FERN GAZ. 19(1):1-9. 2012

1

TWO NEW SPECIES OF HYPOLEPIS (DENNSTAEDTIACEAE:
PTERIDOPHYTA) FROM MOUNT RORAIMA REGION (N SOUTH
AMERICA) AND A REVISED KEY FOR THE GUIANAN SPECIES
P.B. SCHWARTSBURD1, M. BOUDRIE2 & G. CREMERS3
1

Instituto de Biociências, Universidade de São Paulo; housed at Instituto de Botânica
(herbarium SP) - both located in São Paulo, SP, Brazil. petrofilix@yahoo.com.br
2
43, rue Lallouette, F-97300 Cayenne, French Guiana. boudrie.michel@orange.fr
3
Muséum National d’Histoire Naturelle, UMR 7205 OSEB, Département
Systématique et Evolution, Case Postale 39, 16 rue Buffon, F-75231 Paris Cedex 05,
France. gecremers@orange.fr
Keywords: Dennstaedtiaceae, French Guiana, Guyana, Hypolepis, Pteridophyta,
Roraima, South America, Suriname.

ABSTRACT
Two new endemic species of Hypolepis are described from the Mount
Roraima region, in northern South America: Hypolepis trinationalis and
Hypolepis krameri. Also, the list of species occurring in the three Guianas
is updated, with a revised key.

INTRODUCTION
The Mount Roraima region, culminating at 2,810 m elev. at the junction of Brazil,
Guyana and Venezuela, is a special geographical area for the genus Hypolepis Bernh.,
concerning the endemism of its species. In this region, there are three, and possibly four
(or more) narrowly endemic species - a pattern that is not very common for the genus,
in such a relatively small area. Unfortunately, the area has not yet been very well
explored, and thus we have little information and only a few collections available of
these species.
Cremers & Kramer (1991) made the last taxonomic treatment of the genus in the
Guianas. They identified some potentially undescribed endemic species (named as
Hypolepis sp.1, Hypolepis sp.2, and Hypolepis sp.3), two of which we describe in this
work. We consider Hypolepis sp.1 and Hypolepis sp.2 (sensu Cremers & Kramer l.c.) a
single taxon, since there are only a few specimens available, and their differences are
more related to frond size and degree of dissection of the lamina, which can be
understood as individual and/or ecological differences due to age, exposition to
shade/sunlight, elevation, humidity, kind of soil, substrate, or other environmental
factors. Further collections and more study are needed.
Also, the relationships between Hypolepis guianensis Klotzsch and the two new
species described here are not clear. Hypolepis guianensis seems somewhat
intermediate between the other two, especially on the indument (see Table below). It is
tempting to speculate that H. guianensis may have had a hybrid origin between the two
new species, or, the three may be considered a single species, with indument differences
related to ecological factors.
In this work we also give re-identifications and a revised key to the Hypolepis
species occurring in the Guianas.
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THE NEW TAXA
Hypolepis trinationalis Schwartsb., sp. nov. Type: [GUyANA?], Mt. Roraima, ledge of
mountain, crevices between rock, 22/XI/1973, 7,600 ft, R. Persaud 182 (holotype: K;
isotype: BRG). Figs. 1 and 2A.
Differt a Hypolepide guianensi contexto laminae supra et lamina margine pilis vestitis
(vs. glabris).
Plants epipetric (or also terrestrial?). Rhizomes long-creeping, ca. 4 mm diam., with
catenate-acicular hairs, yellowish brown, 1–2 mm long, 15–20-celled. Fronds erect (to
arching?), with continuous growth, 40–45(–200 estimate) cm long; petioles 13–20(–80
estimate) cm long, 2–2.5(–7.5) mm diam., dark brown at base, lighter brown at middle
and apex, abaxially and adaxially glabrescent, with conspicuous persistent hair bases,
non-aculeate; laminae ovate to deltate, proximally 2(–3)-pinnate-pinnatisect with
penultimate segments pinnatifid, in the middle 1(–2?)-pinnate-bipinnatisect with
penultimate segments pinnatifid, distally pinnatisect, 30(–120 estimate) cm long,
18–25(–120) cm wide; rachises straight, light brown at base and middle, lighter brown
to stramineous at apex, abaxially sparsely pilose, adaxially pilose (especially in the
groove) with catenate-acicular hairs, these hyaline with the base and cross-walls
reddish, 0.2–0.5(–1) mm long, 4–7(–15)-celled, also with catenate-glandular hairs,
these hyaline with the base and cross-walls reddish, 0.2–0.5 mm long, 4–7-celled, nonaculeate; proximal pinnae 7–15(–60) cm long, 3–7(–35) cm wide, equilateral; costae
abaxially sparsely pilose, adaxially pilose, the hairs similar to those of rachises; costules
abaxially and adaxially sparsely pilose, the hairs similar to the rachises and costae, but
the catenate-glandular ones much more conspicuous abaxially and the catenate-acicular
much more conspicuous adaxially; veins with the same pattern of indument as the
costules; laminar tissue between veins abaxially with only catenate-glandular hairs,
adaxially with only catenate-acicular hairs; lamina margins with both catenate-acicular
and catenate-glandular hairs; sori marginal; pseudo-indusia conspicuous, proximally
green, distally hyaline, membranaceous in the hyaline part, ciliate, the cilia catenateacicular, 0.2–0.4 mm long, 4–7(–10)-celled.
Distribution: Known only from the Mount Roraima region.
Etymology: The species name is an allusion to the distribution of the species, which
grows in the intersection of Brazil, Venezuela, and Guyana, thus having “three
nationalities”.
Additional material examined: GUyANA AND NORTHERN BRAZIL. Mount Roraima,
Rondon camp, “ledge”, ca. 6,900 ft, 01/XII/1927, G.H.H. Tate 461 (K, Ny). GUyANA
[or VENEZUELAN RORAIMA?]. Roraima, base of cliff, XII/1884, E.F. im Thurn 303 (BRG,
K).
We have studied only three collections of this new species. Two of them (the type
and Tate 461) are composed by small complete fronds, and the third one (im Thurn 303)
by only one big pinna (probably the proximal one). The small specimens were cited by
Cremers & Kramer (l.c.) as Hypolepis sp.2, while the big pinna was cited as Hypolepis
sp.1. We here consider all of them as only one new species. The type selected here
corresponds to Hypolepis sp.2, in a strict sense, and also the description measures the
range between such small complete fronds. The measurements of im Thurn 303 (K) are
inside brackets (except for the hairs measurements that apply equally to all three
materials) and, since the material is incomplete, some estimates were made.
Hypolepis trinationalis can be easily recognized by the lamina copiously furnished
with catenate-acicular and catenate-glandular hairs, present on all axis, veins, laminar
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tissue between veins and lamina margins. It differs from H. guianensis by the laminar
tissue between veins adaxially with catenate-acicular hairs (vs. glabrous), the lamina
margins with catenate-acicular and catenate-glandular hairs (vs. glabrous), and the
pseudo-indusia with catenate-acicular cilia (vs. catenate-glandular cilia).
Another similar species is Hypolepis viscosa H. Karst., which also occurs at high
elevations (1000-2000 m), has similar blade indument (catenate-acicular and catenateglandular hairs), lacks aculei on the petioles and rachises and has ciliate pseudo-indusia.
Hypolepis trinationalis differs from H. viscosa by the rachises and costae having much
shorter catenate-acicular hairs 0.2–0.5(–1) mm long, 4–7(–15)-celled (vs. 1–1.2 mm
long, 13–17-celled), costules, veins and laminar margins having both catenate-acicular
and catenate-glandular hairs (vs. only catenate-glandular hairs), and laminar tissue
between veins adaxially having catenate-acicular hairs (vs. catenate-glandular hairs).
Hypolepis krameri Schwartsb., Boudrie & Cremers, sp. nov. Type: GUyANA [or
VENEZUELAN RORAIMA?], Mt. Roraima, base of cliff, X/1884-I/1885, E.F. im Thurn 161,
Mt. Roraima Exped. (holotype: BM [labeled as “set B”]; isotype: K [labeled as “set
A”]). Fig. 2B.
Differt a Hypolepide guianensi rhachide rugosa (vs. laevi), et pseudo-indusio
eglanduloso (vs. glanduloso).
Plants terrestrial? Rhizomes not seen. Entire fronds not seen; petioles not seen; laminae
proximally 2-pinnate-pinnatisect with penultimate segments pinnatifid, in the middle
pinnate-bipinnatisect with penultimate segments pinnatifid, distally pinnatisect, 65–70
cm long, 30–46 cm wide; rachises straight, light golden brown at base and middle,
stramineous at apex, abaxially glabrescent or with very scattered hairs, adaxially
sparsely pilose with catenate-acicular hairs, these hyaline with the base and cross-walls
reddish, 0.2–0.5 mm long, 3–7-celled, also with catenate-glandular hairs, these hyaline
with the base and cross-walls reddish, 0.2–0.5 mm long, 3–7-celled, with conspicuous
persistent hair bases, sparsely tuberculate, the projections rounded with the apex obtuse,
2–3 mm long, the same color as the rachises; basal pinnae 18–23 cm long, 6.5–10 cm
wide, slightly inaequilateral, the basiscopic pinnules slightly bigger, equally dissected;
costae abaxially glabrescent or with very scattered hairs, adaxially sparsely pilose, the
hairs similar to those of the rachises; costules abaxially with sparse hairs, similar to
those of the rachises, adaxially with sparse trichomidia, 0.2–0.3 mm long, 3–6-celled;
veins abaxially and adaxially glabrous or with very scattered trichomidia; laminar
tissue between veins abaxially glabrous, adaxially subglabrous, with very scattered
trichomidia; laminar margins glabrous; sori marginal; pseudo-indusia conspicuous,
entirely hyaline, membranaceous, ciliate, the cilia catenate-acicular, 0.2–0.3 mm long,
4–6-celled.
Distribution: Known only from the type collection, probably endemic to the Mount
Roraima region.
Etymology: This species is dedicated to Dr. Prof. K.U. Kramer (†), former professor at
the Zürich University (Switzerland), who passed away too early. He had helped us with
the determination of large numbers of pteridophytes from French Guiana, and was the
co-author of the first fascicles of the ‘Flora of the Guianas’.
It is impossible to determinate whether the material seen corresponds to the entire
lamina, the apex of the lamina, or only a pinna (if so, probably the proximal one). We
have interpreted it as the “entire lamina”, and this supposition is reflected in the
description above.
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Figure 1. Hypolepis trinationalis: habit (Tate 461 [Ny]). Drawing by G. Cremers,
reproduced from ‘Flora of the Guianas’ (Koeltz Scientific Books).
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Figure 2A. Hypolepis trinationalis: 1. apex of a pinna, 2. rachis, 3. adaxial surface of
a penultimate segment, 4. abaxial surface of a penultimate segment and cross section
of costa (im Thurn 303 [BRG]).
Figure 2B. Hypolepis krameri: 1. pinnule, 2. abaxial surface of a penultimate segment
(im Thurn 161 [BM]). Drawings by G. Cremers, reproduced from ‘Flora of the
Guianas’ (Koeltz Scientific Books).
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Hypolepis krameri can be easily recognized by the obtuse projections present on the
petioles (probably) and rachises, by the trichomidia present on costules and laminar
tissue between veins adaxially, by the glabrous laminar margins, and by the ciliate
pseudo-indusia. This new species was noted as Hypolepis sp.3 in Cremers & Kramer
(l.c.).
The most similar species are Hypolepis guianensis and H. trinationalis, which can
be differentiated by the characteristics shown in the key and in the table below. In
addition, H. krameri bears trichomidia on the adaxial side of the costules, both sides of
the veins and on the adaxial side of the laminar tissue between veins, while Guianan
congeners lack such hairs.
Another similar species is Hypolepis fimbriata Maxon ex Proctor, apparently
endemic to Jamaica (Proctor 1985). However, in this species, the catenate-acicular hairs
are up to 2(–3) mm long, while in H. krameri, they are 0.2–0.5 mm long.
RE-IDENTIFICATIONS
Apart from considering Hypolepis sp. 1 and Hypolepis sp. 2 (sensu Cremers & Kramer
l.c.) as a single species, there are two additional re-identifications of material cited by
Cremers & Kramer (l.c.):
1. What was named as Hypolepis parallelogramma (Kunze) C. Presl, represents H.
repens (L.) C. Presl. These specimens are a bit different from most specimens of H.
repens, especially regarding the apex of the ultimate segments (oblong, truncate), and
the veins more raised with more and longer hairs abaxially. Further studies are needed
to decide whether such specimens deserve taxonomic recognition or not. Hypolepis
parallelogramma s.s. occurs only in the Andean region of Venezuela, Ecuador, Peru and
Bolivia.
2. Some specimens named as Hypolepis hostilis (Kunze) C. Presl, are better referred to
H. rigescens (Kunze) T. Moore. Although both species are very similar, their
morphological differences are consistent throughout their range, and linked to elevation
differences (Schwartsburd & Prado in prep.): H. hostilis occurs at low elevations of
Amazonia, in Bolivia, Peru, Ecuador, Colombia, northern Brazil, probably Venezuela
(no material seen), French Guiana, probably Suriname, and Guyana, and also probably
in Costa Rica and Panama (apud Moran 1995); H. rigescens occurs at middle to high
elevations, surrounding Amazonia, in Bolivia, probably Peru, Ecuador, Colombia,
Costa Rica, probably Panama, Venezuela, Guyana and Suriname, with a disjunct
population in northeastern Brazil.
Hypolepis rigescens differs from H. hostilis by the laminar tissue between veins
abaxially with short catenate-glandular hairs (vs. glabrous), bases of petioles generally
light to dark brown, rarely black (vs. always black), rachises generally sparsely pilose
on both sides (vs. hairs restricted to the adaxial groove), and margins of the pseudoindusia dentate and rarely with one or two cilia (vs. pseudo-indusia crenate, never
ciliate).
Vouchers:
Hypolepis hostilis: FRENCH GUIANA. Piste de Bélizon vers Montagne Tortue (bassin de
la Comté), 480 m, 17/XI/1994, F. Billiet et al. 6348 (BR-3 sheets, K); Montagnes de la
Trinité, Inselberg Nord-Ouest, 200 m, 18/I/1984, J.-J. de Granville et al. 6138 (CAy,
U, Z); Bassin du Haut Inipi, crique Emerillon, au Nord du Massif des Emerillons, 140
m, 24/IX/1980, J.-J. de Granville 3958 (CAy-on 2 sheets, P, Z). GUyANA. Potaro River,

Lamina region/taxa

H. krameri

H. guianensis

H. trinationalis

Projections on rachises

present, obtuse at apex

absent

absent

Costules abaxially

with catenate-acicular
catenate-glandular hairs

with catenate-glandular hairs

with catenate-acicular and
catenate-glandular
(more
conspicuous) hairs

Costules adaxially

with trichomidia

with catenate-acicular
catenate-glandular hairs

Laminar tissue between veins
abaxially

glabrous

with catenate-glandular hairs

with catenate-glandular hairs

Laminar tissue between veins
adaxially

practically glabrous, but with a
few, very scattered trichomidia

glabrous

with catenate-acicular hairs

Lamina margins

glabrous

glabrous

with catenate-acicular
catenate-glandular hairs

Margin of the pseudo-indusia

with catenate-acicular cilia

with catenate-glandular cilia

with catenate-acicular cilia

and

and

with catenate-acicular (more
conspicuous) and catenateglandular hairs
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Sheenabowa, IX-X/1881, G.S. Jenman 1401 (K); Potaro-Siparuni, Pakaraima
Mountains, Ireng River, 685 m, 27/X/1994, P. Mutchnick et al. 255 (CAy, US).
Hypolepis rigescens: [GUyANA?]. Roraima, 1863-1864, C. Appun 1349 (K). SURINAME.
Nassau Mountains, Marowijne River, 400-550 m, 07/I/1955, B. Maguire et al. 39196 A
(HB, K-on 2 sheets, Ny, UC, US).
KEY TO SPECIES
1. Petioles and rachises aculeate .....................................................................................2
2. Aculei dark and curved; pinna insertions with a pair of accessory pinnules; costae
adaxially with wings decurrent onto the subtending pinna-rachis ...................................
.........................................................................................................H. nigrescens Hook.
2. Aculei of the same color as the axis and straight; pinna insertions without accessory
pinnules; costae without decurrent wings .......................................................................3
3. Fronds with only catenate-acicular hairs .................................H. repens (L.) C. Presl
3. Fronds with both catenate-acicular and catenate-glandular hairs...............................4
4. Laminar tissue between veins abaxially glabrous ...........H. hostilis (Kunze) C. Presl
4. Laminar tissue between veins abaxially with short catenate-glandular hairs ..............
........................................................................................H. rigescens (Kunze) T. Moore
1. Petioles and rachises non-aculeate, with or without scattered obtuse projections .....5
5. Petioles (probably) and rachises with scattered obtuse projections; costules adaxially
with trichomidia; laminar tissue between veins abaxially glabrous .................................
....................................................................H. krameri Schwartsb., Boudrie & Cremers
5. Petioles and rachises without projections; costules adaxially with catenate-acicular
and catenate-glandular hairs; laminar tissue between veins abaxially with catenateglandular hairs ................................................................................................................6
6. Laminar tissue between veins adaxially with catenate-acicular hairs; laminar margins
with catenate-acicular hairs; margins of pseudo-indusia with catenate-acicular cilia......
...............................................................................................H. trinationalis Schwartsb.
6. Laminar tissue between veins adaxially glabrous; laminar margins glabrous; margins
of pseudo-indusia with catenate-glandular cilia ........................H. guianensis Klotzsch
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ABSTRACT
A recent survey of the montane cloud forests of Celaque has added 20 new
additions to the fern flora of Celaque National Park, Honduras. A list of all the
ferns and lycophytes recorded for the park is provided.

INTRODUCTION
We present the first list of ferns and lycophytes of the Celaque National Park, Honduras.
Celaque National Park is located within the Departments of Lempira, Ocotepeque and
Copan. The park covers an area of about 266 km2 between 1000 and 2870 m a.s.l.
Topography is rugged, with over two-thirds of the land having inclination greater than
60% and soils being sandy and shallow. Eleven major rivers and a number of streams
originate from Celaque. Forest formations vary with elevation: Pinus-Quercus forest
occurs below 1800 m a.s.l., mixed broad-leaf/pine mountain forest between 1800 and
2200 m and cloud forest occurs above 2200 m a.s.l.
This compendium is based on collections made during our recent survey of the
montane cloud forests of Celaque and vicinity during March and April 2008.
Additionally, we have included other known collections using Tropicos database
(Tropicos.org. Missouri Botanical Garden. www.tropicos.org).
Our collections are deposited in TEFH and KRA herbaria. Previous researchers’
collections are deposited in MO. Nomenclature generally follows Mickel & Smith
(2004), although we take the opportunity to include new combinations in
Phlegmariurus and Pleopeltis that will be made by the indicated authors in the near
future.
A total of 166 species in 59 genera are reported here for the park (Table 1). Twenty
species are new records. Collections of other collectors are listed only when a given
species has not been found by us.
Celaque is the highest peak in Honduras, and biogeographically it is an isolated
island with cloud forest. It is important to preserve this environment because of its fern
richness (about a quarter of all known Honduran fern and lycophyte species (Nelson
Sutherland et al. 1996)), its geographic isolation and potential for fern endemism (we
found one undescribed species of Grammitis), and because of its role as a source and/or
destination area for long-distance dispersal of cloud forest fern species.
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Table 1. Ferns and lycophytes of the Celaque National Park.
Species new for the park are in bold face.
Collector

Coll. No.

Date

Herbarium

Adiantum andicola Liebm.

Naks et al.

78

01.04.08

KRA, TEFH

Adiantum concinnum Humb. & Bonpl. ex Willd.

Naks et al.

119

11.04.08

KRA, TEFH

Adiantum feei T. Moore ex Fée

House

882

18.03.91

MO

Adiantum poiretii Wikstr.

Moran

5507

11.11.91

MO

Adiantum tenerum Sw.

Davidse

34589

23.05.91

MO

Alansmia cultrata (Willd.) Moguel & M. Kessler

Naks et al.

60

31.03.08

KRA, TEFH

Alansmia senilis (Fée) Moguel & M. Kessler

Naks et al.

55B

29.03.08

KRA, TEFH

Alansmia smithii (A. Rojas) Moguel & M. Kessler

Davidse

34750A

26.05.91

MO

Anemia hirsuta (L.) Sw.

Nelson

81

07.12.71

MO

Anemia phyllitidis (L.) Sw.

Naks et al.

109

01.04.08

KRA, TEFH

Arachniodes denticulata (Sw.) Ching

Naks et al.

52

29.03.08

KRA, TEFH

Ascogrammitis anfractuosa (Kunze ex Klotzsch) Sundue

Davidse

34606

23.05.91

MO

Asplenium achilleifolium (M. Martens & Galeotti) Liebm.

Naks et al.

155

11.04.08

KRA, TEFH
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153

11.04.08

KRA, TEFH

Asplenium blepharophorum Bertol.

Moran

5536

13.11.91

MO

Asplenium fragrans Sw.

Naks et al.

68

31.03.08

KRA, TEFH

Asplenium harpeodes Kunze

Naks et al.

56

29.03.08

KRA, TEFH

Asplenium miradorense Liebm.

Davidse

34656

24.05.91

MO

Asplenium monanthes L.

Davidse

34655

24.05.91

MO

Asplenium monodon Liebm.

Naks et al.

99

01.04.08

KRA, TEFH

Asplenium polyphyllum Bertol.

Naks et al.

37

26.03.08

KRA, TEFH

Asplenium praemorsum Sw.

Naks et al.

135

11.04.08

KRA, TEFH

Asplenium serra Langsd. & Fisch.

Naks et al.

67

31.03.08

KRA, TEFH

Asplenium sessilifolium Desv.

Moran

5551

14.11.91

MO

Blechnum appendiculatum Willd.

House

921

21.03.91

MO

Blechnum occidentale L.

Naks et al.

93

01.04.08

KRA, TEFH

Blechnum polypodioides Raddi

Moran

5509

11.11.91

MO

Blechnum schiedeanum (Schltdl. ex C. Presl) Hieron.

Naks et al.

66

31.03.08

KRA, TEFH

Blechnum stoloniferum (Mett. ex E. Fourn.) C. Chr.

Moran

5579

16.11.91

MO

13
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Asplenium auriculatum Sw.

5550

14.11.91

MO

Botrychium virginianum (L.) Sw.

Naks et al.

147

11.04.08

KRA, TEFH

Campyloneurum amphostenon (Kunze ex Klotzsch) Fée

Naks et al.

49

29.03.08

KRA, TEFH

Campyloneurum angustifolium (Sw.) Fée

Naks et al.

80

01.04.08

KRA, TEFH

Campyloneurum tenuipes Maxon

Naks et al.

116

11.04.08

KRA, TEFH

Campyloneurum xalapense Fée

Davidse

34674

24.05.91

MO

Ceradenia jungermannioides (Klotzsch) L.E. Bishop

Davidse

34813

26.05.91

MO

Ceradenia margaritata (A.R. Sm.) L.E. Bishop

Naks et al.

20

26.03.08

KRA, TEFH

Cheilanthes complanata A.R. Sm.

Naks et al.

73

01.04.08

KRA, TEFH

Cheilanthes lendigera (Cav.) Sw.

Davidse

34760

25.05.91

MO

Cibotium regale Verschaff. & Lem.

Naks et al.

110

01.04.08

KRA, TEFH

Cochlidium linearifolium (Desv.) Maxon ex C. Chr.

Naks et al.

134

11.04.08

KRA, TEFH

Cochlidium rostratum (Hook.) Maxon ex C. Chr.

Moran

5605

16.11.91

MO

Ctenitis equestris (Kunze) Ching

Davidse

34699

25.05.91

MO

Culcita coniifolia (Hook.) Maxon

Naks et al.

18

26.03.08

KRA, TEFH

Cyathea divergens Kunze

Naks et al.

151

11.04.08

KRA, TEFH
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Moran

14

Botrychium decompositum M. Martens & Galeotti

42

26.03.08

KRA, TEFH

Cystopteris fragilis (L.) Bernh.

Naks et al.

158

11.04.08

KRA, TEFH

Dennstaedtia bipinnata (Cav.) Maxon

Naks et al.

144

11.04.08

KRA, TEFH

Dennstaedtia dissecta (Sw.) T. Moore

House

1139

15.11.91

MO

Dennstaedtia globulifera (Poir.) Hieron.

House

903

19.03.91

MO

Dicksonia sellowiana Hook.

Naks et al.

91

01.04.08

KRA, TEFH

Didymoglossum reptans (Sw.) C. Presl

Moran

5554

14.11.91

MO

Diphasiastrum thyoides (Humb. & Bonpl. ex Willd.) Holub

Naks et al.

128

11.04.08

KRA, TEFH

Diplazium cristatum (Desr.) Alston

Naks et al.

139

11.04.08

KRA, TEFH

Diplazium diplazioides (Klotzsch & H. Karst.) Alston

Moran

5563

14.11.91

MO

Diplazium donnell-smithii Christ

House

926

21.03.91

MO

Diplazium drepanolobium A.R. Sm.

Moran

5530

13.11.91

MO

Diplazium franconis Liebm.

Naks et al.

146

11.04.08

KRA, TEFH

Diplazium lindbergii (Mett.) Christ

Naks et al.

145

11.04.08

KRA, TEFH

Diplazium lonchophyllum Kunze

House

920

21.03.91

MO

Diplazium striatum (L.) C. Presl

House

1100

13.11.91

MO

15

Naks et al.
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Cyathea fulva (M. Martens & Galeotti) Fée

960

24.05.91

MO

Diplopterygium bancroftii (Hook.) A.R. Sm.

Naks et al.

130

11.04.08

KRA, TEFH

Dryopteris nubigena Maxon & C.V. Morton

Moran

5597

16.11.91

MO

Dryopteris patula (Sw.) Underw.

House

1118

14.11.91

MO

Dryopteris wallichiana (Spreng.) Hyl.

Naks et al.

16

26.03.08

KRA, TEFH

Elaphoglossum andersonii Mickel

Davidse

34653

24.05.91

MO

Elaphoglossum ellipticifolium A. Rojas

Chorley

319

19.09.91

MO

Elaphoglossum erinaceum (Fée) T. Moore

Naks et al.

76

01.04.08

KRA, TEFH

Elaphoglossum glaucum T. Moore

Naks et al.

28

26.03.08

KRA, TEFH

Elaphoglossum lanceum Mickel

Naks et al.

14

26.03.08

KRA, TEFH

Elaphoglossum muscosum (Sw.) T. Moore

Moran

5540

14.11.91

MO

Elaphoglossum paleaceum (Hook. & Grev.) Sledge

Naks et al.

29

26.03.08

KRA, TEFH

Elaphoglossum peltatum (Sw.) Urb.

Moran

5556

14.11.91

MO

Elaphoglossum petiolatum (Sw.) Urb.

Moran

5545

14.11.91

MO

Elaphoglossum pilosius Mickel

Naks et al.

19

26.03.08

KRA, TEFH

Elaphoglossum sartorii (Liebm.) Mickel

Naks et al.

13

26.03.08

KRA, TEFH
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Diplazium werckleanum Christ

71

01.04.08

KRA, TEFH

Elaphoglossum squamipes (Hook.) T. Moore

Naks et al.

10

26.03.08

KRA, TEFH

Elaphoglossum squarrosum (Klotzsch) T. Moore

Moran

5571

16.11.91

MO

Equisetum myriochaetum Schltdl. & Cham.

Naks et al.

97

01.04.08

KRA, TEFH

Eriosorus flexuosus (Kunth) Copel.

Naks et al.

15

26.03.08

KRA, TEFH

Eriosorus hirtus (Kunth) Copel.

Davidse

34802

26.05.91

MO

Galactodenia delicatula (M. Martens & Galeotti) Sundue &
Labiak, in press

Davidse

34668

24.05.91

MO

Hymenophyllum axillare Sw.

Naks et al.

30B

26.03.08

KRA, TEFH

Hymenophyllum crassipetiolatum Stolze

Naks et al.

5B

23.03.08

KRA, TEFH

Hymenophyllum elegans Spreng.

Moran

5590

16.11.91

MO

Hymenophyllum fragile (Hedw.) C.V. Morton

Moran

5628

18.11.91

MO

Hymenophyllum fucoides (Sw.) Sw.

Naks et al.

11

26.03.08

KRA, TEFH

Hymenophyllum polyanthos (Sw.) Sw.

Naks et al.

69

31.03.08

KRA, TEFH

Hymenophyllum pulchellum Schltdl. & Cham.

Naks et al.

2

23.03.08

KRA, TEFH

Hymenophyllum tegularis (Desv.) Proctor & Lourteig

Naks et al.

38

26.03.08

KRA, TEFH

Hymenophyllum trichophyllum Kunth

Moran

5544

14.11.91

MO

17

Naks et al.
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Elaphoglossum setigerum (Sodiro) Diels

23

26.03.08

KRA, TEFH

Lophosoria quadripinnata (J.F. Gmel.) C. Chr.

Naks et al.

84

01.04.08

KRA, TEFH

Lycopodium clavatum L.

Naks et al.

26

26.03.08

KRA, TEFH

Macrothelypteris torresiana (Gaudich.) Ching

Naks et al.

95

01.04.08

KRA, TEFH

Marattia excavata Underw.

Naks et al.

133

11.04.08

KRA, TEFH

Marattia interposita Christ

House

902

19.03.91

MO

Megalastrum sparsipilosum R.C. Moran & J. Prado

Moran

5527

13.11.91

MO

Melpomene deltata (Mickel & Beitel) A.R. Sm. & R.C. Moran

Naks et al.

20B

26.03.08

KRA, TEFH

Melpomene firma (J. Sm.) A.R. Sm. & R.C. Moran

Davidse

34552

23.05.91

MO

Melpomene moniliformis (Lag. ex Sw.) A.R. Sm. & R.C. Moran

Naks et al.

4

23.03.08

KRA, TEFH

Melpomene xiphopteroides (Liebm.) A.R. Sm. & R.C. Moran

Moran

5634

18.11.91

MO

Moranopteris basiattenuata (Jenman) R. y. Hirai & J. Prado

Naks et al.

12

26.03.08

KRA, TEFH

Niphidium crassifolium (L.) Lellinger

Naks et al.

96

01.04.08

KRA, TEFH

Oleandra articulata (Sw.) C. Presl

House

1113

14.11.91

MO

Osmunda regalis L.

Naks et al.

106

01.04.08

KRA, TEFH

Pecluma alfredii (Rosenst.) M.G. Price

Naks et al.

100

01.04.08

KRA, TEFH
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Hymenophyllum tunbrigense (L.) Sm.

961

24.05.91

MO

Phlebodium inaequale T. Moore

Naks et al.

81

01.04.08

KRA, TEFH

Phlebodium pseudoaureum (Cav.) Lellinger

Davidse

34630

24.05.91

MO

Phlegmariurus acerosus (Sw.) B. Øllg.

House

1021

07.07.91

MO

Phlegmariurus hartwegianus (Spring) B. Øllg., comb. ined.

Hawkins

60

11.11.91

MO

Phlegmariurus hippurideus (Christ) B. Øllg.

Naks et al.

36

26.03.08

KRA, TEFH

Phlegmariurus mexicanus (Herter) B. Øllg., comb. ined.

Daniel

9880

16.01.01

MO

Phlegmariurus myrsinites (Lam.) B. Øllg.

Davidse

34720

25.05.91

MO

Phlegmariurus pringlei (Underw. & F. E. Lloyd) B. Øllg., comb. ined.

Naks et al.

65

31.03.08

KRA, TEFH

Phlegmariurus subulatus (Desv. ex Poir.) B. Øllg.

Moran

5582

16.11.91

MO

Pityrogramma calomelanos (L.) Link

Naks et al.

108

01.04.08

KRA, TEFH

Pityrogramma tartarea (Cav.) Maxon

Naks et al.

114

01.04.08

KRA, TEFH

Pleopeltis alansmithii (R. C. Moran) A. R. Sm. & Tejero, comb. ined.

Naks et al.

27

26.03.08

KRA, TEFH

Pleopeltis complanata (Weath.) E.G.A. Hooper

House

1208

31.01.92

MO

Pleopeltis crassinervata (Fée) T. Moore

Moran

5517

11.11.91

MO

Pleopeltis lindeniana (Kunze) A. R. Sm. & Tejero, comb. ined.

Moran

5508

11.11.91

MO

19

House
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Phanerophlebia juglandifolia (Humb. & Bonpl. ex Willd.) J. Sm.

34626

24.05.91

MO

Pleopeltis mexicana (Fée) Mickel & Beitel

Naks et al.

74

01.04.08

KRA, TEFH

Pleopeltis plebeia (Schltdl. & Cham.) A. R. Sm. & Tejero, combined.

Naks et al.

138

11.04.08

KRA, TEFH

Pleopeltis polypodioides (L.) E.G. Andrews & Windham

Naks et al.

136

11.04.08

KRA, TEFH

Pleopeltis sanctae-rosae (Maxon) A. R. Sm. & Tejero, comb. ined.

Davidse

34542

23.05.91

MO

Polypodium aequale Maxon

Moran

5587

16.11.91

MO

Polypodium conterminans Liebm.

Moran

5549

14.11.91

MO

Polypodium fissidens Maxon

Moran

5574

16.11.91

MO

Polypodium fraternum Schltdl. & Cham.

Moran

5514

11.11.91

MO

Polypodium hartwegianum Hook.

Naks et al.

63

31.03.08

KRA, TEFH

Polypodium muenchii (Christ) A. R. Sm.

Naks et al.

22

26.03.08

KRA, TEFH

Polypodium plesiosorum Kunze

Moran

5518

11.11.91

MO

Polypodium subpetiolatum Hook.

Naks et al.

77

01.04.08

KRA, TEFH

Polystichum erythrosorum A.R. Sm.

Davidse

34776

26.05.91

MO

Polystichum hartwegii (Klotzsch) Hieron.

Naks et al.

53

29.03.08

KRA, TEFH

Pteridium aquilinum (L.) Kuhn

Naks et al.

46

29.03.08

KRA, TEFH
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Davidse

20

Pleopeltis macrocarpa (Bory ex Willd.) Kaulf.

5529

13.11.91

MO

Pteris orizabae M. Martens & Galeotti

Moran

5568

14.11.91

MO

Pteris paucinervata Fée

Moran

5561

14.11.91

MO

Pteris quadriaurita Retz.

Naks et al.

92

01.04.08

KRA, TEFH

Scoliosorus ensiformis (Hook.) T. Moore

Naks et al.

35

26.03.08

KRA, TEFH

Selaginella bernoullii Hieron.

Moran

5548

14.11.91

MO

Selaginella pallescens (C. Presl) Spring

Naks et al.

101

01.04.08

KRA, TEFH

Selaginella porphyrospora A. Braun

Moran

5522

11.11.91

MO

Selaginella pulcherrima Liebm.

Moran

5523

11.11.91

MO

Selaginella silvestris Aspl.

Naks et al.

3

23.03.08

KRA, TEFH

Serpocaulon triseriale (Sw.) A.R. Sm.

House

1212

31.01.92

MO

Stenogrammitis myosuroides (Sw.) Labiak

Naks et al.

34

26.03.08

KRA, TEFH

Stenogrammitis prionodes (Mickel & Beitel) Labiak

Naks et al.

34B

26.03.08

KRA, TEFH

Sticherus fulvus (Desv.) Ching

Naks et al.

113

01.04.08

KRA, TEFH

Sticherus underwoodianus (Maxon) Nakai

Naks et al.

43B

29.03.08

KRA, TEFH

Terpsichore asplenifolia (L.) A.R. Sm.

House

1093

13.11.91

MO

21

Moran
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Pteris cretica L.

Naks et al.

5

23.03.08

KRA, TEFH

Thelypteris hispidula (Decne.) C.F. Reed

Renfrow

12

01.04.89

MO

Thelypteris patens (Sw.) Small

Naks et al.

121

11.04.08

KRA, TEFH

Thelypteris pilosula (Klotzsch & H. Karst. ex Mett.) R.M. Tryon

Naks et al.

98

01.04.08

KRA, TEFH

Thelypteris resinifera (Desv.) Proctor

Nelson

296

07.12.71

MO

Thelypteris rudis (Kunze) Proctor

Naks et al.

47

29.03.08

KRA, TEFH

Vandenboschia radicans (Sw.) Copel.

Naks et al.

148

11.04.08

KRA, TEFH

Vittaria graminifolia Kaulf.

Naks et al.

54

29.03.08

KRA, TEFH

Woodwardia spinulosa M. Martens & Galeotti

Naks et al.

124

11.04.08

KRA, TEFH

22

Terpsichore semihirsuta (Klotzsch) A.R. Sm.
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PTERIS REPTANS (PTERIDACEAE) - A NEW RECORD FOR INDIA
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ABSTRACT
Pteris reptans T.G.Walker has been collected from the southern part of the
Western Ghats as a new record for India. It is described and illustrated.
INTRODUCTION
Pteris is a pantropical genus with about 250 species in the world (Tryon et al., 1990),
of which 50 species are present in India (Fraser-Jenkins, 2008) though Dixit (1984) had
reported 48 species. Most of the Pteris species in India are present in the Western Ghats
and Himalayan region. Manickam & Irudayaraj (1992) reported 15 species of Pteris
from the Western Ghats. Subsequent additions have been made by several different
authors and after revision Fraser-Jenkins (2008 and pers. comm. 2010) now accepts 23
species in South India. Several additions are of species originally described by Walker
(1960) in the Pteris quadriaurita Retz. s.l. complex from Sri Lanka. Thus Nair & Ghosh
(1974) reported Pteris confusa T.G.Walker, P. gongalensis T.G.Walker (now revised by
Fraser-Jenkins to be a synonym of P. arisanensis Tagawa, Fraser-Jenkins, Sreenivas &
Madhusoodanan in prep.), P. praetermissa T.G.Walker (also reported from S. India by
Walker), P. quadriaurita etc. of this alliance, but did not record P. reptans T.G.Walker.
During a field-collection trip to Shendurney Wild Life Sanctuary, situated in Kollam
District in the southern Western Ghats of Kerala, we collected an interesting Pteris with
a creeping rhizome, among other distinguishing characters, which was later identified
as P. reptans, discovered for the first time in India, and previously known only from Sri
Lanka. We provide a detailed description, illustrations, and other relevant details of this
species.
P. reptans T.G. Walker, Kew Bull. 14: 325 et t. 1960.
Holotype: Haputale Reserve forest, Sri Lanka, T.G. Walker T607, 25 Feb. 1954 (BM,
digital image!).
New collection: Shendurney Wildlife Sanctuary, near Thenmala, Kollam District,
Kerala state, India, V.K. Sreenivas 124069, 11 Nov. 2009 (CALI).
Habitat: Growing along the banks of a forest stream, mainly in shady places at c. 400
m. alt.
Distribution: a very rare species in India, its total world range limited to Sri Lanka and
South India (southern Western Ghats).
Cytology: this species is a sexual diploid (n = 29) (from Sri Lanka, Walker, 1962).
A short description and illustration (Figure 1) are provided for easy identification.
DESCRIPTION
Height up to 130 cm. Rhizome long, creeping, 10-11 cm long, 4-6 cm thick, scaly.
Scales brown, 2-3 cm long, 0.3-0.4 mm broad at their base, acuminate, linear-
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Figure 1. Pteris reptans. (A) habit, (B) rhizome, (C) pinna, (D) palea, (E) spore, (F)
sterile pinnules, (G) fertile pinnules, (H) sporangium.
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Figure 2. Pteris reptans. (A) habit, (B) rhizome.
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lanceolate, truncate at their base, inner cells thick walled, outer cells thin walled with
multicellular projections. Fronds bipinnate, 50-70 cm long x 25-30 cm broad,
mid-green above, pale-green below, lanceolate, subcoriaceous. Stipe 60-70 cm long, 24 mm thick, stramineous above and chestnut-brown at the extreme base, grooved
throughout, scaly below. Pinnae 12-14 pairs, basal pinna bipartite, lower pairs oppositesubopposite, upper pairs alternate, lanceolate, 15-20 cm long x 2.3-3.5 cm broad,
unpaired spines borne along the costa; pinna-apex 6-8 cm long, entire. Pinnules or
ultimate segments 21-28 pairs, 1.5-2 cm long x 3-4 mm broad, 1-2 mm apart, oblong,
obtuse, entire, non-apicuate, inconspicuous, short spinules borne above on central parts
of the costule, base of intersegmental sinus 1 mm away from the costa. Veins free,
forking, 14-16 pairs, prominent on both sides. Costa grooved above, raised and polished
Table 1. Comparison of morphological characters. Pteris reptans is closely related to
P. praetermissa, one of the members of the Pteris quadriaurita complex.
P. reptans

P. praetermissa

Rhizome

long creeping

erect to suberect

Frond

bipinnate; broadly ovatelanceolate; subcoriaceous

bipinnate;
ovate
to
broadly ovate; herbaceous

Stipe

60-70
cm
long,stramineous above
and
chestnut-brown
below

25-50
cm
long,
stramineous above and
chestnut-brown below,
but usually becoming all
dark-brown to blackish

Pinnae

12-14
pairs;oppositesubopposite in lower
pairs, distinctly alternate
in upper pairs; lanceolate;
short spines on costa

4-5 (+) pairs, subopposite;
lanceolate;long spines on
costa

Pinnules

21-28 pairs; sinus-base
1.0 mm from costa;

(ultimate segments)

short,
inconspicuous
spinules on central parts
of costule

15-23 pairs; sinus-base
less than 1.0 mm from
costa (very near to costa);
long, prominent spinules
along costule, or towards
apex

sporangium

globose, 200-250
long;
250-300 µm long,
16-17 celled

stalk
annulus
Spores

µm

brown; 40-45 μm,triletetetrahedral, verrucate

globose 200-225 µm long,
200-250 µm long,
17-18 celled
brown; 35-40 μm, triletetetrahedral, irregularly
rugose
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below. Sori brown, 1.2-1.6 cm long, linear, marginal, absent from the segment-apex,
base not joined to the adjacent one of the next segment. Indusia false, pale coloured.
Sporangia globose, 200-250 µm long. Stalk 250-300 µm long, 2-celled. Annulus 16-17celled. Paraphyses uniseriate. Spores brown, regularly sized, small, 40-45 μm in long
diameter, trilete-tetrahedral, verrucate.
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BOOK REVIEW
FERNS OF SOUTHERN AFRICA. A COMPREHENSIVE GUIDE. Crouch, N.R.,
Klopper, R.R., Burrows, J.E. & Burrows, S.M. 2011. Hardback 776pp. ISBN 978-143170-0110. Published by Struik Nature, Cape Town (also available in softback edition,
ISBN 978-1-77007-910-6), 216mm x 54mm.
There have been several publications on the Ferns of Southern Africa over recent
decades, Jacobsen’s The ferns and fern allies of southern Africa in 1983, Burrows’
Southern African ferns and fern allies in 1990, and Roux’s Conspectus of Southern
African Pteridophyta in 2001. John and Sandy Burrows have now joined forces with
Neil Crouch and Ronell Klopper for this new publication, written as a field guide. The
smaller format - 216mm x 54mm rather than c. 300mm x 215mm of the three earlier
works meets this brief. And for the first time all the ferns and lycophytes of the region
are illustrated using full colour photographs, with habitat images, whole plants and
close-ups, to show species specific characters.
As a field guide, the work begins with an introduction to the fern and its life cycle,
the geographical area covered, and notes on the categories of information provided for
each species. There are 321 taxa included, from 91 genera and 34 families, with 303
indigenous taxa and 69 endemic to the region. The taxonomy of families and genera
reflects recent advances in molecular systematics, and are organised following the
classification in Ranker and Haufler (2008), starting with lycophytes and followed by
true ferns.
The section ‘How to use this book’ follows, with clear guidance on information
provided at family and taxon level, and extensive coloured diagrammatic illustrations
of A – three life forms, B – nine leaf types and C – 10 sporangial positions, before
reaching the key itself. The diagnostic key then uses selections from A, B and C in
combination to diagnose families. Some families – e.g. with more than one life form –
are keyed out in more than one place here, e.g. Marsileaceae. Other combinations of the
A,B,C characters identify a vast array of families, and these are then separated on
subsets of characters, again with clear, coloured diagrams to explain the differentiating
features. This is a very practical approach to the problem of identifying families based
on field characters. At family level, the authors then use more traditional dichotomous
keys to genera (supplemented by colour images), and to species.
A double spread is devoted to each species, with text on the left hand page,
complemented by 4-6 colour photographs on the right hand page showing habitat, a
plant portrait, close-ups of cones, fertile spikes, pinnae, sori or stipe bases as
appropriate. For a few groups – Isoetes, Ophioglossum, Marsilea - line drawings
provide diagnostic features. With the book opened, one can see at a glance all the
information needed for identification –the name of the species, synonyms, derivation
and short description, notes on similar species and perhaps with a comparative table of
characters, as well as notes on ecology and distribution (including a map), supported by
the variety of high quality images.
The book is based on extensive fieldwork by the authors, and practically every taxon
has been seen and photographed by them in the field. This is reflected in the wealth of
information on distribution, habitat, and ecology that is captured in the concise but very
informative notes. The fieldwork also resulted in the inclusion of six new taxa
published within the work.
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Clearly, the authors are keen to encourage the reader to tuck the book into a
rucksack and take it into the field, where the clear, accessible information can be
compared directly with the plant in the wild. This comprehensive field guide to the ferns
of southern Africa is a very welcome addition to the literature on ferns and lycophytes
from the region, and with this at hand, the enthusiast should have no difficulty in
identifying most of the taxa in the field.
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THIS ISSUE COMMEMORATES THE 80th BIRTHDAY OF
A. C. JERMY

Clive Jermy raring to go at Cwmsymlog, Wales, equipped with waders and Isoetes
sampling rake, July 2009. Photo: Martin Rickard.
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CLIVE JERMY – A TRIBUTE ON THE OCCASION OF HIS 80th
BIRTHDAY, 3rd JULY 2012
When I first joined the BPS the two main players were Jimmy Dyce and... Clive Jermy.
Jimmy took care of the horticultural side of things as well as field recording and Clive
was the scientist and the motor behind the Society’s development into the more
technical world.
Clive joined the Society in 1959 following his appointment as the bright young
thing to replace A.H.G. Alston as head of the Fern section at the Natural History
Museum in London. The Society was in reasonable heart at the time but several senior
members had passed on and it needed an invigorating boost. Clive provided that change
by immediately taking over editorship of the British Fern Gazette. In the process he
changed it out of all recognition. Vague narrative accounts soon disappeared to be
replaced by scientific technical articles. This change raised the profile of the journal in
the world of international pteridology. As a result we had a strong surge in our
membership. There was of course a down side. Initially several members complained
about the shift in emphasis, with at least one senior member resigning in disgust. Jimmy
Dyce came to the rescue, correcting any imbalance by launching the Newsletter,
prompting the senior member to rejoin. The Newsletter was later replaced by the
Bulletin and Pteridologist we see today.
As the British Fern Gazette grew under Clive’s editorship so the Society flourished
– the differing interests running through the membership could only add to the Society’s
strength. Through Clive’s ever-expanding list of contacts worldwide our Society was
able to successfully organise several international symposia. Big names from all over
the world were happy to come if Clive invited them.
All the time Clive was developing the British Fern Gazette he was also building his
department at the Museum. Assisted by Jim Crabbe he collected a small elite staff of
budding pteridologists, including the obligatory pretty girl, or two! He must have been
busy, yet when young keen members like me pestered him with queries they always
received a prompt reply. The replies were little more than notes on scraps of paper but

Clive Jermy next to a fine specimen of Osmunda regalis, Cors Fochno, July 2009
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he always supplied the information required. He always signed off – “In haste, Clive”.
He was obviously busy! Clive was great at getting everyone involved. In modern
terminology he would probably be a ‘facilitator’. On one occasion he asked me to check
a record in Cornwall. He’d been sent a frond in the post with the added note – is this
trichomanes? I’m pretty sure the sender knew perfectly well it was, but Clive suggested
it would be useful if I confirmed the record. This I duly did in December 1968. I was
happy and so was Clive!
Typically generous, two or three years later Clive invited my wife and me to stay
with him and his wife Alma at Otford. It enabled us to join in an Ashdown Forest
meeting of the Society. A couple of years later we were able to return the gesture by
having Clive and Alma, with their young children, Stuart and Nerida, and Jimmy Dyce
join us for ten days in the French Alps, where I was working for the summer. To have
Jimmy and Clive in such an environment was terrific. All that knowledge, keenness to
explore... and dare I say... fun to be with!
Very sadly Alma died far too young, but before anyone knew it Clive had married
again. His new wife, Valerie, was a very long standing friend of Clive and Alma. Valerie
lived in Herefordshire not far from me. Can you imagine my surprise to one day
literally bump into Clive in a street in Leominster, Herefordshire? I had no idea he was
in the area. Leominster is a long way from Otford in Kent! I had never lived near Clive
so it was almost too good to be true to have him as a near neighbour. Meetings were no
longer confined to weeks or weekends away. We had meals at each other’s houses and
sampled the meals at a whole range of local pubs. There was a rule however, Valerie
allowed talk about ferns until the meal arrived – after that the subject was banned – not
always terribly successfully!
Quite recently Clive organised a dryopteris affinis day in his village hall at
Staunton-on-Arrow. Ken Trewren was the key speaker. Clive’s connections with the
Botanical Society of the British Isles (BSBI) came into play here. Several local
vice-county recorders attended, adding significantly to the value of the meeting.

Clive Jermy (left) and Arthur Chater Isoetes hunting, Cwmsymlog, July 2009
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Throughout the years I have known him, Clive has always had strong connections with
the BSBI, why he was never elected their President is a constant source of amazement
to me. Outside the world of ferns he was principal author of British sedges as a BSBI
Handbook (1968); this was followed in 1982 and 2007 by considerably enlarged and
updated editions. There were times when I wondered just how Clive could allow
himself to be distracted by, to me, such an uninteresting group of plants!
Clive was of course one of the more prestigious Presidents of the BPS. During his
tenure of the presidency the thorny issue of the Society name surfaced. This was one of
the very few times I disagreed with him. He wanted change. I’m personally happy to
say a ballot of all members was held with a large majority voting to keep the status quo.
We did not fall out over it.
In July 2009 I was able to drive Clive over to stay with his friend, Arthur Chater, in
Aberystwyth so he could join us on a weekend meeting centred on Machynlleth
organised by Barry Thomas. Clive was up to his old tricks here! He strolled off into the
icy waters of a mountain lake looking for Isoetes, admittedly wearing waders. Age was
obviously having an effect – many years before I’d witnessed him venturing barefoot
into a mountain lake in central France on the same quest!
Over the years Clive published very widely on ferns and lycophytes. It would be
inappropriate for me to attempt a full bibliography, but notable publications include:
the phylogeny and classification of the ferns, with Jim Crabbe and Barry Thomas.
1973.
atlas of ferns of the British Isles, with H. Arnold, Lynne Farrell and Franklyn Perring.
1978.
the genus selaginella in tropical south america, with A.H.G. Alston and Josephine
Rankin. 1981.
Cytotaxonomic studies of the ferns of trinidad, with Trevor Walker. 1985.
a world of ferns, with Josephine Camus and Barry Thomas. 1991.
the illustrated field guide to ferns and allied plants of the British Isles, with Josephine
Camus. 1991. (Reprinted and expanded in German in 1998.)
Very, very sadly Clive suffered a stroke late in 2009, leaving him semi-paralysed
down the left hand side of his body, with his speech seriously impaired. Initially he was
cared for in a hospital near Brecon, South Wales. At this time during a joint visit with
Patrick Acock, Patrick and I started discussing equisetums. Clive was awake but not
obviously interested in our conversation. I asked Patrick what the base chromosome
number was for the genus. Patrick dithered, and before he could give an answer Clive
shot out “108”! He was, of course, correct. Appearances are misleading. Despite the
awful damage caused by the stroke Clive was very much on the ball.
Before long Valerie had the Staunton-on-Arrow cottage adapted to accommodate an
invalid and Clive was back home, albeit with a live-in carer. I cannot overstate my
admiration for Valerie during this period. She paid attention to Clive’s every need with
kindness and patience. Like everyone else I was devastated when I learned that she had
passed away in her sleep. Life can be cruel. Clive’s stay in Herefordshire therefore came
to an abrupt end. He was moved north, initially to a care home near Oswestry and
finally just north of Wrexham where he is quite close to his son Stuart. His daughter,
Nerida, lives and works in Australia but frequently comes over to visit. There will be
quite a gathering of family and friends at Stuart’s home on the 14th July to celebrate the
80th birthday (on 3rd July) of one of the world’s great pteridologists.
Martin Rickard
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IS EquisEtum ramosissimum
(EqUISETACEAE: EqUISETOpHYTA) NATIVE TO THE BRITISH
ISLES?
F.J.RUMSEY & M.SPENCER
Angela Marmont Centre for UK Biodiversity, Natural History Museum,
Cromwell Road, London, SW7 5BD, UK
(Email: F.Rumsey@nhm.ac.uk)
Keywords: Equisetum × meridionale, Equisetum × moorei, herbarium, hybrid
ABSTRACT
A review of historic collections at BM has revealed a specimen of
Equisetum ramosissimum collected by Buddle on Hounslow Heath in
c.1705. This thermophilous ruderal species has generally been considered
a recent introduction in the British Isles, first reported in 1949, its
neophyte status having implications for its continuing protection under
Schedule 8 of the Wildlife and Countryside Act and other conservation
actions. The hybrid with E. hyemale (E. × moorei) has long been known
from the Irish east coast, in the absence of E. ramosissimum. Recently its
hybrid with E. variegatum (E. × meridionale) has been recorded from
Anglesey. Its recognition prompted a review of specimens of Equisetum
subgenus hippochaete from the Cheshire/Lancashire coast which
showed obvious similarities, most previously regarded as E. variegatum
or E. × trachyodon. The majority show distinctive micro-morphological
characters associated with E. ramosissimum and are considered to be E. ×
meridionale, or possibly an as yet un-described triploid backcross to
E. variegatum. Subsequently another overlooked BM herbarium
specimen of E. ramosissimum from the Liverpool area, collected in the
19th century, was detected. We present a summary of the known
occurrences of the species and, in the light of these new discoveries, reassess the species status as “Native or Alien”.
INTRODUCTION
As part of the London Natural History Society’s London Flora Project, that aims to
update Rodney Burton’s (1983) Flora of the London area, Nick Bertrand, John
Swindells and MS have been reviewing historic records based upon herbarium
specimens in the Sloane Herbarium at the Natural History Museum. Most of this work
has resulted in augmentation of data reported in previous county floras (Trimen & Dyer,
1869; Kent, 1975 & Burton, 1983) or the database of the current Middlesex vice-county
recorder (MS). So far several interesting pieces of information have come to light,
including the re-determination by FJR of a specimen in Herb. Buddle, in the Sloane
Herbarium, which has led us to a re-consideration of the status of Equisetum
ramosissimum Desf. in England. Further herbarium researches (and molecular studies,
Tosh et al., in prep.) have provided additional and complementary evidence which
considerably strengthens claim for native status for the species.
Equisetum ramosissimum is the most abundant, and often the only horsetail present
around the Mediterranean region. An extremely variable taxon, it extends as an
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unquestionably native plant northwards to the Loire valley in France, the mid reaches
of the Rhine in Germany and eastwards through the Czech Republic, Crimea and into
Southern Russia.
Prior to the herbarium discoveries reported here, the known history of this plant in
the United Kingdom was as follows: it was first reported from an artificially created
river bank near Boston, Lincs. (v.c. 53) (Alston, 1949), the plant having been
discovered here in some quantity in 1947, by H. K. Airy Shaw. It has persisted to the
present day, although in much reduced extent, the greater part of the colony having been
destroyed by the extension of a municipal tip. As the habitat had effectively been
created in 1884 (Gibbons, 1975) it seemed reasonable to assume that the plant was an
introduction, particularly as a plausible potential mechanism - rhizome fragments in
dumped ship’s ballast - was proposed.
The species was next reported in 1983, from Ellenborough Park in
Weston-super-mare, Somerset (v.c. 6), when Ro Fitzgerald sent Clive Jermy material
for confirmation. It became apparent, however, that the plant had long been known at
the locality (since at least 1963), but had not been correctly identified (Fitzgerald &
Jermy, 1987). The site (Figure1), just inland from the sea front, is situated on an old
sand dune system, the grassland within the park being a remnant of dune grassland
enclosed over a century ago. Interestingly, the site lies within a few hundred metres of
another sandy but once damper area, now developed, that less than a century ago
supported the only v.c.6 population of Equisetum hyemale L., growing here with a
variable population of E. variegatum Schleich., Schleicher ex F. Weber & D. Mohr, now
only known in the county in very small quantity on the dunes at Berrow (Crouch, pers.
comm.).

Figure 1. Equisetum ramosissimum at Ellenborough Park, Weston-Super-Mare, v.c..6
June 2011 (FJR)
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Equisetum ramosissimum was subsequently found on a brown-field site close to the
River Usk in Newport, Gwent (v.c.35) (Evans, 2006), where it was growing close to
scirpoides holoschoenus (L.) Soják, another coastal Mediterranean species of
questionable British status. Although covering an area of c. 100-150 m2 when first
found, recent searches at the site (which was scheduled to be redeveloped when the
plant was originally discovered) have failed to find the plant (Acock, pers. comm.). Its
status in this area is rather more difficult to assess.
HERBARIUM DISCOVERIES SHOw A LONgER BRITISH HISTORY
The Sloane herbarium at BM contains a specimen (herb. sloane 117: 11) (figure 2)
annotated by Adam Buddle as ‘Equisetum nudum ramosum, Buddle, I gathered it on
Hounslow heath’; the specimen is also annotated ‘R.H. 130’ (referencing John Ray’s
historia Plantarum, 1686) by Sir Hans Sloane and ‘15’(referencing Buddle’s
unpublished ethodus nova stirpium Britannicarum (Sloane manuscript 2975a vol. 6) by
Dr Matthew Maty, Librarian of the newly established British Museum). Suspicion by
MS that the plant was not E. palustre was confirmed by FJR who recognised it to be
E. ramosissimum, a determination accepted by Pat Acock, the B.S.B.I. referee.
It is probable that Buddle’s Hounslow Heath plant was initially mistaken for
E. hyemale, which is currently rejected from the Middlesex flora (Trimen & Dyer,
1869: 336; Kent, 2000: 106). The original basis for including E. hyemale in the
Middlesex flora is based upon references in Plantæ Cantabrigensis (Martyn, 1763: 71)
and Flora Metropolitana (Cooper, 1836: 113), the latter stating that Edward Forster
recorded E. hyemale from Hounslow Heath as well as Baldellia ranunculoides (L.)
Parl.. In the Botany Library of the Natural History Museum there is a copy of the
Botanist’s Guide through England and Wales (Turner & Dillwyn, 1805) annotated by
Dawson Turner; on page 413 the record of E. hyemale attributed to Edward Forster has
been amended to ‘Buddle’. Subsequently, Trimen and Dyer (1869: 336) commented
that these references were mistakes either for E. fluviatile (as ‘limosum’) or E. palustre.
On the same page Trimen and Dyer (1869: 336) stated that the first record for
Equisetum palustre L. in Middlesex was from “Buddle, about 1705. An unbranched
form, E. nudum ramosum (III), on a bog on Hounslow Heath, where nothing as yet but
this has sprung up after the digging of peat; Budd. Mss. vi and Budd. herb. cxvii, fol.
ii. This we suppose is E. læve pene nudum of Pet. Gr. Conc. 238 (see also dill. in R.
syn. iii. 131)”. This statement by Trimen and Dyer was presumably later taken up by
Kent (1975: 136), who stated that the first evidence of E. palustre in Middlesex was
from “Buddle, c. 1705”. There is no specific indication by Kent that he viewed the
Buddle specimen (herb. Buddle 17: 11) or the relevant Buddle document in the Sloane
manuscript collection (Sloane 2975a vol. 6).
Hounslow Heath is currently largely inaccessible through its proximity to Heathrow
airport and has been heavily modified or destroyed since Buddle’s day; there is one
remaining area that survives, although that too has gone through many changes. This
area is a designated Local Nature Reserve and still supports some heathland plants
including bell heather (Erica cinerea L.), dwarf gorse (ulex minor Roth), petty whin
(Genista anglica L.), dyer’s greenweed (Genista tinctoria L. ssp. tinctoria), heath rush
(Juncus squarrosus L.), heath-grass (danthonia decumbens (L.) DC.) and mat-grass
(Nardus stricta L.). Historically, the heath was much richer and contained a significant
list of vice-county and national rarities, most of which are now gone. Additional
significant taxa recorded from the site between 1600 and the present day include:
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Figure 2. Equisetum ramosissimum specimen in herb. sloane 117: 11(BM) – right
detail of apiculate strobilus.
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Lycopodiella inundata (L.) Holub, Lycopodium clavatum L., Blechnum spicant (L.)
Roth, Pilularia globulifera L., teesdalia nudicaulis (L.) W.T. Aiton, Viola canina L.
ssp. canina, V. lactea Sm., V. × militaris Savouré, hypericum humifusum L. , h.
pulchrum L., h. elodes L., Cerastium semidecandrum L., Moenchia erecta (L.) P.
Gaertn., B. Mey & Scherb., sagina nodosa (L.) Fenzl,, trifolium striatum L., t.
subterraneum L., Potentilla anglica Laichard, Lythrum hyssopifolia L., L. portula (L.)
D.A. Webb, Epilobium palustre L., Myriophyllum alterniflorum DC., apium inundatum
(L.) Rchb. f., Cicuta virosa L., Oenanthe fistulosa L., Calluna vulgaris (L.) Hull, Erica
tetralix L., Centunculus minimus L. , Gentiana pneumonanthe L., Cuscuta epithymum
(L.) L., Limosella aquatica L., Veronica scutellata L., Pedicularis palustris L.,
Euphrasia officinalis L. ssp. anglica (Pugsley) Silverside, utricularia australis R. Br.,
u. minor L., Mentha pulegium L., scutellaria minor Huds., Pulicaria vulgaris Gaertn.,
Filago minima (Sm.) Pers., solidago virgaurea L., Chamaemelum nobile (L.) All.,
Cirsium dissectum (L.) Hill, serratula tinctoria L., Baldellia ranunculoides (L.) Parl.,
damasonium alisma Mill., hydrocharis morsus-ranae L., Carex panicea L.,
C. echinata Murray and Koeleria macrantha (Ledeb.) Schult. (Trimen & Dyer, 1869;
Kent, 1975; Burton, 1983).
SUppORTINg EVIDENCE FROM HYBRIDS
Described from Rockfield, Co. Wicklow (v.c. H20) where it was first found in 1851
(Newman, 1854), Equisetum × moorei Newman, the hybrid of E. ramosissimum with
E. hyemale, is present along a narrow, circa 50 km. long section of the eastern Irish
coast, from Ardmore point in Co. Wicklow at the north, to Wexford Harbour, Co.
Wexford in the south (Praeger, 1934). Equisetum × moorei was also known for many
years in Surrey (v.c.17); first recorded (as E. hyemale) by Druce (1912), the plant
steadily increased until the 1970s in the garden of Lady Victoria Russell at the
Ridgeway, Shere (Lousley, 1976). It was initially closely associated with bamboos
which had been introduced from one of the family’s other gardens in the French Riviera
and this was almost certainly its source. For reasons which are still unclear the plant
declined and has not been seen for over 20 years in spite of several searches.
The extensive and clearly natural Irish distribution of E. × moorei has, however,
been taken as the clearest indication of the past occurrence of E. ramosissimum as
native in these islands, but other scenarios as to its origin are arguably as plausible and
must be considered (see Discussion).
It is only extremely recently that further hybrids involving E. ramosissimum have
been detected in the British Flora. Equisetum × meridionale (Milde) Chiov., the hybrid
with E. variegatum was first found in coastal dune-slacks near Llyn Penryn, Anglesey,
in 2000, but it was initially identified as E. × trachyodon A. Braun and not correctly
determined until 2009 (Stace, 2010). A single diffuse thriving colony of several hundred
stems is growing with one of its parents, E. variegatum. Living material from this site
cultivated by FJR, while differing in propensity to cone, stature and branching, did not
differ significantly in anatomy or micro-morphology from material previously ascribed
to E. × trachyodon (E. hyemale × E. variegatum) from the Wirral coast, also in
cultivation, as noted independently by Jepson et al., in prep. In particular the tubercles
were not restricted to the angles of the stem ridges but formed continuous fused bands
between the rows, a feature demonstrated by E. ramosissimum and also present in its
hybrids (Lubienski et al. 2010). The hybrid horsetail on the Wirral coast has been
contentious for many years; having been called both E. variegatum and E. hyemale, it
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was then identified as the first English occurrence of E. × trachyodon by Chris Page in
1979 (Barker, 1979), but it was noted to differ from typical material in its greater degree
of branching. When first reported the plant was recorded as occurring along a 1.3km
section of coastline stretching south from Red Rocks, Hoylake (v.c..58). Material from
the northern end of the colony, growing with E. variegatum, was said to more closely
approach that in form, whereas that further south was more robust and was said to be
more like E. hyemale (Barker, 1979). Equisetum hyemale had been recorded in the
general area (Dickinson, 1851; Newton, 1971) but in the absence of herbarium
specimens these records are doubtful. Equisetum hyemale did however occur at
Heswell, 7km further south along the Dee estuary in 1871 (BM!) its current extent,
ecology and morphology are discussed by Jepson et al., in prep. Examination of
specimens of subgenus hippochaete at BM from the Cheshire and adjacent Lancashire
coasts revealed that the majority of specimens (26 sheets) previously determined as
E. variegatum, while agreeing with it in most particulars, showed the tubercle character
associated with E. ramosissimum. Interestingly these plants were not just from the
Hoylake area but also from New Brighton and Wallasey in Cheshire and Southport and
Crosby on the Lancashire coast (see Appendix 1 for specimen details). The earliest
dated specimen was from New Brighton, collected by S. Simpson in 1839, although an
undated gathering made by W. Borrer from the same site may be earlier.
The considerable morphological similarity with E. variegatum (which is still present
at the majority of these sites) suggests the possibility that some of these plants might
represent a triploid hybrid resulting from the mating of a diplospore (unreduced
gamete) from E. × meridionale with a normal gamete from E. variegatum. Bennert et
al., (2005) have shown this mechanism has given rise to three hybrid combinations in
the subgenus hippochaete in central Europe, although this hybrid combination of
genomes (VVR) has not hitherto been reported. Further work is needed to establish the
ploidy level of these plants. What is obvious, however, is that by the mid 19th century
plants containing E. ramosissimum genes were already spread along almost as extensive
a length of the English coast as were their E. × moorei counterparts on the other side of
the Irish Sea.
During the herbarium study a single specimen “nr. Liverpool, H. Seebohm Ex herb.
J. Carroll (See figure 3) was identified as being E. ramosissimum. Henry Seebohm
(1832-1895) was a wealthy industrialist and amateur natural historian particularly
remembered for his oological studies. This find demonstrates the past occurrence of
E. ramosissimum in the area and suggests that some earlier unsupported records of
E. hyemale may well have been of this species.
DISCUSSION
Whilst as a thriving port Liverpool might be expected to harbour weedy introduced
ruderal taxa like E. ramosissimum, which could perhaps explain the newly found
Seebohm specimen, the extent of the distribution of ramosissimum genes along the
Cheshire and Lancashire coasts by the mid 19th century suggest a much longer history
in the area. That this species was present to act as parent also influences considerations
as to how these hybrid plants have originated.
The Irish and Welsh hybrids may have formed de novo possibly from the
fertilisation of E. ramosissimum gametophytes developed from spores dispersed from
continental Europe, these becoming “swamped” by antherozoids from more numerous
native E. hyemale or E. variegatum gametophytes, rather than having been derived from
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Figure 3. Equisetum ramosissimum specimen from “Near Liverpool” H. Seebohm.
BM – far left on mixed sheet.
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native E. ramosissimum populations now lost. Both Equisetum hybrids (E. × moorei,
E.× meridionale) demonstrate very low spore fertility. The great majority of spores in
British and Irish plants are abortive, with most having poorly developed elaters. The
degree of fertility is, however, variable, and small number of gametophytes of both
E. × meridionale and E. × moorei from Central Europe have been raised under
experimental conditions (Krahulec et al., 1996). Even so, colonisation by this means is
highly unlikely. Colonisation by vegetative material cannot, however, be ruled out;
experimental evidence suggests that shoot and root fragments of E. × moorei and other
hippochaete hybrids can survive at least 10 days immersion in sea water (Page, 1997).
It does, however, seem unlikely and to have occurred at three localities even more so.
Perhaps the greatest obstacles to the view that E. ramosissimum is native is in
explaining its current absence in areas occupied by its hybrid and in the lack of history
of its most apparently natural British occurrence. In answer to the former the greater
cold-hardiness demonstrated by the hybrids could explain their ability to persist in a
changed climate at the northernmost extents of range of their thermophilous parent
(Page, 1997). Concerning the Somerset site, how plausible is it that the other Equisetum
species were found locally very early in the 20th century but not the now abundant
E. ramosissimum, or indeed, that very early observers such as Sole, who found other
local rarities would have missed the plant? The evidence presented here suggests that
in both its pure and hybrid forms this very variable and frankly rather nondescript plant
is very easily over-looked!
The Somerset locality is worthy of further consideration. Ellenborough Park appears
to be an area of some phytogeographical interest; alongside a suite of uncommon
species such as trifolium suffocatum L. and Medicago polymorpha L., it also supports
populations of herniaria glabra L. (first recorded by Sole in 1791 but for a long time
dismissed as an error) at its only persistent western British location (Green et al., 2000).
On its seaward side occur thriving populations of another Mediterranean ruderal species
of questionable status, Cynodon dactylon (L.) Pers. (Bermuda grass). With an, until
now, longer British history, (being first recorded in Ray, 1724) this grass has found
greater acceptance as a possible native (e.g. Walls, 1999, but see Preston et al, 2002).
The close association of the horsetail on the north Somerset coast with a distinctive
thermophilous arenicolous flora similar to that of natural occurrences on the French
coast suggests that at worst it was a natural colonist, a fact recognised by its legal
protection under Schedule 8 of the Wildlife and Countryside Act, 1981. Classification
as a neophyte in Preston, et al. (2002) inevitably has had the consequence of reducing
its perceived importance with implications for future conservation activities.
The specimen from Hounslow Heath is significantly earlier than any other British
record (approximately 150 years before Seebolm’s record and at least 250 years before
the 20th century discoveries). It is worth noting that in its prime Hounslow Heath had
a floristic diversity comparable with or exceeding the species-rich plant communities
found on the plains of the New Forest today, many of which have a distinctly
southern/Mediterranean flavour. It is also worth noting that the Buddle Herbarium has
also proved invaluable in helping in evaluate the status of Cystopteris diaphana (Bory)
Blasdell in the UK (Murphy & Rumsey, 2005; Rumsey 2007).
While no one strand of this evidence conclusively supports a native status for
E. ramosissimum, in combination they do form a more compelling case and together
suggest that dismissing the species as a neophyte is unwise. While somewhat
unsatisfactory we recommend the listing of E. ramosissimum as “Native or Alien” as
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the best solution.
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New Brighton. W. Borrer (Herb. Ed. Forster -1849)
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J.B.W.
N. Brighton, Liverpool, Aug. 1842. Ex herb. J. Dickinson.
New Brighton, 10/1842 ex herb. Silvanus Thompson.
New Brighton, Cheshire, 1843 S. Thompson
Nr New Brighton, Cheshire 1843 ex herb. W.C. Barton
New Brighton, Cheshire, 30 July 1849, J. Sansom
New Brighton Cheshire, July 1850, ex herb. J. Dickinson
New Brighton, Cheshire, 1869, H.J. Fisher
Wallasey, sand hills, 9/[18]71, H. Fisher
Coast sandhills, Wallasey, Cheshire 30/V/1874, J. Harbord Lewis
Sandhills, Wallasey, Cheshire, 1 Oct. 1891, S.W. Woodhead
Wallasey sandhills, Sept. 1905, E.D [mixed sheet with E. palustre]
Wallasey sandhills, July 1909, E. & H. Drabble [Watson Bot. Exch. Club]
v.c..59 S. Lancashire
Crosby, Lancashire 25.VI. [18]70, J. Harbord Lewis
Southport, Lancashire, 1883, H. Searle
Sandhills, Southport, Lancashire, 6.[18]84, H. Searle
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ABSTRACT
An octoploid taxon of Cryptogramma from the Uludağ Mts. in
northwestern Turkey is described as a new species, Cryptogramma
bithynica S. Jess., L. Lehm. & Bujnoch. An overview of the genus is
given.
ZUSAMMENFASSUNg
Ein octoploides Taxon von Cryptogramma vom Uludağ in der
nordwestlichen Türkei wird als neue Art, Cryptogramma bithynica S.
Jess., L. Lehm. & Bujnoch beschrieben. Ein Überblick über die Gattung
wird vorangestellt.
INTRODUCTION
The taxonomy within the genus Cryptogramma has been in dispute for a long time. In
most cases (Meusel et al. 1965, Dostál 1984, Kramer & Green 1990), the only
distinction which has been made is that between the boreal Asian and North American
Cryptogramma stelleri and the more widespread C. crispa, a species distributed in
circumpolar regions and in southern Central and East Asia as well as in southern parts
of South America. A subdivision of the latter into several taxa was made on the level of
subspecies or varieties (Meusel et al. 1965, Dostál 1984). Cytological studies revealed
that the different taxa are of different ploidy level: diploid, or tetraploid. The origin of
polyploids is mostly unresolved. However, allopolyploidy seems to be important for
speciation; apparently, the North American tetraploid Cryptogramma sitchensis has
been derived by hybridization from C. acrostichoides and a second, now allopatric
species, possibly C. raddeana of East Asia (Alverson 1993).
At present, eight to eleven species are distinguished (Alverson 1993). Most of them
have been cytologically examined, are morphologically distinguishable and their ranges
are known (Jeßen 2008):
• C. acrostichoides R. Br.: 2n = 60, diploid; central to north-western North America as
well as outermost north-eastern East Asia
• C. brunoniana Wall. ex Hook. & Grev.: 2n = 60, diploid; southern Central Asia,
eastwards as far as Taiwan.
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• C. cascadensis E.R. Alverson: 2n = 60, diploid; western North America
• C. crispa (L.) R. Br. ex Hook.: 2n = 120, tetraploid; Europe as far north as northern
Urals, Great Caucasus and Caucasus Minor, north-western and north-eastern Turkey as
well as an unconfirmed area in northern Turkey (Meusel et al. 1965)
• C. fumariifolia (Phil. ex Baker) Christ: 2n = ?; south-western South America (Chile,
Argentina)
• C. raddeana Fomin (C. brunoniana ssp. raddeana [Fomin] Fraser-Jenk.): 2n = 60?;
south and south-eastern Siberia (region of Lake Baikal, Stanowoi Mountains, Primorje,
region of Amur) and China (Hubei, Shaanxi, Sichuan, Xizang, Yunnan)
• C. sitchensis (Rupr.) Moore: 2n = 120, tetraploid; north-western North America
• C. stelleri (Gmel.) Prantl: 2n = 60, diploid; northern and eastern Asia, western and
eastern North America; in Europe reaching only northern and eastern Urals as well as
the Petschora valley and the Timan region
No comment is given to the taxonomic status of C. emeiensis Ching & K.H. Shing
(Acta Phytotax. Sin. 20: 234, 1982) and C. shensiensis Ching (Fl. Tsinlingensis 2:
206–207, t. 15, f. 4–6, 1974). The combination Cryptogramma anomophyllum (Zenker)
Fraser-Jenk. (Taxon. Revis. Indian Subcontinental Pteridophytes 330, 2008) is due to a
confusion with Cyrtomium anomophyllum (Zenker) Fraser-Jenk. (C.R. Fraser-Jenkins
in litt. 07-11-2011).
Cryptogramma crispa senso stricto is mostly restricted to Europe (Bennert 1999).
The species reaches Western Asia only in the northern part of the Urals, the Caucasus
and in Turkey. With 2n = 120 chromosomes it is tetraploid (Manton 1950). However it

Figure 1. Cryptogramma bithynica at its locus typicus: NW Turkey, Uludağ, 1770 m;
photo: S. Jeßen 09-09-2009.
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is unknown whether it is an auto- or allopolyploid. Of the putative diploid ancestors
C. stelleri can clearly be excluded for morphological reasons. Therefore, diploids which
may represent ancestors of the widespread C. crispa are missing, at least in Europe and
neighbouring regions, a fact making the search for cryptic taxa within the range and for
isolated populations outside the main range of great interest.
One such disjunct population, far from the main range, is situated in the Uludağ
Mountains, at the so-called Bithynic Olympus in northwestern Turkey (Davis 1965).
The plants growing there are morphologically different from C. crispa (Figure 1). This
prompted cytological examinations which revealed (see below) that they represent a
different ploidy level to C. crispa (4x), but do not represent a potential diploid
progenitor. This degree of ploidy has not previously been recorded in the genus
Cryptogramma. In the following, this taxon is accordingly described as a new species.
MATERIAL AND METHODS
A selected range of cultivated material of known wild origin and herbarium specimens
representing the major Cryptogramma taxa were investigated. Their gross
morphological characteristics were compared, spore sizes (an often reliable proxy for
ploidy level) were measured and cytological investigations were performed on living
material. The following comparative material was evaluated:
C. acrostichoides, SJ-2550; Canada: British Columbia, Pemberton; leg. C. Kohout
27-06-1992
C. acrostichoides, SJ-3498; USA: California, Sequoia NP near Mineral King; c. 2800
m; leg. P. Achnitz Sept. 2001
C. brunoniana, SJ-3779; N India: Sikkim, northern part: Yume, 3800 m; spores date
from the Botanical Garden Brno 03/1; sown 22-09-2004 and cultured, pressed
10-06-2007
C. crispa, SJ-603; Bulgaria: Rila Mountains, Jakoruda, southern slope of Granchar,
2250 m; leg. S. Jeßen 23-07-1983

Figure 2. Mitosis in a root tip cell of Cryptogramma bithynica: SJ-3820, cult. in
Chemnitz (left: photograph, right: explanatory diagram). Nearly 236 chromosomes are
visible, some others are probably hidden in the dark part of the metaphase plate;
preparation and photo: W. Bujnoch.
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C. crispa, SJ-604; Bulgaria: Pirin Mountains, Vichren region, Mouratovo ezero, 2250
m; leg. S. Jeßen 21-06-1976
C. crispa, SJ-605; Bulgaria: E Pirin Mountains, Hleven Massif, Kornishki Circus, c.
2300 m; leg. S. Jeßen 03-07-1978
C. crispa, SJ-606; Poland: Karkonosze, silicate boulder field in Wielki Śnieżny Kocioł,
1300 m; leg. I. Schwerdtner & S. Jeßen 21-08-1977
C. crispa, SJ-2771; Italia: Tuscany Soarenaria, Apennino luccese-modenese-Dintorni
dell´ Abetone (PT), M. Femminamorta, c. 1800 m; leg. D. Marchetti 29-08-1987
C. crispa, SJ-2920; France: Pyrenees, Cirque de Troumouse, 2150 m, silicate scree and
rocks; leg. J. Hemmerling, S. Jeßen & L. Lehmann 18-08-1997
C. crispa, SJ-3099; Russia: northern Caucasus, Lakes of Baduk, Dombai-vally, c. 2000
m; leg. J. Hemmerling & W. Meusel 1965; cult., pressed May 2007
C. crispa, SJ-3819; Switzerland: Ticino, Brissago near Locarno, Piodina, climb from
Cortaccio to Gridone, c. 1600 m; leg. S. Jeßen 10-07-2009
C. crispa; SJ-3874; Switzerland: Ticino, Val Serdena bei Isone, 1640 m; leg. S. Jeßen
10-07-2011
C. crispa; SJ-3865; NE Turkey: Prov. Artvin, southwestern precipice of Tyrial Dağ,
bolder slope at 1600 m; 41°10’24,1’’N, 41°35’33,4’’E; leg. S. Jeßen & L. Lehmann
07-09-2011

Figure 3. Holotypus of Cryptogramma bithynica.
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C. fumariifolia; Argentina: Neuquén, Estancia Mamuil-Malal; Obs.: 1400 m; Meseta al
S. de la Estancia entrapocas; Celec.: Diem 2074; Fecha: 20-3-1952; Herbarium
Hamburgensis (HBG)
C. bithynica, SJ-3820; Türkei: Uludağ, silicate scree near the cycle roadway, NNO
Uludağtepe, 1770 m; leg. S. Jeßen & L. Lehmann 09-09-2009
RESULTS
The determination of the spore length of different samples of C. crispa (SJ-3819, 3865,
3874) yielded values between (40–) 48–57 (–59) µm, those of the diploids
C. acrostichoides (45–) 52–58 (–62) µm and C. brunoniana (50–) 51–60 (–66) µm.
Remarkably is the comparable value between the diploid species and the tetraploid
C. crispa. The spores of the plants from Uludağ measuring (64–) 66–76 (–80) µm
(mean = 70.87 µm) proved to be noticeably longer. For these reasons, a sample of the
taxon in question was sent together with several comparative samples of C. crispa on
27-09-2009 to Prof. R. Viane, Gent, for flow-cytometrical analysis. Material of the
above listed plants SJ-2550, 2920, 3099, 3779, 3819 and 3820 was analysed using a
flow cytometer (Partec PA-1, Partec GmbH, Münster, Germany), following the
manufacturer’s protocol,. This revealed nearly twice the quantity of DNA for the
material from Uludağ in comparison to C. crispa from various other regions of Europe
(pers. commun. R. Viane 06-10-2009).
For cytological examinations, fixations were performed using root tips from young
plants of Uludağ (SJ-3820), cultivated in the Arktisch-Alpiner-Garten,
Chemnitz/Germany. The analysis was carried out applying the method of Manton

Figure 4. Locus typicus of Cryptogramma bithynica. NW Turkey, Uludağ, 1770 m.
Photo: L. Lehmann 09-09-2009.
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(1950). The count of a metaphase plate of a mitotic cell revealed approximately 240
chromosomes (Figure 2). The basic number of chromosomes for the genus
Cryptogramma is x = 30. Consequently, the plant is octoploid. This represents the first
record of octoploidy within the genus.
TYpIFICATION AND DESCRIpTION
Cryptogramma bithynica S. Jess., L. Lehm. & Bujnoch spec. nov., Bithynic Parsley
Fern
Locus: Northwestern Turkey: Uludağ southeastern of Bursa: silicate scree near the
roadway, NNE of the summit of Uludağtepe, 1770 m; 40°06’10,4’’N, 29°14’27,4’’E.
Holotypus: 09-09-2009, leg. S. Jeßen & L. Lehmann (SJ-3820), JE. (Figure 3).
Isotypi: 09-09-2009, leg. S. Jeßen & L. Lehmann (SJ-3820), ANK, Herbarium S Jeßen.
Derivation: Derived from its appearance on the so-called Bithynic Olympus, Uludağ
Mountains in northwestern Turkey.
Description
Rhizoma serpens ad surgens. Folia nuda, fasciculis ordinata. Folia sterilia crassiora,
usque ad 17 cm longa; lamina plerumque lata et triangula, 3–7 cm longa, 3–7 cm lata,
tripinnata. Petiolus folii maxime duplo longior lamina, minimum aeque longus; infra

Figure 5. Habitat with patches of Cryptogramma bithynica. Photo: L. Lehmann 09-092009.
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paucae squamae fulvae, 2–8 mm longae. Pinnae foliorum sterilium latae et triangulae,
quattuor ad sex paribus ordinatae, plerumque spissae et saepe alterae super alteras latius
patentes. Segmenta ultimi ordinis ovata ad rotundiora, aut desinentia in dentes latos sed
acutos aut suborbiculata. Folia fertilia usque ad 22 cm longa. Lamina lata et triangula
ad ovata, tri- aut quadripinnata. Petiolus folii maxime duplo longior lamina, minime
aeque longus. Segmenta ultimi ordinis linearia ad oblonga, 3–9 mm longa et 1–3 mm
lata. Sporae (64–) 66–76 (–80) µm longae. Planta octoploidea, chromosomatum
numerus 2n = c. 240.
Rhizome creeping to ascending, dividing into bushy branches; leaves glabrous,
standing in tufts, sometimes caespitose; sterile fronds relatively thick, up to 15 (–17) cm
in length with mostly broad deltoid tripinnate lamina, 3–7 cm long and 3–7 cm in width;
petiole 1–2 times longer than the lamina, at the base sparsely covered with light-brown
scales of 2–8 mm length; pinnae of sterile leaves wide and deltoid, relatively stocky,
stalked, sessile at the tip of the lamina, 4–6 pairs, in most cases arranged densely and
often in large parts overlapping; ultimate segments ovate to orbiculate, ending in wide,
pointed teeth or rounded; fertile fronds up to 17 (–22) cm long with wide deltoid to
orbicular, three- to fourfold pinnately divided lamina; petiole 1–2 times longer than the
lamina; ultimate segments lanceolate to oblong, 3–9 mm in length and 1–3 mm in
width; length of spores: (64–) 66–76 (–80) µm; maturing of spores: August to
September; cytology: 2n = c. 240, octoploid.
Distribution, ecology and sociology
Only known from the high mountains of Uludağ, southeast of Bursa in north-western
Turkey, where the species is to be expected to occur in other places. The fern colonises
clefts with fine-grained soil in rocks and between boulders at sub-alpine altitudes above
1770m (Figures 4, 5). In addition to the locus typicus at 1770 m it was found on silicate
rock on a north-east facing slope of scree and rocks between Lake Karagöl and
Uludağtepe (at 2230 and 2280 m). Other plants growing in the same habitat are
Polystichum lonchitis (L.) Roth, asplenium septentrionale (L.) Hoffm. subsp.
septentrionale, Gymnocarpium dryopteris (L.) Newman, dryopteris filix-mas (L.)
Schott, Juniperus communis L. var. saxatilis Pall., daphne oleoides Schreb., sibbaldia
parviflora Willd., Paronychia sp., Festuca sp.
DIFFERENTIATION FROM CrYPtoGramma CrisPa
Cryptogramma bithynica is closest in morphology and in distribution area on the
Balkan Peninsula and in northeastern Anatolia to C. crispa, but can be distinguished by
the characters outlined below (Table 1).
Cryptogramma brunoniana is another species which might be related to
C. bithynica, and whose Asian range reaches as far west as Pakistan and Afghanistan.
It reaches a height of only 15 cm and has relatively thick winter-green sterile leaves
with a blade length of only 2–5 cm whose last order leaflets end in strong, pointed teeth.
But at present, apart from the presumption that C. bithynica has arisen. by chromosome
doubling from a tetrapoid ancestor there are no plausible insights into the parentage of
the new species.
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Table 1: Morphological comparison between Cryptogramma crispa and C. bithynica
Trait

Cryptogramma crispa

Cryptogramma bithynica

plant size

up to 30 (–45) cm

up to 17 (–22) cm

sterile leaves

summer-green, thin and summer-green,
slightly
fine
thick, relatively tough

lamina of sterile leaves

up to 9 cm wide and 16 cm up to 7 cm wide and about
long, ovate to deltoid-ovate 7 cm long, broadly deltate

ovate to orbicular, ending
ultimate segments of sterile narrowly ovate, ending in
in little, broad, pointed
leafs
2–4 blunt tips
teeth or rounded
spore length

(40–) 47–59 (–60) µm (see
(64–) 66–76 (–80) µm
also Dostál 1984)

number of chromosomes

tetraploid, 2n = 120

octoploid, 2n = c. 240
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ABSTRACT
During a study of herbarium material previously ascribed to
diphasiastrum × issleri (Rouy) Holub specimens belonging to the
continental European and North American d. tristachyum (Pursh) Holub,
a taxon not hitherto definitely recorded from the British Isles, were
found. While its identity was correctly suggested by Babington when
found, it was initially reported as d. complanatum before later being
placed in d. alpinum and subsequently formed the first accepted British
record for d. × issleri. The status of this material is discussed and it is
considered to be native to the British Isles. Although not re-found since
its discovery in 1866, some suitable habitat remains; given the decline in
all lycopods in lowland England it is, however, best considered extinct
(EX) and unlikely to re-appear.
INTRODUCTION
The clubmosses of the genus diphasiastrum have long posed taxonomic and
nomenclatural conundrums to European botanists, not least through the widespread
occurrence of intermediate fertile hybrids, the rank of which has been variously
interpreted (cf. Jermy, 1993; Kukkonen, 2000). Given their fertility one might expect a
near morphological continuum between taxa and yet there remains little solid evidence
for the backcrossing of the fertile intermediate F1 hybrids, d. × issleri (Rouy) Holub,
d. × zeilleri (Rouy) Holub and d. × oellgaardii Stoor, Boudrie, Jérôme, K.Horn &
Bennert with their parental taxa d. alpinum (L.) Holub, d. complanatum (L.) Holub and
d. tristachyum (Pursh) Holub (Bennert et al., 2011). The cause(s) of this apparent
failure is still unclear. However, plants that are difficult to place morphologically are
regularly encountered, particularly it would seem in the British Isles, and introgression
has been invoked to account for these (Jermy, 1989). Within Britain there has long been
recognition of the existence of plants which could not be ascribed with confidence to
the widespread montane d. alpinum, but determining their true identity and the
characters by which they might be diagnosed has been less satisfactorily dealt with.
Earlier authors (eg. Druce, 1882) regarded some of these plants as states of
d. complanatum but it was only comparatively recently that some clarity was brought
to the situation by the recognition that these represented hybrids between that taxon and
d. alpinum (d. × issleri), the hybrid apparently being present in the absence of the
d. complanatum parent (Jermy, 1989). The taxonomic treatment currently adopted for
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this (see Stace, 2010), as a subspecies under d. complanatum, is regrettable, being both
misleading and confusing.
Jermy (1989) considered that there may be two ecotypes of this hybrid present, one
lowland in England, the other more montane and Scottish, which accorded more closely
with typical continental material. He speculated that a Malvern (v.c.37) plant, now sadly
lost, was the result of introgression with d. alpinum, although Kukkonen (2000)
considered it to be atypical d. alpinum. Concerns over the identity of some of the
lowland examples regarded as this hybrid continue. Difficulties in identification have
generally been ascribed to morphological plasticity as a consequence of environmental
variables (shade, moisture, juvenility, etc.) and yet recent molecular and cytological
studies (Bennert et al., 2011) have revealed that some anomalous morphologically
intermediate individuals are triploids, almost certainly derived from the mating of
diploid hybrid gametophytes from unreduced gametes (diplospores) with normal
haploid gametophytes. It was while attempting to resolve these issues in a British
context that a more thorough review of the historical herbarium collections at BM and
elsewhere was made and the mis-identification of some specimens became apparent.
Most significant was the discovery of unequivocal material of d. tristachyum, a plant
not hitherto considered to be present in the British Isles.
DiPHasiastrum tristaCHYum IN BRITAIN
A single specimen of diphasiastrum tristachyum and a photograph of a more
fragmentary specimen from the same gathering held at CGE were found amongst
specimens filed as d. × issleri at BM (Figures 1, 2) The material, although sterile,
clearly shows the distinctive foliage and habit (see below) of this species.
The d. tristachyum material is actually the first and earliest specimen considered by
Jermy (1989) to be diphasiastrum × issleri. It was initially published as Lycopodium
complanatum L. in an editorial note in the Gardener’s Chronicle for 11 August 1886
(Anon, 1866). This reported a communication from John Lloyd claiming “it was found
by a woman named Sarah Young, while occupied in cutting Heath for broom-making”,
at Lower Waggoner’s Wells, Bramshott, N. Hants. v.c.12 (SU 85*, 34*). Initially this
identification was doubted, Babington (1867) saying “ I have not seen it, and doubt its
being correctly named” but specimens gathered by Lloyd the following year (Lloyd,
1867a), sent to the editor of the Gardeners’ Chronicle as L. alpinum L., were referred
to Babington who “inclines to place it under L. chamaecyparissus R. Br., a plant of the
Rhine valley” (the differences between European material originally described as L.
chamaecyparissus and the North American L. tristachyum Pursh are slight and all
recent authors have treated them in synonymy (eg. Wilce,1965)). The editorial
concluded “There are some doubts as to the true name of this Lycopodium, arising from
the fact that the specimens sent are the barren stems only... It may be L. alpinum, but
the subterranean rhizome is unlike that species”.
Lloyd (1867a) had made particular reference to the buried rhizome, which is indeed
a crucial diagnostic character for tristachyum and its hybrids, but later doubted the
significance of this, having apparently found similar subterranean stems in Welsh L.
alpinum (Lloyd, 1867b), an observation which may well have helped deliver his find
into obscurity! Considerable confusion continued to surround the identity of this plant.
Watson (1870) recorded the Bramshott plant as L. complanatum but by the time the 2nd
edition of his Topographical Botany (Watson, 1883) was published he lists “12”, i.e. the
record from North Hants. as requiring further investigation, while still accepting
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records of complanatum from v.c 33, 55, 90 and 102 . Babington also clearly changed
his mind as to the identity of the Hants. plants over time. Initially acknowledging but
not fully accepting complanatum in the 6th (1867) and 7th editions (1874) of his
Manual, by the 8th edition (1881) he only lists alpinum as British but, shortly
afterwards in an Addendum (Babington, 1883), he finally concedes the existence of
complanatum, listing it as in Hants., Gloucs., Worcs., Ross and Skye.
The existence of an earlier British specimen of d. tristachyum has, however, long
been known, although it has generally been dismissed as resulting from an error in
mounting and is not mentioned in recent floras (Stace, 2010) or guides (Page, 1997).
Druce (1916) was the first to point out the existence of this unequivocal d. tristachyum
(as L. chamaecyparissus) on a herbarium sheet in Herb. C. Bailey (MANCH) – see
Figure 3. The shoot is not specifically numbered and thus its affiliation is open to doubt.
IDENTIFICATION
When fertile, diphasiastrum tristachyum is easily recognised by its long pedunculate
(4.5 -15cm) fertile shoot usually bearing four or more stalked strobili. The fertile shoots
of d. alpinum bear 1-2 sessile strobili; those of d. × issleri also have fewer strobili,
which are only shortly (<4cm) pedunculate.
The sterile shoots of d. tristachyum are easily distinguished; the 2-3 times
bifurcating branches are tightly clustered, fastigiate and all of a similar ultimate length
and the narrow glaucous upswept foliage has a very neat appearance. The dorsal leaves
are almost as broad as the lateral, not significantly narrower as in d. × issleri and to a
lesser extent d. alpinum, and are more similar in shape to the ventral than in either of
these. The main axis is subterranean, deeply buried and not just superficial in the litter
layer as are those of the other British taxa. diphasiastrum tristachyum is most easily
confused with d. × zeilleri, its hybrid with d. complanatum. This differs in its more
differentiated lateral leaves, broader (>2 vs. <1.5mm) branchlets and usually greener
foliage.
ASSESSING THE STATUS OF dIPhasIastRuM tRIstaChYuM IN THE
BRITISH ISLES
Although doubt must surround the true provenance of the material reputedly collected
on Ingleborough (v.c. 64), no such doubt attaches to the material from Bramshott.
Clubmosses have never been successfully cultivated in this country and would not have
been deliberately or unwittingly introduced in this area. The species can therefore either
be considered as a chance colonist that failed to persist, or as a rare native that may once
have been more widespread.
The native range of d. tristachyum is broad, extending through Eastern North
America, parts of Asia, the Caucasus and through much of central Europe extending
northwards into the Scandinavian mountains (although not as far as its congeners),
southwards to the northern Appenines of Italy and now reaching its western limits in
Belgium and the Massif central in France. Like many clubmosses it would, however,
seem to have been in regression for some time. Habitat destruction, changes in
management and land use, even eutrophication and climate change are combining to
contribute to this decline, this being particularly marked in the more westerly and
lowland areas of this species range. In the mid 19th century the species occurred near
Beauvais in the Paris region (Prelli, 2001) and there seems little reason from a
phytogeographical perspective why it should not have occurred naturally on the heaths

58

FERN GAZ. 19(2):55-62. 2012

Figure 1. diphasiastrum tristachyum (Pursh) Holub specimen collected by J. Lloyd at
“Lower Wagners (sic) Wells, Bramshott, Hants.” in 1867 (BM).
©NHM.
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of Hampshire, or those in closely adjacent Surrey, all of which supported a wider range
of clubmosses (huperzia, Lycopodiella, Lycopodium) in Victorian times (Brewis et al.,
1996; Lousley, 1976), although now mostly absent (Rand & Mundell, 2011; Sankey,
pers. comm.). We will probably never know whether this Hampshire population was a
recent colonist when found, or the vestige of a broader past distribution, although many
more continental steppe/breckland specialities were then known nearby in Surrey,
including holosteum umbellatum L. and Veronica triphyllos L.. It seems best, given this

Figure 2. diphasiastrum tristachyum detail showing leaf shape

©NHM.
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uncertainty, to regard this species as “Native or Alien” and give it an Extinct (Ex)
category.
COULD dIPhasIastRuM tRIstaChYuM EVER RE-APPEAR HERE OR
ELSEWHERE IN THE BRITISH ISLES?
It seems highly unlikely that such a distinctive plant has been overlooked elsewhere,
particularly in lowland areas where the occurrence of any member of this genus would
have attracted interest and thus close attention.
The small, copiously produced spores of clubmosses should provide a good

Figure 3. Copy of a photograph in BM of a sheet bearing d. tristachyum (above
centre) interpreted by Druce (1915) as belonging to gathering 1. collected from
Ingleborough (v.c. 64) in 1816. Ex herb. Charles Bailey (MANCH).
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colonising ability (and may thus explain rather disjunct populations such as this),
although with the species in decline and disappearing from the closest continental sites
in recent times re-colonisation becomes increasingly unlikely, if not impossible. Most
lowland British finds of Lycopodium sensu lato in recent decades are, however, more
likely to have arisen from disturbance to long buried spore banks, e.g. the recent find of
Lycopodium clavatum at Long Valley, Eelmoor (v.c.12) (Rand & Mundell, 2011), rather
than from remote air-borne sources, the failure of huperzia to re-appear reflecting its
predominant recruitment from gemmae and not by sexual means from subterranean
gametophytes. Any restoration management thus proposed must take into account what
little is known of the species’ reproductive biology.
diphasiastrum tristachyum prefers open Calluna and Vaccinium-dominated
communities, declining as these shrubs become dense and over-mature. It is therefore
favoured by management practices like muir–burn, grazing and cutting, which maintain
these open heathland conditions. Indeed, the Hampshire plant was discovered by a
woman engaged in cutting “Heath” for brooms, an industry which persisted locally in
the Grayshott/Hindhead area until the 1930s (Jermy, 1989). The underground rhizome
of d. tristachyum may confer a little more resistance to fire than demonstrated by other
lycopods, the species often flourishing and only sporing well following heathland
regeneration by fire (Prelli, 2001); as cover increases with succession fertility declines
and the plant becomes vegetative before disappearing into a potentially long-lived spore
bank. The cessation of cutting, changes in grazing (and its subsequent cessation) and a
reluctance to burn close to a growing centre of population may all have contributed to
a decline in extent and quality of suitable habitat in the Bramshott area. As with many
lowland heaths, scrub encroachment and woodland succession continue to reduce the
available habitat at Bramshott but suitable areas of Calluna-dominated heath do remain.
Given its particular biology, if resources and local support can be found then even
after nearly 150 years it may well be worth attempting habitat management in an
attempt to regenerate this species, safe in the knowledge that any such action would
favour heathland communities currently considered of higher conservation priority than
the secondary woodlands lost. While it is likely that some degree of soil disturbance
may be necessary, recent major accidental fires on nearby sites at Frensham and earlier
at Thursley NNR (see Duckett et al., 2008) provide an opportunity to assess potential
recovery from spore banks in similar situations in the absence of soil perturbation.
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ANNOUNCING A NEW FEATURE – FERN GAZETTE REVIEWS
With this issue, we are introducing a new feature. The Fern Gazette will be publishing a
series of reviews on developments in a wide range of research topics relating to ferns and
lycopods, written by international authorities in their fields. Every issue of the Fern
Gazette will contain at least one review.
Each review will provide an easily accessible introduction to a comprehensive list of
recent research-based publications and is intended for those new to the subject or who
wish to bring themselves up-to-date with the literature. For a fast-developing subject
featuring in frequent publications, ‘recent’ might mean the last 5-10 years, while when
progress is slower, and especially when the subject has not been reviewed for many years,
it might represent a much longer period.
While taxonomic and floristic themes will continue to be covered, any research topic
which has ferns or lycopods as its central subject will be eligible for consideration in a
review, whether it is concerned with conservation or classification, development or
demographics, gametophytes or genetics, phenology or physiology. Some historical
topics, like the exploitation of ferns as a resource, or the development of ideas, illustration
methods or investigative techniques, might be suitable for a review. A review can contain
an account of some original, unpublished, research by the author, but if original work
forms the major part and the literature survey is merely the introduction, it should be
submitted to the senior editor, Professor Mary Gibby, as a paper.
The review topic should normally be one that can be adequately covered in a review
of 3-4000 words plus figures and references, though longer or shorter reviews might be
acceptable for some topics. The review will be refereed, and the editors may subsequently
request clarification or modification but no editorial changes will be made without the
author’s agreement. Publication will usually be within six months of receipt of the agreed
final version.
Those reviews that will appear over the next two years have been written in response
to invitations from the Review Editors but offered contributions are welcomed.
Offers of reviews, or requests to discuss possible topics or to obtain further details of
instructions for authors, should be sent to the Fern Gazette Review Editors:
Dr Adrian Dyer (afdyer499@googlemail.com) or
Dr Bridget Laue (bridgetlaue@blueyonder.co.uk).
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RECENT DEVELOPMENTS IN EX SITU AND IN SITU
CONSERVATION OF FERNS
A. M. Ibars & E. Estrelles
Jardí Botànic-ICBiBE, Universitat de València, Quart 80, 46008 València, Spain
Key words: fern conservation, in situ, ex situ, quasi in situ, spore bank, wet and dry
storage, cryopreservation, in vitro tools.
ABSTRACT
Some members of the monilophytes, an ancient plant group with worldwide
distribution, show significant population decline which is frequently correlated
with the vulnerability of their habitat. Many species are today under some level
of threat, mainly by the disappearance of natural habitats or climate change. In
evaluating the threat to species survival, the IUCN indicate that the coverage of
the pteridophyta is insufficient, and the lack of information concerning the
conservation status of Pteridophytes has been highlighted. Protection measures
are demanded and developed for most of them to counteract the drastic reduction
of genetic diversity of natural populations. In this review, in situ, ex situ and
quasi in situ conservation techniques applied during the last decade are surveyed
and future research needs identified.
The different types of conservation are not exclusive but complementary.
Fern research requires higher commitment, mainly to increase knowledge of
actual biodiversity, species richness and the occurrence of threatened species,
soil spore banks, reproductive biology and population dynamics, threat
identification and conservation management priorities and procedures. Open
access to knowledge will enhance the conservation and rational utilization of
ferns.
INTRODUCTION
Chapman (2009) estimates that there are c. 12,000 species of ferns and fern allies. These
plants were previously grouped together as Pteridophyta but are now classified as
monilophytes and lycophytes respectively. They are both ancient plant groups with long
fossil records (Pryer et al. 2004, 2009; Christenhusz et al. 2011). Research suggests that
the last common ancestor of extant monilophytes and lycophytes existed about 400
million years ago in the early-mid Devonian (Becker et al. 2002; Pryer et al. 2004).
Ferns were dominant from about 380 million to 290 million years ago in a tropical and
subtropical environment, but many of the current families and species did not appear
until roughly 145 million years ago in the early Cretaceous.
Distributed worldwide, this plant group, growing mainly in tropical and temperate
regions, comprises a significant plant biodiversity. Anthelme et al. (2011) highlights the
diversity of the pteridological flora of arid zones because ferns are more frequent than
initially thought in arid environments thanks to efficient dispersal, elevation refuges,
physiological adaptations and the presence of local abiotic refuges.
Ferns are not of major economic importance, but they have potential as commercial
and environmental resources; some are grown or gathered for food, as ornamental
plants, and for the phytoremediation of contaminated soils, as is the case with Pteris
vittata L., the first fern identified as a naturally evolving arsenic hyperaccumulator (Xie
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et al. 2009). Ferns also have been the subject of research for their ability to remove
some chemical pollutants from the air (Kim et al. 2010), or because some of them are
significant weeds. They also play a role in mythology, medicine and art (Keller et al.
2011; Molina et al. 2009).
During recent decades, many reports indicate a decline in the fern population,
maybe linked to the vulnerability of their habitats. Their sexual reproductive system,
strictly tied to water, gives them great sensitivity to environmental changes. Many
species are today under some level of threat, mainly by the disappearance of natural
habitats or climate change. The Red List of Threatened Species (IUCN, 2012) includes
167 species of fern and fern allies in the threatened category (critically
[CR]+endangered [EN[+vulnerable [VU]), 2 extinct (EX) and 19 near-threatened (NT),
but there is insufficient coverage of the group, as only 3% of described species are
evaluated. Protection measures have been demanded and developed for most of them to
counteract the drastic reduction of genetic diversity of natural populations, but
additional efforts are still needed. Blackmore & Walter (2007) emphasized the lack of
information concerning the conservation status of Pteridophytes and so the need for
experts committed to the improvement of understanding of the conservation needs of
ferns and fern allies is one of the challenges for the Global Strategy for Plant
Conservation (GSPC) 2002-2010. Today, from the perspective of GSPC 2011-2020,
this necessity remains valid.
The main serious threats for ferns are: loss of habitats due to climate or
microclimate change or designation of land for agriculture, commerce related to
ornamental and ethnobotanical uses, invasive species and overexploitation of natural
resources. Ranil et al. (2011) denounce the illegal use of Cyathea Sm. plants collected
from the wild. The utilization of ferns is not usually properly regulated. For this reason,
research into cultivation of the species is an essential requirement.
In situ versus ex situ conservation is a question that often arises when dealing with
the conservation of species. It is universally accepted that the most effective and
efficient mechanism in conservation is habitat protection, but it is also accepted that ex
situ conservation techniques are critical components in a global conservation
programme.
In contrast to in situ, ex situ conservation aims to preserve the genetic integrity of
populations and individuals.
These two types of conservation are not mutually exclusive but complementary. In
the special case of threatened species, in situ conservation measures are complemented
by ex situ ones, increasing long-term security.
The GSPC 2011-2020, in its target 3, emphasizes the need to encourage research,
particularly to develop methodologies and techniques oriented towards the optimization
of plant conservation practices, mainly integrating in situ and ex situ conservation and,
as well, to make all information available to practitioners of plant conservation.
In 2001, during the International Symposium celebrated at the University of Surrey,
Guildford (UK) entitled: “Fern Flora Worldwide Threats and Responses”, a wide view
of practices, experiences, techniques and studies on fern conservation was provided by
specialists from all around the world. The link of this relevant event with the Species
Survival Commission of the World Conservation Union (IUCN) gave wide awareness
of the most significant aspects of fern conservation through numerous communications
highlighting different research lines on fern conservation (e.g. Dyer et al. 2002). These
publications in turn stimulated new work on these topics during the last decade.
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Today, many conservation actions have been developed, but we found large
differences between geographical areas and between programmes aimed at ferns. Many
areas are well covered but others not at all, and this is not always related to the wealth
of biodiversity present in them.
With these circumstances, most fern research today is designed to increase
knowledge of actual biodiversity, species richness and the occurrence of threatened
species, soil spore banks, reproductive biology, and population dynamics, to identify
threats and to establish ex situ and in situ conservation management priorities and
procedures. Finally, studies on spore germination, gametophyte development and
cultivation of sporophytes constitute the basis of recovery programmes for damaged
populations in nature.
The aim of this review is to provide an over-view of research during the last decade
into the conservation of ferns and their allies, and to identify future research needs in
this area.
IN SITU CONSERVATION ACTIONS
In situ conservation is a dynamic conservation, since the evolution of species continues
in the same environment in which plants grow, involving gene pools and also the
process of co-evolution (Maxted et al. 1997).
In situ conservation actions could have different approaches oriented to preserve
genetic, species and ecosystem diversity. The main objectives of the published research
or activity reports are genetic characterization, re-enforcements, re-introduction,
recovery of populations or establishment of natural reserves and protected areas to
preserve fern species. Practical actions usually include some study of, or are developed
as a result of, previous research on threatened species.
The management of protected areas constitutes a central element of a strategy to
conserve biodiversity. Usually these plans are governmental programmes, national or
regional. The preservation of threatened species in their natural habitats is the principal
aim of an in situ conservation programme. The first step is to know exactly which
components of the biodiversity within the territory under consideration need protection
action, by determining the conservation status of the species. IUCN Standards and
Petitions Subcommittee (2010) established the guidelines to assess the conservation
status of species. Benniamin et al. (2008) indicate various difficulties of applying
IUCN methods to the ferns, and proposed new criteria, using biological characters, for
determining the conservation status when they lack sufficient population data.
Strategic plans for fern in situ conservation
When an in situ conservation plan must be developed, it is recommended that available
information of previous activities is checked and the priorities are discussed with
experts in order to select the best methodology. Afterwards it is useful to share the
results and conclusions through open access publishing which enables future
improvement of in situ techniques. We have found diverse recovery, management or
strategic plans or programmes for fern species conservation, etc., with diverse structure
and contents; most of them are mono-specific studies.
Sarkis (2010) gives us a relevant model of a recovery plan with a very detailed
description of priorities and tasks needed to implement actions to protect and recover
a natural population of ferns. Ranil et al. (2011) established conservation priorities for
tree-ferns of the Cyatheaceae family and indicated that limited information is a major
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barrier to conservation and management of these species. Some other practical
examples are the management plans for Chingia australis Holttum (Herbert, 2006), for
Thelypteris quelpaertensis (H.Christ) Ching (Wildlife Division, 2011) and for
Dicksonia sellowiana Hook. (Alfonso-Moreno et al. 2011).
Studies led by Aguraiuja et al (2008) conclude that the analysis of population stage
structure, together with data about population size, gives useful information about the
relative status and regional dynamics of populations in cases where precise
demographic and distribution data are lacking.
In experiments with Diellia pallida W.H.Wagner, Aguraiuja (2005) described the
sowing of spores directly on soil, and concluded that the unpredictability of
environmental changes in the natural habitat creates difficulties for the study of
gametophyte establishment. This observation is in agreement with McHaffie (2004),
who indicated that a microhabitat with stable conditions is required for successful
gametophyte establishment for Woodsia ilvensis (L.) R.Br. Aguraiuja (2005) stated the
relevance of increased knowledge on the timing of germination in natural conditions
and, as well, on the ecology of gametophyte development for ferns.
In situ conservation also requires monitoring to check the evolution of the
population and the success of the methodology applied in order to improve this type of
protocol.
Natural soil spore banks
To complete this survey of different options for the conservation of ferns, we must
consider the existence of banks of spores in the soil. Soil spore banks have a potential
role in the conservation of endangered fern species (Dyer & Lindsay, 1992, 1994; Dyer,
1994). Ramírez-Trejo et al. (2004) emphasized the spore bank in the soil as a potential
source for in situ regeneration. Ranal (2004) has also proposed tree bark as another kind
of in situ spore bank that could contribute to fern conservation.
Hock et al. (2006) studied seasonal patterns of soil spore banks of ferns in
grasslands on dolomite rock and stated that, after one year of storage, the number of
emerging prothallia in some soil samples increased, presumably because some spores
were initially dormant.
Soil spore banks can be very useful for population reinforcements and to increase
the genetic diversity, especially in threatened species with very small populations, and
it is the first option for the recovery of spores for the reintroduction of species in places
in which the disappearance of populations is observed.
Practical examples are the recovery of a lost population of Marsilea quadrifolia L.
(Figure 1) in the Natural Park of the Ebro Delta, Catalonia, Spain (Estrelles et al. 2001)
and the recuperation of Christella dentata (Forssk.) Brownsey & Jermy in the Natural
Park of los Alcornocales, Andalusia, Spain (Rodríguez-Hiraldo et al. 2006).
The persistence of soil spore banks determines the natural capacity for in situ
regeneration of wild populations. Besides, from soil spore banks additional ex situ
actions could be developed for propagation and conservation of germplasm.
EX SITU CONSERVATION
Ex situ conservation could be developed as living collections (sporophytes), usually
maintained in Botanic Gardens, or through germplasm banks which include
conservation of vegetative propagules, gametophytes or spores. Storage of spores
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Figure 1. Recovery of Marsilea quadrifolia L. in the Natural Park of Park of the Ebro Delta, Catalonia, Spain. Left. Reintroduction of cultivated
plants. Right. Coverage of the plants after five months since their plantation.
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preserves large quantities of germplasm with high genetic variation in small spaces with
low financial and technical costs. Ex situ conservation activities also include research
into in vitro germination from spores and the cultivation of sporophytes from stored
germplasm (Figure 2).
The use of ex situ conservation techniques for endangered plants in germplasm
banks has increased since its consideration in the Convention on Biological Diversity
(UNEP, 1992) and in the Global Strategy for Plant Conservation (UNEP, 2002). It is
widely employed for seed-bearing plants but needs further efforts in Pteridophytes.
Already in 1992, Page et al. provided a first approach to spore storage in germplasm
banks as an ex situ conservation tool. Today ex situ measures are widely recognized as
an effective tool for fern preservation, complementary to in situ conservation
programmes.
The study of the longevity of chlorophyllic (green) and non-chlorophyllic (nongreen) spores has evolved during the past 50 years. Methodologies have been improved
and some protocols established to optimize spore preservation in fern spore banks.
Green spores show a rapid deterioration which has been attributed to their lack of
tolerance to desiccation, their high metabolic rate, and their absence of dormancy (Kato,
1976). They have traditionally been treated similarly to recalcitrant seeds, while nongreen spores have been treated in the same way as orthodox seeds.
Gabriel y Galán & Prada (2011) analyze and discuss the concept of variation in fern
spore viability between species, the factors influencing it (ploidy level, age, temperature
or spore physiology), and the best methods to determine it. The study of all these factors
helps to increase the understanding of spore viability loss under different storage
conditions and the optimal conditions to preserve it. Ballesteros (2011) analyzed
different techniques for conserving spore viability and reviewed the background
research.
Magrini (2011) retrieved viable spores of the endangered species, Dryopteris
tyrrhena Fraser-Jenk. & Reichst., from herbarium specimens. With a maximum
germination around 20%, spores remain viable up for to three decades after placing
them in storage. Fern propagation from herbarium spores is proposed as a useful
method for preserving rare, threatened or extinct species.
For green spores, herbaria are also a valuable source of living germplasm with
potential in the recovery threatened plant species. Magrini et al. (2010) propagated
Osmunda regalis L. using spores collected from exsiccate (dried herbarium specimens)
stored in herbaria for five and 17 years.
Long term viability in ambient herbarium conditions has been reported for many
species. However, storage conditions of herbarium specimens are highly variable,
especially with respect to the relative humidity, depending on geographical location and
available facilities. Spore longevity is closely correlated with temperature and humidity,
and varies between species (Ballesteros et al. 2011), so longevity of spores in
uncontrolled conditions is unpredictable.
Artificial Spore Banks – spores in storage facilities
There are different approaches to setting up a new bank for spore storage. Short (1-10
years), mid (10-30 years) and long term storage (>30 years) options are available for
different objectives. These options are established under a range of temperatures and
relative humidity values; wet and dry storage and cryopreservation are widely used.
The selection of the particular conditions to use in a spore bank depends basically
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on the type of material to be preserved, the conservation action to be achieved and the
available facilities. Lower temperature and lower humidity tend to prolong spore
longevity. But water content must be strictly controlled and the optimal value
determined because there seems to be a minimum value below which viability is lost.
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Figure 2. Details on fern propagation and cultivation for conservation purposes, from
the spore collecting to growing of the sporophytes. a. Selection of mature fronds with
preferably closed sporangia. b. Drying of fronds till opening of sporangia and releasing
of spores on glossy paper sheets. c. Elimination of indusia, scales and remnant
sporangia or leaf material with a sieve in order to collect clean spores. d. Dosage of
spores in vials for cryopreservation. e. Linear phase of gametophyte development
(Cosentinia vellea (Aiton) Tod.). f. Cordate phase of gametophyte development
(Asplenium marinum L.). g. Detail of antheridia and liberated antherozoids in the
gametophyte of Asplenium majoricum Litard. h. Detail of archegonium in the
gametophyte of Asplenium majoricum. i. First leaf of a young sporophyte (Athyrium
filix-femina (L.) Roth). j. Growing of sporophytes of Asplenium marinum in plastic
containers for plant culture in incubators. k. Acclimatization of adult sporophytes in
the greenhouse.
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Cryogenic conditions are aimed at long-term collections.
The main objective of long-term conservation spores of ferns in germplasm banks
is to maintain viability and the capability of producing sporophytes that can later be
used in restoration of habitats.
Wet storage
Lindsay et al. (1992) established the effectiveness of wet spore storage, particularly
recommended for green spores and where low temperature facilities are not available.
Quintanilla et al. (2002) and Aragón & Pangua (2004) compared germination of
spores of different species stored under wet and dry conditions. Their results indicate
tolerance to desiccation and different preferences for the species studied. Quintanilla et
al. (2002) identify some advantages of dry storage, such as the shorter preparation time
and smaller space requirements, and the higher efficacy at lower temperatures. Aragón
& Pangua (2004) found some correlation between ecological requirements of species
and spore viability behaviour, and therefore proposed that the ecology of the species be
considered when developing spore conservation programmes.
Dry storage
Dry storage has been practised under different temperatures; 5°C, -10°C and -20°C are
the usual temperatures in gene banks. Longevity studies under diverse storage
temperatures and humidity were conducted in a wide range of species. In a first
approach to provide a general scheme of fern spore behaviour, Ballesteros et al. (2006)
checked the response of spores from ten species collected in diverse habitats after six
months of storage. Ballesteros et al. (2012) provide relevant data on behaviour during
a longer, 3-year, storage period. These studies showed great variation of spore longevity
between different species. Temperatures below zero, such as – 25ºC, require an accurate
control of water content in order to avoid negative effects on viability. Practical
procedures for spore bank management were summarized in Estrelles et al. (2003) and
Ibars et al. (2011), including collecting and spore preparation details.
Other parameters have been recently analyzed, such as water affinity, calorimetric
properties of water and triacylglycerols, to increase physiological understanding of the
spore ageing processes. Ballesteros & Walters (2007a) suggest that the affinity of fern
spores for water is low and that they dry quickly but rehydrate more slowly. As with
seed storage, the longevity of fern spores and the optimal conditions of storage will be
closely related to the moisture content of the spores.
Ballesteros & Walters (2007b) demonstrated that crystallization of triacylglycerols
(TAG) appears to be associated with fern spore response to low temperature. This
research suggests that fern spores exhibit a storage physiology that has been described
as intermediate between recalcitrant and orthodox. They determined that there is a
narrow range of water contents appropriate for low temperature storage of fern spores,
such that the water content of the spore must be adjusted carefully for achieving
maximum longevity.
The behaviour of green spores continues to receive attention. Lebkuecher (1997)
confirmed their recalcitrant behaviour, while Pence (2000b) suggested that green spores
could be more tolerant to desiccation than was originally thought. The recent work of
Magrini & Scoppola (2012) studied the influence of long term storage on the viability
of wet and dry spores of Osmunda regalis stored under different temperatures. New
information on the viability of chlorophyllous spores was provided, and, in contrast to
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Pence (2000b), they concluded that dried spores of O. regalis showed the lowest
survival percentages. However their results do not confirm the beneficial effects of wet
storage for this species. The optimal result (fast germination and gametophyte
development) in this study was obtained at sub-zero temperatures (-20°C) with no
desiccation.
Cryopreservation
Cryopreservation is typically used for the long-term storage at -80 °C to -196 °C, of
germplasm of plants in which the previously described methods are not suitable
(Benson, 1999). It has been widely reported that the spores of diverse species remain
viable longer at these temperatures than at higher temperatures (Quintanilla et al. 2002;
Pence, 2000b; Ballesteros et al. 2004; 2006). Cryogenic preservation and in vitro
culture appear to be the best option for spores with recalcitrant behaviour, but also for
optimal conservation of Pteridophytes in general, due to its simplicity and effectiveness
for a wider range of species and for longer periods. Ballesteros (2006, 2011, 2012)
showed the optimal and homogeneous responses of ultra-freezing temperatures for all
the species studied. Overall, cryopreservation appears to be the most effective method
for long term conservation of fern spores.
Pence (2008a, b) incorporated into her work various protocols for cryopreservation
of spores and gametophytes of Pteridophytes. Cryopreservation of gametophytes of
Pteridophytes is maybe less used than in Bryophytes, although processes described for
mosses can also be applied to ferns (Pence, 2002; Wilkinson, 2002). Fern gametophytes
have a high capacity for regeneration but a lower tolerance to desiccation. Mikula et al.
(2011) report diverse practices for cryopreservation of gametophytic tissues. These
techniques are specially recommended for species with short-lived spores.
In vitro techniques
In vitro techniques are mainly needed to rescue plants that produce recalcitrant
spores/seeds or propagate only by vegetative means, but also to complement other ex
situ methods for saving plants from extinction (Barnicoat et al. 2011). Menéndez et al.
(2011a) review the different in vitro options and summarize some protocols to obtain
sporophytes in the laboratory.
Somer et al. (2010) provide relevant data on in vitro culture techniques, mainly
relative to the influence of growth rate, the formation of sexual organs, and the
production of sporophytes from homogenised gametophytes or sporophytes of several
species. Numerous aspects of the regulation of sexual expression of gametophytes were
studied to provide optimal protocols for ex situ propagation. Menéndez et al. (2011b)
summarize many questions about sexual reproduction in pteridophyta, and the
hormonal control in sexual differentiation in the gametophyte and also introduce
proteomic studies as a valuable tool to gain knowledge on plant reproduction.
The application of in vitro techniques has been assessed for different fern groups.
Ranil et al. (2008) provide encouraging results on effective spore germination media,
gametophyte morphology and the successful raising of sporophytes from gametophytes
and their transfer to general growth media in Cyathea walkerae Hook. Rybczyński &
Mikuła (2011) summarize published studies related to the application of biotechnology
methods to obtain tree fern sporophytes from freshly collected or stored spores. Camloh
& Ambrožič-Dolinšek (2011) reviewed in vitro and cryopreservation techniques for
propagation and conservation of Platycerium Desv. species. Marszał-Jagacka &
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Kromer (2011) evaluate these in vitro techniques for serpentine fern species of the
genus Asplenium L.
Asexual propagation, also known as vegetative techniques, is only recommended
for conservation purposes in special situations; e.g. for taxa where sexual reproduction
through spore germination presents difficulties. In consequence, it is not the first option.
The most usual protocols use rhizome cuttings, bulbils, stolons and root buds.
The stipule is an optional method efficiently applied to ex situ propagation of
marattioid species as their spores are hard to germinate and gametophytes grow slowly
(Chiou et al. 2006; Chou et al. 2007; Huang et al. 2011). The only limitation of this
method is for those species with low production of fronds, in which case the material
for asexual propagation is strictly limited (Huang et al. 2011). Another approach is
given by Martin et al. (2006) for the propagation of Pityrogramma calomelanos (L.)
Link through the induction of apospory and apogamy.
Chá- Chá et al. (2005) and Barnicoat et al (2011) highlight in vitro culture
procedures and cryopreservation methods for the integrated conservation of threatened
ferns and indicate the importance of proper collection measures. The sampling strategy
for germplasm collecting must be always carefully determined prior to developing any
ex situ action. Distribution, genetic structure of population, autecology and population
biology are the main factors determining the optimum sampling strategy.
QUASI IN SITU CONSERVATION: A NEW CONCEPT
When we apply ex situ techniques we preserve the genetic structure of the population
at the moment of sampling. Evolution and co-evolution, the engine driving new
diversity, are interrupted (Jaramillo & Baena, 2002). Integration between in situ and ex
situ strategies are needed for plant conservation.
In 2010, a new concept for plant conservation was introduced by Volis & Blecher,
the “Quasi in situ” conservation. This approach basically proposes the maintenance of
living-plant ex situ collections in a natural or semi-natural environment. Quasi in situ
preservation is considered a novel strategy for biodiversity conservation, with the aim
of maintaining interactions between individuals, species and environment, in order to
allow the evolution and adaptation of wild genotypes to continue during conservation
actions. Detailed guidelines for representative sampling, collection maintenance and
utilization for in situ actions, as well as advantages of this new strategy over traditional
ex situ living collections, are compiled by Volis & Blechner (2010). In summary, the
advantages include less restriction on available space, high suitability of environment,
natural processes of maintenance of plants and, consequently, low costs. Specific details
and guidelines on this new strategy are given in the original paper and seem to be
relevant for fern conservation.
Some conservation projects, developed some years ago, included in their approach
the essence of this new strategy before the appearance of the concept. This applies
especially to those developed as a consequence of the disappearance of the natural
habitat, where the relocation of wild populations is required (Lusby et al. 2002.
McHaffie, 2007). Aguraiuja (2011) discusses the experimental methods used and the
first results of an introduction action with Woodsia ilvensis, with 10 years monitoring
of plants. The results of plant establishment and subsequent successful recruitment
confirm that the rarity of this species in Estonia is mainly due to the limited distribution
of suitable habitats. This author indicates the relevance of future research on population
ecology of ferns.
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Laguna et al. (2012) applied the term “safety neopopulations” to new populations,
created in areas distant from the natural populations, which are not jeopardized by the
factors that reduced or caused the disappearance of the species.
But, in most studies, the proposed establishment of ex situ collections in a natural or
semi-natural environment is only the final option of several. Sometimes, after the
genetic survey, artificial propagation and transplantation programmes to establish
populations in suitable habitats were recommended. In many instances, the eventual
action depends on a state decision (national or local government of the territory) and,
finally, on availability of funds. It would be interesting to conduct a survey to determine
the number of conservation plans, based on previous research funded for several years,
that have been subsequently carried out by competent authorities.
GENETIC DIVERSITY OF POPULATIONS
Preservation of genetic diversity of a particular population is, finally, the main aim of
any conservation strategy. Both in situ programmes and ex situ collections require the
evaluation of genetic diversity to achieve an accurate management and establish
priorities.
A number of recent examples, Liu et al. (2007), Dong et al. (2007, 2010), Kang et
al. (2008), Hunt et al. (2009, 2011), Cheng et al. (2010), Izuno et al. (2011, 2012), all
refer to the conservation implications for the evaluated species.
Jiménez (2011) proposes microsatellite technology as a high-quality procedure to
determine fern genetic biodiversity including a review of other methods as well as the
advantages and disadvantages of this technique. Peredo et al. (2011) recommend that
dominant or unspecific markers (RAPD, ISSR, REMAP, IRAP, AFLP, MSAP) as useful
tools to answer genetic questions concerning diversity, reproductive isolation, or
conservation actions in ferns.
Genetic conservation includes the maintenance of the level of genetic variability of
the species and of their natural populations, as well as respect for, and maintenance of,
genetic structure within and between existing populations, in order to avoid losing the
adaptations already in place. Small populations are more affected by drift and gene flow
than large ones; this makes it essential to take into account genetic considerations.
De Groot et al. (2012a, 2012b) evaluated the genetic structure in young populations
of four species, from two fern genera, with different ploidy level and mating system,
and correlated it with long- distance colonization events. They prove that establishment
from a single spore, only possible for genotypes capable of self-fertilization, are
possible and frequent, even at long distance, for all studied species. These populations
showed low genetic variation and high inbreeding coefficients. Evidence for interpopulation gene flow was low. They indicate that limited gene flow can conserve the
genetic signature of multiple colonization events for decades. This is an important
consideration for conservation of genetic diversity, as extinction of a single population
(e.g. by habitat destruction) will result in a considerable loss of genetic diversity. These
findings will be highly relevant for future decisions concerning the conservation of
pteridophyte diversity and the development of strategic plans for its conservation.
Field studies and actual experiences configure the base on which to model future
actions oriented to reduce human pressures on the natural populations of threatened fern
species.
The basic principles of fern conservation seem to be the protection of the natural
habitats, and the main action to mitigate the decline or disappearance of natural
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populations is the investigation of propagation techniques, among which spore
germination is recommended.
AN APPROACH TO FUTURE FERN CONSERVATION
The only certainty is that fern conservation requires multiple efforts, a compendium of
actions as the result of the application of all the knowledge raised through the scientific
research of different groups from several disciplines all around the world.
In the last decade, among the referenced papers, we found many works focused on
germplasm conservation, followed by propagation studies and restoration activities
(Figure 3). It would be desirable to increase the number of studies on the other, less well
explored topics, in order to have complete and balanced view studies of pteridophyte
conservation. The detected deficiencies may be due to the high cost, in time and
experienced technical personnel, of the field work and the further monitoring required
after the initial conservation actions.
As we could observe in many conservation programmes already developed,
coordination between scientists and government departments is necessary to develop,
and especially to complete, effective conservation or recovery programmes. The
necessary steps are summarized in a basic diagram of actions (Figure 4).
A collaborative network of institutions involved in fern biology and biodiversity
studies and, as well, a responsible implementation of conservation practices, could help
to improve methodologies by exchange of experiences. Arcand & Ranker (2008)
encourage biologists, land managers, and conservationists to expand knowledge of
biology of ferns and lycophytes as one of the relevant contributions to their
conservation.

Bioversity studies
Population analysis
Restoration activities
Propagation studies
Germplasm conservation
Education
Conservation plans
Figure 3. Proportion of the different aspects of fern conservation covered in the recent
works and studies referenced.
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Figure 4. 4. Sequence diagram showing actions for securing the long-term persistence of natural populations, developed under coordination and
cooperation by Governmental, educational and/or research institutions.
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As a result of reviewing numerous conservation works published in the last decade we
summarize a 10- step approach to plant conservation that is applicable to ferns:
1. Revision of morphological characters and confirmation of the taxonomic
identification.
2. Compilation of complete information of distribution; revision of published
records, herbaria and field data.
3. Characterization of ecological and phenological features of the species in the
different locations. Identification of singular ecotypes (especially relevant when the
genetic structure of populations is not well established).
4. Determination of the conservation status of each population (number of
individuals, mature individuals proportion, actual and potential threats, IUCN
categories, etc…).
5. Research and compilation of data on reproductive biology (vegetative and sexual)
of the species. Identification of optimal protocols.
6. Research and compilation of data on genetic diversity of populations in order to
establish conservation priorities.
7. Revision of legal aspects (regional, national or international laws) related to the
species or their habitats, and those related to natural protected areas when they are
included in any category.
8. Development of an ex situ conservation programme.
9. Revision and research of possible restoration techniques applicable to each
species.
10. Proposal of a sustainable management plan for the taxa.
Complementary actions to assure fern conservation are: training of local staff in spore
germination, development of comprehensive research into the biology of the species,
creating educational guides and leaflets, and coordination between institutions.
Open access to knowledge will be the key to future sustainability of mankind.
Public awareness programmes on the conservation and sustainable utilization of ferns
should be initiated promoting in situ and ex situ conservation.
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CTENOPTERELLA GABONENSIS, A NEW SPECIES OF GRAMMITID
FERN (POLYPODIACEAE) FROM GABON, AFRICA
B. S. PARRIS
Fern Research Foundation, 21 James Kemp Place, Kerikeri, Bay of Islands,
New Zealand 0230. (Email: barbara2parris@gmail.com)
Key Words: Ctenopterella gabonensis, Gabon, Grammitidaceae, Polypodiaceae
ABSTRACT
A new species of grammitid fern, Ctenopterella gabonensis (Polypodiaceae), is
described from Gabon. The only grammitid ferns previously reported from
Gabon are Cochlidium serrulatum (Sw.) L.E.Bishop (syn. Xiphopteris serrulata
(Sw.) Kaulf.) and Zygophlebia villosissima (Hook.) L.E.Bishop (syn.
Ctenopteris villosissima (Hook.) W.J.Harley).
INTRODUCTION
During the preparation of the account of Grammitidaceae for the Flora of Tropical East
Africa (FTEA) (Parris, 2005) loans were made of material from countries beyond the
FTEA area to ascertain the wider distribution of FTEA species. Amongst material sent
from WAG was a specimen of an unknown species of Ctenopterella from Gabon,
described below as C. gabonensis. Only two species of grammitid fern have been
reported from Gabon (Tardieu, 1964): Xiphopteris serrulata (Sw.) Kaulf.) and
Ctenopteris villosissima (Hook.) W.J.Harley, now known as Cochlidium serrulatum
(Sw.) L.E.Bishop and Zygophlebia villosissima (Hook.) L.E.Bishop respectively.
Cochlidium serrulatum has laminae differentiated into a fertile ± entire apical portion
and a sterile lobed basal portion with one vein per lobe. Ctenopterella gabonensis and
Zygophlebia villosissima have deeply pinnately divided laminae, with several pairs of
veins in the pinnae; the former has glabrous rhizome scales, pale yellow-brown to pale
red-brown non-catenate simple eglandular hairs and hydathodes on the vein endings on
the abaxial surface of the lamina while the latter has marginal and apical hairs on the
rhizome scales, medium to dark red-brown non-catenate simple eglandular hairs and
vein endings lacking hydathodes.
Three species of Ctenopterella have been described from the Africa-MadagascarMascarene region: C. macrorhyncha (Baker) Parris, C. parvula (Bory ex Willd.) Parris
and C. zenkeri (Hieron.) Parris. Ctenopterella gabonensis differs from these species by
the presence of short pale non-catenate simple eglandular hairs on the stipes and
laminae. Table 1 summarises the hair types on the stipes and lamina of C. gabonensis,
C. macrorhyncha, C. parvula and C. zenkeri. The very short veins of C. gabonensis,
extending only half way between the margin and the costa, are similar to those of C.
parvula, which lacks the simple eglandular hairs and branched hairs with simple
eglandular branches found in C. gabonensis, however, and sometimes has branched
hairs with catenate branches, a hair type not found in C. gabonensis.
TYPIFICATION AND DESCRIPTION
Ctenopterella gabonensis Parris, sp. nov.
Holotype
Gabon, Chantier CEB, Monts Doudou, c. 20 km WSW of Doussala, 2º25’S 10º30’E, c.
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Table 1. Stipe and lamina hairs of Ctenopterella gabonensis, C. macrorhyncha, C. parvula and C. zenkeri.
C. macrorhyncha

C. parvula

C. zenkeri

Stipe hairs

Non-catenate
simple
eglandular hairs and 1-3forked hairs with noncatenate simple eglandular
branches.

Catenate simple eglandular
or glandular hairs 3 or more
cells long, sometimes also
with simple glandular hairs 2
cells long.

Simple glandular hairs 2
cells long, sometimes also
with
catenate
simple
glandular hairs 3 or more
cells long and/or 1-forked
hairs with non-catenate
simple eglandular branch.

Glabrous or with catenate
simple
glandular
or
eglandular hairs 3 or more
cells long and/or simple
glandular hairs 2 cells long
and/or1-2-forked hairs with
glandular
branches
or
catenate
glandular
or
eglandular branches.

Lamina hairs

As stipe, sometimes also
with
catenate
simple
glandular hairs 3 or more
cells long.

Catenate hairs as on stipe.

As stipe.

Catenate simple glandular or
eglandular hairs 3 or more
cells long and/or simple
glandular hairs 2 cells long,
sometimes with 1-2-forked
hairs with catenate glandular
or eglandular branches.
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650-700 m, 20 May 1985, J M & B Reitsma, Breteler & A M Louis 1081 (WAG
0014897!).
Etymology
From Gabon, Africa.
Description
Rhizomes 3.1-4.2 mm diam. including scales, 1.4-1.7 mm diam. without scales, shortcreeping, not branched, dorsiventral, stipes in 2 rows, articulated to rhizome,
phyllopodia 0.2-0.3 mm high, stipes 0.3-0.9(-1.1) mm apart in each row; scales (1.6)1.9-3.6 x 0.3-0.5 mm, narrowly lanceolate, acuminate at apex which is terete, cordate
at base, pale yellow-brown to pale red-brown, glabrous, not clathrate, not iridescent,
subglossy, cells in centre of scale 1-2 x longer than broad, cells not turgid. Stipes (7-)811(-12) x (0.4-)0.5-0.7(-0.8) mm, dull dark brown; with dense ± patent pale yellowbrown to pale red-brown non-catenate simple eglandular hairs 0.1-0.2 mm long and
sparse to scattered ± appressed 1-3-forked pale yellow-brown to pale red-brown hairs
with catenate base, simple eglandular branches and glandular apex 0.1-0.2 mm long.
Laminae (80-)89-136(-149) x (8-)9-12(-13) mm, narrowly elliptic in outline, bluntly
acute at apex, long-attenuate at base, pinnate, pinnae (30-)32-42(-48) pairs, at (60-)6270º to rachis, 0-2 mm apart midway, lowest 1-2(-3) pairs reduced to auricles, longest
pinnae 5-7 x 2-3 mm, narrowly triangular-oblong, bluntly acute to acute at apex, sessile
to slightly surcurrent on acroscopic margin, decurrent on basiscopic margin at base,
entire; texture thinly coriaceous; with ± patent pale yellow-brown to pale red-brown
non-catenate simple eglandular hairs c. 0.1 mm long occasional to sparse on abaxial
surface of rachis and ± appressed 1-3-forked pale yellow-brown to pale red-brown hairs
0.1-0.2 mm long with catenate base, simple eglandular branches and glandular apex
sparse to scattered on abaxial surface of rachis and occasional to scattered on adaxial
surface of rachis especially in sinuses, sometimes occasional to sparse on abaxial
surface of costae, sometimes with ± appressed pale red-brown catenate simple
glandular hairs up to 0.1 mm long occasional to sparse on abaxial surface of lamina,
occasional to sparse on abaxial surface of costae and sparse to scattered on abaxial
surface of rachis; rachis slightly sunken between two flanges on adaxial surface of
lamina, prominent on abaxial surface, darker than lamina on both surfaces; costae
slightly prominent and concolorous on both surfaces; veins invisible in transmitted
light, sometimes slightly prominent and concolorous on adaxial surface, pinnately
branched, 1st acroscopic and basiscopic branches from axil of rachis and pinna midvein, 2-3 pairs of branches in longest pinnae, branches simple, short, reaching half way
between costa and margin, not extending beyond sorus, each branch ending marked by
a dark elongate hydathode 0.2-0.3 x 0.1 mm on adaxial surface of lamina, free. Sori
(1.2-)1.4-1.7 x (1.1-)1.2-1.5(-1.6) mm, ± circular to broadly elliptic in outline, on
surface of lamina or slightly sunken in broad shallow depressions in lamina which may
be slightly prominent under hydathode on adaxial surface, confluent within and
between rows when mature, covering under-surface of lamina at maturity and extending
beyond margin, on c. 11 pairs of pinnae, in apical 1/3 of lamina, to c. 7 mm below
lamina apex, 1-2 rows per pinna, 1 on each side or on either side of costae, 1-2 in each
row on longest pinnae, in basal 1/2 of pinnae, to 2-3 mm below pinna apex, midway
between costa and margin, oblique to costa. Sporangia (220-)230-250(-260) µm,
glabrous; indurated cells of annulus 10-11. Spores (37-)39-48 µ m diam.
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Figure 1. Ctenopterella gabonensis. a. whole plant: scale 1 cm. b. rhizome scale: scale
1 mm. c. adaxial surface of pinna showing venation and hydathodes: scale 1 mm. d.
abaxial surface of lamina showing sori: scale 1 mm. e. simple eglandular hairs from
stipe. f. catenate simple hairs from abaxial surface of rachis. g. branched hairs from
abaxial surface of rachis. e-g: scale 0.1 mm. All from Reitsma, Reitsma, Breteler &
Louis 1081 (WAG).
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ECOLOGY AND DISTRIBUTION
Epiphyte in mossy forest, growing with Hymenophyllum kuhnii C.Chr., between c. 650
and 700 m alt. Known only from the type locality in Gabon.
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BOOK REVIEW
LES FOUGèRES D’ALSACE, D’EUROPE ET DU MONDE. ACTES DU
COLLOqUE EN HOMMAGE à CLAUDE JéRôME (1937-2008). Publ. Société
Botanique d’Alsace, 2012, 198pp., hard-back, recommended price €29.

Claude Jérôme, photo by Patrick Acock.
Claude Jérôme, the eminence grise of French Pteridology – a seemingly curmudgeonly
figure of few words (even fewer English ones), cheroot permanently dangling from the
lips of a well-worn face. A fixture at the annual excursions of the Group of European
Pteridologists (GEP), he was well-known to all who attended these fascinating meetings.
But behind the slightly intimidating exterior was a very special person. A man with
extensive knowledge of the Alsace – a region he lived and worked in all his life – a fluent
speaker of French and German (and no doubt the Alsatian dialect), he only pretended as
a matter of principle not to speak English, and he freely extended his knowledge and
friendship to everyone, with the added benefit of a delightfully wicked sense of humour.
Claude died in 2008, and this volume reports a symposium held as a tribute to him, in
2009. The contributors are mainly from the Alsace (which includes the University of
Strasbourg) and many will be well-known to those in the BPS who have attended
meetings of the GEP. French pteridology has few genuine amateurs as we do, but it has
a core of highly knowledgeable specialists. Their contribution, and that of the University
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of Strasbourg, together with the influence of the French Office National des Forêts
(ONF), which actively sponsors a knowledge of the botany and environment of forests,
can be seen in this book.
By the nature of symposia, it is something of a mixed bag. A short portrait of Claude
(and what a delight to see photos of Kurt Rasbach and André Labatut) opens the volume,
and a list of species found on a fern excursion at the end of the symposium closes it. Of
course they found four Diphasiastrum species! Many of the papers relate to the northeast of France, and there are three papers dealing with the herbaria (and their collectors,
some of whom brought specimens from French colonies overseas) at Strasbourg, and an
account of ferns in the botanic garden of the Col de Saverne (there’s a place to visit!). A
number of papers deal with rare or interesting plants in the region (including FrancheComté and Luxembourg). There is an addendum to the ferns of the north-east of France
which describes and illustrates, inter alia, Asplenium trichomanes subsp. hastatum and
its hybrid with subsp. quadrivalens, A. viride var. incisum, and Dryopteris affinis subsp.
(sic) pseudodisjuncta from the Vosges.
Fern allies are represented, and there are articles on populations of Botrychium
matricarifolium in the Vosges. A very comprehensive paper by Michel Boudrie and
Ronnie Viane deals with the lectotypification and authorities for Asplenium foreziense.
Jakob Schneller presents a paper (in English!) in which he compares the growth at low
altitude of Athyrium filix-femina plants collected from mountain sites.
There are a number of papers concerning tropical ferns. Serge Muller and Roger
Etcheberry discuss the ecology of four species of Ophioglossaceae from Saint-Pierre et
Miquelon; Michel Boudrie and Georges Cremers discuss, with illustrations, seven species
(including the charming Schizaea incurvata) from French Guiana; there is a revision (in
Spanish) of two Blechnum species from central and south America; and a short article on
the decorative use of Dicksonia sellowiana in Brazil.
Nine posters were presented at the meeting, but only four were not covered elsewhere
in the proceedings. I single out a poster by Gerard de Groot and others, whose results
supported the idea that selection for selfing genotypes may occur during long-distance
colonisation, even in normally outcrossing diploid ferns, and one by Elke Bellefroid and
Ronnie Viane who report a new base number (x = 35) for “loxoscaphoid” Aspleniums.
Finally I cannot resist mentioning the charming cartoons in the paper by Jean-Baptiste
Gallé, who discusses the multiple, not just medicinal, uses of ferns.
For anyone who has ever attended meetings of the GEP, or who has acquaintance
with at least some of the authors, and this part of France, this book is a “must-have”.
Although most of it is in French, its largely technical content will appeal even to the
most monoglot. It is not unreasonably priced, is well-illustrated, beautifully produced,
and a fitting tribute to a lovely man.
Paul Ripley
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RECENT ADVANCES IN THE UNDERSTANDING OF FERN
RESPONSES TO LIGHT
M. WADA
Biology Department, Faculty of Science, Kyushu University,
6-10-1 Hakozaki, Higashi-ku, Fukuoka City 812-8581, Japan
Email: masamitsu.wada@gmail.com
Key words: blue light, chloroplast movement, cryptochrome, microbeam irradiation,
neochrome, nuclear movement, photomorphogenesis, phototropin,
phytochrome, red light
ABSTRACT
Fern gametophytes are a good model system to study cell biology and
photobiology. Because they are very sensitive to light, have a very simple
structure, either linear or two-dimensional, and are not covered with any other
tissue, manipulation and observation of cells are quite easy compared with threedimensional vascular plant tissues including fern sporophytes. Therefore many
experiments to investigate phenomena common to both ferns and seed plants,
while not possible using higher plant tissues, have been conducted in fern
gametophytes. However, in spite of the irreplaceable characteristics of
gametophytes, not many people work on the system these days. Recent advances
in fern photomorphogenesis using gametophytes are summarised in this minireview on photoreceptors for photomorphogenesis, and chloroplast and nuclear
photorelocation movement under red and blue light. Finally the fern specific
technique of gene silencing by DNA fragments is described.
INTRODUCTION
Three decades ago photomorphogenesis, the study of light effects on plant development
and physiological responses (excluding photosynthesis) using fern gametophytes was
popular, mainly in Germany, the United States of America and Japan, led by Profs Hans
Mohr (1964), Helmut Schraudolf (Yamane et al., 1987), John H. Miller (1968), V.
Raghavan (1989) and Masaki Furuya (1978). This was because fern gametophytes are
very sensitive to light and have simple structure, so that precise photobiological and cell
biological analyses are possible. Similar experiments at the cell level using vascular
plants were almost impossible at that time. In the last two decades, however, as molecular
biology has developed and powerful techniques have been introduced for plant biology,
fern gametophytes no longer attract researchers. The model organism Arabidopsis
thaliana (L.) Heynh. has become an extremely effective system to study
photomorphogenesis, not only from a genetic approach but also in cell biology using
transgenic lines expressing fluorescent probes, such as a green fluorescent protein (GFP).
Conversely, molecular biological studies of ferns are difficult even now, because of their
high DNA content. Iino et al. (1989) reported the DNA content of Adiantum
capillus-veneris L. to be about 10 pg/spore (1C, haploid), whereas cells of Arabidopsis
thaliana have 0.3 pg/2C (Arumuganathan and Earle, 1991), that is A. capillus-veneris has
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more than 60 times the DNA content of the A. thaliana somatic cell (Bennett and Leitch,
2001). High chromosome numbers of advanced ferns (Takamiya, 1996; Barker and Wolf,
2010) are also problematic. Furthermore, knockout genes and/or stable transformation are
not available in ferns. No genome projects have been attempted in any fern species so far
because of the large genome size and the existence of many repeated sequences of
retrotranposons (Nozue et al., 1997; Yamauchi et al., 2005), although a complete genome
sequence was published for Selaginella moellendorffii Hieron. of Lycopodiophyta (Banks
et al., 2011). Instead, some EST (expression sequence tag) data are available in A.
capillus-veneris (Yamauchi et al., 2005) and Ceratopteris richardii Brongn. (Stout et al.,
2003). Nevertheless, fern gametophytes are still a good system, in some aspects better
than seed plants because of their simple structure, haplophase generation, high sensitivity
to light and availability of gene silencing by RNA interference (Klink and Wolniak, 2000;
Stout et al., 2003) and DNA interference (Kawai-Toyooka et al., 2004; Rutherford et al.,
2004; Tsuboi et al., 2012b).
Here I summarise the recent advances in the studies of light effects on fern
gametophytes. Only where explicitly stated, do statements refer to sporophytes. The
reader is referred to other review articles for previous work on fern photomorphogenesis
(Wada and Sugai, 1994; Wada et al., 1997; Kanegae and Wada, 2006; Wada, 2003; 2007;
2008).
PHOTORECEPTORS
Table 1. Photoreceptors in Adiantum capillus-veneris
Photoreceptor holoprotein* apoprotein* gene mutant function
Phytochrome1 phy1
PHY1
PHY1 phy1
Phytochrome2 phy2
PHY2
PHY2 phy2
spore germination
Phytochrome4 phy4
PHY4
PHY4 phy4
Neochrome1
neo1
NEO1
NEO1 neo1
phototropism,
chloroplast movement
Phototropin1
phot1
PHOT1
PHOT1 phot1
Phototropin2
phot2
PHOT2
PHOT2 phot2 phototropism,
chloroplast movement,
nuclear movement
Cryptochrome1 cry1
CRY1
CRY1 cry1
Cryptochrome2 cry2
CRY2
CRY2 cry2
Cryptochrome3 cry3
CRY3
CRY3 cry3
Cryptochrome4 cry4
CRY4
CRY4 cry4
Cryptochrome5 cry5
CRY5
CRY5 cry5
* holoprotein: functional protein with chromophore,
* apoprotein: protein without chromophore
In photomorphogenesis, plants need photoreceptors for efficient light capturing. On the
basis of what we know in Adiantum capillus-veneris (Figure 1a), the photoreceptors
involved in photomorphogenesis are very similar to those of seed plants. There are two
conventional phytochromes (phy1 and phy2; Okamoto et al., 1993; Nozue et al., 1998)
mainly absorbing red and far-red light, one N-terminal fragment of phytochrome (phy4;
Nozue et al., 1997), seven blue light receptors, two phototropins (phot1 and phot2;
Kagawa et al., 2004), and five cryptochromes (cry1 to 5; Kanegae and Wada, 1998;
Imaizumi et al., 2000) and one advanced fern-specific neochrome (formerly
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phytochrome3), a curious chimera photoreceptor made of a phytochrome N-terminus
chromophore-binding domain and a full length phototropin (Nozue et al., 1998), which
can absorb both red and blue light. It is unclear whether phy4 has physiological function.
For further details of the photoreceptors, refer to review articles by Kanegae and Wada
(2006) and Suetsugu and Wada (2003). The defined photoreceptor functions in ferns are
known only in neo1 for chloroplast movement (Figure 1h, Figure 2e, 2f) and
phototropism of protonemata (Figure 2a, 2b) (Kawai et al., 2003) and negative
phototropism of rhizoids (Figure 2c) (Tsuboi et al., 2006), and phot2 for chloroplast and
nuclear avoidance responses (Figure 1h, Figure 2f) (Kagawa et al., 2004; Tsuboi et al.,
2007). In Arabidopsis leaves, phototropins mediate stomatal opening (Kinoshita et al.,
2001) as well as phototropism (Huala et al., 1997) and chloroplast movement (Jarillo et
al., 2001; Kagawa et al., 2001; Sakai et al., 2001). Interestingly, however, stomatal
opening in fern sporophyte leaves is controlled by red light absorbed by chlorophyll and
not by blue light receptor phototropins (Doi et al., 2006).
A brief description of neochrome is necessary here because of its tremendous
contribution in fern evolution. Neochrome has been found only in advanced
polypodiaceous ferns, but not in less advanced ferns, such as Osmunda japonica Thunb.,
Lygodium japonicum (Thunb.) Swartz (Kawai et al., 2003), and Cyathea spinulosa Wall.
ex Hook. (Kanegae, unpublished data), which prefer strong sun light. Because the
neochrome has a phytochrome chromophore-binding domain and a blue light receptor
phototropin, it can absorb both red and blue light simultaneously. More interestingly,
although we do not know the reason so far, neochrome sensitivity to white light is not
simply additive of the red light- and blue light-induced activities, but more than tenfold,
probably a hundredfold, higher than the simple absorption of both red and blue light,
showing a somewhat synergistic effect (Kawai et al., 2003). This high sensitivity of the
chimera photoreceptor to white light probably allowed the ancestral fern that ‘invented’
the gene for the first time to be able to survive under the canopy of gymnosperms and
angiosperms (Figure 1b). The descendants of this ancestor fern might have evolved as
polypodiaceous ferns under a leaf canopy (Kawai et al., 2003; Schneider et al., 2004).
Interestingly, two genes with a structure similar to the fern neochrome were found in the
green alga Mougeotia scalaris Hassall (neo1 and neo2), although these genes originated
independently from the fern neochrome (Suetsugu et al., 2005).
Intracellular photoreceptive sites are important for an understanding of the signal
transition pathways in photomorphogenesis. Partial cell irradiation was applied to
identify the photoreceptive site for blue light-induced cell division (Wada and Furuya,
1978) and apical bulging of protonemal cells (Wada et al., 1978) and red light-induced
tropistic responses (Wada et al., 1981; Kadota et al., 1982) (Figure 2b, 2c). Polarised
light was also used to test whether photoreceptors were localised on, or in the vicinity
of, the plasma membrane (Wada et al., 1981; Kadota et al., 1982). However the most
prominent experiments for identifying photoreceptive site in ferns were done by cell
centrifugation to eliminate cytoplasm or to translocate nuclei (Figure 2d). Partial cell
irradiation with a microbeam hits all the cytoplasm including many organelles localised
in the path of microbeam light through the cell. As a consequence, even if we can detect
a small area, such as the tip of a protonema or nuclear region as the photoreceptive site,
we cannot specify the real photoreceptor-localising site. However, when a target response
was induced by microbeam irradiation on a centrifuged cell in which almost all
organelles were swept away by centrifugation (Figure 2d), we found that the
photoreceptive site is close to or on the plasma membrane, as is the case in the
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Figure 1. Developmental stages of the gametophytes of Adiantum capillus-veneris. (a) A leaf of A. capillus-veneris. (b) Phototropic response of
leaves grown under darkness. The leaves were irradiated with red light continuously from the right hand side. (c) Spore germination processes.
Left panels are transmission microscopy and right panels are fluorescence microscopy photographs of the same spores. i, ii: dry spore. iii, iv: spore
imbibed for 4 days under darkness. v, vi: imbibed spores incubated under darkness for two days after 10 min irradiation with red light. Chlorophyll
synthesis started in v as shown with chlorophyll fluorescence in vi. vii, viii, germinated spore cultivated under continuous red light for 3 days.
Spore coat is ruptured (vii) and chlorophyll is fully synthesised (viii). White dots and short lines indicate chlorophyll autofluorescence. Spore coat
is seen as faint gray by its autofluorescence. Note that the site of attachment of the four spores in a tetrad is seen as a triradiate mark on the dry
spore (ii). Bar: 20µm. (d) A young gametophyte with a protonemal cell (left) and a rhizoid (right). Bar: 40µm. (e) Growth of a protonemal cell
under continuous red light; there is no cell division. (f) The process of cell division under white light. i, a protonema growing under red light, ii,
iii, protonemata irradiated continuously with white light for 4 (ii) and 8 hr (iii), respectively. Apical cell bulging occurs. Arrows indicate the
nuclear region. iv, cell division completed. (g) A young prothallus. A: anticlinal walls separating adjacent cells. Arrows indicate the position of
anticlinal cell walls. P: periclinal walls facing the environment. Bar: 50µm. (h) Chloroplasts and nuclear positioning in prothallial cells. i, darkadapted prothallial cells in which chloroplasts and nuclei are arranged on anticlinal walls. ii, prothallial cells under weak light. Chloroplasts are
arranged on periclinal walls, and nuclei are under chloroplasts at the center of the periclinal walls. iii, under strong light chloroplasts and nuclei
are beside the anticlinal walls. Chloroplasts are seen as faint gray by chloroplyll autofluorescence. Nuclei are seen as white dots by DAPI staining.
Bar: 20 µm.
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Figure 2. Phototropism and chloroplast photorelocation movement in the gametophytes
of A. capillus-veneris. (a) Polarotropism (i) and phototropism (ii) of protonemal cells. To
induce phototropic response towards a red light source, the direction of incident red light
was changed 90 degrees (ii). Polarotropism was induced by polarised red light vibrating
parallel to the protonemal growing axis (i). Note that protonemata grow at their tips, so
that they can change the growing direction precisely. However, the response is sharper
in polarotropism than in phototropism. Bar: 20µm. (b) Phototropic response induced by
partial cell irradiation in a protonemal cell. One side of the subapical region of a red
light-grown protonema (i) was irradiated with a red microbeam (1 Wm-2, 6 x 30µm)
continuously (ii). The protonema showed a phototropic response towards the irradiated
side after several hours (iii). Bar: 10µm. (c) Negative phototropism of rhizoid. One side
of the subapical region of a rhizoid grown under red light (i) was irradiated with red
microbeam (1 Wm-2, 5 x 25µm) (ii). The rhizoid grew towards the non-irradiated side
Figure 2. (text continued on page 103)
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photoreceptive site of neochrome for phototropism (Wada et al., 1983). Similarly, a
nucleus or its immediate surroundings was identified as the photoreceptive site for bluelight induced cell division by centrifuge experiments (Kadota et al., 1986). All of these
centrifugation experiments could be performed only using long protonemal cells
cultivated under red light.
PHOTOMORPHOGENESIS
Fern spore germination is red light-dependent but is inhibited by far-red and blue light
(Figure 1c, 1d) (Sugai and Furuya, 1967; 1968). The far-red effect could be reversed by
subsequent red light irradiation, indicating the involvement of phytochrome or
neochrome. Conversely, the blue light inhibitory effect could not be cancelled by a short
red light pulse (Sugai and Furuya, 1968). This result means that the blue light
photoreceptor involved in the inhibition of spore germination is not a phytochrome but
is probably multiple cryptochromes, because fern cryptochomes translocate into the
nucleus to perform their function (Imaizumi et al., 2000), as is the case with
phytochromes that are involved in gene expression in nuclei (Quail, 1991; Sakamoto and
Nagatani, 1996). In contrast, other blue light receptors, phototropins, are localised on
the plasma membrane (Sakamoto and Briggs, 2002) and chloroplast outer membrane
(Kong et al., 2013). Using sophisticated ways of red or far-red microbeam irradiation
either on a nucleus or non-nuclear cytoplasm regions, Tsuboi et al. (2012a) recently
showed that the effective target area of a red microbeam to induce, or a far-red microbeam
to inhibit, the spore germination moved gradually from the cytoplasm to the nuclear
region, indicating that phytochrome molecules gradually translocated from cytoplasm
to the nucleus. Phytochrome transport into the nucleus in Pfr form is well studied in
Arabidopsis thaliana (Sakamoto and Nagatani, 1996; Kircher et al., 1999), although the
mechanisms in phyA and phyB are different (Hiltbrunner et al., 2005). It is quite
reasonable to infer that fern phytochromes get into the nucleus for the induction of gene
expression necessary for spore germination. To clarify which phytochrome, phy1 or phy2,
mediates spore germination, the phytochrome gene fused with a β-Glucuronidase (GUS)
marker gene (phy1-GUS or phy2-GUS) was expressed in germinated spores by transient
expression of the gene constructs by particle bombardment, and the timing of GUS
marker transported to the nuclear region was observed (Tsuboi et al., 2012a). The timings
of transport to the nucleus were different in phy1 and phy2, being early in phy2, matching
the physiologically detected timing of nuclear transfer in spore germination, but late in
phy1. Although not yet conclusive from these results, phy2 appears to be the possible
Figure 2. (text continued from page 102)
(iii). Bar: 10µm. (d) A centrifuged cell. A red light-grown protonema cell was centrifuged
towards the cell base to spin down organelles including a nucleus (n). Note that oil
droplets accumulated at the protonemal tip (o) because of their low specific gravity. (e)
Chloroplast accumulation response. Dark-adapted prothallial cell where chloroplasts
are beside anticlinal walls (i) was irradiated with a microbeam of red light (10 Wm-2, 8
µm in diameter) continuously (ii). Chloroplasts moved towards the microbeam irradiated
region (iii). Photograph was taken 70 min after the start of microbeam irradiation. Bar:
20µm. (f) Chloroplast avoidance response. A prothallial cell cultured under weak light
condition (i) was irradiated with a microbeam of strong blue light (10 Wm-2, 27 µm in
diameter) continuously (ii). Chloroplasts moved out of the beam to avoid photodamage
(iii). Photograph was taken 55 min after the start of microbeam irradiation. Bar: 20µm.
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candidate involved in fern spore germination.
Negative phototropism of rhizoids in fern gametophytes has been reported
(Raghavan, 1989) but not well analysed, at least for photobiological aspects, although
phototropism of protonemal cells has been analysed precisely (Figure 2a, 2b) (Wada,
2007). Using photoreceptor mutant lines, Tsuboi et al. (2006) analysed the photoresponse
of rhizoids in Adiantum capillus-veneris (wild type, neo1/phy3/rap, and phot2) (Figure
2c) and Pteris vittata L. (wild type) which may lack the neochrome gene (Kadota et al.,
1989). Rhizoids of wild type A. capillus-veneris grow away from the red and blue
incident light sources, but those of P. vittata grow away only from the blue light source
and grow in random directions under red light. Similarly, the A. capillus-veneris neo1
mutant rhizoids did not show the negative phototropism under red light, but showed
reduced response under blue light. The negative phototropism in wild type A. capillusveneris could be induced by red microbeam irradiation on one side of the rhizoid tip
(Figure 2c) and was cancelled by subsequent far-red light. These results indicate the neo1
involvement in the negative phototropism under red light. The phot2 mutant of A.
capillus-veneris showed negative phototropism like the wild type under blue light as
well as red light, probably because phot1 also mediates this response, and in addition,
neo1 plays a role as part of the blue light response. However we cannot prove whether
both phot1 and phot2 are functional or only one is functional, because we do not have
any fern phot1 mutant line. Furthermore, our neo1phot2 double mutant line does not
develop sporophytes, so we can not have double mutant spores. Based on the results of
nuclear movement experiments, both phot1 and phot2 may work equally in rhizoid
negative phototropism (see below).
The mechanisms of the transition process from one-dimensional protonemata to twodimensional prothalli were under dispute for a long time from the late 1950s to early
1970s. The issue was whether the transition was under the control of newly synthesised
proteins, that is, under the control of specific genes involving two-dimensional
differentiation or not (Raghavan, 1989). The reason the dispute could not come to a
conclusion at that time might be that in the previous experiments the experimental
systems used did not control precisely the transition from one to two dimensional stages.
The first visible event of the transition is the change of cell plate direction from
perpendicular to parallel to the protonemal axis at the third cell division after two
previous perpendicular ones in most cases in A. capillus-veneris (Wada and Furuya,
1970). The cell plate parallel to the protonemtal axis occurs also in parallel direction to
the incident light (Wada and Furuya, 1971). Since the change of cell plate direction from
perpendicular to parallel to the cell axis at the third cell division was controlled by light
in our experimental system, using this system we were able to study the effects of
metabolic inhibitors of DNA, RNA and protein syntheses (5-fluorouracil, 5-bromouracil,
8-azaguanine, and ethionine) on the two-dimensional transition and found that none of
these affected the transition from one- to two-dimensional growth in the sense of the
direction change of the cell plate (Wada and Furuya, 1973). The transition was also
studied in the apical cell of Onoclea sensibilis L. protonemata (Cooke and Paollilo, 1980;
Miller, 1980). The two groups independently studied apical cell geometry, either the
minimal surface area of the cell division plane or the actual wall area, comparing with
hypothetical walls oriented in the opposite sense, and they concluded that cell division
occurred to form a cell plate with the minimal area. This may support Hofmeister’s old
hypothesis in which the cell plate occurs at right angle to the longitudinal axis of the cell
(Hofmeister, 1863). We also found that two-dimensional prothalli of A. capillus-veneris
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developed parallel to the electrical vector of polarised light (Kadota and Wada, 1986). If
the vibration plane was turned 90 degrees during development, the prothallus became
twisted. The early developmental processes of gametophytes undergoing the transition
from one- to two-dimensional growth were analysed using the protonemata growing
horizontally in an agar block filled in a polystyrene tube (3 x 3 x 6 mm3) towards a light
source of a polarised white light vibrating horizontally. The apical part of the protonemata
became flattened parallel to the vibration plane of the polarised light before the first
longitudinal cell division occurred. The width of the protonemal tip is ca. 5 - 10% wider
than the thickness observed and measured by turning the tube 90 degrees (Kadota and
Wada, 1986). We further analysed which part of the apical cell expanded to flatten the
apical cell (Wada and Murata, 1988) because the apical cell bulges before the two
dimensional differentiation (Wada and Furuya, 1970; 1971; Wada et al., 1978).
Protonemata were cultured on an agar surface under red light from the top to let them
grow vertically. Then strong white light was given from the top to induce the first cell
division (Figure 1f). When the apical cell bulged charcoal grains were applied on the
equatorial circumference of the apical cell, and strong white light was given continuously
from one side of the apical cell to induce cell flattening. Before and after the cell
flattening, the lengths between the charcoal markers were measured and calculated to
show which peripheral regions of the cell grew. Unexpectedly, even though the cell
flattening was obvious, the cell expanded evenly around the periphery, meaning that
unequal cell expansion is not the cause of cell flattening (Wada and Murata, 1988).
CHLOROPLAST MOVEMENT
High photosynthetic efficiency is crucial for plant survival. Chloroplast movement is
one of the strategies for that purpose in plants. Chloroplasts move towards the weak light
to absorb more light and away from the strong light to avoid photodamage of chloroplasts
(Figure 2e, 2f) (Wada, 2003). Fern gametophytes, either protonemata (Figure 1e, 1f) or
prothalli (Figure 1g), are used for the analyses of chloroplast movement because of their
simple structure, elongate cells in a filament or a one-cell layer in young prothalli,
respectively (Wada, 2008).
Chloroplasts are easy to observe in prothalli that are one-cell thick, because they are
not covered with any other tissue (Figure 1g). Hence, we induced either avoidance or
accumulation movements by partial cell irradiation with a microbeam on chloroplasts
with strong light (Figure 2f) or on the plasma membrane (Figure 2e) far from
chloroplasts, respectively.
The speed of chloroplast movement was measured in fern prothalli. In the
accumulation response in prothallial cells induced by partial irradiation with a
microbeam, chloroplasts moved towards the microbeam irradiated area at about 0.3µm
min-1, irrespective of the wavelength (red or blue light) and the light fluence (between
10 to 1000 J m-2) (Kagawa and Wada, 1996). However, the chloroplasts located far from
the microbeam were found to move faster than those in close proximity to the site of
irradiations (Tsuboi and Wada, 2010). By contrast, the velocity of chloroplast avoidance
response is dependent on the blue light fluence rate given to the chloroplasts. The higher
the fluence rate, the more rapidly the chloroplasts move (Tsuboi and Wada, 2011) as is
the case in Arabidopsis (Kagawa and Wada, 2004).
Protonemata cultured under red light or dim white light gave rise to long cells (Figure
1e); similar cells are hard to find among higher plant cells except pollen tubes and root
hair cells that do not divide and have no chloroplasts. These long protonemal cells are
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quite useful for particular purposes, such as to measure the speed of signal transfer in
chloroplast movement (Tsuboi and Wada, 2010), or to clarify various cell biological
issues, for example, the relationship between the nuclear position and the site of preprophase band formation (Murata and Wada, 1991; 1992), or whether gene expression
is necessary for chloroplast movement (Wada, 1988). Clarification of these physiological
phenomena is an important issue both in ferns and seed plants but they are difficult to
study using the small cells of seed plants. However, investigation is possible using long
fern protonemal cells with which cell centrifugation (Figure 2d) (Murata and Wada, 1991;
1992) or enucleation (Wada, 1988) are easily performed.
A fragment of long cells was irradiated with a red or blue microbeam 20 µm in width
to induce chloroplast movement from a non-irradiated area towards the light irradiated
area. Each chloroplast, located at different distances from the light irradiated area, started
to move when the signal emitted from photoreceptors in the light irradiated area reached
the chloroplast. The speed of the signal transfer can be calculated from the relationship
between the distance and the time that the movement starts. Interestingly, the speeds are
dependent on cell polarity but not on wavelength, meaning both in neo1- and photinduced chloroplast movements. The speed of movement towards the growing tip is faster
(2.3 µm min-1) than that towards the cell base (0.7 µm min-1). The speed in prothallial
cells where cell polarity is not clear is close to the average of these two values (1.0 µm
min-1) (Tsuboi and Wada, 2010). Recently, it was found that the signal from neochrome
and phototropin was released always when they were photoactivated and chloroplasts
monitored the signal continuously during movement and moved towards the area with
highest concentration of the signal (Tsuboi and Wada, 2013).
Although the speed of signal transfer from the photoreceptive site to the chloroplasts
was calculated, molecular characteristics of the signal substance remains unknown.
Calcium ions have been proposed as a candidate without clear evidence. Sato et al. (2001)
found an interesting phenomenon, i.e., Ca2+-dependent chloroplast movement induced
by a mechanical stress. When part of a red light-grown, long protonemal cell was touched
with a fine glass rod for a short period (1 min, for example), chloroplasts moved out
from the touched area. However the phenomenon was not induced if an inhibitor of Ca2+
influx (100 µm lanthanum (La3+) or 10 µm gadolinium (Gd3+)) was added in the culture
medium. These results suggest the involvement of Ca2+ in chloroplast movement, but
curiously these ions do not affect light-induced chloroplast movement. Possibly, Ca2+
from outside the cell may be involved in mechanically induced chloroplast movement and
Ca2+ released from intracellular organelles may be involved in light-induced chloroplast
movement (Sato et al., 2001).
Precise observation revealed that chloroplasts could move in any direction by sliding
but without turning or rolling in both accumulation (Tsuboi et al., 2009) and avoidance
responses (Tsuboi and Wada, 2011). The reason why they could move in any direction
was found by actin filament observation (Figure 3) (Tsuboi and Wada, 2012a).
Chloroplast movement was induced by microbeam irradiation on a small area (8 µm in
diameter) for the accumulation response (Figure 3a) and half side irradiation on a whole
cell with strong light for the avoidance response and recorded by time lapse photography.
After recognition of chloroplast movement on the screen, the gametophytes were fixed
with acid N-hydroxysuccinimide ester (MBS) and formaldehyde and stained with Alexa
488-phalloidin fluorosein (Figure 3b). Before the induction of chloroplast movement, a
circular structure of actin filaments surrounded the chloroplast periphery. During
movement, fine actin filaments were detected at the leading side of moving chloroplasts
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(Figure 3b insets), both in accumulation and avoidance responses, but not in non-moving
chloroplasts (Tsuboi and Wada, 2012a). Similar results were found in mesophyll cells of
Arabidopsis and the structure was named “chloroplast actin filaments” (cp-actin filaments
in abbreviation) (Kadota et al., 2009). Chloroplasts on the periclinal wall under weak
light (Figure 1h ii) move slowly to the anticlinal walls when the light is switched off
(dark positioning) (Figure 1h i), although the moving speed is very low compared with
those of accumulation and avoidance movement (Figure 1h iii). Observation of actin
filament structure during dark positioning using fixed and stained cells revealed that the
circular arrangements of actin filaments found in stable chloroplasts under weak light
condition disappeared during rapid movement at the beginning but later, during very
slow movement, the circular structure re-appeared around the chloroplasts (Tsuboi and
Wada, 2012a). We do not know why and how chloroplasts can move to the anticlinal
wall with these actin structures that may fix the chloroplasts to the plasma membrane.
In Arabidopsis, cp-actin filaments may be polymerised and/or maintained by at least
two protein family factors, CHLOROPLAST UNUSUAL POSITIONING 1 (CHUP1)
(Oikawa et al., 2003; 2008) and KINESIN-LIKE PROTEIN FOR ACTIN-BASED
CHLOROPLAST MOVEMENT 1 (KAC1) and KAC2 (Suetsugu et al., 2010). The genes
of these factors were found in Adiantum capillus-veneris expressed sequence tags
(Yamauchi et al., 2005), and so the functions of those factors in Arabidopsis and in ferns
were considered to be similar.
Chloroplasts on the periclinal wall of A. capillus-veneris gametophytes (Figure 1h ii)
move to the nearest anticlinal wall in darkness (Figure 1h i) and come back to the
periclinal wall under light (Tsuboi and Wada, 2012b). Under experimental conditions,
they move towards weak red or blue light and move away from strong blue light (Figure
1h iii). The weak red light effect was mediated by neo1 (Kawai et al., 2003). Interestingly
however, Sugiyama and Kadota (2011) found that in dark-adapted neo1- deficient mutant
gametophytes, in which most chloroplasts are on the anticlinal walls, red light from either
direction, vertical or horizontal, to the gametophytes induced chloroplast rearrangement
from anticlinal (dark position) to periclinal walls (light position). This phenomenon was
inhibited by photosynthesis inhibitor, 100 mM 3-(3,4 dichlorophenyl)-1,1-dimethylurea
(DCMU) and 2,5-dibromo-3-isopropyl-6-methyl-p-benzoquinone (DBMIB). The
inhibition was cancelled by adding 1% (w/v) sucrose or glucose to the culture medium.
Together, the phenomenon is regulated by photosynthesis under strong red light, but not
by photo-oriented movement. It is likely to be a simple release by sucrose or glucose of
these organelles from their primary position at the anticlinal wall in the dark, so that
chloroplasts may spread over whole cells evenly both in periclinal and anticlinal walls,
although the authors did not show the precise distribution of chloroplasts.
NUCLEAR MOVEMENT
Fern nuclei also move in response to light (Figure 1h) (Kagawa and Wada, 1993; 1995;
Tsuboi et al., 2007) as also is the case in higher plants (Iwabuchi et al., 2007; 2010). The
nuclei of gametophytes are roughly hemisphere-shaped (Figure 1h ii), facing their flat
side to the plasma membrane. Under weak white light, nuclei are located in the middle
of the periclinal wall facing towards the light source (weak light-position) (Figure 1h ii),
so that they appear round under the microscope. In contrast, in the dark (Figure 1h i) or
under strong light (Figure 1h iii), crescent-shaped nuclei stay at the anticlinal walls that
partition cells (dark position and strong light-position). Nuclear migration was induced
by polarised red or blue light (Kagawa and Wada, 1995). Nuclei accumulate at the cell
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Figure 3. Chloroplast actin filaments. (a) A dark-adapted prothallial cell where chloroplasts are localised on the anticlinal wall was irradiated with
a blue microbeam continuously (10 W m-2, 8µm in diameter). (b) Chloroplasts moved toward the area irradiated with the microbeam. Twentyfive min after the microbeam irradiation, the prothallus was fixed and actin filaments were stained with Alexa 488-phalloidin. A white circle
indicates the microbeam irradiated area. Chloroplasts with a white arrow i and ii were enlarged and shown in the insets. Chloroplast actin filaments
are clearly seen at the front side of the moving chloroplasts. Bar: 10 µm
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wall parallel to the vibration plane of the polarised light, irrespective of whether it is a
periclinal or anticlinal wall (Kagawa and Wada, 1995). Photoreceptors involved in these
responses were identified using neo1 and phot2 mutant plants; neo1 is the red light
receptor and phot2 and neo1, and possibly phot1 also, work redundantly as blue light
receptors (Tsuboi et al., 2007). Since the neo1 is the red light receptor for nuclear
positioning, in neo1- deficient mutant cells the nuclei are at their dark position along the
anticlinal walls even under red light, as they are in wild-type cells in the dark (Tsuboi et
al., 2007), but after continuous irradiation with red light (4.1 µmol m-2 sec-1) for 20 hr,
nuclei were found at periclinal walls, irrespective of the direction of the incident red light
(Sugiyama and Kadota, 2011). The anticlinal position in the dark was also cancelled by
adding 1% sucrose or glucose, as in the case of chloroplasts (Sugiyama and Kadota,
2011). This nuclear positioning is not a photo-oriented movement but a movement
releasing them from their primary dark positioning sites at the anticlinal walls.
DNA INTERFERENCE (DNAi)
In the last part of this review, I will introduce the very useful technique, specific to fern
gametophytes: sequence-specific gene silencing by DNA interference (DNAi) (KawaiToyooka et al., 2004; Rutherford et al., 2004; Tsuboi et al., 2012b). When a DNA
sequence longer than 1000 base pairs of coding region (either gene with introns or cDNA,
or even DNA fragments because the full sequence of the gene is not necessary) is
amplified by a polymerase chain reaction or in bacteria as plasmids, and gold particles
mixed with the DNA are introduced into the fern gametophyte cells by particle
bombardment, the gametophyte shows a phenotype like the mutant of the gene, not only
in the bombarded cell but also in surrounding cells (usually in a whole gametophyte) by
systemic transfer of the signal (Palauqui et al., 1997; Voinnet and Baulcombe, 1997).
Even if several different genes are bombarded simultaneously, all genes delivered could
be silenced (Kawai-Toyooka et al., 2004). It was revealed that the transcription level of
the targeted gene was significantly lowered. The stability of the mutant-like phenotype
is dependent on the genes introduced. The neo1-like phenotype, lacking red light-induced
chloroplast movement, which is induced by the neochrome gene, lasts over the alternation
of generations, but the PHOT2-gene induced phot2-like phenotype which lacks a
chloroplast avoidance response, is exhibited only in the bombarded generation. The
mechanism of gene silencing by DNAi in fern gametophytes has been studied recently
(Tsuboi et al., 2012b). DNA and histone modifications were present in the transcriptional
region of NEO1; cytosine methylation and histone H3 deacetylation and dimethylation
at the 9th lysine were detected in the NEO1-silenced lines (Tsuboi et al., 2012b), as in
the case of epigenetic inheritance (Aufsatz et al., 2007; Lippman et al., 2003; Nakayama
et al., 2001). More precise studies are needed to clarify the mechanism of DNAi gene
silencing and to determine whether genes in DNAi are inherited or non-inherited.
CONCLUSION
Studies of fern gametophytes have not been popular in the last two decades. The number
of workers in this field is much reduced, and the field of research is nearly extinct. The
reasons may not be simple, but it may be due partly to the social requirement of applied
biology for overcoming food, environment and conservation problems, the technical
advancement in molecular biology in seed plants but not in cryptogams (especially in
Pteridophytes) and, consequently, the difficulty of winning grant money for basic biology.
Nevertheless, fern gametophytes still have their advantages as experimental materials,

110

FERN GAZ. 19(4):97-115. 2013

including their simple structure, small size, rapid growth, autotrophy, haplophase, and
close relationship with seed plants, etc. They can still be very useful depending on how
we apply them. We can choose either fern gametophytes or seed plants, depending on our
experimental interests, to investigate the issues common to both ferns and seed plants,
making it much easier or faster to reach the final conclusions. Sequence-specific gene
silencing by DNA interference (DNAi) in fern gametophytes (Kawai-Toyooka et al.,
2004; Rutherford et al., 2004; Tsuboi et al., 2012b) is a very effective technique, and
simpler and quicker than RNA interference (RNAi) in higher plants. Mutant screening
is also easy in the haplophase generation, and mutant cells can easily be rescued by
particle bombardment of the candidate gene (Kagawa et al., 2004; Kawai et al., 2003).
Combining these specific and effective techniques, fern gametophyte studies at a gene
level are available, although gene targeting and stable transformation techniques need to
be developed in the near future. Through the use of fern gametophytes we have clarified
various cell biological and/or photobiological issues common to both plant groups that
were almost impossible using seed plant cells (Wada, 1988; Murata and Wada, 1991;
1992; Tsuboi and Wada, 2010; 2011). Overall, fern gametophytes remain a very good
experimental system to study cell biology and photobiology.
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ABSTRACT
The hybrid between Equisetum arvense and E. palustre, E. × rothmaleri, was
found in Finland. Its macromorphological features are presented and compared
with material from the type locality in Scotland. For the first time the
micromorphology of the hybrid is presented through SEM images and compared
with that of several other hybrids within subgenus Equisetum. Based on Finnish
and Scottish material, a revised table of characters is presented and the problem
of reliable determination of the hybrid in the light of the high morphological
variability of E. arvense is discussed.
INTRODUCTION
The three most abundant European horsetail species within subgenus Equisetum are Field
Horsetail (Equisetum arvense L.), Marsh Horsetail (E. palustre L.) and Water Horsetail
(E. fluviatile L.). Between these taxa all three theoretically possible hybrids have been
described from the wild: the long known and frequently occurring E. × litorale Kühlew.
ex Rupr. (E. arvense × E. fluviatile) and the rare hybrids E. × dycei C.N. Page (E.
fluviatile × E. palustre) and E. × rothmaleri C.N. Page (E. arvense × E. palustre).
Although comprehensively characterised by Page (1963, 1973, 1981), these latter
two hybrids are somewhat obscure plants with unclear and unstable morphological
characters, and are difficult to identify and distinguish, both from each other or from
their parental species and E. × litorale respectively. Nevertheless, they have been reported
repeatedly in plant records (e.g. BSBI-News, Watsonia, New Journal of Botany, Irish
Naturalists’ Journal), excursion reports (see Field Meeting Reports, The British
Pteridological Society 1998-2011) or local and national floras (Hutchinson & Thomas,
1996; Øllgaard, 2000; Prelli, 2001; Fukarek & Henker, 2006; Stace, 2010). Most of the
records are from the British Isles and have increased significantly in recent years (see
BSBI maps scheme, Botanical Society of the British Isles, 2012) in comparison with the
data originally published by Page (1997). Scientific publications dealing with E. × dycei
and E. × rothmaleri are comparatively rare and nearly all based exclusively on the
expertise of C. N. Page (Duckett & Page, 1975; Page, 1980; Page, 1985; Page & Barker,
1985; Bennert & Peters, 1986; Jermy et al. 1998; Champluvier 1999; Page et al. 2007).
Taking these facts together with the widespread and common sympatric occurrence
of the parent species one has to conclude that it is very difficult to get a reliable
understanding of the true frequency, distribution, morphology, and biology of E. ×
rothmaleri and E. × dycei.

118

FERN GAZ. 19(4):117-134. 2013

Equisetum × rothmaleri has recently been found as a large and probably very old
clone from Finnish Lapland. The authors take this occasion to make some
macromorphological studies on this hybrid. Additionally micromorphology of the hybrid
by means of scanning electron microscopy is presented for the first time and compared
with that of the parental species.
MATERIAL AND METHODS
SEM
Freshly collected shoots were fixed in FAA (100 ml FAA = 90 ml 70% ethanol + 5 ml
acetic acid 100% + 5 ml formaldehyde solution 37%) before being stored in 70% ethanol.
For SEM with AURIGA ZEISS TM the fixed material was dehydrated in FDA
(formaldehyde-dimethyl-acetal) and critical-point dried (CPD 030, BALZERS). CP-dried
material was sputtered with gold-palladium (thickness 5 nm) with a BALTEC SputterCoater SCD 030.
Microphotography and imaging
Spore material was obtained from pressed and air dry fertile shoots by opening the
sporangia and embedding the spores in Corbit-Balsam. The slide preparations were dried
for 24 hours.
Microphotography was done with a digital microscope (KEYENCE VHX 500F).
For Figures 4 and 7 dried and pressed specimens were scanned with a flatbed scanner and
processed using Photoshop Elements (Version 5.0.2, ADOBE 2006).
Plant material
Samples used in this study are listed in Table 1. Individuals of E. × rothmaleri from
Finland have been compared with herbarium specimens from the type locality on the
Isle of Skye (North Ebudes, Scotland) collected by M. Lubienski and living plant material
from the same locality in the private collection of M. Lubienski. Type plant material
from the living collection had been confirmed previously by means of isozyme gel
electrophoresis (PGM [phosphoglucomutase], Bennert & Lubienski unpublished data).
RESULTS
Habitat
At its Finnish locality (Isokuru gorge, Pyhätunturi National Park, Pelkosenniemi,
Sompion Lappi, N 67°00’48.2’’ / E 27°12’56.4’’) E. × rothmaleri forms a huge colony
beside a small stream which runs through the Pyhätunturi massif located in Southern
Lapland. The fell, which is the southernmost in Finland, reaches at its highest peak 540
metres and overtops the surrounding flat landscape. It stretches over 35 kilometres and
consists of very old quartzite rocks eroded by glaciers. Isokuru gorge is a steep, boulderstrewn valley and the largest and deepest (220 m) of several gorges which cut through
the fell. Over its length the stream forms several ponds and wet Betula pubescens
woodland. Equisetum × rothmaleri occurs within this marshy woodland community at
the south-eastern end of the gorge covering an area of approximately 250 metres long and
a width of 20-30 metres on either side of the small stream (Figure 1). It is associated
with several species of Equisetum including E. fluviatile, E. sylvaticum L., E. pratense
Ehrh. and one of its parent species, E. arvense. Equisetum palustre, the other parent,
could not be found in the gorge, but is extremely abundant in the area and in Finland in
general. Together with E. fluviatile and E. sylvaticum the hybrid is the most frequent

Taxon

Locality

Collector / Cultivation

E. arvense

Wehrer Mark, Ahaus, NRW, Germany

M. Lubienski

E. arvense

Waldsee, Metelener Heide, Metelen, NRW, Germany

M. Lubienski

E. arvense

Nunnensiek, Bielefeld, NRW, Germany

M. Lubienski, ML 5

E. arvense

Koń, Brodnica, Kujawsko-Pomorskie, Poland

M. Lubienski, ML 6

E. arvense

Lønsdalen, Saltfjellet, Nordland, Norway

M. Lubienski, ML 238

E. arvense

Rørvika, Austvågøya, Lofoten, Nordland, Norway

M. Lubienski, ML 239

E. arvense

Brekkom, Tromsa-Valley, east of Fåvang, Oppland, Norway

M. Lubienski, ML 237b

E. arvense

Lough Eske, northeast of Donegal, Donegal, Ireland

M. Lubienski, ML 253

E. arvense

Fiskebøl, Austvågøya, Lofoten, Nordland, Norway

M. Lubienski

E. palustre

Wehrer Mark, Ahaus, NRW, Germany

M. Lubienski

E. palustre

Waldsee, Metelener Heide, Metelen, NRW, Germany

M. Lubienski

E. palustre

Am Vahrenholt, Bochum, NRW, Germany

M. Lubienski, ML 8

M. Lubienski, ML 24

E. × rothmaleri Isokuru, Pyhätunturi, Pelkosenniemi, Sompion Lappi, Finland

M. Lubienski, ML 295
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E. × rothmaleri Kilmaluag, Isle of Skye, North Ebudes, GB (l.c.)
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Table 1: Plant samples used.
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Figure 1. Habitat at Isokuru gorge with Equisetum × rothmaleri, E. fluviatile, E.
sylvaticum and E. pratense. Photo: M. Lubienski 22-07-2012.

Figure 2. E. × rothmaleri at Isokuru
gorge. Photo: M. Lubienski 22-07-2012.

Figure 3. Fertile shoots of E. × rothmaleri.
Photo: M. Lubienski 22-07-2012.
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Equisetum at this site and shoots bearing strobili were abundant (Figures 2, 3).
Macromorphology
In general E. × rothmaleri resembles a slender and shaded E. arvense; traits of E. palustre
are less evident. It therefore can be difficult to separate from E. arvense unless
monomorphic (homophyadic) fertile shoots with strobili on the top are found (Figures 2,
3). At Isokuru gorge coning shoots are present in abundance. These shoots show a great
amount of morphological variation as is to be expected in a hybrid between a dimorphic
(heterophyadic, E. arvense) and a monomorphic (homophyadic, E. palustre) species.
Slender monomorphic fertile shoots terminating in small strobili, similar to those of E.
palustre, are found together with totally unbranched ones (Figure 4). Additionally, small
and stunted shoots with irregular side branching and relatively large strobili can be
observed in July; these resemble dimorphic fertile spring shoots of E. arvense, which
have produced green side branches later in the season (Figure 4). The size of the strobili
varies from 5-10 mm in length, with the smallest strobili being 2 mm long and the largest
15 mm.
All checked strobili contain totally aborted spores (Figure 5a). These are irregularly
shaped, non-chlorophyllous, and without or with irregular elaters in comparison with the
spherical, chlorophyllous and elater-bearing spores of the fertile species (Figure 5b). In
most cases the teeth of the side branches do not spread from the internode above (or
spread just slightly) and show a very small black tip at their apex.
Figure 6b shows a distinct darker ochreole (first sheath of the side branch) in E. ×
rothmaleri, perfectly intermediate between the parents; E. arvense displays a green and
E. palustre a black ochreole.
The first side branch internode of the hybrid is normally twice as long as the
accompanying sheath (very rarely as long as) (Figure 6b), thus resembling E. arvense.
However, in the fertile shoots the first side branch internodes are 1.5 times longer than
the sheath, thus a little shorter than in the sterile shoots.
The sheaths (and sheath teeth) of the main shoot of E. × rothmaleri (Figure 6b) and
E. arvense (Figure 6a) are very similar, but remarkably different from those of E. palustre
(Figure 6c).
The characters of the main shoot transverse section in E. × rothmaleri (size of central

Figure 4. Morphological variation in fertile shoots of E. × rothmaleri from Isokuru
gorge.

Taxon

Sample

E. × rothmaleri

Kilmaluag, GB
Isokuru, Finland
Ʃ

E. palustre

Wehrer Mark, Germany
Waldsee, Germany
Am Vahrenholt, Germany
Ʃ

31
42
36
38
24
28
50
249

Number (range) of silica Average number of silica
pilulae per subsidiary
pilulae per subsidiary
2,
3
cell2, 3
cell
(10-)12-20(-28)
(9-)11-19(-27)
(10-)14-24(-29)
(9-)11-18(-21)
(5-)8-15(-21)
(9-)10-15(-20)
(5-)11-22(-33)
(5-)10-20(-33)

16
15
19
15
11
13
16
15

30 (11-)17-29(-33)
38 (14-)20-37(-53)
68 (11-)18-34(-53)

23
28
26

(25-)37-58(-66)
(41-)44-64(-75)
(24-)34-58(-71)
(24-)37-60(-75)

48
54
46
49

34
36
57
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E. arvense

Waldsee, Germany
Nunnensiek, Germany
Koń, Poland
Lønsdalen, Norway
Rørvika, Norway
Brekkom, Norway
Lough Eske, Ireland
Ʃ

Number of subsidiary
cells checked1

122

Table 2: Comparison of the frequency of silica pilulae on the stomata surface of Equisetum × rothmaleri and its parental species (1every stoma
is visible as two subsidiary cells; 2pilulae forming outer ring and row of the stomatal pore in E. arvense and E. × rothmaleri excluded; 3elongated
pilulae forming double row of the stomatal pore in E. palustre excluded). All numbers are approximate, because pilulae are not always well
expressed and are sometimes indistinguishable from those of the outer ring or/and the stomatal pore.
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Figure 5. (a) malformed and non-chlorophyllous aborted spores of Equisetum ×
rothmaleri, (b) well-formed, spherical, and chlorophyllous spores of E. arvense.

Figure 6. Stem sheaths of E. × rothmaleri (b) and its parent species, E. arvense (a)
and E. palustre (c), showing black-tipped branch teeth (arrow), brownish-green
ochreolae, long first internode of the side branches and E. arvense-like sheath
morphology in the hybrid.

Figure 7. Shoots of E. × rothmaleri (d)-(f) and its parent species, E. arvense (a)-(c)
and E. palustre (g)-(i).
canal and vallecular canals) lie well within the wide range of E. arvense and allow no
reliable separation of the taxa. They are distinctly different from those of E. palustre.
The cross section of the side branches, an important morphological feature in subgenus
Equisetum, shows a usually 4-angled arrangement with prominent ridges and deep
furrows in E. × rothmaleri, thus very similar to E. arvense.
Sterile shoots of E. × rothmaleri (Figure 7d-f) display a more or less tapering overall

E. arvense
Size
Fertile shoot (phenology)

Fertile shoot (strobilus)
Main shoot (branching pattern)
Main shoot (shape)

Side branches (length ratio of 1st
branch internode to nodal sheath)
Side branches (ochreolae)

E. palustre

10-50(-100) cm
dimorphic, rarely monomorphic at
disturbed, sandy or arctic-alpine
habitats
20-40 mm
regularly branched

(20-)40-60(-65) cm
monomorphic, variable

10-50(-100) cm
monomorphic

(2-)5-7(-9) mm
regularly branched, sometimes
even unbranched

15-35 mm
regularly branched, sometimes
even unbranched

side branches mostly abruptly
ending at the same level and
topped by the main shoot,
sometimes even tapering towards
the apex
25 to 50% of main shoot diameter
(1/4 to 1/2)
approx. 4 : 1

side branches mostly tapering
side branches tapering towards the
towards the apex, sometimes even apex
abruptly ending at the same level
and topped by the main shoot
43 % of main shoot diameter (3/7) 17 % of main shoot diameter (1/6)
approx. 3 : 1

approx. 1 : 1

green with a black apex or
blackish throughout, with a
variable brownish scarious margin
2-3 times longer than (rarely as
long as) adjacent nodal sheath

green with a black apex or
blackish throughout, with a
variable brownish scarious margin
1.5-2 times longer than (rarely as
long as) adjacent nodal sheath

green with a conspicuous upper
black triangle and a distinct broad
whitish scarious margin
shorter than adjacent nodal sheath

whitish-green (occasionally
brownish-black)

brownish-green

usually brownish-black
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Main shoot (width of central
canal)
Main shoot (width ratio central
canal to vallecular canal)
Main shoot (nodal sheath teeth)

E. × rothmaleri
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Table 3: Macro- and micromorphological characters of Equisetum × rothmaleri and its parental species.

spreading away from the internode not or slightly spreading away
above (occasionally not spreading) from the internode above

not spreading away from the
internode above

green with a very small black tip,
rarely green throughout

green with a distinct black tip
(1/2-1/3 of the teeth length) and a
scarious margin

Side branches (transverse section) (3-)4(-5) sharp ridges, deep
furrows

4 sharp ridges, deep furrows

5 rounded ridges, very shallow
furrows

Micromorphology of main shoot
internodes

mammilae randomly scattered on
the ridges and furrows

mammilae randomly scattered on
the furrows and forming
inconspicuous crossbands on the
ridges

mammilae transversely aligned
and forming crossbands on the
ridges and furrows

Micromorphology of stomata

mostly circular in outline

mostly circular in outline
(sometimes oval)

mostly oval in outline

green throughout, rarely with a
small black tip (sometimes
blackish throughout)

covered with short globose pilulae covered with short globose pilulae covered with short globose pilulae
and two rows of bacillary pilulae
at the stomatal pore
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Side branches (teeth)

bordered by a ring of fused pilulae bordered by a ring of fused pilulae ring of fused pilulae absent

Spores

average number of pilulae per
subsidiary cell 15
green-chlorophyllous, spherical,
elater-bearing

average number of pilulae per
subsidiary cell 26
non-chlorophyllous, irregularly
shaped, without elaters

average number of pilulae per
subsidiary cell 49
green-chlorophyllous, spherical,
elater-bearing
125
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Figure 8. SEM images showing micromorphological features of the main stem
ridges/furrows and stomata of Equisetum arvense (a)-(b) Koń, Brodnica,
Kujawsko-Pomorskie, Poland, E. × rothmaleri (c)-(d) Isokuru, Pyhätunturi,
Pelkosenniemi, Sompion Lappi, Finland, E. × rothmaleri (e)-(f) Kilmaluag, Isle of Skye,
North Ebudes, GB, and E. palustre (g)-(h) Am Vahrenholt, Bochum, NRW, Germany.
Arrows and letters indicate mammilae (m) and smaller pilulae (p).
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shoot habit, more like those of E. palustre (Figure 7g-i) than those of E. arvense (Figure
7a-c), in which side branches often all end on nearly the same level, topped by the main
shoot.
Micromorphology
Although many micromorphological features have been used in past studies in order to
assess inter-specific relationships in subgenus Equisetum (e.g. Page 1972), only a few
have turned out to be reliable following more comprehensive investigations (Brune,
2006). We therefore concentrate on two characters: (1) arrangement of mammilae on the
main stem ridges and furrows; (2) arrangement of pilulae on the stomatal apparatus.
According to Page (1972) the term mammilae can be described as rounded or conical
silica projections forming the main topographical surface features (micro-relief) in
contrast to the smaller, hemispherical silica beads, called pilulae, which form the finer
surface sculpturing (see Figures 8a, b).
As can be seen in Figure 8a, mammilae in E. arvense are scattered randomly all over
the ridges and furrows of the main stem and arranged in longitudinal rows. In contrast
E. palustre shows transversely aligned mammilae, arranged in crossband-like structures
on the ridges and furrows (Figure 8g). Collections of E. × rothmaleri from both
provenances investigated here are slightly intermediate in forming inconspicuous
crossbands at least on the ridges (Figures 8c, e), a feature not expressed in any specimens
of E. arvense included in our study.
The stomatal apparatus, especially the arrangement of pilulae on the visible subsidiary
cells, differs remarkably between E. arvense and E. palustre (Figures 8b, h). E. arvense
has circular shaped stomata with few (mean 15 per subsidiary cell, Table 2) hemispherical
pilulae. The pilulae form a characteristic outer ring, clearly separated from the scattered
pilulae on the surface of the subsidiary cells. Equisetum palustre has more or less
elongated shaped stomata with many (mean 49 per subsidiary cell, Table 2) pilulae,
becoming more elongated towards the stomatal pore where they form a characteristic
double row reminiscent of a zip. A separated outer ring of pilulae is totally lacking.
Equisetum × rothmaleri shows stomata generally similar to those of E. arvense and
traits of the typical E. palustre micromorphology are difficult to see. It has scattered
hemispherical pilulae on the subsidiary cells, no double row at the stomatal pore and a
separated outer ring of pilulae which, however, seems to be less clearly separated. A
minor difference from E. arvense is the less circular shape of the stomata. The mean
number of pilulae on the surface of the subsidiary cells is 26 (Table 2).
A synopsis of the macro- and micromorphological characters of E. × rothmaleri and
its parental species E. arvense and E. palustre is given in Table 3.
DISCUSSION
Macromorphology
Plants of E. × rothmaleri from Isokuru gorge were compared with those from the type
locality and with the descriptions given in Page (1973, 1997); in general they are found
to be highly similar in their macromorphology. However, some differences are found
when compared with accounts given by Jermy et al. (1998).
The striking monomorphic shoots of E. × rothmaleri, resembling a slender E. arvense
with strobili on the top, are unique and highly distinctive. They can hardly be mistaken
for the monomorphic ones occasionally found in Nordic or alpine populations of E.
arvense (sometimes named as a separate taxon, E. arvense subsp. boreale (Bongard) Á.
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Figure 9. (above) Equisetum arvense (Koń, Brodnica, Kujawsko-Pomorskie, Poland,
ML 6), showing monomorphic shoot in a disturbed sandy habitat. Photo: M. Lubienski
03-07-1998.
Figure 10. (right) E. arvense (Nunnensiek, Bielefeld, North Rhine-Westphalia,
Germany, ML 5), herbarium specimen (leg. 09-07-1999), showing tapering, sparsely
branched habit, dark ochreolae, short first side branch internodes, non-spreading and
blackish or black tipped branch teeth.
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Löve, see Øllgaard 2000) or those from sandy and disturbed sites (Figure 9). Fertile
shoots of E. × rothmaleri differ distinctly from such atypical forms of E. arvense in their
slender and irregular habit, and in the smaller strobili, as can also be seen in comparison
with forms from British sand-dune habitats (Page, 1997). These markedly small strobili
of E. × rothmaleri (5-10 mm, see Table 3) are a typical feature of the hybrid, and were
also observed at the type locality. They fit well with the size of 4-9 mm published by Page
(1973, 1997) and Jermy et al. (1998). It clearly separates the hybrid from E. arvense (2040 mm) and E. palustre (10-35 mm).
A morphological character of E. × rothmaleri, which is inherited from E. palustre, is
the teeth of the side branches that are mostly black-tipped and not (or just slightly)
spreading from the internode above (Figure 6b, see also Page 1973, 1997). The black
tips are very small, distinctly smaller than in E. palustre (a thin scarious margin, as noted
by Jermy et al. [1998] however, was never observed in our Finnish and Scottish material).
This feature is present even in young shoots and also in the type material from the Isle
of Skye (and additionally maintained in cultivation). However, it is not always expressed,
and side branch teeth without black-tips have occasionally been found in E. × rothmaleri.
Further complicating the situation, blackish or blackish-tipped side branch teeth can be
found occasionally in E. arvense, not only later in the season, when summer dryness and
decay are becoming more influential, but also in fresh and young shoots (Figure 10).
Additionally, non-spreading side branch teeth occur sometimes in E. arvense (see Figure
6a & 10), which usually spread from the internode above in the species. Therefore the
diagnostic value of the branch teeth character has to be qualified, owing to the variability
in E. arvense.
This also is the case in the ochreolae character. Although this is very stable in E.
palustre, it is quite variable in E. arvense (black ochreolae are also found), and therefore
unfortunately not very helpful in distinguishing the hybrid from this species.
Oddly enough a further usually stable and good character in the species and hybrids
within subgenus Equisetum, i.e. the length ratio between the stem sheath and its adjacent
first side branch internode, completely fails in E. × rothmaleri. Being usually two to
three times longer than the sheath in E. arvense (Figure 6a) and always shorter in E.
palustre (Figure 6c), an intermediate length ratio of a first side branch internode nearly
as long as the accompanying stem sheath is to be expected in their hybrid. Data given in
literature vary from “1-2 times length of adjacent stem-sheath” (Page 1973, original
description in text), over “< 1-2” (Page 1973, Table 1) and “as long as or longer than
adjacent stem-sheath” (Page 1997) to “as long as or slightly longer” (Jermy et al. 1998).
In the present study we found the first side branch internode to be usually twice as long
as the adjacent stem sheath (very rarely as long as), with slight differences in the fertile
shoots (see above), which is definitely not intermediate between the parents. This is
surprising, because the feature is intermediate, as expected, in E. × litorale (E. arvense
× E. fluviatile) and very useful for separating E. × font-queri Rothm. (E. palustre × E.
telmateia Ehrh.) from E. × robertsii T.D. Dines (E. arvense × E. telmateia) (Dines &
Bonner, 2002) and E. × mildeanum Rothm. (E. pratense × E. sylvaticum) from E. ×
lofotense Lubienski (E. arvense × E. sylvaticum) (Lubienski, 2010). Again the high
degree of variability in E. arvense, where first side branch internodes as long as the
adjacent stem sheath are also found, makes this feature a less useful one. Figure 10 shows
such a puzzling specimen from a clay pit (source ML5, Table 1), which later in cultivation
produced typical non-chlorophyllous, fertile shoots in spring with normal, well-formed
and viable spores, therefore being E. arvense.
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Consistent with Page (1973, 1997) the side branch architecture (transverse section)
and the sheath teeth of the main shoot are very similar to E. arvense. In contrast, data
given in Jermy et al. (1998) seem theoretically to be intermediate and cannot be
confirmed by us.
The cross section features of the main shoot (width of central canal, width ratio central
canal to vallecular canal) also lie well within the range of E. arvense, which is not
adequately taken into consideration by Page (1973).
Concerning the more tapering outline shape of the shoots in E. × rothmaleri in
comparison with those of E. arvense, a high number of overlapping individuals is present
within the hybrid populations (Figures 7c, d).
Taking all facts together it becomes evident that although E. × rothmaleri is quite
similar to E. arvense, there is indeed a certain degree of intermediacy concerning most
macromorphological aspects, but that the extremely high variability of E. arvense makes
most of them useless. A reliable determination of E. × rothmaleri referring solely to
macromorphological characters of the sterile shoot therefore seems to be highly
problematic.
Micromorphology
Micromorphological data of E. × rothmaleri are presented for the first time. They were
obtained from Finnish and Scottish (type locality) plant material and compared with each
other and with those from the parental species of different European provenances (Table
1).
Equisetum arvense and E. palustre belong to two clearly distinct groups of stomatal
micromorphology within subgenus Equisetum. This is tested not only in the present study,
but also corresponding with previously published results (Kaufman et al. 1971; Page,
1972; Hauke, 1978a, b; Geiger, 1981; Levermann, 1999; Dines & Bonner, 2002; Schmidt,
2005; Brune, 2006; Lubienski, 2010; Law & Exley, 2011).
Nevertheless the micromorphology of E. × rothmaleri is at first glance
disappointingly near to E. arvense and reflects the macromorphological situation. The
distinctly different micromorphology of E. palustre might have been expected to give a
unique intermediacy in the hybrid, but characters of that species do not become
immediately apparent.
Only a more detailed study of the micromorphological features disclose certain traits
inherited from E. palustre, such as the transversely aligned mammilae ornamentation of
the ridges and furrows and the pilulae overlay of the stomatal subsidiary cells. However,
the crossbanding pattern in E. × rothmaleri is only slightly expressed and although all
samples of E. arvense investigated in this study consistently showed mammilae randomly
scattered all over the ridges and furrows of the main stem and never arranged in
crossbands, one might presume that there is a greater diversity in E. arvense, which will
come to light in more comprehensive studies.
On the other hand the silica covering of the stomata seems to be a highly indicative
character, allowing separation of E. × rothmaleri from E. arvense by the significantly
higher density of pilulae per subsidiary cell (Table 2), thus clearly demonstrating the
influence of the E. palustre parent.
However, in general, a strong intermediate micromorphology of the hybrid is
obviously lacking and the influence of E. arvense dominant. The indistinctness of features
of E. palustre is striking. Whether this is the case in all E. palustre hybrids, has to be
proved. Equisetum × font-queri (E. palustre × E. telmateia), however, is no help in
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addressing this question, because of the similar micromorphology of the parents (Page,
1972; Hauke, 1978a, b; Levermann, 1999; Dines & Bonner, 2002; Schmidt, 2005; Brune
2006; Lubienski & Dörken, unpublished data). Our own investigations with E. × dycei
(E. fluviatile × E. palustre) from several European sources (including material from the
type locality) seem to underline the theory that E. palustre micromorphology is weakly
inherited in its hybrids. However, we are not sure of the identity of all our material. Thus
it could be helpful to examine the micromorphology of E. × sergijevskianum C.N. Page
& I.I. Gureyeva (E. palustre × E. pratense), which has been described recently from
Siberia (Page & Gureyeva, 2009).
The dominance of E. arvense micromorphology that is observable in our study of E.
× rothmaleri might fit well with the results of studies on other hybrid combinations within
subgenus Equisetum, such as the nearly invisible parentage of E. sylvaticum in the
micromorphology of the stem ridges of E. × lofotense (E. arvense × E. sylvaticum)
(Lubienski, 2010). However this seems less to be a proof for the dominance of E. arvense,
but rather underlines the weak influence of E. sylvaticum. This is emphasised by the fact
that the characteristic and unique stem ridge morphology of E. sylvaticum is not apparent
in E. × bowmanii C.N. Page (E. sylvaticum × E. telmateia) (Lubienski & Dörken,
unpublished data). Additionally, another E. sylvaticum hybrid, E. × mildeanum (E.
pratense × E. sylvaticum), has stem ridges and stomata different from E. sylvaticum and
very similar to E. pratense (Lubienski, 2010). On the other hand SEM investigations of
the stomata of E. × litorale and E. × lofotense might not add much knowledge to the
question of a potential micromorphological dominance of E. arvense in its hybrids
because of the similarity of the stomata of E. arvense, E. fluviatile and E. sylvaticum
(Page, 1972; Dayanandan & Kaufman, 1973; Hauke, 1978b; Geiger, 1981; Levermann,
1999; Schmidt, 2005; Brune, 2006; Lubienski, 2010; Lubienski & Dörken, unpublished
data). In contrast, the stomatal micromorphology of E. × robertsii (E. arvense × E.
telmateia) and E. × bowmanii (E. sylvaticum × E. telmateia) is clearly intermediate
between the parents (Dines & Bonner, 2002; Schmidt, 2005; Lubienski & Dörken,
unpublished data), thus suggesting a rather complex genetic situation concerning
inheritance of micromorphological patterns within subgenus Equisetum.
CONCLUSIONS
The most reliable characters for distinguishing E. × rothmaleri from its parent species,
especially from E. arvense, are the occurrence of monomorphic, strobili-bearing shoots
containing aborted spores, together with an intermediate stomatal micromorphology.
Determinations based on the macromorphology of sterile shoots or even just sterile
herbarium specimens are unlikely to differentiate satisfactorily. Spore abortion, a highly
diagnostic character in identification of pteridophyte hybrids, should not be neglected in
Equisetum as well. For these reasons E. × rothmaleri has still to be regarded as a very rare
hybrid, despite the abundance and sympatric occurrence of E. arvense and E. palustre.
At its Finnish locality E. × rothmaleri occupies a substantial area within a stabilised
and undisturbed woodland plant community. It seems to be a strong competitor,
maintaining itself for presumably a long time. At the type locality on the Isle of Skye it
grows in a roadside ditch and adjacent marshy fields, where it has been known for nearly
40 years (Page, 1973). This underlines the potential longevity of E. × rothmaleri clones,
and is also attested from other huge and probably very old Equisetum hybrid clones, e.g.
E. × font-queri also on the Isle of Skye in Scotland (Page, 1973) or E. × mildeanum in
the Lofoten archipelago in Norway (Lubienski, 2009).
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ABSTRACT
Archigrammitis, a new genus of grammitid ferns (Polypodiaceae) is described
from Malesia and Polynesia. The genus has some characteristics of Prosaptia –
dorsiventral rhizomes with stipes articulated to phyllopodia and ciliate rhizome
scales, but the rhizome scales are concolorous, rather than clathrate, as in
Prosaptia. It also has setose sporangia, with simple eglandular hairs at the apex
adjacent to the annulus, a character seen in Oreogrammitis and Radiogrammitis,
but not in Prosaptia. New combinations are made for A. demissa (Parris) Parris,
A. friderici-et-pauli (Christ) Parris, A. marquesensis (Parris) Parris, A. ponapensis
(Copel.) Parris, A. samoensis (Baker) Parris and A. tahitensis (C.Chr.) Parris.
INTRODUCTION
Three genera, Ctenopteris Blume ex Kunze, Grammitis Sw. and Xiphopteris Kaulf., had
been used for some time as unsatisfactory artificial segregates of grammitid ferns
(Polypodiaceae; formerly treated as Grammitidaceae) based on frond dissection (e.g.,
Copeland, 1953; Parris, 1986, 1990). Ranker et al. (2004) demonstrate clearly, however,
that Old World Ctenopteris and Grammitis sensu lato are not monophyletic. As the type
of Ctenopteris (C. venulosa Blume ex Kunze) and several closely related species have
been assigned to Prosaptia C.Presl (e.g. Parris, 1995; Price, 1982, 1987), Grammitis is
now delimited as a monophyletic genus including only the species with blackish sclerotic
laminar margins (Bishop, 1977), and the type species of Xiphopteris has been placed in
Cochlidium Kaulf. (Bishop 1978), reallocation of numerous Old World taxa to other
genera has been necessary. Parris (1997), Parris (1998), Parris (2007) and Perrie & Parris
(2012) form part of a series describing new genera in Old World grammitid ferns,
particularly those in the Asia-Malesia-Pacific region. Preparation of the account of
grammitids for Flora Malesiana necessitates the description of another new genus,
Archigrammitis.
TYPIFICATION AND DESCRIPTION
archigrammitis Parris, gen. nov.
Typus generis: A. friderici-et-pauli (Christ) Parris
Etymology
From Greek, archi- = chief, and Grammitis, a fern genus, referring to the frond length
(to more than 40 cm) of the type species, which was the largest member of Grammitis
sensu lato.

136

FERN GAZ. 19(4):135-138. 2013

Description
Rhizomes dorsiventral, short-creeping, not branched, with stipes in two rows, articulated
to prominent phyllopodia; rhizome scales ciliate and concolorous, subglossy to glossy,
cells subturgid or not turgid, without spiral thickening; laminae simple, veins usually
pinnately branched, with sori usually in more than one row on each side of midrib;
non-catenate simple eglandular hairs always present, branched hairs with catenate base,
simple eglandular branches and glandular apex often present; hydathodes sometimes
present, sometimes with a white deposit; sporangia setose, non-catenate simple
eglandular hairs 1-2(-6) at apex of sporangium adjacent to annulus, with bases contiguous
when more than one hair present on each side of sporangium. Six species, from Borneo
to the Marquesas Islands.
The combination of dorsiventral rhizomes, stipes articulated to phyllopodia, ciliate
concolorous (non-clathrate) rhizome scales, simple laminae and sporangia bearing
non-catenate simple eglandular hairs at the apex adjacent to the annulus is characteristic
of Archigrammitis and unique in the family. The veins are pinnately branched in all
except the smallest species, A. demissa, and the sori are in more than one row on each
side of the midrib in all species except A. demissa. No species of Archigrammitis were
sampled by Ranker et al. (2004), so the position of the genus in their clade system is
unknown. It is likely to be in their clade I, between IA which contains species with setose
sporangia now placed in Oreogrammitis and Radiogrammitis, and IB & IC which contain
species of Prosaptia, characterized by the presence of ciliate, clathrate (not concolorous),
rhizome scales.
1. Archigrammitis demissa (Parris) Parris comb. nov.
Grammitis demissa Parris, Blumea 29: 39 & 41, f. 2, 1 (1983). Type: Papua New Guinea,
West New Britain Province, Hoskins subdistrict, North Son, crater rim, 2 June 1973,
Stevens LAE 58480 (holotype K!; isotypes A, BRI, CANB, E!, L!, LAE!, M, NSW!).
RANGE. Papua New Guinea (Manus and West New Britain); endemic.
2. Archigrammitis friderici-et-pauli (Christ) Parris comb. nov.
Polypodium friderici-et-pauli Christ, Verh. Natur. Gesell. Basel 11: 439-440 (1896).
Type: Celebes, Wawokaraeng, Gipfel region, 2800 m alt., 29 Oct. 1895, P & F Sarasin
1964 (lectotype BAS!, chosen here; isolectotype P image!).
P. calcipunctatum Copel., Philipp. J. Sci., C. Bot. 12: 61 (1917). Type: Mt Kinabalu,
Kemberanga, Clemens 10530 (lectotype MICH! (chosen by Parris in Parris et al., 1992);
isolectotype BM!).
P. wawoense Brause, Bot. Jahrb. Syst. 56: 184 (1920), nomen. superfl. illegit. pro P.
friderici-et-pauli Christ (1896).
Grammitis friderici-et-pauli (Christ) Copel., Philipp. J. Sci. 80: 250 (1952).
G. calcipunctata (Copel.) Copel., Philipp. J. Sci. 80: 251 (1952) [err. frederici-et-pauli].
RANGE. Borneo (Sabah & Sarawak) and Sulawesi.
3. Archigrammitis marquesensis (Parris) Parris comb. nov.
Grammitis marquesensis Parris, Allertonia 7: 297 (1997). Type: Marquesas Islands, Nuku
Hiva, Route Toovii - Terre Deserte, km 6.5 après le col, 8°52’S 140°10’W, 1020 m alt.,
9 Dec. 1982, Florence 4371 (holotype P!; isotypes BISH!, PAP!).
RANGE. Marquesas Islands (Hiva Oa and Nuku Hiva); endemic.
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4. Archigrammitis ponapensis (Copel.) Parris comb. nov.
Grammitis ponapensis Copel., B. P. Bishop Mus. Occ. Papers 15: 88, f. 7 (1939). Type:
Caroline Is., Ponape, Tolomail, 11 Feb. 1936, Takamatsu 950 (lectotype BISH 498213!,
chosen here; isotypes BISH 103694!, K!, MICH!, UC!, WELT!).
RANGE. Federated States of Micronesia, Caroline Islands (Pohnpei): endemic.
The sheet at BISH chosen as lectotype (no. 498213) is the one photographed by Copeland
as an illustration to accompany his original description.
5. Archigrammitis samoensis (Baker) Parris comb. nov.
Polypodium samoense Baker in Hook. & Baker, Syn. Fil.: 321 (1867). Type: Samoa,
Powell 111 p. p. (B, K!).
P. savaiiense Powell ex Baker, J. Bot. 14: 344 (1876). Type: Samoa, rec. May 1876,
Whitmee 222 (CGE!, K!).
Grammitis samoensis (Baker) Ching, Bull. Fan Mem. Inst. Biol. 10: 241 (1941).
RANGE. Samoa (Savaii and Tutuila); endemic.
6. Archigrammitis tahitensis (C.Chr.) Parris comb. nov.
Polypodium pleiosorum Mett. ex Kuhn, Linnaea 36: 128 (1869) non P. pleiosoros Hook.
(1847). Type: Tahiti, Vesco, Lepine s. n. (lectotype B!, chosen here).
P. tahitense C. Chr., Index Filic.: 569 (1906), nomen novum pro P. pleiosorum Mett. ex
Kuhn (1869) non P. pleiosoros Hook. (1847).
Grammitis pleiosora Copel., Philipp. J. Sci. 56: 105 (1935), nomen superfl. illegit. pro
P. tahitense C.Chr.
G. tahitensis (C. Chr.) Copel., Philipp. J. Sci. 80: 153 (1952).
RANGE. Society Islands (Moorea, Raiatea and Tahiti); endemic.
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ABSTRACT
Different shapes of fern gametophytes may be the result of adaptive evolution to
different habitats where the gametophytes grow. In homosporous ferns,
gametophytes are cordate-thalloid (terrestrial) in many taxa but can also be
strap-like, ribbon-like, and filamentous (epiphytic) or tuberous (subterranean) in
other taxa. Recently developed long-term observational techniques of the same
individual gametophyte during growth have led to a new classification of
development types for planar gametophytes. We recognise five basic types
(Lygodium, Elaphoglossum, Anemia, Colysis, and Vittaria). The five types reflect
different combinations of the three meristems: apical cell-based, marginal and
multicellular meristems. In the Lygodium-type, the apical cell-based meristem is
immediately followed by the multicellular meristem phase, resulting in typical
cordate gametophytes. In the Elaphoglossum- and Anemia-types (i.e. subtypes of
the Lygodium-type) strap-shaped and asymmetric cordate gametophytes,
respectively, are formed. In the Colysis-type, the marginal meristem phase occurs
between the apical cell-based meristem and the multicellular meristem phases,
and in the Vittaria-type, the multicellular meristem phase is absent. In both of
these latter types, irregularly branched ribbon-like gametophytes form.
INTRODUCTION
Gametophytes of homosporous ferns are generally cordate-thalloid in shape, but in some
taxa they are strap-like (in e.g. Grammitidaceae, Polypodiaceae), ribbon-like
(Vittariaceae, some of the Hymenophyllaceae), filamentous (some of the
Hymenophyllaceae, Schizaea) or tuberous (Ophioglossaceae, Psilotaceae; Orth, 1936;
Nayar and Kaur, 1971; Raghavan, 1989). The strap-like gametophyte is several times
longer than broad with a cordate apex, whereas the ribbon-like gametophyte is narrow
and markedly elongate, with nearly parallel sides and a round apex. The filamentous
gametophyte consists of branched uniseriate filaments, and the tuberous are usually
subterranean, nearly cylindrical or irregular in shape (Nayar and Kaur, 1971). Fern
gametophytes are much smaller in size and have less distinguishing morphological
characters than sporophytes. According to Bower (1923), the vegetative characters of
fern gametophyte are deficient in stability and in variety of detail, and are consequently
of minor importance in comparative studies. This general belief was unfortunate but
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Figure 1. Diagrammatic illustrations of five developmental types of gametophytes of
homosporous ferns. I, Lygodium-type; I’, Elaphoglossum-type; I’’, Anemia-type; II,
Colysis-type; III, Vittaria-type. A-L indicate various stages of development. Some of the
merophytes that constitute the gametophyte are shown in B and H. 1-3, the youngest to
third youngest derivatives, respectively.
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understandable at the time, prior to sufficient knowledge of the systematics and
ecological patterns, which has now been accumulated. Since the 1950s, however,
gametophyte development was targeted for research by fern taxonomists for use in
classification efforts (Atkinson and Stokey, 1964), and the number of relevant
publications increased (see references in Nayar and Kaur, 1971).
Based on data prior to the 1970s, Nayar and Kaur (1971) published an extensive
review on the comparative development of the gametophytes of homosporous ferns,
addressing the evolution of gametophyte shapes in relation to phylogeny. Variously
shaped gametophytes are attributable to differences in the meristem. Tuberous
gametophytes have an apical meristem with either a single apical cell or a group of apical
cells (Whittier, 1983; Whittier and Thomas, 1993; Takahashi and Imaichi, 2007).
Filamentous gametophytes also bear an apical cell (the terminal cell) that acts as an
initial cell (Nayar and Kaur, 1971). Planar gametophytes (cordate, strap- or ribbonshaped) basically have both the apical cell and the multicellular meristem in most cases,
with distinct developmental types: Adiantum, Aspidium, Ceratopteris, Drynaria,
Kaulinia, Marattia and Osmunda (see Figure 2 in Nayar and Kaur, 1971). Since the
review by Nayar and Kaur (1971), research in this field has drastically declined. Of note,
however, is continued research into the remaining taxa, which is thought to be necessary
for comparative study (e.g. Mendozoa-Ruiz and Pérez-García, 2005; Chou et al., 2007;
Gabriel y Galán and Migliaro, 2011; Testo and Watkins, 2011; references in Pérez-García
and Riba, 1998).
In ferns and lycophytes, sporophytes and gametophytes are equally subjected to
environmental conditions and then adapt to the habitats where they grow. To better
understand the life history of ferns, recent botanists have widely accepted that
information concerning gametophytes is essential (Farrar et al., 2008). Field research of
fern gametophytes has indicated that the life span of the gametophyte itself (annual or
perennial) and its ability to reproduce vegetatively are directly related to gametophyte
shape (e.g. Dassler and Farrar, 1997, 2001; Farrar, 1998; Watkins et al., 2007).
As mentioned above, gametophyte shape is closely related to its life span, and the
shape is a result of meristem activity. Therefore, accurate analyses of meristem behaviour
are crucial for ecological as well as evolutionary studies of gametophytes. To examine
meristem behaviour, Takahashi et al. (2009) recently conducted long-term observations
of the same individual gametophyte, termed the sequential observation method. These
authors captured light microscope images at set intervals (e.g. every 24 h) of the same
gametophyte individual during growth, enabling an unprecedentedly easy and accurate
analysis of cell lineages (cf. Figures 3 and 4 herein). Details of the methods are outlined
in Takahashi et al. (2009). Based on meristem behaviour, five basic gametophyte types
have thus far been recognised: Lygodium, Elaphoglossum, Anemia, Colysis and Vittaria.
This classification is quite different from that proposed by Nayar and Kaur (1971). In this
article, I describe these five types and discuss their developmental relationships as well
as adaptation to the habitat.
Five development types
1. Lygodium-type (Figure 1, type I)
Previous studies have documented that the developmental process of the cordate
gametophyte is quite similar among various fern taxa (references in Nayar and Kaur,
1971). At its early stage, the young narrow spatulate gametophyte forms a triangular
(‘obconical’ or ‘wedge-shaped’) apical cell (Figure 1A). The apical cell produces a
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limited number of derivative cells from two lateral division faces (Figure 1B) and is then
replaced by the multicellular meristem (the ‘pluricellular meristem’ by many authors, or
the ‘marginal meristem’ by authors before Stokey and Atkinson, 1956; Figure 1C herein).
A multilayered midrib, on which archegonia arise, then develops behind the multicellular
meristem (Figure 1D). The archegonial midrib is generally called the ‘cushion’
(Raghavan, 1989). At this stage, the gametophyte attains sexual maturity.
The commonly accepted idea that the apical cell and the multicellular meristem act
as the initial cell or cells is an assumption formed by comparisons of merophyte (a
clonally related cell packet) arrangements in different individuals at different
developmental stages or by computer analysis (Döpp, 1927; Orth, 1936; Korn, 1974;
von Aderkas and Cutter, 1983). To provide evidence for this assumption, we conducted
sequential observations of the gametophyte of Lygodium japonicum (Thunb.) Sw.
(Lygodiaceae) (Takahashi and Imaichi, in prep.), which is known to be strikingly cordate,
with a deep notch overlapped by equally sized anterior wings (Momose, 1967). The
apical cell of L. japonicum actually cuts off 6-8 derivatives in two lateral facets with a

Figure 2. Gametophyte of Selliguea hastata (Thunb.) Fraser-Jenk. A. Relatively young
gametophyte that has not yet developed the archegonial cushion. B. Enlarged figure of
the apical portion of A. Vertical line indicates the site of the longitudinal section. C, D.
Longitudinal section shown by the vertical line in B. Enlarged figure of the apical portion
is shown in D. Terminal two or three cells are meristematic. E. Mature gametophyte
with archegonial cushion. F. Enlarged figure of E. Four horizontal lines indicate sites of
sections shown in G-J, respectively. G. Multicellular meristem with central narrow cells.
H. The midrib portion that is two-cells thick. Arrows indicate cell walls formed in an
orientation parallel to the substratum. I. Cushion with two young archegonia. J. One-cell
layer portion below archegonial cushion. Scale bars: (A-C, E,F,J) = 100 µm; G-J all at
same magnification; (D) = 10 µm.
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left-right alternation of cell plate orientation. These derivative cells undergo repeated
periclinal and anticlinal divisions to form large rectangular or fan-shaped merophytes,
which are regularly arranged in a zig-zag manner and occupy most of the young
gametophyte (Figure 1C). Here, the apical cell and its immediate derivatives constitute
an apical meristem, called the apical cell-based meristem. After the apical cell-based
meristem phase is completed, the apical cell of L. japonicum undergoes a transverse cell
division to give rise to an anterior rectangular cell and an inner triangular cell, the former
of which further undergoes anticlinal and periclinal divisions (Figure 1D), and the latter
of which also divides in various orientation. In L. japonicum, the multicellular meristem
composed of a row of 2-4 narrow cells is established at the site of the original apical cell.
In this sense, the apical cell is replaced by the multicellular meristem.
The Lygodium-type of development is commonly found in cordate gametophytes of
most terrestrial fern families, including Osmundaceous ferns, Gleichenioid ferns, Tree
ferns, and Polypod ferns (sensu Pryer, 2004). In addition, cordate gametophytes of some
epiphytic taxa, e.g. Drynarioid ferns (Polypodiaceae), also show the Lygodium-type
development (Nayar, 1965; Chandra, 1979). It needs to be clarified whether cordate
gametophytes of other epiphytic taxa, e.g. Davallia (Davalliaceae, Nayar and Kaur 1971),
Pyrrosia (Polypodiaceae, Nayar 1961), show the Lygodium-type of development.
2. Elaphoglossum-type (Figure 1, Type I’)
Gametophytes of epiphytic Polypodiaceous taxa often exhibit a strongly elongated, strap
shape [e.g. Elaphoglossum (Lomariopsidaceae), and Lepisorus, Christiopteris, and
Crypsinus (Polypodiaceae); Nayar and Kaur, 1971; Figure 1E herein]. According to the
literature, the strap-shaped gametophyte also forms the apical cell and subsequently the
multicellular meristem, as does the typical cordate gametophyte. However, the longer
duration of the activity of the multicellular meristem compared with the typical cordate
gametophyte could result in an elongated shape and a longer life span (Stokey and
Atkinson, 1957 for Elaphoglossum; Nayar and Raza, 1970 for Lepisorus; Nayar, 1967b;
Chiou et al., 1997 for Christiopteris). Another characteristic to note for the strap-shaped
gametophyte is that the cushion is relatively thin (2-6 cells thick for Elaphoglossum;
Stokey and Atkinson, 1957) and is often discontinuous and intermittent (Figure 1E).
Figure 2 shows wild gametophytes of Selliguea hastata (Thunb.) Fraser-Jenk.
(Polypodiaceae), which was growing on rocks in Kiyotaki, Kyoto, Japan. The ferns were
identified using a DNA barcoding technique (Ebihara et al., 2013; Ogura-Tsujita et al.,
2013) at the species rank. Similar to other epiphytic strap-shaped gametophytes, the S.
hastata gametophytes are strongly elongated with a cordate apex and have marginal hairs
that are reddish brown in colour (Figure 2A, B, E, F). The multicellular meristem consists
of a row of narrow cells (Figure 2G), and the archegonial cushion behind the meristem
is only two cells thick (Figure 2H, I). Notably, relatively young gametophytes that have
already developed the multicellular meristem often do not yet have a multilayered
archegonial cushion behind the meristem (Figure 2B-D). Such young gametophytes are
entirely one-cell thick with no midrib. Even in mature gametophytes (Figure 2E, F), the
portion below the proximal end of the central archegonial cushion is also one-cell thick
(Figure 2J), perhaps indicating that the gametophyte did not produce an archegonial
cushion until long after the multicellular meristem was formed. This pattern contrasts
with that of the typical cordate gametophyte, in which the archegonial cushion begins to
form just after the multicellular meristem is established. Such a delay in the initiation of
the multilayered cushion could cause the multicellular meristem phase to be longer.
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Based on the comparative development mentioned above, strap-shaped gametophytes
can be regarded as a sub-type of the cordate type, i.e. highly elongated cordate
gametophytes. Some intermediate shapes can be assumed to exist between the elongatecordate and the strap-shaped gametophyte. Therefore, future sequential observations

Figure 3. Gametophyte development of Loxogramme salicifolia (Makino) Makino. A,
C, E-J. Epi-illuminated micrographs. B and D. Line drawings of A and C, respectively.
Numbers at the upper (A-I) and lower (J) right corners indicate the number of days
passed after observations began. A-D. Two early stages of the same gametophyte.
Triangular cell marked by a dot regularly produces derivatives (1-6) as an apical cell. E
and F. Two young stages of the same gametophyte. The apical cell (arrow) has stopped
cell division in F. The gametophyte has been expanded in the region away from the
original apical cell. The region indicated by the bracket gives rise to the marginal
meristem. G-J. Four images of the same growing gametophyte individual at the marginal
meristem stage. Arrows show the same site on the gametophyte. Due to marginal
meristem activity, several lobes are growing. Scale bars = 100 µm.
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should focus on the growing elongate-cordate or strap-shaped gametophytes of several
taxa, including Elaphoglossum and Crypsinus.
The Elaphoglossum-type of development is found in epiphytic taxa of Polypodiaceae
and Lomariopsidaceae.
3. Anemia-type (Figure 1, type I’’)
In cordate gametophytes, both semicircular wings are of nearly equal size in typical
cases, but they can be strongly asymmetrical with one wing larger than the other,
especially when young, in some taxa such as Anemia and Mohria (Anemiaceae),
Ceratopteris (Celatopteridaceae), Acrostichum (Pteridaceae) and Onychium
(Adiantaceae; Nayar and Kaur, 1971). In the literature, the apical cell was once reported
as present (Banks et al., 1993 for Ceratopteris), but it is typically considered to be absent
(Nayar and Kaur, 1971 for the Ceratopteris-type; Momose, 1949; Atkinson, 1960, 1962;
Pray, 1971 for Anemia and Mohria; Pal and Pal, 1963; Nayar and Kaur, 1969; Nester
and Schedlbaur, 1981 for Ceratopteris; Nayar and Kazmi, 1964 for Acrostichum;
Momose, 1967; Nayar and Kaur, 1971 for Onychium). In sequential observations of
Anemia phyllitidis (L.) Sw., Takahashi et al. (2012) found that a triangular apical cell
forms, as in other symmetric cordate gametophytes but, in some instances, it stops
dividing just after the formation of one or, in some instances, two derivatives. Without
the functional apical cell, the young gametophyte expands by intercalary growth, and a
meristem with a row of narrow rectangular cells is later formed at the lateral site adjacent
to the multilayered base (Figure 1F). The meristem contributes to expansion of both
wings and the archegonial cushion. This meristem was once called the lateral meristem,
but Takahashi et al. (2012) indicated that the meristem is comparable with the
multicellular meristem of typical cordate gametophytes in its cell division pattern. We
conclude that due to the deficiency of a functional apical cell, the initiation site of the
multicellular meristem is shifted to the lateral side in the Anemia-type. Ceratopteris and
Acrostichum also exhibit the same developmental process as the Anemia-type (R.
Imaichi, unpublished data). In many cases, the deeply asymmetric cordate shape becomes
symmetrically cordate through gametophyte growth.
The Anemia-type of development is commonly found in Ceratopteridaceae and
Anemiaceae, and some genera of Pteridaceae and Adiantaceae.
4. Colysis-type (Figure 1, type II)
Some epiphytic Polypodiaceous taxa have irregularly branched gametophytes, which
have been reported to be either strap-shaped (Nayar, 1962 for Colysis (Polypodiaceae);
Takahashi et al., 2009 for Colysis) or ribbon-shaped (Stone, 1960 for Grammitis and
Ctenopteris (Grammitidaceae); Nayar, 1963 for Leptochilus and Paraleptochilus
(Polypodiaceae); Nayar, 1967a for Loxogramme (Polypodiaceae); Wagner and Farrar,
1976 for Hyalotricha (Polypodiaceae) and Grammitis (Grammitidaceae)). The
development of Colysis decurrens (Wall. ex Hook & Grev.) Nakaike was documented by
Takahashi et al. (2009). Contrary to previous reports suggesting that Colysis
gametophytes do not have single apical cells or any organised meristems (Nayar, 1962;
Nayar and Kaur, 1969; the Kaulinia type of Nayar and Kaur, 1971), the gametophyte
possesses an apical cell (Figure 1G, H) and a multicellular meristem (Figure 1K).
However, the development of Colysis gametophytes differs greatly from that of cordate
gametophytes; after the apical cell ceases to function, a new meristem (i.e. a marginal
meristem; Figure 1I) arises before the multicellular meristem phase. The marginal
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Figure 4. Development of Vittaria sp. A, C, E, G, I, K-M. Epi-illuminated micrographs.
B, D, F, H, J. Line drawings of A, C, E, G, and I, respectively. Numbers at the upper
right corners indicate the number of days passed after the observations began. A-K.
Images at several developmental stages of the same growing gametophyte individual.
Triangular cell marked by a dot indicates an apical cell. Numbers 1-9 indicate
merophytes derived from the derivatives of the apical cell. Arrows in I and K indicate
the site of the original apical cell. L and M. Two images of the same growing
gametophyte at the marginal meristem stage. Left and right arrows indicate the same
sites in both images where growth has been stopped. Scale bars = 100 µm.
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meristem consists of small rectangular cells with no growth centre, and it covers the
anterior margin of the gametophyte (Figure 1I). The marginal meristem often divides by
cessation of activity in the middle, resulting in gametophyte branching (Figure 1J).
During the marginal meristem phase only antheridia form, and archegonia do not arise.
As a result, some strap-shaped lobes are elongated. Ultimately, a multicellular meristem
is established on the anterior end of the lobe, and thin superficial cushions with
archegonia are later formed (Figure 1K).
Colysis-type development also occurs in the irregularly branched gametophytes of
Loxogramme salicifolia (Makino) Makino (Polypodiaceae). The triangular apical cell
forms at the anterior end of young spatulate gametophytes. This apical cell cuts off
several derivative cells and then ceases to function (Figure 3A-E). Concomitantly, cells
distinct from the original apical cell become active and contribute to gametophyte growth
(Figure 3E, F), and the marginal meristem occurs sporadically. In both Colysis and
Loxogramme, the marginal meristem similarly develops with no relation to the original
apical cell. During the marginal meristem phase, the Loxogramme gametophyte branches
frequently to form many lobes (Figure 3G-J). No rules appear to exist in terms of
branching site or frequency. During our culture period, the archegonial cushion had not
yet formed in Loxogramme gametophytes. However, several studies have reported that
the archegonia are formed on thin patchy cushions (2-4 cells thick) behind the
multicellular meristem or at the anterior end in Loxogramme (Momose, 1967; Nayar,
1967a).
The Colysis-type of development is found in some epiphytic taxa of Polypodiaceae,
and commonly found in Grammitidaceae.
5. Vittaria-type (Figure 1, Type III)
Another developmental type of irregularly branched gametophytes occurs in the
Vittariaceae and some of the Hymenophyllaceae. Previous reports have claimed the
absence of the apical cell in Vittariaceae (Nayar and Kaur, 1971), whereas the sequential
observation method has documented the occurrence of an apical cell that acts as the initial
cell for Vittaria sp. (see Figure 4). Two triangular cells are formed at the anterior end of
spatulate young plates, and one of these cells is selected to be the functional apical cell
(Figure 4A-D). The apical cell cuts off several (seven, in the individual observed)
derivatives and ceases to divide (Figure 4D-J). After this stage, cells in the peripheral
region located away from the site of the original apical cell become meristematic and
gives rise to the marginal meristem (Figure 4I-K). Notably the apical cell-derived
merophytes were observed to occupy only less than half of a growing gametophyte
(Figure 4J). The remainder of the gametophyte grows mainly through intercalary growth.
The marginal meristem then covers nearly the entire margin of the growing gametophyte
(Figure 4K). The marginal meristem is involved in gametophyte branching, resulting in
the production of several lobes (Figure 4L, M). After this stage, several lobes grow each
to form a ribbon-like lobe, maintaining the marginal meristem at the anterior end of each
lobe. In the irregularly branched gametophytes of Hymenophyllaceae, the occurrence of
both a wedge-shaped apical cell and the marginal meristem has also been reported
(Stokey 1940; Stone 1965).
The developmental process of Vittariaceae and Hymenophyllaceae gametophytes is
similar to that of the Colysis-type up until the marginal meristem phase, as mentioned
above (Figure 1 G-J). However, the location of the archegonial cushion differs greatly
between the Colysis- and Vittaria-types (Figure 1 K,L). The archegonial cushion is
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superficial and central in the Colysis-type, whereas it is marginal or lateral in the Vittariatype (Farrar, 1974, 1978; Farrar et al., 2008). In some taxa of Hymenophyllaceae,
archegonia also arise on the two-cell-thick cushion along the margin of the thallus
(Stokey, 1948 for Hymenophyllum; Dassler and Farrar, 1997 for Callistopteris), whereas
in other taxa, they arise on specialised archegoniophores, which develop as lateral, or
rarely terminal, outgrowths from the filaments (Stokey, 1948 for Trichomanes).
Figure 5 shows the irregularly branched ribbon-like gametophytes of Hymenophyllum

Figure 5. Wild gametophytes of Hymenophyllum barbatum (Bosch) Baker. A-C are
light micrographs, and D-G are sectional views. H and I are light micrographs of the
anterior end of a lobe, stained with Trypan blue. A. Irregularly branched gametophyte.
Arrow indicates an archegonial cushion lobe. B. Enlarged figure of a marginal cushion
lobe with many archegonia. C-G. Young lobe with an initiating archegonium. The two
lines indicate sites of longitudinal sections. D, E. Sectional views cut at the site indicated
by the upper line in C. E is an enlarged figure of archegonium-bearing region of D. F,
G. Sectional views cut at the site indicated by the lower line in C. G is an enlarged figure
of the peripheral region. H, I. Anterior region of a lobe covered by marginal meristem.
Area demarcated by a rectangle is magnified in I. Note that newly initiating young
archegonia are found in the flank of marginal meristem. ar, archegonium. Scale bars: (AD, F, H, I) = 100 µm; (E, G) = 10 µm.
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barbatum (Bosc) Baker (collected in Okutama, Tokyo, and identified using the DNA
barcoding technique). A series of archegonia appears on a marginal lobe along the basal
portion of the gametophyte lobe (Figure 5A, B). The surface view of the archegonial
lobe shows that it is composed of many small rectangular cells, where, unlike the
multicellular meristem, a row of narrow elongate cells expected to act as initial cells
cannot be distinguished (Figure 5B). Transverse sections of a young archegonial lobe
show that a two-cell-thick cushion is located just behind one or two outermost cell layers
that are one-cell thick (Figure 5C-G). This structure suggests that the cells just below
the outermost cell layer of the marginal meristem change their division orientation from
vertical to parallel to the substrate, resulting in the two- or three-cell-thick cushion.
Similar changes in the orientation of cell division also occur when the archegonial
cushion is formed behind the multicellular meristem in the Colysis-type.
In the surface view of the growing lobe, newly initiating archegonia are observed on
the flank of the terminal marginal meristem, with the younger archegonia in the region
closer to the marginal meristem (Figure 5H, I). This pattern is consistent with Stone’s
(1965) description: “Young archegonia were also observed on recently formed small
cushion areas very close behind the apical initial cells of narrow ribbons of Mecodium
australe……” Thus, in the Vittaria-type, the archegonial lobe probably begins to develop
due to the activity of the marginal meristem. In the Colysis-type, the multicellular
meristem appears to be originated from the marginal meristem, and hence the
multicellular meristem is regarded as a modified marginal meristem (Takahashi et al.,
2009). In comparing the multicellular meristem of the Colysis-type and the marginal
meristem of the Vittaria-type, the main difference distinguishing the latter from the
former type lies in the site where the archegonial cushion forms (Figure 1 K,L). Notably,
the archegonial cushion never forms on the marginal lobe in Colysis-type, and it never
forms on central midrib in Vittaria-type, as far as we know. Future studies should more
precisely compare the developmental processes of these two types.
The Vittaria-type of development is commonly found in Vittariaceae and
Hymenophyllaceae.
CONCLUSION AND PERSPECTIVE
Significance of understanding development of gametophyte forms
Gametophyte biology is necessary to understand adaptation and evolution of ferns,
because the gametophyte plant body (that is independent of the sporophyte plant body)
is inevitably subjected to environmental conditions and then adapted to the habitats where
they grow. Different habitats may select for different growth forms and different growth
rates. For example, growth on a vegetation-free but temporary soil habitat is quite
different from that on a long-lived tree limb in competition with bryophytes and other
epiphytes. In the former habitat cordate gametophytes are generally found, while in the
latter habitat slow-growing, ribbon-like gametophytes are predominant. The present
review shows that such different growth forms are actually controlled by meristems. To
understand gametophyte ecology and reproduction, we have to understand the
gametophyte form and its basis in development.
Recent development of flora-wide barcode identification of wild gametophytes
(Ebihara et al., 2013; Tsujita et al., 2013) helps us understand gametophyte/habitat
relationships more clearly. Now gametophyte research has entered a new era involving
ecological and/or evolutionary aspects. To understand the whole story of the gametophyte
evolution not only the gametophyte ecology, focusing on the gametophyte-habitat
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relationships, but also the comparative development, focusing on the meristem behaviour,
should be investigated.
Roles of the three different meristems
Planar fern gametophytes show diversified shapes, depending on the presence or absence
of the three following meristem types and how and to what extent they contribute to
gametophyte development: apical cell-based meristem, marginal meristem, and
multicellular meristem. Regardless of the gametophyte shape, the apical cell-based
meristem is always formed as the first step of development. The apical cell-based
meristem contributes to the early expansion of the gametophyte. The number of
derivatives cut off from the apical cell is nearly the same among differently shaped
gametophytes, i.e. 6-8 for Lygodium (cordate), 5-6 for Colysis (ribbon) and 7 for Vittaria
(ribbon). The reason that the presence of the apical cell was previously missed in ribbonlike gametophytes (cf. Nayar and Kaur’s Kaulinia type, 1971) is likely to be related to
the shape of the anterior end of the gametophyte: it is round for the Colysis- and Vittariatypes but notched for cordate gametophytes. In the round apex of the Colysis- and
Vittaria-types, each merophyte that constitutes a gametophyte is elongate-rectangular in
shape (Figure 1H), whereas in the notched apex of the Lygodium-type, each merophyte
is fan-shaped, with the longest outer margin and the shorter inner margin (Figure 1B).
The multicellular meristem has two main functions. It acts as initial cells to contribute
to the expansion of both wings and formation of a multilayered archegonial cushion. In
addition, the multicellular meristem is also involved in apical branching of the
gametophyte. The multicellular meristem is divided into two independent meristems via
the cessation of activity in the middle portion of the once extended meristem (Lygodium
japonicum, Takahashi et al., in prep.). Note that the apical cell-based meristem never
divides in two.
The main role of the marginal meristem is to extend the entire periphery of the
gametophyte and to contribute to the formation of many lobes through division of the
marginal meristem. Owing to the marginal meristem, an irregularly branched shape is
established. The marginal meristem does not contribute to the archegonial cushion in the
Colysis-type but probably does in the Vittaria-type.

Figure 6. Diagrammatic illustrations of developmental phases that form three types. I.
Lygodium- and Elaphoglossum-type for cordate gametophytes. II. Colysis-type. III.
Vittaria-type. Dotted lines continuous to solid lines in II and III indicate that the
multicellular and the marginal meristem phases continue indefinitely, respectively. AC,
apical-cell based meristem phase; MA, marginal meristem phase; MU, multicellular
meristem phase. ♀, archegonium.
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Three meristem behaviours resulting in diversified gametophyte shapes
If the apical-cell based meristem phase is immediately followed by the multicellular
meristem phase (Lygodium-type), the typical cordate gametophyte results (Figure 6I). In
this case, the multicellular meristem begins to produce an archegonial cushion soon after
the meristem is established. If the multicellular meristem does not produce the
archegonial cushion for a while (i.e. the formation of the archegonial cushion is delayed;
Elaphoglossum-type), a strongly elongate-cordate, strap-shaped gametophyte is formed.
If the apical cell does not function and the multicellular meristem is formed on the lateral
side and not on the apical end (Anemia-type), an asymmetrically cordate gametophyte
results. Therefore, the Elaphoglossum-type, which forms strap-shaped gametophytes,
and the Anemia-type, which forms asymmetric cordate gametophytes, are both
considered to be subtypes of the Lygodium-type, which forms the typical cordate
gametophyte.
If the marginal meristem phase intervenes between the apical cell-based meristem
phase and the multicellular meristem phase, the Colysis-type is established (Figure 6II).
During the marginal meristem phase, the gametophyte branches repeatedly, forming
many lobes. This process may lead to a much longer life span of the irregularly branched
gametophyte compared to the cordate gametophyte. If the multicellular meristem phase
is absent, the Vittaria-type results (Figure 6III). In both the Colysis- and Vittaria-type, the
gametophyte becomes irregularly branched during the marginal meristem phase. Thus,
so-called ribbon-like gametophytes involve two different development types, Colysis
and Vittaria. The difference between these two types involves the site of the archegonial
cushion: in the former type, it is superficial and lies at the centre of the lobe, whereas in
the latter type, it is located on the lateral margin of the lobe (cf. Figure 1K, L). In the
Colysis-type, the archegonial cushion is formed by the activity of the multicellular
meristem, which is considered modified marginal meristem (Takahashi et al., 2009). In
the Vittaria-type, however, the initiating archegonial lobe is found in the flank of the
marginal meristem, suggesting that the marginal meristem of the Vittaria-type could have
gained the ability to form a multilayered archegonial cushion near the margin because the
multicellular meristem phase was lost. The developmental process of the archegonial
cushion in the Colysis- and Vittaria-types should be compared further .
Farrar et al. (2007) classified planar fern gametophytes into three ecologically
functional groups based on form, type of meristem, type of proliferation and longevity:
annual cordate gametophytes with the meristem in the notch, perennial strap-shaped with
the meristem in the notch and perennial ribbon-shaped that have the meristem in the
margin. Missing from this classification is the Colysis-type, which has meristem in both
the margin (marginal meristem) and the notch (multicellular meristem). Still other types
of development may also occur, especially for irregularly branched, ribbon-like
gametophytes. For example, the very narrow gametophytes of Pleurosoriopsis
(Polypodiaceae) appear always to retain the triangular apical cell and have superficial
archegonial cushions (Masuyama, 1975; R. Imaichi, personal observation).
Gametophytes of Phanerosorus ( Matoniaceae) are also ribbon-shaped with an apical
cell and a superficial archegonial cushion (Yoroi and Kato, 1987). Whether these
gametophytes possess the multicellular meristem when the archegonial cushion forms
remains uncertain. In some Trichomanes (Hymenophyllaceae) species, the gametophyte
uniquely shows two sharply defined growth forms: a filamentous, branching phase that
gives rise to an upright, blade-like phase (Farrar and Wagner, 1968 for Trichomanes).
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The examination of gametophyte development should be especially extended to
non-cordate gametophytes that mainly occur in epiphytic taxa.
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ABSTRACT
The genus Adiantum L. from Maharashtra is revised; seven species are
recognized. Adiantum concinnum Willd. and A. poiretii Wikstr. are new records
for Maharashtra, and are described and illustrated.
INTRODUCTION
The genus Adiantum is a large genus of some 280 species globally, with 20 species and
two varieties reported for India. The Western Ghats of India has 10 species of Adiantum,
of which five species have been reported previously from Maharashtra (Blatter and
d’Almedia, 1922). The present investigation was undertaken to study the genus Adiantum
from Western Ghats of Maharashtra. Seven species of Adiantum were found, with two
species, A. concinnum Willd. and A. poiretii Wikstr., being recorded for the first time for
Maharashtra State.
MATERIALS AND METHODS
Field visits were carried out from June 2010 to December 2012 for the collection of
Adiantum species from Northern Western Ghats. The specimens are preserved in the
Herbarium, Department of Botany, Shivaji University, Kolhapur (SUK) and were
identified by using the floristic accounts of Beddome (1884), Blatter and d’Almedia
(1922), Dixit (1984), Manickam and Irudayaraj (1992) and Fraser-Jenkins (2008).
RESULTS AND DISCUSSION
Taxonomic Treatment
Adiantum L. Sp. Pl., 1094 (1753); Copland, Gen, Fil. 78, 1947; Beddome, Ferns S. Ind.,
1 (1970); Almedia, Cont. Stu. Vas. Pl. Mah. Rev. Pterido., 140, 1972; Manickam &
Irudayaraj, S. Ind. Pterido., 95, 1994. Type - Adiantum capillus-veneris, United States,
Holmiea.
Hewardia J. Sm., J. Bot. (Hooker) 3: 432. 1841.
Rhizome erect or creeping, densely or sparsely covered with scales; scales uniform or
differential, multicellular, dark brown 1 - 3 mm long; stipe 5 - 15 cm long, dark brown,
glabrous or hairy; lamina simply pinnate to tripinnate or quadripinnate (A. raddianum
Presl.); pinnule herbaceous 2 - 3 cm long, dark green to pale green, usually dimidiate,
glabrous or hairy (A. caudatum L.); veins free, dichotomously branched, reaching up to
margin; sori marginal or borne in the notches, reniform to linear; spores trilete, and
granulose.
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Key to the species
1a. Fronds once pinnate ................................................................................................ 2
1b. Frond pinnately branched, glaberous ...................................................................... 4
2a. Fronds rooting through apical buds ......................................................................... 3
2b. Frond is not rooting through apical buds; pinnae glabrous ..................... A. incisum
3a. Pinnae densely hairy ............................................................................ A. caudatum
3b. Pinnae glabrous ................................................................................. A. philippense
4a. Rhizome erect, pinnules pale green ................................................... A. concinnum
4b. Rhizome creeping, pinnules dark green ...................................................................5
5a. Pinnules semicircular ................................................................................ A. poiretii
5b. Pinnules dimidiate or sub-dimidiate ........................................................................6
6a. Rhizome short creeping, lamina deltoid, tripinnate ........................... A. raddianum
6b. Rhizome long creeping, lamina bipinnate .................................. A. capillus-veneris
Adiantum concinnum Willd., Sp., 5.451(1810); Mickel & Beitel, Pterd. Fl. Oaxaca,
Mexico, 23, Figure 38 K.L. (1988); Beddome, Ferns S. Ind., 1 (1970); Almedia, Cont.
Stu. Vas. Pl. Mah. Rev. Pterido., 140, 1972; Manickam & Irudayaraj, S. Ind. Pterido., 95,
1994. Type - Venezuela, Caracas, Cumana.
Adiantum lutescens Mougcot ex Fee, Mem. foug 5: 119 (1852).
Adiantum concinnum var. subvolubile Mett. Lehmann, mid, J, P40.
Rhizome erect or suberect, densely scaly at apical part; scales ± 5 mm long, 0.2 - 0.4 mm
wide, lanceolate, apex acuminate, margin entire; stipe 15 - 28 cm long, smooth, glabrous,
slender, tufted, scaly at base, dark brown, abaxially rounded, slightly grooved adaxially;
frond 40 - 50 cm long, 15 - 25 cm broad, bipinnate to tripinnate, triangular or ovate, apex
acute, base broadly cuneate; pinnae thin, herbaceous, Primary pinnae 8 - 12 pairs,
alternate, short stalked, terminal pinnule similar to lateral, Secondery pinnae stalked,
base oblique, pinnules 3 - 5 pairs per secondary pinnae, shortly stalked, fan shaped, ovate
or wedge shaped, base truncate, margin deeply lobed into 2 - 3 primary lobes; veins
dichotomously branched, springing from the base and freely reaching towards the margin;
pinnae pale to dark green, glabrous, above and below, texture thin herbaceous; sori
kidney shaped, 8 - 15 on each pinnules, exindusiate, papery; spores diam. 30 - 38 µm,
tetrahedral, exine red-brown, granulose (Figure 1).
Distribution and Ecology: Rare along exposed road sides and road cuttings from
Panhala Hill station between altitude 900 - 1000 m. The species is an escape from C.
and S. America, and is now naturalised in South India and North East Himalaya.
Note: A. concinnum is reported here for the first time as a new record for Maharashtra
State.
Adiantum poiretii Wikstr. Kongl. Vetensk. Acad. Handl. 1825. 443. 1826; Fraser-Jenkins,
Tax. Rev. Three Hund. Ind. Subcont. Pterid. 577, 2008. Type - Tristan Da Cunha
Adiantum crenatum Baker., Syn. Fil. (Hooker & Baker) 120. 1867.
Adiantum gratum Fée., Mém. Foug., 5. Gen. Filic. 119. 1850-52; 7 mem. 29 t. 12 f. 3.
1850.
Adiantum poiretii var. sulphureum (Kaulf.) R.M.Tryon. Amer. Fern J. 47: 139. 1957.
Adiantum sulphureum Kaulf. Enum. Filic. 207. 1824
Adiantum sulphureum. var. subsulphureum (J. Rémy ex Gay) Looser. Physis (Buenos
Aires) 15: 225. 1939.
Rhizome creeping, ± 5 mm dia., scaly at base; scales 5 mm long 0.7 - 1 mm wide,

PATIL et al: THE GENUS ADIANTUM L. FROM MAHARASHTRA

161

filiform, thin, hair like, yellowish brown, broadly triangular, margin entire, apex
acuminate; stipe 8 - 15 cm long, lustrous, glabrous, red-brown, bearing conspicuous basal
scales, similar to those of the rhizome; frond 20 - 25 cm long, 12 - 14 cm wide, thin
herbaceous, deltoid, bipinnate or tripinnate, ovate, apex acute base cuneate; pinnules
herbaceous, suborbicular, fan shaped, lobed half way to the base, base cuneate or
rounded, non soral margin crenulate; veins dichotomously branched, forked three to five
times, free reaching up to margin, springing from cuneate base; sori linear, exindusiate,
marginal in between notches, 1 - 2 per lobe; spores dia. 34.6 - 53.6 µm, trilete, exine
smooth (Figure 2).
Distribution and Ecology: Rare in Western Ghats of Maharashtra, found in Panchagani
on wet rocks or wall near the roadside at an altitude of 1000 m. It is associated with

c

d
a
b

Figure 1: Adiantum concinnum Willd. a: Habitat b: Rhizome c: Enlarged pinna
d: Pinnae showing sori and venation.
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Cheilanthes rufa D. Don., Microsorium membranaceum (D. Don) Ching. and
Hypodematium crenatum (Forsk.) Kuhn.
Note: This species is reported here for the first time from Maharashtra State.
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Figure 2: Adiantum poiretii Wikstr. a: Habitat b: Rhizome c: Rhizome scale
d: Pinnae showing sori and venation.
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ABSTRACT
During our work on pteridophytes for the ‘Flora of the Guianas’ programme, we
have examined specimens from numerous herbaria, and especially from Paris
(P). We have realised the importance of Glaziou’s collection which is deposited
at P. The detailed study of this collection led us to point out the difficulties of
interpretation of dates and localities given on the labels of this collection.
Therefore, for the benefit of further users of this collection, a complete inventory
is being carried out. Examination of the collection catalogue, specimens,
literature and associated databases has allowed the comparison of the labels and
establishment of the chronology of the specimens and of the sites of collection.
We have also studied Appun’s collections from Guyana; these specimens were
given by Appun to Glaziou, who incorporated them within his numbering. This
paper presents the preliminary results of our study. However, after some five
years of works for the installation of compactors for the Paris herbarium
collections, and including mounting, digitising and re-curation of the
pteridophyte specimens, these are once more accessible for research and all
specimens will need a new revision.
Mots clés : Ptéridophytes, Herbier MNHN Paris, Glaziou, Appun.
RÉSUMÉ
Lors de nos travaux sur les Ptéridophytes pour le programme ‘Flora of the
Guianas’, nous avons examiné les spécimens de nombreux herbiers, et plus
spécialement celui de Paris (P). Nous avons ainsi remarqué l’importance de la
collection d’A.F.M. Glaziou déposée à P. L’étude de détail de cette collection
nous a permis de constater les difficultés d’interprétation des dates et des lieux
de récolte portés sur les étiquettes des spécimens de cette collection. Aussi, pour
le bénéfice des utilisateurs ultérieurs de cette collection, en avons-nous entrepris
un inventaire complet, actuellement toujours en cours. L’examen des carnets de
récolte, des spécimens, de la bibliographie et des bases de données nous a permis
de comparer les étiquettes et d’établir la chronologie des spécimens et des lieux
de récolte. Cet article présente les résultats préliminaires de notre étude.
Toutefois, la collection de l’herbier de Paris nécessite une nouvelle révision, du
fait des travaux de rénovation de l’herbier, tous les spécimens étant désormais
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accessibles. Nous avons également étudié les récoltes d’Appun du Guyana. Ces
spécimens ont été donnés par Appun à Glaziou qui les a intégrés dans sa
numérotation.
INTRODUCTION
In the course of our research on American pteridophytes for the ‘Flora of the Guianas’
international programme, and the ‘Index of American Pteridophytes’, we have looked
for specimens collected from the three Guianas (Guyana, Suriname, French Guiana), as
well as for type specimens.
We have observed that:
Glaziou’s pteridophyte collection in Paris (P), mainly studied by A.L.A. Fée
(1869, 1872-1873) and by J.G. Baker (1870), contains a great number of taxa
new at this time and described by these two authors;
A certain number of specimens from this collection were collected in Brazil by
amateurs and other botanists, but also collected in Guyana by C.F. Appun.
François-Marie Auguste Glaziou was born in Lannion (Côtes-d’Armor, France) on
August 28th, 1828 of an ‘unknown father’. In February 1834 his mother, Marie-Joseph
Grosvalet, married Yves Glaziou, a gardener-horticulturist, who recognised him and
gave him his name. At 16 years of age, he escaped from home to make a tour of France,
but stopped at Bordeaux. A good horticulturist, he applied himself to botany and the art
of gardening. He married, fathered a family, and in 1859 set sail for Brazil as a migrant.
In 1862, he was engaged to create several gardens in Rio de Janeiro. At this period,
C.F.P. von Martius (1794-1868) had undertaken the writing of ‘Flora brasiliensis’ and
needed correspondents in Brazil. Glaziou became involved in the important task of
plant collecting from unexplored areas. He considered knowledge to be universal, and
sent specimens of plants to many herbaria in Europe and in South America. His
collections of lichens and mosses allowed A.L. Fée (1789-1874) to publish a flora of
the Cryptogams of Brazil in 1869. In 1897, tired and sick, he took retirement and
returned to France where he stayed close to Bordeaux. He spent the remaining years
sorting out his herbarium and his documents until his death in 1906 (after Allain 2008).
We have now started the inventory of all Glaziou’s specimens deposited at the
National Museum of Natural History in Paris (P). We supplemented the data by
including information from databases of various herbaria (B, BM, BR, C, G, K, MO,
NY, P, RB, US). These databases were revealed to be incomplete, as entry of specimen
data is still in progress. Our study of Glaziou’s specimens has started with the
examination of his catalogue of collections, then the literature.
Our study of this collection revealed to us the difficulties of interpretation of the
information shown on Glaziou’s labels. It is also known that Glaziou had collected
certain plants at various periods, but referred to them under the same number. Through
the inventory and the bibliographical information, we have been able to draw
preliminary conclusions that we present here.
GLAZIOU’S COLLECTION CATALOGUE
Glaziou’s collection catalogue, deposited at the library of the Paris herbarium (P),
consists of 3 registers noted as “carnets de récoltes” (collection notebooks) which are
not true field books but rather a listing of the collection numbers, in which the
information is very minimal. For each of the 26,000 records only a number and the
name of the plant are indicated. From our records a total of some 1,789 of these
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numbers correspond to pteridophytes. The information in this catalogue is presented in
the following style:
362
Acrostichum consobrinum Kunze
363
Ceropteris tartarea Link
364
Mertensia scalpturata Fée
365
Mertensia pubescens Humb. & Bonpl.
366
Mertensia pubescens Humb. & Bonpl.
etc.
GLAZIOU’S COLLECTION
Using this list of pteridophyte specimens given by Glaziou in his collection catalogue,
we have looked for the specimens deposited at P. The information shown on the
specimen labels has been recorded, together with information found in the literature.
There is variation in the type of information from one specimen label to another. The
list below provides examples of the various categories of these labels, with the current
name of the taxon given for each Glaziou number.
Case 1
This is the simplest category:
364
Catalogue: Mertensia scalpturata Fée
Specimen label: Rio de Janeiro: (syn- P00633236!) [det. as Dicranopteris flexuosa
(Schrad.) Underw. by S. Roth in 1985].
Syntype of Mertensia scalpturata Fée, Crypt. Vasc. Brés. 1: 199, t.72, f.1. 1869.
Protologue: “Habitat in Brasilia fluminensi (Claussen, n° 102 a [Herb. F.]; Glaziou, n°
364, et 1695)”.
Current name: Dicranopteris flexuosa (Schrad.) Underw. [fide Lellinger 1989,
Andersen & Øllgaard 2001].
Case 2
When naming Glaziou’s specimens, it happens that several authors did not give the
same name for a specimen. The names given now become synonyms of the current
name of the taxon.
378
Catalogue: Alsophila scrobiculata Fée
Specimen label: Rio de Janeiro: Corcovado, 12 Jan 1867 (syn- P00631754!;
isosyn-BR!, P00631755!, P00631756!).
Syntype of Alsophila scrobiculata Fée, Crypt. vasc. Brés. 1: 157, t.53, f.1. 1869.
Protologue: “Habitat in Brasilia fluminensis (Glaziou, n° 378, 2293, 2294, et 2295) ”.
In : Alsophila paleolata Mart. [Fl. Bras. 1(2): 329. 1870].
Current name: Cyathea phalerata Mart. [fide Zuloaga et al. 2008, Forzza et al. 2012].
Case 3
Sometimes, the same number is indicated for different taxa and, very occasionally, for
different dates. But, the collection dates are not always reported on the specimens, and
notably never on the duplicate specimens. A specimen number shown on the herbarium
sheet can only be related to the numbers in the catalogue when dates are indicated on
the specimens, and that is extremely rare.
1221
Catalogue: Goniophlebium lepidopteris T. Moore
a) Specimen label: Rio de Janeiro: in sands of Talupu, 18 Jun 1867 (P01374808!)
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Goniophlebium lepidopteris T. Moore, Acrostichum lepidopteris Langsd. & Fisch.
In : Goniophlebium lepidopteris T. Moore [Crypt. Vasc. Brés. 1869.]
Current name: Pleopeltis lepidopteris (Langsd. & Fisch.) de la Sota [fide Sota 2007].
b) Specimen label: Rio de Janeiro: (syn- P00167446!; isosyn- NY148808-fragm.).
Syntype of Alsophila tijucensis Fée, Crypt. vasc. Bres. 1: 171, t.73, f.1. 1869.
Protologue : “Habitat in Brasilia fluminensis, ad Tijuca (Glaziou, n° 1221, et 1707). ”
Current name: Cyathea poeppigii (Hook.) Domin [fide Lellinger 1989, Forzza et al.
2010].
c) Specimen label: Rio de Janeiro
In : Dicksonia cicutaria Sw. [Crypt. Vasc. Brés. 1869.]
Current name: Dennstaedtia cicutaria (Sw.) T. Moore [fide Sota 1977, Smith 1981,
Stolze 1981, Proctor 1985, Mickel & Beitel 1988, Proctor 1989, Tryon & Stolze 1989,
Mickel 1992, Moran & Riba 1995, Mickel & Smith 2004, Zuloaga et al. 2008].
d) The Glaziou number 1221 is also cited by Baker, Fl. Bras 1(2): 527. 1870.
- Polypodium lepidopteris (Langsd. & Fischer) Kunze var. rufulum (C. Presl) Baker
Current name: Pleopeltis hirsutissima (Raddi) de la Sota [fide Zuloaga et al. 2008].
Case 4
Two specimens collected at different dates are indicated under the same number. As an
example, we present here number 1680, but this applies also for numbers 424 and 917.
1680
Catalogue: Aspidium amaurolepis Fée
a) Specimen label: Rio de Janeiro: Serra dos Órgãos, Tijuca, 8 Aug 1867 (synP00170065!; isosyn- C, P001415573!, US!).
Syntype of Aspidium amaurolepis Fée, Crypt. vasc. Bres. 1: 137, t.44, f.2. 1869.
Protologue: “Habitat in Brasilia fluminensis (Glaziou, n° 1680, a Tijuca, et 2370, 2371,
2372).”
Current name: Ctenitis distans (Brack.) Ching
For Baker [Fl. Bras. 1(2): 472. 1870] this specimen corresponds to Nephrodium
caripense (Willd.) Hooker
Current name: Ctenitis submarginalis (Langsd. & Fischer) Ching [fide Sota 1977,
Stolze 1981, Zuloaga 1997, Zuloaga et al. 2008].
b) Specimen label: Rio de Janeiro: Corcovado, 8 Sep 1867 (P01592212!, P01592213!,
P01592214!, P01592215!)
Gymnotheca polyodon Presl
Current name: Marattia cicutifolia Kaulf. [det. Christenhusz 2006]
Case 5
Appun’s specimens, collected in Guyana and given to Glaziou, are integrated within the
numbering of Glaziou’s collection. For the other gifts of specimens, it is extremely rare
that they are mentioned in the collection catalogue:
12347 Catalogue: Blechnum asplenioides Sw.
Specimen label: GUYANA: Appun s.n. (P01532127!)
Blechnum asplenioides Sw.
Current name: Blechnum asplenioides Sw. [fide Murillo 1968, Sehnem 1968, Kramer
1978, Cremers & Hoff 1990, Tryon & Stolze 1993, Smith 1995, Killeen & Schulenberg
1998, Forzza et al. 2010].
Case 6
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Numerous specimens are without number:
In the description of taxa, the author mentions “Glaziou s.n.”, as in this case, here
below, for a Christ species.
This is correct and conforms to the protologue.
s.n.
(holo- P00559058!).
Type of Lycopodium alopecuroides var. pseudo-reflexum H. Christ, Bull. Herb. Boiss.
ser. 2, 2: 706. 1902. [det. as Lycopodiella alopecuroides (L.) Cranfill var. integerrima
(Spring) B. Øllg. & P.G. Windisch by B. Øllgaard and P.G. Windisch in 1993]
Protologue: “Glaz. s.n.”
Current name: Lycopodiella longipes (Hook. & Grev.) Holub [fide Arana & Øllgaard
2012]
In most cases, the number is frequently omitted on the label. This is the case for a
number of duplicates. However, thanks to the indication of location and date of
collection, it is possible to extrapolate and to estimate a probable number for the
specimen.
s.n.
Petropolis, 16 Feb 1866 (P01227946!) [prob. n° 913]
Lycopodium complanatum L.
Current name: Diphasiastrum thyoides (Humb. & Bonpl. ex Willd.) Holub [fide
Arana & Øllgaard 2012].
Case 7
By comparison of the numbers mentioned in the collection catalogue and the numbers
found on the specimens, we have established that there are a further 75 additional
numbers:
- either with a name belonging to a Phanerogam, but with a specimen being a
pteridophyte:
11 Catalogue: Scoparia dulcis L. [Scrophulariaceae]
Specimen label: Rio de Janeiro : Alto Macahé, Jul 1870 (P01541570!)
Heteroneuron serratifolium (Mert. ex Kaulf.) Fée
Current name: Bolbitis serratifolia (Mert. ex. Kaulf.) Schott [fide Sota 1977, Sehnem
1979, Smith 1981, Tryon & Stolze 1991, Smith 1995, Kessler et al. 2000, Mickel &
Smith 2004, Funk et al. 2007, Hokche et al. 2008].
- or without name, but with a specimen being a pteridophyte:
248 Catalogue: No indication.
Specimen label: (P01224203!)
Lycopodium reflexum Lam. [det. B. Øllgaard 1987]
Current name: Phlegmariurus reflexus (Lam.) B. Øllg. [fide Øllgaard 2012].
GLAZIOU’S LABELS
Up to 370 new taxa have currently been recorded in Glaziou’s collection, mainly
described by Fée (276) and Baker (51), but also by other botanists:
C. Christensen
9
W.R. Maxon & C.V. Morton
1
H. Christ
8
G.H. Mettenius
1
G.H. Hieronymus
6
K.A.E. Prantl
1
K. Domin
3
E. Rosenstock
1
W.G.F. Herter
3
A. Saint-Hilaire
1
C.A.M. Lindman
3
A.F. Spring
1
G.F. Kaulfuss
2
L.M. Underwood & F.E. Lloyd
1
M. Kuhn
1
C.A. Weatherby
1
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As some of the new taxa have been described with the citation of several specimens,
the total number of Glaziou’s collection recorded to date as syntypes is 475.
Several forms of label have been identified:
- Label from Fée, mostly with his signature ( Figure 1);
- Label of duplicates with additional data from Fée and Glaziou ( Figure 2);
- Label with uncomplete data written in Glaziou’s hand ( Figure 3);
- Label bearing one number only:
- either attached to an axis of the plant by a thread ( Figure 4);
- or with a number written with a blue pen on a piece of brown paper in Glaziou’s
hand ( Figure 5).

Figure 1. Label written by Fée with his signature: specimen Glaziou 5244
(P00625682), syntype of Alsophila decipiens Fée.

Figure 2. Label written by Glaziou, with various data: specimen Glaziou 7032
(P00631702).
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Figure 3. Label written by Glaziou, with his original data: specimen Glaziou 5244
(P00625687), isosyntype of Alsophila decipiens Fée.

Figure 4. Label of the number 5244, written by Glaziou and attached to the plant by a
thread (P00625687).

Figure 5. Label of the number 22630, written by Glaziou (P00631772), isotype of
Alsophila goyazensis H. Christ.
OTHER LISTS ESTABLISHED
List of specimens of Glaziou’s collection
As an example of the list that we are compiling, we show the first page in Figure 6.
List of Glaziou’s specimens regrouped under the current names of taxa
As an example of how this list is being presented, we show here Abrodictyum rigidum
(Hymenophyllaceae):
Abrodictyum rigidum (Sw.) Ebihara & Dubuisson
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11 CATALOGUE: Scoparia dulcis L.
[SCROPHULARIACEAE]
SPECIMEN: Rio de Janeiro: Alto Macahé,
Juillet 1870 (P01541570!)
Heteroneuron serratifolium (Mert. ex
Kaulf.) Fée
CURRENT NAME: Bolbitis serratifolia
(Mert. ex Kaulf.) Schott
17 CATALOGUE: Sophora littoralis
Schrad. [FABACEAE]
SPECIMEN: Rio de Janeiro: (syn- ).
Syntype of Alsophila leucolepis Mart. var.
firma Domin
CURRENT NAME: Alsophila leucolepis
Mart. var. firma Domin
24 CATALOGUE: Euphorbia sabulicola
Baill. [EUPHORBIACEAE]
SPECIMEN: Rio de Janeiro: Trannin
(P01248867!)
Doryopteris hastata Raddi
CURRENT NAME: Doryopteris sagittifolia
(Raddi) J. Smith
32 CATALOGUE: Borreria tenella Cham.
& Schlechtdl. [RUBIACEAE]
SPECIMEN: Rio de Janeiro: près de Rio de
Janeiro, 1872 (MO-1826063)
CURRENT NAME: Cyathea delgadii Sternb.
34 CATALOGUE: Borreria tenella Cham.
& Schlechtdl. [RUBIACEAE]
SPECIMEN: Rio de Janeiro: près de Rio de
Janeiro, 1872 (MO-1856064)
CURRENT NAME: Cyathea delgadii Sternb.
39 CATALOGUE: Beyrichia ocymoides
Cham. [SCROPHULARIACEAE]
SPECIMEN: Rio de Janeiro: près de Rio de
Janeiro, novembre 1871 (MO-1855168)
CURRENT NAME: Cyathea microdonta
(Desv.) Domin
49 CATALOGUE: Coccoloba populifolia
Wedd. [POLYGONACEAE]
SPECIMEN: Rio de Janeiro: janvier 1872
(MO-1870292)
CURRENT NAME: Cyathea phalerata
Mart.
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51 CATALOGUE: Myrcia recurvata Berg
[MYRTACEAE]
SPECIMEN: Rio de Janeiro: 1872
(MO-1870306, MO-1823787)
CURRENT NAME: Cyathea phalerata
Mart.
61 CATALOGUE: Byrsonima sericea DC.
[MALPIGHIACEAE]
SPECIMEN: Rio de Janeiro
In: Polypodium cilare Fée [Crypt. vasc.
Bres. 1869].
CURRENT NAME: Alansmia reclinata
(Brack.) Moguel & M. Kessler
65 CATALOGUE: Myrcia brasiliensis
Kiaersk. [MYRTACEAE]
SPECIMEN: Rio de Janeiro: près de Rio de
Janeiro, 1872 (MO-1872924)
CURRENT NAME: Cyathea axillaris (Fée)
Lellinger
67 CATALOGUE: Plukenetia tamnoides M.
Arg. [EUPHORBIACEAE]
SPECIMEN: Rio de Janeiro: 1872
(MO-1870291)
CURRENT NAME: Cyathea phalerata
Mart.
68 CATALOGUE: Nothing
SPECIMEN: Rio de Janeiro: Passeio
Publico, 14 mars 1867 (P!)
Craspedaria vacciniifolia (Langsd. &
Fisch.) Link
In: Polypodium vacciniifolium Langsd. &
Fisch. [Fl. Bras. 1(2): 519. 1870]
NAME:
Microgramma
CURRENT
vacciniifolia (Langsd. & Fisch.) Copel.
69 CATALOGUE: Nothing
SPECIMEN: Rio de Janeiro:
In: Polypodium lepidopteris (Langsd. &
Fisch.) Kunze var. rufulum (C. Presl)
Baker [Fl. Bras 1(2): 527. 1870]
NAME:
Polypodium
CURRENT
hirsutissimum Raddi

Figure. 6. First page of the list of pteridophyte specimens collected by Glaziou.
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16646
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Rio de Janeiro: Corcovado, 2 Sep 1867 (P01304055!)
Rio de Janeiro: Petropolis, Serra do Couto, 25 Mar 1869 (P01304056!, S061259)
Rio de Janeiro: Pic de la Tijuca, 19 Apr 1873 (P01304058!, P01304057!,
P01304059!)
Rio de Janeiro: (P01304060!, P01304061!, P01304062!, P01304063!)
Rio de Janeiro: Corcovado, 2 Sep 1867 (P01304071!) [prob. N° 456]
(P01304064!, P01304065!, P01304066!, P01304067!, P01304068!,
P01304069!, P01304070!).

List of locations of collection classified by date
Here below is the example for the year 1865:
Month Day Locality
1865
January
12 R.J.: Corcovado
R.J.: Serra dos Órgãos, Corcovado
16 R.J.: Corcovado
24 R.J.: Corcovado
February
2 R.J. :
8 R.J.: Serra dos Órgãos, Corcovado
13 R.J.: Serra dos Órgãos, Corcovado
14 R.J.: Corcovado
15 R.J.: Corcovado
March
12 R.J.: Corcovado
14 R.J.: Corcovado
15 R.J.: Tijuca
18 R.J.: Corcovado
April
25 R.J.: Serra dos Órgãos
May
16 R.J.: Gavia
17 R.J.: Corcovado
June
7 R.J.: Corcovado
23 R.J.: Gavia
July
4 R.J.: Bico do Papagaio
10 R.J.: Lacangueiros
September 10 R.J.: Corcovado
16 R.J.: Corcovado
22 R.J.: Tijuca
October
5
10 R.J.: Copacabana
18 R.J.: Corcovado
22 R.J.: Corcovado
November 25 R.J.: Corcovado, à la Tijuca
27 R.J.: Tijuca

Number
372
955 c*
400
386
978
956
436
405
437
381
420
931
367, 382,
916
422
397
383
982
418
1669
424 c, 450,
431
950 b
409
449
s.n., s.n.,
s.n.
413
392
*Suffixes added by authors

List of taxa having for type a specimen from Glaziou
As an example, here below are given the first three taxa of this list:
1. Acrostichum acuminans Fée, Crypt. Vasc. Brésil 1: 12, t.1, f.2. 1869.
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PROTOLOGUE: “Habitat in Brasilia fluminensi, Serra d’Estrella (H.F.) (Glaziou, n° 951,
2437, 2438, petite forme, et 2469, Alto Macahé, Nova Friburg).”
LECTOTYPE: BRAZIL: Rio de Janeiro: Serra de Nova Friburgo, 22 May 1868, A.F.
Glaziou 2438 (lecto- P00249800!; isolecto- BR!, P00249801!, P00249802!).
Designated by Rouhan & Cremers 2006.
SYNTYPES: BRAZIL: Rio de Janeiro: Serrada Estrella, A.F. Glaziou 951 (synP00249803!; isosyn- BR!).
BRAZIL: Rio de Janeiro: Serrada Estrella, A.F. Glaziou 2437 (synP00249803!; isosyn- K000590644).
BRAZIL: Rio de Janeiro: Alto Macahé, Nova Fribourgo, Jul. 1870, A.F.
Glaziou 2469 (syn- P00249804!; isosyn- BR!, P00249805!).
= Elaphoglossum auricomum (Kunze) T. Moore [fide Smith 1981, Stolze 1981,
Mickel & Beitel 1988, Tryon & Stolze 1991, Mickel 1995, Smith 1995, RojasAlavarado 2002, Mickel & Smith 2004, Rouhan & Cremers 2006, Funck et al. 2007,
Hokche et al. 2008].
2. Acrostichum acutum Fée, Crypt. Vasc. Brés. 2: 9, t.83, f.3. 1873. non Kuhn (1869).
nom. illeg.
PROTOLOGUE: “Habitat in Brasilia fluminensi (Glaziou, n° 5373).”
TYPE: BRAZIL: Rio de Janeiro: Alto Macahé, 10 Jul 1870, A.F. Glaziou 5373 (holoP00249807!; iso- B 20-0069724!, MO-1322125, P00249808!, P00602733!).
= Elaphoglossum acutum (Fée) Brade [fide Pichi Sermolli 1965, Forzza et al. 2010].
3. Acrostichum amplissimum Fée, Crypt. Vasc. Brés. 1: 5, t.6. 1869.
PROTOLOGUE: “Habitat in Brasilia, Serra do Ariro (Glaziou, n° 2436, 1868).”
TYPE: BRAZIL: Rio de Janeiro: Serra do Ariro, 18 Jun 1868, A.F. Glaziou 2436 (holoP00249820!; iso- P00249821!, P00249822!, P00249823!).
= Elaphoglossum amplissimum (Fée) H. Christ [fide Forzza et al. 2010].
THE COLLECTION OF C.F. APPUN (1820-1872)
Born at Bunzlau (Germany) on May 24th, 1820, Carl Ferdinand Appun died in British
Guyana on July 18th, 1872. This naturalist was recommended by Alexander von
Humboldt to King Frederick William IV of Prussia, who sent him to Venezuela as a
botanist. He arrived in this country in early 1849. For about 10 years, he collected plants
and animals, notably in the Puerto Cabello, Yaracuy and Cojedes regions, and in the
plains of the Orinoco delta. In 1858, he returned to Germany. The following year, the
British Government sent him to Guyana where he stayed until 1868. He also visited part
of Brazil, notably the Rio Branco and Rio Negro region in Amazonia up to Tabatinga,
at the Peruvian border. During his stay in Germany (1868-1871), he published a series
of notes in various magazines. In 1871, he returned a second time to Guyana where he
died, in 1872, in an accident on the Mazaruni River.
About Appun’s collections, it is known that:
- numerous taxa, new to science, are represented by specimens in this collection;
- his collection from Guyana is made of 401 numbers (i.e. from 199 to 400, then 1419
to 1703), the specimens being deposited mainly in the B, BM and K herbaria;
- his specimens from Venezuela are deposited at BM, K, NY, P (those from LZ having
been destroyed during the war);
- his specimens from the Roraima have not been found again, and were thought to have
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disappeared.
At P and in other herbaria where a specimen or image has been seen, under the
Glaziou’s numbering, we have been able to find the following specimens:
12341
GUYANA: Appun s.n. (P01403370!) noted as Acrostichum squamosum Sw.
= Elaphoglossum plumosum (Fée) T. Moore var. maternum Mickel [det. J.T.
Mickel 1984]
= Elaphoglossum plumosum (Fée) T. Moore [fide Cremers & Boudrie 2007].
12344
GUYANA: Appun s.n. (P01463383!) noted as Elaphoglossum simplex Sw.
= Elaphoglossum flaccidum (Fée) T. Moore [det. G. Cremers 2000]
12347
GUYANA: Appun s.n. (P01532127!) noted as Blechnum asplenoides Sw.
= Blechnum asplenioides Sw.
12348
GUYANA: Appun s.n. (P!) noted as Lindsaea guianensis (Aubl.) Dryand.
= Lindsaea guianensis (Aubl.) Dryand. [fide Christ 1899]
= Lindsaea portoricensis Desv. [fide Kramer 1957]
NOTE: In B 20-0123954, B 20-0123956, B 20-0123957, this number12348 is mentioned
on the sheets, but Kramer’s determination in 1957 is as Lindsaea stricta var. stricta. The
specimen from P will have to be checked again for a final determination when
accessible.
12351
GUYANA: Appun s.n. (B, BM, BR, C, G, K, LE, P!-4 sheets) noted as
Lindsaea pendula Klotzsch
= Lindsaea pendula Klotzsch [fide Kramer 1957].
12352
GUYANA [as “BRAZIL”]: probably Appun 962 (syn- BM000586177!;
isosyn- B 20-0079819, B 20-0079820, C, MPU017978, P00539191!, P00539192!,
P00539193!) [det. G. Cremers 1985].
= Lindsaea semilunata (C. Chr.) C. Chr. [fide Cremers & Kramer 1991, Kramer
1995, Cremers & Boudrie 2007].
NOTE: This is a syntype of Lindsaea lancea (L.) Bedd. var. semilunata C. Chr., Bot.
Tidsskr. 25: 81. 1902.
PROTOLOGUE: “Glaziou 12352, 12353.”
12353
GUYANA [as “BRAZIL”]: probably Appun 962 (syn- P?).
= Lindsaea semilunata (C. Chr.) C. Chr. [fide Cremers & Kramer 1991, Kramer
1995, Cremers & Boudrie 2007].
NOTE: This is a syntype of Lindsaea lancea (L.) Bedd. var. semilunata C. Chr., Bot.
Tidsskr. 25: 81. 1902.
PROTOLOGUE: “Glaziou 12352, 12353.”
12355 p.p. GUYANA: Appun s.n. (P!-3 sheets, B 20-0079836, B 20-0079837) noted as
Lindsaea tetraptera Kramer
= Lindsaea tetraptera K.U. Kramer [fide Kramer 1957].
12355 p.p. GUYANA: Appun s.n. (B, G, LE, NY, US)
= Lindsaea divaricata Klotzsch
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12356 GUYANA: Appun s.n. (prob. Appun 1259) (B 20-0124258, B 20-0124259,
BR, C, G, LE, NY, P!-3 sheets)
= Lindsaea pallida Klotzsch
12357 GUYANA : Appun s.n. (B 20-0079707, B 20-0079708, C, LE, NY, P!)
= Lindsaea cultriformis K.U. Kramer [fide Kramer 1957]
12359 GUYANA : Appun s.n. (P01577977!, P01588529!, P01588530!), noted as
Lithobrochia pungens Willd [det. as below by M. Boudrie & G. Cremers in 2013, from
scans, P website].
= Pteris pungens Willd.
12365 GUYANA : Appun s.n. (P!) noted as Polypodium marginellum Sw.
= Grammitis marginella (Sw.) Sw. [fide Moran & Riba 1995]. However, the
specimen has not recently been seen at P, due to the works at the herbarium,
therefore, this uncertain determination needs to be further checked, as Grammitis
marginella is currently unknown from the Guianas.
12370 GUYANA : Appun s.n. (P!) noted as Polypodium incanum Sw.
= Pleopeltis polypodioides (L.) E.G. Andrews & Windham [fide Flora of North
America 1993, Mickel & Smith 2004, Christenhusz 2009, Forzza et al. 2010].
12371 GUYANA : Appun s.n. (P00696802!, P00696803!, P00696804!) noted as
Polypodium subsessile Baker
= Lellingeria subsessilis (Baker) A.R. Sm. & R.C. Moran
12372 GUYANA: Appun s.n. (P01559788!, P01369974!, P01369975!) noted as
Hemitelia subincisa Kunze
= Cyathea roraimensis (Domin) Domin [det. M. Boudrie & M. Lehnert 2013,
from scan, P website]
12373 GUYANA: Appun s.n. (P01443985!) noted as Aspidium (Nephrodium)
subobliquatum Baker
= Cyclodium inerme (Fée) A.R. Sm. [det. M. Boudrie & G. Cremers 2013, from
scan, P website]
12374 GUYANA [Brazil]: without loc., Appun s.n. (holo- C; iso- B 20-0040062, B
20-0040063, G, P00630614!) [det. as below by G. Cremers, without date]
= Cyclodium meniscioides (Willd.) C. Presl var. rigidissimum (C. Chr.) A.R. Sm.
[fide Cremers et al. 1993, Cremers & Boudrie 2007, Funck et al. 2007].
NOTE: Type of Cyclodium rigidissimum C. Chr., Bot. Tidsskr. 25: 79. 1902.
PROTOLOGUE: “Glaziou 12374.”
12375 GUYANA: Guating Cr., Appun 1032 (holo- K000589888; iso- NY8640!fragm., P00625671!, US00066231-fragm.).
= Cyathea bipinnatifida (Baker) Domin [fide Smith 1985, 1995, Cremers &
Boudrie 2007].
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NOTE: Type of Alsophila bipinnatifida Baker, in Hook. & Baker, Syn. fil. ed. 2, 456.
1874.
PROTOLOGUE: “Hab. British Guiana, Appun 1032.”
12376 GUYANA: Appun s.n. (P01491676!) noted as Aspidium capense Willd.
= Ruhmora adiantiformis (G. Forst.) Ching [det. M. Boudrie 2013, from scan, P
website]
12380 GUYANA: Appun s.n. (P01559792!) noted as Hemitelia multiflora R. Br.
= Cyathea cyatheoides (Desv.) K.U. Kramer [det. M. Boudrie & M. Lehnert
2013, from scan P website]
12388 GUYANA: Appun s.n. (P01417237!, P01469405!) [det. as below by D.B.
Lellinger in 1989]
= Trichomanes bicorne Hook.
12389 GUYANA: Appun s.n. (G, P01415518!, P01415519!, P01415526!) noted as
Trichomanes filiforme Sturm [det. as Trichomanes cellulosum Klotzsch by Lellinger in
1989]
= Abrodictyum cellulosum (Klotzsch) Ebihara & Dubuisson
12398 GUYANA: 1866, Appun s.n. (holo- US00135398-fragm.; iso- P00573996!,
P00573997!) noted as Actinostachys dichotoma Sw.
= Schizaea stricta Lellinger [fide Cremers & Boudrie 2007, Funk et al. 2007,
Hokche et al. 2008, Forzza et al. 2010].
NOTE: Type of Schizaea stricta Lellinger, Mem. New York Bot. Gard. 18: 8, f.1. 1969.
12399 GUYANA : 1866, Appun s.n. (P01593700!)
= Actinostachys pennula (Sw.) Hook. [det. M. Boudrie & G. Cremers 2013, from
scan, P website]
s.n.
GUYANA : gift in 1893, Appun s.n. (P01526597 !)
= left : Trichomanes plumosum Kunze, likely from upland western Guyana
= right : Trichomanes accedens C. Presl [fide Lellinger 1989].
From this list of 24 numbers from the Glaziou collection, we can establish that:
- three specimens only are probably related with the numbering of Appun’s specimens
(962, 1032, 1259);
- most of Appun’s specimens are without a number;
- five specimens are types;
- although no taxon is described by Fée, certain of them are described by Baker (1874),
Christensen (1902) and Lellinger (1969).
CONCLUSION
From the current status of our knowledge, we can confirm the historical and taxonomic
importance of Glaziou’s collection deposited in the herbarium of the National Museum
of Natural History in Paris. To date, we have recorded:
- 1,789 specimens of pteridophytes mentioned within his collection catalogue, to which
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are added 75 numbers not recorded in the catalogue;
- 370 taxa described new to science, amongst them 276 by A.L.A. Fée and 51 by J.G.
Baker.
By very careful examination of the specimens, we have been able to identify the
original labels from Fée (and therefore holotypes or lectotypes for the Fée’s taxa), and
the labels corresponding to duplicates. A more thorough study of the numbers of the
collections made at different dates is in progress by referring to the difficulties of
interpretation in the formulation of the labels.
Despite the consultation of databases and visits to other herbaria, we have not been
able to find again all the numbers mentioned in Glaziou’s collection catalogue. Several
files and lists have been established preliminarily to facilitate further research.
However, a new inventory of the P herbarium will be necessary as soon as the
specimens, previously in storage, are incorporated into the new herbarium system.
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ABSTRACT
A new hybrid of Equisetum L. - Equisetum × sergijevskianum C.N. Page et I.I.
Gureyeva (E. palustre L. × E. pratense Ehrh.) - was described originally from
herbarium material found by the authors in 2007 in Krylov Herbarium (TK,
Tomsk State University). E. × sergijevskianum is the first new hybrid in Equisetum
to be first found in Russia. Presented here is an expanded study in English, giving
diagnostic features of this hybrid, comparison with parental species and other
hybrids in Equisetum subgenus Equisetum, and discussion of distribution and
ecology of the parental species. This hybrid occurrence endorses that this parental
combination can exist, and we suggest that this hybrid could consequently occur
elsewhere within the widely-sympatric portions of the circum-boreal ranges of
the two parent species, which includes northern Europe, and especially perhaps
Scandinavia and northern parts of the British Isles.
INTRODUCTION
In August 2007, an unusual specimen in Equisetum L. subgenus Equisetum (the
‘deciduous’ horsetails) was found by the authors in the P.N. Krylov Herbarium (TK) of
Tomsk State University (Tomsk, Russia). The specimen in question consisted of two
cone-bearing shoots, which had originated from Western Siberia, Russia, collected near
Tomsk on 21st July 1925 by Lidia Sergiyevskaya, Maria Kuminova and Elena
Vandakurova. Identity of this pair of shoots had long been attributed to E. palustre L., and
in 1971 this diagnosis was further modified by A.E. Bobrov (as an annotation on the
herbarium sheet), clearly recognising its unusual appearance, as E. palustre L. var.
verticillatum Milde f. longiramosum Klinge. Our new (Page & Gureyeva, 2009) analysis
of its morphological and anatomical details showed the specimen to be far from being
typical E. palustre, and that it bore instead a uniquely strong intermediacy between E.
palustre and E. pratense. Both of these species are frequent within the region. This
evidence thus supports a modern diagnosis of this specimen as the first ever known
hybrid between these two species. This new hybrid, E. palustre L. х E. pratense Ehrh.
was thus accordingly described and named E. ×sergijevskianum C.N. Page & Gureyeva
(Page & Gureyeva, 2009). This is the first new hybrid in Equisetum to be first found in
Russia, and is named after the original finder of the specimen, who was a well-known
Siberian botanist and head of the P.N. Krylov Herbarium (TK) at Tomsk State University
from 1931 to 1970.
The present paper presents a fuller account of this interesting hybrid, in a more
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Figure 1. Equisetum × sergijevskianum C.N. Page et Gureyeva: Whole sheet (holotype,
herbarium TK)
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accessible form in western literature and to discuss its significance, since, as well as
across northern Asia, its two parents are also widespread across both northern Europe and
northern North America. This discovery confirms that this hybrid can, indeed, form, and
establish sporophyte populations. This hybrid could therefore yet be found elsewhere
within the widely-sympatric portions of the circum-boreal ranges of the two parent
species, and its description is therefore additionally relevant to studies of both the British
and European floras.
DESCRIPTION AND MORPHOLOGICAL NOTES
Equisetum × sergijevskianum C.N. Page et Gureyeva (E. palustre L. × E. pratense
Ehrh.), 2009, Sistematičeskie Zametki po Materialam Gerbariâ Imeni P.N. Krylova
Tomskogo Gosudarstvennogo Universiteta, 101: 16.
Type description (Page & Gureyeva, 2009): Stems 15-30+ cm, erect, 1.5-2 mm diam.,
green, with 5-8 grooves and 5-8 ridges; the ridges angular, surface minutely rough;
sheaths (excluding teeth) 3.5-5.0 mm, green; teeth 4-5 mm, as many as the ridges,
narrowly-triangular, piliferous-acuminate, blackish with wide white scarious margins
and acute tips. Branches 1-8 in whorls, spreading to suberect, simple, slender, three
angled; ridges acute, the first internode 1.3-2.5 times as short as the corresponding stem
sheath; branch sheaths pale, teeth broadly-triangular, acuminate, pale green with narrow
scarious margins and top.
Typus: «In the Tomsk adjacents, meadows along the road to Petrovka. 21 July 1925.
L.P. Sergiyevskaya, M. Kuminova, E. Vandakurova» (Holotypus TK, Figures 1-3).
Morphological notes on the type material
Equisetum × sergijevskianum, in overall habit, presents a relatively small and slenderstructured shoot, with a central, simple, more or less erect stem 15-30 cm in length and
a lower-shoot diameter seldom exceeding 1.5-2.0 mm. Approximately the lower two
thirds of the stem have nodes each bearing whorls of relatively long (up to 6-10 cm),
thin (0.6-0.8 mm in diameter) spreading, ascending to sub-erect simple branches. The
number of branches per whorl is (1)4-5(8). Thus incomplete whorls occur mostly on
nodes of the lowermost part of the stem. The upper one third of the stem is branch-free,
and thus forms a prominent ‘tail-like’ terminal portion to the stem. The resulting general
shoot outline of the plant thus varies from narrowly to broadly ovate, and the habit of the
plant and the slenderness of both the main shoot and of its long, mostly ascending,
branches are prominent initial features, which would be conspicuous and distinctive in
the field (Figures 1-3).
In detail, the main shoot internodes have 5-8 acute ridges and the same number of
moderately-deep grooves (notably more so than in E. palustre). All of the ridges have a
minutely rough surface formed by small erect silica tubercles, which can be seen in
low-power (eg. x10) magnification, and are particularly prominent immediately below
each node through the lower and middle parts of the main stem. Sheaths are green,
slightly bell-shaped (in dried herbarium material) with conspicuous ridges. The numbers
of teeth and ridges are the same (5-8) as the number of ridges of the internode below.
Sheaths are 2 mm in diameter at the base, 3mm in diameter near the teeth and 3.5-5.0 mm
in length (without teeth). The 5-8 teeth to each main-stem sheath are free of one another
(ie not conjoined), up to 5 mm in length, from dark brown to blackish, narrowlytriangular, broadest at the base, with wide white filmy margins, narrowing down to a
relatively long hair-like acute upper portion with (at least in herbarium material) often a
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slightly bent tip.
The branches mostly have a 3-fold symmetry, with 3 sharp ridges covered in bead-like
tubercles, with narrow grooves between, each with small lengthwise furrows along the
base. Branch sheaths are green, with usually 3 erect, thin, forward-pointing (ie.
non-spreading, non-clasping), acute, pale-green teeth, 1-2 mm long, sometimes with thin
hyaline scarious margins and brownish-tipped teeth. The first internode of a branch is

Figure 2. Equisetum × sergijevskianum C.N. Page et Gureyeva: detail of stem sheath
and branches

Figure 3. Equisetum × sergijevskianum C.N. Page et Gureyeva: detail of cone
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variable in length, but usually1.3-2.5 times shorter than the adjacent stem sheath.
On the herbarium sheet, both mounted shoots are fertile (Figures 1 & 3), each with a
terminal cone on the otherwise green shoots. The cones are 9 and 15 mm in length
respectively. The cones are of somewhat variable shape, ovate (and probably immature)
on the smaller specimen, to cylindrical (and apparently fully mature) on the larger
specimen, the latter of which has a peduncle 1.5-2 cm in length. Each cone carries 9
whorls of sporangia. The cone of the larger specimen has somewhat congruent terminal
sporangia. The spores in both cones are incomplete, corrugated and misshapen.
DISCUSSION
Equisetum × sergijevskianum in relation to other hybrids in Equisetum subgenus Equisetum
Hybrids of horsetails, especially within Equisetum subgenus Equisetum (the
deciduous-shooted horsetails) have now been described in a considerable number of
different combinations, particularly within Europe (Page, 1963, 1972, 1973, 1988, 1995,
1997, 2001, 2006; Dines & Bonner, 2002; Lubiensky, 2003, 2010; Page et al., 2007;
Page & Gureyeva, 2009; Page, 2012). All characteristically bear a strong morphological
intermediacy between the shoot structure of their respective individual parents, and most
produce only highly abortive spores, as here, or no cones at all. Significantly, the
frequency of recognition of these hybrids, and the number of hybrid combinations known,
have increased greatly with time, especially over the last 50 years. Indeed, known
hybrids, identified on the basis of morphology, have been subsequently independently
supported in their diagnosis on the basis of phenolics (Veit et al 1995), molecular
characteristics (Brune et al 2008) and detailed SEM studies (Lubiensky & Doerken
2013).
The present hybrid, E. × sergijevskianum, originally described by us from this single
specimen from the vicinity of Tomsk, shows a strong morphological intermediacy
between E. palustre and E. pratense, and there is little doubt that it is a hybrid between
these taxa. That in the cones of E. × sergijevskianum the spores are incomplete,
corrugated and mis-shapen, provides further evidence of hybrid diagnosis of this taxon.
Equisetum × sergijevskianum is the fourth described hybrid that has E. palustre L. as
one parent. Previously described hybrids are E. × font-queri Rothm. (E. palustre × E.
telmatea Ehrh.), E. × dycei C.N. Page (E. fluviatile L. × E. palustre) and E. × rothmaleri
C.N. Page (E. arvense L. × E. palustre), which are known from many places, at least in
Britain (Page, 1997). Like all hybrids of E. palustre, E. × sergijevskianum shows a
strongly intermediate form, in this case of a generally oval outline habit, and ascending
branch structure. All the previously described hybrids of E. palustre have sterile stems
that have a relatively long terminal branchless part. The cones for all hybrids are of
intermediate form. All hybrids of E. palustre inherit a relatively small number of nodes
with relatively long (compared with their width) sheaths. The teeth are fairly broad with
scarious margins that become pale when dry. The cones, if present, develop in summer,
and tend to be borne atop otherwise green summer shoots.
Equisetum × sergijevskianum is also the fourth described hybrid that has one E.
pratense Ehrh. as one parent. The previously described hybrids are E. × mildeanum
Rothm. (E. pratense × sylvaticum L.), which is known from several locations in Scotland
and the mountains of Central Europe (Rothmaler, 1944; Page, 1988, 1997; Lubiensky,
2003), E. × montellii Hiitonen (E. × suecicum Rothm. (nom. nudum), E. arvense ×
pratense), which has a very limited distribution in far northern Europe according to
Hiitonen (1933) and in Eurasia according to Rothmaler (1944, without further location
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data), and E. × mchaffieae C.N. Page (E. fluviatile × pratense), known only so-far from
one isolated location in Northern Scotland (Page et al., 2007). Like other hybrids of E.
pratense, E. × sergijevskianum has a slender main stem and branches, and detailed stem
internode rough micro-structure that clearly indicates the inclusion of E. pratense as one
parent. Indeed, the obvious roughness of the stem to the touch is a particular character
of hybrids with E. pratense or E. sylvaticum in their parentage. However, E. ×
sergijevskianum, as in other hybrids of E. pratense, shows the tops of the teeth in the
sheaths of the main stem, at least in its bottom third, to be long, straight, narrow, black,
and fully free of one another. The thin branches are angular with a trihedral cross-section,
and are simple and unbranched throughout. These characters, and especially the lack of
any secondary branching, confirms E. pratense is the other parent and not E. sylvaticum.
Equisetum × sergijevskianum in relation to its parental ranges
The two parents of E. × sergijevskianum are each remarkably widespread in the northern
hemisphere, especially at high latitudes, and have large areas of geographic overlap.
Equisetum palustre has a range which extends southwards from Arctic Circle and is
distributed within Eurasia mainly north of the 40º N parallel, in Europe, from the
Pyrenees, northern coast of the Mediterranean Sea, around the Black Sea, in the Caucasus
up to the Arctic Circle (eg. Hulten, 1962; Dostal, 1984; Derrick et al., 1987). In Siberia,
E. palustre is widely distributed within the boreal zone in the North to the Anadyr (Ilyin,
1934; Shaulo, 1988, 2000, 2005; Skvortsov, 2006). It is also present from Mongolia
eastwards to Korea and Japan, and southwards to northern and western China, in the
latter area occurring as the variety E. palustre var. szechuanense C.N. Page (Page 1974).
In North America it occurs across the temperate zone from the Atlantic Ocean to Alaska,
as the variety E. palustre var. americanum Victorin (Schaffner, 1930; Hauke, 1993).
Across at least the western Eurasian part of its range, E. palustre is found at a wide range
of elevations from habitats below sea level in the far west of Europe up to 2500 m above
sea level in the mountainous areas of central Europe (Dostal, 1984; Page, 1988). Its
ecological preferences are areas of moist, sandy or marshy soil occurring in waterlogged
forests, along the shores of lakes, in marshland, shingle, sandy banks of rivers, thickets
of coastal scrub, marine coastal sand dunes, wetland communities with grass,
oligotrophic, mesotrophic and eutrophic marshes, especially in northern latitudes (Dostal,
1984; Skvortsov, 2006). In Britain, the species occurs especially in base-rich coastal
sand-dune slacks to alpine streamsides, and is an important indicator of cool high level
basic flushes (Page, 1988, 1997).
Equisetum prаtense has a range which is also circumboreal. In Europe it is present
mainly north of latitude 48°N, from Central Europe and the Alps, north to Iceland,
Northern Scandinavia and Russia, and continues eastwards at similar latitudes to the Far
East, to the Arctic regions of Siberia and Chukotka, southward to Mongolia and China
(Ilyin 1934; Jalas & Suominen, 1972; Dostal, 1984; Shaulo, 1988; 2000; 2005; Skvortsov,
2006). It is also present at similarly high latitudes in North America from Alaska to
Labrador (Hulten, 1962). Across this vast range, it grows on rich substrates in sparse
forests, meadows used for haymaking, on the outskirts of fields, roadsides, on banks of
rivers and streams, within open woodlands, thickets and in mountain pastures (Dostal,
1984; Shaulo, 2005; Skvortsov, 2006). In Britain it is noted to grow at moderate to subalpine altitudes on moist mineral-rich substrates in the northern parts of these islands,
especially on the sandy-clayey banks of rivers and streams, on damp, lightly shaded
slopes of valleys, and particularly on flushed streamside sands where a high calcium plus
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silica mineral content combine (Page, 1988; 1997; 2001).
That the single sheet of E. × sergijevskianum was recognised amongst the herbarium
sheets of very many (several hundred) of each of these (above) two parent species
examined in the herbarium holding the main plant collections for Siberia, seems to attest
to it having a reasonable rarity. That this hybrid has not been previously found, would
thus seem not to be a result of lack of frequency of its parent species, nor their areas of
overlap, which are hence extremely large in northerly latitudes.
Possible reasons for rarity of Equisetum × sergijevskianum
Taking an overview of all hybrids in Equisetum subgenus Equisetum, some hybrid
combinations are considerably vigorous, some are about equivalent in vigour to their
respective parents, and a few appear to lack any enhanced vigour. Although, in the field,
secondary spread of hybrid material by vegetative means has been reported in some
hybrid taxa in sites such as along streams and around lakes (Page, 1987; 2001; Page et
al, 2007), most newly-occurring hybrid plants, especially where occurring in great
isolation, must certainly represent independent de-novo hybridisation events (Page &
Barker, 1985; Page 2002; Murphy et al 2012). From the frequency of known individuals
of some hybrid combinations (eg. E. × litorale in Britain and Ireland) these are clearly
multiple, though for this hybrid, both numerous de-novo occurrences plus additional
vegetative spread, appear to exist, and compound to achieve its comparative abundance
(Page 1987; 1997). There seems little doubt that, although there may have been some
local spread, that the most likely formation of this new Russian hybrid was from a new,
de novo hybridisation event, involving local outcrossing between gametes from prothalli
of each of the two parents identified.
Furthermore, for a great majority of such hybrid combinations, considerable
longevity of the resultant offspring, which as judged by the sizes of colonies sometimes
formed, probably varies from decades to centuries. This longevity enables such hybrids
to often spread and persist long-enough for them to eventually come to botanical notice
and analysis (eg Page, 1973; 1995; 2001). We have no direct evidence of the longevity
of this particular hybrid. However, impressions in both the herbarium and in the field
made by the authors across large swathes of southern Siberia, are that species of
Equisetum, including the present parents, are widespread and abundant through a great
range of forested, woodland, river margin, streamside and lakeside habitats. In the case
of the parents of E. × sergijevskianum, fieldwork, both within Britain and Russia, shows
that they are moderately ecologically separated in more northern and upland regions in
particular, and both E. palustre and E. pratense can occur nearby along margins of
streams, each often spreading into streamside sandy gravels. As established sporophyte
plants, both species compete well, and appear to have a high longevity, even within
relatively dense vegetation, which can rapidly close around them along streambank
habitats.
At present, the further ecology of E. × sergijevskianum can only be judged by the
description on the known herbarium label “meadows along the road”. However it can be
expected that the hybrid grows within these in wet, possibly disturbed, patches of
intermediate environmental conditions to those of the parental species. In a wider
perspective in relation to the parental ecology, knowing that this hybrid can occur, other
sites in which it might be especially sought include, we suggest, especially
recently-eroded faces of streambanks (even of small rills) and in periodically
stream-washed gravel and shingle surfaces. For such sites can provide necessary
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recently-disturbed, temporarily opened, adequately wet and irrigated surfaces, for
successful prothallial colonisation. Against this background, it is relevant to ask, why
this hybrid appears, so-far, to be so scarce. It may have had, or lacked, individual vigour,
judging from the relatively small size shoots on the type specimen, when compared with
typical sizes of shoots of its parents from the same region, and this may be the cause of
its rarity, and possible failure of it to survive long-term.
CONCLUSIONS
This discovery in Siberia is first record of a hybrid between E palustre × E. pratense .
We suggest that this hybrid could occur elsewhere, perhaps almost anywhere, within the
widely-sympatric portions of the circumboreal ranges of its parent species. It is also
clearly possible that further study may reveal other hybrids in Equisetum from either the
Siberian region or across Russia more generally.
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BOOK REVIEW
Ferns, Clubmosses, Quillworts and Horsetails of Cornwall and the Isles of Scilly.
Murphy, R.J., Page, C.N., Parslow, R.E. & Bennallick, I.J. 2012. Softback, 201pp.,
ISBN 978-1-902864-07-5. Environmental Records Centre for Cornwall and the Isles of
Scilly (ERCCIS), Truro. £20.00
After a gestation period that would have worried an elephant’s obstetrician, it was with
as much a sense of relief as delight when this attractive treatment of the far south-west’s
ferns and allies finally arrived. Within the British Isles, Cornwall and the Isles of Scilly
have a remarkably rich and varied fern flora, with a range of alien species that have
escaped from the long-established gardens for which the region is renowned, and natives
such as the Mediterranean Isoetes hystrix and Ophioglossum lusitanicum unique to this
area in the British Isles. Covering over 70 ferns, clubmosses, quillworts and horsetails,
their subspecies, varieties and hybrids, both native and introduced, this book, rather like
Welsh Ferns (Hutchinson & Thomas, 1996) before it, therefore has a broader applicability
than its title might suggest.
The major part of the book consists of illustrated taxon accounts: each has a short
description of the plant where relevant; the distribution in Europe (including the British
Isles); and habitats and distribution in Cornwall and the Isles of Scilly. Maps show
distribution by a 2km x 2km square (tetrad) basis in Cornwall, and at a finer resolution
(by six-figure grid references) in the Isles of Scilly. The introduction briefly covers the
various habitats in Cornwall, the climate, soils and geology and the effects of such
activities as mining and china clay workings, and the special conditions on the Isles of
Scilly.
The A4 format chosen allows space for the maps to be presented at a good size, along
with the many very nice photographs of plant details and habit which make this volume
both attractive and useful. The nomenclature and taxonomy are commendably up to date,
the only contentious area being the treatment of Pteridium, where this author would
rather see the subspecies given presented as ecotypes. Even so by presenting these in
this fashion more people will become aware of them and our understanding of them can
only be improved. The only other observation I would make relates to the account of
Cystopteris fragilis. All the material that I have seen from Penjerrick is of C. diaphana
and the status of C. fragilis as Cornish, as the text makes clear, is questionable.
This well-produced and very accessible book will, I am sure, do much to encourage
an interest in ferns and allied plants and, I hope, may spawn similar regional treatments
from elsewhere - it certainly provides a very good model to follow. I warmly recommend
it.
REFERENCES
HUTCHINSON, G. & THOMAS, B.A. 1996. Welsh Ferns, 7th Ed. Cardiff: National
Museums and Galleries of Wales.
Fred Rumsey
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abstraCt
leaf lifespan (llS) is a fundamental ecological trait of special importance to
growth and survival of ferns. the llS of ferns varies between two and 49 months
depending on species and site conditions. Whereas temperate ferns are mainly
summergreen, tropical ferns are mostly evergreen. however, some tropical ferns
have seasonal or even deciduous leaf phenologies or dimorphism with shorterlived fertile leaves that are produced only during a specific time of the year. the
median llS of tropical ferns of 19.2 months is nearly twice as long as in seed
plants (10.0 months). possible correlates of leaf lifespan such as leaf mass per
area, nutrient content and herbivore damage, and future research questions are
discussed.
introduCtion
leaves are the most conspicuous parts of ferns, with the exception of tree ferns that also
have trunks of up to 15 m height. Ferns have developed leaves of all sizes, from large 45 m long leaves (e.g. Angiopteris evecta (G. Forst.) hoffm.) to the smallest leaves of 1-3
mm length of Azolla filiculoides lam. and some species of filmy ferns such as
Didymoglossum ovale E. Fourn.
Because of the importance of leaves as “energy transformers”, their number, size and
functional characteristics such as lifespan are of special importance to growth and
survival of plants. Whereas the number of leaves, their size and other morphological
traits can be easily measured at any time, the direct measurement of leaf lifespan (llS)
requires their entire ontogeny to be followed from the first appearance of a developing
crozier through expansion, maturation and death (though not necessarily detachment).
Some authors measure the llS as the time from the moment the leaf is fully expanded
to leaf death (Kikuzawa & lechowicz, 2011), a definition which would result in estimates
of llS which are from two to eight weeks shorter because of the time needed for the
crozier to complete leaf expansion. leaf lifespan can also be estimated by dividing the
mean leaf number by the annual leaf production (see Mehltreter, 2008). Both direct
measurement and estimation require several observations throughout at least one year and
consequently few data are available on fern llS. For example, Wright et al. (2004)
included 13 fern species in a dataset of 2548 vascular plant species, but only two of those
fern species contained data on llS. For the current review, we compiled a dataset of 71
fern species, which is still less than one percent of the currently known 9500 fern species
(excl. lycophytes, Smith, 2010).
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the llS of ferns varies in temperate climates as well as in tropical climates, and
species of different llS may coexist at the same sites (Shiodera et al. 2010).
Consequently, we asked:
how much does llS vary in ferns? Does mean llS differ between ferns and
angiosperms? how does llS vary between species, sites and within the geographic range
of a single species? Which leaf traits are correlated with llS?
variation in fern leaf lifespans
leaves of the shortest lifespan may belong to some species of grape ferns (Botrychium),
which may persist for 1.8 months (B. gallicomontanum Farrar & Johnson-Groh) to 2.8
months (B. mormo W.h. Wagner) in Minnesota, U.S.A. (Johnson-Groh & lee, 2002),
whereas the longest mean llS of 4.9 years was reported for fertile leaves of Terpsichore
asplenifolia (l.) A.R. Sm. (Monge Gonzalez, 2007), a Mexican epiphyte with
overhanging leaves of indeterminate growth. leaves of indeterminate growth have a very
long potential llS, supposedly unlimited by intrinsic factors (e.g. plant hormones), but
die mainly as a consequence of abiotic factors (e.g., lack of water, mechanical damage)
or biotic interactions (e.g., herbivores, fungal infections). leaves of smaller, younger
plants of T. asplenifolia are still of determinate growth, remain sterile and are shorter
lived than the fertile leaves of larger plants. As a consequence of their indeterminate
growth, leaves of T. asplenifolia are capable of continuous spore production because
they possess all stages of sporangia, old sporangia which already have released their
spores near the leaf base, fully developed sporangia with mature spores in the mid-section
of the leaf and immature new sporangia near the leaf tip.
the llS can differ considerably for species that occur over a wide geographical
range. Botrychium virginianum (l.) Sw. occurs from Canada to peru under distinct
climatic conditions and growth seasons of different duration. In North America, leaves
of B. virginianum appear in early spring and die in late summer, a period of about four
months (Wagner & Wagner, 1993). however, in Mexico the llS of B. virginianum is
17.1 months, and thus a new leaf may coexist for several months together with the leaf
of the year before. On the other hand, Acrostichum danaeifolium langsd. & Fisch., one
of the few species that has been studied at different sites, maintained a similar llS in
Mexico (7.7. months; Mehltreter & palacios-Rios, 2003) and puerto Rico (9.6 months;
Sharpe, 2010).
the median llS for our dataset of 71 fern species was 15.6 months (range 1.8-48.9
months), much longer than the median llS of 8.5 months for seed plants (range 1.1288 months, Wright et al., 2004). however, it is difficult to assess the validity of such a
comparison because it could be biased by factors such as species selection, disturbance
regimes, phylogenetic constraints, or geographic location. In our dataset, 91.5% of fern
species came from tropical areas, where we expect llS to be longer. Restricting the
analysis to tropical species, the median llS for ferns, 19.2 months (first quartile = 11
months, third quartile = 24.6 months, n = 66), is still significantly longer than that for
angiosperms, 10.0 months (first quartile = 7.0 months, third quartile = 19.1 months, n =
163, Mann-Whitney U = 3633, p < 0.001). No significant differences of llS among four
of the five tropical fern floras could be detected, but ferns of puerto Rico had a
significantly longer llS than ferns of hawaii and Mexico (F = 3.71, p = 0.009, table 1).
Further studies are needed to determine whether these differences are consequence of
the selection of sampled species we used or if they represent a real contrast among fern
floras.
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table 1: Sterile llS of ferns (in months) at different tropical sites, S.E. = Standard
error

Site

Mean llS
± 1 S.E.

Minimum
llS

Maximum
llS

hawaii (n = 14)

15.0 ± 1.75

5.0

24.6

Jamaica (n = 3)

17.3 ± 3.76

11.0

24.0

puerto Rico (n = 14)

26.5 ± 3.44

8.4

48.9

Mexico (n = 17)

16.4 ± 1.89

5.5

32.0

taiwan (n = 18)

17.5 ± 1.82

5.1

30.3

temperate ferns
there are three general llS categories for temperate ferns: summergreen, wintergreen
and evergreen. Summergreen ferns produce a flush of new leaves in spring (e.g.
Adiantum pedatum l., Matteuccia struthiopteris (l.) tod.) that die at the end of the
summer growing season. In contrast, wintergreen species retain some green leaves
through the winter until the following spring or summer, just before or after a new set
of leaves begins to develop. the leaves of evergreen ferns are not produced in a seasonal
flush, but are replaced as older leaves die and consequently the plants are never leafless.
Although leaves of most evergreen species live for more than a year, llS may still differ
considerably among species.
phenograms for much of the temperate fern flora of Britain and Ireland have been
published (page 1997) and from them we estimated llS by counting the months from
leaf maturity (ignoring expansion phase) to full senescence. Using terminology defined
by lellinger (2002) we then classified the taxa in this flora as 27 summergreen, 9
wintergreen and 11 evergreen species with mean llS of approximately five, 11 and 16
months, respectively. In the British flora, llS varies between four months (Botrychium
lunaria (l.) Sw.) and 25 months (polystichum lonchitis (l.) Roth). Combining the 13
phenological types identified by Sato & Sakai (1980) for mature leaves into the same
three categories of lellinger (2002) results in a temperate fern flora for hokkaido, Japan
that has 42 summergreen, 11 wintergreen and 15 evergreen species, with the high ratio
of summergreen to evergreen species at high latitudes contrasting with a very low ratio
at lower latitudes in Japan. Sato (1982) further documents the correspondence between
frost tolerance and llS category, with few frost tolerant leaves found among the
summergreen species. In the flora of one area of Japan (Yoshida & takasu, 1993) mean
llS of 21 species ranges from five months (Deparia pycnosora var. alvosquamata M.
Kato) to 37 months (Asplenium wrightii D.C. Eaton ex hook.).
Whereas summergreen ferns store all their nutrients and energy in the rhizome or
roots during the winter and then reinvest in new leaves during the following season,
wintergreen and evergreen species expose their leaves to cold temperatures and even
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frost, but still benefit from photosynthetic gains during mild winter days (e.g., Dryopteris
filix-mas (l.) Schott; Bauer et al., 1991). Because longer living leaves of wintergreen and
evergreen ferns have to survive a wider variation of environmental conditions than
shorter-lived leaves of summergreen ferns, their longer llS are often correlated with
robust leaf structure and greater leaf mass per area (lMA, see below).
tropiCal ferns
Ferns of tropical habitats are often evergreen due to the lack of seasonality in temperature
and rainfall. however ferns in tropical as well as subtropical areas that undergo dry
seasons of several months may be deciduous because drought may cause stress to the
leaves resulting in leaf drop patterns similar to those caused by cold temperatures in
temperate areas. Some epiphytic fern species are also deciduous and sprout new leaves
at the beginning of the rainy season (e.g., phlebodium areolatum (humb. & Bonpl. ex
Willd.) J. Sm., polypodium rhodopleuron Kunze). Such epiphytes may be even more
exposed to water stress because they are rooted in shallower substrate than terrestrial
ferns. Other species, such as the Mexican tree fern Alsophila firma (Baker) D.S. Conant
which grows in the understory of montane forests, are not exposed to severe drought
stress at their natural sites (Mehltreter & García-Franco 2008). however shorter llS
(Chabot and hicks, 1982) and deciduousness followed by synchronous leaf flush have
been reported to reduce herbivore damage (lieberman & lieberman, 1984; Karban,
2007). Consequently, A. firma might be deciduous during the wet season when
herbivorous insects thrive and develop all new leaves synchronously two to three months
after leaf fall. Water is never scarce in mangrove forests but plants have to deal with
increased salinity of soil water. the mangrove fern Acrostichum danaeifolium langsd.
& Fisch does not possess any specific mechanism for eliminating sodium such as the salt
glands of other mangrove species. Consequently, sodium is accumulated in the leaves and
is eliminated only when leaves die, perhaps accounting for the llS of 7-10 months,
relatively short for a tropical fern (Mehltreter & palacios-Rios 2003, Sharpe 2010).
Indeterminate leaves of climbing ferns such as lygodium venustum Sw. suffer from
disturbances such as branch falls and their measured llS of 5.6 months might be far
below their potential llS without external disturbance factors (Mehltreter 2006).
possible Correlates of leaf lifespan
In the following, we discuss several general hypotheses that have been suggested as
correlations between llS and other plant characteristics. these hypotheses are often
based on knowledge of angiosperms, and we relate it to our dataset of ferns.
A longer llS increases the time available for photosynthetic gains, but requires more
structural investment to resist unfavorable environmental conditions such as frost or
drought. According to this hypothesis, evergreen leaves have a higher leaf mass per area
(lMA) than deciduous leaves (see Kikuzawa and lechowicz, 2011). For eight fern
species of our data set for which llS and lMA are available, this correlation is
significant (pearson correlation coefficient r = 0.75, p = 0.03, Figure. 1a). In addition,
lMA is negatively correlated with nitrogen (N) content (r = -0.81, p = 0.01).
Greater environmental tolerance of longer-lived leaves has a tradeoff resulting in
lower photosynthetic rates and lower N concentrations. Available data for ferns are not
significant (both p = 0.11, Figure 1b and 1c). Most ferns have generally lower
photosynthetic rates than angiosperms (see Mehltreter, 2010), supposedly because of
their lower water transport efficiency and lesser control of water transpiration (Orians &
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figure 1. Correlation between sterile llS and a) lMA b) Net CO2-assimilation rate
and c) N content in tropical ferns. Data from Baruch & Goldstein 1999ac, Chiu et al.
2013b, Durand & Goldstein 2001ac, Funk & Amatangelo 2013b, tanner 1983ac,
Winkler et al. 2005c.
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Solbrig, 1977; Brodribb et al., 2005).
A longer llS should increase nutrient retention and recycling. Richardson et al.
(2010) found that angiosperm species on nutrient-poor sites did not exhibit an increase
of llS but rather did exhibit an increase of nutrient resorption efficiency, so that new
leaves receive part of their nutrients from older, dying leaves. longer llS has been
related with lower N content, higher silicium (Si) content (Cooke & leishman 2011) and
perhaps also higher aluminum (Al) content in some tropical angiosperm species. Data for
ferns are limited, but tessier & Bornn (2007) found that overwintering leaves of
Dryopteris intermedia (Muhl. ex Willd.) A. Gray provide a carbon source for new leaves
but not a nitrogen source, findings similar to those of tani & Kudo (2003) in D.
crassirhizoma Nakai.
A longer llS makes leaves of fern species more vulnerable to herbivore damage.
Such damage will increase during the lifespan of the leaf, and thus slow growing species
may not be able to produce enough new leaves to compensate for the lost leaf tissue. As
a consequence, it was suggested that species with a longer llS may invest more in
secondary biochemical defense mechanisms against herbivores (Chabot & hicks, 1982;
Coley, 1980). For ferns of nutrient poor and dry environments herbivore damage is even
more problematic, because the replacement of lost leaves requires considerable
investment of sparse resources. At a study site in Mexico, epiphytic ferns indeed had a
longer mean llS than terrestrial species but similar levels of leaf damage (Mehltreter et
al., 2006). For xerophytic and epipetric species no data are available.
In fern species that exhibit sterile-fertile leaf dimorphism, fertile llS is shorter than
sterile llS. In several fern lineages, species with dimorphic leaves (e.g. Blechnum,
Bolbitis, plagiogyria) also exhibit marked differences in llS. the lowest ratios of
fertile/sterile llS have been reported for species of Danaea from puerto Rico (10-25%,
Sharpe & Mehltreter 2010) and plagiogyria from taiwan (16-20%, lee et al., 2009),
species which also have extreme morphological differences between the two leaf types.
A similar effect can be seen in partly fertile leaves, where only apical, central or basal
parts of the leaves produce sporangia. For example, Acrostichum aureum l., polystichum
acrostichoides (Michx.) Schott and Belvisia mucronata (Fée) Copel. produce sporangia
at their apical leaflets and leaf tip, respectively, and these fertile leaf parts die after some
weeks whereas the rest of the leaf stays alive for several more months. the interrupted
fern, osmunda claytoniana l. has its fertile leaflets in the central part of the leaf, and
when they die there appears to be an interruption in the leaf lamina. Species of Anemia
have modified their basal leaflet pair, developing into erect, fertile leaflets, which also
die months before the horizontally expanded, sterile part of the leaf. In contrast, llS is
similar for species with monomorphic leaves, where leaf form and size are the same for
sterile and fertile leaves (Figure 2). In some monomorphic fern species, however, fertile
leaves can be longer lived than sterile leaves. For example, in Cibotium taiwanense C.M.
Kuo the fertile leaves live 156% longer than sterile leaves, perhaps because in this
species, it has been reported that fertile leaves shed the spores during the second year
rather than immediately after leaf maturation (Chiou et al., 2001).
Dead leaves of some fern species may still indirectly serve the plant. Some fern
genera such as the epiphytic Drynaria and platycerium produce heteromorphic leaves.
Short-lived niche or shield leaves that function as humus accumulating structures contrast
with longer lived, photosynthetic and sporangia bearing leaves. the niche leaves are
green during development, but die early. however, even dead, their tough, shield-like
lamina, pressed against the tree bark or building a pot-like structure together with other
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dead leaves continue to function as humus accumulator. In other fern species, dead leaves
possess such a rigid petiole and rachis that they still work as a protective shield for
adjacent living leaves against wind, high irradiance or frost such as in the xerophytic
species of Cheilanthes or the paramo fern genus Jamesonia. In the climbing fern genus
lygodium, the rachises of dead leaves are the main climbing structure for young leaves
to reach the canopy (Mehltreter, 2006).
Fern species with faster growth rates have a shorter llS. the faster growing fern
species develop in sunny, open habitats and can produce more leaves in a year than shade
tolerant species. Siman & Sheffield (2002) have shown in greenhouse experiments with
polypodium vulgare that leaf production rates increase with increased light and
temperature. leaves of sun species have shorter llS than shade species, and sun leaves
have a shorter llS than shade leaves of the same individual (Reich et al., 2004; Vincent,
2006). In hawaii the introduced Australian tree fern sphaeropteris cooperi (F. Muell.)
R.M. tryon has shorter llS than the native, shade tolerant species of Cibotium (Durand
& Goldstein, 2001). Because of its fast growth, s. cooperi invades and outcompetes the
native hawaiian tree ferns (Medeiros et al., 1992; Chau et al., 2013).
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figure 2. leaf lifespan of monomorphic (filled diamonds) and dimorphic species
(empty circles). In monomorphic species, sterile and fertile leaves have a similar lifespan, whereas in most dimorphic species fertile leaves are shorter lived. Woodwardia
semicordata is an exceptional monomorphic species with long-lived sterile leaves (22.1
months) but relatively short-lived fertile leaves (4.6 months). lines indicate linear
regressions for monomorphic and dimorphic species.

200

FERN GAZ. 19(6):193-202. 2013

Challenges for the future
We need to establish a larger and more consistent database of ecological life histories of
ferns that includes, at a minimum, leaf characteristics such as llS, lMA, nutrient content
and photosynthetic rates and then to detect functional consequences of these traits to
allow for more profound analyses of the role of ferns in an ecosystem. Some data on
each of these characteristics exist, yet are scattered throughout the literature. For example,
Watkins et al. (2010) took photosynthetic measurements on 21 species of tropical ferns
but summarized the results by habitat and did not include llS in their analyses. Karst &
lechowicz (2007) compare fern foliar traits with those of seed plants, and include lMA
and photosynthetic rates but not llS, and base their fern conclusions on the very limited
data from Wright et al. (2004). Measurements of a single species over a wide geographic
range could reveal the limits on adaptability of various leaf traits in changing
environments. Experimental greenhouse studies could be used to investigate which
factors such as nutrient concentrations may be correlated with longer llS. physiological
experiments are also required to better understand which factors trigger the ontogenetic
development into sterile or fertile leaves, especially in dimorphic fern species. longterm studies over decades may allow the identification of responses to global climate
change and should be established in protected sites such as those within the International
long term Ecological Research network.
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book review
who found our ferns? John edgington. 2013. british pteridological society special
publication no. 12 ISBN 978-0-9926120-1-6 216pp. £15. 245 x 170mm.
this meticulously compiled book has several different strands to document the history
of discovery of each species of fern and lycophyte recorded from Britain and Ireland.
the chapters are ordered using modern nomenclature and the species are shown
subdivided by Classes, Orders and Families. A short account is given at the beginning
of the chapter for each Family that includes any fossil evidence and a summary of the
present knowledge of fern classification. Early identifications were of necessity based
largely on gross morphology. By using molecular and chromosome information we now
have access to many more resources than were available to the pioneer taxonomists, and
the increase in species numbers within the flora in the twentieth century has resulted
from recognition of species complexes in genera like polypodium or Dryopteris. the
author shows that relating current taxonomic concepts to early records can be quite a
challenge.
the main part of the text chronicles a complicated search through many references
and early herbarium records to unravel exactly which species is being described,
sometimes from rather limited or inaccurate descriptions. An added complication in
deciding which taxon was intended is that species which were abundant in the past might
have a more restricted distribution now. the first record from each of the countries within
Britain is given. the whole combines to provide a history of botanical recording and the
developing understanding of plant classification for ferns and lycophytes.
Before linnaeus formalised the names of plants people used a descriptive latin
phrase which was considerably more cumbersome than the binomial names that evolved

two varieties of Asplenium scolopendrium, treated as separate species (Matthieu de l'Obel, 1581)
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into the names that are now use. Each chapter describes not simply a possible first record,
but the first record that is unambiguously the taxon which we currently recognise by the
stated name. In the midst of the confusion over early classification and multiple
applications of the same plant names, one can sympathise with the difficulties and
complications people encountered as they struggled to make sense of different species or
varieties. In the search for early records of British species it was necessary to span across
Europe to compare descriptions from the botanical community that were being applied
within Britain. In interpreting the taxa it is sometimes necessary to go back to the names
given to the plants in classical times that come to us as Greek or latin words, some of
which are still used as part of the scientific name. At the end of the book is a very useful
summary of early names, synonyms and latin phrase names showing how similar
descriptive words have been used across so many species and even families that we now
know were un-related.
Individual species accounts show the difficulties botanist encountered in attempting
to describe structures that were not understood. Isoetes, for example, like many other
species were first thought to be flowering plants strangely lacking both in flowers and
seed. Further confusion was shown in the idea that the fertile cones of equisetum arvense
were a different species from the vegetative shoots. the situation improved with the
understanding the of the fern life cycle in the late 18th century, but it was hardly
surprising that pilularia globulifera was not initially recognised as a fern.
It was interesting to find that the first recorded specimen of Asplenium septentrionale
was from holyrood park in Edinburgh in 1669, where the ferns still thrive, despite
Victorian predation. In a discussion of the crested variety of Asplenium scolopendrium,
first mentioned in the 17th century, reference was omitted to a forked variety carved in
the 15th century on the Apprentice pillar in Rosslyn Chapel, but perhaps illustration
alone does not qualify as publication.
Some species first recognised in this county during the Victorian fern collecting craze
seemed to disappear almost as quickly as they were found, Trichomanes speciosum being
a good example. there were others now known from very few herbarium specimens,
such as Cystopteris alpina, possibly becoming extinct before they had been fully
recognised. At least the species first found within Britain in the 19th century were better
described and supported by herbarium specimens, but it is of note that more remote
montane species such at Athyrium distentifolium and Cystopteris montana were only
differentiated comparatively late. A recurring problem was the difficulty of determining
whether morphologically distinctive taxa merited species or varietal rank. A major
advance is acknowledged in Irene Manton’s work on chromosome counts, published in
1950 and particularly useful in separating Dryopteris and polypodium species and
hybrids.
this is not merely an account of long-resolved taxonomic problems as controversies
continue and new discoveries continue to appear. there is the Trichomanes speciosum
gametophyte story that started in 1989 with the unexpected finding of gametophytes
where the sporophytes had long since been lost. the gametophytes were subsequently
found to be extraordinarily widespread, apparently very long-loved and remarkably
resilient. Cystopteris diaphana was added to the British flora in 2000 and although our
fern flora is comparatively small there is still scope for more discoveries.
this account is a detailed detective work through old records and specimens, and
illuminates the excitement of discovery of our fern flora.
h.S. Mchaffie
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new Combinations and leCtotypifiCations for some
south-east asian, malesian and paCifiC grammitid
ferns (polypodiaCeae)
B S pARRIS
Fern Research Foundation, 21 James Kemp place, Kerikeri, Bay of Islands,
New Zealand 0230. Email: barbara2parris@gmail.com
Key Words: New combinations, lectotypifications, South East Asia, Malesia, pacific,
Grammitidaceae, polypodiaceae
abstraCt
New combinations are made for Ctenopterella nhatrangensis (C.Chr. & tardieu)
parris, oreogrammitis pubinervis (Blume) parris, oreogrammitis subevenosa
(Baker) parris, prosaptia brassii (Copel.) parris, prosaptia javanica (Copel.)
parris, prosaptia samoensis (C.Chr.) parris, stenogrammitis minutissima
(J.W.Moore) parris, Tomophyllum duriusculum (Christ) parris, T. foersteri
(Rosenst.) parris, T. lividum (Mett.) parris, T. secundum (Ridl.) parris and T.
sesquipinnatum (Copel.) parris. lectotypes are chosen for polypodium emersonii
var. samoense C.Chr., p. minutissimum J.W.Moore, p. secundum Ridl., p.
subcoriaceum Copel. & p. subsecundodissectum var. novoguineense Rosenst.
introduCtion
progress on revisions of grammitid ferns for Flora Malesiana and regional accounts in
Southeast Asia and the pacific necessitates the publication of the following new
combinations.
new Combinations
1. Ctenopterella nhatrangensis (C.Chr. & Tardieu) parris comb. nov.
Based on Ctenopteris nhatrangensis C.Chr. & tardieu, Not. Syst. (paris) 8(4): 181
(1939). type: Vietnam, Nhatrang, Song Ko, 700 m alt., 18 May 1922, poilane 3338 (BM
001039878!).
RANGE. Vietnam; endemic.
2. oreogrammitis pubinervis (Blume) parris comb. nov.
Based on Grammitis pubinervis Blume, Enum. pl. Javae: 116 (1828). type: Java [Blume
s. n.] (lectotype l!, chosen by parris, 2007). synonym: polypodium pubinerve (Blume)
Christ, Ann. Jard. Buitenzorg 15: 146 (1897).
oreogrammitis pubinervis has previous been regarded as a synonym of o. setosa (parris,
2007), but differs from the latter in having the lamina glabrous on both surfaces.
3. oreogrammitis subevenosa (Baker) parris comb. nov.
Based on polypodium subevenosum Baker in hook. & Baker, Syn. Fil.: 320 (1867). type:
penang, Mactier s. n. (holotype K!; isotypes E 00195211!, E 00195212!). synonyms:
Grammitis subevenosa (Baker) C.Chr. & tardieu, Notul. Syst. (paris) 8: 179 (1939). p.
sessilifolium hook., Sp. Filic. 4: 168 (1863) non liebm. (1849). G. sessilifolia J.Sm.,
hist. Filic.: 181 (1875) nomen novum pro p. sessilifolium hook. (1863) non liebm.
(1849). p. malaicum Alderw., Malayan Ferns: 577 (1909), nomen novum pro p.
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sessilifolium hook. (1863) non liebm. (1849). G. malaica (Alderw.) tagawa, Acta
phytotax. Geobot. 8: 173 (1939), nomen superfl. illegit. pro G. sessilifolia J.Sm. p.
maxwellii Baker, Bull. Misc. Inform., Kew 1893: 211 (1893). G. maxwellii (Baker) parris,
Fern Gaz. 12(2): 118 (1980).
RANGE. thailand?, Vietnam, peninsular Malaysia (perak, penang, Kelantan, Negeri
Sembilan, terengganu, pahang, Melaka, Johor), Borneo (Kalimantan, Sarawak),
philippines (palawan, Sibuyan), Moluccas (Seram), New Guinea (West papua).
oreogrammitis adspersa (Blume) parris has only been collected once in thailand
according to tagawa & Iwatsuki (1989, as Grammitis adspersa); perhaps the specimen
belongs to o. subevenosa, as does all peninsular Malaysian material examined.
oreogrammitis subevenosa was previously regarded as a synonym of o. adspersa
(Copeland 1952, parris 1983, 2007, 2010), but differs from it in having glabrous rather
than setose sporangia. oreogrammitis nuda (tagawa) parris of taiwan also has glabrous
sporangia, but differs from o. subevenosa in having elongate, rather than ± circular, sorus
receptacles. the receptacles are prominent on the adaxial surface of the lamina in both
species. oreogrammitis nuda and o. subevenosa always have a white deposit (sometimes
hard to see) on the hydathodes of the veins on the adaxial surface of the lamina; some
material of o. adspersa also has a white deposit on the hydathodes, but it is not
characteristic of the species.
4. prosaptia brassii (Copel.) parris comb. nov.
Based on Ctenopteris brassii Copel., Univ. Calif. publ. Bot. 18: 225 (1942). type: New
Guinea, Brass 9302 (holotype MICh 1115939!; isotypes A, BRI, K!, l 0051196!, pE!,
UC!).
RANGE. New Guinea (West papua, papua New Guinea); endemic.
prosaptia brassii has been treated as a synonym of p. circumvallata (Rosenst.) Copel.
(parris 1990), but the former has denser stipe and lamina hairs than the latter, and the
abaxial surface of the rachis concolorous with the lamina rather than darker than it.
5. prosaptia javanica (Copel.) parris comb. nov.
Based on polypodium javanicum Copel., philipp. J. Sci., C. Bot. 8: 142 (1913). type:
Java, near tjibodas, 1350-1850 m alt., owen Bryant expedition 298 (US!)
RANGE. Java; endemic.
polypodium javanicum was regarded as a synonym of polypodium cryptosorum C.Chr.
(Backer & posthumus 1931). the latter is a synonym of prosaptia barathrophylla
(Baker) M.G.price, which has shorter darker frond hairs than prosaptia javanica.
6. prosaptia samoensis (C.Chr.) parris comb. nov.
Based on polypodium emersonii var. samoense C.Chr., B. p. Bishop Mus. Bull. 177: 111,
t. 4c (1943). type: tau, trail to peak back of tau, 430 m, 28 Jan. 1922, D W Garber 719
(lectotype BISh 105555 p. p.! largest plant, on left hand side, selected here; isolectotypes
BISh 105555 p. p.! BISh 105560!). Residual syntypes: Samoa: Olosega, top of
piumafua, 630 m, Garber 1051 (BISh 105561!); Savaii, above Sili, 400 m,
Christophersen 3178 (BISh 105558!); ta’u, Garber 726 (BISh 105559!), Garber 731
(BISh 105554 p. p.!), Garber 747 (BISh 105617!); tutuila, Alava Ridge, 400 m,
Christophersen 1127 (BISh 105563!, UC!); top of pioa, 500 m, Christophersen 1216
(BISh 105562!, UC!); Upolu, Malololelei-lanutoo, 700 m, Christophersen 27 (BISh
105556!), Christophersen 35 (BISh 105565!); Vaisingano Canyon, 500 m,
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Christophersen 78 (BISh 105557!, BM!, MICh 1190851!).
RANGE. Samoa (Olosega, Savaii, ta’u, tutuila, Upolu) and tonga (tafahi; Buelow
1178, 1230 (both ChR!)).
Christophersen 78 is the only syntype represented in Christensen’s herbarium at BM and
there is no indication of its type status on the specimen. the material chosen as lectotype
is that illustrated when the variety was described.
prosaptia samoensis differs from p. alata (Blume) Christ, of which p. emersonii (hook.
& Grev.) C.presl is a synonym, in having denser short simple eglandular hairs on the
sorus pouch, longer pinnae and a narrower wing along the rachis.
7. stenogrammitis minutissima (J.W.Moore) parris comb. nov.
Based on polypodium minutissimum J.W.Moore, Bull. B. p. Bishop Mus. 102: 11 (1933).
type: Society Is., Raiatea, Mount temehani, E facing slope, 400 m alt., 7 Oct. 1926,
Moore 187 (lectotype BISh 498922!, chosen here; isolectotype BISh 498923!).
RANGE. Society Islands (Raiatea); endemic to Mount temehani and known only from
the type collection.
Smith et al. (1991) did not include this species as a member of lellingeria, nor did labiak
(2011) mention it when he separated stenogrammitis from lellingeria. stenogrammitis
minutissima differs from s. subcoriacea (Copel.) labiak, also from the Society Islands
(tahiti) and in the Marquesas Islands, in the presence of forked hairs on the lamina
margin, particularly at the apex of the pinnae, and on the abaxial surface of the rachis;
no other types of hair are present. In s. subcoriacea, forked hairs, if present, are only at
on the abaxial surface of the lamina near its base, and simple glandular and simple
catenate hairs, if present, are only on the abaxial surface of the rachis.
8. stenogrammitis subcoriacea (Copel.) labiak
Syn. polypodium subcoriaceum Copel., Bernice p. Bishop Mus. Bull. 93: 12 (1932).
type: Society Islands, tahiti, S. of Orohena, 1500 m, 16 May 1927, l. h. MacDaniels
1478.
Both labiak (2011) and the tROpICOS on-line data base cite US material as the
holotype and UC material as the isotype. the US collection is not the holotype, however.
Copeland (1932) states in the introduction to his account of the pteridophytes of the
Society Islands (where polypodium subcoriaceum is described) that he identified material
from the Bernice p. Bishop Museum (BISh) for this publication, so BISh is likely to have
the holotype, not US. In BISh three sheets of MacDaniels 1478 were seen during a visit
in 1992: BISh 500016, BISh 105458 and BISh 105459. In 2012 BISh 500016 and
BISh 105458, but not BISh 105459, were seen again in BISh. As there is more than one
sheet in BISh a lectotype needs to be chosen from the available material there. BISh
500016 barcode 1000428 bears the words “polypodium subcoriaceum Copel. n. sp.
tYpE” in Copeland’s handwriting and is selected here as lectotype. BISh 105458
barcode 1000429 has a typed label, with “DUpl. tYpE” typed in the top right hand
corner; this and BISh 105459, together with material in MICh!, UC! and US, are
isolectotypes.
9. tomophyllum duriusculum (Christ) parris comb. nov.
Based on polypodium duriusculum Christ, Verh. Natur. Gesell. Basle 11: 213 (1895).
type: Celebes, G. Matinang N, c. 1000 m alt., 27 Aug. 1894, sarasin 733 (p 00632869!).
RANGE. Sulawesi and philippines (luzon, Barcelona 541 et al. (pNh 190564!)).
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10. tomophyllum foersteri (rosenst.) parris comb. nov.
Based on polypodium bipinnatifidum var. foersteri Rosenst., Repert. Spec. Nov. Regni
Veg. 12: 179 (1913). type: Nova Guinea germanica, Bolan Mts, 2400-3000 m alt., 1912,
Keysser B 84 (S p7206!).
RANGE. New Guinea (West papua, papua New Guinea): endemic.
Tomophyllum foersteri was previously regarded as a variety of T. bipinnatifidum (Baker)
parris (Copeland 1953) or as a synonym of it (parris 1990). the former differs from the
latter, however, in having the rachis prominent and darker than the lamina on both
surfaces and in having occasional to dense simple eglandular hairs on the abaxial surface
of the lamina, including as receptacular paraphyses; the latter has the rachis prominent
and concolorous on the abaxial surface and sunken and darker on the adaxial surface, with
the abaxial surface of the lamina glabrous or rarely with occasional simple eglandular
hairs that do not occur in the sorus as receptacular paraphyses.
11. tomophyllum lividum (Mett.) parris comb. nov.
Based on polypodium lividum Mett., Ann. Mus. lugd. Bat. 2: 221 (1866). type: Java,
Korthals s. n. (l!).
RANGE. Java; endemic.
12. tomophyllum secundum (ridl.) parris comb. nov.
Based on polypodium secundum Ridl., trans. linn. Soc. london, Bot. 2, 9: 262 (1916).
type: Dutch New Guinea, Mt Carstensz, Camps X to XI, 6700-8300 ft alt., Boden Kloss
s. n. (lectotype BM 000800777!, chosen here). synonyms: p. subfalcatum var.
semiintegrum Copel., philipp. J. Sci., C. Bot. 2: 138 (1907). p. subsecundodissectum var.
novoguineense Rosenst., Nova Guinea 8: 725 (1912). type: Nova Guinea neerlandica,
summit of hellwig Mts, 2583 m alt., Oct. 1909, von römer 716 (lectotype l
913.103…129!, chosen here).
RANGE. Borneo (Sabah), philippines (Mindoro), Moluccas (Seram), New Guinea (West
papua, papua New Guinea).
Tomophyllum secundum was previously treated as a synonym of T. subsecundodissectum
(Zoll.) parris (Copeland 1953, parris 2007), but the former differs in having all pinnae
completely dimidiately lobed, or occasional pinnae in middle part of frond with a few
basiscopic lobes in the apical part, while the latter has pinnae regularly with basiscopic
lobes in the apical part.
13. tomophyllum sesquipinnatum (Copel.) parris comb. nov.
Based on Ctenopteris sesquipinnata Copel., Univ. Calif. publ. Bot. 18: 225 (1942). type:
New Guinea, Brass 9510 (holotype MICh 1115918!; isotypes A, BRI, K 000491452!, l
0051190!, UC!).
RANGE. New Guinea (West papua); endemic to lake habbema and known only from
the type collection.
Tomophyllum sesquipinnatum was previously treated as a synonym of T. bipinnatifidum
(parris 2007), but the former differs from the latter in having a membranous, rather than
a coriaceous lamina, and pinnae lobed less deeply, to a wing 0.3-0.5 mm wide along the
costa rather than 0.1-0.3 mm wide.

pARRIS: neW CoMBinATions in GrAMMiTiDs

211

aCknowledgements
I am most grateful to Alison paul (BM) for helpful information on the type of Ctenopteris
nhatrangensis and on the material of polypodium emersonii var. samoense in
Christensen’s herbarium, the Keepers of BISh, BM, ChR, K, l, MICh, pE and UC for
access to and/or loan of specimens and Ewen Cameron at AK for expediting the loans.
referenCes
BACKER, C.A. & pOSthUMUS, O. 1931. De op Java voorkomende soorten van
polypodium l. sensu latiore. Natuurkundig tijdschrift voor Nederlandische Indië 91:
223- 307.
COpElAND, E.B. 1932. pteridophytes of the Society Islands. Bernice p. Bishop Mus.
Bull. 93: 86 pp.
COpElAND, E.B. 1952. Grammitis. philipp. J. Sci. 80(2): 93-269.
COpElAND, E.B. 1953. Grammitidaceae of New Guinea. philipp. J. Sci. 81(2): 81-119.
lABIAK, p. 2011. stenogrammitis, a new genus of grammitid ferns segregated from
lellingeria (polypodiaceae). Brittonia 63(1): 139-149.
pARRIS, B.S. 1983. A taxonomic revision of the genus Grammitis Swartz
(Grammitidaceae: Filicales) in New Guinea. Blumea 29(1): 13-222.
pARRIS, B.S. 1990. Noteworthy species of Grammitidaceae from South-east Asia.
hooker’s Icones plantarum Xl(IV): 129 pp.
pARRIS, B.S. 2007. Five new genera and three new species of Grammitidaceae
(Filicales) and the re-establishment of oreogrammitis. Gardens’ Bull. Singapore
58(2): 233-274.
pARRIS, B.S. 2010. Grammitidaceae, in Flora of peninsular Malaysia I, 1: 131-206, ed.
pARRIS B.S. et al., Forest Research Institute Malaysia.
SMIth, A.R., MORAN, R.C. & BIShOp, l.E.1991. lellingeria, a new genus of
Grammitidaceae. Amer. Fern J. 81(3): 76-88.
tAGAWA, M. & IWAtSUKI, K. 1989. Grammitidaceae, in Flora of thailand 4:
581-599, ed. SMItINAND, t. & lARSEN, K.

212

FERN GAZ. 19(6). 2013

FERN GAZ. 19(6):213-239. 2013

213

the nomenClature, typifiCation and taXonomy of
ASPLENIUM FALCATUM, A. POLYODON and Confused speCies
1

A.E. SAlGADO & C.R. FRASER-JENKINS
1

2

Christian Brothers University, Dept. of Biology, 650 East parkway South,
Memphis,
tennessee, tN 38104, U.S.A.; email: esalgado@cbu.edu.
2
C.R. Fraser-Jenkins, Student Guest house, thamel, p.O. Box 5555,
Kathmandu, Nepal; e-mail: chrisophilus@yahoo.co.uk

Key words: pteridophytes, Asplenium falcatum, Asplenium polyodon, Asplenium
aethiopicum, Trichomanes adiantoides, lectotype.
abstraCt
Asplenium falcatum lam., described from Sri lanka was a part of linnaeus’
concept of Trichomanes adiantoides l. the taxonomic history of T. adiantoides
is outlined, showing that linnaeus had a mixed concept and that the name had
subsequently been taken in two different senses by later authors. It is lectotypified
here in the sense of the African species known as Asplenium aethiopicum
(Burm.f.) Bech. and a proposal to reject the name T. adiantoides and all
combinations based on it is being prepared. this is intended to enable the Sri
lankan element within T. adiantoides to continue to be known by its well-known
name, A. falcatum lam., and the African as A. aethiopicum, which species are
outlined further and their ranges in Africa and Asia are given. Although the name
A. polyodon G.Forst. had recently been applied to A. falcatum, it is a distinct
species confined to Australasia.
Other related S.E. Asian and polynesian species are discussed briefly and
contrasting diagnostic descriptions are provided to distinguish between the often
confused species, A. polyodon, A. falcatum and A. macrophyllum Sw.
introduCtion
A widespread and distinctive Asplenium species which occurs in Sri lanka, South and
N.E. India, S. China, S.E. Asia and Madagascar and the Mascarenes, had long been
mentioned in Indian literature and elsewhere under the name A. falcatum lam. But
Morton (1967) concluded that the name A. falcatum was illegitimate due to the
misapplication of the linnaean name Trichomanes adiantoides l. by lamarck, and took
up the name A. polyodon G.Forst. to replace it.
Asplenium polyodon is a name that has been applied to a well-known species in
Australasia and Oceania and was described from a plant that was most probably from
New Zealand. It is superficially similar to the above A. falcatum, but after some years of
doubt about the conspecificity of the Sri lankan etc. plant and A. polyodon, we now
report here that A. polyodon is a distinct species confined to Australasia and the Asian,
etc. plant must therefore be known by another name. however, due to nomenclatural
problems, it has not been clear by which name it should be known now that it is clear that
A. polyodon is applicable to a different species.
linnaeus (1753) created a considerable nomenclatural and taxonomic problem when
he described Trichomanes adiantoides l., referring to previously published descriptions
and illustrations by himself (linnaeus, 1747), Burman (1737) and plukenet (1691, 1696).

214

FERN GAZ. 19(6):213-239. 2013

figure 1. hermann’s fern. herb. hermann No. 385 (BM).
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Burman’s illustration was of a fern from Ceylon collected by paulus hermann, but
plukenet’s plant was of a different species from Africa. the relevant plates show two
very distinct ferns neither of which belongs in Trichomanes in its modern
circumscription.
hermann collected the plants in Sri lanka and these are presently found in leiden,
in the Académie des Sciences (Institut de France, paris) and the British Museum of
Natural history. he gave a one-line description of a fern in his Musaeum Zeylanicum
(1717) volume 3, fol. 47: “filix Zeylanica, foliis adianthi in modum incisis” (Figure. 1).
Johannes Burman (1737) published an illustration (Figure 2) of hermann’s fern, which
is found at BM, and wrote a detailed description of the plant. he also added a reference
to the African fern of leonard plukenet (1696), “Adianthum africanum rutae murariae
aemulum, segmentis longioribus acutis”, illustrated by plukenet (1691) (Figure 3, 4). It
was thus Burman who first made the incorrect connection between the African and Sri
lankan plants. linnaeus maintained the confusion by including reference to both Burman
and plukenet under his Trichomanes adiantoides in flora Zeylanica (1747: 35) and later
in species plantarum (1753) and thus validated a name for a mixed concept based on two
different species. Both voucher-specimens can be found in the historical collections at
BM. hermann’s plant is in herb. hermann 3: 47, no. 385, and plukenet’s specimen is in
herb. Sloane 95: 16, at BM-Sl (Figure 4). Burman’s herbarium is in Geneva (G), but is
not relevant to the case.
In his encyclopédie Méthodique, lamarck (1786) noticed the problem created by
Burman and perpetuated by linnaeus, and distinguished both species transferring both
separately to the genus Asplenium, listing them under the French vernacular name for that
genus, ‘Doradille’. he remarked under ‘Doradille adiantoïde’ that neither of the cited
illustrations was of a Trichomanes but both were of true ‘doradilles’, and that the two
species were quite different from each other. he treated the Sri lankan species as
Asplenium falcatum lam., and the African fern as Asplenium adiantoides (l.) lam. and
noted that linnaeus had included within T. adiantoides both the African plant illustrated
by plukenet and the Sri lankan plant described by Burman. hermann’s words, “filix
Zeylanica, foliis adianthi” etc., might appear to be related to the origin of the name T.
adiantoides, but linnaeus did not cite hermann. he cited Burman (1737) and his own
flora Zeylanica (1747) both of which mention the African and the Sri lankan plants. It
could be argued that lamarck should have applied the name Asplenium adiantoides to
the Sri lankan plant. On the other hand, it can be concluded that, as both the Burman and
the plukenet plants were mentioned by linnaeus, either can have equal claim to his
epithet adiantoides. lamarck’s choice was to apply the name A. adiantoides to the
African element rather than the Sri lankan.
tardieu-Blot & Ching (1936) listed A. adiantoides lam. as a synonym of A.
praemorsum Sw., the name then being utilised instead of A. aethiopicum, and stated that
plukenet illustrated it for the first time but that linnaeus had reported it in error under
his Trichomanes adiantoides, which is a completely different plant. they also said that
the type of T. adiantoides is a synonym of Asplenium falcatum lam. and it can be found
at hermann’s herbarium at Kew [sic] and it was well illustrated by Burman (1737).
Following Christensen (1905) where he renamed the Sri lankan plant Asplenium
adiantoides - a later homonym of lamarck’s A. adiantoides - they concluded that the
name adiantoides must be retained for the Sri lankan plant - the Asplenium falcatum of
lamarck - which they called “la plante de linné”, the linnaean plant, while A.
adiantoides lam. must be called A. praemorsum, the African plant. While this is one
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possible interpretation, it is also entirely arbitrary and went against lamarck’s conclusion.
As they stated that the type is the specimen in hermann’s herbarium (actually at BM, not
Kew), this cannot be taken as valid lectotypification as the type has to be the illustration
linnaeus cited.

figure 2. type plate Burman t. 43 cited by linnaeus under Trichomanes adiantoides in
flora Zeylanica (1748) and species plantarum (1753). this plant is from Ceylon and
was renamed Asplenium falcatum by lamarck.
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Morton (1967) similarly was of the clear, if arbitrary opinion that the Sri lankan
plant should have been the element identified as Trichomanes adiantoides. According to
him, since Burman had begun his brief description by stating that this fern was “filix non
ramosa Zeylanica…” and then mentioned its leaves as being serrate in the way of an
Adiantum, he reasoned that linnaeus’ main intention must therefore have been to use
the Ceylon plant as the basis for T. adiantoides. he went so far as to say that the type of
A. adiantoides “must be the Ceylon plant”, though without formally selecting a type. he
therefore concluded that de lamarck should not have applied the name A. adiantoides to
the African plant, though in reality he was free to do so.
two pieces of evidence linking linnaeus’ account to hermann’s specimen (Figure 1)
are shown by the citation in flora Zeylanica of what was actually linnaeus’ number
385, and by the name Trichomanes, which was written in linnaeus’ own handwriting on
hermann’s original specimen. linnaeus cited his flora Zeylanica account of
Trichomanes adiantoides in species plantarum, and this account was based on the
hermann specimen that he unambiguously annotated, though he did not make direct
reference to the specimen in flora Zeylanica or species plantarum. the hermann
material at BM is original and should be considered for lectotypification purposes.
therefore, the type specimen of Trichomanes adiantoides must be chosen from either the
hermann specimen (herb. hermann 3: 47, no. 385 at BM), plukenet specimen (herb.
Sloane 95: 16, at BM-Sl) or either of the illustrations mentioned by linnaeus in his
species plantarum.
According to Morton’s interpretation of T. adiantoides, when lamarck named the
Sri lankan plant A. falcatum lam., that name was a nomen novum for T. adiantoides
and not a new species, since the Sri lankan plant was in his view the basis and type of
T. adiantoides. he therefore treated A. falcatum as an illegitimate nomen superfluum.
Furthermore he concluded that lamarck’s Asplenium adiantoides from Africa, a synonym
of A. aethiopicum (Burm.f.) Bech., was not a new combination, as would appear to be
the case, but was independent of Trichomanes adiantoides l. (from Sri lanka), despite
lamarck’s citation of it. Morton concluded, “lamarck was therefore unjustified in
typifying the linnaean species on the basis of the African plant illustrated by plukenet.”
One subsequent statement on typification was made by Brownsey (1998), who under
T. adiantoides l. in the synonymy of A. polyodon, cited: “t: Ceylon [Sri lanka]; holo:
BM (herb. Burman 385).” At first sight this appears to constitute lectotypification despite
the statement in the introduction that “these type statements are not to be interpreted as
lectotypifications”, because it also says that the type citations under taxa “reflect the
authors’ belief in their current status” and under the Code (McNeill, 2012: Art 9.9), the
use of a wrong term for a type is merely treated as an error to be corrected (in this case
holotype instead of lectotype). the process of lectotypification under the ICBN does not
allow for disavowal of intent. however, herb. Burman is in G, not BM as cited (it should
have been herb. hermann) and there is no such specimen as Burman no. 385, which was
the reference given in linnaeus’ flora Zeylanica to hermann’s specimen no. 385. thus
this statement cannot be taken as lectotypification as no actual existing element was
cited, nor the correct herbarium.
lectotypification of Trichomanes adiantoides l.
lamarck was correct in separating the two species, but the present difficulty concerning
the correct application of names is due to subsequent disagreement about his application
of the epithet adiantoides and his choice to name the Sri lankan plant independently.
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figure 3. plukenet’s illustration cited by Burman (1737) and linnaeus (1753).
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linnaeus’ simple diagnosis fits either the Sri lankan or the African fern almost equally,
either of which can therefore be chosen as lectotype. thus, in contrast to Morton’s
argument, it can be concluded alternatively that the name A. falcatum lam. is legitimate
as a new Sri lankan species, when the name A. adiantoides (l.) lam., understood as
being a new combination based on linnaeus’ name, is applied to the African species, as
lamarck did.
there also remains the question of the typification of T. adiantoides because neither
linnaeus, lamarck, Christensen, tardieu-Blot & Ching, nor Morton selected a single
element that can nowadays be taken as being a lectotype. As pointed out to C.R. FraserJenkins by C.E. Jarvis (in litt. 26 Oct. 2005), though they made reference to various
descriptions and illustrations, they either chose a specimen incorrectly or did not
unequivocally select a single element as type, this was therefore insufficient to be taken
as modern lectotypification.
It has now become essential to select between either the Sri lankan element or the
African element as a permanent lectotype of T. adiantoides in order to elucidate the
nomenclature definitively. As discussed above, there are two options for the choice, both
being consistent with linnaeus’ protologue and both being tenable.
the nomenclatural consequences of the two possible options for lectotypification are
as follows:
1. lectotypification of T. adiantoides based on the Sri lankan element (following
Morton):
a. Trichomanes adiantoides l., non A. adiantoides lam., becomes a synonym of
Asplenium sp. from Sri lanka and S. India, etc. the epithet adiantoides cannot be used
for the Sri lankan species, as the combination is preoccupied in Asplenium by A.
adiantoides lam, the African species.
b. Asplenium adiantoides lam., the African species, becomes a synonym of A.
aethiopicum (Burm.f) Bech. the African plant remains A. aethiopicum, which name was
first applied to it by Becherer (1936) in lieu of A. praemorsum.
c. Asplenium falcatum lam. becomes an illegitimate name as lamarck cited T.
adiantoides in its synonymy so it is a nom. nov. for T. adiantoides as he should have
chosen the epithet adiantoides instead, which was available.
d. the Sri lankan and South Indian plant would need to be known by a different name
from either A. falcatum or A. polyodon, but it is unclear whether another name exists or
whether it would have to be described as a new species due to the existence in literature
of several related but obscure names, no longer in use, from different parts of Africa and
Asia.
e. providing a name for linnaeus’ Sri lankan plant is therefore very difficult and would
require years of further investigate research in two continents and several different
regions.
2. lectotypification of T. adiantoides l. based on the African plant (following lamarck):
a. Asplenium adiantoides (l.) lam. becomes the correct name for A. aethiopicum and the
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type is not lamarck’s African specimen collected by Sonnerat (Figure 4), but the plukenet
illustration cited by linnaeus (Figure 3).
b. Asplenium falcatum lam., as an independent new species, is no longer superfluous and
illegitimate, and becomes the correct name for the Sri lankan and S. Indian plant.
c. the undesirability of a name-change for the very widely known and widespread Asian
and African species, A. aethiopicum (to A. adiantoides), can be solved by a proposal to
reject the name T. adiantoides.
d. In the unlikely event that this proposal were to be rejected, a name-change for A.
aethiopicum would result. But if it was accepted, nomenclatural stability will have been
achieved as the well-known names, A. falcatum and A. aethiopicum, will apply to the two
species.
We believe that in the interests of nomenclatural stability and given the equal claim of
each option, we should follow lamarck’s choice, which is to typify T. adiantoides in the
sense of African plant, and at the same time to submit a formal proposal (Fraser-Jenkins

figure 4. plukenet’s specimen. herb. Sloane (BM-Sl 96:16).
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et al., in prep.) for the rejection of the name T. adiantoides and all combinations based
upon it. this will enable the African/S. Asian plant to continue to be known as A.
aethiopicum and the Sri lankan/Indian plant to continue to be called A. falcatum.
Accordingly we now select as lectotype, here designated, of Trichomanes adiantoides l,
sp. pl.. 2:1098 (1753), the following illustration, plukenet, phytographia 3: t. 123. f. 6
(1691; Figure 3). We also select an epitype, here designated, to assist in the precise and
critical identification of the above lectotype, “South Africa, Cape province, Kalk Bay
Mountain, in rock crevices, c. 1000 ft. A.f. Braithwaite 75, 25 Aug. 1960 (K)”, octaploid
sexual, det. A.F. Braithwaite (1986).

figure 5. Asplenium aethiopicum (Burm.f.) Bech., sonnerat s.n. (herb. lamarck, p).
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lectotypification of Asplenium falcatum lam.
the Sri lankan etc. plant linnaeus was referring to is now once more to be called A.
falcatum lam., as it used to be widely known previously. lamarck, however, did not

figure 6. Asplenium falcatum lam., sledge 873 (epitype, BM).

SAlGADO & FRASER-JENKINS: AspleniUM fAlCATUM & A. polyoDon

223

specify the type of Asplenium falcatum, though he applied the name to linnaeus’ Sri
lankan element. We therefore select as lectotype, here designated, of A. falcatum lam.,
encycl. Méth. Bot. 2(1): 306 (1786), the illustration in Burman’s Thesaurus Zeylanicus,
t. 43 (1737). Burman wrote a detailed description of this plant published together with
the plate (Figure 2). this illustration is a very good and accurate representation of the
hermann specimen in herb. hermann 3: 47 (Figure 1, BM) and most usefully shows the
long sori on the underside, though the specimen is now pasted down to show only the top
surface. linnaeus cited this reference, among others, under Trichomanes adiantoides in
flora Zeylanica (1747) and species plantarum (1753). the plant is from Sri lanka and
was renamed Asplenium falcatum by lamarck. In order to help with identification, we
here designate as epitype of the above lectotype: “Ceylon, in forest in the upper part of
Ritigala, N. Cent. province, alt. 2250 ft., W. A. sledge 873, 14 Jan. 1951 (BM)” (cited by
Sledge 1965; Fig 6). Similar material from Sri lanka was found by Manton & Sledge
(1954) to be octaploid sexual, but we are as yet unable to find their Sri lankan voucherspecimen, which should be among their extensive unincorporated material at BM.
Asplenium falcatum is not conspecific with the Australasian species, A. polyodon G.Forst.,
which Morton confused it with (though, as he stated, taken in a broad sense). pending
rejection of T. adiantoides l., nomina ubique rejic. prop., the African (and S. Asian)
plant referred to by linnaeus should continue to be called A. aethiopicum (Burm.f.) Bech.
subsp. aethiopicum (see below re subspecies), with T. adiantoides l. and A. adiantoides
(l.) lam. in its synonymy.
taxonomic comments on species
Asplenium aethiopicum (Burm.f.) Bech.
lamarck also mentioned two further specimens of A. adiantoides, one collected in Africa
by Sonnerat (Figure 5) but without specific locality, and the other in Mauritius by
Commerson (Figure 7). Both specimens are preserved in herb. lamarck at p. the
Sonnerat specimen bears lamarck’s annotation “vide pluk. fig. 123, t.6” and belongs to
A. aethiopicum, while the Commerson specimen was a misidentification by lamarck as
it belongs to A. falcatum. however neither plant cited by lamarck has type status as they
were not included by linnaeus as part of his concept.
Morton (1967), followed by Schelpe & Anthony (1986), designated the Commerson
specimen as lectotype of A. adiantoides lam. (Figure 7), but taking the name as if
independent from linnaeus’ name. this lectotypification therefore does not stand as it
was not one of the elements cited by linnaeus.
Christensen (1905) again made the combination A. adiantoides (l.) C.Chr., as if
independent of lamarck’s name, which latter he listed separately and identified as being
A. praemorsum Sw. taken in a wide sense, meaning A. aethiopicum (as at that time noone knew the identity of Trichomanes aethiopicum Burm.f.). But his new combination
was mistaken as it was an illegitimate later homonym of lamarck’s and had also been
utilised independently in the meantime by Raddi (1819) and Raoul (1844). he took the
linnaean basionym and his attempted combination in the sense of the Sri lankan plant,
placing A. falcatum lam. in its synonymy.
By the time lamarck mentioned the African plant, it had already been described and
named three times. the oldest description was by Nicolaas Burman (1768) under the
name Trichomanes aethiopicum Burm.f. Becherer (1936) transferred this to Asplenium
and the species is now known as Asplenium aethiopicum (Burm.f.) Bech. this is a
widespread, phenotypically and cytologically variable subtropical species found

224

FERN GAZ. 19(6):213-239. 2013

figure 7. Asplenium falcatum lam., Île de France (Mauritius), Commerson s.n.,
(herb. lamarck, sheet 1, not a type, p).
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throughout Africa, the Mascarenes, Macaronesia, S.E. and South Asia (including
Myanmar, thailand, China, Vietnam, Sri lanka, S. India, and in one locality in N.E.
India), with the closely related species or subspecies, A. praemorsum Sw., occurring in
C. and S. America. In Africa it is a member of a highly critical allopolyploid pillar
complex, whose members have frequently been confused with each other, but
nevertheless usually have distinct frond-morphology. the subspecies of the complex
were elucidated and delineated morphologically and cytologically by Braithwaite (1984,
1986) and are now well established in African, European and Asian literature. Asplenium
aethiopicum is typified by a specimen from the Cape of Good hope, in herb. Burman
(G). It is known to be an octaploid sexual taxon, subsp. aethiopicum; exactly the same
taxon also occurs commonly, and has been confirmed through chromosome counts, in
South India and Sri lanka, and the same subspecies has probably been discovered
recently in Assam, N.E. India, as well (Odyuo et al. 2012).
As stated above, T. adiantoides l. and A. adiantoides (l.) lam. are being proposed
as nomina ubique rejic. prop. and will thus be synonyms of A. aethiopicum if the proposal
is accepted.
the detailed range of A. aethiopicum is Macaronesia (Madeira, cytologically distinct),
West, South and throughout East Africa, the Comoros, Madagascar, Mauritius, la
Réunion, Yemen, South and N.E. India (Andamans, tamil Nadu, Kerala, Karnataka,
Andhra pradesh, Assam), Sri lanka, Myanmar, thailand, Vietnam, S. and S.W. China,
Malaysia, Java, the philippines, Australia, New Caledonia, Oceania. Records from
hawai’i and C. and S. America refer to the closely related A. praemorsum Sw., which is
probably best treated as a further subspecies of A. aethiopicum, and which is generally
rather less lobed in its pinnae.
It should be noted that whereas in much recent Indian literature following Morton
(1973), the name A. gueinzianum Mett. ex Kuhn, described from Natal, is applied to what
used to be known in North India and China as A. laciniatum sensu hook., non D.Don,
the latter species is not known from Africa and Morton misidentified A. guienzianum.
Although Morton thought the type of A. gueinzianum looked indistinguishable from the
Indian plant, Schelpe & Anthony (1986) also saw the type and placed it within A.
aethiopicum, but it has subsequently been precisely identified by Roux (2009) as being
conspecific with the purely African species, A. friesiorum C.Chr., whose name it therefore
replaces. Recent unresearched misapplication of the name A. gueinzianum in India and
China is entirely erroneous. Fraser-Jenkins et al. (2011) renamed the Indian and Chinese
plant as A. lacinioides Fraser-Jenk., which has been overlooked among a number of other
taxonomic and nomenclatural errors in the genus in the flora of China (2013).
Asplenium falcatum lam.
Until the time of Morton’s (1967) publication, the name A. falcatum was widely used for
plants from Africa, India (partly in error for the species known there as “A.
macrophyllum” auct., non Sw. and for A. finlaysonianum Wall. ex hook. in N.E. India),
Sri lanka, S.E. Asia and China to polynesia (the latter in error for related species).
Several of these plants are not conspecific with A. falcatum, though of the same general
habit. But following Morton (1967) in believing that A. falcatum was an illegitimate
superfluous name, botanists did not hesitate to use the name A. polyodon, newly proposed
as applying to the plants previously named as A. falcatum; see for example Sledge (1982),
who had previously utilised the name A. falcatum (Sledge, 1965) from Sri lanka. In
South India and mainland China, however, Morton’s publications remained almost
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figure 8. Asplenium polyodon G.Forst., ., “Insulae Oceani pacifici”, G. forster s.n
(lectotype,UpS).
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unknown and use of the name A. falcatum persisted until recently. It was still used by Wu
(1999) in the flora reipublicae popularis sinicae, with A. polyodon given in synonymy,
but without being aware of the complications, while the flora of China (2013) simply
followed Morton without necessary research and misapplied the name A. polyodon to it.
Otherwise the name A. falcatum has practically disappeared from new collections in
many herbaria, which have instead adopted A. polyodon as if the correct name. But as
mentioned above, the two are different species and A. falcatum is now restored as the
correct name for the Sri lankan and Indian etc. plant. A. falcatum has been found to be
a sexual tetraploid species in Sri lanka (Manton & Sledge, 1954) and N. India (Bir 1960),
both voucher-specimens checked and confirmed by CRFJ, though other records from
India are unreliable and without voucher-specimens. Various reports from other countries
sub A. polyodon do not refer to A. falcatum.
the detailed range of A. falcatum as construed here is Madagascar, the Mascarenes
(Mauritius, la Réunion, Rodriguez), S., C. and N.E. India (Andamans, Nicobars, tamil
Nadu, Kerala, Karnataka, Orissa, W. Bengal (teesta - Siliguri), Assam, Nagaland,
Arunachal pradesh), ?Bangladesh, Sri lanka, across mainland S. China (Yunnan to
hainan), taiwan, Myanmar, thailand, Vietnam, Malaysia and Indonesia to the
philippines. Reports from N.E. India are mainly in error for “A. macrophyllum” sensu
auct. ind., non Sw. (see below), or sometimes for A. finlaysonianum Wall. ex hook., or
A. khasianum Sledge, but A. falcatum also occurs there as a rarity. A more deeply lobed
or pinnatifidly pinnate plant from S. India, Sri lanka and Malaya is A. mysorense Roth
(syn. A. falcatum var. bipinnatum (Sledge) Sledge; A. bipinnatum (Sledge) philcox, non
C.Chr.). But the plants from Australasia are A. polyodon (see below), which does not
occur in India or Africa, despite reports in error for A. falcatum. Asplenium falcatum
can also be confused with the S. Indian and Sri lankan species, A. decrescens Kunze,
especially when the pinnae of A. falcatum are narrower than usual, as often occurs as
part of its individual variation. But A. decrescens has a long-creeping rhizome and apart
from in the basal acroscopic lobe, the sori are parallel to and almost confined to a line
along the midrib of the pinna, and do not point directly outwards nearly to the margin.
None of these species occurs in the C. or W. Indo-himalaya, as sometimes reported in
error.
polynesian plants previously reported as A. falcatum may represent one or more
distinct species, and require further study.
Asplenium polyodon G.Forst. (non Wall. nom. nud.).
Georg Forster described A. polyodon from a plant he probably collected in New Zealand
during Captain James Cook’s second trip to the pacific (Figure 8). the species was
described in his Australian prodromus (1786), the same year as A. falcatum lam.,
together with many other new species collected during the voyage of h.M.S. Challenger.
Unfortunately Forster did not specify anything that could now be taken as a holotype, nor
gave the locality, and apparently the only surviving specimen of A. polyodon collected
by him is a small, sterile, juvenile frond found in the thunberg herbarium in Uppsala,
UpS (Figure 8). Nicolson & Fosberg (2004) designated this specimen as the lectotype of
A. polyodon. hooker (1860) considered A. polyodon identical to A. falcatum lam. and
commented on the variability of the latter species and that under his rather wider species
concepts it intergrades imperceptibly into A. macrophyllum Sw., A. caudatum G.Forst.
and others. Christensen (1905) listed A. polyodon as both a synonym and a variety of his
sense of A. adiantoides. however we now report from study of and familiarity with the
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Australasian plant, that this species differs from A. falcatum lam. in its more scaly stipe
and rachis, more lobed pinnae, shape of the apical segment and in its sori, as well as in
its geographical distribution (Figs. 9, 10, 11, 12, 13, 14). the two are clearly not
conspecific, which was perhaps slightly reflected by Christensen’s mentioning it as a
variety and Morton’s stating, “in a broad sense”, which latter comment was unfortunately
overlooked by recent authors.
the name A. polyodon G.Forst. should be restricted to plants from New Zealand,
Australia and adjacent islands including New Caledonia. Some plants from Australia,
Norfolk Island and lord howe Island differ from those in New Zealand in having long,
acuminate pinnae, the margin incised with blunt teeth, a single row of parallel to
diverging sori ending at a distance from the margin, and the lowest pinna-pairs often not
being reduced in size. the taxonomic status of these plants requires further study. New

figure 9. Asplenium falcatum lam. pinna shape, serration and soral arrangement.
Commerson s.n. (herb. lamarck, sheet 1, not a type, p).
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Caledonia has other closely related plants that may represent at least two perhaps
infraspecific taxa, and one new species with a creeping rhizome. Despite previous reports,
true A. polyodon also does not occur in polynesia, where different species appear to
replace it.
Wallich (1828: 63) mentioned Asplenium polyodon Wall. (nom. nud.) as the name
for what he had previously called Asplenium porrectum Wall. (num. list no. 224), from
Mauritius, which was equated by Christensen (1905) with A. protensum Schrad. It is
independent of A. polyodon G.Forst.
Asplenium macrophyllum Sw.
Aspelnium macrophyllum Sw. (1801) is much closer to A. falcatum and belongs to the
same group. In a broad sense, it would probably have been a better choice than A.

figure 10. Asplenium polyodon G.Forst. pinna shape, serration and soral arrangement.
r. schodde 316 (BM).
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polyodon to replace the supposedly illegitimate name A. falcatum and some previous
taxonomists had even considered it a large form of A. falcatum. But it is clearly a distinct
species. It is based on a plant collected by Groendal in Mauritius (Figure 15), of which
the holotype is a rather poor specimen, preserved in S. Asplenium macrophyllum differs
from A. falcatum in having fewer pinnae, which are wider, and more ovate at their bases,
with longer, less prominently serrate and straight apices, sometimes with long-acute
subapical lobes and ending in a long-acute or short acuminate tip. the stipe is also less
scaly. Asplenium macrophyllum does not agree with hermann’s specimen and Burman’s
illustration. It is certainly known only from the Mascarenes, though it has often been

figure 11. Asplenium falcatum lam. apical segment. Commerson s. n. (p).

SAlGADO & FRASER-JENKINS: AspleniUM fAlCATUM & A. polyoDon

231

reported from N.E. India (W. Bengal, Darjeeling Distr.; south Sikkim; and Assam (from
where it has been confirmed cytologically as a sexual tetraploid)), Bangladesh, Myanmar,
thailand, through South-East Asia and Borneo to the philippines.
At least the Indian subcontinental plant, also including Myanmar and thailand, is
not the same as true A. macrophyllum from the Mascarenes and appears to represent a
distinct species, closer to, but distinct from A. falcatum. this currently unidentified
species does not have the ovate pinna-bases of A. macrophyllum, and also has fewer
pinnae, with fewer lobes and less teeth than in A. falcatum. It is currently under study
by the present authors in comparison with S.E. Asian species. It is an uncommon fern,
poorly represented in herbaria and in the past has sometimes been confused with A.
finlaysonianum Wall. ex hook. (e.g. from Nepal).

figure 12. Asplenium polyodon G.Forst. Apical segment shape and pinna serration. Mere
Mere Rd., hawera, North Island, New Zealand. linsaght 1 (BM).
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figure 13. Asplenium falcatum lam. lowest pinnae not decreasing. , Île de France
(Mauritius Commerson s.n., (herb. lamarck, not a type, sheet 2, p).
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Asplenium macrophyllum is absent from polynesia and Australasia and reports from the
former refer to apparently different taxa.
Asplenium cultratum Gaudich.
Gaudichaud-Beaupré (1828) described Asplenium cultratum Gaudich. from a plant
collected in Guam, Marianas, during the voyage of Captain Freycinet around the world,
the type being at p (Figure 16). Considered for a long time to be a synonym of A. falcatum
lam., this is the next oldest name without previous homonyms that would have been a
possible replacement for it, if applied in a broad sense. But the type and other collections
of A. cultratum do not quite match the hermann specimen or other collections from Sri
lanka very well and might perhaps represent a distinct species. particularly for this
reason it is fortunate that there does not have to be a replacement for the name A.
falcatum.
Asplenium urophyllum Wall. nom. nud.
Asplenium urophyllum Wall. is another name that has occasionally been used for plants
of A. falcatum that are more deeply serrate. Otherwise, it is practically indistinguishable
from A. falcatum. It was a nomen nudum mentioned by Wallich (1828) in his numerical
list or Catalogue as collected from penang, Malaya, by George porter. It has
occasionally been listed as A. macrophyllum var. urophyllum hooker (1860), who
validated the name at varietal rank. Christensen (1905) listed it as a synonym of either
A. adiantoides (l.) C.Chr. or A. macrophyllum Swartz. It seems likely that it is only a
more serrate-lobed stage or form of A. falcatum.
polynesian species related to A. falcatum and A. polyodon
polynesian plants have traditionally been identified as A. polyodon, A. macrophyllum or
A. falcatum, depending on the period when the specimens’ identity was determined by
botanists. true A. polyodon, A. macrophyllum and A. falcatum do not occur in the
Marianas, Fiji, tonga, Samoa or other polynesian islands further east. the polynesian
plants differ in details of the frond apical segment, pinna margin and shape, and sori.
the paucity of samples from the major groups of polynesian islands in European herbaria
makes it difficult to determine the ranges of variation that may exist. this
species-complex clearly requires further study in polynesia as the species have not been
fully elucidated there.
diagnostic comparisons of A. falcatum, A. macrophyllum and A. polyodon
1. Rachis scales narrow and ribbon-like or folded forming a concave cavity at the base
of the scale, with 2-4 narrow branches along the margin. lowest pinna pairs reducing;
frond apical segment different from pinnae, narrow, pinnatifid and incised, base narrow
and unevenly cuneate, formed by two adnate pinnae, margin incised and serrate, two
rows of sori, one parallel to the rachis; pinnae narrowly trapeziform, base unevenly
cuneate; pinna margin incised, forming serrate lobes; veins oblique to the costa, forking
two or three times; sori very prominent, forming two rows, first row parallel then
diverging from the costa, second row of sori after the second fork, never reaching near
to the margin; sori 16 – 20 cm long ..............................................................A. polyodon
(Figs. 10, 12, 14)
2. Rachis scales wide and flat, not forming a concave cavity at the base of the scale, with
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3-6 short branches around the base. lowest pinna pairs of the same length as middle
pinnae; frond apical segment wide to very wide, ovate-lanceolate, base broadly and
evenly cuneate, margin finely serrate throughout, often with two long acuminate basal
lobes resembling attached pinna-like lobes, with all sori in a single row at an oblique
angle to the costa; pinnae wide, ovate-trapeziform, base unevenly cuneate; veins oblique

figure 14. Asplenium polyodon G.Forst. lowest pinna pair reducing. r. schodde 316
(BM).
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to the costa, forking usually once or twice into two long veinlets; sori not prominent, in
a single row, always oblique to the costa, very long extending from near the costa to near
the margin; sori up to 30 cm long.................................................................................3a.
pinnae many, elongated trapeziform (1.0-)1.76-2.6(-2.76) cm wide, (6-)7-11(-16) cm
long, 4-6 times longer than wider, falcate, pinna apex long acuminate, pinna margin
unevenly serrate near the base, evenly serrate near apex...............................A. falcatum
(Figure 7, 9, 11, 13)

figure 15. Asplenium macrophyllum Sw., Groendal s.n., Mauritius (type, S).
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figure 16. Asplenium cultratum Gaudich., Syntype: Gaudichaud s.n., Guam, Marianas
Is. (with permission, courtesy herb. p.)
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3b. pinnae few, trapeziform (2.6-)3-6(-7) cm wide, 10-18(-20) cm long, 2-3 times longer
than wide, straight, pinna apex acute to shortly acuminate, pinna margin notched to
unevenly serrate throughout the length of the pinna ............................A. macrophyllum
(Figure 15)
ConClusions
1. Trichomanes adiantoides l. is lectotypified by linnaeus’ African plant, now called A.
aethiopicum (Burm.f.) Bech. Trichomanes adiantoides and all combinations based upon
it are soon to be proposed as nom. ubique rejic. prop.
2. Asplenium falcatum lam. is a legitimate name described from Sri lanka and should
be used.
3. Asplenium polyodon G.Forst. is specifically distinct from A. falcatum lam. this name
should only be applied to plants from Australia, New Zealand and adjacent islands.
4. Asplenium macrophyllum Sw. is specifically distinct from A. falcatum lam. (and A.
polyodon G.Forst.) and occurs in the Mascarenes. the name should not be applied to A.
falcatum, nor to the unnamed species reported as “A. macrophyllum” from India etc.
5. plukenet’s African fern (also in S. Asia, etc.) should continue to be known as
Asplenium aethiopicum (Burm.f) Bech. subsp. aethiopicum in anticipation of the
rejection of T. adiantoides l. and A. adiantoides (l.) lam.
6. polynesian plants are different from the typical A. polyodon G.Forst. and A. falcatum
lam. and require further study.
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bIogEogRaphy of thE bRazIlIan atlantIc foREst:
EVIdEncE fRom phylogEnEtIc data sEts and
pERspEctIVEs foR fERn and lycophytE studIEs
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abstRact
Several biogeographic studies on plants and animals have focused on the Brazilian
Atlantic Forest, a “hotspot” area for conservation. The majority of these
investigations are on animals, and the most recent studies are based on molecular
data (phylogeography). Geography of ferns and lycophytes has been a subject of
study for a long time and the major papers involving plants from the Neotropics
have been based on floristic surveys and taxonomic revisions. These revisions
became more numerous about five decades ago. From the floristic surveys, the
most important information is presence or absence of taxa in one area; from
taxonomic revisions and other kinds of data, like elevational range, substrate
preference, and dispersal capacity, additional clues can be found. New data sets
from molecular studies, that have suggested hypotheses about fern and lycophyte
evolution, have recently become available, but until now they remain largely
underutilized. There is an enormous gap in the literature in using these new data
to postulate evolution, radiation, and speciation in these groups of plants in South
America. Here we present and discuss some of the recent molecular data for fern
groups like Lomariopsis, Pellaea viridis, and Megalastrum. They corroborate the
primary and secondary centres of diversity and endemism for ferns in tropical
America as outlined by Tryon, and indicate that the Brazilian Atlantic Forest
(coastal Brazil) and the Andes (from Venezuela to southern Bolivia) are special
areas for evolution and speciation for ferns. Additionally, recent data show that the
Brazilian Atlantic Forest has 834 species of ferns and lycophytes, of which 321
(approx. 38.5%) are endemics. An integrated evaluation from a phylogeographic
perspective remains unexplored.
IntRoductIon
Phylogeography could be considered a recent subdiscipline derived from traditional
biogeography that deals with spatial and temporal dimensions of genealogy (Avise,
2009). The use of molecular data and temporal aspects to understand the origin, history,
and evolution of organisms is a new paradigm for natural sciences. For Avise (2009),
phylogeography differs from the traditional biogeography by its special focus on
conspecific populations and on explicit genealogical information. Phylogeography differs
from ecogeography by its special focus on historical causation in addition to the
ecological processes.
To investigate phylogeography in animals scientists use mitochondrial dNA
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(mtdNA), whereas in plants the principal molecular markers derive from chloroplast
dNA (cpdNA). cpdNA occurs in many copies in the cytoplasm of a single cell, and
most individuals show a single cpdNA haplotype sequence (i.e., are homoplastic).
individuals within the same species may have detectable differences in cpdNA sequence,
which allows the use of plant cpdNA to estimate genealogical histories in plant
population (Avise, 2009).
Brazil is one of the largest countries in the world, with an area of ca. 8.5 million km2.
As such it possesses the world’s richest flora (40,989 species; 18,932 endemics; Forzza
et al., 2012) and is home to two biodiversity hotspots: the Cerrado and the Atlantic Forest
(Myers et al., 2000). despite this importance, there is a paucity of biogeographic studies
on Brazilian plants (Fiaschi and Pirani, 2009).
The Brazilian Atlantic Forest is considered one of the World’s biodiversity hotspot
areas because it contains a high percentage of endemic species and it is highly threatened
(Myers et al., 2000). This strip of forest occupies more than 4,000 km along the coast of
Brazil (Figure 1), equivalent to the distance from Nova Scotia to Cuba (Thomas, 2008).
Also, according to Thomas (2008), it comprises many types of forest, each with its own
flora and today with particular conservation problems.
At least three hypothesized areas of endemism for plants have already been postulated
for the Brazilian Atlantic forests, two of them located in the northeast and the other in the
southeast (Prance, 1987; Thomas et al., 1998). As pointed out by Thomas (2008), in
Brazil the northeastern coastal forests can be found in six states (Rio Grande do Norte,
Paraíba, Pernambuco, Alagoas, Sergipe, and Bahia) and they differ from most of the
forests in the states of Rio de Janeiro, São Paulo, Paraná, Santa Catarina, and Rio Grande
do Sul, that comprise the southeastern portion of the Atlantic Forest. However, part of the
forests in the states of Espírito Santo (at the Linhares Reserve) and Rio de Janeiro (Mata
do Carvão) are treated as belonging to the northeastern portion of the Atlantic Forest,
although they are outside the northeast area, because of their similarities to the forests of
southern Bahia. The forests of the northeastern part of the Atlantic Forest are more
accessible, more fragmented, and more diverse for flowering plants (Thomas, 2008), but
less diverse for ferns and lycophytes (Prado and Sylvestre, 2010).
According to Batalha-Filho and Miyaki (2011), there are only a few publications on
phylogeography of the Brazilian biota, and most have focused on animals and insects that
occur in the Atlantic Forest, such as bees (Batalha-Filho et al., 2010), frogs (Carnaval et
al., 2009; Thomé et al., 2010), reptiles (Pellegrino et al., 2005; Grazziotin et al., 2006),
birds (Cabanne et al., 2007), and bats (Martins et al., 2009).
For plant phylogeography, the main focus of the present review, Ribeiro et al. (2010)
investigated Dalbergia nigra (Vell.) Allemão ex Benth., an endemic species from the
central region of the Brazilian Atlantic Forest (Bahia refugium). They tested two
hypotheses: 1) how the historical events of the Pleistocene influenced current genetic
diversity and population structure of D. nigra; and 2) how forest fragmentation generated
by human actions has affected the genetic diversity of populations. They identified three
phylogeographic groups at different latitudes, and obtained evidence that the two
northernmost groups maintained larger populations than the southernmost group.
Vicariance (i.e., the splitting of one ancestral population into two or more populations,
such as by continental drift or the formation of a geographic barrier; Simpson, 2006)
plus climatic changes were identified as the main events for diversification of these
groups in the Middle Pleistocene (ca. 350,000–780,000 y.a.). Comparisons among
populations from large and small areas, as well as disturbed fragments of the same
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phylogeographic group, showed anthropogenic effects on genetic diversity. Additionally,
the authors concluded that the three phylogenetic groups can be considered three units,
all of them needing special attention for preservation; together they represent a relict of
the original genetic diversity of D. nigra.
Based on the results presented in these papers, Batalha-Filho and Miyaki (2011)
compiled a map showing a recurrent result of the phylogeography of organisms along
the Atlantic Forest of the Brazilian coast (Figure 1). There are three phylogeographic
discontinuities (Figure 1A, B, C) for all studied groups related to glaciations and
neo-tectonic activities during the Quaternary. The main hypothesis to explain these
discontinuities is based on the Refugia theory (Haffer, 1969; Vanzolini and William,
1970; Brown and Ab’Sáber, 1979). This theory predicts that the wet dense forests,
surrounded by dry and open vegetation, are islands (or refugia) for organisms. Also,
according to this theory, the size of these forests changed significantly during late
Quaternary climatic fluctuations (Pleistocene era). Wet forests retracted during the dry
periods (forming the refugia) and expanded during the wet periods (inter-glaciation),
whereas the dry vegetation showed an opposite behaviour.

figure 1. Primary (in circles) and secondary (in squares) centres of diversity and
endemism for ferns and lycophytes in tropical America (based in Tryon, 1972). The
letters A, B, C, represent the areas of refuges of the Quaternary along the Brazilian
Atlantic Forest (based in Batalha-Filho and Miyaki, 2011). RN = Rio Grande do Norte
State, RS = Rio Grande do Sul State.

244

FERN GAZ. 19(7):241-257. 2014

Avise (2009) stated that phylogeography as a discipline has grown exponentially
during the last 30 years. He commented on the necessity to improve the basic data for
phylogeographic analyses, including evidence from the nuclear genome. According to the
results by Edwards and Beerli (2000), increasing the number of loci is critical to
decreasing the uncertainty in estimates of population time of divergence. The use of a
single marker can lead to incorrect phylogeographic hypotheses, because the results may
reflect the history of the chosen marker and not the history of the organism itself. The
authors also commented that the use of different markers could result in different
hypotheses. Brito and Edwards (2009) pointed out that the best way to reduce the
coalescent stochasticity effect is to use several genetic markers, from both chloroplasts
and nuclei (see details in Brito and Edwards, 2009; Kuhner, 2009).
Moritz et al. (2000), in their studies on diversification of rainforest faunas, stated
that phylogeographic interpretation also depends on data about the biology of the species
because the presence of a species in a niche is directly related to its ability to tolerate and
survive extremes and variations of the environmental conditions during the maximum
glacial periods.
Carnaval et al. (2009) published a good example of a study using molecular genetic
data of three particular species of frogs, from distinct populations distributed along the
Brazilian Atlantic Forest, to test hypotheses of how these different species populations
responded to late Quaternary climate changes in South America and how these
fluctuations helped to model present-day diversity. Besides traditional data for
biogeographic approaches, they used a mitochondrial marker (mtdNA). The results
revealed a hotspot within the Brazilian Atlantic Forest (the Bahian area). This place was
a probable refugium for biodiversity during climatic extremes of the Late Pleistocene.
The authors also commented that the genetic diversity and narrow endemisms in the
central corridor of the biome (exactly in this area) have been greatly underestimated,
because the collection efforts, molecular studies, and conservation priorities have been
concentrated toward southern and southeastern Brazil. it is problematic since this part of
the country has higher deforestation rates than in São Paulo State and southern Brazil
(Carnaval et al., 2009). At the end of this paper the authors presented a model to
investigate biodiversity prediction. This model might be tested for some fern genera that
speciated in this biome, like Megalastrum, various grammitid genera, serpocaulon,
campyloneurum, Pecluma, Pteris, and others.
in addition to the molecular data and historical aspects to formulate phylogeographic
hypotheses for ferns and lycophytes, two other important aspects need to be considered,
the level of ploidy of the organisms and long-distance dispersal.
Haufler (2007) has commented on the importance of ideas published by Klekowski
(1979) on polyploidy in ferns. He noted that for Klekowski: “… homosporous ferns
could store variation among the several to many sets of chromosomes contained within
single polyploid individuals. in effect, individuals could act as small populations, each
containing considerable genetic variability, … even though individual sporophytes might
originate through fertilization of genetically identical eggs and sperms (rendering them
100% homologously homozygous in a single generation) the variation introduced via
the chromosome sets obtained through interspecific hybridization and subsequent
polyploidy would perpetuate homoeologous heterozygosity”. This mechanism has
provided support for changes over time for homosporous ferns (Klekowski, 1979).
Unfortunately, there are no data available of ploidy levels for ferns and lycophytes from
Atlantic Forest.
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Long-distance dispersal is a process that has been regularly investigated in the papers
cited above, based on fern morphology, but has not been very well explored in recent
phylogenetic papers that included plants from the Brazilian Atlantic Forest (e.g., Labiak
et al., 2010; Prado et al., 2013), because they demand more population studies of each
taxon to explain the current and previous pattern of geographic distribution.
Although Haufler (2007) summarized in a table the changes of perspectives about
the studies of genetics, diversification, and biogeography of ferns, until now, only a few
sets of data including these aspects on ferns and lycophytes are available and,
consequently, only a few approaches can be used.
bIogEogRaphy of fERns: a shoRt oVERVIEW
Several authors have discussed ideas about fern biogeography and speciation in tropical
America, but there are no recent approaches using the available molecular data sets.
According to Moran (2008), the earliest published works on fern and lycophyte
biogeography (by d’Urville, 1835; Baker, 1868; Lyell, 1879; all cited by Moran, 2008)
were based on numerical data only and involved percentages and/or occurrences of
species in floristic regions around the world. These observations were amplified in
subsequent publications by Christ (1910) and Winkler (1938), who detailed the floras
by regions (see discussion in Moran, 2008). Copeland (1939) also published on
biogeography, and the main focus of his views derived from the idea that ferns and
lycophytes were ancestral in the Southern Hemisphere. Copeland concluded that most
fern genera were of Antarctic origin (Moran, 2008), but his paper has been ignored by
most recent pteridologists, because his assessment was too dogmatic (Moran, 2008).
Since Copeland’s work, several articles have been published by R. Tryon and others on
fern biogeography.
Although his first ideas about biogeography dealt with the dynamic phytogeography
of Doryopteris (R. Tryon, 1944), a representative group of ferns from the Brazilian
Atlantic Forest, Tryon later published a series of papers dealing with speciation and
biogeography of ferns and lycophytes (R. Tryon, 1970, 1971, 1972, 1985, 1986). Tryon’s
ideas about fern biogeography were based on data sets from several taxonomic revisions
available. Some of these were published by him or his students (e.g., R. Tryon, 1941,
1942, 1956, 1976; Gastony, 1973; Windisch, 1977, 1978; Barrington, 1978), but some
were by other authors (Alston et al., 1981; Bishop, 1977, 1978; Copeland, 1952; Evans,
1969; Hauke, 1963, 1978; Kramer, 1957; Lellinger, 1972; Mickel, 1962, 1981; Morton,
1947; Murillo, 1968; Smith, 1971, 1974, 1980; Stolze, 1974); A. Tryon, 1957, 1962,
1970.
Tryon was especially interested in ferns and lycophytes occurring on isolated islands
(R. Tryon, 1970). in this paper, he gave special attention to the processes of dispersal and
migration of species to islands. He stated that these are complementary processes. The
establishment of a species on an island is an individual event and it is closely related to
the genetic variability of the species itself, because dispersal events cannot bring the
entire genetic variability of a source population.
in his second paper, Tryon (1972) focused on plants growing on continents. He
concluded that tropical American ferns are concentrated in three primary geographic
areas: Mexico, the Andes, and Brazil (mainly Atlantic Forest). Two other secondary areas,
Central America and the Guianas, were also discussed (Figure 1). Also according to
Tryon, these regions contain 90% of the continental fern flora, of which ca. 60% are
endemic to one particular region.
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Smith (1972) also discussed several factors influencing fern distributions and
categorized them as biotic (with a biological base) or as abiotic (with physical or chemical
basis). He discussed the influence of each one and presented some cases of species
distribution. Smith called attention to the distribution pattern between the Americas and
Africa, and recorded a list of “species pairs” or species complexes occurring in both
continents. in some cases, e.g., adiantum poiretii Wikstr.*, asplenium auritum Sw.*,
a. formosum Willd.*, a. lividum Mett. ex Kuhn, Pleopeltis macrocarpa (Bory ex Willd.)
Kaulf.*, and trichomanes reptans Sw.*, the species occur in both areas. Examples of
species pairs are: asplenium feei Kunze ex Fée*–a. anisophyllum Kunze, a. serra
Sw.*–a. friesiorum C.Chr., Blechnum schomburgkii (Koltzsch) C.Chr.*–B. tabulare
(Thunb.) Kuhn, elaphoglossum erinaceum (Fée) T.Moore*–e. hybridum (Bory) Brack.,
Microgramma lycopodioides (L.) Copel.*–M. mauritiana (Willd.) Tard., and
trichomanes radicans Sw.–t. giganteum Bory ex Willd. The species marked with an
asterisk occur in the Brazilian Atlantic Forest.
Moran and Smith (2001) amplified this list of species/species pairs in the Neotropics
and Africa and presented more details about the species themselves, as well as the floristic
affinities between both areas. To explain floristic affinities between the areas, they
invoked long-distance dispersal, but at that time phylogenetic studies to support these
examples were virtually non-existent. There were only a few groups for which molecular
data existed (e.g., rbcL, for Vittariaceae; Crane et al., 1995).
Furthering their studies, Tryon and Tryon (1982) identified four regions of the
Neotropics with high species diversity and endemism: Greater Antilles, southern Mexico
and Central America, Andean region, and southeastern Brazil. in each region ca. 40% of
the species are endemics. The region of southeastern Brazil from the states of Minas
Gerais and Espírito Santo south to Rio Grande do Sul contains about 600 species, mostly
in the wet montane regions of the “Serra do Mar” (Tryon and Tryon, 1982). Some genera
are especially diverse in this region and have several endemic species: Doryopteris (with
19 species) and anemia subg. coptophyllum (with 11 spp.) (Tryon and Tryon, l.c.). The
Brazilian Atlantic Forest is considered to be one of the most important sites for
conservation of biodiversity, and within this domain there are subregions with different
levels of species composition, species richness, and endemism.
Salino and Almeida (2009) recorded 840 species to the Brazilian Atlantic Forest, and
269 of them are endemic (approx. 32%). The area included in this account, from the
states of Rio Grande do Norte to Rio Grande do Sul (Figure 1), is larger than the area
considered by Tryon and Tryon (1982) and that, in part, explains the different number of
species.
More recently, Prado and Sylvestre (2010) published a full account of the Brazilian
fern and lycophyte diversity. They recorded 1,176 species in the country, 123 spp. of
lycophytes and 1,053 spp. of ferns. Among them, 450 spp. (38.2%) are endemic to Brazil
(Figure 2). Most of the endemic species are distributed along the Brazilian Atlantic Forest
(321 endemics of 834 spp.; 38.5%, Figure 2) (Forzza et al., 2012). A full data set of the
Brazilian diversity of plants and fungi can be found at the following website; these data
are continually updated:
http://floradobrasil.jbrj.gov.br/jabot/listaBrasil/ConsultaPublicaUC/ConsultaPublicaUC.do
The most diverse Brazilian genera, with the number of endemic species, are
summarized in Table 1 (based on Prado and Sylvestre, 2010). Genera with the highest
percentage (> 55%) of endemic species in Brazil are: Megalastrum, with 18 species, 13
of which (72.2%) are endemic (Moran et al., 2009a); huperzia s.l., with 38 species, 25
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figure 2. diversity and endemism of ferns and lycophytes in Brazil and in their different
types of vegetation. Source: Prado and Sylvestre (2010). (A.F.= Atlantic Forest;
Am=Amazon; Ce=Cerrado; Ca=Caatinga; Pt=Pantanal; Pm=Pampa).
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of which (65.8%) are endemic (Windisch, 1996); and Doryopteris, with 27 species, 16
of which (59.5%) are endemic (R. Tryon, 1942).
despite these interesting numerical data of endemism and fern and lycophyte
distribution, there are no publications on phylogeography of these groups of plants for
South America in general, or for Brazil in particular. does the endemism in these genera
represent a radiation within the Atlantic Forest region, or does it represent many separate
migrations of species into the region? in the next section we present some cases where
the molecular data have helped to clarify taxonomic decisions about species delimitation
or show interesting trends of speciation processes in the Brazilian Atlantic Forest.
REcEnt molEculaR phylogEntIc studIEs InVolVIng
bRazIlIan fERns
For the last two decades, phylogenetic papers involving ferns and lycophytes, based on
dNA markers and morphology, have helped to elucidate the evolution and relationships
among the major lineages of the ferns and lycophytes (e.g., Hasebe et al., 1994, 1995;
Pryer et al., 1995, 2001; Korall and Kenrick, 2002, 2004; Schneider et al., 2004;
Schuettpelz et al., 2007; Schuettpelz and Pryer, 2007; Rai and Graham, 2010). These
general syntheses, as well as others, have stimulated the publication of new classification
systems (Smith et al., 2006, 2008; Christenhusz et al., 2011a, b), and helped to address
many long-standing questions about the taxonomic position for some groups, like the
tree ferns, Psilotum, equisetum, and the aquatic ferns. Concomitantly, new inferences
about fern biogeography can be made, e.g., on origin of genera (Schneider et al., 2007),
origin of floras (Geiger et al., 2007), and on diversification of a particular group in a
given area (Polypodiaceae in Africa: Janssen et al., 2007; cheilanthoid ferns in Cape
region: Eiserhardt et al., 2011).
More specifically for South America, there are no general papers dealing with origin
of genera or floras, diversification of fern groups, or species radiations. However, there
are a few examples that can be extracted from recently published phylogenies for a few
genera or species that can serve as a first step for further investigations.
Lomariopsis is an example of a pantropical genus with species occurring in America
and Africa/Madagascar (Moran, 2000; Rouhan et al., 2007). According to the phylogeny
of this genus, based on chloroplast intergenic spacer trnL-trnf, the Lomariopsis
sorbifolia-group is entirely neotropical and another small group within this group, the
Japurensis-group, occurs in the Neotropics and Paleotropics, forming monophyletic
lineages in both regions. Within the Japurensis-group, the neotropical clade, formed by
L. marginata (Schrad.) Kuhn, L. prieuriana Fée, L. latipinna Stolze, L. nigropaleata
Holttum, and L. japurensis (Mart.) J.Sm., nests within a subclade formed by two African
species, L. guineensis (Underw.) Alston and L. palustris (Hook.) Mett. ex Kuhn. The
authors considered this nested relationship as a probable result of long-distance spore
dispersal from the Neotropics to Africa, rather than as a result of continental drift (Moran
and Smith, 2001). Morphological evidence of this relationship is the presence of longspined spores in both African species. This kind of spore ornamentation is not found in
other African species of Lomariopsis, but is present in L. prieuriana, a neotropical
species. Lomariopsis shows evidence of local diversification in both New and old Worlds
(Haufler, 2007), and the combined data suggests that some African species have an
ancestor in the Neotropics. Unfortunately, until now, this hypothesis has not been
investigated in detail since publication of the first data set. This genus has one endemic
species in the Brazilian Atlantic forest (L. marginata) that could be postulated as the
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table 1. Most diverse genera in Brazil and number of endemic species.
Source: Prado and Sylvestre (2010, updated in June 2013).
Genera

Total of species

Number of Endemic species (and %)

thelypteris

87

47 (54.0)

elaphoglossum

82

37 (45.1)

asplenium

74

23 (55.4)

anemia

70

41 (58.5)

adiantum

63

19 (30.1)

selaginella

55

15 (27.2)

Phlegmariurus

39

25 (64.1)

cyathea

35

20 (57.1)

trichomanes

33

2 (6.1)

hymenophyllum

29

8 (27.6)

Blechnum

29

8 (27.6)

Doryopteris

28

16 (57.1)

Lindsaea

27

5 (18.5)

Diplazium

23

9 (39.1)

Pteris

22

6 (27.3)

campyloneurum

21

5 (23.8)

isoetes

21

16 (76.2)

Pecluma

19

8 (44.4)

Megalastrum

18

13 (72.2)

Microgramma

18

1 (5.5)

ctenitis

17

10 (58.8)
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putative ancestor of the radiation of the genus to Africa by vicariance or long-distance
spore dispersal. or the ancestor could be another species that belongs to the Lomariopsis
sorbifolia-group.
For species with a disjunct distribution between America and Africa, Prado et al.
(2013) studied a species pair, mentioned previously by Moran and Smith (2001): Pellaea
flavescens Fée-P. viridis (Forssk.) Prantl. Moran and Smith had concluded that these two
species are very similar but distinct, based on slight morphological differences. Prado et
al. (l.c.), based on the analysis of plastid rbcL sequences, showed that P. flavescens from
eastern Brazil is nested within the old World species P. viridis, and the latter is the correct
name for this taxon. However, its distributional history remains unsolved. Prado et al.
considered two possibilities: 1) P. viridis may have been introduced in Brazil and
subsequently naturalized; or 2) its occurrence in America is a natural result of
long-distance dispersal, probably from Africa to Brazil.
Molecular evidence for Megalastrum (with 91 species, Moran et al. in prep.) is an
excellent example of a genus with wide distribution and speciation processes in the
Neotropics (Moran et al., 2009a, b; Moran and Prado, 2010; Moran et al., submitted),
Africa/Madagascar (Rouhan and Moran, 2011), and circumaustral regions (Sundue et
al., 2010) (Figure 3). The Andean region contains the highest number of species in the
genus (46 spp.) and the highest level of endemism (38 spp.; 83%) (Moran et al.,
submitted). The Andean and the coastal Brazilian regions represent the primary centres
of diversity and endemisms for Megalastrum. According to Moran et al. (2009a),
Megalastrum in Brazil is represented by 18 species and 13 (72%) of them are confined

figure 3. diversity and distribution of Megalastrum in the world. Note the proportion
of endemism in Brazil and the Andes (the number at left is the total number of species;
the number at right side is the number of endemic species in the area).
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to the Brazilian Atlantic Forest (the genus is absent from the Amazon Forest). Within
this forest, some species show narrow endemism, such as M. littorale R.C.Moran et al.,
M. indusiatum R.C.Moran et al., M. organense R.C.Moran et al., M. substrigosum
R.C.Moran et al., and M. retrorsum R.C.Moran et al. All of these Brazilian species appear
in the same clade in multiple analyses. These species represent a lineage that diversified
in the Brazilian Atlantic Forest.
despite the importance of the South American flora, and the available data sets from
literature and herbarium collections, none of the molecular papers here cited have
postulated new ideas about the origin or diversification of the studied groups in the
Neotropics; however, the data suggest an important process of diversification in the
Brazilian Atlantic Forest.
fuRthER InVEstIgatIon
Phylogeographic studies involving ferns and lycophytes are potentially important to show
that these groups can be used as confident indicators to prioritize areas for protection
and conservation of the Brazilian Atlantic Forest, a relictual biota and a hotspot area of
biodiversity. Such studies are now feasible because there are several data sets already
available for the groups such as, e.g., the high percentage of endemic species and their
distribution (Forzza et al., 2010 plus subsequent updates), recent molecular data for some
genera and species, as well as biogeographic data that can be taken from taxonomic
revisions of the genera or groups of species.
However, to improve the data sets we need the following: further phylogenetic
monographs of genera to identify common or putatively ancestral lineages within genera
or group of species; studies of groups known or thought to comprise elements in both
Africa and South America, or other areas; more studies of older lineages like filmy ferns;
better integration of climatic/paleobotanical data with phylogenetic data; more
populational studies of particular groups to understand the current and previous
geographic distribution, and determination of ploidy level in the Brazilian plants.
For the Brazilian Atlantic Forest several groups (with many endemic and/or widely
distributed species) can be investigated following this new paradigm, and among them
we suggest: asplenium, ctenitis, cyathea, Doryopteris, elaphoglossum, and thelypteris
(ferns), isoetes and Phlegmariurus (lycophytes) (see Table 1).
As already commented by Moran (2007), recently several new sources of information
about fern phylogeny have accumulated, and this set of data affects interpretations of
distance dispersal versus continental drift in explaining intercontinental relationships.
The intercontinental disjunctions between Brazil and Africa are particularly interesting,
but the absence of data from the Brazilian ferns and lycophytes imposes barriers for new
interpretations about these distributions. Most of the taxa involved in these kinds of
disjunctions between Brazil and Africa are from different regions of the Brazilian Atlantic
Forest (see examples given above). Molecular studies based on dNA samples from
different populations of these species, allied to the molecular clock methods, are
necessary for better understanding and clarification of these patterns of species
distribution. Unfortunately, phylogeographic studies on ferns and lycophytes from
Brazilian Atlantic Forest are not in progress and this field of research remains unexplored.
Another interesting aspect to be investigated relates to the particular patterns of
distribution of fern and lycophyte species along the Brazilian Atlantic Forest. Further
examination of these lineages in a phylogenetic context will help to clarify the
micro-endemism found in some genera, the high percentage of endemism in general for

252

FERN GAZ. 19(7):241-257. 2014

these groups as well as whether the actual scenario is the result of isolated speciation
events or species radiations processes. However, the last two points need to be studied
using temporal information and robust phylogenetic hypotheses (Schneider et al., 2010).
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abstRact
asplenium auritum Sw. sensu lato (Eared Spleenwort) is recorded for the Azores
and the Macaronesian region for the first time. Misidentified herbarium specimens
indicate it to have first been collected on Flores by drouet in 1857, strongly
supporting a native status. A member of a critical species complex of sexual and
apogamous lineages of various ploidy levels and widely distributed in Central
and Southern America, the Caribbean, Madagascar and eastern Southern Africa,
we consider this represents another example of a neotropical element naturally
present in the Azorean flora. The taxonomy of this group is far from resolved. it
is still unclear whether the Azorean material can be definitely identified with an
existing named entity in this group or may be unique and endemic; further
molecular work is needed to resolve this issue. Currently fewer than 50
individuals are known from one small area where it is highly vulnerable to both
development and collection; we therefore suggest an iUCN category of Critically
Endangered – CR (B1,2 a &b, d).
IntRoductIon
The Macaronesian region, comprising the North Atlantic volcanic, oceanic archipelagos
of the Azores, Madeira, Selvages, Canaries and Cape Verdes (Figure 1a) is recognised as
a Biodiversity Hotspot with a rich endemic flora (Schaefer, 2003a) and as a globally
important centre for pteridophyte diversity. in the Azores, the most northerly and isolated
archipelago of the region, comprising nine islands located 1600 km west of the iberian
peninsula, pteridophytes form a notable component of the vegetation. in spite of this
interest, the flora remains under-worked and patchily recorded (Schaefer et al., 2011).
This is perhaps particularly true of Flores and Corvo (Figure 1b), the two westernmost
islands of the Azores, where several previously overlooked pteridophyte taxa, some
widely disjunct (Schaefer, 2001, 2003, Rumsey & Schaefer, in prep.), have recently been
identified.
during the course of collaborative fieldwork in July-August 2008 between botanists
from the Natural History Museum, London (FJR/MC) and those from project “Veronica”
at the University of the Azores, a distinctive asplenium, unlike any currently recorded for
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Macaronesia (Hansen & Sunding, 1993), or Europe (Tutin et al., 1993), was found in two
discrete patches less than 100 m apart. The plants occurred on old walls by tracksides in
Pittosporum-dominated woodland close to the small village of Cuada on the west coast
of Flores (Fig 1c). A return visit to the area by HS in June 2011 detected plants in two
patches at another locality, in similar habitats and vegetation, and all within the same
square kilometre.
on first sight, the coriaceous texture, channelled rachis and colour suggested a
possible hybrid involving asplenium marinum L., of which none are currently known, but
the absence of the putative parent, plus the number of individuals of varying age and
maturity made this unlikely, and the plant’s production of well-developed spores quickly
ruled this out. Even though present in small quantity the plants found showed
considerable variation in morphology, with the 2011 populations demonstrating that the
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figure 1. distribution of asplenium auritum in the Azores. a. The location of the Azores
in relation to the other Macaronesian archipelagos (Madeira, Canaries, Cape Verdes) and
continental landmasses. b. The nine islands of the Azorean archipelago. Fl = Flores;
Co = Corvo; Fa = Faial; SJ = São Jorge; Pi = Pico; Gr = Graciosa; Mi = São Miguel; Ma
= Santa Maria. c. The island of Flores showing the location of Aldeia da Cuada (black
circle) where all localized collections of a. auritum have been made and Santa Cruz das
Flores (grey circle) where drouet probably collected the species on August 3rd 1857
(see text)
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juvenile frond form differed significantly in dissection (Figure 2).
Given the floristic links demonstrated by other cryptogamic taxa in the Western
Azores (Vanderpoorten et al., 2007) it was considered that related or taxa identical to
the novel asplenium should initially be sought from the floras of the Caribbean, Central
America and southern North America. Using the keys in Wagner et al., (1993), Adams
(1995) and Proctor (1985), the material was quickly identified as belonging to asplenium
auritum Sw. sensu lato.
The asplenium auritum complex is widely distributed, occurring in both the Neotropics and Palaeo-tropics. The centre of diversity and abundance would appear to be in
Central and South America, from Brazil to Bolivia, with populations scattered northwards
to southern Mexico, finally reaching a northern limit in Florida, where it is listed as
Endangered (E) by the Florida department of Agriculture. There it occurs primarily as
an epiphyte on old oaks (Quercus virginiana Miller) in low altitude (<50 m), shady
forests (Wagner et al., 1993). it was long thought to be restricted to a single site in Sumter
County but has since been detected in small quantities in a further seven counties,
although now perhaps extirpated in dade County (Nelson, 2000). The Florida plants are
morphologically dissimilar from the Azorean in their narrower and more acute pinnae.
interestingly, Lakela and Long (1976) regarded the plant as an introduction from Jamaica.
asplenium auritum sensu stricto occurs relatively commonly within Jamaica and through
the Greater Antilles where it is present at middle elevations (275-945 m), primarily as an
epiphyte in humid woodlands, more rarely on banks or humus-filled pockets in rocks
(Proctor, 1985). asplenium auritum var. bipinnatifidum Kunze (which Proctor (1985)
equates with a. rigidum Sw.) is also present but additionally distributed through the
Lesser Antilles and Trinidad and occurring at higher altitudes (518-1220m). The species
aggregate also occurs, but rarely, in La Réunion and Mauritius in the Mascarenes (Autrey
et al., 2008) at altitudes up to 1400m, growing in primary woodlands and ravine
streambeds. in south-eastern Africa the aggregate is found from 650-1220m in warm,
tropical, semi-deciduous woodland and riverine forest along the foot of the eastern
escarpment of Zimbabwe, extending into western Mozambique; it is also reported in
Malawi and the People’s Republic of Congo (Burrows, 1990). Usually plants occur as
epiphytes at low altitudes but also as lithophytes, more rarely terrestrial, on earthy banks
in light shade. Plants of this aggregate also occur in the forests of Central Madagascar.
Christensen (1932) clearly had some doubts about the identity of this material which,
although rare, showed considerable morphological variation, with plants being linked to
both a. macilentum Kunze ex Klotsch and a. rigidum.Sw. From the limited material
initially available and using the concepts and descriptions in Mickel & Smith, (2004) it
was considered that the plant more closely approached a. cuspidatum Lam. (which those
authors synonymised with a. auritum var. bipinnatifidum), and it was as such that the
Flores plant was listed in Silva et al. (2010). The later gatherings by HS and the discovery
of additional herbarium material has allowed a more considered judgement of the plant’s
identity to be made. Pending a full revision of the complex necessary to establish the
identity of the Azorean material as either endemic to the archipelago or more widespread,
we refer it to a. auritum sensu lato,. in this paper, we provide a description of a. auritum
in the Azores, together with a key to the species of asplenium in the Azores, to facilitate
identification. The status, distribution, ecology and conservation status of Azorean a.
auritum are also discussed, in light of our collections and those made by earlier collectors.
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dEscRIptIon of azoREan matERIal
Asplenium auritum Swartz, J. Bot. (Schrader). 1800(2): 52. 1801.
Rhizome erect, unbranched; densely clothed at apex with scales; scales brown
throughout, broadly linear, 1-2 × 0.7-1.1 mm, margins shallowly and widely dentate.
Petiole green, sometimes blackish brown abaxially, dull, channelled, 2-10(-12) cm, 1/31/2 length of frond; indumentum absent. Blade narrowly deltate to lanceolate, degree of
dissection variable: juvenile foliage finely 2-pinnate (Figure 2), mature fronds once
pinnate-pinnatifid to 2-pinnate (Figure 3), 4-20(-30) × 1.8- 9cm, thick, somewhat
coriaceous, glabrous; broadest at base, tapering gradually to apex. Rachis green, dull,
channelled, +/- glabrous. Pinnae in 10-18 pairs, linear-deltate, medial pinnae 0.7-4.5 ×
0.3-1cm; base with acroscopic auricle or pinnule enlarged, somewhat excavate in
proximal 1/5-1/4; margins mostly obtusely lobed to dentate, pinnate proximally or in
proximal 2/3; apex obtuse. Sori oblong, 4-9(-12) pairs per pinna, subcostal, nearly parallel
to costae on both basiscopic and acroscopic sides, sometimes restricted to distal portion
of pinna (Figure 4). indusium membranous, entire. Spores somewhat variable in shape,
reniform-elliptic rarely subglobose, perispore weakly cerebriform-reticulate, obscurely
crested, sparsely echinulate, exospores 32-42.5 × 22.5-28(-30) μm.
asplenium auritum can be discriminated from the other species of asplenium in the
Azorean flora by a unique combination of characters. A key to the Azorean taxa is
presented below. Twelve species of asplenium have previously been recorded; one,
a. ruta-muraria L. was presumed to be an introduction that did not persist and it is not
treated in the key. Another, the Macaronesian endemic a. anceps Hook. & Grev. is also
known only from a single gathering, from Pico in 1973 (Lovis et al., 1977). it is
implicated in the origin of the Azorean endemic a. azoricum Lovis, Rasbach, K.Rasbach
& Reichst. (Rumsey et al., 2004) and may be overlooked for that species and so is

figure 2. asplenium auritum Sw. Cuada, Flores, June 2011 showing dissected
juvenile foliage and once pinnate-pinnatifid fronds of young mature plants.
Photo. H. Schaefer
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figure 3. asplenium auritum Sw. Cuada, Flores, June 2011 showing increasing levels
of frond dissection on mature plants. Photo. H. Schaefer

figure 4. asplenium auritum Sw. Coada, Flores, June 2011 - undersurface of mature
fronds showing indusial arrangement. Photo. H. Schaefer

264

FERN GAZ. 19(7):259-271. 2014

included. Six hybrids have been reported, a seventh (a. onopteris L. × a. obovatum Viv.
subsp. lanceolatum (Fiori) P.Silva) is believed to occur but has yet to be confirmed
cytologically (Rumsey, in prep.). of these six, one has only been found once:
a. azoricum × a. scolopendrium L. (Rumsey et al., 2004), while the majority are
apparently very infrequent but perhaps overlooked: a. azoricum × a. trichomanes subsp.
quadrivalens d.E.Mey. has been recorded on Terceira and Sao Miguel (Rumsey, in
prep.); a. onopteris × a. scolopendrium, while lost from Faial (Schaefer & Rasbach,
2000) has now been found in several sites on Santa Maria (Schaefer, 2003b). of the other
three hybrids, a. azoricum × a. onopteris is currently also known only from Santa Maria
but again has been found in several sites there (Rumsey et al., 2004), a. adiantum-nigrum
L. × a. obovatum subsp. lanceolatum is known from Pico, where first recorded by
Bennert et al., (1992) and the last, a. adiantum-nigrum × a. onopteris, is more widely
distributed, overlooked and apparently often more frequent than a. adiantum-nigrum
itself (Schaefer, 2003c). All hybrids are intermediate between their parents and show
high levels of sterility, manifested in the production of misshapen, abortive spores.
Key to the azorean species of Asplenium
1. Fronds entire ..............................................................................................................2
Fronds pinnate-pinnatifid ..........................................................................................3
2. Frond blade as wide as long, with acute lobes...................................a. hemionitis L.
Frond distinctly longer than wide, unlobed ................................a. scolopendrium L.
3. Frond simply pinnate .................................................................................................4
Frond pinnatifid to twice-pinnate ..............................................................................9
4. Rachis with distinct abaxial wing ......................................................a. anceps Lowe
Rachis without distinct abaxial wing.........................................................................5
5. Fronds not coriaceous, rachis without distinct adaxial channel ................................6
Fronds coriaceous, rachis distinctly channelled ........................................................8
6. Pinnae entire with single basiscopic sorus ........................................a. monanthes L.
Pinnae crenate with >2 sori .......................................................................................7
7. Pinnae >2 × as long as wide, distinctly crenate, glossy...............................................
...................................................a. azoricum Lovis, Rasbach, K.Rasbach & Reichst.
Pinnae <2 × as long as wide, indistinctly crenate, matt...............................................
.......................................................a. trichomanes L. subsp. quadrivalens d.E.Mey.
8. Frond broadest at base, narrowly triangular .......................................a. auritum Sw.
Frond parallel sided, often widest above middle .................................a. marinum L.
9. Basal pinnae much shorter than those in mid frond ....................................................
..................................................a. obovatum Viv. subsp. lanceolatum (Fiori) P.Silva
Basal pinnae ± the longest .......................................................................................10
10. Frond coriaceous, lower pinnae with acroscopic auricle.....................a. auritum Sw.
Frond not coriaceous, pinnae never auriculate ........................................................11
11. Ultimate segments narrowly lanceolate, acute at base, mean exospore length <30 µm
.............................................................................................................a. onopteris L.
Ultimate segments lanceolate, somewhat obtuse at base, mean exospore length >30 µm
................................................................................................a. adiantum-nigrum L.
spEcImEns sEEn
asplenium auritum Sw. Azores, Portugal, Flores island. walls of track leading NE from
Casa do Espirito Santo, Aldeia do Quada UTM 0650034/4367245, alt. 146 m asl. Leg.
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Carine et al., 58, 8 July 2008. BM
asplenium auritum Sw. Azores, Portugal, Flores island. walls of track leading NE from
Casa do Espirito Santo, Aldeia do Quada UTM 0650003/4367488, alt. 137 m asl. Leg.
Carine et al., 60, 8 July 2008. BM
asplenium auritum Sw. Azores, Portugal, Flores island. Pittosporum undulatum forest
near the village of Cuada (Fajã Grande). UTM 0650180/4367706, alt. 128 m asl. Leg.
Hanno Schaefer 2011/405, 17 June 2011. BM
asplenium auritum Sw. Azores, Portugal, Flores island. Pittosporum undulatum forest
near the village of Cuada (Fajã Grande). UTM 0650185/4367697, alt. 135 m asl. Leg.
Hanno Schaefer 2011/406, 17 June 2011. BM
Examination of herbarium material at BM revealed two further gatherings of this
taxon. one was made in the same area as the recent finds, near the small village of Cuada
(Coada/Quada) above Fajã Grande, by C. M. Ward in July 1967 (Figure 5). This
specimen (Ward 24) was not mentioned by Ward (1970) in his account of the pteridophyte
flora of the island and remained undetermined until incorrectly identified as a. obovatum
subsp. lanceolatum by ormonde in 1992. The second, much older specimen (Figure 6),
was collected by drouet on 3 August 1857 and is localised only to the island “Flores”.
drouet’s account of his visit to the Azores (drouet, 1866) indicates that he was present
on Flores from 28th July through to the date on which he collected this specimen (3rd
August). His reported itinerary shows he never visited the western coast and the Fajã
Grande area in which all recent finds have been made. on 3rd August he was preparing
to move on to Faial, and so confined his activities to areas immediately adjacent to Santa
Cruz on the east coast, then, as now, the most populous and developed area on the island.
He initially labelled the plant as “voisin du marinum” (ie a. marinum), which in frond
texture and colour is indeed the most similar Macaronesian/European species but which
never shows the bipinnate dissection of drouet’s plant. Subsequently the specimen was
incorrectly labelled as “asplenium adiantum-nigrum L forma forsam ad ii. c. onopteris
Heufl. Α acutum (Bory) Milde” [= a. onopteris L.]
Ecology
asplenium auritum is restricted to low-altitude forest within the Azores, the finds near
Cuada made between 125 - 200 m. No altitude is given by drouet but, given his known
movements on the day he collected the specimen, the site would be no higher than at
Cuada and perhaps much closer to sea-level. This zone has seen the most profound
change since the arrival of settlers in the 15th and 16th centuries, with woodland and
scrub clearance and the replacement of the dominant species by alien and invasive taxa.
Structurally however, this latter-day vegetation may not be entirely dissimilar to the
original, and many native cryptogams of the understory appear to have survived in
sheltered and ravine sites. For instance, culcita macrocarpa C.Presl recruits abundantly
in some areas on the fibrous trunks of the Asian cryptomeria japonica (L.f.) d.don in
old forestry plantations. The species grows in secondary scrubby woodland, dominated
by the invasive Pittosporum undulatum Vent., and in moderately exposed to rather deeply
shaded conditions on dry stone walls made of the local volcanic rock which border the
trackways; these are usually free-standing but sometimes soil-backed. Here it occupies
the somewhat soil-filled interstices between the blocks, or where soil and humic debris
accumulates on the block’s pitted oblique and near horizontal surfaces. it is closely
associated with very few vascular species, predominantly pteridophytes such as
Polypodium macaronesicum Bobrov subsp. azoricum (Vasc.) F.J.Rumsey, Carine &

266

FERN GAZ. 19(7):259-271. 2014

figure 5. asplenium auritum Sw. – Fajâ Grande, Coada, Flores. C.M. Ward 24, 2/7/1967.
(BM)
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figure 6. asplenium auritum Sw. – drouet, Flores, 3 Aug. 1857 (BM)
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Robba, other species of the genus asplenium and usually roots amongst leafy liverworts
such as frullania and radula spp. and various foliose lichens. Plants are also to be found
on soil banks adjacent to sections of wall, some of which are now in some disrepair, and
on thin soils overlying rocks at the base of the walls. in this it shows considerable
similarity to asplenium azoricum, another species believed to have Neotropical affinities
but which is far more widely distributed in the archipelago, being found on all of the
Azorean islands (Rumsey et al., 2004). in the more exposed sections, higher on walls and
with less shade, the plant will regularly experience drought stress (Figure 7) and must
show a degree of xerophytic tolerance, although high levels of mortality and turnover are
to be expected and are reflected in the observation of numerous juveniles.
consERVatIon
The drouet specimen indicates that the species was previously more widespread on
Flores and we can record a historical decline in area of occupancy and number of sites.
The presence of the species in a zone where the vegetation has seen the greatest change
and loss offers the possibility that it was once even more widely distributed or, indeed,
may remain to be detected elsewhere. Currently it is effectively restricted to a single site
(one contiguous area of habitat under single ownership and management) where is a
threat of possible development, and has a small population size (less than 50 mature
individuals); together these support Critically Endangered status (CR - B1.a,b; B2a,b;

figure 7. asplenium auritum Sw. Cuada, Flores, July 2008 – appearance of plant when
droughted. Photo. F.J.Rumsey
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C2a; d) for the species in the Azores, as defined by the i.U.C.N. (2001).
dIscussIon
status and relationships
The Macaronesian region is recognised as a globally important centre for pteridophyte
diversity not least because of the high levels of endemicity; just under 10% of the
Azorean pteridophyte species are endemic to the archipelago (Vanderpoorten et al.,
2011). The biogeography and origins of the taxa on these remote oceanic islands has
been the source of interest since initial considerations by dansereau (1961). The
discovery of additional species, and the use of cytogenetics and latterly molecular studies,
have revealed more critical differences and helped elucidate floristic affinities. As a
consequence, the pteridophyte flora of the Azores has been shown to have a small but
distinctive Neotropical or New World element (Vanderpoorten et al., 2007), with the
westernmost islands in the archipelago particularly rich in these species, eg. the
Grammitidaceae (Schaefer, 2001) and endemic taxa whose closest relatives have been
shown to be New World, eg. isoëtes azorica durieu ex Milde
(Britton & Brunton, 1996) and huperzia dentata (Herter) Holub. The Azorean fern
flora shows little affinity to tropical Africa; although some disjunct afro-montane
elements are present, these are more of a feature of the more southerly Macaronesian
archipelagos (Madeira, the Canaries and Cape Verdes). The endemic taxa are, as with
most other described Azorean angiosperm endemics, generally widely distributed across
the archipelago (Carine & Schaefer, 2009). The exception, Marsilea azorica Launert &
Paiva, known only from a single locality, has recently been shown to be synonymous
with the Australasian M. hirsuta R.Br., a recent invasive weed in tropical North America
(Schaefer, Carine & Rumsey, 2011). No single site, or even single island pteridophyte
endemic is currently known from the Azorean archipelago, although several non-endemic
taxa are restricted to individual sites or islands; this may reflect a comparatively recent
arrival, or be as a consequence of ecological (edaphic, biotic or climatic) factors, eg.
Botrychium lunaria (L.) Sw. recorded only on Pico and restricted to an altitude and
environment absent elsewhere in the archipelago.
Biogeographically how should we consider the Azorean asplenium auritum? All
evidence points to its being native: restriction to one of the least populous islands,
unknown in cultivation and present since some of the earliest periods of exploration of
the western islands. While asplenium auritum sensu lato is known from the eastern
portion of Southern-most Africa and from Madagascar, the more likely pattern of
dispersal is from the Neo-tropics where the species is more abundant. The proof of this
assertion will however rely on detailed morphological and molecular studies to elucidate
the relationships of these geographically disparate populations. Currently taxonomic
treatments and within this group of Spleenworts differ markedly (eg. Proctor, 1985;
Adams, 1995; Mickel & Smith, 2004, Roux, 2009; Gabancho, 2011). Many conflicting
taxonomic approaches have been taken by recent flora writers working with just a small,
local subset of the variation present in the complex. A monographic treatment of the
asplenium auritum complex is clearly overdue. Given the wide geographic spread of its
occurrences such an undertaking is a challenge to organise and accomplish. Morton &
Lellinger (1966) were forced to conclude “until more detailed….studies are made, the
division of this complex into taxa based mainly on blade and pinna dissection, blade
texture, and spore type will have to stand”. detailed molecular, genetic and
micromorphological data are sadly still largely lacking and the circumscription of taxa
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and relationships between them, the genomes they contain and the discrete hybridization
and polyploid events which have given rise to them, remain to be resolved.
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obItuaRy
dr Jacobus p. Roux

1954 - 2013

dr Jacobus P. Roux, or Koos Roux as he was known to all, was curator at the South
African National Botanical institute’s (SANBi) Compton Herbarium at Kirstenbosch.
Sadly, he was killed in a hit-and-run accident on Sunday 12th May 2013 while out cycling
with his son.
Koos’ research on ferns was extensive, and included over 40 publications. His first
publication, in 1979, was a book, cape peninsula ferns, a very useful guide to the ferns
of the area with black and white drawings and a key. He went on to become curator at
the Compton Herbarium in the late 1980s, and became a thorough taxonomist, including
gaining his Phd in 1998 on a taxonomic revision of Polystichum. He published a wide
range of papers – new records, descriptions of new species, reviews of genera in Africa
or in outlying islands, including elaphoglossum, Mohria, Polystichum and Dryopteris,
working from herbarium material, field knowledge and the literature. Eventually he
reviewed the whole range of ferns and lycophytes from Africa, culminating in what must
be his magnum opus in 2009, synopsis of the Lycopodiophyta and Pteridophyta of africa,
Madagascar and neighbouring islands. This superb volume gives verification of original
place of publication of all names, provenance and type localities for names and
synonyms, and many names have been lectotypified. The work has 57 new combinations
and new names, the introduction gives statistics on numbers of taxa for each individual
country or island group, and the book is illustrated with 48 colour pictures. This is the
first time the whole fern flora of Africa had been reviewed since Kuhn’s publication,
filices africanae in 1868. As Koos himself acknowledged, his mammoth task had been
greatly assisted through his collaboration with many herbarium curators and fern
taxonomists around the world, and the access to on-line scanned type specimens and
literature that is now available.
i was delighted when Koos agreed to join the editorial committee of the Fern Gazette
in 2012, and he provided several constructive reviews of submitted manuscripts. His
untimely death is a huge loss for the Compton Herbarium, for SANBi, and for the ferns
of Africa. Titles of his extensive fern publications are listed below. We extend our
sympathies to his family and colleagues.
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abstRact
Molecular studies have confirmed the polyphyletic nature of the genus
cheilanthes Sw. The Macaronesian-Mediterranean taxa form a clade, with Asiatic
taxa, distinct from that containing the type c. micropteris Sw. and are best
recognised as a separate genus for which the earliest available name is allosorus
Bernh. The novel species combinations have already been made; those for the
nine naturally occurring hybrids currently known between them are validated
here.
IntRoductIon
The large cosmopolitan fern genus cheilanthes Sw. has long been recognised as
taxonomically difficult, the recognition of a pragmatic and ‘natural’ solution to generic
circumscription regarded as one of the most contentious issues in fern systematics (Tryon
& Tryon, 1982). Molecular phylogenetic studies indicated the polyphyletic nature of this
aggregate (Gastony & Rollo, 1995; 1998) and as material from further geographic areas
has been studied, eg. Prado et al., 2007; Zhang et al., 2007; Windham et al., 2009,
Eiserhardt et al., 2011) polyphyly has been confirmed and interesting bio-geographical
patterns clarified. As dNA sequence data accumulates and morphological features are reexamined in the light of molecular phylogenies it becomes possible to recognize
monophyletic assemblages of species that can be circumscribed as genera. ongoing work
by Windham and others, eg. Link-Perez et al. 2011; Li et al. 2012, Grusz & Windham,
2013) has now reached the point with certain groups of cheilanthoid ferns where taxa and
clades that cannot reasonably be included within cheilanthes are being circumscribed and
named. The examples of the genus from Macaronesia, the Mediterranean, and eastwards
to Asia Minor are clearly resolved in a distinct clade (Eiserhardt et al., 2011) separate
from that of the New World c. micropteris Sw., the nomenclatural type of the genus
cheilanthes Sw. Although Grusz & Windham (2013) suggested that as deeper
relationships were as yet poorly resolved further evidence might be necessary before
generic status was allocated, Christenhusz (2012) took the step of resurrecting the name
allosorus Bernh. for this clade.
allosorus as a genus has had a chequered and controversial nomenclatural history,
having been variously interpreted as typified by osmunda crispa L. = cryptogramma
crispa (L.) R.Br., Pteris viridis Forssk. = Pellaea viridis (Forssk.) Prantl and adiantum
pusillum Willd. ex Bernh. = allosorus pusillus (Willd. ex Bernh.) Bernh. in each case its
application would result, through the rule of priority, in the loss of a much used and
familiar generic name (Pichi-Sermolli,1953). Farwell (1931) suggested that the last
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interpretation was most appropriate, not only because the majority of species included in
Bernhardi’s genus are species of cheilanthes sensu lato, but more compellingly, as PichiSermolli (1953) notes, that allosorus pusillus was the only binomial established by
Bernhardi (1805) in the genus allosorus.
To preserve the later cheilanthes as the generic name Pichi-Sermolli (1953) proposed
the conservation of cheilanthes against allosorus, with c. micropteris Sw. as type. This
typification has been challenged (Panigrahi, 1987), but was upheld (Lellinger, 1993).
When used in a more restrictive sense, as now suggested by the molecular phylogenetic
studies, both names are valid and acceptable. Following Pichi-Sermolli (1953) the type
of allosorus is a. pusillus (Willd. ex Bernh.) Bernh. This has been equated with
Polypodium pteridioides Reich. = allosorus pteridioides (Reich.) Christenh., which itself
has had a confusing and controversial taxonomic history. Polypodium pteridioides
Reichard was formed as a new name for Polypodium fragrans L. (1771), as this was a
later homonym for Polypodium fragrans L. (1753) = Dryopteris fragrans (L.) Schott. The
lectotype selected, LiNN 1251.34 was however shown to belong not to the tetraploid
taxon which had generally gone under the name cheilanthes pteridioides (Reich.) C.Chr.
or c. fragrans (L.) Sw., but rather the diploid hitherto widely known as c. maderensis
Lowe (Nardi & Reichstein, 1986). As a consequence a proposal was made to reject the
name Polypodium pteridioides and all combinations based on it (Nardi & Reichstein,
1986) but this was, following debate, rejected (Pichi-Sermolli, 1987). Bernhardi (1805)
equated adiantum pusillum Willd. with Pteris acrosticha Balb.; it is likely that PichiSermolli in 1953 would also have equated Polypodium pteridioides with this tetraploid
taxon, as presumably did Tryon & Tryon, 1982 (as cheilanthes fragrans) before the type
of this was shown to belong to the diploid. Examination of original material of adiantum
pusillum Willd. ex Bernh. is necessary to confirm the identity, allosorus acrosticus
versus a. pteridioides, of the generitype.
Christenhusz (2012) made the valid combinations necessary for the species previously
recognized in cheilanthes from the Macaronesian and Mediterranean regions, including
the creation of a novel specific epithet (allosorus fragilis Christenh.) for the Canarian
endemic diploid cheilanthes pulchella Willd., necessitated as the epithet pulchellus was
unavailable due to the existence of allosorus pulchellus C.Presl.
For clarity the nomenclatural changes (Table 1) made subsequent to the publication
of flora europaea (Tutin et al., 1993), in which all of the species treated by Christenhusz
(2012) (with the exception of the Arabian endemic allosorus coriaceus (decne)
Christenhusz (cheilanthes coriacea decne)) and other generic changes to taxa which
have previously been considered under cheilanthes (eg. Shing, 1993) are presented.
table 1. Summary of nomenclatural changes in the Pteridaceae of Europe and
Macaronesia since the publication of Tutin et al., (1993)
Currently accepted name
Tutin et al. (1993) name
allosorus acrosticus (Balb.) Christenh.
= cheilanthes acrostica (Balbis) Tod.
allosorus fragilis Christenh.
= cheilanthes pulchella Bory ex Willd.
allosorus guanchicus (Bolle) Christenh.
= cheilanthes guanchica C.Bolle
allosorus hispanicus (Mett.) Christenh.
= cheilanthes hispanica Mett.
allosorus persicus (Bory) Christenh.
= cheilanthes persica (Bory) Mett. ex Kuhn
allosorus pteridioides (Reichard) Christenh.
= cheilanthes maderensis Lowe
allosorus tinaei (Tod.) Christenh.
= cheilanthes tinaei Tod.
Paragymnopteris marantae (L.) K.H.Shing
= notholaena marantae (L.) desv.
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Christenhusz (2012) did not, however, provide combinations for the nine naturally
occurring hybrids currently known (Rasbach & Reichstein, 1982; Rasbach et al., 1983).
That omission is rectified here.
noVEl combInatIons
Allosorus × ibericus (Rasbach & Reichst.) F.J.Rumsey, comb. nov. ≡ cheilanthes ×
iberica Rasbach & Reichst. in Webbia 35(2):264. 1982.
[allosorus hispanicus (Mett.) Christenh. × a. tinaei (Tod.) Christenh.]
Allosorus × insularis (Rasbach & Reichst.) F.J.Rumsey, comb. nov. ≡ cheilanthes ×
insularis Rasbach & Reichst. in Webbia 35(2):266. 1982.
[allosorus guanchicus (Bolle) Christenh. × a. tinaei (Tod.) Christenh.]
Allosorus × kochianus (Rasbach, Reichst. & Schneller) F.J.Rumsey, comb. nov. ≡
cheilanthes × kochiana Rasbach, Reichst. & Schneller in Webbia 37(1):48. 1983.
[allosorus pteridioides (Reichard) Christenh. × a. tinaei (Tod.) Christenh.]
Allosorus × kurdicus (Rasbach, Reichst. & Schneller) F.J.Rumsey, comb. nov. ≡
cheilanthes × kurdica Rasbach, Reichst. & Schneller in Webbia 37(1):58. 1983.
[allosorus acrosticus (Balb.) Christenh. × a. persicus (Bory) Christenh.]
Allosorus × malacitensis (Rasbach & Reichst.) F.J.Rumsey, comb. nov. ≡ cheilanthes
× malacitensis Rasbach & Reichst. in Webbia 35(2):269. 1982.
[allosorus acrosticus (Balb.) Christenh. × a. guanchicus (Bolle) Christenh.]
Allosorus × marchettianus (Rasbach, Reichst. & Schneller) F.J.Rumsey, comb. nov. ≡
cheilanthes × marchettiana Rasbach, Reichst. & Schneller in Webbia 37(1):55. 1983.
[allosorus acrosticus (Balb.) Christenh. × a. pteridioides (Reichard) Christenh.]
Allosorus × prototinaei (Rasbach, Reichst. & Schneller) F.J.Rumsey, comb. nov. ≡
cheilanthes × prototinaei Rasbach, Reichst. & Schneller in Webbia 37(1):45. 1983.
[allosorus hispanicus (Mett.) Christenh. × a. tinaei (Tod.) Christenh.]
Allosorus × teneriffae (Rasbach & Reichst.) F.J.Rumsey, comb. nov. ≡ cheilanthes ×
teneriffae Rasbach & Reichst. in Webbia 35(2):264. 1982.
[allosorus fragilis Christenh. × a. pteridioides (Reichard) Christenh.]
Allosorus × tolocensis (Rasbach, Reichst. & Schneller) F.J.Rumsey, comb. nov. ≡
cheilanthes × tolocensis Rasbach, Reichst. & Schneller in Webbia 37(1):52. 1983.
[allosorus guanchicus (Bolle) Christenh. × a. pteridioides (Reichard) Christenh.]
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aBstRact
Medieval and post-medieval documentary evidence records that glass could be
manufactured using fern ash as a source of glass making alkali. This paper reviews
the evidence for the use of bracken, the most abundant species of fern found in
Europe, for glass manufacture by examining these early documentary sources and
reviewing the contemporary archaeological evidence. Testing the viability of
using bracken in glass manufacture by examining bracken growth patterns and
yields, and its ability to form glass readily and produce a good quality product are
reviewed and demonstrated through experimental investigation.
IntRoductIon - BRackEn In glassmakIng.
Readers of this journal will be familiar with bracken, Pteridium aquilinium (L.) kuhn,
as one of the most commonly found species of fern found in Northern Europe. This plant
has a history of use in diverse applications such as foods, medicine, soap making, fuel,
litter, packing, bedding and flooring, and as roof thatch (Rymer, 1976). What may be
less familiar is its use as a raw material for the glass industry from at least the thirteenth
century (and possibly twelfth century (Polak, 1975)) throughout Europe. Whilst bracken
(or related species) is common in many parts of the world, this is the first known reported
use of this resource for glassmaking. Bracken contains significant quantities of alkali,
most readily in the form of potassium compounds which act as a flux on the sand
(smedley et al., 1997).
At the transition from the medieval to the early Post-Medieval period there was an
expansion of glassmaking throughout Europe and an increase in the quantity of glass,
both luxury and utilitarian, is evident in the historical and archaeological record. It is
also a time when there is clear experimentation with the use of different raw materials in
glassmaking to furnish this demand (Cable, 2001a). In this context bracken would be a
readily available, quick growing and an annually renewable resource. A detailed
discussion of the use of bracken in medieval and post-medieval glassmaking has been the
subject of three papers published since 2000 in Glass Technology and the context of this
discussion and the findings of these papers will be summarised here (smedley and
Jackson, 2002, 2006; Jackson and smedley, 2008).
glassmaking in post-medieval Europe
Glass production in Europe from at least the 10th century until the advent of chemistry
was a relatively simple process in terms of the raw materials used. Most glass was
manufactured using a two-component recipe. The primary glass component was silica,
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usually added in the form of a quartz sand, but sometimes as crushed quartz pebbles.
The second component was a plant ash which contains high quantities of alkali, usually
potassium or sodium, which acted as a flux. A flux was necessary as silica melts at
temperatures in excess of 1700oC, which was too high for early furnaces; the potassium
or sodium alkalis in the ash reacted by breaking the bonds in the silica to lower the
temperature at which the silica starts to melt. Northern European glassmakers favoured
plant ashes which were high in potassium as these were most readily available from
hardwoods (e.g. beech or oak) or forest floor plants such as bracken. southern European
glassmakers used other plant ashes which were often more readily available to them than
to the glassmakers of Northern Europe. These were plants which grew in salt-tolerant
locations and so were higher in sodium. often imported ashes were used as these were
considered better quality and produced clearer (often ‘water-clear’) and better quality
glasses. soda also allows melting at lower temperatures than potash and so glasses would
require less heat to form. It is noted that imported ashes were used for very high quality
glasses produced in Venice (Jacoby, 1993, McCray, 1999).
The most detailed evidence of the use of specific plant ashes in early glasses comes
from a number of surviving documents from the 12th century and onwards, which detail
an extensive list of plant ashes which may have been used (e.g. Hawthorne and smith
(1979) on the writings of Theophilus; Merrifield (1967) on the writings of Eraclius; smith
and Gnudi (1990) on Biringuccio; Hoover and Hoover (1950) on Agricola; Cable (2001a)
on the writings of Merrett and Neri; summaries of which can be found in Turner, 1956
and Jackson and smedley, 2004). These include not only oak and beech, which are
mentioned by many of these authors, but also reeds, wheat and barley straw, pea stalks
and thistle, although it is unlikely these latter plants would make successful glasses.
EVIdEncE foR thE usE of BRackEn
one of the plants repeatedly mentioned in many of these manuscripts is ‘fern’, although
no species of fern is mentioned by name. As bracken is the most abundant species of
fern found in Europe it is assumed by reviewers of these works, that it was the most
commonly used fern in glassmaking (and the terms are often used interchangeably now
as they were in the past (A.F. Dyer pers. comm.)). supporting evidence for the use of fern
or bracken can be found in contemporary documents such as glassmaking records or
manuals, essays, bills of sale and parish records, in addition to more recent scientific
analysis of early glasses and replication experiments.
Contemporary texts perhaps give us the most detailed and straightforward accounts
of the use of bracken in glassmaking. The most compelling of these are those which
detail the glassmaking process, although it must be noted that these are few in number
and may be inaccurate as they often are written by observers rather than the glassmakers
themselves (Moreland, 2001). The most detailed of these come from authors thought to
originate from southern Europe, most notably Italy, where high quality glass such as
Venetian crystallo was manufactured. In these commentaries, fern is not used for the
highest quality glasses such as those manufactured in Venice from imported soda-ashes,
but for the manufacture of imitations in the venetian style (Façon de Venise) (McCray,
1999). The most well-known and arguably the most detailed of these are the manuscripts
by Eraclius (Merrifield, 1967, probably written in the 12th century), Biringuccio (smith
and Gnudi 1990, manuscript published in the early 16th century) and Neri with later
revisions by Merret (Cable, 2001a, original manuscript published in 1612). These
manuscripts are thought to be of Italian origin, and each mentions the use of bracken in
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a list of potential ashes used as glassmaking alkalis. Eraclius writes ‘glass is made with
the ashes of .. fern’ and that the ‘fern is cut before the feast of st John the Baptist, and
well dried, and is then put into the fire and reduced to ashes’ (Merrifield, 1967: 212).
Biringuccio refers to the importation of ashes made of fern from France ‘First one takes
some ashes made from the herb salwort that comes from syria; and I also understand
… that some comes from … the rhône in France. now some say that this is made from
fern and some from lichen …’ (smith & Gnudi, 1990: 127). All three authors discuss
glass production using this ash in differing quantities, but Biringuccio and Neri also
describe the production of a salt from the ash which was used to manufacture good
quality clear glasses, in the style of the cristallo vessels manufactured in Venice.
Biringuccio states ‘another artificial salt is made that is called glass salt of sal alkali.
By drying it the aforesaid salt for making glass is obtained…. the quantity desired by
the workers is taken and boiling water poured on it; this makes very strong lye, and it
gradually becomes thickened and clear by boiling. It is then dried so that it makes a
very sharp salt ….’ (smith & Gnudi, 1990: 127). A similar process is described by Neri
(Cable, 2001a: 71). Jacoby (1993) also describes a 14th century Florentine recipe using
fern ashes. There are records that fern ashes were used in glassmaking as late as the 18th
century. Bosc D’Antic records his preparation of potash from bracken for use in the
glassworks at saint Gobain Glassworks, Paris (Cable, 2001b).
There are fewer references to use of ferns for glassmaking in Northern Europe and
no mention in specific glassmaking manuals such as those by Theophilus, thought to be
written in Germany in the 12th century (Hawthorne & smith, 1979). That fern was used
as an alkali in Northern Europe is evidenced by more anecdotal descriptions and indirect
references. Rymer (1976) lists two texts which mention fern use in this context in the
middle-ages. In the squire’s Tale (written around 1388), Chaucer states ‘some seyden
that it was Wonder to maken of fern asshen glass’ (Benson, 1988) and Norten in 1477
wrote that glass was made ‘… of ashes of fern from the lond’ (Rymer, 1976). sir Thomas
More writing in England in 1557 also pronounces ‘Who wold wene it possible y glasses
were made of ferne…’ (Newton, 1980). other indirect sources for the use of fern in
England come from bills of sale for the purchase of ashes, including green fern ash (dry
fern ash is said to be not good) for the glass-house at Wollaton, Nottinghamshire in the
17th century (smith, 1962). Likewise glassmakers purchased fern ashes in 1479 for the
glass-house at Wolseley, staffordshire, and there is evidence of individuals stealing fern
without permission in the district, presumably for sale (Welsh, 1997; smedley et al.,
2003).
other less direct sources of evidence for the use of fern in glassmaking are the names
of glass types, place names and legal documents. Verre Fougere (fern glass) was
produced in France and other places, such as Bohemia, up to the 17th century. It is
believed to have taken its name from the French district of Fougère (savage, 1973). The
Abbess of st Croix leased rights to gather fern to the glassworkers at La Ferrière and in
return she received one gross of glasses (knowles, 1927). The 15th century charte des
Verriers, a document which itemises the rights and privileges of noblemen in France
also gives specific mention of the right to gather ferns for the preparation of alkali (Clark,
1931).
The written evidence presented above strongly suggests that bracken was used as a
glassmaking alkali throughout Europe, both in its primary ashed state and as extracted
purified salts prepared from the ash. However, material evidence linking bracken ash to
glass production is more difficult to find. Archaeological evidence of ashes found on a
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glassmaking site may just as well relate to the fuel ash waste as it does to the alkali used
in glass production. Any ash used as an alkali would be a valuable commodity removed
from the site once glassmaking had ceased. Thus it is difficult to show that fern ash, or
indeed any specific ash, was used in the glass production process from archaeological
remains.
The analysis of contemporary glass itself has not proved particularly successful in
identifying specific ashes used in production. Chemical analyses have not yet clearly
identified a chemical fingerprint for glasses thought to be produced using fern ash (see
below). This is due to a number of reasons: (a) the variability between ashes of the same
species from different sources (Turner, 1956; Hartmann, 1994; Jackson et al., 2005), (b)
because ashes themselves can be mixed before use in glass production masking any fern
ash ‘fingerprint’ and (c) glass melts can be supplemented by the addition of cullet, which
is the recycling of ready formed glass from various sources (such as the material collected
from bottle-banks today). The addition of cullet is advantageous for glassmelting as it
reduces the temperature at which the raw materials melt, but it dilutes the initial
composition and contaminates the glass, making the identification of the initial raw
materials very difficult. However, there has been some tentative initial success in the
identification of glasses produced with fern ashes as a generic group compared to those
produced using hard woods such as beech and oak (Jackson et al., 2005 and see later).
Both Tyson (2000) and Henkes (1994) suggest that glass makers from the 12-15th and
the 17th century respectively used fern ashes west of the Rhine (except Alsace) and
produced ‘forest glasses’ with hardwood alkalis, such as oak and beech, to the east of the
Rhine. Glassmakers in the Netherlands used fern ashes in an attempt to produce cristallo,
a fine, high quality clear glass produced in Italy (Henkes, 1994).
The review of evidence for the use of fern in glassmaking throughout Europe from
the 12th century onwards suggests that fern, or bracken, was a satisfactory source of
glassmaking alkali and was used throughout Europe. However, its seasonal behaviour,
low yield per hectare compared to hardwoods and labour intensive harvesting regimes
might suggest that its widespread use was not as common as these sources might suggest
and that it may have been used to supplement other ashes, or for specialist forms of
glassware. Consequently, the use of fern ash for glass production has been dismissed by
some modern authors (stern and Gerber, 2004). To investigate whether bracken is a good
raw material to use for glass making, bracken yields, its seasonality and harvesting times,
and its melting ability and product quality are examined below.
BRackEn as a glassmakIng REsouRcE
seasonality
In contrast to hardwood plant ashes used for glass production which could potentially be
harvested throughout the year, bracken is a seasonal plant and can only be harvested
through the growing season. Furthermore, it grows in stands or colonies which
progressively age to the extent that the central zone becomes less active, leading to
uneven growth distributions (Atkinson, 1986; Watt, 1976). Therefore changes in yields
and availability can occur over time within a particular location. The transfer of energy
resources between different parts of the plant during the growing season can also be
accompanied by changes in the chemistry of the plant during the growth cycle. However,
its ability to grow in a wide range of habitats and colonise easily may nevertheless make
it an attractive plant for glassmakers.
The easy availability of bracken, which grows in different environments and across
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large areas of land, might suggest that this raw material was more commonly available
than hard woods, and so influence the location of the glass-house. However, a more
costly resource, which was needed in greater quantities, was hardwood for fuel. As glass
production required high temperatures and long firing regimes wood was consumed in
great quantities. Therefore although the availability of bracken ash would influence the
location of the glass-house, the need for readily available fuel was much more important.
Consequently glasshouses, before the use of coal for fuel, tended to be located in
woodland which could be harvested for fuel. This is apparent throughout Europe, and
specifically in Britain, where medieval and early post-medieval production was located
in the Weald, stourbridge and North Yorkshire. Thus, whilst glasshouse location was
driven by the need for fuel, usefully these same areas often were ones which yielded
sufficient bracken for use in glassmaking.
The factors influencing yield and re-growth patterns were investigated in an
experimental study of the sustainability and yields of bracken for glassmaking by
smedley and Jackson (2006) using bracken collected from two geographically different
sites through a single year and from a single site which had been repeatedly harvested.
The first site, snake Pass, Derbyshire, (GR sk131895) is located on a steep south-facing
hillside at an altitude of 280m above sea level, with a bedrock of millstone grit and a
soil chemistry low in nitrates of pH 5.6. The second site, Rugeley, staffordshire (GR
sk997180) is located on slightly undulating terrain at 175m above sea level, within a
clearing, but surrounded by dense birch and pine woodland, with an underlying geology
of kuyper marl and sandstone, a high nitrate soil with a more acidic pH at 4.5. The
average mean temperature at snake Pass is lower by around 2oC, and the average rainfall
approximately 20% higher, than at Rugeley. Changes in chemical composition of bracken

figure 1. Weight of green bracken per unit area collected from the sites of Rugeley in
staffordshire and the Peak District (snake Pass) from an area which had not been picked
previously (v) and that which had been repeatedly harvested (pp).
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at these two sites through the growing season, detailed below, are documented in Jackson
and smedley (2008).
The results relating to growth patterns at the two sites suggest location, aspect and
soils have a significant effect upon growth habits. Frond density (Figure 1), weight of
green bracken collected per unit area and final weight of ash per unit area collected
(Figure 2) were higher at the higher altitude hillside site of snake Pass. Whilst the
growing season is slightly shorter here than at Rugeley, the aspect, increased rainfall and
nitrogen-richer soils may have favoured a higher yield. Repeated harvesting at snake
Pass was shown to significantly decrease the yield of ash (Figures 1 and 2), presumably
due to a decrease in the ground litter which would offer protection to bracken at the start
of the growing season and the depletion in stored nutrients in the rhizomes once the
bracken had started to die back in the autumn (Lowday, 1986). Bracken, which was
continually harvested near glass-houses (the complex of structures which contained the
glass furnaces and associated equipment) in order to reduce transport costs of this raw
material, would gradually deplete in yield. one way to reduce this would be to employ
a rotational harvesting strategy in order to maintain yields but keep transport costs low;
the high costs associated with harvesting along with increased transport costs if bracken
(presumably already ashed to reduce volume) were brought some distance to the glasshouse would make this an uneconomic raw material.
The results relating to growth patterns would have been of interest to the medieval
bracken collector in terms of supply locations and potential yields. However,
contemporary documents relating to glassmaking, from the 16th century onwards,
suggest there was an optimum time to harvest bracken for glass production. This in turn
suggests that harvesting did not take place throughout the growing season, but perhaps
only once at each location and the time of harvesting was particularly important for glass
production. southern European authors are quite specific when this should take place;
Eraclius says that bracken was traditionally cut around the time of the Festival of st.

figure 2. Weight of bracken ash per unit area from the three sites in the study area
(Rugeley, snake Pass (v) and snake Pass (pp).
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John the Baptist (24th June; Merrifield, 1967: 212). Neri suggests ferns were harvested
from the end of May to mid-June and Merrett notes this is when the plants are in full
growth (Cable, 2001a: 71). For Northern Europe the dates are less exact. Cutting bracken
for any purpose in the 16th century was forbidden before 1st August (the reasons for this
are unclear) (Polak, 1975: 12) and a document by Fosbrook, sourced by smith (1962),
notes that 17th-century glassmakers at Wollaton in Nottinghamshire use ‘green fearne
asse’ but that ‘dry fern asse is not good’, again a comment which suggests a harvest
before the late summer. These latter references suggest that glassmakers used bracken
harvested at the peak of its growth. The experimental data presented in Figures 1 and 2
show that in the Uk, bracken is at the height of its growth cycle and produces the highest
yield of ashes in late August/early september. The result from the experimental work
does not coincide with the dates for harvesting in May suggested by Eraclius and Neri,
although Merrett does suggest this is when fern is in ‘full growth’, which might be in
May/June in southern Europe, but later in Northern Europe. The experimental data show
that the yields are highest in the study area much later in the year, and as the bracken
collector would want to maximise his profit (greater weight per unit area/decreased time
to collect sufficient for sale), this might suggest a late harvest and even later glass
production cycle for English glassmaking as the harvested crop would need to be dried
and ashed before use.
It is thought that glass-houses were in operation, producing glass, for only part of the
year, often when the weather was more favourable, certainly in northern climates. Polak,
(1975: 15) suggests that in 13th century Venetian glass-houses were active from January
to August, in Germany from Easter to November. If the bracken ash was only available
towards the end of the season it might be suggested that the ash collected in one season
was used for glass production in the next.
Yield
The yields of ash from green bracken at both sites and both harvesting regimes were in
the order of 2% ash to green weight. Whilst this seems very low in modern terms, these
results are similar to the ash yields from hardwoods which are thought to be more
commonly used in glass production (Jackson et al., 2000; 2005; smedley et al., 1997;
2003). so, once harvested and dried (which would take less time for bracken than for
hardwoods) the associated yields would be similar for both alkali raw materials.
Maximising the yield of the raw material and thus reducing the costs of the alkali is
only one aspect of glassmaking. If the raw material costs are low but (a) the quality of
the resulting glass is poor (most particularly in terms of a strong colour), (b) or the
amount of fuel needed to melt it is high because the raw materials do not melt easily and
higher temperatures are needed, then it is unlikely the glassmaker would use these raw
materials. As it is doubtful that more than one harvest of bracken at each location would
be made, the glassmaking capabilities of the ashes at the point of harvest is particularly
important. Further experimental work, undertaken by Jackson and smedley (2008),
explored changes in bracken composition through the growing season which would
influence the melting behaviour and the quality of the resulting glass, and in turn
influence the time bracken was harvested for glass production.
melting ability, glass forming and glass quality
Hunter (1953) examined some major and trace element constituents of bracken through
the growing season. He reported that nitrogen, phosphorus, potassium and magnesium
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concentrations decreased with the age of the frond, but calcium and sodium contents
increased (Hunter, 1953: 20). While nitrogen, and phosphorus in low concentrations, are
of relatively little importance, potassium, magnesium, calcium and sodium are important
for glass melting (Turner, 1956). Also of importance is silica, which can be found in
considerable quantities in plant material. The alkalis, potassium and sodium, act as fluxes.
These elements are found in relatively high quantities in plant ashes. (To a more limited
extent phosphorus can act as a flux, along with iron, although these are not the primary
fluxes and are usually found in lower quantities in glasses.) Magnesium and calcium are
important for final glass stability (they stabilise the glass so that the alkalis are not lost
by leaching over time), but can have a detrimental effect on the melting behaviour of the
glass. Calcium (and magnesium) in excess can make the glass more difficult to melt and
therefore the glassmaker requires a higher temperature to produce a clear fully melted
glass. However, high quantities of either or both in the final glass conversely make the
glass less stable. silica is the main glass former (it forms the basic glass molecular
structure), and has a very high melting point. Too much silica in the ash again reduces
the alkali proportionately and increases the total silica in the glass making it more difficult
to melt, except at very high temperatures (Jackson & smedley, 2004).
The results of compositional studies of bracken by Jackson and smedley (2008) are
in general agreement with those of Hunter (1953). They also discuss in more detail some
additional elements which are important to glass melting or quality. Figures 3 and 4 show
that the concentration of silica (sio2), alumina (Al2o3), calcium oxide (Cao) and soda
(Na2o) rise in the fronds through the growing season. All of these components, with the
exception of soda, produce a less reactive ash. However, soda is in such low
concentrations (below 1%) that its increase in concentration through the growing season
will not be particularly significant for glass melting (Figure 4). Potash (k2o)
concentrations fall through the growing season. Both sodium and potassium alkalis are
important as fluxes so their combined concentration in the ash would affect melting
behaviour; soda is also a more effective flux than potassium, although in this case the
increase in concentration through the season would not compensate for the decrease in
potash concentrations. Iron and manganese are elements which would impart strong
colours to the glass. Iron produces a green or blue hue depending upon the furnace
atmosphere and manganese, in excess, a purple hue. These two elements also increase
through the growing season (Figure 5). It is presumed that the glassmaker would prefer
glasses which were not highly coloured. At relatively high concentrations for colourants,
for example above 0.5wt% in each case, the combined elements would produce a rather
dark brown, almost-opaque, glass.
Looking at these compositional results together, the combined elemental patterns
throughout the growing season suggest that it would be preferential to the reactivity of
the ash, and hence ease of melting, and the final clarity and colour of the glass, to use
ashes from bracken which was harvested earlier in the season.
Bringing the two competing factors of yield and melting ability/glass quality together
the best time to harvest the bracken to reduce the refractory and colouring components,
increase the alkali fluxes to make the ash most reactive and have sufficient yield to keep
costs low, would probably be in early June. The earlier harvest of bracken than that
proposed from yields alone would optimise the drying time and the harvester could take
advantage of the warmer and drier conditions of the summer months, possibly reducing
the need for covered storage before ashing. This observation corresponds with that
reported by Neri and Eraclius. The later date, after the 1st August reported by Polak
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figure 3. Concentrations of sio2, Cao and Al2o3 in bracken fronds through the growing
season (snake Pass).

Na2o
k2o

figure 4. Concentrations of the alkalis, Na2o and k2o, in bracken fronds through the
growing season (snake Pass).
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(1975:12), may be for the use of bracken for purposes other than glassmaking.
Jackson et al. (2004) report that glass made with bracken collected in early summer
melts at a temperature comparable to glasses produced with beech ashes, assumed to be
a commonly used glassmaking alkali in contemporary periods. This could be as low as
1100oC if melting times were increased to days rather than hours. This factor, assuming
bracken was harvested at an optimum time to increase alkali concentration, and decrease
refractory elements such as silica and colouring elements such as manganese and iron,
would suggest that bracken would prove a favourable raw material for glassmaking if
sufficient ash could be obtained at a suitable cost.
That bracken can produce a good quality glass can be observed in Figure 6 which
shows glass produced using bracken ashes. The glass on the left is glass produced using
bracken harvested early (May/June) in the season and pure sands (L30A Loch Aline silica
sands used in the modern glass industry); a relatively clear lightly-tinted glass is
produced. This glass has a slight purple hue. Glasses produced with bracken harvested
from other locations with different soil chemistries, or indeed glasses produced with
bracken harvested at a different point in the growing cycle, could be more strongly tinted
purple (owing to the presence of manganese) or even tinted green (from iron). If salts are
manufactured from the ash and used as the alkali flux (Jackson et al., 2000), as both
Biringuccio and Neri advocate for high quality, colourless glasses, the results are more
spectacular and a clear glass, almost crystal in quality, is produced (Jackson et al., 2000;
Figure 6 right).
hIstoRIc BRackEn glassEs
There are few reported examples of glass furnace sites where it is thought that bracken
was used as the primary alkali source. Welch (1997) suggested glass was manufactured
with local bracken ashes at the 14th to 16th century glassmaking site at Little Birches,
staffordshire, although this is based upon bills of sale. Crossley (1967) has speculated
that fern ashes may have been used at the glassmaking site of Bagot’s Park also in
staffordshire in the 16th century from the analysis of the glass found there, and again in
Yorkshire (Crossley & Aberg, 1972). other authors have also used chemical analysis of
glasses to suggest that fern ashes were used for glass production from the medieval period
in France (Barrera & Velde, 1989), Germany (Gerth et al., 1998; Hartman, 1994;
Wedepohl, 1997), Belgium (Terlinden & Crossley, 1967) and Britain (Mortimer, 1997;
Tennant et al., 1984; sanderson et al., 1984). These studies have been variable in their
degree of success in the identification of the specific ash, partly because of the known
heterogeneity of plant ashes within and between species and by growing environment
(Turner, 1956; sanderson & Hunter, 1981; Hartmann, 1994; Jackson & smedley, 2004;
Jackson et al., 2005).
However, at this time a rather general degree of identification of the type of plant ash
used in historic glasses can be postulated. Using the low number of analyses of bracken
and other ashes the pattern emerging is that, whilst hardwood ashes cannot easily be
differentiated to species, there appears to be some distinction between fern (bracken)
ashes and glasses produced from them and glasses produced using hardwood ashes.
Bracken ashes and bracken ash glasses contain a higher proportion of potash (k2o) to
lime (Cao), often in the ration of 3:1 or more, whilst hardwood ashes often contain equal
or lower proportions of potash to lime. The analyses of more samples of bracken ashes
from different locations may help to elucidate this, taking into account the difficulties
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figure 5. Concentrations of the main elements responsible for colour in the glass, Fe2o3
and Mno, in bracken fronds through the growing season (snake Pass).

0

1

cms

2

3

figure 6. Model glasses produced using bracken ash and Loch Aline sand (top) and
bracken salts and Loch Aline sand (bottom).
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presented identifying raw materials in glasses, discussed above. Thus even with glasses
produced at glassmaking sites, the identification of the ash used in glassmaking is
difficult.
concludIng commEnts
It is known from documentary sources such as glassmaking texts and manuals, bills of
sale, legal documents and indirectly from the names of glass types such as verre fougere
that ferns, probably primarily bracken, were used extensively in the glassmaking industry
from at least the 13th century. Bracken however, was only one of a number of plant ashes
used for glass production. In southern Europe the ashes from the eastern Mediterranean,
including syria and Egypt were imported for high quality glass making. other glasses in
both southern and northern Europe were made with ashes from seaweed and from
hardwood such as beech and oak. It is reported that many other plant species have been
used although it is difficult to accept that all of these would produce good glasses.
Bracken, by its nature, is difficult to harvest in quantities and so it may have been mixed
with other ashes, or used in a more restricted fashion to produce good or high quality
glass. However, there are sufficient sources to suggest that its use was not limited either
geographically or in scale. In the wider context of historical glass production bracken
plays a novel and important role; today it is widely considered an invasive and
undesirable plant with little or no economic value. However up to the more recent past
bracken was considered a valuable economic resource for a variety of industries, not
least for its role in good quality glass production.
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shoRt notE
OREOGRAMMITIS SETOSA and O. SINOHIRTELLA In thaIland
Four species of Oreogrammitis Copel., a grammitid genus of Polypodiaceae, are reported
for Thailand on the Ferns of Thailand website (address below), revised 1 sept. 2014.
Two of these, O. congener (Blume) Parris and O. reinwardtii (Blume) Parris, are names
that have been changed from the Grammitidaceae account in The Flora of Thailand Vol.
3 Part 4 (Tagawa & Iwatsuki, 1989), where they are identified as grammitis setosa Blume
and g. bongorensis [error for bongoensis] (Copel.) Copel. respectively.
Tagawa & Iwatsuki (1989) describe the stipe hairs of Oreogrammitis setosa (Blume)
Parris (syn. grammitis setosa) as being up to 1 mm long. Material from Chanthaburi
province (Iwatsuki & Fukuoka t.7156, E!) has stipe hairs up to 1.5 mm long and
undoubtedly belongs to O. setosa; it is a good match for material from Java, where the
type of the species was collected. Oreogrammitis congener has stipe hairs 0.1-0.3(-0.5)
mm long, while O. setosa has stipe hairs (0.1-)0.5-2.0(-2.5) mm long. It is possible that
O. congener occurs in Thailand, but I have seen no material.
Tagawa & Iwatsuki (1989) note that Oreogrammitis bongoensis (syn. grammitis
bongoensis) is the only species of grammitis in North-eastern Thailand, and that its habit
on moist mossy rocks is distinctive. Oreogrammitis bongoensis is endemic to Borneo
and is distinct from the Northeast Thailand material (tagawa, Iwatsuki & Fukuoka
t.1825, E!), which belongs to the recently described lithophyte O. sinohirtella Parris,
also known from China and Vietnam. Oreogrammitis reinwardtii differs from both
O. bongoensis and O. sinohirtella in having the lateral veins slightly prominent to
prominent on both surfaces of the lamina, while they are not prominent on either surface
in O. sinohirtella, and either not prominent on either surface or sometimes slightly
prominent only on the adaxial surface in O. bongoensis. Oreogrammitis bongoensis has
stipe hairs (0.9-)1.6-2.7(3.3) mm long and laminar margin hairs (1.9-)2.0-2.8(-3.4) mm
long, while O. sinohirtella has stipe hairs (0.2-)0.4-1.2(-1.8) mm long and laminar margin
hairs (0.1-)0.3-1.9(-3.0) mm long. It is also possible that O. reinwardtii occurs in
Thailand, but I have seen no material.
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aBstRact
A re-survey of the threatened Land Quillwort (Isoetes histrix Bory) at its
northernmost range extent on the Lizard peninsula, Cornwall, indicates a massive
decline (>90%) in total population size since 1982 with the loss of several major
sub-populations. The factors responsible for this are considered and climatic
changes, particularly in the pattern of rainfall, and management practices, such as
the reduction in grazing, are implicated in its decline.
IntRoductIon
The genus Isoetes is a cosmopolitan one, comprising about 80 species of specialised
heterosporous lycopods growing predominantly as submerged aquatics, although some
species occur only as terrestrials in seasonally inundated habitats. Isoetes histrix Bory
(Land Quillwort) is a small summer-deciduous perennial, growing from a ‘corm’. Its
specific name derives from the rather spinose persistent leaf bases which are typically but
not invariably produced and whose function, whether purely protective, or perhaps to
aid in dispersal, is open to conjecture. It is a plant of open, often trampled, bare shallow
soils, frequently overlying rock, which are wet and preferably flooded in winter, but dry
in summer. Throughout its range it occurs over a wide variety of underlying rock types,
although in its British mainland sites, the most northerly by some 200 km, it is restricted
virtually to serpentine, just one site occurring on schists and another at the
serpentine/schist junction (Byfield & Pearman, 1999). A Mediterranean-Atlantic species,
it is found from Cornwall, Guernsey and Alderney in the British Isles, down through the
Atlantic coasts of France, spain and Portugal, and along the NW African coast almost to
Tunisia. In the Mediterranean it occurs on many of the islands, e.g. Rumsey et al. (2001),
and is scattered as far east as the west coast of Turkey (Jermy, 1965). There is a map of
its total range in Bolòs & Vigo (1984).
IsoEtEs hIstRIX In thE BRItIsh IslEs – a BRIEf hIstoRY
The Land Quillwort was first discovered in the British Isles in Guernsey “in damp spots
on Lancresse Common in June 1860” (Wolsey, 1861). Marquand (1901) added Cobo
and Petit Port as localities on the authority of Derrick, while further documenting the
areas on L’Ancresse where the species could be found. McClintock (1975) neatly
summarised the history of the species on Guernsey – “it was collected at Cobo in
1910-13; towards La Rochelle in 1928; and in 1957 was detected on Hommet Paradis and
Hommet Benest, and on Lihou, where at least two patches are known. Albecq was added
in 1969”. He noted that it had not been re-found near Petit Port, at the Guet, nor in its
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most inland station, a marshy field between Vale school and L’Ancresse, where it had
been collected in 1906. Its stronghold was still at L’Ancresse where it was then known
in at least five places from Fort Doyle to the La Varde area. Ryan (1990) knew of nine
populations on the north and west coasts and the immediate offshore islands, with a total
population size in 1988 estimated at 10,670 plants. The greatest part of this was however
to be found in an area of just 17 x 1.5 metres. More recently ozanne (2005) lists the
plant as occurring in six sites, three of them offshore islets: Lihou, Hommet Paradis and
Hommet Benest. It was not refound at the last by Gibby et al. (1997), who found the
species only on the Fort Hommet headland. The species was discovered by Marquand
(1902) on Alderney. He reported it as “abundant at the top of the cliffs to the east of La
Quoire, over a space of about 100 yards, and on the slopes below”. Bonnard (1996)
records it in two contiguous 1 km squares at the eastern end of the island. The total
population size in 1988 was estimated at 30 or so plants (Ryan, 1990).
It was not discovered in Britain until June 19th 1919 when it was found at
Caerthillian, on the Lizard peninsula (Robinson, 1919). He gathered the plant with the
Lizard speciality clovers trifolium strictum L. and t. bocconei savi and noted “I saw
one specimen only, but am convinced it is probably to be found in many similar
situations. The specimen is small and the plant would be very difficult to find unless
especially looked for”. While initially accepted by Druce (1920), who noted
“microscopical examination shows that it is undoubtedly the same as the Guernsey one”,
he obviously later had doubts, stating in the Comital Flora “The Lizard record is an error”
(Druce, 1932). It was not properly confirmed until re-found in 1937 (Melville, 1938).
Melville, like Robinson before him, initially found only one plant while looking for other
rarities but unlike Robinson he had the opportunity to revisit the site the following day
and extend his search. While conceding that recognition was difficult because of the
similarity in form to other taxa with curled grass-like leaves, he reported “once the type
of habitat favoured by the plant and the identity of its usual associates had been
discovered, it was a relatively simple matter to explore the neighbourhood and determine
its distribution”. He went on to establish its range to be “from a little to the south of
Vellan Head southwards along the coast to a point south of the Lion rock above Pentreath
beach, and reaches inland for half to three quarters of a mile”. A month later N.Y.
sandwith extended the known range a short distance to the north-west of Lizard village
refinding it in Robinson’s locality in the Carthillian [sic] Valley (Melville, 1938). Plants
were collected from Melville’s direction by I. Manton in 1938 and 1939 for cytological
investigation (Manton, 1950) and remained in cultivation at Manchester University into
the 1950s. John Raven found it at Gew Graze and Mullion in 1950, Clive Jermy near
Black Head in 1963, and then we know of a string of records from David Coombe from
the late 1960s. There are very few other known records before the commencement of
the University of Bristol Lizard project (UBLP) in the 1970s, but by the time of Margetts
& David (1981) it was known from 12 stations in sW61 and sW71. It was first detected
in sW72, in a shallow quarry north of Traboe Cross, in 1984 (Murphy et al., 2012).
John Hopkins, who was part of the UBLP team and did his PhD on the Lizard from
1977 onwards, found many more sites, but taking into account that there was no real
knowledge of population numbers, it was decided to survey every known site in April
1982, and the results of this survey were published in Frost et al. (1982), including
1:10,000 maps with each site and its population marked thereon. This detailed report
also gives much background information on the habitats in which the plant occurred and
presented recommendations for its conservation.
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The UBLP team visited (or noted where they were unable to gain access) 68 ‘sites’,
where a site was defined as a population clearly separated from another, even if only by
a few yards. They estimated a total of nearly 98,000 plants, stressing that even that might
be a conservative estimate.
Like so many plant projects, once a definitive study has been carried out, we all relax,
and assume that all is done and all is well. Certainly there were no systematic surveys
carried out for nearly 30 years, until the current authors commenced their recording in
2010, though there were some notable new sites found by Rosemary FitzGerald in 1999.
consERVatIon status In thE BRItIsh IslEs
Perring and Farrell (1977) in the first edition of the British Red Data Book regarded the
species as Rare but did not consider it to be at threat, because of its inconspicuous nature
and early season appearance. This view was not shared by Frost et al. (1982) who
identified several potential threats. By the third edition of the Red Data Book the species
was considered to be Near Threatened (Byfield & Pearman, 1999), some sites having
known to have been lost to fire, cultivation and the lack of grazing, although most
recorded sites were still extant and the most recent census counts (i.e. Frost et al. (1982))
indicated a large total population. Cheffings & Farrell (2005) raised its conservation
status to VU D2 on the basis of its very restricted range, with the evidence cited above
of at least limited decline which it was believed was ongoing. Anecdotally changes in
land-use and conservation management on the Lizard peninsula since the last major
survey of its botanical specialities had suggested major declines since the 1980s in a
suite of species of open and disturbed habitats such as the distinctive track-ways upon
which many Quillwort sites had existed. A detailed re-survey was clearly imperative
given the very patchy knowledge of its current distribution and abundance, an impetus
driven in part by the desire to make a more accurate assessment for the forthcoming
England Vascular–Plant Red-list, but also to properly assess the efficacy of recent
changes in conservation management on the Lizard peninsula.
matERIals and mEthods
In the four years commencing 2010 all of the sites identified in the Frost et al., (1982)
report, and all subsequently discovered sites (see above), along with others found during
our survey – a total 85 sites, have been visited during the species peak growing season
(october – May) at least once and in many cases repeatedly.
In 1982 the UBLP adopted two techniques for counting. In areas that were sufficiently
small a direct count was made; in larger sites the total area in which the plant occurred
was measured and then a 5% sample of the total area was taken using randomly sited
1×1m quadrats. These were counted and then totals for the whole were extrapolated. It
is not known how many populations were assessed by this latter method, although it
certainly applied to the huge population at Predannack (sW6715).
All of our counts are direct, rounded up to the nearest 10. We too had trouble assessing
the Predannack site but felt confident in giving a maximum possible total based on the
direct counts without recourse to extrapolation from a randomised sub-set as used
previously.
REsults
since 2010 we have visited all the UBLP sites, often in each of the four years, together
with the 17 ‘new’ sites found since the 1980s and during our survey, 85 sites in total.
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our ‘success’ rate has been most disappointing, though each year we imagine that
climatic factors have reduced the likelihood of discovery in that particular year. The
summary of results is given in Table 1, where we have found, since 2010, plants at 37
sites, but only at 20 out of the 68 sites (30%) recorded in the 1982 survey. The numbers
counted, though not fully using their methodology (if only because the numbers this time
are so low), are seemingly less than 3% of those found then. The extent and distribution
of these losses at a 1 km scale is visualised in Figure 1.
smaller (mostly <100 plant) marginal populations in four 1 km squares (sW6814,
sW6913, sW7116, sW7217) have been lost. However, this has been offset to an extent
by the discovery of one major new site in sW7113, where we have reported up to a
thousand plants, and the species’ continuing presence in the most northerly and isolated
inland site, found originally in 1984, in another hectad at sW7321. We consider these
sites to have previously been overlooked rather than being genuinely new, i.e. formed
post 1982.
What is not particularly apparent even when the distribution is given at 1 km scale
are the major losses of sub-populations within sites witnessed since the 1982 survey
(Figure 2). This is particularly evident around Mullion (sW 6617) where the plant had
been widely scattered, associated chiefly with the network of moderately used tracks
dissecting this area. since 1982 the plant has apparently been lost from 15 of the 18
documented locations (83%) with a decrease in plant numbers of >97%.
dIscussIon
Frost et al. (1982) acknowledge that 1982 was a particularly favourable year to yield
data on the maximum size that the Lizard population was likely to reach under the then
present conditions. The major drought of 1976 and the consequent fires had killed much
of the vegetation that might compete with Isoetes, and the report suggested that the
consequent bare ground may well have been colonised by sporelings, which by 1982
might have grown into mature and luxuriant plants and thus were more easily detectable
by eye. In addition the winter of 1981/82 was wet and mild. In the four years of our
survey three of the winters have had cold spells, and that for 2012/2013 was very mild
and wet until a very cold March (apparently the coldest for 100 years) and April with
easterly winds. It is therefore with some caution that we consider the apparent massive
decline in the species abundance.
The results of our re-survey pose many questions, many of which remain unresolved
and will form the basis for ongoing study.
1. Has the vegetation become higher or denser, and if so, does this have an effect on
sporelings or even mature plants?
Whilst there has been much clearing of scrub in the last few years, and, by and large,
adequate levels of grazing, we do not really know if there was a period since 1982 of
sustained or substantial under-grazing which might have smothered the plants. Certainly
the single biggest site on the mound at Predannack, where the UBLP counted the
astonishing total of 68,998 plants in 1982, did go through a period of scrub encroachment,
and we have never counted more than a few 100s (possibly +/- 1,000 if we had been
more systematic).
The UBLP report did say that Isoetes grows, inter alia, in shallow soils with a
covering of dwarf herb-rich turf, but is there a point when the turf becomes too high?
Density of cover seems to matter less. The account in the Red Data Book (Byfield &

sites
1982
4
1
18
5
6
4
1
10
2
8
1
1
1
0
1
1
0
4
68

1982
counts
550
1650
9000
2460
650
1050
69000
6700
170
6500
0
0
60
0
20
0
0
80
97890

sites
2010-13
1
1
3
3
1
0
1
3
0
2
0
0
1
0
1
0
0
3
20

counts
2010-13
300
100
200
250
300
0
1000
30
0
400
0
0
30
0
20
0
0
50
2680

‘new’
sites

3
4
2
3
2
1
1

1
17

‘new’
total all total counts
sites counts sites 2010-13 2010-13
1
300
1
100
3
200
10
6
260
220
5
520
120
2
120
1
1000
50
6
80
0
0
300
4
700
0
0
1
10
10
1
30
1
1000
1000
1
20
0
0
20
1
20
3
50
37
1730
4410
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1 km sq.
sW
6614
6615
6617
6713
6714
6715
6715
6813
6814
6912
6913
6919
7018
7113
7116
7217
7321
7716
totals

PEARMAN et al.: mOnItOrIng change In IsOetes hIstrIX

table 1. summary of site and population counts of Isoetes histrix at the Lizard within 1 km squares (there were small addition errors in the 1982
totals). The figures in the 2013 columns only relate to the same sites as in the 1982 survey. The population totals for the ‘new’ sites are the highest
counted in any of the years 2010 – 2013.
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A

B

figure 1. Distribution and abundance of Isoetes histrix on the Lizard peninsular in A:
1982 and B: 2010-2013 mapped at a 1 km scale.
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A

B
figure 2. Losses: A and Gains: B of Isoetes histrix sites since the Frost et al. 1982 survey,
mapped at a 1 km scale.
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Pearman 1999) stated that it will survive in short turf at up to 80% cover, though they
added that they felt it significant that in the 1982 survey, four out of five extinct
populations were on sites where grazing had ceased. We have not refound any of those.
The Byfield & Pearman account adds that David Coombe, from Cambridge, a longstanding member of the UBLP team, found that spores have germinated in wetted soil
samples that had been kept dry for 34 years.
2. Has the climate changed, and if so, has that had any effect?
Recent years have seen very dry springs and wet summers and autumns. We do not know
if this is having an effect on the Mediterranean species, but Ilya McLean from the
University of Exeter has been researching this with his students and wonders if
temperature is not the major driver but rather that changes in moisture availability are.
Interestingly we have had very little success in finding plants before March, other than
one site with consistently early records (Holestrow); whereas in the UBLP report they cite
‘leaves emerging in late september or early october depending on the season and usually
with the first heavy autumnal rains’. It appears that research has shown that the pattern
of dry springs and wet autumns is not giving the species of Mediterranean pools such as
cicendia filiformis (L.) Delarbre a chance to adapt. species such as minuartia verna (L.)
Hiern. (at its southern limit) and Isoetes were ‘losers’ and others such as trifolium
scabrum L. and scilla autumnalis L. were adapting better. Certainly our experience is that
the vegetation has become very lush by autumn, which would militate against bare
ground for seeding or sporeling establishment. Andy Byfield (pers. comm.) wonders if
it could be that Isoetes is actually short lived – more annual than perennial – and that
spore production is curtailed by dry springs.
3. on the other hand there must have been dry springs before, though possibly not such
a sequence?
We wonder then if the loss of the population of Isoetes on the kynance slope (sW6813,
where the UBLP found 5408 in 1982 and where we cannot find a single plant, despite
looking a dozen times at all times in the winter and spring) has become more droughted
since 1982, is thus a natural decline, whereas the species is doing well in places with a
more reliable supply of moisture (such as the Holestrow area). However the slopes must
have been very droughted after 1975 and 1976, but perhaps this created a suitably open
area for the spores to colonise (perhaps producing a temporary population explosion)
dying away again once wetter seasons returned, with the closing of the grassy canopy?
We should, perhaps, categorise each site by aspect and slope, as well as by habitat
(predominately around rock outcrops, but also on paths and in coastal erosion pans), in
order to see if that gives any clue to survival.
4. Has increased visitor pressure affected the populations?
The 1982 survey does suggest that light tourist trampling is favourable to the plant,
particularly as the bulk of this occurs in the dormant season – June to september. We
think that there are more tourists, and we also think that the visiting season is longer.
The major site for path populations was at Mullion, where we have seen only small to
medium numbers in two places, with smaller numbers along Pengersick (sW6714) and
the Rills (sW6713), which we have largely re-found. But the decline in the numbers at
these path sites is no greater than elsewhere.
Away from the paths we cannot see that increased visitor pressure has had the slightest
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effect – indeed surely adjacent bits that were formerly rather rank become better suited
for Isoetes because of extra trampling?
5. Have sites for other plants been lost in the same period?
over the last five years we have only looked in detail at the rare plants, and amongst
those, we have concentrated almost entirely on the annuals. The number of extant sites
for the two rare Juncus species– J. capitatus Weigel and J. pygmaeus Rich. ex Thuill. and
the numbers in the remaining sites, seem to have dwindled alarmingly, and similar results
have been found for two of the rare clovers – trifolium bocconei and t. strictum (the
third, t. incarnatum L. subsp. molinerii (Balb. ex Hornem.) Ces. seems fine, though
never in the numbers counted by the UBLP in 1977 (Frost et al. 1982). similarly there
have been reductions in a suite of bryophytes associated with the Isoetes, such as the
small winter-annual thallose hepatics of the genus riccia, e.g. r. bifurca Hoffm. and
r. nigrella D.C. and the leafy hepatic gongylanthus ericetorum (Raddi) Nees (all
completely or largely restricted to the Lizard peninsular in the British Isles) (Holyoak,
2010). It must be born in mind that these results are based on only five year’s surveys,
though we have looked at every site every year. To us, at least, each season has seemed
to have had something wrong with it, and certainly the lush summer growth, as mentioned
above, has meant less bare ground for seedling germination.
6. Is there any evidence of decline in other parts of its range?
A detailed re-survey of the Channel Islands populations is also wanting, but Gibby et al.
(1997) and more recent researches by Fred Rumsey (pers. comm.) strongly suggest a
similar decline in both sites and population size in Guernsey and the only available counts
in Alderney (Ryan, 1990) would suggest a decline from “abundant” in 1902 to c. 30
plants in 1988. Further south in mainland Europe we have only looked at Flora Iberica,
where there is no comment, and the Flora of Finistère (Quéré et al., 2008). In the latter
they say that the species was looked for in all its historical stations (along with
Ophioglossum lusitanicum L., a regular associate there): the map shows only one 10 km
square that has not been updated. They do not mention losses, but the maps are only at
10 km² scale.
We are planning a meeting in April 2014 to look again at every site, past and present,
and aiming to use the same methodology as the 1982 survey. We still know so little about
its reproduction and individual plant longevities, its dormancy potential and other
ecological traits that, coupled with its apparent dramatic decline, we feel that ongoing
monitoring is essential.
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IN VITRO PRoPagatIon and cRYoPREsERVatIon of thE
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aBstRact
In vitro methods were investigated as a tool for propagating and preserving tissues
of the endangered filmy fern, trichomanes punctatum subsp. floridanum.
Wild-collected sporophytes were grown ex situ in soil and were used as a source
of material for establishing in vitro cultures. Gametophytes, germinated from
spores, were grown and propagated on agar plates, but were not successfully
surface sterilized for in vitro growth. sporophyte cultures were successfully
cryopreserved using the encapsulation-dehydration method and showed good
survival through both drying and freezing. Tissues up to 24 months old survived
cryopreservation, although the percentage of tissue pieces surviving was lower
than with younger tissues. older tissues also had lower levels of total soluble
carbohydrates. Pre-culture of sporophytes for two days on ABA did not affect
survival compared with pre-culture on medium lacking ABA. However, younger
tissues lacking any pre-culture showed reduced survival through cryopreservation
compared with pre-cultured tissues. These results demonstrate that in vitro
propagation methods could be used to provide plants for restoration, while
cryopreservation could play a role in the ex situ conservation of t. punctatum
subsp. floridanum.
IntRoductIon
trichomanes punctatum Poir. subsp. floridanum W. Boer (Florida bristle fern) is a rare
filmy fern (Hymenophyllaceae) that is listed as endangered in Florida and is a candidate
for federal listing as threatened or endangered. While other subspecies are found in the
Caribbean and tropical America, t. punctatum subsp. floridanum is endemic to Florida,
with fewer than 1000 plants in five occurrences (U.s. Fish & Wildlife service, 2012).
The plant was first discovered in Miami-Dade Co. in south Florida in 1906, growing
in limestone sinkholes or solution holes in rockland hammocks and later, in 1936, in a
similar habitat known as “fern grottoes” in sumter Co. in central Florida. It is threatened
by habitat loss, invasive species, as well as by drainage for agriculture that has lowered
the water table in the south Florida area. trichomanes punctatum subsp. floridanum, as
well as other plants growing in the sinkhole/solution hole habitat, relies on underlying
water to maintain an environment of high humidity (Nauman, 1986; U.s. Fish & Wildlife
service, 2012).
Because of these threats, ex situ propagation of the species could be useful in
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providing a back-up to wild populations and in providing plants for augmentation and
re-introduction. In vitro propagation has proven successful with a number of
pteridophytes (e.g. Camloh and Ambrožič-Dolinšek, 2011; Pence, 2004), and thus, the
following experiments were undertaken to investigate the potential of in vitro methods
and cryopreservation for assisting in the ex situ conservation and restoration of this
species.
matERIals and mEthods
sporophyte Propagation
sporophyte tissues of trichomanes punctatum subsp. floridanum collected in MiamiDade Co., Florida, were received at the Center for Conservation and Research of
Endangered Wildlife (CREW) from Marie selby Botanical Garden, in June, 2005 and in
october, 2005. Tissues were rinsed with pure water and put into soil boxes - clear plastic
boxes with lids (sigma Phytatrays), which were filled to about 3 cm in depth with
soil-less potting mix (ProMix) that had been sterilized by autoclaving at 250oC and 18
psi for 45 min.
sporophytes were initiated into culture using two methods of surface sterilization. 1)
Tissues were surface sterilized in a 1:20 dilution of commercial bleach for 5 minutes
with stirring and rinsed in sterile, pure water. 2) other tissues were sterilized using a 1%
solution of sodium dichloroisocyanurate (DCIC, Aldrich) for 5 minutes, followed by a
rinse in sterile, pure water. After surface sterilization, tissues were cultured on Murashige
and skoog salts with minimal organics (Linsmaier and skoog, 1965) (Ms medium) at
1/2- or 1/4-strength, with 1.5% or no sucrose and gelled with 0.33% Gelzan (Caisson),
with the addition of 100 mg/L benlate (methyl 1-(butylcarbamoyl)-2-benzimidazole
carbamate, Aldrich) (Ben) and one drop (approximately 0.05 ml) of a solution of
antibiotics as previously described (Pence, 2005). once established, the sporophyte
cultures were maintained on half-strength Ms medium with 1.5% sucrose plus 0.33%
Gelzan (½ Ms medium). Cultures were grown either in 60 x 15 mm disposable petri
plates or in 25 x 150 mm borosilicate culture tubes with caps (Magenta™ two-way),
with 15 ml of medium per plate or tube. Cultures were incubated at 26oC with a 16:8
light:dark cycle, under CoolWhite fluorescent bulbs, at approximately 20 µE/m2/s. For
acclimatization, plants were removed from culture, rinsed of any excess medium using
reverse osmosis (Ro) water, and planted in soil boxes, as used for the initial growth of
sporophytes (above).
gametophyte Propagation
one collected plant had sori and the spores were cultured separately on 0.8% agar (sigma
A1296) plus 100 mg/L Ben (agar + Ben) in 60 x 15 mm disposable petri dishes, and
germinated into gametophytes. several attempts were made to initiate sterile cultures of
gametophytes using 0.01, 0.1, and 1% DCIC. Gametophytes, along with some associated
agar were surface sterilized for 5-10 min, followed by culture on ¼ Ms medium with no
sugar plus either 100 mg/L benlate, 0.22% Plant Preservative Mixture (PPM™; Plant
Cell Technology Inc.), or no antimicrobial agent.
sporophyte cryopreservation
For cryopreservation, sporophytes were cut into small pieces, approximately 2-3 mm
long, and transferred to ½ Ms medium with and without 10 µM abscisic acid (ABA) for
a 2-3 day pre-culture. In some cases, tissues were used without a pre-culture. Tissues
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were then cryopreserved using two methods. For open drying, tissues were dried
aseptically in glass petri plates (15 x 90 mm) on two layers of Whatman No. 1 filter paper
for 4 hrs under the air flow of the laminar flow hood (average flow rate 94 fpm). For the
encapsulation dehydration method (Fabre and Dereuddre, 1995), tissues were
encapsulated in a 3% solution of alginic acid (PhytoTechnology Laboratories, No. A108),
with a 30 minute incubation in the CaCl2 solution. They were then transferred to liquid
Ms medium with 0.75 M sucrose and incubated overnight on a rotary shaker at 100 rpm.
After 18-20 hours, the beads were dried for 4 hrs under the air flow of a laminar flow
hood as for the open dried tissues, bringing moisture levels in the beads to 19-29%,
depending on the experiment. After drying, some beads or open dried tissues were moved
to recovery medium, as dried controls. some beads were also used at this stage for
moisture determination. Remaining beads or tissues were transferred to 2 ml
polypropylene cryovials (Corning) and plunged into liquid nitrogen. samples for testing
were removed after 30-60 minutes and thawed at ambient temperature (21-23oC) for
15-20 minutes, before transfer to recovery medium. Additional beads were left in LN
for long-term storage in CREW’s CryoBioBank. For recovery, ½ Ms medium was used,
in 60 x 15 mm disposable petri plates, and the tissues were incubated under the same
conditions as propagating cultures. several replicate experiments were done at different
times, using tissues of different ages (time since last subculture). In one experiment,
cultures of several ages were simultaneously put through the encapsulation-dehydration
procedure, with and without pre-culture on ½ Ms + ABA, with recovery of dried controls
and LN exposed tissues. Recovery was measured as tissue pieces with green growth after
one month on recovery medium. Data were analyzed using statView 5.0.1.
moisture determination
samples were weighed (wet weight, WW), placed into an oven at 90oC overnight and
reweighed (dry weight, DW). The percent moisture was calculated on a wet weight basis:
(WW – DW)/WW x 100.
analysis of total soluble carbohydrates
Three samples, of sporophyte tissues (stems and leaves combined) ranging from
0.03-0.17 g, were taken from cultures 2.5 months and 13.5 months in age, 3 samples of
each age from 3 separate culture tubes, for analysis of total soluble carborhydrates.
Tissues were individually extracted with 4 ml of boiling 80% ethanol by grinding with
a Fisher PowerGen 125 at maximum speed, followed by centrifuging at 6030 x g for 10
min. The pellets were re-extracted with 4 ml of boiling 80% ethanol by vortexing with
a Fisher Vortex Genie 2 at maximum setting for 15 sec and re-centrifuging. The
supernatants were combined and 16 ml of chloroform and 4 ml of 0.58% NaCl were
added, followed by centrifugation at 1500 x g for 10 min, to remove chlorophyll and
other pigments. The aqueous phase was removed and any remaining ethanol evaporated
by heating the samples on a Equatherm Temp-Blok at 90oC for approximately 20
minutes. The volume of the aqueous extract was recorded, samples were diluted 1:20
and were analyzed using the anthrone method (Loewus, 1952). Absorbance at 620 nm
was measured and samples were compared with a glucose standard curve.
REsults
sporophyte Propagation
sporophytes grew and propagated in the soil boxes, although growth was slow and the
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figure 1. A. sporophytes of t. puncatatum subsp. floridanum propagated in vitro; B. In vitro propagated sporophytes acclimatized to soil.
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table 1. Results of sterilization of t. punctatum sporophyte tissues for 5 minutes
followed by a water rinse and culture on medium.
sterilant

Medium

Number of
Pieces

Number
Clean-Appearing

No.
showing
growth

Bleach 1:20 dil

½ Ms + Ben A

4

0

0

Bleach 1:20 dil

½ Ms + Ben A

5

5

4

Bleach 1:20 dil

½ Ms + Ben A

3

3

3

1% DCIC

¼ Ms, 0%, Ben A

1

1

1

leaves were more elongated than in the wild. some samples had an accompanying fungus
that eventually formed a mat over the surface of the soil. This appeared to be the same
fungus whenever it occurred, but it did not appear to hinder the growth of the
sporophytes. The sporophytes could be separated from the fungus, rinsed, and put onto
fresh soil, where they continued to grow.
several attempts were made to surface sterilize sporophyte tissue taken from soil
boxes using solutions of bleach and also of DCIC (Table 1). Although one trial with
bleach was unsuccessful, both methods produced clean-appearing tissues, and a high
percentage of those tissues also showed the initiation of growth. In some cases, a low
level of bacteria appeared in cultures after several months, but one line that remained
clean-appearing was used to establish a stock that was maintained on ½ Ms medium
with no benlate or antibiotics (Figure 1A), which was used to propagate plants for
acclimatization. survival of acclimatized plants was greater than 90% in the covered soil
boxes (Figure 1B), although the plants did not tolerate exposure to ambient humidity
levels in the laboratory.
gametophyte Propagation
of 12 sori cultured on agar-Ben medium, germination occurred from eight and produced
green, filamentous gametophytes. These were maintained by subculture every 4-5 months
onto fresh agar-Ben plates. All appeared to have some associated fungal hyphae which
did not overgrow the gametophytes. After 4 months, three gametophytes had produced
one sporophyte leaf each, and such leaf production continued to be observed occasionally.
However, these all eventually died back and did not form propagating sporophyte
cultures. In one case, one sporophyte was formed with 4 leaves. This was removed and
placed into a covered soil box, but it did not survive.
Attempts to initiate sterile cultures of the gametophytes were made using surface
sterilization with DCIC and recovery on medium with either no antimicrobial agents or
with Ben or PPM. All tissues sterilized with 1% DCIC were totally bleached by 5
minutes, but tissues remained green through the sterilization at 0.1% and 0.01% DCIC.
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After one month in culture, tissues from both 0.1% and 1% DCIC were bleached,
although the tissues remained uncontaminated on control, Ben, or PPM media. Tissues
sterilized with 0.01% DCIC were not bleached, but at 1 month had browned, and fungus
was evident on all three recovery media.
cryopreservation of sporophyte tissue
sporophyte tissue of t. punctatum showed good survival through both drying and LN
exposure using the encapsulation dehydration procedure and poor survival using the open
drying method (Table 2; Figure 2). For each method, there was an exception, suggesting
that factors other than pre-culture are also involved in survival. These exceptions did not
appear to be correlated with the ages of the tissues used in this group of experiments.
In another experiment, recovery through drying and freezing was compared between
tissues that were pre-cultured (with and without ABA) and those that experienced no
pre-culture, among tissues of four ages, ranging from 4 to 24 months in culture. As tissues
aged, survival was variable, but significantly lower at 24 months than at 4 months (Figure
3). However, even tissues that had been in culture 24 months showed a survival of about
30%. There was no significant difference at any age between survival of the dried and
LN groups. There also was no difference at any age in survival of tissues pre-cultured
with or without ABA in the pre-culture medium (data not shown). However, when
survival was compared between tissues that received pre-culture, either with or without
ABA, and those that did not have pre-culture for the four age groups, there was a
significant difference between survival of pre-cultured and non-pre-cultured tissues at 4

figure 2. sporophyte tissues on recovery medium after exposure to LN, with some
pieces growing (white arrow) and others with no growth (black arrow).
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table 2. survival of sporophyte tissues of t. punctatum subsp. floridanum through
drying and LN exposure, using open drying and the encapsulation dehydration
procedure. Age = months since last subculture.

Procedure

Age
(mos)

Preculture
with ABA

No.
Dried

%
surviving
Drying

No. with
LN
Exposure

%
surviving
LN

open Drying

3.75

-

59

8

26

0

3.75

+

21

0

27

0

3.0

-

4

25

6

0

3.0

+

3

33

4

100

8.5

+

11

73

10

50

2.25

+

19

84

20

0

3.75

-

13

84

34

68

3.75

+

18

67

63

54

3.0

+

10

80

11

36

Encap Deh

and 9 months of age (Figure 4). This difference was significant only with the LN treated
cultures (data not shown). There were no significant differences in survival between
pre-cultured and non-pre-cultured tissues with the two older age groups.
moisture determination and total soluble carbohydrates
Moisture levels in tissues decreased with age (Table 3). It was also observed that the
medium in the older cultures had contracted, suggesting drying. Total soluble
carbohydrates were also significantly lower in cultures of 13.5 months in age, compared
with cultures 2.5 months in age (Table 3).
dIscussIon
To our knowledge, this is the first report of in vitro culture of t. punctatum subsp.
floridanum and of cryopreservation of sporophytes within the Hymenophyllaceae. While
there have been a number of reports on cryostorage of pteridophyte gametophytes
(Barnicoat et al., 2011; Mikula, et al., 2011; Pence, 2000), including the filmy fern,
hymenophyllum tunbrigense (Wilkinson, 2002), there are fewer reports on the
cryopreservation of sporophytes of pteridophytes (Pence, 2001; Pence, 2014 submitted).
In the case of t. punctatum sporophytes, the presence of ABA in the pre-culture
medium did not appear to affect subsequent survival through drying or LN exposure.
This is in contrast to results with sporophytes of selaginella uncinata (Desv. ex Poir)
spring and asplenium scolopendrium var. americanum (Fernald) kartesz & Gandhi, both
of which showed improved survival with pre-culture on ABA medium (Pence, 2001;

314

FERN GAZ. 19(8):307-317. 2014

figure 3. Percent survival of t. punctatum subsp. floridanum sporophytes of different
ages through drying and LN exposure. Different letters indicate significant differences
(p < .05).

figure 4. Percent survival through drying and LN (combined) of t. puncatatum subsp.
floridanum sporophyte tissues of different ages with and without preculture. For each
age, different letters indicate significant differences (p < .05).
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table 3. Percent moisture and total soluble carbohydrates in t. punctatum sporophyte
tissues from 2.5 to 13.5 months in age. Within columns, different letters indicate
significant differences (p < .05, Tukey-kramer).
Tissue Age (mos)

Percent Moisture

Total soluble Carbohydrates
(mg/g DW glucose equivalents)

2.5

70.8 ± .011 a

223.4 ± 7.1 a

5

63.9 ± .007 b

-

8.5

66.4 ± .018 ab

-

13.5

63.8 ± .011 b

84.0 ± 38.9 b

Pence, 2014 submitted). This may relate to differences in the tissues being cryopreserved.
trichomanes punctatum tissues consisted primarily of sections of stem tissues with intact
apical and lateral buds, from which regrowth occurred. The excised shoot tips of s.
uncinata and bud clusters of a. scolopendrium require more dissection and may undergo
more stress in preparation for freezing. Alternatively, there may be differences between
these species in whether the tolerance mechanisms that provide for survival through the
stresses of the encapsulation dehydration procedure are constitutive or inducible with
ABA or other factors, as observed in relation to desiccation tolerance among species of
bryophytes (Proctor & Pence, 2002).
When sporophyte cultures ranging from 4 to 24 months were examined, overall
survival through desiccation and freezing was lower in the older tissues compared with
younger. The moisture content of the tissues was also lower, possibly reflecting the age
of the culture medium, which had contracted in volume, compared with younger cultures.
Younger tissues had higher levels of total soluble carbohydrates, compared with older
tissues. This could reflect depletion of nutrients in the medium with time, and could also
be a factor in the greater survival of the younger tissues through drying and freezing.
Total soluble carbohydrates have been correlated in several systems with an increase in
tissue desiccation tolerance in both vascular plants and bryophytes (Muller et al., 1997;
Pence et al., 2005).
Although ABA pre-culture did not appear to affect survival through cryopreservation
compared with tissues pre-cultured on medium without ABA, pre-culture itself did
improve survival of younger tissues compared with tissues receiving no pre-culture.
Pre-culture is a common practice in cryopreservation protocols for shoot tips of
angiosperms. It is often used to supply a cryoprotectant such as DMso or a high
osmoticum to the excised shoot tips (Chang & Reed, 1999), but in other cases, shoot tips
are pre-cultured on a medium without cryoprotectants for several hours to a day before
beginning the cryopreservation procedure (Bachiri et al., 2001). older tissues did not
show this response to pre-culture, and also had a lower survival through freezing overall.
The results here suggest that producing viable sporophytic plants from gametophytes
of t. punctatum subsp. floridanum may require more time and research than propagating
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from sporophytes. The ability to work with the sporophyte directly provides a more rapid
method for propagating and preserving this species, compared with raising plants from
spores through gametophytes ex situ. While there are a number of fern sporophytes that
have been propagated through tissue culture (Camloh & Ambrožič-Dolinšek, 2011;
Pence, 2004), in vitro-grown gametophytes have been a primary focus for
cryopreservation (Barnicoat et al., 2011; Mikula et al., 2011; Pence, 2000; Rowntree &
Ramsay, 2005; Wilkinson, 2002). our studies were not successful in establishing sterile
cultures of gametophytes of t. punctatum, but suggest that future work with DCIC as a
sterilant at concentrations between 0.01% and 0.1% might be fruitful. DCIC has been
used successfully in establishing aseptic cultures of a number of bryophytes (Rowntree
& Ramsay, 2005). Methods for efficiently growing healthy gametophytes that effectively
produce robust sporophytes might provide more genetic diversity more readily than direct
sporophyte culture.
The species Assessment for t. punctatum subsp. floridanum cites the need for
“augmentation of existing occurrences through outplantings” and “reintroduction of
extirpated occurrences through outplantings” (U.s. Fish and Wildlife service, 2012).
The ability to utilize in vitro methods to propagate this species ex situ and to acclimatize
sporophytes from in vitro culture to soil offers the opportunity to generate plant material
for such outplantings. Work is underway on the next step: to initiate growth of the fern
on a rocky substrate that can be moved to, and serve as a substrate, in the wild. In
addition, as a back-up to in situ growth, the protocols outlined here for cryopreservation
provide methods for long-term germplasm storage of the genetic diversity of this species,
securing it for the future.
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hYBRIdIzatIon In POLySTICHUM (dRYoPtERIdacEaE:
PtERIdoPhYta)
A. sLEEP†*
Department of Plant sciences, University of Leeds
key words: synthesized hybrids, wild hybrids, meiosis, chromosome pairing,
bivalents, basic chromosome number, polyploidy
aBstRact
The origins of two European Polystichum species, tetraploids P. aculeatum and
P. braunii, have been investigated through experimental hybridization with other
Polystichum species from Europe and North America, and an attempt made to
re-synthesize P. aculeatum from its putative diploid parents, P. lonchitis and
P. setiferum. The results of the hybridization programme were unexpected.
Hybrids between parents which were thought to be unrelated proved easy to
synthesize, and showed bivalent formation at meiosis, and chromosome pairing
occurred in all hybrids examined. The degree of pairing appeared to be similar
regardless of the level of ploidy. This interesting phenomenon has still not been
found to occur in any other fern genus and appears to be characteristic of
Polystichum.
IntRoductIon
In the early nineteen-sixties a hybridization programme was set up in Leeds with the
purpose of investigating the mode of origin and relationships of the two tetraploid
European species of Polystichum, P. aculeatum (L.) Roth and P. braunii (spenn.) Fée. In
order to study the origin and relationships of a given tetraploid it is necessary first to
establish whether the plant under investigation is auto- or allopolyploid, and this can
most easily be done by producing wide hybrids between the tetraploid in question and
species believed on morphological grounds to be unrelated to it. A longer-term aim of the
project was also to synthesize P. aculeatum from its putative parents, the diploid species
† Dr Anne sleep died on 22 June 1993.
* This paper was originally prepared by Anne sleep for the feschrift edition of the Fern
Gazette (Volume X, Part X, 1987) to celebrate the 90th birthday of Professor Tadeus
Reichstein, but was never completed. Polystichum was the genus that originally kindled
Reichstein’s enduring interest in the cytogenetics of ferns, and led to his long
collaboration with Professor Irene Manton (e.g. Manton & Reichstein, 1961) and other
colleagues from Leeds. The manuscript was still not completed at the time of Anne’s
untimely death in 1993, as she was still trying to discover the reason for the unusual
chromosome pairing behaviour she found in Polystichum hybrids. However, the results
themselves remain worthy of publication, especially in the light of more recent molecular
studies that may shed light on the unusual chromosome pairing behaviour described
here. The manuscript has been completed with some minor additions to the text and final
editing by Mary Gibby (Royal Botanic Garden Edinburgh, 20A Inverleith Row,
Edinburgh EH3 5LR, scotland Uk; m.gibby@rbge.ac.uk), to whom enquiries should be
directed.

320

FERN GAZ. 19(8):319-341. 2014

P. lonchitis L. and P. setiferum (Forssk.) Woynar. Crosses were attempted in all
combinations between these four taxa, and material from elsewhere was included in the
hybridization programme as and when it became available. In particular, two North
American diploid species, P. acrostichoides (Michx.) schott and P. munitum (kaulf.)
C.Presl were successfully incorporated.
The results of the hybridization programme were unexpected. some hybrids between
parents which, for both geographical and morphological reasons, were thought to be
unrelated, proved easy to synthesize, and showed bivalent formation at meiosis. However,
as further data accumulated, it soon became clear that some chromosome pairing
occurred in all hybrids examined, and that the degree of pairing appeared to be similar
regardless of the level of ploidy. This interesting phenomenon has still not been found to
occur in any other fern genus and appears to be characteristic of Polystichum. since the
work to be described falls naturally into two parts, the original observations are first
presented in the context of subsequent investigations and the significance of the
chromosome pairing patterns found are discussed in relation to recent research in this and
other genera. The second part of the original project, namely the attempted synthesis of
P. aculeatum, follows the account of chromosome pairing behaviour.
matERIal and mEthods
The provenance of all material used in the hybridization programme is listed in the
Appendix. Voucher specimens are deposited at the Natural History Museum, London
(BM). spores were sown, prothallial cultures raised and crosses made according to the
general technique developed at Leeds and described in detail by Lovis (1968a).
Horticultural methods of especial relevance to Polystichum are described by sleep
(1966). Although putative hybrids could be recognised at an early stage by the
intermediacy of their morphology, it was often four to five years, or longer, before hybrid
plants became fertile and sporangia could be taken for cytological investigation. Young
sporangia were fixed in a 1:3 solution of glacial acetic acid: absolute alcohol and were
stored in a freezer at a temperature of -15°C until examination. Cytological squash
preparations of meiosis, stained in acetocarmine, were made according to the technique
of Manton (1950). Preparations were made permanent after the method of McClintock
(1929). Drawings of suitable cells were made immediately, and were supplemented by
photographs taken on a Reichert Biozet microscope using bright-field illumination. The
photographic techniques employed in the production of chromosome diagrams and frond
silhouettes are described in detail by Manton (1950).
REsults
the hybridization programme
The complete data relating to the hybridization programme are assembled in Table 1.
Wherever possible crosses were attempted in both directions, in all cases the female
parent is listed first. Prothallial cultures originating from as many different spore sources
as possible were used in the attempted crosses (see column 2). Details of the localities
of origin of all material used are listed in the Appendix.
of the fifteen combinations theoretically obtainable from the basic hybridization
programme incorporating the six species described above, eleven were successfully
synthesized. Two crosses, namely P. braunii × P. lonchitis and P. braunii × P. setiferum,
which, despite repeated attempts (756 and 592 inseminations respectively) failed to
produce hybrids, are fortunately represented by naturally occurring counterparts, the wild
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hybrids P. × meyeri sleep & Reichst. (sleep & Reichstein, 1967) and P. × wirtgenii Hahne
(Manton & Reichstein, 1961). The other two hybrids not synthesized in the course of
this programme both involve P. munitum. In view of the general ease with which both
North American diploids (P. munitum and P. acrostichoides) were incorporated into
synthetic hybrids (as well as the occurrence in the UsA of wild hybrids involving
P. munitum (W.H. Wagner, 1963; 1973; D. Wagner, 1979) it is rather surprising that the
two combinations P. lonchitis × P. munitum and P. setiferum × P. munitum could not be
obtained. Comparable numbers of inseminations were made as in the diploid – diploid
cross P. setiferum × P. acrostichoides, which yielded nine hybrids from 75 inseminations.
some crosses appear to work better in one direction than in another, although it should
be borne in mind that, in view of the technical difficulty in arranging to have appropriate
material available at the right stage for crossing at a particular time, in some cases many
more prothalli were inseminated using one particular parent as the female. There is some
indication that the tetraploids seem to cross more easily when used as the female parent,
and it may be easier for the smaller spermatozoid of a diploid species to enter an
archegonium of a tetraploid species.
the cytological results
The preliminary results listed in Table 1 reveal two different patterns of chromosome
pairing behaviour. Two triploid hybrid combinations showed a number of bivalents that
approximated closely to the base number of 41; although a preponderance of univalents
was recorded in all the other hybrids, there was not one single example completely
without bivalents. The literature was searched in order to discover whether further
examples of this unexpected behaviour could be found. species of Polystichum hybridize
easily, in nature as well as in the laboratory; wild hybrids between the four European
native Polystichum species are known and have been examined cytologically (Manton &
Reichstein, 1961; sleep, 1966; Vida, 1966; sleep & Reichstein, 1967). Wild hybrids from
North America (W. H. Wagner, 1963; 1973; D. Wagner, 1979) and Japan (Daigobo, 1974)
have similarly been investigated. The North American examples show precisely the same
two pairing patterns that were demonstrated by the hybridization programme; the
Japanese hybrids, on the other hand, show a totally different pattern of behaviour, which
will be presented separately (Table 3). Detailed cytological analyses from the synthetic
hybrids listed in Table 1 are set out in Table 2, with data recorded from wild hybrids
from both Europe and North America also included. Where known, the full range of
pairing is given (e.g. 9-18 bivalents per cell). The figure underlined is the mean of a
varying number of analyses. Where a single figure is given it usually represents a single
analysis (obtained, perhaps, before a delicate plant died), although it can also represent
a literature citation of one particular analysis given where other cells were observed to
give pairing of a similar order. The suggested genome representation (column 2) is in
most cases based on the initial letter of the species involved; in the case of the North
American Polystichums the scheme of Wagner (1973) is followed for the sake of
consistency and ease of cross-reference to his work.
There is a further source of information concerning chromosome pairing behaviour
in Polystichum, and this is the cytological investigation by Daigobo (1974) of a series of
triploid and tetraploid wild hybrids from Japan. In Japan all the large bipinnate species
of Polystichum (i.e. those resembling P. setiferum and numbering no less than 14 distinct
species) are classified together in the section Metapolystichum Tagawa (Daigobo, 1972).
There occur also seven simply pinnate taxa (Tagawa, 1940; 1959; Daigobo, 1972;
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sporelings obtained

selfs

Died

Hybrids obtained

Percentage success

Cytology (preliminary
analysis)

♀ P. setiferum (2x)
× P. lonchitis (2x)

3
3

95

3

3

0

0

-

-

♀ P. lonchitis (2x)
× P. setiferum (2x)

8
4

878 112 17 55 40 4.55 Many univalents
% (c.50) few abnormal
bivalents

♀ P. lonchitis (2x)
× P. acrostichoides (2x)

5
2

175

7

5

1

1

♀ P. lonchitis (2x)
× P. munitum (2x)

2
1

75

2

2

0

0

-

-

♀ P. munitum (2x)
× P. lonchitis (2x)

1
1

16

1

1

0

0

-

-

♀ P. setiferum (2x)
× P. acrostichoides (2x)

3
2

75

14

3

2

9

♀ P.acrostichoides (2x)
× P. setiferum (2x)

1
1

10

0

0

0

0

♀ P. setiferum (2x)
× P. munitum (2x)

2
1

55

4

4

0

0

-

-

♀ P. munitum (2x)
× P. setiferum (2x)

1
2

24

0

0

0

0

-

-

♀ P.acrostichoides (2x)
× P. munitum (2x)

2
2

106

7

3

1

3

2.83
%

16 bivalents and
many univalents

♀ P. munitum (2x)
× P. acrostichoides (2x)

2
2

120

3

2

1

0

♀ P. aculeatum (4x)
× P. lonchitis (2x)

4
5

126

17

13

0

4

3.17
%

♀ P. lonchitis (2x)
× P. aculeatum (4x)

2
1

55

10

1

2

7

12.7
3%

Cross

No. of different
parental cultures

Prothalli inseminated

table 1: Result of Hybridization Programme

dIPloId hYBRIds

0.57 c. 25 irregular paired
%
chromosomes

12.0 Many univalent plus
% a few abnormal pairs
-

-

tRIPloId hYBRIds
40-41 paired
chromosomes and
c.41 univalents
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table 1: continued
♀ P. aculeatum (4x)
× P. setiferum (2x)

2 135 52
4

0

0

52 38.52
%

♀ P. setiferum (2x)
× P. aculeatum (4x)

2
3

58

0

0

0

♀ P. aculeatum (4x)
× P. acrostichoides (2x)

3
2

63 30

4

4

♀ P. aculeatum (4x)
× P. munitum (2x)

3 148 54
1

7

5

♀ P. braunii (4x)
× P. lonchitis (2x)

6 561 38 22 16
8

0

-

-

♀ P. lonchitis (2x)
× P. braunii (4x)

4 195 19 16
4

3

0

-

-

♀ P. braunii (4x)
× P. setiferum (2x)

8 490 29 16 13
5

0

-

-

♀ P. setiferum (2x)
× P. braunii (4x)

2 102 1
4

1

0

0

-

-

♀ P. braunii (4x)
× P. acrostichoides (2x)

7 224 21
1

7

8

6

♀ P. acrostichoides (2x)
× P. braunii (4x)

1
1

0

0

0

♀ P. braunii (4x)
× P. munitum (2x)

5 244 35 13
2

9

13 5.33 Many univalents and
% some irregular pairs.

♀ P. munitum (2x)
× P. braunii (4x)

1
1

16

0

0

♀ P. braunii (4x)
× P. aculeatum (4x)

3
2

58

6

3

2

1

♀ P. aculeatum (4x)
× P. braunii (4x)

2
3

88

6

6

0

0

0

39-41 paired
chromosomes and
41-45 univalents

-

6

0

0

0

22 34.92 Many univalents
% (c.100) few abnormal
pairs
42 28.38 Many univalents; a
%
small number of
bivalents also present

2.68 some hybrids proved
%
to be 4x not 3x as
expected
-

-

tEtRaPloId hYBRId
1.72
%

Many univalents;
c.10-20 abnormal
pairs.

-

-

cross

suggested genome
representation

synthetic or wild
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table 2. Bivalent formation in Polystichum hybrids from Europe and North America
Range of pairing and
mean (underlined)

Reported by

Diploid hybrids:
sL

synthetic

6 – 15 - 28

sleep, 1966

P . ×lonchitiforme halacsy
= P. lonchitis × P. setiferum (2x)

sL

Wild (Ireland)

c. 18

sleep, unpublished

P . × lonchitiforme halacsy
= P. lonchitis × P. setiferum (2x)

sL

Wild (Hungary)

c. 21

Vida & Pinter, 1981

P. lonchitis (2x) × P. acrostichoides (2x)

LA

synthetic

25

sleep, 1966 pp. 182, 189, 241

P. setiferum (2x) × P. acrostichoides (2x)

sA

synthetic

9 – 13 – 18

sleep, 1966 pp. 183,188, 242

P. acrostichoides (2x) × P. munitum (2x)

AR

synthetic

16

sleep, 1966

P. munitum (2x) × P. imbricans (2x)

RI

Wild (UsA)

3-11

D.H. Wagner, 1979

P. dudleyi (2x) × P. munitum (2x)

DR

Wild (UsA)

19 – 26 – 33

W.H. Wagner, 1973

P. mohrioides (2x) × P. munitum (2x)

MR

Wild (UsA)

2 – 24 – 30

W.H. Wagner, 1973

Wild (Costa Rica)

10

Barrington, 1985

P. speciosissimum (A.Braun ex kunze) Copel. (2x) ×
P. muricatum (L.) Fée (2x)
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P. lonchitis (2x) × P. setiferum (2x)

Triploid hybrids:
P. aculeatum (4x) × P. munitum (2x)

sLR

synthetic

19 – 20 – 22

sleep, 1966 pp. 184, 193, 244

P. aculeatum (4x) × P. acrostichoides (2x)

sLA

synthetic

9 – 14 – 18

sleep, 1966 pp. 192, 244

P. × meyeri sleep & Reichst.
= P. lonchitis (2x) × P. braunii (4x)

LXY

Wild

6 - 15 – 24

sleep & Reichstein 1967

P. × wirtgenii Hahne
= P. setiferum (2x) × P. braunii (4x)

sXY

Wild

12

Manton & Reichstein, 1961

P. × wirtgenii Hahne
= P. setiferum (2x) × P. braunii (4x)

sXY

Wild

12 – 14 – 17

sleep, 1966 p. 196

P. braunii (4x) × P. acrostichoides (2x)

XYA

synthetic

P. × potteri Barrington
= P. braunii (4x) × P. acrostichoides (2x)

XYA

Wild

18 – 22 – 26

Barrington, 1986

Wild

21 - 22

Daigobo, 1974

P. × hokurikuense sa.kurata
= P. longifrons (4x)× P. retrosopaleaceum (2x)

sleep, 1966
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Tetraploid hybrids:
P. × luerssenii (Dörfl.) Hahne
= P. aculeatum (4x) × P. braunii (4x)

sLXY

Wild

9

Manton & Reichstein, 1961

P. ×luerssenii (Dörfl.) Hahne
= P. aculeatum (4x) × P. braunii (4x)

sLXY

Wild

10 – 13 - 18

sleep, 1966 p. 194

P. aculeatum (4x) × P. braunii (4x)

sLXY

synthetic

10 - 20

sleep, 1966 pp. 186, 245

Wild

18 - 32

Lovis in Manton et al. 1986

Pentaploid hybrid:
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P. setiferum (2x) × P. falcinellum (8x)
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table 3. Chromosome pairing in Japanese wild hybrids (adapted from Daigobo, 1974)
Triploid hybrids
P. × amboversum sa.kurata
= P. retrosopaleaceum (kodama) Tagawa (2x) × P. ovatopaleaceum
(kodama) sa.kurata (4x)

Range of
bivalent
formation
40 – 41

P. × hitoyoshienese sa.kurata
= P. otomasui sa.kurata (2x) × P. pseudomakinoi Tagawa (4x)

40 – 41

P. × hokurikuense sa.kurata
= P. retrosopaleaceum (2x) × P. longifrons sa.kurata (4x)

21 – 22

P. × inadae sa.kurata
= P. retrosopaleaceum (2x) × P. polyblepharum (Roem. ex kunze)
C.Presl (4x)

45

P. × jitaroi sa.kurata
= P. fibrillosopaleaceum (kodama) Tagawa (2x) × P. pseudomakinoi (4x)

30 – 31

P. × kumamontanum sa.kurata
= P. otomasui (2x) × P. polyblepharum (4x)

38 – 39

P. × miuranum sa.kurata
= P. fibrillosopaleaceum (2x) × P. polyblepharum (4x)

40 – 41

P. × ohtanii sa.kurata
= P. fibrillosopaleaceum (2x) × P. longifrons (4x)

35 – 38

P. × shintashiroi sa.kurata
= P. retrosopaleaceum (2x) × P. microchlamys (Christ) Matsumura (4x)

32

P. × suginoi sa.kurata
= P. otomasui (2x) × P. tagawanum sa.kurata (4x)

32 – 42

P. × utsumii (sa.kurata) sa.kurata
= P. retrosopaleaceum (2x) × P. pseudomakinoi (4x)

24 – 32

Nakaike, 1975), six of which are known to be diploid (kurita, 1967; Mitui, 1966; 1967b;
Diagobo, 1973); these are rare species of rocky habitats and they do not appear to cross,
either with each other or with any of the bipinnate Polystichum species. of the bipinnate
species belonging to the section Metapolystichum only five are diploid (kurita, 1966a;
Mitui, 1965; 1968; sleep, 1966; Diagobo, 1973); these appear to be isolated from each
other both ecologically and geographically as hybrids between them are unknown.
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table 3. continued
Tetraploid hybrids

Range of
bivalent
formation

P. × hakonense sa.kurata
= P. longifrons (4x) × P. pseudomakinoi (4x)

52

P. × izuense sa.kurata
= P. makinoi (4x) × P. tagawanum (4x)

63

P. × kiyozumianum sa.kurata
= P. pseudomakinoi (4x) × P. tagawanum (4x)

56

P. × kunioi sa.kurata
= P. braunii (4x) × P. makinoi (4x)

47

P. × kurokawae sa.kurata
= P. makinoi (4x) × P. ovatopaleaceum ( 4x)

50 – 59

P. × mashikoi sa.kurata
= P. polyblepharum (4x) × P. tagawanum (4x)

51 – 52

P. × ongataense sa.kurata
= P. ovatopaleaceum ( 4x) × P. pseudomakinoi (4x)
P. × namegatae sa.kurata
= P. makinoi (4x) × P. pseudomakinoi (4x)

50
50 - 55

Although no diploid hybrids have been recorded from Japan1, hybridization does
nevertheless occur between at least three of these bipinnate diploids and the tetraploid
bipinnate species assigned to Metapolystichum. Indeed, within this group hybridization
is rife, with no less than 25 hybrids having been described by kurata (1964). of these,
19 have been examined cytologically by Daigobo; the bivalent formation recorded by him
in 11 triploid and eight tetraploid hybrids is presented in Table 3.
chromosome pairing behaviour: interpretation and discussion
An examination of the results set out in Table 2 clearly reinforce the two distinct patterns
of chromosome pairing behaviour already discernible from the preliminary analyses from
synthetic hybrids that were listed in Table 1. six hybrid combinations in which the
bivalent formation approximates to 41 exhibit the well-known and familiar pattern of
‘n’ paired and ‘n’ single chromosomes (‘n’ being the base number of the genus in
1 Recently the difficulty in recognising diploid Polystichum hybrids from Japan has been
described by Lin et al. (2011)
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question) that has been recorded in triploid hybrids in many different fern genera.
Although it should always be borne in mind that a triploid hybrid between an
autotetraploid and any diploid species unrelated to it can also show ‘n’ paired and ‘n’
single chromosomes (Lovis, 1977; sleep, 1980; 1983), this pairing pattern, particularly
when supported by morphological evidence, provides a very reliable indication of a partparental relationship between an allotetraploid species and one of its diploid progenitors.
That the two triploid hybrids, P. aculeatum × P. lonchitis and P. aculeatum × P. setiferum,
should regularly show c.41 paired and 41 single chromosomes at meiosis in both wild and
synthetic examples is not therefore unexpected in view of the morphological
intermediacy of P. aculeatum between P. lonchitis and P. setiferum, and the hypothesis
of Manton (1950) that each of these two diploids is part-parental to P. aculeatum. No
less than four North American triploid hybrids P. californicum (D.C.Eaton) Diels ×
P. dudleyi Maxon, P. californicum × P. munitum, P scopulinum (D.C.Eaton) Maxon ×
P. mohrioides (Bory ex Willd.) C.Presl and P. scopulinum × P. munitum, also show the
pattern of ‘n’ paired and ‘n’ unpaired chromosomes already observed in the back-cross
hybrids between P. aculeatum and its putative ancestors. The results from these North
American wild hybrids have already been interpreted (Wagner, 1963; 1973) as indicating
a part-parental relationship between the two tetraploids in question and their respective
diploid progenitors. There can be no doubt that this interpretation is correct in view, in
each case, of the existence in the field, alongside the tetraploid and the back-cross
hybrids, of the sterile diploid hybrid which is morphogically indistinguishable from the
tetraploid.
It is also interesting to note that both the North American wild diploid hybrids,
P. dudleyi × P. munitum (sterile P. californicum of Wagner) and P. mohrioides ×
P. munitum (sterile P. scopulinum of Wagner) show some degree of bivalent formation
and exactly parallel the behaviour observed in the diploid hybrids (wild and synthetic)
between P. lonchitis and P. setiferum, although in both instances the North American
diploid hybrids show a slightly higher range of bivalent formation than does P. lonchitis
× P. setiferum.
That any chromosome pairing at all occurs in these two crosses and in the remainder
of the wide hybrid combinations listed in Table 2 is surprising, especially in view of the
gross morphological differences between P. setiferum and the other diploid species, and
the fact that the two simply pinnate North American diploids would not be expected to
have any close affinity with either of the European tetraploids, P. aculeatum and
P. braunii. Nevertheless, the most striking feature of the results assembled in Table 2 is
that in none of the wide hybrid combinations listed is there a single instance of the
complete failure of chromosome pairing which has frequently been observed in hybrids
between unrelated species in other fern genera. In the diploid hybrids, out of a possible
maximum of 41, the range of bivalent formation is from 6 (exceptionally 3, in one case)
to 33, with a mean value falling between 15 and 25. surprisingly, the range of pairing is
seemingly independent of the level of ploidy, being of a similar order in diploid, triploid
and tetraploid hybrids.
Firstly we may ask if this chromosome pairing, observed so widely in hybrids
between presumably unrelated species, is true bivalent formation or some sort of false
association as a result of some physiological or chemical disturbance. A mutant of
ceratopteris with ‘sticky’ chromosomes has been described (Hickock, 1977), but his
report deals with a single apogamously derived sporophyte from a triploid hybrid and
does not appear to be relevant to the situation observed in Polystichum. The latter genus
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does certainly have some tendency towards ‘stickiness’ in its chromosomes and it is quite
difficult to obtain cells from Polystichum in which the chromosomes are clear, well
squashed and well spread. Although some of the wide hybrids show very loosely
associated pairs and, in metaphase figures, straggling and uncoiling bivalents, others
show the typical cross- and ring-shaped bivalents having either one or two chiasmata
and these are indistinguishable from similar associations seen in the regular meioses of
all Polystichum species (see, for example, figures in Wagner (1973), Vida (1966), and
Barrington (1986). It is thus concluded that the associations observed do represent true
chromosome pairings with both chiasmata formation, and presumably recombination,
occurring.
A small amount of pairing between supposedly unrelated genomes might be explained
in terms of structural alterations or interchanges of chromosomal segments over a period
of time, but the phenomenon appears to be of such general occurrence throughout the
genus that this possibility is extremely unlikely. Furthermore, the fact that homologous
chromosomes pair completely in the several examples of back-cross hybrids listed in
Table II shows that in the three tetraploids discussed there has been little differentiation
or structural change between their genomes and those of their respective parental
diploids. With the exception of the back-cross hybrids showing c.41 bivalents, the
chromosome pairing which has been observed in all the rest of the hybrids listed in Table
2 is more satisfactorily interpreted as pairing between homoeologous (meaning similar,
but not identical) chromosomes (Huskins, 1931). Presumably all the present-day diploids
have evolved from a common ancestor by a process of evolutionary divergence. In
Polystichum such evolution appears to have produced a large number of diploid species
of distinctive morphology which are isolated from one another both geographically and
ecologically, but not cytologically. That there should still be some residual homology
between the chromosomes of such strikingly morphologically different diploid species
as P. lonchitis and P. setiferum, or P. dudleyi and P. munitum, is surprising. That
cytological and morphological differentiation need not necessarily proceed at the same
rate has, however, been pointed out by stebbins (1972), and certainly in Polystichum
differentiation at the cytological level does not seem to have kept pace with
morphological divergence, since the diploid species so far tested all seem to have retained
some degree of cytological homology and are thus able to produce bivalents when they
are brought together in hybrids.
When the observations assembled in Table 2 are examined in closer detail, we see that
the results from the diploid hybrids show that the genome A (in P. acrostichoides) has a
partial homology, not only with R, but with L and s also. We know too that s has some
homology with L as well as with A. similar homologies can be inferred from the
chromosomes pairing observed in the triploid hybrids. of these, P. aculeatum ×
P. acrostichoides is the most interesting example. Its genomic constitution may be
represented by the letters sLA. From the evidence supplied by the synthetic diploid
hybrids we know that all three of its constituent genomes show residual homologies with
each of the other two, and are capable of pairing, at least in part, with one another. one
might therefore expect to see some trivalents formed between the homoeologous
chromosomes of the s, L and A genomes. In fact, the same range of bivalent formation
as in the diploid hybrids is observed, and there is no sign of multivalent associations.
This result can perhaps best be explained on the basis of preferential pairing and the fact
that bivalents are a more stable configuration than trivalents. once bivalent associations
have been formed and some sort of equilibrium reached, the remaining chromosomes,
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even those having homologous segments with chromosomes already involved in bivalent
association, will appear as univalents.
Consideration of the tetraploid hybrid, P. aculeatum × P. braunii, shows that in this
hybrid too the range of bivalent formation is similar to that recorded from the diploid and
triploid hybrids, although because of its tetraploid level a higher number (c.120-140) of
univalent chromosomes is also present. From the evidence of the triploid hybrids
involving P. braunii, two interpretations are possible, (i) that P. braunii is an ancient
tetraploid whose constituent genomes, designated X and Y, have diverged over a very
long period of time so that there now remains only the very weak homology between
them. This would be sufficient to produce the very irregular bivalents observed in hybrids
between P. braunii and other, morphologically unrelated, taxa. But, on this view, since
hybrids between P. lonchitis and P. setiferum are known to be potentially capable of
forming up to 28 pairs, a higher number of bivalents than the observed maximum of 20
would be expected in the hybrid P. aculeatum × P. braunii. on the other hand, (ii) the
behaviour of P. braunii in triploid hybrids so closely resembles that already observed in
the parallel series of combinations with P. aculeatum that it seems likely that in each
case the underlying cause is the same. If this is so, it follows that in the hybrid
P. aculeatum × P. braunii the same chromosomes in each of its four constituent genomes
retain a homology with each other and that part of the s genome is potentially capable
of pairing with its counterparts in each of the L, X and Y genomes.
In this case, multivalent associations would be expected. That they do not occur can
be explained in either genetic or physical terms. It is possible that some genetic system
is operating which suppresses or inhibits the formation of multivalent associations.
Alternatively, it may be that the chromosomes are too small to allow the regular formation
of tri- and quadrivalents. In the fern genus asplenium the chromosomes are similarly
small in size and, as in Polystichum, bivalents having one or two chiasmata are the rule.
In asplenium, however, multivalents are regularly formed when duplicated genomes are
present, as in back-cross hybrids between autotetraploids and their putative progenitors
(Lovis, sleep & Reichstein 1969; sleep, 1980), and it therefore seems unlikely that the
lack of multivalents in Polystichum has a physical cause. Even if multivalent formation
is suppressed genetically, a higher number of bivalents would, on the basis of the
homologies which can be postulated to exist, still be expected. The reason why a higher
number is not realised is not at all clear.
similar behaviour is recorded also from a wild pentaploid hybrid, P. setiferum ×
P. falcinellum (Lovis in Manton et al., 1986) from the island of Madeira. Polystichum
falcinellum, a simply pinnate species superficially rather similar to P. munitum, and
endemic to Madeira, is octoploid (Manton, 1950). The wild hybrid with P. setiferum
shows a preponderance of univalents and 18-37 paired chromosomes, a range of bivalent
formation which closely parallels results from other hybrids listed in Table 2. The
bivalents are very irregular in shape and similar to those observed in hybrids involving
P. braunii. Weak homologies may be present either within the constituent genomes of
P. falcinellum or between one or more of the genomes of P. falcinellum and P. setiferum
and in either case a higher degree of bivalent formation, or the presence of multivalent
associations, might be expected. Although the potential for forming such associations
may be present but suppressed through the operation of some genetic mechanism as has
been postulated above with regard to the hybrid P. aculeatum × P. braunii, it is also
possible that in P. falcinellum, undoubtedly a species of great antiquity, its constituent
genomes have diverged so far that any residual homology between them has been lost.
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The occurrence of such widespread chromosome pairing in a large number of hybrids
between supposedly unrelated species, in particularly those at the diploid level, is a
phenomenon not previously encountered in the Pteridophyta. The only other fern genus
which has been investigated in comparable detail is asplenium. In this genus there is in
Europe at the present time a large number of diploid species well differentiated from
each other both morphologically and cytologically, and when crossed together the diploid
hybrids invariably show complete failure of chromosome pairing. This behaviour has
been recorded in wild examples (Lovis, Melzer & Reichstein, 1965; Lovis & Reichstein,
1968a; 1968b; Vida & Reichstein, 1971; Lovis unpubl., quoted in Reichstein, 1981;
Badré et al., 1981) as well as in deliberately synthesized hybrids (Lovis, 1968b; shivas,
1969; Lovis, 1970). There are also very many well documented examples of complete
failure of chromosome pairing in triploid hybrids between unrelated species in this genus
(see, for example, Lovis & Vida, 1969; Lovis et al., 1972; sleep, 1983). Complete failure
of pairing in diploid hybrids has also been recorded from the following genera: adiantum
(Manton, Ghatak & sinha, 1967), athyrium (schneller & Rasbach, 1984), cheilanthes
(Vida, Major & Reichstein, 1983) and dryopteris (Manton & Walker, 1953; Wagner &
Hagenah, 1962; Gibby & Walker, 1977; Gibby et al., 1978). similarly, triploid hybrids
in these genera show two broad patterns of chromosome pairing behaviour, namely, in
back-cross hybrids with a putative ancestor, the familiar pattern of ‘n’ paired with ‘n’
univalent chromosomes, and in crosses between supposedly unrelated species virtually
complete failure of chromosome pairing. There has as yet been no indication in any other
genus so far investigated of the widespread pairing between homoeologous chromosomes
which is so characteristics of Polystichum.
The contrast with dryopteris is particularly apposite in view of the fact that both
Polystichum and dryopteris share the same base number, namely 41, and so are
presumably related. In dryopteris, 82 unpaired chromosomes have been reported from
at least five different diploid hybrids (see references above), although there is at least
one record in the literature of some bivalent formation between particular pairs of diploid
species. A good example of this behaviour is shown by the wild diploid hybrid, d. ×
initialis Fraser-Jenk. & Corley (Gibby in Fraser-Jenkins, 1976). Here some 5-23 pairs
(mean 14) are regularly recorded, and it is probable that in this case there is incomplete
differentiation between the genomes of d. oreades Fomin and d. caucasica (A.Braun)
Fraser-Jenk. & Corley, the two diploid species involved. However, such behaviour seems
to be limited to isolated examples, the broad trend tending to be, in the species so far
investigated, towards complete cytological differentiation at the diploid level.
The present state of our knowledge thus suggests that the homoeologous pairing so
widely observed in Polystichum hybrids may well be a unique feature amongst the ferns;
further research in this and other genera is highly desirable. In the meantime, the
remarkably constant degree of homoeologous pairing between genetically differentiated
genomes at the diploid level in Polystichum has led Lovis (1977) to propose an
explanation in terms of some intrinsic property of the ancestral Polystichum genome. He
suggests that certain chromosomes or groups of chromosomes have, perhaps because the
particular combination of genes which they carry has some curiously felicitous advantage
to the genus as a whole, been conserved against extensive change in some way and have
actually been maintained in their original state by selection so that they are capable of
recognizing each other and forming bivalents when they are brought together in hybrids.
This is a plausible hypothesis, although the occurrence of a similar degree of pairing
in diploid, triploid, tetraploid and pentaploid hybrids still remains for which there is, as
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yet, no satisfactory explanation.
Consideration of the results from the Japanese hybrids shows an apparently very
different picture. As can be seen by reference to Table 3, the chromosome pairing
behaviour in the eleven triploid hybrids listed is very variable. It also very difficult to
interpret, as the pairing extends from one combination showing 21-22 bivalents, through
ranges of bivalent formation in the thirties, to some combinations in which the pairing
approximates to the monoploid number of 41. In the latter case it is tempting to suggest
that, as in the European and North American examples exhibiting the same pattern, this
represents pairing between the allotetraploid species and one of its ancestors, but I believe
that in these Japanese examples such an explanation is not the correct one. The section
Metapolystichum comprises at least two species-complexes, one based on the diploid,
P. retrosopaleaceum (kodama) Tagawa, and another on P. fibrillosopaleaceum Tagawa.
In both these groups there are tetraploids that are morphologically very similar to the
diploids, and it is likely that autopolyploidy, such as has been demonstrated in some
European asplenium species (Lovis, 1977; sleep, 1983), has played a part in their
evolution. If this is the case, then some of the bivalent formation observed in the triploid
hybrids could well be due to autosyndesis. A closer examination of the numbers of
bivalents recorded from the tetraploid hybrids lends support for this view. In seven of the
eight combinations examined by Daigobo (1974), the numbers of bivalents are
remarkably constant, ranging from 50 to 63 per cell. The one possible exception, the
hybrid P. braunii × P. makinoi (listed as P. × kunioi sa.kurata), shows 47 bivalents, in
contrast with the 9-20 observed in the parallel European hybrid P. aculeatum × P. braunii.
It is likely that the number of 47 is made up of autosyndetic pairs within the two genomes
contributed by the makinoi parent, plus some homoeologous pairs arising from the
braunii parent. The amazingly similar level of bivalent formation observed in the
remainder of the wild tetraploid hybrids investigated by Daigobo (50-63 pairs) could be
due to autosyndesis within the constituent genomes contributed by each parent, plus
homoeologous pairing within the genomes of the other parent. Certainly the relationships
between the Japanese species of the section Metapolystichum are complex, and their
inter-relationships can be elucidated only by a controlled programme of experimental
breeding and the production of ‘wide hybrids’ with species which are clearly unrelated.
some evidence that duplicated genomes are in fact present is available from a close
examination of the chromosome photographs in Daigobo’s 1974 paper. Although he
states that ‘a few trivalent-like chromosomes were observed in three triploid hybrids’
but that the presence of multivalents ‘is not confirmed’, there do seem to be associations
which have the characteristic appearance of multivalents in some of the cells (both in
triploid and tetraploid hybrids) illustrated, and it is very likely that some do in fact occur.
Although Daigobo (1974) offers no explanation for his results, his observations are
relevant to this discussion for the two following reasons: firstly, they establish a third
pattern of chromosome pairing behaviour in Polystichum, a pattern which has not yet
been observed in any of the European or North American wild or synthetic hybrids so far
investigated there (see data assembled in Table 2). only one hybrid, namely P. ×
hokurikuense sa.kurata (= P. longifrons sa.kurata x P. retrosopaleaceum), shows pairing
which approximates to that found by sleep and others in hybrids between unrelated
species, and which can be interpreted as pairing between homoeologues. secondly, there
appears to be a distinction between the consistent observation of c.50-60 bivalents in all
the tetraploid Japanese hybrids investigated and the small number (>20) of bivalents
regularly displayed in the European tetraploid hybrids between P. aculeatum and
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P. braunii. These contrasting observations may possibly be explained in terms of the
different origins of the tetraploids involved if, as suggested here, autopolypoidy has
indeed played a significant role in the evolution of the Japanese tetraploids.
the attempted synthesis of P. aculeatum
The diploid hybrid between P. lonchitis and P. setiferum proved, despite the disparity in
appearance of these two species, easy to synthesize, and 40 hybrid plants were obtained.
The cross worked better using P. lonchitis as the female parent, and success appeared to
be independent of the geographical origin of the material, parental stocks from
switzerland, scotland, Romania and North America all being successfully combined
with European P. setiferum. Attempts made to induce chromosome doubling in the young
sporangia of these diploid hybrids by treatment with colchicines solutions of varying
strengths (sleep, 1966) were unsuccessful, but parallel experiments made by Reichstein
(unpublished) to raise an F2 generation directly by sowing the spores of the diploid
hybrid met, eventually, with more success. It took several years to obtain sporophytes
from the sowings of the diploid hybrids, and eventually some seven plants were raised
to maturity. one of these was examined cytologically by Vida (unpublished); the
chromosome number was found to be 2n =164 and it produced good spores. In most
cells meiosis was completely regular, with 82 bivalents; occasionally a few univalents
were observed. There was no sign either of multivalents or of the irregular associations
which are characteristic of the diploid hybrid. A wild diploid hybrid between P. lonchitis
and P. setiferum, P. × lonchitiforme (Halàcsy) Bech., which was found in Ireland in 1974
(sleep, 1976; Vida & Pinter, 1981), showed similar pairing behaviour (sleep & souter,
Paloma Cubas pers. comm.) to that already recorded from the synthetic diploid hybrids
made by sleep (1966). The wild Irish examples, in contrast to the rather weak and stunted
synthetic diploids, were large, robust plants, and a fine example of P. × lonchitiforme
was brought back from Ireland and established in cultivation at Leeds. spores from this
diploid hybrid, although they appeared to be mainly abortive, germinated readily and
gave a good crop of prothalli which, on being flooded with water to encourage
self-fertilization, yielded numerous sporophytes. These, in contrast to the few sporelings
obtained with so much effort from the synthetic diploid hybrids, grew strongly, and more
than 30 specimens have been cultivated in the experimental garden of the Leeds
University Plant sciences Department for many years. These F2 plants will all be
homozygous, and it is therefore not surprising that they are all closely similar in
appearance, each individual being a virtually identical replica of the single diploid hybrid
from which it arose. All of these plants have been examined cytologically (sleep) and
shown to be tetraploid. Meiosis has been examined in many cells from each individual,
and observations made over a period of several years. Without exception each plant
shows a regular meiosis with 82 perfectly formed bivalents at the first divisions. The
spores are completely good. There is no sign even of the occasional univalents which
were observed in the F2 plant raised from the synthetic diploid hybrid. In view of the
perfectly regular meiosis found in these tetraploid F2 plants (which, considering their
origin from a P. lonchitis × P. setiferum hybrid, may be regarded as equivalent to
P. aculeatum) it would be of interest to discover if the two genomes in a haploid plant of
P. aculeatum would pair together. such haploids have been produced in dryopteris
dilatata (Hoffm.) A.Gray and in d. filix-mas (L.) schott (Manton & Walker, 1954) as well
as in asplenium (Bouharmont, 1972a,b) although, as pointed out by Lovis (1977), the
potential use of such haploids is limited, since they appear to be a less reliable indicator
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of maximum pairing than are wide hybrids. Attempts were made to produce haploid
plants of both P. aculeatum and P. braunii. Water was withheld from gametophytes of
both these species in an endeavour to induce apogamous outgrowths, and with the same
object in mind prothalli were grown on a nutrient medium rich in sucrose (Whittier &
steeves, 1960). The successful induction of apogamous plants from gametophytes of
P. aculeatum and P. braunii has, unfortunately, yet to be achieved.
Wagner’s work on the Polystichum species of the western United states (1973) may
usefully be compared with the discovery of P. × lonchitiforme in Ireland and the
subsequent raising of a fertile tetraploid generation from this hybrid. Wagner suggested
that in North America no less than three putative allotetraploids, P. californicum,
P. scopulinum and P. kruckebergii, had all arisen as a result of hybridization between
distinct diploid parents, followed by chromosomes doubling. In the case of the first two
examples, sterile diploid hybrids were actually found in the field alongside their fertile
tetraploid derivatives. The first, P. californicum, is a tetraploid species derived from the
cross P. munitum × P. dudleyi (the latter being a very rare coastal Californian endemic,
bipinnate and superficially rather similar to P. setiferum). There are several localities
known where P. munitum, P. dudleyi and P. californicum grow together, mixed with
sterile diploid hybrids, that are indistinguishable morphologically from tetraploid
P. californicum except by the possession of abortive spores, and the two triploid
back-cross hybrids, P. munitum × P. californicum and P. dudleyi × P. californicum. Both
these latter hybrids show 41 paired and 41 single chromosomes at meiosis, and may thus
be compared directly with P. × illyricum (Borbàs) Hahne and P. × bicknellii (Christ)
Hahne, the two European back-cross hybrids involving P. aculeatum and showing exactly
comparable behaviour. A similar example is the case of P. scopulinum which has been
shown to be derived from a cross between P. munitum and yet another rare diploid in
North America, the amphitropical P. mohrioides. Yet again a locality was discovered
where fertile tetraploids of P. scopulinum existed together with sterile diploid hybrids
morphologically indistinguishable from them, and with two back-cross triploid hybrids,
P. scopulinum × munitum and P. scopulinum × P. mohrioides, both of which showed 41
paired and 41 single chromosomes at meiosis. A further North American example
(D. Wagner, 1979) involves, not a tetraploid, but the hexaploid, P. setigerum (C.Presl)
C.Presl, which shows a perfectly regular meiosis with 123 bivalents. David Wagner
suggests this hexaploid arose by chromosome doubling from the triploid hybrid,
P. braunii × P. munitum, although in this case the spectacular microcosm of evolution in
action, described by W.H. Wagner (1973) with regard to P. californicum and
P. scopulinum, is lacking, as neither of the back-cross hybrids, nor the suggested
progenitor, the triploid hybrid P. braunii × P. munitum, have yet been discovered. The last
combination has been synthesized by sleep (1966) (see Table 2), and it shows a disturbed
meiosis with 13 to 28 irregular bivalents. However, that the irregular meiosis observed
widely in diploid and triploid hybrids in Polystichum is in no way a barrier to the
successful nature is shown by W.H. Wagner’s discovery of the occurrence of two
examples of apparently newly formed fertile allotetraploid species occurring in the wild
side by side with morphologically indistinguishable diploid hybrids.
Lovis (1977) has suggested, however, that the tetraploid individuals encountered in
the localities described by Wagner (1973) may not be even of relatively recent origin. He
assumes that, because of the association of homoeologous chromosomes in the diploid
progenitor, newly formed tetraploids will display some degree of meiotic instability, and
indeed this appears to be the case in many examples of recently formed auto- and
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allopolyploids in flowering plants (stebbins, 1972). However, the evidence supplied by
the F2 generation raised from the wild diploid hybrid P. × lonchitiforme contradicts this
view. The F2 generation shows a perfectly regular meiosis with 82 bivalents, and this is
achieved in the course of one generation. Fertility is immediately achieved and does not
seem to require the stabilizing effect of generations of selection. If a similar situation
pertains in the North American examples, P. californicum and P. scopulinum may indeed
prove to be of relatively recent origin, a suggestion which is supported by the restricted
distributions of these two ferns. The distribution of P. aculeatum on the other hand,
suggests that it is a much older species which has had time to establish itself firmly over
most of Europe.
Genetic factors affecting chromosome pairing have been demonstrated to exist in the
more intensively studied crop plants, such as hexaploid wheat (Riley & Chapman, 1958;
Riley, Chapman & kimber, 1959; Chapman & Riley, 1970). Indeed, in wheat, by a very
elegant series of hybridization experiments, the specific control mechanism has been
shown to occur on the long arm of chromosome 5B. The genetic control of chromosome
pairing was comprehensively reviewed by Riley & Law (1965), and further illuminated
by Dover & Riley (1972) and Riley (1974). The existence of some genetic mechanism
controlling chromosome pairing behaviour in ferns has been postulated by several authors
(for example, Braithwaite, 1964a; 1986; sleep, 1966; sinha & Manton, 1970,
Bouharmont, 1977; Lovis, 1977) but has not as yet been directly demonstrated
experimentally. In Polystichum the tetraploid F2 plants equivalent to P. aculeatum and
raised by sowing the spores from wild diploid hybrid, P. × lonchitiforme were
immediately fully fertile. It is clear that, if a genetic mechanism which favours bivalent
formation (by suppressing meiotic irregularities which will reduce fertility) is indeed
present, it has not been evolved subsequent to polyploidy, but must already exist in the
genomes of the diploid parental species. It would be of interest to sow spores from
Wagner’s wild diploid hybrids P. munitum × P. dudleyi (= sterile P. californicum) and
P. munitum × P. mohrioides (= sterile P. scopulinum) to see if immediately fertile
tetraploid generations having regular diploidized meiosis similar to the fertile F2 from
P. × lonchitiforme can be raised.
Polystichum aculeatum, P. californicum and P. scopulinum are (because of the
incomplete differentiation between the genomes of their diploid progenitors) all of
undoubted segmental allopolyploid origin (stebbins, 1947; 1950; Lovis, 1977). However,
P. aculeatum (and probably also the two North American tetraploids) has evolved in the
direction of genomic allopolyploidy in that it breeds true to its intermediate condition and
appears to segregate very little. It is recognizably intermediate between its original
parental species in external morphology, ecological preferences and geographical
distribution, and it is generally regarded to be genetically isolated from its progenitors
through the sterility of the back-cross hybrids, P. × bicknellii and P. × illyricum. However,
there is evidence that both these hybrids can be partially fertile (Vida & Reichstein, 1975).
The production of dyads (or unreduced diplospores) by P. × illyricum and the raising of
hexaploid plants by Vida & Reichstein (1975) have obvious relevance, not only to the
origin of P. setigerum (D. Wagner, 1979) but to the origin of P. aculeatum and the other
tetraploids. Large, round spores similar to those recorded in P. × illyricum and,
incidentally in a series of wild and synthetic diploid hybrids in asplenium (Lovis, 1968b;
Lovis & Reichstein, 1968a; 1968b; Lovis, 1970), have been observed in the diploid P. ×
lonchitiforme, and their mode of formation is currently under investigation. Also relevant
to this discussion is the presumed formation and functioning of unreduced gametes that
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have been recorded in several different genera during the course of various experimental
hybridization programmes (Walker, 1962b; Emmott, 1964; Braithwaite, 1964b; sleep,
1966; Gibby, 1977). In the present investigation several hybrids of the cross P. braunii
× P. acrostichoides proved to be not triploid, as expected, but tetraploid, and it is
suggested that these hybrids resulted from the functioning of an unreduced (i.e. diploid)
gamete from P. acrostichoides crossing with a normal (diploid) gamete from the
tetraploid P. braunii. similar behaviour has been recorded in a wild hybrid P. braunii ×
P. acrostichoides collected by Coffin (Thompson & Coffin, 1940) and studied by
Morzenti (1962), who found it to be tetraploid. More recently Barrington (1986) has
examined other wild examples of P. braunii × P. acrostichoides which have proved to be
uniformly triploid. Although in the instances referred to above unreduced spores can
generally been found to result from meiotic irregularities during sporogenesis, schneller
& Rasbach (1984) have reported the production of unreduced spores from spontaneously
polyploid tissue on the leaves of the diploid hybrid athyrium distentifolium Tausch ex
opiz × a. filix-femina (L.) Roth. Whatever the mechanism of formation of unreduced
spores, however, it is clear that the homoeologous pairing so widely observed in diploid
hybrids in Polystichum presents no barrier to chromosome doubling and to the production
of tetraploid progeny, whether in nature or in the laboratory.
This report of the widespread occurrence of homoeologous chromosome pairing in
Polystichum would be incomplete without some mention of klekowski’s hypothesis that
homoeologous chromosomes are not only to be expected, but are generally present in
homosporous ferns because of the high levels of polyploidy encountered (klekowski &
Baker, 1966), and that pairing between homoeologous chromosomes allows the release
of genetic variability in plants which would otherwise, because of their life-cycle, be
expected to produce homozygous sporophytes by habitual self-fertilization (klekowski,
1973). klekowski’s proposals have been discussed in some detail by Lovis (1977) and
by Walker (1979) and it is not necessary to reiterate their arguments here. Although both
genetic and cytological evidence of such behaviour has been adduced in ceratopteris
(Hickok, 1978), recent research has shown that in many other groups of homosporous
pteridophytes genetic evidence is not compatible with klekowski’s proposals, and data
obtained from enzyme electrophoresis indicate that homosporous ferns with high
chromosome numbers are diploid (e.g. Haufler, 1987).
In conclusion, the origin of tetraploid P. aculeatum from two diploid progenitors,
P. lonchitis and P. setiferum, through hybridization and subsequent chromosome doubling
is confirmed through re-synthesis from both synthetic and wild diploid hybrids. However,
it is clearly shown that chromosome pairing in hybrids in the genus Polystichum does not
always follow the pattern found extensively in other genera (e.g. asplenium, dryopteris);
the significant levels of chromosome pairing discovered in some wide hybrid
combinations remain unexplained.
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aPPEndIX
origin of plants used in the hybridization programme and wild hybrids, with
confirmation of chromosome numbers.
Polystichum taxon

origin

Collector

Count

P. setiferum
P. setiferum

Istanbul, Turkey.
Grümpeli,
Rheinfelden, Aargau,
switzerland
Gorge Chauderon,
Montreux, Vaud,
switzerland
Granite above Bains
de Tredos, Pyrenees, spain
Pont-de-Nant, Vaud,
switzerland
M-tele Piatra Criului,
Romania
British Columbia, Canada
McClean Bog, Ithaca, UsA
Vermont, UsA
North of Mohles,
oregon, UsA
Granite scree above Bains
de Tredos, Pyrenees, spain
switzerland
switzerland
Goat’s Pass, Glenade,
Co. Leitrim, Ireland
Val dei Molini, northern
side of the Grigna, N. Italy
krimml waterfall, salzburg
Austria

n/a
T.Reichstein

Diploid
Diploid

sleep, As/16

Diploid

D. Bartley

Diploid

sleep, As/62

Diploid

P. setiferum
P. lonchitis
P. lonchitis
P. lonchitis
P. lonchitis
P. acrostichoides
P. acrostichoides
P. munitum
P. aculeatum
P. aculeatum
P. braunii
P. × lonchitiforme
P. × wirtgeni
P. × luerssenii

n/a
stuart Holland
H.G. Baker
n/a
n/a

Diploid
Diploid
Diploid
Diploid

D. Bartley

Tetraploid

sleep, As/75/3

Diploid

T. Reichstein
TR 471
sleep, As/62/5

Triploid
Tetraploid
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