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Introduction

Professor Margaret Jane Benson FLS (1859–1936), head 
of the Department of Botany at Royal Holloway College 
(1893–1922), conducted pioneering research including 
important work on the early evolution of seed plants (Fraser 
and Cleal 2007). She focused her palaeobotanical work on 
Carboniferous plants and published several papers based 
on her collection of permineralized material (Benson 1904, 
1908a, b, c, 1911, 1912, 1918, 1922, 1933, 1935b). In her 
honour, Scott (1908) established the name Bensonites for a 
Carboniferous megasporangium from Burntisland, Scotland, 
and Pigg (1983) named a species of the genus Benson had 
instituted for permineralized sigillarian cones after her 
(Mazocarpon bensoniae Pigg, 1983; spelling amended 
here in accordance with Art.60.8.(b) of the ICN, Turland et 
al. 2018). After her retirement, Benson began working on 
adpression fossils and studied the Carboniferous flora of 
Teilia Quarry (Benson 1935a, c).

In July 1967, Cedric Shute dealt with the transfer of the 
large Benson Collection of plant fossil thin sections, plus 
accompanying catalogues, from Royal Holloway College, 
University of London, Egham, Surrey, UK, to the British 
Museum (Natural History) (BM(NH), now the Natural 
History Museum, London) at South Kensington, with the 

acquisition recorded in March 1968. However, a collection 
of Benson’s plant fossil material had already been presented 
to the BM(NH) by her executors following her death in 1936. 
During our ongoing research on the Benson Collection, our 
focus has been drawn to Teilia Quarry specimens associated 
with an unpublished Benson typescript within this collection.

Cleal and Thomas (1995) summarized previous work on 
the Teilia Quarry flora, all published in the late nineteenth 
and early twentieth century. The flora includes species of 
Lepidodendron, Archaeocalamites, Rhodeopteridium, 
Rhacopteris, and several genera now included within the 
Lyginopteridales, along with material of unconfirmed 
affinities, described by Kidston (1890) and Walton (1926, 
1931). Teilia Quarry is a site of outstanding palaeobotanical 
significance, especially for foliage assigned to Rhacopteris 
which has been one of the most common plant fossils 
collected and shows unusually high diversity (Cleal and 
Thomas 1995). However, this quarry that was formerly 
worked for making hydraulic cement had been disused for 
many years by the end of the nineteenth century (Morton 
1886). It is largely degraded, with beds obscured by fallen 
rocks and reduced exposure hampering new collecting 
(Morton 1886, Warren et al. 1984). Existing museum 
collections are therefore of great importance as a source of 
information on this flora which is unique in North Wales.
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Material and methods

The studied material was collected in August 1933 by 
Margaret Benson at Teilia Quarry, Gwaenysgor, Flintshire, 
North Wales, UK, [SJ 0793 8137]. Here the interbedded 
calcareous mudstones and dark grey, tabular-bedded, 
argillaceous limestones are within the Teilia Formation of the 
Craven Group (Morton 1886, Waters et al. 2009). The rock 
weathers to light brown (Morton 1886). Based on the bivalve 
and cephalopod fauna (P1c ammonoid zone), Warren et al. 

(1984) assigned the formation to the Brigantian substage of 
the Visean, Middle Mississippian (lower Carboniferous), 
making the flora about 330 million years old. During this 
period, the UK was under an equatorial climate (Juerges et 
al. 2015) and the allochthonous flora preserved within these 
marine beds probably grew on emergent land on the edge of 
the Wales-Brabant High (Kidston 1890, Waters et al. 2009).

The material is preserved as adpressions (a term 
introduced by Shute and Cleal (1987)), including both part 
and counterpart (Text-fig. 1). The part of the holotype is 

Text-fig. 1. Anisopteris shuteana Hayes et H.L.Pearson sp. nov., holotype, NHMUK V 25790, Benson collection, Teilia Formation, 
Teilia Quarry, North Wales, held in the collections of the Natural History Museum, London. a: Holotype part, V 25790a. 
b: Counterpart, V 25790b. Scale bar = 10 mm (a, b).
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in two pieces that have been reattached using adhesive in 
the past. The plant fossils from this site have not revealed 
evidence of cuticles (Cleal and Thomas 1995). Specimens 
have been photographed using cross-polarized light to 
increase contrast (Crabb 2001), which is a technique Cedric 
Shute was very keen to develop for palaeobotanical material 
at the Natural History Museum, London (Shute and Cleal 
1987). High resolution imaging was carried out using the 
FEI Quanta 650 FEG scanning electron microscope at low 
pressure in secondary electron mode.

Benson’s typescript provides an unpublished binomial 
and its diagnosis for a previously undescribed species of what 
she regarded as a specimen of Rhacopteris. In the Appendix 
here, quoted paragraphs are taken from Benson’s typescript 
and the literature cited by Benson is incorporated within the 
main list of references. The only alteration is the replacement 
of Benson’s chosen, unpublished epithet with “Rhacopteris 
sp. A nov.”. Except for editing to use lower case for specific 
epithets and italicization according to Turland et al. (2018), 
there has been no taxonomic updating applied to the quoted 
text, so names are maintained according to Benson’s views 
at that time.

The specimens and typescript are held at the Natural 
History Museum, London (NHMUK).

Systematic palaeobotany

Class Lyginopteridopsida Novák, 1961 emend. 
by Anderson et al. (2007)

Order Lyginopteridales Corsin, 1960

Genus Anisopteris (Ob.-Brink) Hirmer in Hirmer 
and Guthörl 1940

T y p e . Cyclopteris inaequilatera Göpp., 1859 ≡ 
Anisopteris inaequilatera (Göpp.) Hirmer in Hirmer and 
Guthörl (1940: 50) designated by Boureau and Doubinger 
(1975).

R e m a r k s . Oberste-Brink (1914) originally established 
the name Anisopteris as a Section of the genus Rhacopteris 
Schimp., 1869. Oberste-Brink (1914) noted that Anisopteris 
was only known from the “Culm” (Mississippian), whilst 
the other Section, Eurhacopteris, was only known from the 
Pennsylvanian (although following Turland et al. (2018) 
the Section name Eurhacopteris is not valid as it included 
the type of the genus Rhacopteris and its epithet does not 
repeat the generic name unaltered). Due to the stratigraphic 
grouping, Walton (1926) believed that the division was biased 
and that it should not be adopted. However, Hirmer (1940) 
emended the diagnosis and elevated the name Anisopteris 
to full generic rank, asserting that the division was not 
merely stratigraphic, with the Lower Carboniferous species 
Rhacopteris transitionis excluded from Anisopteris. It was 
also reported that fertile fronds are unknown in Rhacopteris, 
while Anisopteris includes fertile material (Oberste-Brink 
1914, Hirmer 1940). A type species for Anisopteris was only 
designated later when Boureau and Doubinger (1975) selected 
Anisopteris inaequilatera (Göpp.) Hirmer, 1940. Anisopteris 
is not a nomenclatural synonym of Rhacopteris Schimp., 1869 
as these two generic names are heterotypic (with Rhacopteris 
elegans (Ettingsh.) Schimp., 1869 given as the type species 

of Rhacopteris; Kidston 1890). The taxa are considered 
morphologically distinct, with Anisopteris pinnules defined 
as strikingly asymmetrical, with no trace of a central vein 
(Oberste-Brink 1914, Boureau and Doubinger 1975).

Anisopteris shuteana Hayes et H.L.Pearson sp. nov.
Text-figs 1–3

H o l o t y p e . V 25790, Palaeobotany Collections, 
NHMUK.

P l a n t  F o s s i l  N a m e  R e g i s t r y  N u m b e r . 
PFN003401 (for the new species).

E t y m o l o g y . This species is named in honour of 
Cedric H. Shute, former Curator of Palaeobotany at the 
Natural History Museum, London.

T y p e  l o c a l i t y. Teilia Quarry, Gwaenysgor, 
Flintshire, North Wales, United Kingdom [SJ 0793 8137].

T y p e  h o r i z o n . Teilia Formation, Craven Group.

A g e . Brigantian, Visean, Middle Mississipian (lower 
Carboniferous).

D i a g n o s i s . Rachis covered with longitudinal 
striations spaced approx. 0.1 mm apart. Primary rachis 
width approx. 2.5 mm, narrowing slightly to 2 mm after 
the first dichotomy. Angle of divergence of first dichotomy 
narrow acute; angle of divergence of subsequent repeated 
dichotomies wide acute to obtuse. Ultimate rachises up to 
0.6 mm wide. Clusters of pedicellate sporangia attached 
terminally on ultimate rachises. Sporangia narrow ovate in 
outline, each sporangium roughly symmetrical and approx. 
2.1 mm in length and 0.8 mm in width.

D e s c r i p t i o n . The specimen is a fertile portion of 
a plant, with the maximum dimensions of this fragmentary 
specimen approx. 6 cm in length and 3 cm in width (Text-
fig. 1a, b). There is no attachment to a sterile section of frond 
bearing pinnules. The rachis appears slightly flexuous. The 
primary rachis is approx. 2.5 mm wide, narrowing slightly 
to 2 mm after the first dichotomy, which is approx. 2 cm 
above the base of the fossil, with ultimate rachises of up 
to 0.6 mm wide. The rachis is covered with longitudinal 
striations spaced approx. 0.1 mm apart (Text-fig. 2a, 3a). 
The first dichotomy preserved in this specimen is narrow 
acute (42°). The rachis then dichotomizes at least two more 
times at an angle of divergence of 70–110° (mean 94°) 
(Text-fig. 2b). The irregularity of the branching preserved 
in this adpression fossil is suggestive of a three-dimensional 
branching axis rather than a two-dimensional frond. The 
sporangia are attached to the ultimate rachises in clusters 
of at least four, but the state of preservation does not allow 
them to be counted precisely (Text-fig. 2b). The majority of 
the pedicellate sporangia observed appear pendent (Text-fig. 
2c, d). The pedicel appears to be approx. 0.5 mm long and 
0.1 mm wide (Text-fig. 2d). The sporangia are narrow ovate 
in outline, with an average length:width ratio of approx. 
2.5:1 (Text-fig. 2b, c, d). Each sporangium appears roughly 
symmetrical. As a result of the clustering and overlapping 
of the sporangia precise measurement of each sporangium 
is difficult. The sporangia appear to range in size from 2.0 to 
2.7 mm long (mean 2.1 mm) and 0.7 to 1.0 mm wide (mean 
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Text-fig. 2. Anisopteris shuteana Hayes et H.L.Pearson sp. nov., holotype, V 25790, Benson collection, Teilia Formation, Teilia 
Quarry, North Wales. a: Detail of longitudinal striations covering rachis, V 25790a. b: Dichotomizing of rachis and clusters of 
sporangia, V 25790a. c: Detail of sporangium within cluster, V 25790a. d: Detail of sporangia within cluster, V 25790b. Scale 
bar = 5 mm (b), 1 mm (a, c, d).
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0.8 mm) (Text-fig. 2b, c, d). The surfaces of the sporangia 
are covered with fine striations (Text-fig. 3b).

A d d i t i o n a l  m a t e r i a l . V 25777. Specimens that 
appear similar to these fertile organs have been found in 
association with sterile fronds, but organic connection has 
not been observed (Text-fig. 4a, b).

D i s c u s s i o n . The report of Benson’s collecting 
recording the association of many specimens of Rhacopteris 
fronds, now assigned to Anisopteris, with this fertile material 
at Teilia Quarry supports the assignment of this species to 
Anisopteris, but no sterile fronds have been found in organic 
connection with this fertile specimen. This species is assigned 
to the genus Anisopteris on the basis of observed similarities 
with Anisopteris fertilis (J.Walton) Hirmer, 1940, a single 
specimen that was also collected from Teilia Quarry and 
originally described as Rhacopteris fertilis Walton, 1926 
(Text-fig. 4c, d). Hirmer (1940) included R. fertilis within 
Anisopteris due to its similarity to the fertile frond section 
of Anisopteris lindseaeformis (Bunbury) Hirmer, 1940, 
the only species which includes both sterile and fertile 
material since Kidston (1923) synonymized Rhacopteris 
paniculifera Stur, 1875 with Rhacopteris lindseaeformis 
(Bunbury) Kidston in Patton (1884) and which Hirmer 
transferred to Anisopteris remarking on the asymmetry of 
the sterile pinnules. There are therefore two fertile species 
of Anisopteris available for comparison with A. shuteana.

Anisopteris shuteana is similar to A. fertilis in that 
both species possess a longitudinally striated, flexuous, 
dichotomizing rachis, that is approximately 2.5 mm wide. 
The two species are of a similar size, with the fertile part 
of the branching system from the first dichotomy to the 
termination of the ultimate rachises for both species 
approximately 4 cm in length. The sporangia for both 
species are borne in clusters and are similar in shape, 
with the sporangia of A. fertilis reported as ovoid, with a 
length:width ratio of over 2:1, comparable with the narrow 
ovate outline of the sporangia in A. shuteana. However, the 
sporangia of A. fertilis are sessile and asymmetrical, while 

the sporangia of A. shuteana are pedicellate, pendent, and 
symmetrical in form. Unfortunatelly the illustration of A. 
lindseaeformis (R. paniculifera Stur, 1875) is inadequate 
for detailed comparison. The new specimen cannot be 
placed in A. lindseaeformis because it differs in the nature of 
branching, with the branches of A. lindseaeformis shown to 
diverge at a narrow acute angle compared to the wide acute 
to obtuse dichotomizing of A. shuteana, and the different 
shape of the sporangia, as the sporangia of A. lindseaeformis 
are described as globular. These differences in the nature of 
branching and the attachment and shape of the sporangia 
means that it is not possible to place this new specimen in 
either A. fertilis or A. lindseaeformis and that it represents a 
new taxon.

There has been a long history of differing interpretations 
of the botanical affinities for Anisopteris. In her unpublished 
typescript, Benson agreed with Stur (1875) and Walton 
(1926) that the affinity of this type of frond is most likely 
with the ferns. Corsin (1960) classified Anisopteris under 
the Archaeopteridales, and Cleal and Thomas (1995) 
also remarked on the similarity of the fertile frond of 
A. fertilis (Rhacopteris fertilis) from Teilia Quarry to 
Archaeopteris fructifications and suggested that these may 
be representatives of progymnosperms. However, Galtier 
et al. (1998) analysed permineralized foliage material 
of A. lindseaeformis (Rhacopteris lindseaeformis) from 
the Visean of Scotland that revealed anatomical detail in 
addition to external morphology. They concluded that the 
sterile foliage of A. lindseaeformis showed Lyginorachis-
type anatomy and suggested that the fronds represented the 
remains of arborescent seed ferns. A. shuteana is therefore 
included within the Lyginopteridales, but it has not been 
possible to assign this new species to a family.

Summary

Mississippian plant fossils are generally rare in Europe, 
with known floras occurring only in restricted areas (Hübers 
et al. 2014). Teilia Quarry provides a unique insight into the 

Text-fig. 3. Anisopteris shuteana Hayes et H.L.Pearson sp. nov., holotype, V 25790a, Benson collection, Teilia Formation, Teilia 
Quarry, North Wales. Variable pressure scanning electron microscope secondary electron images, at 70 Pa, 5.00 kV. a: Detail of 
longitudinal striations covering rachis. b: Detail of fine striations covering surface of sporangium illustrated in Text-fig. 2c. Scale 
bar = 1 mm (a, b).
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Text-fig. 4. a, b: Possible fertile material found in association with sterile frond but organic connection not observed, NHMUK 
V 25777, Benson collection, Teilia Formation, Teilia Quarry, North Wales; a – Part, V 25777a, in three pieces temporarily placed 
together for imaging; b – Counterpart, V 25777b, possible fertile organs to the right of rachis below pinnae. c, d: Anisopteris fertilis 
(J.Walton) Hirmer, 1940, holotype, MANCH LL.48, Walton collection, Teilia Formation, Teilia Quarry, North Wales, held in the 
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Visean flora of North Wales, yielding an unusual diversity of 
Anisopteris foliage (Cleal and Thomas 1995). For many years 
exposure at this site has been much reduced, hampering any 
new collecting. Museum collections are therefore a crucial 
source of evidence. Here a new species based on materials 
from the Benson Collection is documented for the first time. 
Anisopteris shuteana sp. nov., a fertile adpression fossil, is 
of particular importance because previously only two fertile 
fronds of Anisopteris have been described, each represented 
by a single specimen. This new species has been assigned to 
the Lyginopteridales and makes new information available 
on rare reproductive organs to contribute to furthering the 
understanding of these plants.
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Appendix

Benson’s typescript
This Appendix contains a transcript of an unpublished typescript by Margaret Benson that accompanies the specimens held 

at the Natural History Museum, London.

Explanatory Comments

The literature within the typescript is within square brackets as in Benson’s typescript, but she used numbers (instead of 
name and year) and the numbers related to a longer list of references, most of which were not included in the typescript so this 
list was not added to the Appendix.  

Plates associated with Benson’s unpublished typescript were not finished. Some of the features referred to in the typescript 
are illustrated in the figures here as follows:
Plate figs 1, 2 – see Text-fig. 1a, b.
Fig. 4 – see Text-fig. 4d.
Figs 8, 9 – see Text-fig. 4a, b.

Text of Benson’s typescript

Rhacopteris sp. A nov., a new specimen of a Lower Carboniferous fern fructification.

M. Benson

The new specimen was found in August, 1933, during an excavation at the Teilia Quarry, Flintsh., N. Wales. It is the first 
specimen of a fertile frond of Rhacopteris found in British rocks, the only other being recorded by Stur from the Culm, Silesia 
[Stur 1875]. No photograph of the latter has been published and I have been unable to secure the loan of it from the Vienna Geol. 
Surv. Museum, but it has been described by its discoverer and figured both by him and in various text-books. Photographs are 
given of the new specimen on (Plate figs 1 & 2). A drawing from the counterpart is given in Text fig. 1 as the specimen does not 
admit of the adequate photographing of the sporangia v. T. fig. 1A. The specimen is somewhat immature as the ultimate branch 
rachids are circinately curved.

The main rachis and arms of the first dichotomy are 2 mm across whereas those of Stur’s specimen are 3.5 and 3 respectively. 
One third of the length on the stone is barren and unbranched, then occur at intervals repeated dichotomies showing a wide 
angle of divergence and some suggestion of alternation of planes of division. In these latter respects the new species differs from 
Stur’s. In Text fig.1 the sporangia can be seen to be unilocular, rounded in form and about 1mm x .9mm in length and breadth. 
These symmetric ovate sporangia are borne at the apex of the ultimate ramifications of the rachis.

Stur’s description of his own specimen is as follows:-
“The sporangia are small and about 1mm in diameter and are quite round. They do not exhibit such regular order as in the case 
of Botrychium but give quite the same impression as the sporangia of Botrychium lunaria. The rachis above the insertion of the 
first pinnule is 1/3rd the length of the sporangiferous part.”

Stur called his specimen R. paniculifera, but as it was found attached to the frond now called R. lindseaeformis Bunbury sp., Kidston 
suggested it should be called by that name. Unfortunately the new specimen is not attached to a frond. It was however associated 
with many specimens of R. circularis, Walton sp. one of the commonest plants at the Teilia Quarry so that it is very probably the 
fructification of that species. There occur, however, fronds of R. petiolata, flabellata and machaneki, also, so that I am compelled 
to give it a non-committal name and have much pleasure in calling it after XXX who has been most helpful in my work XXX. 

Rhacopteris sp. A nov.

Diagnosis:- A fructification of Rhacopteris Schimper closely similar but smaller than that of Stur’s specimen of R. paniculifera. 
The sporangia in optical transverse section are circular, but are ovate in form. They have smooth walls and measure 1mm in 
length and .9mm in width. They are inserted terminally on the delicate, ultimate rachids wh. arise by repeated dichotomies at 
intervals on the main branches of the frond.

Locality:- Teilia Quarry, Flintsh., N. Wales.

Horizon:- Black Limestone of the Calc. Sandst. Series, Lower Carboniferous.

The description given has been the more detailed as Rhacopteris has been found difficult to distinguish from Pteridosperms. On 
securing this new specimen I compared it with a specimen which had been described as a fructification of Rhacopteris under the 
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name of R. fertilis by Walton [1926]. This specimen was so admirably figured that I was able at once to distinguish it as a fertile 
pinna of a Pteridosperm. The sporangia were pyriform, obliquely striated and sessile on the length of the rachis. (Fig. 4). They 
thus exactly correspond with those of Heterotheca grievii which I have described from structural material as the pollen sac of 
Heterangium grievii except that they are slightly smaller. They measure about 2mm in length and .75mm in width. With Prof. 
Walton’s permission I now transfer this specimen to the form-genus Heterotheca as H. fertilis (v. Text fig. 3).

This is not the occasion for a full description of this specimen as I hope later to give a comparative account of the pollen sacs of 
Pteridosperms as far as our present knowledge permits but as a further confirmation of the identity of H. fertilis it may be useful 
to refer to a discovery made in the field at the time R. sp. A nov. was secured.

A magnificent specimen, in two counterparts, of a frond of Adiantites machaneki was found to be closely associated with 2 black 
fan-shaped masses (Figs. 8 & 9) directed towards the main fork of the frond. They were overarched by delicate rachids bearing 
pinnules of the frond. These masses on examination have proved to resemble very closely the masses attached to the flexuous 
rachis of H. fertilis. Actually the whole surface in both cases is one mass of the striae of Heterotheca type of sporange and the 
white arrow (Fig. 3) shows a typical Heterotheca which may be compared with one of the sections of H. grievii in Fig. 7.

This at once suggested the mode of insertion of the H. fertilis specimen to a Pteridosperm frond (v. Text fig. 4) and it was found 
that the flexuous rachis with attachment area (T. fig. 3B) was of a length suited to connect up the masses in the Ad. machaneki 
specimen to the main fork of the frond.

Supplementary evidence is available in the exactly similar parallel lines shown on the rachids of the large frond to those on the 
H. fertilis rachid. Moreover it is worthy of note that some pinnules of another common species of Adiantites, e.g. A. antiqua are 
to be seen adhering to the specimen of H. fertilis, just as those of Ad. machaneki are found abutting on the masses associated 
with the large frond of the latter species. Thus it may well be that H. fertilis is the detached male pinna of an Ad. antiqua frond, 
and the large Pteridospermic frond, one foot four inches in height was a primitive stamen. If so, it was organized exactly on 
the same plan as the ovuliferous fronds of several other Lower Carboniferous Pteridosperms already known to science, such as 
Diplopteridium teilianum and Sphenopteridium affine and bifidum.

To return in conclusion to Rhacopteris, if we consider the new evidence as to sporangia, and habit as shown in Kilpatrick’s 
specimen of stem bearing leaves figured by Walton [1926] we may fairly safely accept Stur’s view of the affinity of the genus 
with the Ophioglosseae. In my opinion the little meadow plant, Botrychium lunaria, is the vascular plant of the present age 
which has retained its character less changed than any other represented in the Lower Carboniferous Rocks.

Summary.
This paper records the discovery of a new species of the fructification of Rhacopteris, R. sp. A nov. in the limestone of the 
Calc. Sandst. Series, of Teilia Quarry, N. Wales. It is compared with the specimen recorded by Stur from the Culm of Silesia, 
R. paniculifera.

R. sp. A nov. is found to differ radically from a specimen hitherto included in the genus. This in turn, being identified with 
Heterotheca has enabled the author to demonstrate how the pollen sacs of Adiantites were borne on the male frond.
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