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Abstract
Records of chondrichthyan egg capsule morphotypes from the paralic deposits of the Belgian Coal Measures Group (Penn-
sylvanian; Bashkirian–Moscovian; Namurian B–Westphalian B according to the traditional subdivision) are presented and 
discussed. These include several species of the hybodontiform type Palaeoxyris as well as the putative holocephalian types 
Vetacapsula and Crookallia. Furthermore, the type specimens of Scapellites cottoni and S. minor, two additional putative 
and enigmatic egg capsules from the same lithostratigraphic unit, are figured and discussed. Altogether, a highly diverse egg 
capsule assemblage documented from the Belgian deposits implies the presence of at least eleven different Carboniferous 
chondrichthyan species using the ancient aquatic environments for spawning and as nurseries. The absence of the xenacan-
thiform morphotype Fayolia, known from surrounding coeval Coal Measures areas of northern France, the Netherlands, and 
Germany, is conspicuous. This lack may be a result of collecting bias and does not reflect a real pattern.
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Introduction

The recent study of the alleged fossil chondrichthyan egg cap-
sules identified as Spiraxis interstrialis Stainier 1894 from the 
Upper Devonian (Famennian) of southern Belgium, demon-
strating them not to be chondrichthyan egg cases (Mottequin 

et al. 2021), has led us to reconsider all other reports of alleged 
chondrichthyan egg capsules from the Palaeozoic of Belgium 
(Fig. 1). Although they are rare, these putative egg capsules 
are known from several Upper Carboniferous (Pennsylvanian) 
horizons of the Belgian Coal Field and were ascribed to Pal-
aeoxyris (Stainier 1911; Pruvost 1930), Scapellites (Pruvost 
1922, 1930), and Vetacapsula (Pruvost 1930; Stainier 1938, 
1942). These fossils were all found during the active explora-
tion and mining of coal in deep underground galleries. Since 
mining seized gradually from the 1950s and stopped fully in 
1992 (Delmer et al. 2002), no further in-situ finds are to be 
expected, increasing the value of historically collected material 
surviving in collections today, not in the least because most of 
these records were not, or not properly, illustrated or described.

The aim of this paper is to overview, document, re-
describe, and (re-)illustrate (in the case when the original 
material has been traced) the type material of the chondrich-
thyan egg capsules of the Upper Carboniferous of Belgium, 
described under their original specific names as Scapellites 
cottoni Pruvost 1922, S. minor Pruvost 1930, Vetacapsula 
debildei Stainier 1938, and V. preati Stainier 1942. Further-
more, the documented specimens assigned to the morpho-
types Palaeoxyris and Vetacapsula by Pruvost (1930) are also 
figured in order to cover the subject as completely as possible.
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Geological setting

The material described and/or illustrated by Pruvost (1922, 
1930), Stainier (1911, 1935, 1938, 1942), and Chaudoir 
et al. (1951) comes from the Pennsylvanian Belgian Coal 
Measures Group (Namurian B of 322 My to Westphalian B 
of 315 My (Aretz et al. 2020) according to the traditional 
subdivision; Fig. 2), which includes all the Carbonifer-
ous coal-bearing siliciclastics recognized in the two major 
Belgian coal basins separated by the Brabant Massif, 
namely the northern (or Campine) and southern (or Wal-
loon) basins (Delmer et al. 2002) (Fig. 1). The Campine 
Basin corresponds to the continuation of the South Lim-
burg coalfield (The Netherlands) and of the northern part 
of the Aachen and Ruhr coalfields in Germany, whereas 
the Walloon Basin extends from the French Nord–Pas-
de-Calais in the west, and to the Aachen and Ruhr coal-
fields in Germany in the east (Delmer et al. 2002). The 
Walloon Basin was subdivided into several districts (e.g. 
Delmer and Ancion 1954a, b) that are plotted in Fig. 1. 
The reader is referred to the overviews of Paproth et al. 
(1983) and Delmer et al. (2002) for descriptions of the 
Andenne, Châtelet (Ransart and Floriffoux members) and 
Charleroi (Mons, As, and Eikenberg members) formations 
that yielded the material discussed here (Fig. 2).

Material and methods

The material studied in this paper is housed in the collec-
tions of the Royal Belgian Institute of Natural Sciences 
(RBINS, Brussels).

Quite a number of records were reported in publications 
of the ‘Association pour l’Étude de la Paléontologie et de 
la Stratigraphie houillères (AEPSH)’, subsequently rebap-
tised ‘Centre national de Géologie houillère’ in 1959. In 
the absence of a recent and exhaustive inventory of their 
immense collection (~ 8000 drawers, now at the RBINS), 
retracing all of these specimens is a colossal task that falls 
well beyond the scope of the present study. However, it 
is obvious that such a fossil hunt may be of considerable 
importance for future studies on Pennsylvanian chondrich-
thyan egg capsules.

All specimens, apart from those of Scapellites cottoni, 
were coated with ammonium chloride sublimate prior to 
being photographed. In addition to this, textured 3D models 
of the outer surface of the illustrated specimens (RBINS 
a7716, a7719, a7720–7722, a7769, and a13818) can be con-
sulted via the RBINS Virtual Collections Platform (http:// 
virtu alcol lecti ons. natur alsci ences. be/).

Except for Scapellites, the different chondrichthyan egg 
capsule morphotypes are presented following Fischer et al.’s 
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Fig. 1  Coal Measures basins of Belgium and neighbouring countries 
with indication of the districts and localities cited in the text (modi-
fied from Delmer and Graulich 1954) and with the distribution of the 
ascertained and putative/questionable chondrichthyan egg capsule 
morphotypes in Belgium (e.g. Pruvost 1930; Stainier 1938, 1942), 
northern France (Pruvost 1919, 1930), the Netherlands (southern 

Limburg; Pruvost 1927; van der Heide 1943), and Germany (Aachen 
area; Hahne 1939). Vetacapsula also includes the Vetacapsula–
Crookallia morphotype see text). Localities: 1, L’Escarpelle; 2, Hen-
sies; 3, Hautrage; 4, Pâturages; 5, Quaregnon; 6, Forchies; 7, Ransart; 
8, Châtelineau; 9, Lillo; 10, Lummen-Gestel; 11, Kwaadmechelen-
Veldhoven. Abbreviation: LU., Luxembourg
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(2014a) overview, with the species being alphabetically 
arranged under each genus. An exception was made for Pal-
aeoxyris and Vetacapsula, whose representatives are only 
briefly discussed and, as far as possible, illustrated. Figure 3 
presents the terminology used in the text.

The synonymy lists are non-exhaustive and primarily 
focussed on Belgian literature.

Systematic palaeontology

The classification of fossils egg capsules is parataxonomic, 
consisting of form groups because of their ambiguous ortho-
taxonomic position (Fischer and Kogan 2008). However, 
for practical reasons they are typically treated in accord-
ance with the rules of the International Code of Zoological 
Nomenclature (Zidek 1976; Rössler and Schneider 1997; 
Fischer et al. 2011). An attempt by Vialov (1984) to create 
a distinct nomenclature for fossil egg capsules has not been 
adopted by subsequent authors (Fischer and Kogan 2008).

Genus Crookallia Chabakov 1949
Type species Vetacapsula czernyshevi Chabakov 1927; 

from the Middle Pennsylvanian (Late Moscovian, Westphal-
ian D in the traditional subdivision) of the river Gnilusha, 
in the Krasnyy Sulin District of the Rostov Region, Rus-
sia, eastern outskirts of the Donets Basin (Nemyrovska and 
Yefimenko 2013).

General diagnosis Chondrichthyan egg capsule mor-
photype (Fig. 3a) with a three-fold division of a fusiform 
body tapering gradually at the anterior end into a shorter 

pointed beak and on the posterior one into a long and slen-
der tail (pedicle). Its body is compressed, bulb-shaped, with 
a few untwisted longitudinal ribs (< 20) on the surface. In 
contrast to the similar, but more bulb-shaped Vetacapsula 
egg capsule morphotype (see below; Fig. 3b), a prominent 
middle ridge is not present. Altogether, body slightly non-
symmetrical in its longitudinal direction. Distal part of the 
tail often showing a distinct kink. Moderate lateral flange 
(collarette) proved for at least one species comparable to the 
flanges in extant chimaeras.

Remarks Six species from the Pennsylvanian have 
already been documented from paralic strata of Europe 
(Fischer et al. 2014a, 2019). The producers most probably 
belong to the Holocephali (Fischer et al. 2014a).

Crookallia debildei (Stainier 1938) (Figs. 2, 4a and 5a)
1938 Vetacapsula debildei Stainier, p. 7–13, figs. 4–5.
1942 Vetacapsula debildei; Stainier, p. 4–5.
Type material The holotype (external mould), by mono-

typy, illustrated by Stainier (1938, figs. 4–5) and refigured 
here (Figs. 4a and 5a) is specimen RBINS a7769.

Type locality and horizon Hautrage colliery (Couchant 
de Mons district), top of the Ransart Member, 8 m below 
the base of the Floriffoux Member (Châtelet Formation), 
early Upper Bashkirian (Lower Westphalian A of the tradi-
tional subdivision) (Figs. 1 and 2) (see also Stainier’s (1936) 
description of this colliery).

Description The single specimen is a 34-mm-long elon-
gated fusiform capsule with distinct three-fold division. The 
needle-like beak is 6 mm long, the fusiform body is about 

Fig. 2  Distribution of ascer-
tained and putative/questionable 
chondrichthyan egg capsules 
within the Belgian Coal Meas-
ures Group based on literature 
data (see references in text; 
chrono- and lithostratigraphy 
after Delmer et al. (2002)). 
Abbreviations: Fm., Formation; 
Grp., Group; Mos., Moscov-
ian; Nam., Namurian; R. st., 
regional stage; St., Stage; Su., 
Subsystem; Sy., System, West., 
Westphalian
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12 mm long and 4 mm wide at the widest point of the bulge. 
The pedicle is 16 mm long, has a uniform width of 1.5 mm, 
and shows a distinct kink of 45° distally. The transition from 
the body to the pedicle is very gradual. Up to 8 longitudinal 
ribs are visible on each hemisphere. The distance between 
them is maximum 0.4 mm on the body and 0.15 mm on 
the pedicle. A middle ridge between both hemispheres is 
not developed. The body shows also an oval depression 
corresponding to a protuberance on the positive. The most 
noticeable feature is a distinct, 1.4-mm-wide flange, which 
accompanies both margins and traces the capsule shape. It 
is not preserved over the entire length but is recognizable on 
the left side of the fossil on almost 80% of the longitudinal 
extension. In the area of the bulge of the body, it narrows to 
c. 1 mm, then it increases in width again.

Remarks The specimen was originally described as 
Vetacapsula by Stainier (1938) because of the combination 
of its three-fold division, fusiform shape, and longitudinal 
ribs. Due to the lack of a median ridge, Stainier (1938) had 
already noted that his new species was very close to V. kid-
stoni Crookall 1928, which was later ascribed to Crooka-
llia by Chabakov (1949). Consequently, V. debildei was 

also assigned to Crookallia by Fischer et al. (2014a). The 
oval depression could maybe represent the outline of the 
former yolk sac (Stainier 1938, 1942), which at the begin-
ning of embryonic development in chondrichthyans can 
still have such a size compared to its protective collagen-
ous eggshell. However, this is pure speculation.

Crookallia kidstoni (Crookall 1928) (Figs. 2 and 4b)
1928 Vetacapsula kidstoni Crookall, p. 95–97, pl. 1, 

figs. 7–8.
1930 Vetacapsula Johnsoni; Pruvost, p. 134–135, pl. 

2, fig. 7.
1938 Vetacapsula johnsoni; Demanet and Van Straelen 

in Renier et al., p. 238, pl. 144, Fig. 4 [copy of Pruvost 
(1930, pl. 2, fig. 7)]; text-fig. 126.

Material The specimen RBINS a7715 figured as V. 
johnsoni by Pruvost (1930: pl. 2, fig. 7) from the Char-
leroi district (Châtelet Formation, Ransart Member) 
has not been traced in the RBINS collections. Another 
specimen (RBINS a13818; Fig. 4b), slightly smaller than 
the former and better preserved, is from the Appaumée-
Ransart colliery in the Charleroi district (e.g. Bellière and 
Harsée 1924; Stainier 1932), Châtelet Formation (Ransart 

Fig. 3  Descriptive egg capsule 
terminology of Crookallia (a), 
Vetacapsula (b), and Palaeoxy-
ris (c) used in the text accord-
ing to Crookall (1928), Fischer 
et al. (2011), and Fischer et al. 
(2014a); egg capsules are not to 
scale (diagrammatic drawings 
by Frederik Spindler)
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Member) of Bashkirian age (Westphalian A of the tradi-
tional subdivision).

Description The incomplete fusiform capsule available 
reaches at least 21 mm in length and shows a slightly bulb-
shaped body that gradually tapers into a pointed beak and a 
thicker, stretched pedicle. The body is 10.5 mm long and 
6.2 mm wide at the widest point of the bulge. The incompletely 
preserved, 7.5-mm-long pedicle shows a uniform width of 
2 mm. Altogether c. 8 longitudinal ribs are visible on each hem-
isphere. The distance between them is c. 0.4 mm on the body 
and much smaller on the pedicle. A middle ridge is absent.

Remarks There are discrepancies between the measure-
ments given by Pruvost (1930) for the specimen RBINS 
a7715 that he assigned to Vetacapsula johnsoni and the sin-
gle photograph provided as it is stated both in the caption 
and on the plate itself, that the specimen is enlarged twice. 
Although this specimen corresponds perfectly in shape to 
the type of V. johnsoni illustrated by Crookall (1928), the 
absence of the middle ridge, the reduced number of longitu-
dinal ribs (18) on the surface, and the rather gradual tapering 
into the pedicle justify a re-assignment to the kidstoni type 
of Crookallia. If Pruvost’s (1930) specimen reaches really 
50 mm in length as indicated in Pruvost’s description, thus 
almost double that of Crookall’s (1928) kidstoni species, 

size alone should not be a criterion. As seen in fossil egg 
capsule whorls of the Cretaceous chondrichthyan capsule 
Palaeoxyris jugleri (von Ettingshausen 1852) (Fischer and 
Reich 2013) as well as in extant sharks (Zidek 1976), a dis-
tinct intraspecific variation in the size of capsules exists. 
All other capsule parameters, however, coincide with the 
characteristics of C. kidstoni. In contrast, the second speci-
men (RBINS a13818; Fig. 4b) fulfils all requirements, even 
the size. Therefore, both remains are regarded to represent 
specimens of Crookallia kidstoni.

Crookallia preati (Stainier 1942) (Figs. 2 and 5b–c).
1942 Vetacapsula Preati Stainier, p. 1–6, figs. 1–2.
Type material The only known specimen (a negative 

impression) (Fig. 5b–c), illustrated by Stainier (1942), has 
not been traced in the RBINS collections although he men-
tioned that the material was deposited there. However, the 
detailed documentation of the specimen by Stainier (1942) 
allows species validation and comparison.

Type locality and horizon Le Gouffre colliery (pit no. 
10) at Châtelineau (Charleroi district) (Fig. 1), northern 
mine gallery (bouveau in French) at the depth − 855 m, 
Châtelet Formation, Floriffoux Member (base of Lower 
Bashkirian, Lower Westphalian A according to the tradi-
tional subdivision; see Stainier 1932).

Fig. 4  a Crookallia debildei 
(Stainier 1938), holotype 
RBINS a7769 (Stainier 1938, 
figs. 4–5), from the Hautrage 
colliery, Châtelet Formation 
(top of the Ransart Member), 
Lower Westphalian A. b 
Crookallia kidstoni (Crookall 
1928), RBINS a13818, almost 
complete specimen, Appaumée-
Ransart colliery, Châtelet 
Formation (Ransart Member), 
Westphalian A. c–d Palae-
oxyris carbonaria Schimper (in 
Stiehler 1850), RBINS a7716 
(Pruvost 1930, pl. 2, fig. 8), 
almost complete specimen and 
its incomplete counterpart, 
Quaregnon, Les Produits col-
liery (northern Rieu-du-Cœur 
headquarters), Charleroi Forma-
tion (Eikenberg Member), West-
phalian B. Scale bars represent 
5 mm for all

Content courtesy of Springer Nature, terms of use apply. Rights reserved.
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Description The single specimen is a 27 mm-long, elon-
gated and fusiform capsule with distinct three-fold division. 
The beak is not preserved, the fusiform body is about 12 mm 
long and about 5 mm wide at the widest point of the bulge. 
The 15-mm-long pedicle has a general width of 1.6 mm and 
shows a kink of nearly 50° distally. The transition from the 
body to the pedicle is very gradual. Altogether, 8 longitudi-
nal ribs are visible on the body. The distance between them 
is maximum 0.4 mm on the body and 0.2 mm on the pedicle. 
A middle ridge of any shape or form is not developed. In the 
front body area, in the direction of the former beak, an oval 
depression is weakly developed.

Remarks The lack of a prominent middle ridge, the low 
number of longitudinal ribs (only 8), the very gradual taper-
ing into the pedicle and the distinct kink on it clearly justify 
the re-assignment to Crookallia. In a matter of size, shape 

and ribbing characteristics, C. preati is most similar to C. 
debildei. However, the very small number of longitudinal 
ribs and the lack of a lateral flange separate C. preati from 
the latter species and justify the assignment to a separate 
species according to current knowledge and underlying 
material. As already discussed and displayed by Stainier 
(1942, fig. 2), the ribs on the surface show a weak trans-
verse rhomboidal pattern as a result of slight torsion during 
fossilization, a taphonomic phenomenon also known from 
few other specimens (Crookall 1928; Pruvost 1930; van der 
Heide, 1943).

Genus Scapellites Pruvost 1922
Type species Scapellites cottoni Pruvost 1922; from the 

Charleroi Formation (Mons Member, Early Bashkirian) of 
Pâturages (Couchant de Mons district), southern Belgium.

General diagnosis A morphotype with a slightly fusi-
form shape with a roughly textured surface of several narrow 
longitudinal, and often longitudinally twisted, filaments like 
a ball of wool.

Remarks Besides the type species, only S. minor Pruvost 
1930 has been described. Pruvost (1922) noted the affinities 
of Scapellites with egg capsule morphotypes of Palaeoxy-
ris, Fayolia and Vetacapsula. He considered his new genus 
as representing egg capsules of chondrichthyan fishes from 
the coal measures (Cestracion [= Heterodontus], Helodus), 
an interpretation already challenged by Lebrun (in Pruvost 
1922), who suggested Scapellites to be eggs of molluscs 
or cephalopods, an opinion favoured by Renier (1942) due 
to their presence in horizons with marine influences (viz. 
Gastrioceras subcrenatum Horizon, base of the Ransart 
Member of the Châtelet Formation, Westphalian A) in the 
Liège district. However, neither Pruvost nor Lebrun substan-
tiated their suggestions. Although exceptionally preserved 
fossils of early coleoid cephalopods are known from the Car-
boniferous of the USA (e.g. Mazon Creek and Bear Gulch 
Lägerstatten; Doguzhaeva et al. 2010; Wittry 2012; Klug 
et al. 2019; Whalen and Landman 2022) and despite the fact 
that there may be some resemblances with some egg clus-
ters (egg strings or festoons) of some extant Coleoidea (e.g. 
octopods; see von Boletzky 1998), the cephalopods occur-
ring within the marine horizons in the Belgian Coal beds, 
and thus those Renier (1942) referred to, namely ammo-
noids (abundant) and nautiloids (very rare), are presumed 
not to be the producers. The absence of any indication of 
embryonic shells being inside the egg cases, and the fact 
that no such structures are identified from any deposit else-
where, argues against them being ammonoid or nautiloid 
egg cases. In addition, the great majority of nautiloids prob-
ably exhibited a K-strategy, like extant Nautilus, with a few 
and large individual eggs (Arnold 2010), thus differing from 
Scapellites. However, none of the above is discriminatory 
evidence. Although the producers are still unknown (Fis-
cher and Kogan 2008), we follow the statement of Fischer 

Fig. 5  a Crookallia debildei (Stainier 1938), holotype RBINS a7769 
(facsimile of Stainier 1938, Fig.  4), from the Hautrage colliery, 
Châtelet Formation (top of the Ransart Member), Lower Westphalian 
A. b–c Crookallia preati (Stainier 1942), facsimile of Stainier (1942, 
figs. 1–2), from Le Gouffre colliery (pit no. 10) at Châtelineau, north-
ern mine gallery at the depth − 855 m, Châtelet Formation (Floriffoux 
Member), Lower Westphalian A. Scale bars represent: 5 mm (a–b); 
1 mm (c)

Content courtesy of Springer Nature, terms of use apply. Rights reserved.
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et al. (2014b) arguing that the weak rhomboidal patterns 
preserved on several remains may point to a chondrichthyan 
origin (Fischer et al. 2014b). Clearly, further study is needed 
to enlighten on the possible affinities and producers of the 
Scapellites fossils.

Occurrence Campine and Walloon Coal Measures basins 
of Belgium (Pruvost 1922 and references herein; Westphal-
ian A and B of the traditional subdivision, and possibly from 
the Namurian B), northern France (Pruvost 1930; Westphal-
ian A) and western Germany (Hahne 1939; Westphalian A) 
(Fig. 1). Crookall’s (1930) suggestion that representatives of 

this genus may be present in the British Coal Measures has 
not yet been confirmed.

Scapellites cottoni Pruvost 1922 (Figs. 2, 6–7)
1922 Scapellites Cottoni nov. Pruvost, p. 151–155, 

text-figs. 1–4.
1926 Scalpellites [sic] sp.; Renier in Asselberghs, p. 646 

[= S. cottoni after Pruvost (1930)].
1927 Scapellites sp.; Renier, p. 887 (= S. cottoni after 

Pruvost (1930)).
1930 Scapellites cottoni; Crookall, p. 22–23, pl. 5, 

figs. 1–3.

Fig. 6  Scapellites cottoni 
Pruvost 1922, from Pâturages 
(pit no. 10 known as Grisœuil, 
depth − 1150 m), Charleroi For-
mation (top of the Mons Mem-
ber), Upper Westphalian A. a–b 
RBINS a7719, slab of black 
shale covered by numerous, 
differently oriented specimens 
(Pruvost 1922, text-fig. 1; Pruv-
ost 1930, pl. 2, fig. 1). c RBINS 
a7719, close-up of specimen 
illustrated by Pruvost (1922, 
text-fig. 3). d RBINS a7719, 
detail of more or less dissoci-
ated capsules (Pruvost 1922, 
text-figs. 2 (= lectotype, RBINS 
a7719a), 4; Pruvost 1930, pl. 
2, figs. 2–3). e close-up of 
lectotype with partly dissociated 
filaments, RBINS a7719a. Scale 
bar represents: 10 mm (a–d); 
5 mm (e)
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1930 Scapellites Cottoni; Pruvost, p. 137–140, pl. 2, 
figs. 1–3; text-fig. 3.

1934 Scapellites Cottoni; Renier, p. 289.
1938 Scapellites cottoni; Demanet and Van Straelen in 

Renier et al., p. 239, pl. 144, fig. 5; text-fig. 129.
1938 Scapellites cottoni; Renier, p. 101–104.
1938 Scapellites cottoni; Renier in Renier et al., p. 275, 

278, 279, 280, 282, fig. 141.
1939 Scapellites cottoni; Hahne, p. 223.
1950 Scapellites cottoni; Chaudoir et al., p. 13.
1951 Scapellites cottoni; Chaudoir et al., p. 41, 47, pl. 

1, figs. 1–6.

1953 Scapellites cottoni; Chaudoir et al., p. 19, 64.
1976 Scapellites cottoni; Delmer and Tricot, p. 17, 23.
1995 Scapellites cotoni [sic]; Derycke et al., p. 346.
2008 Scapellites cottoni; Fischer and Kogan, p. 79.
Type material One black-coloured shaly slab (and its 

counter slab) (RBINS a7719) includes all the specimens 
illustrated by Pruvost (1922) (Fig. 6), but no holotype was 
designated in the original publication. Pruvost (1930) con-
sidered this slab as the type of the species. Although the 
term ‘type’ should act as a lectotype designation, this is 
incorrect according to Article 74.5 of the International 
Code of Zoological Nomenclature (fourth edition; Inter-
national Commission on Zoological Nomenclature 1999) 
as the taxon had been based on more than one specimen.

The lectotype (RBINS a7719a) hereby designated cor-
responds to what is interpreted as a partly dissociated cap-
sule figured by Pruvost (1922, text-fig. 4) and re-illustrated 
here in Fig. 6d–e. Pruvost’s (1922) figured and unillus-
trated syntypes are to be considered paralectotypes.

Type locality and horizon Pâturages (pit no. 10 known 
as Grisœuil, depth -1,150 m) (Couchant de Mons district) 
(Fig. 1), top of the Mons Member (Charleroi Formation, 
Late Bashkirian (Late Westphalian A according to the tra-
ditional subdivision)), 25 m below the Quaregnon marine 
band (marking the base of the As Member, same forma-
tion) (Pruvost 1922; Renier 1922; Renier 1934, 1937; 
Renier in Renier et al. 1938).

Description Spindle-shaped capsules covering shale 
plates in the form of flattened but scattered impressions. 
They are on average 16 mm long and 4 mm wide. Their 
non-carbonaceous wall is composed of a kind of nar-
row longitudinal band folded into a loop at each of the 
two ends. This gives rise to a series of zigzag lines, the 
adjacent branches of which are closely joined, so that the 
whole forms a well-closed capsule. The whole capsule 
consists of at least 12 such folded bands; at one pole of 
the capsule there are at least 6 loops; at the other, there 
are one less. On one side of the capsule, the bands merge 
into a long pedicle. These capsules have a slight helical 
twist of one and a half turns about their long axis. By 
superimposing and compressing the front and back sides 
of the capsules, the bands of the lower side cross those of 
the upper side, forming small rhomboidal patterns. Often 
the bands no longer form a closed capsule, but are disso-
ciated, spreading laterally and forming zigzag threads at 
wide intervals. This arrangement seems to be indicative of 
a very particular way in which these capsules are opened 
up by spreading of the bands. Sometimes the pedicles con-
verge in a common stem of fibrous structure, suggesting 
that the original capsules were clustered.

Remarks Although only known originally by a lim-
ited number of specimens, several occurrences were sub-
sequently reported (see references herein) and additional 

Fig. 7  Facsimile of the reconstitution of Scapellites cottoni Pruvost 
1922 by Pruvost (1930, text-fig. 3). Scale bar represents 5 mm
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specimens, from the Liège district, were illustrated by Chau-
doir et al. (1951). It is not excluded that Scapellites minor 
was confused with S. cottoni by Renier (1937) and Humblet 
(1946) according to Chaudoir et al. (1951) (see below).

From a palaeoecological point of view, Chaudoir et al. 
(1950) mentioned S. cottoni in a m-thick level of laminar 
micaceous shale with sandy beds and thin shale intercala-
tions that yielded various species of the freshwater bivalve 
Anthracomya. At the roof of the Homvent Layer (0.70 m 
thick), Chaudoir et al. (1951) indicated that some bedding 
planes of a 0.9-m-thick level of grey shale, with carbonate 
nodules, were literally covered by Scapellites cottoni and 
this level is interpreted as non-marine by Pastiels (in Chau-
doir et al. 1951, legend of pl. 1). Pruvost’s species as well as 
S. aff. cottoni Pruvost, S. sp., and cf. S. sp. are reported by 
Chaudoir et al. (1953) from more or less dark, micaceous 
shales, in association with the bivalve Anthraconauta. Sev-
eral authors (e.g. Renier 1937, 1942; Chaudoir et al. 1953) 
recognised a Scapellites facies within the Westphalian of 
the Liège district and considered it as synchronous of an 
important marker known as the Bouxharmont Horizon but, 
according to Lambrecht et al. (1962), the Scapellites facies 
is older than this horizon.

Occurrence Besides the type locality, Pruvost (1922) 
also reported the species from the Charleroi district (Mons 
Member; Appaumée-Ransart colliery) (Fig.  1). Subse-
quently, S. cottoni was recognized by Pruvost (1930) at Hen-
sies (Couchant de Mons district, base of the As Member of 
the Charleroi Formation; Moscovian, Westphalian B of the 
traditional subdivision) and in the Campine Basin (Fig. 1). 
There, this author indicated that the species was recovered 
in boreholes, within the Châtelet Formation: Ransart (Lum-
men-Gestel borehole (Fig. 1); see Renier 1927) and Flo-
riffoux (Kwaadmechelen-Veldhoven borehole (Fig. 1); see 
Renier in Asselberghs 1926) members. However, accord-
ing to Renier’s (in Asselberghs 1926) description of the 
Kwaadmechelen-Veldhoven borehole, the species has been 
encountered at the base of the Charleroi Formation (Mons 
Member, Westphalian A).

Chaudoir et al. (1951) discussed the occurrence of this 
species in the Liège district (Fig. 1) where it was reported 
in the Châtelet Formation (base of the Floriffoux Mem-
ber). Findings of slabs of shale covered with Scapellites, S. 
cottoni (Chaudoir et al. 1951) and S. minor (Renier 1937; 
Humblet 1946), were reported by Renier (1937, 1938) and 
Humblet (1946), which led them to consider this Scapellites 
facies as a local one at the base of the Floriffoux Member 
(Châtelet Formation) in the Liège district (see also Chau-
doir et al. 1953), but S. cottoni was also reported from the 
Ransart Member by Delmer and Graulich (1958). Anyway, 
in the absence of illustration, all these identifications remain 
impossible to confirm.

Scapellites minor Pruvost 1930 (Figs. 2, 8)

1926 Scalpellites [sic] sp. nov.; Renier in Asselberghs, 
p. 657.

1930 Scapellites minor; Pruvost, p. 140, pl. 2, figs. 4–6.
1930 Scapellites sp.; Crookall, p. 23.
? 1937 Scapellites minor; Renier, p. B28, B31.
1938 Scapellites minor; Renier, p. 101–103.
1938 S. [Scapellites] minor; Demanet and Van Straelen 

in Renier et al., p. 239.
1939 Scapellites minor; Hahne, p. 222–223.
? 1946 Scapellites minor; Humblet, p. M15, M16, M22.
1951 Scapellites minor; Van Leckwyck et al., p. 16.
1957 Scapellites minor; Lambrecht et al., p. 17.
1995 Scapellites minor; Derycke et al., p. 346.
2008 Scapellites minor; Fischer and Kogan, p. 80.
Type material According to Pruvost (1930), the ‘type’ of 

the species corresponds to four slabs of a drill core covered 
by Scapellites. However, although Pruvost (1930) selected 
a holotype for all of his other species newly erected in his 
monograph, he did not designate one for Scapellites minor, 
possibly intentionally, given the poor state of preservation 
of the material. Nevertheless, for taxonomic purposes, a lec-
totype is hereby designated (RBINS a7720b; Pruvost 1930 
(pl. 2, fig. 4, partim)) and is re-illustrated here in Fig. 8a–b. 
The other specimens present on the four slabs are thus to be 
considered paralectotypes.

Type locality and horizon Borehole no. 97 of 
Kwaadmechelen-Veldhoven (Campine Basin) (Fig.  1), 
depth − 1113.5 m, Floriffoux Member, Châtelet Formation 
(base of the Upper Bashkirian, Lower Westphalian A of the 
traditional subdivision). According to Pruvost (1930), the 
level with Scapellites minor is intercalated in a freshwater 
series yielding several species of the bivalve Carbonicola.

Description The capsules have an average length of 8 mm 
with a width of 2 mm. They are spindle-shaped, tapered at 
the ends, with walls composed of fine bands arranged lon-
gitudinally, side by side and very slightly spiraled around 
the spindle axis. The state of preservation of the fossils does 
not allow to see the folding of the bands at the ends. The 
capsules are preserved.

Remarks Pruvost (1930) distinguished Scapellites minor 
from S. cottoni on the basis of its markedly smaller size of 
only the half of the latter species and its less pronounced 
torsion. Renier (1938) noticed that whenever specimens of 
Scapellites are found in abundance, regardless of the species, 
they all have roughly the same size, but when they are found 
scattered in shaly deposits, it would be possible that the two 
species are sometimes associated. It is therefore not unlikely 
that both S. minor and S. cottoni are actually homotaxial 
and the size differences maybe are a result of different-aged 
and therefore sized producer; however, clarification needs 
further examination.

Occurrence In addition to the type horizon, Pruv-
ost (1930) reported the species in the Lummen-Gestel 
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borehole (Campine Basin (Fig. 1), Renier 1927) within 
the Ransart Member of the Châtelet Formation. Scap-
ellites minor was subsequently found in several Belgian 
coal districts although none of these records were illus-
trated. In the Charleroi district (Fig. 1), Van Leckwyck 
et al. (1951) reported the species in association with S. 
sp. within the upper part of the former upper Sippenaken 
Zone (upper Nm2a sensu Demanet (1941, 1943)), thus 
in the Marsdenian-aged part of the Andenne Formation 
(Bashkirian, Namurian B of the traditional subdivision) 
(Fig. 2). This would constitute the stratigraphically oldest 

record of S. minor and also of Scapellites as a genus. 
Furthermore, in this district, Aderca et al. (1958) reported 
S. aff. minor in the Floriffoux Member of the Châtelet 
Formation. Lambrecht et al. (1957) likewise noted the 
presence of the former in the Andenne–Huy district 
(Fig. 1) within the Floriffoux Member. Further to the east, 
Humblet (1946) mentioned a S. minor facies within the 
same lithostratigraphic unit in the Liège district (see also 
remarks related to S. cottoni).

Scapellites minor has also been recognized in northern 
France, at Anzin (Vicoigne Formation, Westphalian A of 

Fig. 8  Scapellites minor 
Pruvost 1930, from borehole 
no. 97 of Kwaadmechelen-
Veldhoven, depth -1,113.5 m, 
Châtelet Formation (Floriffoux 
Member), Lower Westphalian 
A. a–c RBINS a7720a (Pruvost 
1930, pl. 2, fig. 4), drill core 
surface covered by numerous 
specimens with localisation of 
the lectotype (RBINS a7720b, 
arrow) (a–b), and close-up (c) 
(Pruvost 1930, pl. 2, fig. 4a). d 
RBINS a7721 (Pruvost 1930, 
pl. 2, fig. 5), several specimens. 
e RBINS a7722 (Pruvost 1930, 
pl. 2, fig. 6), several specimens. 
Scale bars represent: 5 mm (a); 
2.5 mm (b); 2 mm (c–e)
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the traditional subdivision; Pruvost 1930), and in west-
ern Germany, in the Aachen area (Westphalian A; Hahne 
1939) (Fig. 1).

Scapellites sp. (Fig. 2)
Remarks Occurrences of Scapellites were mentioned by 

various authors from the Westphalian (Châtelet Formation) 
of the Charleroi and Liège districts without formal descrip-
tions or illustrations (e.g. Van Leckwyck et al. 1951; Chau-
doir et al. 1952, 1953; Aderca et al. 1958, 1965; Lhoest et al. 
1958; Lambrecht et al. 1962). All these records were based 
upon in the AEPSH collection, and without the rediscovery 
of the specimens, they can only be referred to as Scapellites 
sp.

Comments on the other chondrichthyan egg 
capsules from the Pennsylvanian of Belgium

Next to Crookallia and Scapellites, there are quite a number 
of reports of occurrences of egg capsules in the Upper Car-
boniferous of Belgium that were assigned to the genera Pal-
aeoxyris and Vetacapsula. An overview of these occurrences 
is presented below. However, for most of these occurrences, 
the specimens were not described in detail nor adequately 
figured, meaning that, without the rediscovery of the mate-
rial these records are based upon (see Material and Meth-
ods), a full revision of these records cannot be executed at 
present.

Palaeoxyris Brongniart 1828 This chondrichthyan egg 
capsule morphotype (also known by its synonym Spiran-
gium) is characterised by the three-fold division (Fig. 3c) 
of its fusiform body tapering gradually at the anterior end 
into a shorter pointed beak and on the posterior one into a 
long and slender tail. Its tail is normally as long as the body 
and beak combined. The body is composed of three or more 
parallel helicoidally twisted bands, the band margins being 
accompanied by spirally twisted membranous flanges (col-
larettes). Fine longitudinal striations on bands and flanges 
are possible. The apex of the beak is equipped with a coiled 
tendril for capsule attachment. In compressed specimens, 
the diagenetic compaction of the bands on the originally 
three-dimensional body results in a transverse rhomboidal 
pattern as a taphonomic phenomenon. Species distinction is 
based on the number and the possible breadth pattern of the 
capsule-forming bands. Twenty-six valid species of Early 
Carboniferous to Late Cretaceous age have been described 
yet (Fischer et al. 2014a) from predominantly freshwater 
to brackish deposits worldwide (except South America and 
Antarctica, Fischer et al. 2010). The most probable produc-
ers seem to be hybodontiform sharks (Zidek 1976; Schneider 
1986; Fischer et al. 2011).

Stainier (1911) was the first to report on the presence of 
Palaeoxyris in the Belgian Coal Measures Group, notably 

in the Ransart Member (cited as Palaeoxyris sp. in Fig. 2) 
of the Châtelet Formation (Charleroi district) but also strati-
graphically higher, i.e. within the As Member of the Char-
leroi Formation (see Stainier 1935) in the Campine Basin 
(Lillo borehole of the Helchteren–Zolder colliery, Fig. 1). 
Some authors reported on the presence of unidentified Pal-
aeoxyris species or of specimens doubtfully assigned to this 
genus in the Ransart and Floriffoux members of the Châtelet 
Formation in the Andenne–Huy district (Lambrecht et al. 
1957), and in the As Member of the Charleroi Formation in 
the Liège district (Ancion et al. 1948).

Besides these poorly documented reports, Pruvost (1930) 
illustrated two species from the Westphalian. The first is 
P. appendiculata Lesquereux 1870 (Pruvost 1930, pl. 2, 
figs. 8–9, text-fig. 2) (Fig. 4e–f)—a junior synonym of P. 
carbonaria Schimper (in Stiehler 1850) (Kidston 1886; 
Moysey 1910; Crookall 1928, 1930; Fischer et al. 2019)—
from the As and Eikenberg members (Charleroi Formation) 
in the Couchant de Mons and the Centre districts (Fig. 1). 
Palaeoxyris carbonaria is formed by eight bands showing no 
breadth alternation. The second species is P. prendeli Les-
quereux 1870 (Pruvost 1930, pl. 2, fig. 10) from the Mons 
Member (Charleroi Formation) in the Couchant de Mons 
district (Fig. 1). Palaeoxyris prendeli is characterized by four 
bands with identical breadth pattern. Unfortunately, most of 
the specimens illustrated by Pruvost (1930) and Demanet 
and Van Straelen (in Renier et al. 1938 = copy of Pruvost 
1930) were not traced in the RBINS collections where they 
were supposedly deposited.

Stainier’s (1911) specimen from the Campine Basin 
was assigned to P. appendiculata by Stainier (1935), who 
also reported P. helicteroides (Morris in Prestwich 1840), 
a Palaeoxyris species formed by eight bands with alternat-
ing breadth pattern (broad-narrow-broad-narrow), without 
illustration from the As Member in the same basin (Ber-
ingen colliery) (Figs. 1–2). In the Liège district, Chaudoir 
et al. (1952) mentioned P. cf. appendiculata at the base of 
the Floriffoux Member (Châtelet Formation) whereas, in the 
Charleroi district, Pastiels and Willière (1954) and Aderca 
et al. (1958) cited P. prendeli in the Floriffoux and in the 
Mons members, respectively.

In conclusion, the overview of the available data suggests 
the possible occurrence of three species of Palaeoxyris in 
the Belgian Coal Measures Group (Fig. 2): P. carbonaria 
(Fig. 4c–d), P. prendeli and P. helicteroides, of which only 
the two former were documented by photographs and thus 
verifiable.

Vetacapsula Mackie 1867 This chondrichthyan egg cap-
sule morphotype (Fig. 3b) displays a three-fold division such 
as in Crookallia and Palaeoxyris (Fig. 3a, c) of a fusiform 
body abruptly tapering at the anterior end into a shorter 
pointed beak by forming a shoulder and on the posterior one 
into a long and slender tail. It is superficially almost identical 
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to Crookallia (both are sister taxa according to a phyloge-
netic analysis, Fischer et al. 2014a, b), however, the body is 
more bulb-shaped with a large number (> 20) of longitudinal 
ribs on the surface. Most diagnostic, a prominent middle 
ridge is present and lateral flange is not yet documented. 
Six species from the Pennsylvanian have been described up 
to now from paralic strata of Europe and the USA (Fischer 
et al. 2014a, b). As for Crookallia, the producers most prob-
ably belong to the Holocephali (Fischer et al. 2014a).

Due to the absence of illustrations and as noted in the pre-
liminary remarks related to the collections, it is impossible 
to evaluate if the Belgian post-1945 reports concern either 
Vetacapsula or Crookallia (see above) since Crookallia was 
defined in a Russian work (Chabakov 1949)—on the basis 
of characteristics already noticed by Moysey (1913) and 
Crookall (1930)—which was unknown by the contemporary 
geologists/palaeontologists who studied the fauna from the 
Belgian Coal Measures Group. Therefore, a correct classi-
fication was not possible and all finds were understandably 
addressed as Vetacapsula.

Consequently, an undifferentiated Vetacapsula–Crooka-
llia morphotype is indicated for the range based on these 
data in Fig. 2. Stainier (1938, 1942) stressed on the fact 
that remains (e.g. teeth) of elasmobranchs (other than egg 
capsules) are abundant within the rocks belonging to the 
Belgian Coal Measures Group contrary to the egg capsules 
of the Vetacapsula morphotype which are rare. In Belgium, 
few specimens originally assigned to Vetacapsula were illus-
trated (Pruvost 1930; Stainier 1938, 1942) and V. debildei 
was later referred to the genus Crookallia (Fischer et al. 
2014a). Specimens belonging to the here used undifferenti-
ated Vetacapsula–Crookallia morphotype were reported by 
different authors (unexhaustive list), i.e. from the Andenne 
Formation (Ancion et al. 1947), the Ransart (Stainier 1938; 
Van Leckwyck et al. 1951; Chaudoir et al. 1953) and Florif-
foux (Aderca et al. 1958) members of the Châtelet Forma-
tion, and from the Mons Member of the Charleroi Forma-
tion (Chaudoir et al. 1952; Aderca et al. 1958; Lhoest et al. 
1962).

Vetacapsula cooperi Mackie 1867, i.e. the type species 
of the Vetacapsula morphotype, was reported by several 
authors from the Belgian Coal Measures Group, but none 
of them illustrated material identified as such. The holotype 
(by monotypy) of Mackie’s (1867) species from the British 
Coal Measures (unknown locality) was photographically 
illustrated by Crookall (1928, pl. 1, fig. 1). Crookall (1930, 
p. 31) cited the presence of Vetacapsula cooperi within the 
Coal Measures of Belgium, but this report seems to be based 
on an exchange of correspondence with Pruvost. Nonethe-
less, Pruvost (1930) did not mention this species among 
the Belgian fauna. Van Leckwyck in Laurentiaux (1952, p. 
11) cited one specimen identified as such by A. Pastiels, 
without illustration, from the Monceau-Fontaine colliery at 

Forchies (Charleroi district) (Fig. 1) and associated with V. 
johnsoni (unfigured) in a shaly horizon rich in freshwater 
bivalves belonging to the middle or the upper part of the 
Andenne Formation (Bashkirian; Namurian B or C accord-
ing to the traditional subdivision). Although this specimen 
has not yet been traced in the RBINS collections, it is to our 
knowledge the only report of this species in Belgium, but 
it remains unconfirmed until proven otherwise. In the west-
ern extension of the Belgian Coal Measures Basin, Pruvost 
(1930, p. 135) and Derycke et al. (1995, p. 346) mentioned 
the species (unillustrated) in the basal part of the Vicoigne 
Formation (Westphalian A of the traditional subdivision) 
at L’Escarpelle in northern France (Fig. 1). In the Nether-
lands, van der Heide (1943) described material identified as 
V. cooperi by Pruvost (1927) from the Namurian and West-
phalian A of southern Limburg. In conclusion, the presence 
of V. cooperi in Belgium cannot be further documented and 
therefore remains uncertain (Fig. 2).

Another unconfirmed record is that of Vetacapsula john-
soni (Kidston 1886) (Fig. 2). Originally described from 
the British Coal Measures (Yorkian Series, Westphalian) 
of Coseley near Dudley (Staffordshire), Kidston’s (1886) 
species was re-described and discussed by Moysey (1910) 
and Crookall (1928, 1930, 1932). The specimen identified 
as V. johnsoni by Pruvost (1930, p. 134–135, pl. 2, fig. 7) 
and Demanet and Van Straelen (in Renier et al. 1938, p. 238, 
pl. 144, fig. 4 [copy of Pruvost (1930, pl. 2, fig. 7)]; text-
fig. 126) and thus Derycke et al. (1995, p. 346) is assigned 
here to Crookallia kidstoni (Crookall 1928) (see remarks 
above). The identification of another specimen made by 
A. Pastiels and reported by Van Leckwyck (in Laurentiaux 
1952, p. 11) remains doubtful in the absence of illustrations 
(see comments related to V. cooperi above; same horizon). 
The species was reported in the Namurian and Westphalian 
A of southern Limburg by van der Heide (1943, p. 48).

Discussion

Although chondrichthyan remains were reported from vari-
ous Carboniferous lithostratigraphic units of Belgium (e.g. 
Derycke et al. 1995), it is not until the Bashkirian (Namurian 
B of the traditional subdivision) that chondrichthyan egg 
cases (Vetacapsula–Crookallia morphotype) are first rec-
ognised in the Belgian succession (Fig. 2), thus in accord-
ance with the literature data (e.g. Fischer and Kogan 2008; 
Fischer et al. 2014a). Palaeoxyris, Crookallia, and Scapel-
lites are present in the paralic deposits of the Belgian Coal 
Measures Group, but uncertainties remain about the pres-
ence of Vetacapsula which may have been confused with 
Crookallia (e.g. Stainier 1938, 1942). More surprising is 
the current absence of representatives of the morphotype 
Fayolia Renault and Zeiller 1884 within the Belgian Coal 
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Measures whereas it is known from adjacent areas: West-
phalian C of northern France (Pruvost 1919), Westphalian 
A of southern Limburg in the Netherlands (van der Heide 
1943) and Westphalian D of the Piesberg quarry near Osna-
brück in northwestern Germany (Fischer et al. 2019). This 
lack of fossils of the Fayolia-type, assigned to xenacanthi-
form chondrichthyans as the most probable producers (e.g. 
Pruvost 1919; Schneider and Reichel 1989; Schneider et al. 
2005), probably does not reflect the original occurrence of 
this egg capsule type. This is suggested by its occurrence 
in the adjacent geographic areas as well as its repeated co-
occurrence together with egg capsules of Palaeoxyris, Veta-
capsula, and/or Crookallia in other Pennsylvanian locali-
ties (Mazon Creek, Wittry 2012; English Coal Measures, 
Crookall 1930; northern France, Pruvost 1930; the Nether-
lands, van der Heide 1943; northwestern Germany, Fischer 
et al. 2019; Czech Republic, Přibyl 1960). Especially the 
co-occurrence of Fayolia together with Palaeoxyris capsules 
in the same layers (e.g. Schneider et al. 2005; Fischer et al. 
2011, 2019; Wittry 2012) and partly even on the same slabs 
(Schneider et al. 2005; Fischer et al. 2014c) indicates that 
necessary palaeoenvironmental conditions for the occur-
rence of Palaeoxyris were clearly also sufficient for Fayolia. 
Since Palaeoxyris is proven from Belgium, nothing speaks 
against the presence of Fayolia from a palaeoenvironmental 
point of view. The simplest and also most probable possi-
bility for the lack of fossil evidence so far is, therefore, that 
the current absence is the result of collecting bias. Maybe 
some finds are already in museums or private collections, 
unidentified or wrongly assigned, awaiting scientific discov-
ery. Assignment of fossil egg capsules to false morphotypes, 
which are morphologically much more different from each 
other than Vetacapsula and Crookallia, has been repeatedly 
documented, as with Fayolia ellipticus (Langford 1958) 
from Mazon Creek as Palaeoxyris (Fischer and Kogan 
2008), Vetacapsula marini (Sampelayo 1946) from Spain 
as Palaeoxyris (Fischer and Kogan 2008), or Vetacapsula 
johnsoni (Kidston 1886) from England also as Palaeoxyris 
(Moysey 1910). Therefore, this case is not so unlikely. The 
alleged Upper Devonian (Famennian) Fayolia from southern 
Belgium (Stainier 1894, 1935), moreover, was reinterpreted 
by Mottequin et al. (2021) and rejected from the chondrich-
thyan egg cases assignment.

Nevertheless, the occurrence of the egg capsule mor-
photypes Palaeoxyris, Vetacapsula, Crookallia, and Fay-
olia from the central European realm is equivalent to the 
North American Mazon Creek area (Wittry 2012; Fischer 
and Wittry 2014) as well as the English Coal Measures 
(Crookall 1930) on morphotype and species level. It implies 
the presence of the same chondrichthyan genera and even 
species using the Pennsylvanian wetland environments 
for spawning and as nursery areas (Fischer et al. 2014a, 
2019). These Mazon Creek-type wetland biota extended 

from North America throughout Europe, northern Africa to 
northern China along the palaeoequator, fringing the Penn-
sylvanian coastline of about 20 million square kilometres 
(Wittry 2012, 2020). Nowadays, egg capsules are considered 
fossil remnants of the ancient nurseries in these globally 
homogenous Late Palaeozoic wetland ecosystems tracing 
its extension. The Belgian diverse egg capsule inventory 
unequivocally demonstrates that this was linked with this 
global wetland environment.

Scapellites is a special case. Since its first description 
(Pruvost 1922), it has been repeatedly documented from 
Belgium (e.g. Pruvost 1930; Chaudoir et al. 1951). Nev-
ertheless, outside Belgium, it has only been reported from 
nearby areas, namely in northern France (Pruvost 1930) 
and in western Germany (Hahne 1939). Thus, Scapellites 
could be either endemic from this large area, or its absence 
would be the result of a collection bias in all the other locali-
ties from North America to Ukraine. The latter hypothesis 
is possible but rather unlikely. Scapellites is an unusually 
small remain whose chondrichthyan affinity is solely based 
on its formation of several twisted bands (Pruvost 1922). Its 
producer is still unknown. Other enigmatic small remains, 
formerly attributed to holocephalan chondrichthyans, have 
already been justifiably questioned (Obruchev 1967; Stahl 
1999). The mass occurrences of Scapellites is not a criterion 
for exclusion from the chondrichthyan egg capsules since 
such accumulations of egg capsules are known from extant 
(Treude et al. 2011; Vazquez et al. 2016) as well as fos-
sil (Schneider and Fischer 2011; Fischer and Reich 2013) 
chondrichthyan fishes. However, Scapellites always occurs 
in masses. Isolated specimens are not known, in contrast to 
all other capsule types where mass occurrence is an excep-
tion, not the rule. Altogether, Scapellites is in need of revi-
sion just like Vetacapsula and Crookallia.

Conclusions

Our detailed overview of the available data allows to state 
that, even though not all taxonomic uncertainties could be 
resolved, a highly diverse egg capsule assemblage can be 
documented from the paralic deposits of the Belgian Coal 
Measures Group (Pennsylvanian; Bashkirian–Moscovian; 
Namurian B–Westphalian B according to the traditional 
subdivision). The assemblage includes several species of 
the hybodontiform-type Palaeoxyris, several species of the 
putative holocephalian types Vetacapsula and Crookallia, 
and several species of the enigmatic type Scapellites. For 
the latter, the producers remain unknown.

In conclusion, at least eleven chondrichthyan species 
seem to have inhabited the ancient aquatic environments of 
the Belgian Coal Basin for spawning and as nurseries. The 
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latter number is supposed to be an underestimation, given 
that Fayolia, currently undocumented, is recorded from 
nearby and surrounding basins with similar palaeoenviron-
ments, indicating that most probably the producers of Fay-
olia must also have been swimming in Belgian waters during 
the Carboniferous.
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