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Abstract: Two excellently preserved small strobili were obtained from a Wealden plant debris bed in the Lower Cretaceous
(Barremian) Wessex Formation, south-east of Chilton Chine, on the Isle of Wight, southern England. The strobili are preserved
as compressions and show the characteristic morphology of sporangiophore heads of Equisetales. Based on the morphology of
the strobili, attribution to a certain species is not warranted. Therefore, the strobili have been left unassigned in the fossil-genus
Equisetostachys which is commonly used for isolated strobili of fossil sphenophytes. From their size, shape and constitution,
the strobili are interpreted as immature; the absence of preserved sporangia and spores is consequently not unexpected. Affili-
ation with Equisetum burchardtii might be an option. The strobili represent the first record of any equisetalean or sphenophyte
remains from the Wessex Sub-basin of the English Wealden and are thus of considerable importance. The find is especially sig-
nificant because previously known specimens from the Weald Sub-basin and the German Wealden are confined to subterranean
rhizomes, adventitious roots, tubers and bases of aerial shoots, commonly preserved in situ, together with only fragmentary re-
mains of sporangiophore heads from disarticulated strobili. These strobili finds are thus the first intact equisetalean reproductive
structures from the Wealden of either England or Germany.
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Introduction

The Isle of Wight, one of the most famous localities
for English Wealden fossils, is best known for the richest
and most diverse fauna in the Lower Cretaceous of Europe,
mainly vertebrates. Some of the very first dinosaur bones
were recorded from here (Buckland 1829). The Wealden
Group (Wessex Sub-basin) exposed on the Isle of Wight can
be subdivided into two units, the Wessex Formation and the
overlying Vectis Formation (Sweetman 2011). The Wessex
Formation dates from the Berriasian to the Barremian, but
only the uppermost (Barremian) part of the formation is
exposed on the Isle of Wight. Exposures are confined to two
outcrops: a short stretch of coast at Sandown and nearby
Yaverland in the south-east and, more extensively, between
Shepherd’s Chine and Compton Bay in the south-west
(Text-fig. 1).

Modest size plant macrofossils, mainly ferns and
conifers, are not common but are regularly found and
continue to be reported from both outcrops. References to
the flora in the older literature include Lindley and Hutton
(1833-1835), Carruthers (1867, 1870), Seward (1894,
1895), Scott (1915) and White (1921), although none of these
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publications represented entirely reliable identifications and
attributions, nor were their localities always precise. Interest
has resumed more recently again, with extensive collecting
and sedimentological studies, including work by Tattersall
(1961), Alvin (1974), Hughes (1975), Oldham (1976), Alvin
etal. (1981), Watson and Alvin (1996), Sweetman and Insole
(2010), Sweetman (2011), Brown et al. (2012) and Price
(2017). However, despite this renewed collecting activity,
much of it by knowledgeable amateur collectors, most of the
Isle of Wight Wealden plants remain in need of authoritative
botanical identification and description.

The sparse floral list includes four fern genera:
Weichselia STiIEHLER and Phlebopteris BRONGN. (often
together and fusainised), Onychiopsis M.Yokoy. and
petrified trunks of Tempskya Corpa. Conifers are much
more prolific, dominated by Pseudofrenelopsis NatH. of the
extinct family Cheirolepidiaceae, represented by logs, twigs,
leafy shoots, male cones, pollen and female cone scales.
Probable araucariaceous conifers include Brachyphyllum-
type leafy shoots, seed cones such as those figured by
Lindley and Hutton (1833-1835: 153, text-fig. 136) and
abundant fragments of wood, often in the form of fusain
(charcoalified). Amongst other gymnosperms, most notable
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Text-fig. 1. Map of the Isle of Wight with the distribution of the
Wealden Group exposed on the south-western and south-eastern
coast, showing the fossil localities mentioned in the text (in bold).

are large petrified Cycadeoidea BuckLanD ex LINDL. et
HurttoN trunks (and fragments), which indicate the presence
of bennettitalean plants in the flora. Records of cycadalean
and ginkgoalean material require verification by detailed
study of leaf cuticles. Reports of equisetaleans have, so far,
been lacking from the Isle of Wight.

The majority of recent records from the Isle of Wight
(including the strobili described here) constitute plant debris
obtained from numerous plant debris beds, which occur
throughout the Isle of Wight Wealden beds. Many of them
are lenticular in nature and of very limited lateral extent.
The abundant spores, pollen and cuticle remains in the plant
debris are usually exceptionally well preserved.

In contrast, the English Wealden plants of Berriasian
age, mainly obtained from the “Fairlight Clay” of the
Hastings Beds in the Weald of Sussex, depict a very diverse
flora comprising members of all major plant groups present
at that time (Watson and Alvin 1996). Many specimens
are large, solid slabs of hard matrix exposing intact plant
macrofossils, yielding cuticles in many cases. So far,
three equisetalean species have been described (Allen
1941, Watson 1983, Watson and Batten 1990): Equisetum
burchardtii DUNKER, Equisetites yokoyamae SEWARD and
Equisetites Ilyellii (MANTELL) MoRrRris, none of which have
been previously reported from the Isle of Wight. Specimens
are comparatively rare in the main flora but Equisetites
lyellii is abundant in the soil beds of the younger Wadhurst
Clay (Valanginian), where the subterranean rhizomes,
adventitious roots and basal portions of aerial shoots
occur in situ, overlain by fragment partings containing
disarticulated aerial shoots including mature sporangiophore
heads with clumps of spores attached. Equisetum burchardtii
and Equisetites yokoyamae, known only from a limited
number of specimens of narrow rhizome bearing tubers, are
probably both from the Berriasian Fairlight Clay. Tubers are
unknown in the soil beds. Subterranean parts of the shoots
of Equisetum burchardtii are known only from the German
Wealden, also Berriasian in age.

Equisetaleans are a group of plants with a worldwide
distribution since Palacozoic times (Boureau 1964).
Elgorriaga et al. (2015) recently gave an overview of the
present views and opinions of the evolutionary history,
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taxonomy, phylogenetic relationships, ancient- and present-
day distribution as well as diversification and changes in
diversity of the group through time. To avoid unnecessary
repetition here, I refer to the excellent synopsis by these
authors.

Here, two well-preserved equisetalean strobili, obtained
from the Wessex Formation at Chilton Chine, Isle of Wight,
are reported, which represent the first record of sphenophytes
(horsetails) from the Isle of Wight and, to my knowledge,
also the first record of intact equisetalean strobili from the
English (and German) Wealden. Their potential assignment
to species known from the area is discussed below.

Material and methods

The single specimen yielding two compressed strobili
was discovered by private collector Henry Kefford of
Washington, Pulborough, West Sussex, in the plant debris
bed L6 (the “amber bed”; Sweetman and Insole 2010), on
the cliffs south-east of Chilton Chine on the Isle of Wight
(Text-fig. 1) in February 2019, and presented to the author
for scientific examination. The specimen was subsequently
donated by Mr Kefford to the palacobotanical collections of
the LWL-Museum of Natural History, Miinster, Germany,
where it is curated under accession number WMNM P81019.
The two compressed strobili are preserved close to each
other, the first slightly overlying the second (Pl. 1, Fig. 1),
both with their sporophyll heads strikingly picked out by
the pale, fine-grained, siltstone sediment between them.
To prevent the fossil from eventual destruction through the
formation of iron sulphide (pyrite or marcasite), which is
common in Wealden fossils from the Isle of Wight, after
scientific examination, it was sealed in diffusion resistant
ESCAL film together with oxygen absorbers to reduce
further decay through chemical reactions.

The specimen was analysed with an Olympus SZX10
stereo-microscope and a Keyence VHX-7000/VH-ZST
digital system microscope, and subsequently photographed
with a Nikon D750/Nikkor AF-S Mikro 60-mm 1:2.8G
ED system digital camera with incident light from various
angles to accentuate surface details. To enhance contrast,
cross-polarization (i.e., polarized light sources together with
an analysing filter in front of the camera lens) was used. In
search for spores and cellular details of the sporangiophore
heads, the specimen was analysed with a Leica DM5500B
transmitting light microscope modified for epifluorescence
microscopy at the Palacobotany Research Group of the
Institute of Geology and Palacontology, Westfélische
Wilhelms-Universitét, Miinster, Germany.

Geological setting

The amber bed (Sweetman and Insole 2010), exposed
on the cliffs of the south coast of the Isle of Wight, is a
non-marine sequence within the Lower Cretaceous Wessex
Formation, comprising terrestrial, fluvial, lacustrine
and lagoonal strata. It forms the lowermost part of the
Wealden Group in the Wessex Sub-basin. Palynological,
magnetostratigraphic and fossil wood carbon isotope data
suggest that the approximately 180 m thick exposed portion



of the Wessex Formation is Barremian in age (Sweetman
and Martill 2010, Sweetman 2011).

Sediments of the Wessex Formation were deposited by a
perennial, meander-belt river system of moderate size with
a prevailing flow direction from west to east. Sweetman
(2011) provides a detailed and synoptic description and
facies interpretation of the Wessex Formation. Insole and
Hutt (1994) recognised six major facies associations (see
Sweetman 2011) within the Wessex Formation, whereof
the lowermost (No. 6) consists of distinctive grey, basally
conglomeratic mudstones and siltstones containing abundant
plant debris, amongst which the specimen under study here
was found.

Systematic palaeobotany

Class Equisetopsida C.AGARDH, 1825
Order Equisetales DC. ex BErcHT. et J.PrEsL, 1820
Family Equisetaceae Michx. ex DC., 1804

Genus Equisetostachys T.HaLLE ex ML.I.Brick, 1938

Equisetostachys sp.
Pls 1,2

Description. The specimen under study comprises
two compressed strobili preserved close to each other
(P1. 1, Fig. 1). The strobilus in front is preserved in plan
view and slightly overlaps the other strobilus, which is
preserved in side view. This arrangement, however, is
probably caused taphonomically, as is the slight distortion
of the strobili through compression of the specimens; no
organic connection between the strobili is recognisable. The
preserved portions of the roughly round to oval strobili are
25.6 mm and 23.6 mm long, respectively, and 22.6 mm and
25.4 mm wide. The surface is characterised by the heads of
closely packed sporangiophores (PI. 1, Figs 1, 2, 5; Pl. 2,
Figs 1-4, 7). The sporangiophore heads are predominantly
hexagonal in outline (PI. 1, Figs 2, 5; PL. 2, Figs 3, 4, 7), but
several heads, especially in the apical regions of the strobili,
are pentagonal in outline (PI. 1, Figs 2, 5; PL. 2, Figs 1, 2).
All sporangiophore heads have a flat, central, embossed
area (umbo) with a corresponding hexagonal or pentagonal
outline (P1. 2, Figs 3, 4, 6), from the vertices of which an
embossed ridge extends to the margin of the sporangiophore
head (Pl. 2, Figs 4, 6). Densely arranged, tiny scars
characterise the surface area of the sporangiophore heads,
probably representing the cellular structure (PI. 2, Figs 5, 6,
8). Heads preserved in side view do not show any evidence
of preserved sporangia, nor are spores discernible, not even
with epifluorescence microscopy.

Undistorted sporangiophore heads are up to 4.2 mm wide
and 3.2 mm long, others, equal in length and width, measure
up to 3.4 mm across. The sporangiophore heads slightly
decrease in size towards the apices of the strobili (Pl. 1,
Figs 1, 5; PL. 2, Figs 1, 2). The apical-most sporangiophore
heads clearly do not constitute a sterile corona or apex such as
is visible in the modern species Equisetum hyemale L. (Text-
fig. 2a—c), nor is there any sign of an annulus, specialised
cells forming a collar at the base of the strobilus to aid
dehiscence of the sporangiophores in modern Equisetum

species (Page 1972). However, this structure may be hidden
by the uppermost leaf sheath of the fertile shoot (Text-fig. 2).
In the rear strobilus, such a cluster of elongate, cuneate, up
to S-mm-long microphylls is preserved on its reverse side
(PL. 1, Figs 3, 4), which corresponds to the location of any
potential annulus and the lowermost sporangiophore heads.

Generic assignment. The strobili are assigned
to the fossil-genus Equisetostachys that has been erected for
isolated sphenophyte strobili consisting of whorls of peltate
sporangiophores, and which has been used extensively for
such strobili from Mesozoic and Cenozoic deposits (Halle
1908, Brick 1938, Taylor et al. 2009). The complete absence
of any characteristic, and therefore easily recognisable,
articulated shoots, whorled leaves and branches in the
Wessex Formation does not exclude sphenophyte remains
to be found, and consequently renders these finds probably
the first reports of equisetalean remains from this stratum.
No other intact sphenophyte strobili have previously been
reported from the English (and German) Wealden, so the
presumed affinity of these new strobili relies entirely on gross
morphology. The shape, size and close-packed sporophylls
(probably in whorls) show remarkable agreement in all
visible details with those of several extant (Text-fig. 2) and
fossil Equisetites/ Equisetum species (see discussion below);
therefore, the assignment to Equisetostachys seems most
appropriate.

Referral to a particular species of FEgquisetites or
Equisetum will only be possible if relevant sterile material
or sporangiophores with spores are discovered and prove
conspecific with the strobili. Differences between the two
genera have been extensively discussed (e.g., Harris 1961,
Watson and Batten 1990, Stanich et al. 2009), and revealed
that identification of diagnostic characters, which clearly
distinguish fossil Equisetites species from extant Equisetum,
remains unresolved. Many of the fossil representatives of
these genera have been suggested as belonging to the
same evolutionary lineage leading to the extant horsetails.
However, Equisetites lyellii displays features which suggest
it belongs to a previously unknown, extinct sub-genus
(Watson and Batten 1990). Therefore, the generic identity of
species assigned to Equisetites is probably not as ambiguous
and arbitrary as is sometimes suggested.

Interpretation

Developing strobili of modern Equisetum species, such
as Equisetum hyemale, show densely packed, commonly
apically connate, penta- to hexagonal peltate sporangiophore
heads (Text-fig. 2a—c) which fully open for spore release by
elongation of the strobilus axis only when the spores are
mature (Text-fig. 2d). Usually, once the spores are ready
for dispersal, equisetalean strobili expand to release them,
induced by elongation of the strobilus axis and desiccation
processes. If the sporangia and spores in the Isle of Wight
strobili under study here were not yet fully developed, this
would explain their absence as their delicate developing
tissues might not have possessed preservational potential.
The adpressed microphylls covering the annulus might
also indicate the strobili were in the process of developing.
Taking into account the tightly packed and spherical (rather
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Text-fig. 2. Strobili of modern Equisetum hyemale L. in different stages of expansion/maturation. Living specimens from near

Billerbeck in Westphalia, Germany. Scale bars 5 mm.

than elongate) morphology of the strobili, the absence
of preserved sporangia and spores, and the adpressed
microphylls covering the annulus, the strobili are interpreted
as immature.

Itisnotunexpected that the fossil strobili are disarticulated
from any shoot fragments, given the commonly fragile
articulate architecture of equisetalean plants, particularly
in deciduous species. Rapid disintegration at the nodes
produces portions such as microphylls, leaf sheaths,
aerial shoot fragments and strobili, while subterranean (in
situ) remains are commonly preserved intact due to their
permanent subterranean position in life. Whether both the
new strobili originate from a single individual remains
unclear. However, when comparing with modern species
such as Equisetum hyemale or Equisetum arvense L., which
every now and then also produce several spherical rather
than elongate strobili in the apical region of a single aerial
shoot (interpreted as atavism, e.g., Krings 1999), it may well
be possible that the two strobili under study here derive from
the same individual.

Comparisons and discussion

Comparison with Early Cretaceous species

Comparison of the Isle of Wight FEquisetostachys
strobili with other Wealden equisetalean strobili initially
seems impossible since, to my knowledge, no other intact
strobili are known. However, the fragment partings above
the Weald Sub-basin soil beds provide convincing evidence
of disaggregated strobili, which, almost without doubt,
must belong to Equisetites lyellii (Watson and Batten 1990)
and are thus the only candidate for comparison. However,
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the peltate sporangiophore heads of Equisetites lyellii are
round in shape with about 24 densely arranged surface ribs
radiating from a central depression, which is quite different
from the Isle of Wight Equisetostachys and also unlike
modern species, in which they are penta-/hexagonal as the
result of close-packing. Equisetites lyellii sporangiophores
are also different in having a smooth distal surface, lacking
both the rough surface pattern and the flat umbo present on
the sporangiophore heads of the Isle of Wight strobili. The
speculative reconstruction of the strobilus of Equisetites
lyellii presented by Watson and Batten (1990: fig. 67),
based on the known sporophylls, looks very different from
Equisetostachys.

The two other species known from the Wealden of
England and north-western Germany include the poorly
known Equisetites yokoyamae and the common Equisetum
burchardtii (known in more detail from the German Wealden;
Dunker 1846, Ettingshausen 1852, Schenk 1871, Watson
and Batten 1990, Pott et al. 2014, Pott 2019). The latter was
assigned to Equisetum, somewhat reluctantly, by Watson
and Batten (1990: 38), because the authors found the in situ
rhizomes, tubers and subterranean parts of aerial shoots to
be “so similar to living species of the genus Equisetum that
it is difficult to imagine any generic differences”, although it
should be noted that anatomical details of the above-ground
parts of Equisetum burchardtii are not available, and the
reproductive organs are unknown. A few, poorly preserved
aerial shoots of Equisetum burchardtii were reported by
Dunker (1846), but also here the reproductive organs
remain unknown. Based on this assumption, Watson and
Batten (1990: 41) again provided a speculative restoration
of Equisetum burchardtii, in which the known subterranean
portions are completed with the most likely above-ground
features typical of modern representatives of this subgenus



(Page 1972) such as solid, strongly angular branches distinct
from the main axis and with elongate strobili with rounded
apices and penta-/hexagonal sporangiophore heads.

Ifit is assumed that the new Equisetostachys strobili were
flattened during preservational processes, but were round in
cross section when alive, their diameter would have been
about 14 and 16 mm, respectively. Considering the diameter
of known Equisetum burchardltii aerial shoots (up to 5 mm),
it is not impossible that the strobili from the Isle of Wight
belong to this species.

With regard to species reported from the Lower
Cretaceous of other regions than the English and German
Wealden, most of them are known from subterranean plant
portions, such as rhizomes, adventitious roots and tubers,
and from a limited number of aerial shoots only (e.g.,
Srebrodolskaya 1983, Stanich et al. 2009, Sun et al. 2013),
rendering further comparisons impossible.

Comparison with other Mesozoic species

The strobili of Equisetites arenaceus (JAEGER) SCHENK from
the Carnian (Upper Triassic) of several localities in southern
Germany and from Lunz am See, Austria (Kelber and Van
Konijnenburg-van Cittert 1998, Pott et al. 2008, 2018), are
identical in superficial structure and shape, but are some 1.5-2
times larger in all dimensions than the Isle of Wight strobili;
furthermore, the stems of Equisetites arenaceus are 4—12 cm
wide (Pott et al. 2008), much larger than any Wealden species.
Moreover, the strobili of Equisetites arenaceus are produced
in clusters of up to three strobili on short, deciduous, aerial
shoots or lateral branches, which are shed as a whole (Kelber
and Van Konijnenburg-van Cittert 1998).

Strobili referred to Equisetostachys include Equiseto-
stachys nathorstii THAaLLE and Equisetostachys suecicus
(NatH.) T.HALLE from the Rhaetian — Hettangian (Upper
Triassic) of Hogands and Hoor in Scania, Sweden (Halle
1908), and Equisetostachys sibiricus (HEer) M.IL.Brick
from the Middle Jurassic of Ust’-Baley, Siberia, Russia
(Kryshtofovich 1933, Brick 1938); all species have peltate
sporangiophores with hexagonal heads and a sculptured
surface. Strobili of Equisetostachys suecicus were
approximately 40 mm long and 20 mm wide with a cylindrical
shape; sporangiophore heads, 2.0-3.0 mm in diameter, have
a hexagonal umbo, which is connected through embossed
ridges with the vertices of the hexagonal margins of the
heads (Halle 1908). Likewise, Equisetostachys sibiricus
has similar hexagonal sporangiophore heads with a central
umbo, but the strobilus is spherical (Brick 1938).

Equisetites muensteri STERNB. from the Rhaetian of
Jameson Land, Greenland, is known from expanded and
developing (unexpanded) strobili with peltate sporangiophores
with a hexagonal pattern on the heads similar to that of the Isle
of Wight strobili (Harris 1931), but the sporangiophore heads
of Equisetites muensteri, however, are considerably smaller;
being only 2.3-2.9 mm in diameter.

Sporangiophore heads of Equisetum columnare BRONGN.,
described by Harris (1961) from the Bajocian (Middle
Jurassic) of Yorkshire, England, are identical in size, shape
and surface structures to the sporangiophore heads of
the Isle of Wight strobili. However, no intact strobili are
known from Equisetum columnare. Similar equisetalean

strobili with well-preserved sporangiophore heads akin to
those of the Isle of Wight strobili are also known from the
Lower Jurassic of Chubut Province, Patagonia, Argentina,
described as Equisetum dimorphum ELGORRIAGA, Escapa,
BomrLEUR, CUNEO et OTTONE (Elgorriaga et al. 2015).

Conclusion

Sporangiophore heads of Equisetaceae seem to show
comparatively highly conservative features such as their
morphology and (outer) surface patterns rendering them
rather uninformative and less useful with regard to species
identification. Consequently, the specific identification of
the strobili from the Wealden of the Isle of Wight can only
be achieved when both sterile and fertile material is found
in the same bedding planes, either attached or convincingly
belonging to the same parent plant.
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Explanations of the plates

PLATE 1

Equisetostachys strobili from the Isle of Wight, specimen
WMNM P81019

1.

2.

The specimen in front view with the two strobili pre-
served close to each other.

Rear strobilus preserved in side view (photographed
from front), note the arrangement of the penta- to hexa-
gonal sporangiophore heads.

Same strobilus photographed from reverse side, note the
cluster of elongate, cuneate microphylls at its proximal
end (arrowheads).

Enlarged view of the cluster of elongate, cuneate micro-
phylls (arrowheads).

Front strobilus preserved in plan view, note the apex of
the strobilus and the surface pattern of the sporangio-
phore heads.

Scale bars 5 mm.
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PLATE 2

Detail views of Equisetostachys strobili from the Isle of
Wight, specimen WMNM P81019 (left column: the rear
strobilus, right column: the front strobilus)

1, 2. Close-up of the edge or apical regions.

3, 4. Details of the surface of the sporangiophore heads, note
the umbo and the ridges.

5, 8. Close-up of the umbo, note the visible cellular structure
and the ridges extending from the vertices of the umbo
to the margin of the sporangiophore head (arrowheads).

6. Close-up of a sporangiophore head, note the umbo, the
scars or surface pattern and the ridges extending from
the vertices of the umbo to the margin of the sporangio-
phore head (arrowheads).

7. Detail of the sporangiophore heads preserved on the re-
verse side of the rear strobilus.

Scale bars 1 mm.
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