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ABSTRACT

A new calamitacean sphenophyte is described from the
middle Westphalian coal-bearing strata of South Wales:
Asterophyllites tayloriorum sp. nov. (leafy shoots) and
Palaeostachya wagneri sp. nov. (cone-bearing shoots). Both
the leafy shoots and cones are characterised by relatively
small leaves/bracts in whorls of four. Although the leafy
and cone-bearing shoots occur in close association, and were
almost certainly parts of the same parent plant species, the
case is made for assigning them to separate fossil-taxa.
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RESUMEN

Se describe una nueva esfenofita calamitacea del Westfaliense
medio del Sur de Gales: Asterophyllites tayloriorum sp.
nov. (tallos con hojas) y Palaeostachya wagneri sp. nov.
(estrobilos). Tanto las hojas como los estrobilos estan
caracterizados por hojas/bracteas relativamente pequefias en
verticilos de cuatro. Aunque las hojas y estrobilos aparecen
en asociacidén y son, casi con total certeza, parte de una
misma especie vegetal, se argumenta por qué se asignan a
taxones diferentes.

Palabras clave: Paleobotanica, Equisetopsida, Carbonifero.
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1. INTRODUCTION

The Equisetopsida (sometimes alternatively named
Sphenopsida) is a class of ancient tracheophytes (vascular
plants) that originated in Devonian times (Cleal, 1993).
They are currently regarded as a basal group within the
“Monilophyte clade” (i.e., the ferns, horsetails and whisk
ferns) (e.g., Christenhusz & Chase, 2014; Knie ef al.,
2015). In post-Palaecozoic floras by far the most widely
found equisetopsids compare closely with the living genus
Equisetum Linnaeus (e.g., Harris, 1961; Watson, 1983)
which is characterised by usually stiff, photosynthetic
stems, leaves that form a sheaf that is closely adpressed
to the stem and which are often non-photosynthetic, and
cones that lack bracts. These are assigned to the family
Equisetaceae. In Palacozoic floras, especially those of
the tropical floras associated with coal deposits, the
Equisetopsida is represented by rather different plants that
had rather different foliage and cones, and are normally
assigned to a separate family, for which the correct name
is Calamitaceae.

Adpression fossils of the Calamitaceae are widespread
in the Carboniferous coal-bearing deposits of Euramerica,
including stems, roots, foliage and cones (e.g., Stur, 1887;
Jongmans, 1911; Némejc, 1953; Abbott, 1958, 1968;
Gothan et al., 1959; Boureau, 1964; Crookall, 1969; Serret
& Brousmiche, 1987; Bek & Oplustil, 1998; Barthel,
2004). Separate fossil-taxa (sensu Cleal & Thomas, 2010;
McNeill et al., 2012) are widely used for the different plant
parts, but each on their own has often proved problematic
for understanding the systematics of this group. Fossil-
species for stems are mainly defined on characters such as
branch scars that reflect the overall architecture of the plant
(Crookall, 1969) but it is unclear how this relates to the
taxonomy of the original plants. The foliage is relatively
simple both morphologically and (where preserved) in
epidermal anatomy (e.g., Walton, 1936; Abbott, 1958), and
so there are relatively few taxonomically useful characters
available. The cones are more complex structures but much
of that structure is often obscured during compression and
fossilisation (e.g., Gastaldo, 1981a, b). Moreover, unlike in
the Palaeozoic arborescent Lycopsida (e.g., Thomas, 1987)
in situ spores derived from the cones have not proved
particularly useful taxonomically (Serret & Brousmiche,
1987; Bek & Oplustil, 1998). The fossil-taxa for the
cone adpressions have, therefore, tended to be based on
characters such as cone size, shape, and bract shape and
spacing, which would probably be regarded as less than
reliable for recognising botanical, whole-plant species.

In the present paper, we document a well-preserved
assemblage of specimens from South Wales, UK,
representing foliage and cones of a previously undescribed
type of Carboniferous equisetopsid. We have followed the
currently accepted taxonomic convention and assigned
the vegetative and cone-bearing shoots to separate fossil-

taxa, even when (as in the present case) there is strong
circumstantial evidence that they were originally parts of
the same biological taxon. We will discuss the reasons for
doing this later in the paper.

2. MATERIALS AND METHODS

The fossils described in the paper form part of the CLiff
and Iris Taylor Collection in the Department of Earth
Sciences, the Natural History Museum, London. This
extensive collection of plant fossils was from a large
spoil-tip at Hirwaen, near Ebbw Wales, south Wales, UK
(Fig. 1). As they are from a spoil tip, it is not certain
exactly what stratigraphical level they originated from,
but most of the mines in this area were working coals
from the South Wales Middle Coal Measures Formation
(middle Westphalian Stage — upper Bashkirian Stage). The
descriptions are mainly based on 10 vegetative shoots and
6 cone-bearing shoots.

The fossils are preserved in a medium-grey laminated
mudstone and are highly coalified. This coalification
makes the fossils highly reflective, but the morphology is
clearly revealed by using cross-polar illumination (Crabb,
2001). Two of the cones were prepared using the Transfer
technique (Walton, 1923; for a historical review see Escapa
et al., 2010), thus revealing anatomical detail such as the
arrangement and attachment of the sporangiophores.

3. TAXONOMIC AND NOMENCLATURAL
REMARKS

3.1. Family taxonomy

The late Carboniferous (Pennsylvanian) sphenophytes
from the palaeotropical Euramerican floras are usually
assigned to a different family to the extant plants based
mainly on the foliage consisting of quite clearly developed
photosynthetic leaf whorls that were not adpressed to the
stem, and cones in which the whorls of sporangiophores
were separated by whorls of sterile bracts (e.g., Grauvogel-
Stamm & Lugardon, 2009; Thomas, 2014). Meyen (1978,
1987) argued that the correct name for this Pennsylvanian
family is Calamostachyaceae: his argument was that
families of fossil plants should be based of fossil-genera
of reproductive structures, as it is only the type of such
a fossil-genus that can be definitely included within the
circumscription of a family. However, this procedure does
not follow the regulations in the International Code of
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Figure 1. Geological map of the South Wales Coalfield, showing the location of the Hirawen Tip near Ebbw Vale. Adapted from

Cleal (2007).

Nomenclature for algae, fungi, and plants (/CN — McNeill
et al., 2012); the correct name is the earliest published one
for which the type belongs to that family, no matter what
part of the plant that type originated from. In this case,
there is a strong argument that the much earlier published
Calamitaceae Unger, 1840 is the correct name, the type of
which is the type of Calamites suckowii Brongniart, 1828b
(see Cleal et al., 2012a). Although the latter is a stem
pith cast, it is generally acknowledged that it belonged
to the same group of Palaeozoic equisetopsids as Meyen
(1978, 1987) was calling Calamostachyaceae; there are no
other families normally recognised for these Palacozoic
equisetopsids to which it could belong.

3.2. Generic taxonomy (foliage)

The most thorough taxonomic analyses of these foliage
fossil-genera have been by Jongmans (1911, 1914),
Abbott (1958), Boureau (1964) and Crookall (1969).
Such foliage tends to be assigned to one of two fossil-
genera: Asterophyllites Brongniart, 1828a nom. cons. and
Annularia Sternberg, 1821. Conventionally, the genera
have been separated based on the general shape and

orientation of the leaves: Asterophyllites tends to have
smaller, more slender, linear leaves that arch towards
the shoot apex (acroscopically) to form cup-like whorls
around the stem; and Annularia has generally larger,
lanceolate or spathulate leaves that tend to be arranged
in more or less flat whorls that may lie either at right-
angles or at an angle to the stem. A third fossil-genus,
Phyllotheca Brongniart, 1828a has occasionally been used
for Annularia-like whorls of leaves that are basally fused
to form a distinct collar around the stem (e.g., Zeiller,
1896, 1899) but generally such fossils are assigned to
Annularia. In the fossils documented in this paper, the
leaves are relatively small and curve acroscopically in a
cup-shaped configuration around the stem, and so clearly
correspond to Asterophyllites.

The early taxonomic nomenclature of Asterophyllites
was considerably confused: the type of the name
(Asterophyllites radiatus Brongniart, 1822) is now regarded
as belonging to Annularia (e.g., Jongmans, 1911, 1914),
and there were several other generic names published
at about the same time that could potentially compete
with it for priority, notably Schlotheimia Sternberg,
1821, Bornia Sternberg, 1825, Bechera Sternberg, 1825
and Bruckmannia Sternberg, 1825. The confusion was
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eventually resolved by Vogellehner (1967) who formally
proposed that Asterophyllites Brongniart, 1828a (with
the type Asterophyllites equisetiformis (Sternberg,
1825) Brongniart, 1828a) should be conserved over
Asterophyllites Brongniart, 1822 and the four Sternberg
generic names; this situation still stands in the current /CN
(McNeil et al., 2012).

The name Calamocladus Schimper, 1869 was introduced
for branches and leafy shoots of plants with Calamites
stems, Asterophyllites being retained for morphologically
comparable shoots but whose affinities are uncertain.
A number of authors accepted this nomenclature (e.g.,
Seward, 1898; Thomas, 1910, 1911) but it overlooked the
fact that both the original type (Asterophyllites radiatus)
and the species most authors have taken to be the types and
is now conserved as such (Asterophyllites equisetiformis)
are undoubtedly leafy shoots borne by Calamites stems.
Calamocladus must therefore be regarded as an illegitimate
later taxonomic synonym of Asterophyllites.

3.3. Generic taxonomy (cones)

The reproductive structures of Pennsylvanian-age
sphenophytes are oblong-cylindrical cones consisting of
alternating whorls of simple or sometimes partly fused
bracts, and peltate sporangiophores each bearing usually
four (sometimes fewer) sporangia (Taylor et al., 2009);
the presence of these bracts is one of the key features
that distinguish these Palacozoic plants from the extant
sphenophytes. The cones are mostly homosporous
with spores belonging to the dispersed spore genera
Calamospora or (if the elaters are still preserved intact)
Elaterites; but some are heterosporous (e.g., Hartung,
1933; Thomas, 1969), and one has been described where
each megasporangium has only one megaspore (Baxter,
1963; see also comments by Bateman & DiMichele, 1994).
The cones were normally borne in shoots, as in the Welsh
specimens (although there were some exceptions to this —
e.g., Thomas, 1969; RoBler & Thiele-Bourcier, 1999) but
where these shoots were on the plant is not certain.

A number of fossil-genera have been distinguished
based mainly on the form of the bracts, and the relationship
between the bracts and sporangiophores. Although
there have been fossil-genera created specifically for
anatomically-preserved cones defined by characters that
are difficult or impossible to observe in adpressions (e.g.,
Calamocarpon Baxter, 1963, Weissistachys Rothwell &
Taylor, 1971, Pendulostachys Good, 1975; see discussion
by Gastaldo, 1981b) mostly the same fossil-genera are
used for cones in both modes of preservation. Reviews
of the generic classification of these cones have been
given by Jongmans (1911), Kosanke (1955), Good (1975)
and Gastaldo (1981b). The seven most widely used
fossil-genera used for cone adpressions and authigenic

mineralisations are summarised in Table 1. In addition,
there are the fossil-genera Paracalamostachys Weiss, 1884
and Macrostachya Schimper, 1869, used for relatively
small (Calamostachys/Palaeostachya — like) and relatively
large sphenophyte cones where the attachment of the
sporangiophores is unknown.

Table 1. Main diagnostic criteria for distinguishing the fossil-
genera of calamstachyacean cone adpressions and
authigenic mineralisations.

Sporangiophore Bracts Sporangla per
attachment sporangiophore

Calamostachys Midway between  Slender 4
Schimper, 1869 bract whorls
Schimperia Remy & Midway between  Slender 4
Remy, 1975 bract whorls
Palaeostachya Axillary to bract ~ Slender 4
Weiss, 1876
Huttonia Sternberg,  Axillary to bract ~ Basally 1
1837 fused
Metacalamostachys — Directly below 1
Hirmer, 1927 bracts
Mazostachys Directly below Slender 2
Kosanke, 1955 bracts
Cingularia Weiss, Directly below Blade-like 4

1869 bracts

Although the diagnostic characters used to distinguish
these fossil-genera appear clear-cut, they are not, in
particular the position of attachment of the sporangiophores.
Good (1975) and Remy & Remy (1975) have shown that
the position of attachment of the sporangiophores is not
dependent on where the vascular strand is emitted from the
cone axis. For instance, Remy & Remy (1975) showed that
in type Calamostachys, the sporangiophores are attached
midway between the bract whorls, but the vascular strand
is emitted from the bract axil as in Palaeostachya; for those
cones where the vascular strand is actually emitted from
the cone axis between the bract whorls, they established a
new genus, Schimperia. They moreover showed that within
Calamostachys, sporangiophore attachment could vary
within a plant, with Palaeostachya-like sporangiophores
occurring in younger cones.

The number of sporangia per sporangiophore might
prove to be a more reliable taxonomic character but, as
pointed out by Gastaldo (1981a) this can be difficult to
use in practice unless exceptionally well preserved fossils
are available.

Since there is no clear-cut morphological separation of
most of these fossil-genera, and as pointed out by Good
(1975) there is no correlation with the fossil-genera of
vegetative structures in either adpressions or anatomically
preserved fossils (see also Crookall, 1969, p. 621), there
could be a case for combining at least some of these fossils



A NEW LATE CARBONIFEROUS CALAMITACEAN SPHENOPHYTE FROM SOUTH WALES, UNITED KINGDOM... 29

into a single genus. However, for the time being we have
retained the traditionally used fossil-genera, if only because
it provides a useful (if artificial) tool for grouping the
cone species for taxonomic comparison. In this context,
the Welsh fossils, with their axillary attachment of the
sporangiophores, four sporangia per sporangiophore, and
slender bracts, clearly fit within the traditional concept of
Palaeostachya.

3.4. Species nomenclature

In some previous studies, where evidence has been found
of different parts of a sphenophyte plant attached or
in close association with one another, those parts have
been assigned to different fossil-genera but combined
with the same species epithet: for instance, Stur (1887)
named vegetative shoots Asterophyllites cruciatus Stur
that he believed belonged to the same plant as the stems
Calamites cruciatus Sternberg. Although this is technically
permitted by the regulations of the International Code
of Nomenclature, it can result in ambiguity as to the
circumscription of the taxa and the typification of the
names. This is particularly problematic when not all of the
plants that produced (in this case) a particular type of stem
had the same type of foliage. In our view, it is safer to use
different species epithets for the different fossil-species,
even if we are quite confident that the parts belong to the
same species of parent plant.

4. SYSTEMATIC PALAEOBOTANY

Class EQUISETOPSIDA

Family Calamitaceae Unger, 1840

Fossil-genus Asterophyllites Brongniart, 1828a nom.
cons.

Asterophyllites tayloriorum sp. nov.
(Figs 2a-3d)

Type. Specimen BMNH (V 68601a) (Fig. 2b);
South Wales Middle Coal Measures Formation (middle
Westphalian Stage), Hirwaen spoil tip, near Ebbw Wales,
south Wales, UK.

Derivatio nominis. Named after Cliff and Iris Taylor,
who collected the specimens described in this paper.

Diagnosis. Leafy shoots with at least two orders of
axes; ultimate shoots borne in whorls, each in axil of
slender leaf. Ultimate shoots with whorls of four leaves
borne at 1.5-2.0 mm intervals; leaves attached to stem at
c. 90° except near shoot apex. Leaves up to 5 mm long,

slender, falcate to gradually tapered, adaxially curved such
that distal part is about parallel to stem.

Description. Leafy shoots preserved for a length of up
to 175 mm, with at least two orders of axes (Figs 2a-2b).
Penultimate axes up to 1-2 mm wide, longitudinally striate,
with nodes spaced up to 30 mm apart in most proximal
positions (Fig. 3d) progressively reducing to 6 mm apart in
most distal part (Fig. 3a). Each node has at least 6, possibly
8 slender, gently tapered, 8-14 mm long leaves (Fig. 3a).
Leaves usually attached at right-angles or deflected slightly
abaxially, although this can sometimes be by as much as
45° abaxially, or even deflected adaxially, probably due
to taphonomic distortion; leaves mostly gently curved
and in their most distal part they lie at 80° to the axis in
proximal parts of the shoot, but nearer to 30° to the axis
in more distal positions.

In the axil of the slender leaves each node also has 4
ultimate leafy shoots up to 15-30 mm long and consistently
4-5 mm wide for most of length. Ultimate leafy shoots
attached at about right-angles to the penultimate axis; in
the more proximal shoots they remain near to right-angles
to the parent axis (Figs 3c¢-3d), but usually they curve
quickly so that for most of their length they are at 40-50°
to the main axis (Figs 2a-2b); in more distal positions
in the shoot the ultimate rachises become more oblique,
reducing to 20-30° in the most distal positions (Fig. 3a).
The axes of the leafy shoots are slender, c. 0.5 mm wide,
with whorls of four leaves borne at 2 mm intervals over
most of their length (Figs 2e, 3e), reducing to c. 1.5 mm
in more distal parts of the shoot (Figs 2¢-2d). Leaves are
up to 5 mm long in proximal parts of the shoot, reducing
to ¢. 2 mm in more distal positions; leaves slender, falcate
to gradually tapered with acute apex, usually attached to
stem at near to right-angles (although sometimes at a more
acute angle, especially in distal parts of shoot) and then
curving rapidly such that their distal part is about parallel
to the axis. In the smaller ultimate shoots, the leaves appear
adpressed against the axis. Each leaf has a central vein
running along its entire length.

Remarks. The Fossilium Catalogus (Jongmans,
1914; Jongmans & Dijkstra, 1969; Dijkstra & van
Amerom, 1995) and Boureau (1964) list 134 species of
Asterophyllites but most are taxonomically illegitimate.
Just ten species are reasonably well documented and
can be realistically compared with the Welsh material.
Five species can be immediately rejected for the Welsh
specimens, as they have significantly more (more
than six) and larger leaves (> 5 mm long) in each
whorl: Asterophyllites densifolius Grand’Eury, 1877,
Asterophyllites discifer Leggewie & Schonefeld, 1961,
Asterophyllites equisetiformis (Schlotheim ex Sternberg)
Brongniart, 1828a (= Bornia equisetiformis Schlotheim
ex Sternberg, 1825), Asterophyllites gothanii Leggewie
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& Schonefeld in Gothan et al., 1959, Asterophyllites
longifolius (Sternberg) Brongniart, 1828b (= Bruckmannia
longifolia Sternberg, 1825) and Asterophyllites tener
Jongmans & Gothan in Jongmans, 1925.

Of the five smaller leafed species, the most similar
is Asterophyllites grandis (Sternberg) Lindley & Hutton,
1832 (= Bechera grandis Sternberg, 1825), which has
similar slender, falcate to gradually tapered, adaxially
curved leaves, in whorls of only a few (? four). The species
has not been the subject of recent study based on its type
from the Radnice Member of Central Bohemia, but the
illustration with the protologue (Sternberg, 1825, pl. 49, fig.
1) and the small photograph of the same specimen given
by Kvacek & Strakova (1997, pl. 25, fig. 4) indicate that
the leaves were rather larger than in the Welsh specimens,
5-10 mm long (see also Feistmantel, 1874, pl. 12, fig. 4;
pl. 13, fig. 3, also from the Radnice Member). Moreover,
Feistmantel (1874) associated rather larger cones with the
Czech foliage, referred to Palaeostachya elongata (Presl)
Weiss, 1876 (= Volkmannia elongata Presl, 1838 — see
Némejc, 1953, for a taxonomic analysis of those cones).

The leafy shoots normally associated with the name
Asterophyllites grandis, probably in error, also tend to
have rather larger, usually 5-10 mm long leaves (Zeiller,
1888; Jongmans, 1911, p. 203). Moreover, unlike both the
Welsh specimens and the type of A. grandis, they have far
more leaves per whorl: 16-20 according to Zeiller (1888)
and Jongmans (1911, p. 203), 8-10 according to Jongmans
(1911, p. 226), Abbott (1958), Crookall (1969) and Laveine
(1989). It is also of note that Zeiller (1888) described
rather different cones with a Calamostachys architecture
associated with the French specimens he assigned to 4.
grandis, quite different from the Palaeostachya cones
associated with the Welsh leafy shoots.

Three other small-leaved Asterophyllites species lie
close to the Welsh specimens: Asterophyllites charaeformis
(Sternberg) Goppert in Wimmer, 1844 (= Bechera
charaeformis Sternberg, 1825), Asterophyllites unguis
Jongmans & Gothan in Jongmans, 1925 and Asterophyllites
lycopodioides Zeiller, 1888. All three have similar falcate-
shaped leaves, but those leaves tend to be smaller (usually
1-3 mm long) and there tend to be more leaves per whorl
(usually five or six). A. lycopodioides can moreover be
distinguished by its leaves tending to be closely adpressed
to the stem, whilst A. unguis has very distinctive, “claw-
shaped” leaves. The least well-known of these small-
leafed species is Asterophyllites heimansii Jongmans &
Gothan in Jongmans, 1925 but the protologue shows the
type (which was of Namurian age) to be characterised by

leaves with a much thicker central vein than is seen in the
Welsh specimens.

There is some superficial similarity with Asterophyllites
dumasii Zeiller, 1892, which has what appear to be leaves
of similar size and shape, although there are usually more
in each whorl (6-8). However, Kerp (1984) has shown that
this species almost certainly represents Metacalamostachys
Hirmer, 1927 cones where the sporangia have been lost,
just leaving the bracts attached to the cone axis, and
so differ from the Welsh specimens, which are clearly
vegetative shoots.

The Asterophyllites specimens described in this paper
are possibly conspecific with two of the syntypes of
Calamites tenuifolius Ettingshausen (1854, pl. 2, figs 2-3;
not fig. 1, which belongs to Asterophyllites longifolius)
from the middle Westphalian Radnice Member of Central
Bohemia. Although the Czech specimens are only figured
as engravings, Ettingshausen described the shoots as
having whorls of four small leaves and are associated with
small cones of a Palaeostachya architecture. Establishing
whether or not the Czech and Welsh specimens are
conspecific will require further study of the former.
However, Ettingshausen’s epithet in combination with
Asterophylllites would not come into competition for
priority with A. taylorianum, as it would be an illegitimate
later homonym of Asterophyllites tenuifolius (Sternberg)
Brongniart, 1828b (= Schlotheimia tenuifolia Sternberg,
1821 = Asterophyllites longifolius — see Jongmans, 1914).

Specimens figured by Josten (1991, pl. 30) as
Asterophyllites grandis, from lower Westphalian strata
of the Ruhr (Germany) may also be conspecific with the
Welsh material. They have similar whorls of few leaves
(? 2-4) of about the same size (2-4 mm long), and thus
differ from true A. grandis, which has larger leaves and
more leaves per whorl.

Fossil-genus Palaeostachya Weiss, 1876
Palaeostachya wagneri sp. nov.
(Figs 4a-6d)

Type. Specimen BMNH (V 68607) (Figs 4c, 4e);
South Wales Middle Coal Measures Formation (middle
Westphalian Stage), Hirwaen spoil tip, near Ebbw Wales,
south Wales, UK.

Derivatio nominis. Named after Prof. Bob Wagner
in honour of his extensive contribution to Palacozoic
palaeobotany and stratigraphy.

Figure 2. Asterophyllites tayloriorum Cleal & Shute, sp. nov; South Wales Middle Coal Measures Formation (middle Westphalian
Stage), Hirwaen spoil tip, near Ebbw Wales, south Wales, UK. a, ¢) BMNH (V 68606). b) BMNH (V 68601a) (holotype).
d, ¢) BMNH (V 68605) (enlargements of part of Fig. 3a). Scale bars = 10 mm (a, b) or 5 mm (c, d, e).
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Figure 3. Asterophyllites tayloriorum Cleal & Shute, sp. nov; South Wales Middle Coal Measures Formation (middle Westphalian
Stage), Hirwaen spoil tip, near Ebbw Wales, south Wales, UK. a) BMNH (V 68605). b, ) BMNH (V 68603). ¢) BMNH
(V 68604). d) BMNH (V 68602). Scale bars = 10 mm (a, b, ¢, d) or 5 mm (e).
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Figure 4. Palaeostachya wagneri Cleal & Shute, sp. nov; South Wales Middle Coal Measures Formation (middle Westphalian Stage),
Hirwaen spoil tip, near Ebbw Wales, south Wales, UK. a, f) BMNH (V 68612). b) BMNH (V 68608). ¢, ¢ BMNH (V
68607). d) BMNH (V 68609). g BMNH (V 68611). Scale bars = 10 mm (a, b, d, €), 5 mm (f, g) or 2 mm (c).



34 CLEAL & SHUTE

Diagnosis. Slender shoots bearing cones in whorls of
four, each cone attached to axil of slender leaf. Cones
attached at 70-90° to stem by 2-3 mm long pedicel; pedicel
curved so cones lie at c. 20-45° to the stem. Cones 25-
35 mm long, 5-7 mm wide, parallel-sided, terminated by
tuft of 3-4 mm long, distally-extending bracts that lack
sporangiophores. Each cone has 10-15 whorls of four
bracts spaced at 1.5-2.0 mm intervals; bracts typically 4-5
mm long, c. 0.1-0.2 mm wide, attached at near to right-
angles to stem, but then arch gradually so are usually
35-55° to the stem in distal part. Axil of each bract
bears peltate sporangiophore with four elongate, rounded
sporangia, 0.7 m long, 0.4 mm wide.

Description. Cone-bearing shoots up to 150 mm long
(Figs 4a-4b, 4d-4e, 5). Main axis parallel-sided for most
of length, 3-4 mm wide, finely longitudinally striate.
Nodes spaced typically 20 mm apart along main axis,
occasionally up to 40 mm in the proximal part of a shoot

and as little as 15 mm in more distal parts of axis. Each
node has apparently four cones (although only two or
three are usually visible in the fossil: Figs 4a, 4d) together
with slender leaves with acute apex, c. 10-20 mm long, c.
0.2-0.5 mm wide (Figs 4f, 5). At least 4 leaves per whorl,
attached at 50-90° to axis, directed in an abaxial direction,
but then curve adaxially so in their distal part they lie at
about right-angles to axis. The cones are typically attached
at 70-90° to the axis (sometimes apparently at a more acute
angle but this is probably due to taphonomic distortion).
The very short pedicel, 2-3 mm long, rapidly curves so
that for most of their length the cones lie at ¢. 20-45° to
the stem. Cones typically 25-35 mm long, 5-7 mm wide,
parallel-sided for most of their length except in their distal-
most part. Whorls of bracts spaced at 1.5-2.0 mm intervals;
at least 4 bracts in each whorl (exact number impossible
to determine) (Fig. 6). Bracts very slender (c. 0.1-0.2 mm
wide), 4-5 mm long for most of cone length, reducing to c.
3 mm long in distal part. Bracts attached at near to right-

Figure 5. Palaeostachya wagneri Cleal & Shute, sp. nov; South Wales Middle Coal Measures Formation (middle Westphalian Stage),
Hirwaen spoil tip, near Ebbw Wales, south Wales, UK. a, b) BMNH (V 68610). Scale bar = 10 mm.



A NEW LATE CARBONIFEROUS CALAMITACEAN SPHENOPHYTE FROM SOUTH WALES, UNITED KINGDOM... 35

angles to cone-axis, but then arch broadly so in their distal-
most part they are usually 35-55° to cone-axis (Figs 4c,
4g, 6). Round to sub-obconical structures 0.5-1.5 mm in
size, presumably the remains of sporangiophores, appear
to lie in the axil between the bract and stem (Figs 4c, 6b-
6¢); in most cases their structure cannot be resolved, but
occasionally a pedicel can be seen attached to the axil of
the bract, and this is terminated by a flattened (?peltate)
head with up to 4 elongate rounded bodies (?sporangia)
0.7 m long, 0.4 mm wide, directed back towards cone
axis. There are 10-15 sporangiophore/bract whorls per
cone. The distal-most part of the cone bears a tuft of 3-4
mm long bracts apparently without sporangiophores that
lie approximately parallel to the cone-axis.

Remarks. Twenty-six fossil-species of Palaeostachya
are listed in the Fossilium Catalogus (Jongmans, 1922;
Jongmans & Dijkstra, 1970; Dijkstra & van Amerom,
1996), and a further three were described by Abbott (1968)
and one by Gastaldo (1981a). The diagnostic characters
of the 21 of the best documented of these species are
summarised by Gastaldo (1981a, table 1).

Of the species that are based on adpressions types, most
are much larger and have more bracts/sporangiophores per

whorl than the Welsh cones. There are three species in
which the cones of comparable overall size and internode
length.

Palaeostachya trabeculata Abbott, 1968. According to
Abbott (1968) there are more (10) bracts/sporangiophores
per whorl than in the Welsh specimens. Also the bracts
appear to be straighter for more of their length, only
curving in their most distal part (although this could be
partly a function of the maturity of the cones).

Palaeostachya paucibracteata Sandberger ex Sterzel,
1907 (“Palaeostachya paucibracteata” Sandberger, 1890
nomen nudum). None of the published syntypes, which
are very latest Carboniferous or early Permian in age
(Sandberger, 1866, pl. 5, figs 4-5; Sterzel, 1907, pl. 68,
figs 3, 5) are particularly diagnostic, and Jongmans (1911)
stated that some key characters are unknown; in particular
the number of bracts/sporangiophores per whorl and the
mode of attachment of the cones to the axis. The species
name is for the time being probably best regarded as
unusable.

Palaeostachya acicularis Matthew, 1906. Although of
similar length, the cones are rather wider and the internode
distance greater; also the number of bracts/sporangiophores
per whorl is unknown.

Figure 6. Palaeostachya wagneri Cleal & Shute, sp. nov; South Wales Middle Coal Measures Formation (middle Westphalian Stage),
Hirwaen spoil tip, near Ebbw Wales, south Wales, UK; BMNH (P6). a) Cone still on rock, prior to transfer. b-d) (V 68613)
transfers of cone. Scale bars = 10 mm (a), 2 mm (b), 5 mm (c, d).
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The only species which appears to approach the
Welsh specimens in the small number of bracts/
sporangiophores per whorl (6-10 according to Gastaldo,
1981a) is Palaeostachya ovalis (Lesquereux) Abbott, 1958
(= Asterophyllites ovalis Lesquereux, 1858). However, the
cones preserved in the type, photographically refigured by
Abbott (1968, pl. 2 figs 2, 3) are substantially larger, more
than 70 mm long and 10 mm wide.

Of the species based on anatomically preserved types,
the Welsh cones overlap with the lower end of the size
range of Palaeostachya pedunculata Williamson ex Weiss,
1884. However, the latter are mostly much larger (up
to 70 mm long), have more bracts/sporangiophores per
whorl, and in the type (Williamson, 1874, pl. 5 fig. 32)
the cones are borne on a 10 mm long peduncle. The types
of Palaeostachya andrewsii Baxter, 1955 is also of similar
size to the Welsh cones but again have far more bracts/
sporangiophores per whorl (18-30).

5. DISCUSSION

The plant fossils described in this paper represent
vegetative and cone-bearing shoots that, although not in
direct organic connection, were almost certainly parts of
the same fossil plant species. The vegetative and cone-
bearing shoots occur in close association with one another
(e.g., Fig. 5a), and the bracts and leaves are of similar
size and shape. In a case such as this, we are faced with
the decision as to whether to combine the fossil-taxa for
the two plant parts, thereby producing a compound fossil-
taxon that begins to resemble a taxon of whole organisms,
or do we retain the pragmatism of giving names to the
different parts?

If we choose the first alternative then, following the
ICN, that genus would be referred to by the earliest
published name whose type could confidently be included
within the circumscription of the fossil-taxon, irrespective
of which plant part it represented. The problem is that such
a move would be based on a subjective assumption about
the relationship between the plant parts in other members
of those fossil-taxa, which could never be proved to be
correct in all instances. Nevertheless, it could in some
cases be argued to deliver more systematic clarity than
not, and any relevant fossil-taxa where the evidence of
attachment or association is absent or ambiguous could
be referred to using open nomenclature (e.g., “cf.” or “?”
— see Matthews, 1973; Bengston, 1988).

The key question would clearly be, how confident
were we that all plants with, say, a particular type of
foliage also had that type of cone? What if we have only
a few examples of such attachment or co-occurrence?
By combining the fossil-genera we may be unjustifiably

imposing assumptions of systematic position on a large
number of fossil-species, unsupported by empirical
evidence. One solution would be to create a separate fossil-
genus for the species where their foliage and cones have
been confidently linked, leaving the less well-understood
species in their original fossil-genera. But what should
the new genus be named? A new generic name could be
established based on a type showing the link between the
foliage and cones. However, if the type of one of the pre-
existing names proved also to belong to the new genus,
then that name would have to take precedence. In the
above quoted example, if a genus were to be created to
accommodate the Annularia spinulosa /| Calamostachys
tuberculata complex, as A. spinulosa is also the type of
Annularia Sternberg, 1821, Annularia would have to take
precedence for the new genus. This would leave many of
the other species that were in Annularia, but for which
evidence of the associated cones is at best equivocal
(e.g., Annularia sphenophylloides (Zenker) Gutbier)
requiring a new generic name. This would all be perfectly
legitimate within the regulatory framework of the /CN,
but would require a raft of new combinations that would
undoubtedly disrupt the taxonomic nomenclature of the
group. Would the disadvantages of this disruption really
be outweighed by the systematic clarity achieved by the
revised nomenclature for a small number of the more
completely known fossil-species?

There are also difficulties if we try to establish
fossil-species for the foliage/cone complexes. For
instance, leafy shoots that have been assigned to the
morphologically distinctive fossil-species Asterophyllites
equisetiformis (Sternberg) Brongniart have been linked
with Calamostachys cones by Crookall (1969: C.
germanica Weiss) and Palaeostachya cones by Barthel
(2004: P. thuringiaca (Weiss) Barthel). If we established
a fossil-species for both leafy shoots and cones, the
legitimate name would have to be A. equisetiformis, but
that name would then have to be restricted to those fossils
which we were reasonably certain had the type of cone
associated with the type of Asterophyllites (almost certainly
C. germanica). A new name would presumably be needed
for the 4. equisetiformis-like foliage/Palaeostachya cone
complex. And what would we do with those foliage fossils
that clearly corresponded in morphology with traditional
A. equisetiformis concept but for which no evidence of
cones is available: we would not know in which of these
foliage/cone species to place them?

Some of the nomenclatural problems inherent with such
compound fossils-taxa involving different parts of the plant
can be seen in the work of Stur (1887). For instance he
established the species Calamites schulzii Stur based on
foliage, cones and stems, the correlation of these plant parts
having been based only on association. Clear emphasis
was given to the morphology and branching of the stems
in his description and discussion of this species, but no
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types were designated. Hirmer (1927) later created a new
combination Palaeostachya schulzii (Stur) Hirmer for the
cones (it should be noted that the cones are in fact clearly
of the Macrostachya Schimper type); but it is in fact far
from clear that these cones were in fact borne on the type
of stems and leafy shoots described by Stur (1887) as C.
schulzii; it is equally uncertain that all stems and leafy
shoots of this type bore such cones. Even if we accept
Stur’s (1887) taxonomic treatment of C. schulzii, we are
left with a fossil-species that can only be used for fossils
in which we have attached (or at least closely associated)
cones, stems and leafy shoots; given the standard of
preservation of most of these plant fossils, this will only
rarely occur. The result will be a fossil-species that will
rarely be useable and thus of very limited value to the
palaeobotanical community.

An alternative solution at the rank of genus could
be simply to combine all Asterophyllites and Annularia
vegetative shoots, and all Calamostachys and Palaeostachya
(and possibly other) cones into a single fossil-genus. This
was an implicit suggestion by Good (1975), who could
find no evident correlation between the existing fossil-
genera of foliage and cones, although he made no formal
taxonomic revision to this effect. However, this also
could present future taxonomists with difficulties. It may
eventually prove possible to subdivide these fossils in a
botanically meaningful way, maybe using characters such
as epidermal structure that have yet to be fully utilised in
this group (except by Abbott, 1958; Barthel, 2000, 2004);
combining them now under one fossil-genus, only for that
genus to have to be un-picked at a later date, may cause
more problems than it is worth.

Given the current state of understanding of the
relationship between the foliage and cones in these
sphenophyte adpressions, we believe it is best to maintain
the pragmatism of the status quo and keep the fossil-genera
and -species separate for the two plant parts. Although the
separation may have little botanical systematic significance,
it at least has some utilitarian benefit for the collector and
curator. However, where does this leave us when trying to
undertake taxonomic diversity studies in these fossil floras?
Retaining both sets of fossil-taxa will obviously inflate
the organismal diversity that we are trying to determine
through such studies. Cleal (2005, 2007) and Cleal et al.
(2012b) argued that for such studies, the fossil-species
for just one plant part per plant group should be counted.
However, in these sphenophytes, it is not clear whether
just the foliage-species or just the cone-species would
give a more reliable indication of organismal taxonomic
diversity. Perhaps the only way forward is to develop
some sort of informal couplet-taxonomy for such studies,
such as Asterophyllites tayloriorum | Palaeostachya
wagneri. This clearly needs to be looked-at through a more
comprehensive review of Late Palaecozoic sphenophyte
adpressions taxonomy.
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