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ABSTRACT
A taxon in the Cystopteris fragilis (L.) Bernh. complex that occurs in Britain
appears up to now to have been overlooked there. It is proposed that this fern,
which was recently rediscovered in Snowdonia, North Wales, should be referred
to a subspecies of C. fragilis, namely subspecies huteri (Hausm. ex Milde) C.
Prada & Salvo, that occurs in mainland Europe, but had not previously been
recognised in the British Isles. The Snowdonia fern is distinct in its morphology
from other British taxa in the C. fragilis complex and is described here together
with its historic records and present distribution, updated from information given
in an earlier paper in Watsonia (Tennant, 2010), and its relationship to affiliated
taxa is discussed.
INTRODUCTION
The Cystopteris fragilis complex is perhaps the most difficult one to resolve of all fern
groups. In the British Isles it presently includes the species C. fragilis (L.) Bernh., C.
alpina (Lam.) Desv., C. diaphana (Bory) Blasdell, and C. dickieana R. Sim. It is
generally accepted that more than one original diploid parent was probably involved in
the ancestry of the present species recognised in the complex. One result of which is the
large variation between and within the species, making it especially difficult to recognise
the different cytotypes based solely on their gross morphology. Over many decades, a
study was made of the species within the complex, and especially their variants, both in
the field and in herbarium collections. This led to earlier papers being published on C.
alpina and C. dickieana in Britain (Tennant, 1995; 1996; 2010), but two especially
distinctive taxa were noted in Britain, which in their morphology did not readily conform
to the appearance or descriptions of any of the known presently extant British taxa within
the complex.
The first of these was found in 2008 in Snowdonia, V.C. 49, North Wales, where it
was extremely local and scarce. A search in herbarium collections revealed that a
morphologically identical taxon had been collected previously there. A paper published
in Watsonia (Tennant, 2010) gave most of the records of this fern, which are updated
and relisted in this paper, together with its historical references, description, illustrations
(Figures 1 & 2), and habitat, and evidence for the presently proposed identity of this
Snowdonia fern is given.
The second distinctive Cystopteris taxon discovered during the course of these studies
occurs in northern Scotland, and a similar taxon also in North Wales. These ferns appear
to be affiliated to certain variants currently included under C. alpina (Lam.) Desv.,
previously as “C. regia” auct., non (L.) Desv. Morphologically these Scottish ferns
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closely match certain Cystopteris forms found by the author recently in alpine regions
of mainland Europe in three different countries (Figures 3 & 4). Living material and
details of these Scottish ferns, which were grown from spores, have been donated to the
Natural History Museum in London for further study and will be the subject of a later
paper.
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Figure 1. Cystopteris fragilis subsp. huteri. Cultivated examples from
Snowdonia, V.C.49, North Wales illustrating the degree of variation. (Further
illustrations were given previously in Tennant (2010)).
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Figure 2. Cystopteris fragilis subsp. huteri. Snowdonia, V.C. 49, North Wales.
Cultivated specimen.
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Figure 3. Cystopteris alpina (Lam.) Desv. s. str. From the European Alps, A – D.
A. France. B. Spain. C. Austria. D. Italy. (British examples from Yorkshire
collected by J. Backhouse were illustrated in Tennant (1995)). The Cystopteris
variant taxon, which is intermediate between C. alpina and C. fragilis, E – G.
E. From the Italian Dolomites. F. French Alps. G. Northern Scotland.
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Figure 4. Cystopteris variant from Northern Scotland, V.C. 105, which is
intermediate between C. alpina and C. fragilis.
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MATERIALS AND METHODS
The fieldwork described below on Cystopteris in Britain dates back over many decades
through an early interest of the author, particularly in the British records for C. alpina.
More recently, following several examinations of herbarium specimens at the Natural
History Museum (NHM) London (BM) and at the Royal Botanic Garden, Edinburgh (E)
between 2004 and 2006, details of all relevant specimens were abstracted and compared
with recently found examples of Cystopteris. This was followed by further fieldwork in
North Wales and in Scotland. Permission was obtained from the Countryside Council
for Wales to collect a small amount of material on Snowdon, V.C. 49, which was
undertaken in 2009, following which this Snowdonia fern was cultivated in Yorkshire.
Living examples of the Snowdonia Cystopteris were then donated to NHM in London
for further studies. This work is being undertaken by Dr F.J. Rumsey at NHM, and so
far has included a detailed examination of spores and some plastid DNA studies.
Meanwhile, historic publications were examined and information dating back to the
17th century was abstracted, after it was discovered that the Snowdonia Cystopteris had
first been collected at that time. Field studies on Cystopteris were more recently extended
in alpine regions of mainland Europe, namely Norway (Tromsø 2009), France (Vanoise
Alps 2010), Spain (Central Pyrenees 2012), Italy (Dolomites 2014, 2015), and Austrian
Tyrol (2016). Material found there was compared with examples from Britain.

RESULTS
Description of the Snowdonia Cystopteris
This fern was largely described and illustrated in an earlier paper (Tennant, 2010) from
samples that had been found in Snowdonia in 2008, and cultivated from 2009, although
one crucial character was then omitted. During examination of the cultivated material it
was noted that the fronds were distinctly glandular, having scattered, capitate glandular
hairs on the pinnae, a character unique in British Cystopteris. A further more detailed
description is as follows, with illustrations given in Figures 1 and 2.
Stipe slender, 1.5 – 6 cm. brownish, with scattered pale brown linear scales, frond
(lamina) lanceolate, 4 – 10 x 2 – 5 cm, pinnae mainly narrowly ovate, 1.5 – 2.5 x 0.7 – 1.3
cm, with scattered, capitate glandular hairs, which are most visible on the margins,
pinnules stalked, the lower oblong-obdeltoid, subtruncate at the apex, often with short,
sharply acute points, the upper narrower, linear-obdeltoid, more acute at the apex, the
veins mainly terminating in the acute apical points. Sori scattered, situated adjacent to
the veins, spores echinate, very large, mean c. 50 microns (F.J. Rumsey, pers.comm.).
The juvenile sporophytes have well-separated (divaricate), linear-oblong, blunt
pinnules, unlike those of typical C. fragilis, but very similar to those of C. alpina. The
immature, intermediate fronds usually have either obdeltoid (wedge-shaped) or linear
pinnule lobes, again similar to those seen in C. alpina. The mature fronds are more finely
dissected, sometimes with pinnae obliquely inclined to the plane of the lamina. The
Snowdonia ferns, although sharing several characters with C. alpina are readily
distinguished from it by the acute points at the apex of the pinnule lobes into which the
majority of the veins terminate, and the unique presence of glandular hairs on the pinnae.
Plastid DNA examination has also confirmed that the ferns are not C. alpina (F.J.
Rumsey, pers. comm.). The relationship of these Snowdonia ferns to a described,
glandular subspecies of C. fragilis, which occurs in southern, central and western
montane regions of mainland Europe is discussed below.
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Habitat
The Snowdonia fern is a plant of the alpine zone in Britain, probably not occurring at
altitudes below 700m. In the two localities in which it was rediscovered in 2008 it was
extremely local and scarce. It occurred on basic rocks in a north-facing vertical crevice
and in a recess on the cliff face. No other vascular plants were present, but Cochlearia
pyrenaica subsp. alpina (Bab.) Dalby, Minuartia verna (L.) Hiern and Silene acaulis (L.)
Jacq. occurred nearby, and typical C. fragilis was not far distant.
Records of the Snowdonia Cystopteris
Specimens in British herbarium collections and references in historical literature showed
that the fern that had been rediscovered in Snowdonia in 2008 had been collected very
much earlier. Identical material was located by the author in 2004-2006 at the Natural
History Museum (NHM) in London (BM) and other relevant Cystopteris specimens were
found in the herbarium of the Royal Botanic Garden (RBGE) in Edinburgh (E), and the
Snowdonia records are given below. This fern was first collected in the late 1680s by
Edward Lhwyd in Snowdonia, and two of Lhwyd’s original specimens were recently
located by F.J. Rumsey in the Sloane herbarium at BM; these specimens were identical
to those found on Snowdon by the author in 2008. Further specimens collected by
Lhwyd, which are probably the same, are present in the herbarium of Oxford University
(OXF) (Edgington, 2013). Lhwyd’s specimens were also sent to John Ray and details
were included in Ray’s Synopsis (Ray, 1724). Lhwyd’s record and others from
Snowdonia were later included by Sir J.E. Smith (1828; 1834) in his English Flora, but
under Cystea regia Smith, possibly the first, but illegitimate, binomial name given to
this fern, which is discussed later in this paper.
The Snowdonia Cystopteris would meet the I.U.C.N. Threat Category of ‘critically
endangered’, and is especially vulnerable to collecting, therefore precise details of its
locations are withheld, but otherwise its presently known records are as follows:
Snowdonia, SH65, Caernarvonshire, V.C.49 circa 1688, Edward Lhwyd (Sloane herb.,
BM; OXF)
Snowdon, SH65, V.C.49, 1824, collector unknown, herb.Rev. William Newbould as C.
fragilis (BM)
Snowdon, 1826, William Wilson (?herb. J.T.I. Boswell-Syme), as Cyathea regia (in the
C. fragilis folders) (BM)
Snowdon, 1847, collector uncertain, herb. F.J. Hanbury, as C. fragilis var. (BM)
Near Glyder Fawr (Cwm Idwal), SH65, V.C.49, 1853, collector’s name illegible, in C.
alpina folder (BM)
Cwm Glas, Snowdon, 1874, collector uncertain (same sheet gives H. & J. Groves also
W.R. Linton), as C. fragilis (BM)
Snowdon, 1890. J. Lloyd Williams, in herb. Arthur Bennett, as C. alpina (later renamed
C. fragilis) (BM)
Snowdon, 2008, 2009, D.J. Tennant; Cwm Glas area, Snowdon, 2008, D.J.T. (herb. DJT;
BM)
In several cases not all of the specimens on the sheets for the above records were the
same taxon; as few as a single specimen conformed to the Snowdonia Cystopteris in
question in at least one case. A single specimen on the sheet which represents the 1853
record given above, and those representing the 1853 record are morphologically identical
to the others, but require to be re-examined for the presence of glandular hairs. Glandular
hairs were present on specimens representing the remaining seven records given above.
A specimen marked ‘W.J. Hooker’ in BM, but undated, was collected at Castell Dinas
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Bran, Denbighshire, V.C.50, and named Cyathea regia by Hooker, but later renamed as
a variety of C. fragilis. This record was listed by Tennant (2010), but is not the Snowdonia
Cystopteris for which records are given above. This interesting specimen bears
resemblance to those found in northern Scotland, which were mentioned in the
Introduction, and require further investigation. A careful search by the author at Castell
Dinas Bran and adjacent rocks failed to locate Hooker’s fern, which is probably extinct
there. Similarly, a recent but lesser search in Cwm Idwal did not reveal the Snowdonia
Cystopteris taxon.
Following the discovery that the Snowdonia taxon was glandular, it was drawn to
the attention of the author by another botanist, Brian Burrow, that Flora Iberica (Prada,
1986) describes an infra-specific form of C. fragilis that is distinguished by the presence
of glandular hairs, namely subspecies huteri (Hausm. ex Milde) C. Prada & Salvo. The
description, illustration and spore size given (44-55 (60) microns) for this subspecies
matched those of the Snowdonia Cystopteris very well. Subsp. huteri is a taxon found
mainly in montane regions of southern and western mainland Europe, with a general
distribution similar to that of C. alpina (Lam.) Desv., and has been linked to the latter in
Scandinavia (F.J. Rumsey, pers. comm.), although the extent of its further geographic
limits is not certain.
In 2014 and 2015 fieldwork was carried out by the author in the central Italian
Dolomites, which is the centre of distribution of subsp. huteri (F.J. Rumsey, pers. comm.).
Subsp. huteri was found to be frequent there, enabling a comparison to be made with
the Snowdonia Cystopteris, and material was donated to the NHM for further study by
F.J. Rumsey. In the Dolomites C. fragilis subsp. huteri occurred mainly between 1600
and 2400m on dolomitic limestone in open, rocky, alpine woodland, extending to
boulders and scree at the base of cliffs well above the tree-line, both habitats with a very
rich alpine vascular flora. The other ferns often present were Cystopteris fragilis subsp.
fragilis, C. alpina, C. montana (Lam.) Desv., Gymnocarpium robertianum (Hoffm.)
Newman, Asplenium trichomanes L. subsp. quadrivalens D.E. Meyer emend. Lovis, A.
trichomanes-ramosum L., A. ruta-muraria L. (including subsp. dolomiticum) and
occasionally Woodsia glabella R. Br. ex Richards. Cystopteris fragilis subsp. huteri in
the Dolomites was more variable than the Snowdonia fern, but close matches to the latter
were found there, the majority being intermediate between C. fragilis and C. alpina in
general appearance. F.J. Rumsey has agreed that these Snowdonia ferns should be
referred to C. fragilis subsp. huteri.
A very small population of another morphologically distinctive Cystopteris was also
found by the author in the Dolomites, very locally at 2300m, and this matched the fern
mentioned in the Introduction that occurred in Scotland (Figures 3 & 4). The herbarium
studies at RBGE (E) showed that this Scottish fern had been collected earlier there, and
was re-found in Orkney, V.C. 111, in 2010, and later in 2014 by the author in West Ross,
V.C. 105, then cultivated from spores. Morphologically similar ferns had also been seen
by the author in the French Vanoise and Norwegian Alps. All of these ferns are somewhat
intermediate in their morphology between C. fragilis and C. alpina. Those from mainland
Europe occur there with C. alpina s. str., although often at lower altitudes, and at least
some of these are currently referred to C. alpina. Living examples from both recently
found localities in Scotland that resemble the ferns from mainland Europe have been
donated to NHM for biosystematic analyses in order to study their phylogenetic
relationships and to establish ploidy levels.
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DISCUSSION
Various authors have commented on the difficulties of diagnosing taxa in the Cystopteris
fragilis complex by use of morphological characters alone, for example Vida (1974) and
Rothfels et al. (2013). Blasdell (1963), however, had successfully developed an
evolutionary structure, which in most cases showed a good correlation with recent
phylogenetic analyses (Rothfels et al., 2013). The main problems arise because of
multiple ancestral origins, the existence of many polyploids, and in Europe, the absence
of the ancestral diploid parent. In Europe C. fragilis is tetraploid, hexaploid, or octoploid,
but in the British Isles the last is so far unknown. Intermediate ploidy levels have arisen
through intraspecific hybridisation, and pentaploid examples are said to be frequent
(Vida, 1974). It should therefore be emphasised that the main conclusion in this paper,
namely the recognition of C. fragilis subsp. huteri in the British Isles, is very largely
based on morphological characters. In this case, however, the morphology of this
Snowdonia fern is quite distinct from other British variants of C. fragilis; the spores are
exceptionally large, and the glandular condition is presently a unique character in
European Cystopteris. These characters provide the confidence to refer the Snowdonia
Cystopteris to this European taxon.
As stated above, diploid Cystopteris is not recorded in Europe, but in North America
several glandular species of Cystopteris are known and their glandular condition has
resulted from the donation of a maternal genome from the diploid plant, C. bulbifera
(L.) Bernh. (Rothfels et al., 2003). One glandular North American allohexaploid species,
C. laurentiana (Weatherby) Blasdell, which possibly arose as a cross between C. fragilis
and C. bulbifera, has been suggested to be synonymous with C. fragilis subsp. huteri
(F.J. Rumsey, pers. comm.), but that would imply that C. bulbifera at one time had
occurred in Europe, which at present is not proven.
The Snowdonia fern here referred to C. fragilis subsp. huteri is clearly responsible
for all of the previously published erroneous records in Wales for C. alpina s. str. (but
see comments above in Results, and below regarding a Welsh fern named by W.J.
Hooker). The Snowdonia fern does share some characters found in C. alpina, which may
have led to the confusion, namely the close similarity of its juvenile sporophytes and the
morphology of its immature pinnules (see under Results above and Tennant (2010)).
These characters probably arose from an ancestral genome donated from C. alpina, which
may therefore have once occurred in Wales. The very large spore size given for C. fragilis
subsp. huteri in Flora Iberica was suggested by the authors of this publication to indicate
that this taxon is probably octoploid. Spores of Snowdonia examples were found to be
similar in size (F.J. Rumsey, pers. comm.), suggesting that these ferns were likely to be
at least hexaploid, if not octoploid, a ploidy level not recorded for C. fragilis in the British
Isles. Blasdell (1963) had suggested that spore size in Cystopteris could be used in the
determination of the different cytotypes, but Vida (1974) found that, contrary to that
opinion, spore size was not always reliable in this respect. R.H. Roberts measured the
spores of two different examples of C. alpina for the author. These both had almost
identical finely dissected fronds with linear pinnule segments that are associated with
classic C. alpina s. str. (Figure 3), but were found to differ widely in spore size (Tennant,
1995), supporting Vida’s findings, which require further investigation using the various
cytotypes. Vida (1974) also found that a deliberately induced apogamous diploid of C.
fragilis had a much more finely dissected frond than the natural tetraploid plants from
which it had been derived, and that can clearly be seen in his Plate 2, fig. 9, which might
suggest that degree of frond dissection may not necessarily increase with an increasing
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ploidy level.
Historic Cystopteris nomenclature used by British authors is very relevant to C.
fragilis subsp. huteri from Snowdonia. This particularly applies to the names ‘incisa’,
‘regia’ and ‘alpina’, and is also relevant to the related taxa from Scotland and other taxa
from Wales, which are discussed earlier in this paper. Smith (1794) in Volume 3, p.163
published the name Cyathea incisa Sm., ‘Laciniated Cup-fern’ when describing and
illustrating a fern collected pre 1790 by E. Forster at a single locality near Walthamstow
in South Essex, V.C. 18. Smith stated that this fern was not the Polypodium regium of
Linnaeus and was also different from P. alpinum Jacquin. Smith’s description of this fern
gives ‘frond bipinnate’, (the pinnule lobes) ‘obtuse with no bristly point’, the last
character clearly seeming to distinguish it from the Snowdonia subsp. huteri. Smith
(1828; 1834) later published the name Cystea regia Sm., and here he cited Lhwyd’s late
17th century Snowdon record, two further records from Snowdon, namely one by the
Rev. Hugh Davies in the early 19th century and one by W. Wilson in 1826, and a further
record by Mr. Griffith from Cwm Idwell (Idwal), which all almost certainly referred to
the Snowdonia subsp. huteri. Smith, however, surprisingly also added here the Essex
fern (Cyathea incisa and C. regia Forster), thus seeming to suggest that these were
synonymous with the Snowdonia ferns, even though their descriptions differed. Smith
also stated that Cystea regia Sm. was unquestionably distinct from every other British
fern, and from the ‘regia’ of alpine stations (in Europe), presumably meaning the fern
now referred to Cystopteris alpina (Lam.) Desv., although confusingly he included
Aspidium regium Sw. (1802) in the synonymy.
W.J. Hooker (1842) then grouped together all of Smith’s taxa under C. alpina Desv.,
and added ‘tripinnate’ to Smith’s earlier ‘bipinnate’ description of these taxa. Hooker
had earlier (before 1842) confirmed the name of one of the specimens from Essex
collected by Forster as Cyathea regia (Stansfield, 1930), and in the same period had also
given the same name to an undated specimen in BM that had been collected in
Denbighshire. V.C. 50. These Essex and Denbighshire records, in the sense of Hooker
(1842), therefore represent the first and second British records respectively for C. alpina.
J. Backhouse’s record from Upper Teesdale in Yorkshire, V.C. 65 in 1872 (Tennant, 2010)
would therefore be the third British record. In spite of Smith (1828; 1834) and Hooker
(1842) including the Snowdonia ferns under the species which is now referred to C.
alpina (Lam.) Desv., C. fragilis subsp. huteri from Snowdonia is shown here to be
different, and its first name, Cystea regia sensu Sm. (parte) should be retained only in
synonymy.
The use of the name ‘regia’ for some of these ferns is, however, incorrect on the
assumption that the name ‘regia’ was entirely derived from P. regium L. The type sheet
of P. regium in LINN contains more than one species and P. regium was therefore a
‘nomen ambiguum’. None of the species on this sheet represent the taxa discussed in
this paper, including C. alpina (Lam.) Desv.. This has long been known (Stansfield,
1929), and much earlier, for example P. regium L. was included by J.T. Syme in the
synonymy under C. fragilis in the third edition of English Botany, Vol. 12 (1886), which
would be correct, although an individual specimen still requires to be selected from the
type sheet and formally lectotypified as such.
Other authors also considered ‘regia’ to be distinct. Milde made ‘regia’ a variety of
C. alpina (Kestner, 1930), and Stansfield (1929) proposed the name C. alpina var. obtusa
for Forster’s Cystopteris from Essex. After examining the Essex specimen, Stansfield
pointed out that it was bipinnate, with only shallowly notched pinnule lobes, many of
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the veins terminating in an apical point, unlike C. alpina s.str., which is at least tripinnate
with virtually all the veins ending in notches. Kestner (1930) had stated that the position
of the vein-endings was the only reliable character in the determination of C. alpina,
additionally the Cystopteris key given in Murphy and Rumsey (2005) similarly relies on
this character for the determination of C. alpina.
The first name given to the Essex fern, Cyathea incisa Sm. (1794), would be a
legitimate name at specific level, and for the Denbighshire Cystopteris as this appears to
belong to the same taxon. It is doubtful, however, whether these ferns could be justified
as a species distinct from C. alpina, in which case the name would be reduced to
synonymy under the latter. The Essex and Denbighshire ferns are both thought to be
extinct at their original localities. A similar Welsh taxon from Merionethshire, V.C. 48,
has not been collected since 1928, so none of these ferns are presently available for
biosystematic studies that might elucidate their correct status. The Cystopteris taxon from
Scotland discussed briefly above also seems to have affinities with C. alpina. Two
examples of this and a morphologically identical fern from Italy are in cultivation by the
author, and material is now at NHM for further studies to establish their status.
Several recently confirmed specimens of C. alpina seen by the author in the Tromsø
Museum herbarium had exceptionally broad pinnule lobes. Following the fieldwork by
the author, uniformly similar Cystopteris forms were also encountered in alpine regions
of France, Italy, and in Scotland, some of which are presently determined as C. alpina
(Lam.) Desv. This might suggest that the concept of C. alpina s.str. as a fern restricted
to one with a finely dissected frond and linear pinnule lobes, and with the veins virtually
all ending in notches, unlike the ‘regia’ of some authors, may be one that is too narrow.
An alternative suggestion may be that these ferns with broader pinnules truly represent
a distinct taxon, which is affiliated to C. alpina through the presence of a genome from
this species. Hopefully biosystematics will resolve this.
Cystopteris fragilis subsp. huteri is presently known in Britain only from two
localities in North Wales, where it is very local and scarce. It meets the I.U.C.N. Threat
Category of Critically Endangered (CR) and should be considered for inclusion in the
British Red Data List, its main vulnerability being one of collecting.
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