Unfortunately, I was not 
able to find a description of these species.

Occurrence. So far known only from Late Cretaceous of southern India.

FIGURE 17. Holotype of “Protocaudina antyx” Kristan-Tollmann, 1964 from 
the Late Triassic (Rhaetian) Zlambach marls of Styria (Leislingbach near Bad 
Aussee), Austria. Reproduced from Kristan-Tollmann (1964: Text-fig. 1, Fig. 5; 
modified) with permission of the publisher.
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FIGURE 19. Schematic drawings of several fossil laetmogonid wheels (Triassic–Cretaceous) for comparison. 1: Pal-
aeolaetmogone rigaudae (Mostler, 1970), upper side, from the Upper Triassic (Carnian) of the Salzkammergut, Austria 
[the exact size is not known]; 2: “Neomicroantyx ingridae Mostler in Krainer, Mostler & Haditsch 1994” from the Lower 
Toarcian of the Northern Calcareous Alps, Austria, 2a: upper side, 2b: lower side; 3: Palaeolaetmogone mortenseni 
(Deflandre-Rigaud, 1946), lower side, from the Late Jurassic (Early Oxfordian) of Normandy, northwestern France; 4: 
Palaeolaetmogone frankwiesei n. gen. et n. sp., upper side, from the Late Cretaceous (Upper Turonian) of the Isle of 
Wolin, Northwest Poland; 5: Priscolaetmogone oloughlini n. gen. et n. sp., upper side, from the Late Cretaceous (Upper 
Maastrichtian) of the southern Baltic Sea bottom; 6: Palaeocaudina acmaea (Matyja, 1972) from the Late Jurassic (Ox-
fordian) of central Poland, a: upper side, b: lower side; 7: Palaeocaudina dorsetensis (Soodan & Whatley, 1988), lower 
side, from the Middle Jurassic (Callovian) of South West England; 8: Palaeolaetmogone dorsetensis (Soodan & Whatley, 
1988), from the Late Jurassic (Early Oxfordian) of Normandy, northwestern France, 8a: lower side, 8b: oblique view; 9: 
Palaeocaudina rugia n. sp., upper side, from the Late Cretaceous White Chalk (upper Lower Maastrichtian) of Rügen, 
Pomerania, Germany; 10: Palaeocaudina herrigi (Reich, 1995), upper side, from the Late Cretaceous Gulpen Fm. (upper 
Lower Maastrichtian) of the Maastricht area, the Netherlands.
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Discussion and Conclusions

At first glance one might conclude that the fossil record of laetmogonid sea cucumbers and rela-
tives is quite good (Gilliland 1993a, 1993b; Boczarowski 1997, 2001) and goes back to the early 
Palaeozoic. However, a more thorough review reveals numerous gaps (Fig. 20) and large discrepan-
cies. One particularly problematic issue is distinguishing ossicles of ‘naked’ ophiocistioids (Haude & 
Langenstrassen 1976), which possess ‘elasipodid’-like wheel ossicles, from ossicles of holothurians. 
Several erroneous transfers of former holothurian species/genera (Protocaudina, Microantyx) to the 
Ophiocistioidea (Rotasacciidae) were proposed (e.g., Kozur & Mostler 1989; Boczarowski 1997).

The fossil record of laetmogonid sea cucumbers, however, is not as good as it seems. Nearly 20 
laetmogonid species were named from Palaeozoic sediments, around a dozen from Mesozoic strata 
(Figs. 19–20) and none from the Cenozoic (cf. Reich 2013, in press). As yet nothing is known about 
the timing of divergence of elasipodid families and relationships within the Elasipodida (cf. Gilliland 
1993a; Kerr & Kim 2001). This is in part caused by missing detailed descriptions and SEM studies 
of modern wheel-shaped ossicles of the Laetmogonidae and Elpidiidae (both Elasipodida). Almost 
all published documentations regarding the hard parts of these families are based on simple drawings 
(e.g., Hansen 1975; Gebruk 1990, 2008) only. Unfortunately, including SEM pictures in descriptions 
(e.g., Thandar 1998, 1999; Solís-Marín et al. 2009) remains the exception. This makes interpretations 
of fossil elasipodid sea cucumbers difficult.

Above I provided an overview of all Mesozoic taxa of laetmogonids and their close relatives, to 
set a baseline for future studies on elasipodid evolution. Nearly all of these taxa were reported from 
Europe and India. A few overlooked or new species have proven especially informative concerning the 
Post-Palaeozoic diversity of the Laetmogonidae as well as the origin of some modern laetmogonids.

However, future studies using SEM and/or X-ray computer tomography on both fossil and extant 

FIGURE 20. Stratigraphic range chart for Mesozoic members of the Laetmogonidae and Palaeolaetmogonidae (Elasipo-
dida). 1: Laetmogone violacea Théel, 1879; 2: Pannychia moseleyi Théel, 1882; 3: Priscolaetmogone oloughlini n. gen. 
et n. sp.; 4: Priscolaetmogone? n. sp.; 5: Palaeolaetmogone frankwiesei n. gen. et n. sp.; 6: Palaeolaetmogone mortenseni 
(Deflandre-Rigaud, 1946); 7: Palaeolaetmogone khadirensis (Soodan, 1977); 8: “Neomicroantyx ingridae Mostler in 
Krainer et al., 1994”; 9: Palaeolaetmogone rigaudae (Mostler, 1970); 10: Palaeocaudina herrigi (Reich, 1995); 11: 
Palaeocaudina rugia n. sp.; 12: Palaeocaudina sp. 2; 13: Palaeocaudina acmaea (Matyja, 1972); 14: Palaeocaudina 
dorsetensis (Soodan & Whatley, 1988); 15: Palaeocaudina sp. 1.

FIGURE 18. A probable chiridotid wheel-like ossicle in a petrographic 
thin section of Cretaceous rocks from Trichinopoly (today Tiruchirap-
palli), southeasternmost India, figured by Gowda (1954) as a “transverse 
section of Lætmophasma” (which is a junior synonym of the laetmogonid 
Pannychia). Reproduced from Gowda (1954: Fig. 4; modified) with per-
mission of the publisher, the Indian Academy of Sciences, Bangalore.
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elasipodid wheel-shaped ossicles are urgently needed. In the future, increased detailed character sam-
pling should allow more accurate determinations of fossil sea cucumber material as well as better 
assessment of diversification and evolutionary relationships within the Holothuroidea.
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