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abstRact
The present studies show that in man-made forests, six 10 m x 10 m quadrats are
sufficient to give a good representation of the species diversity, as the
comparatively uniform environment can provide a suitable habitat for only a
limited number of species. Contrastingly, nine 10 m x 10 m quadrats are still not
sufficient to capture the characteristic diversity of pteridophytes in natural forest
habitats. This is due to the highly scattered distribution patterns of forest herbs,
including the pteridophytes, along different gradients and microhabitats in the
forest. In order to estimate the diversity of pteridophytes in natural forests more
accurately, a minimal sample size of more than nine 10 m x 10 m quadrats needs
to be established.
intRoduction
systematic collection and documentation of the diversity of pteridophytes in singapore
started as early as the 19th Century (Turner, 1994), and in Peninsular Malaysia in the
early part of the 20th Century (bidin, 1991). However, most of these studies
concentrated on the taxonomy and species listings of pteridophytes. To date, few
studies in tropical southeast asia have used quantitative methods to estimate the
diversity of pteridophytes in a given area. Johnson (1969) appears to have been the first
to conduct a quadrat survey of non-tree forest species (including pteridophytes) in this
region. Her 15 quadrats in Taman negara, Peninsular Malaysia, each of one square
chain (about 0.6 km2), yielded a low number of 7 species of ferns and fern allies. a
notable recent study by sato et al.,(2000) employed cubic quadrats of various sizes and
numbers in an attempt to characterize the diversity of the pteridophyte flora in an oil
palm plantation and three natural forests (Kepong, Pasoh and semangkok) in Malaysia.
expectedly, the results showed that the number of quadrat cubes needed to capture the
maximum pteridophyte diversity depends on the quadrat cube size used and the locally
existing biodiversity. For the natural forest at semangkok, 20 quadrat cubes of 20 m x
20 m x 20 m were needed to capture the high number of 40 species of ferns, whereas
in the natural lowland forest at Kepong, the 20 quadrat cubes of 20 m x 20 m x 20 m
captured a maximum number of about 28 species. In the oil palm plantation, 14 quadrat
cubes of 20 m x 20 m x 20 m were needed to capture the maximum number of 18
species.
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since the objective of sampling, as opposed to documenting each and every species
or individual, is to reduce the amount of labour and time involved (Chapman, 1976),
the present study aimed to find out the minimum number of quadrats with a manageable
area size of 10 m x 10 m that would be needed to estimate the pteridophyte diversity of
natural lowland rain forest and man-made forests (oil palm and rubber plantations) in
both Johor (Peninsular Malaysia) and singapore.
study sites and methods
Five sampling sites in natural and man-made forests in Johor (Peninsular Malaysia) and
singapore were selected for the present investigation. The two natural forests selected
were the Gunung Pulai Forest reserve [GPFr], situated inside the Gunung Pulai
recreation Forest (1° 36’n, 103° 34’e) in Johor, and the bukit Timah nature reserve
[bTnr] (103º 47’e, 1º 21’n) in singapore. The man-made forests investigated were
the oil palm and rubber plantations in the vicinity of Gunung Pulai Forest reserve in
Johor, and the rubber plantations on Pulau ubin (1º 24’ n, 103º 58’ e), an island off
mainland singapore. These surveyed areas were chosen for their geographical
proximity to each other, so as to eliminate the effect of climatic factors as a possible
cause for the difference in the species diversity observed.
Initially, six non-contiguous quadrats of 10 m x 10 m were established in each of the
five study sites. The measurement of 10 m x 10 m was selected in consideration of the
morphology and distribution pattern of the plant group to be sampled. according to
Causton (1988), a quadrat size of up to 0.25 km2 is suitable for the sampling of
herbaceous vegetation. since pteridophytes are comparatively not large herbaceous
plants (with some exception, like Cyathea sp.), and after conducting a preliminary
survey at the selected study sites, a quadrat size of 10 m x 10 m was deemed suitable
for this study.
In placing the quadrats, a ground survey of Gunung Pulai recreation Forest was
carried out and six seemingly undisturbed forested sites were selectively identified,
each located within a reasonably homogenous topography. The non-random selective
method was adopted where the quadrats were preferentially located by sight to ensure
that at least one individual pteridophyte was present in each quadrat. This predetermined layout of quadrats in the natural forests was aimed to maximize the
capturing of diversity of pteridophytes using the minimal number of quadrats.
In bTnr, the 2 ha permanent plot managed by the smithsonian Institution and the
national Institute of education (nIe) was chosen to establish the six non-contiguous
quadrats. Within the smithosonian-nIe plot, the quadrat placement was similarly preselected in favour of the better portion of forest cover.
In the case of the two types of man-made forests in Johor and singapore, the
location of the six non-contiguous quadrats in each of the three rather homogeneous
study sites was also preferentially selected to maximize the inclusion of fern diversity
within the quadrat. In actual observation, the non-random selection of quadrat site was
found to be not necessary in the two types of man-made forests, the rubber and oil palm
plantations, because of the similarity of pteridophytic flora found in situ.
In all quadrats, the pteridophyte species within hand reach were recorded.
epiphytes of the high forest canopy that could not be collected from standing on the
ground were excluded because the specimens could not be identified with certainty to
the species even with field binoculars. The inclusion of epiphytic pteridophytes within
the height of arm length in each quadrat is equivalent to, but not exactly comparable
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with, the quadrat cube method used by sato et al., (2000). The microhabitat conditions
for each of the pteridophytic species collected were also recorded. To complete the
diversity survey, additional collections were made from the general vicinity outside the
six quadrats of each study site. after the quadrat samplings, voucher materials from
each study site were prepared and identified in the Cryptogam Laboratory at the
national university of singapore and verified by comparison with authentic specimens
preserved at sInu and sInG herbaria.
Finally, to estimate the minimum number of quadrats needed to characterize the
pteridophyte species diversity in the different forest types, a species-area curve was
generated for each of the five study sites.
Results
The inventory of pteridophytes present in the six quadrats in each of the five study sites
yielded 18 species in GPFr, 14 species in bTnr, 18 species in the oil palm plantations
in the vicinity of GPFr, 13 species in the rubber plantations in the vicinity of GPFr,
and 14 species in the rubber plantations in Pulau ubin (Table 1).
table 1. number of species, genera and families reported from the five study sites
based on quadrat sampling.

Habitat
Locality

Species
Genera
Families

Natural Forests
GPFR,
BTNR,
Johor
Singapore
18
16
12

14
12
10

Oil palm
plantation,
Johor
18
17
13

Man-made Forests
Rubber
Rubber
plantation,
plantation,
Johor
Singapore
13
14
13
12
11
9

Interestingly, additional collections made from the general vicinity outside the
quadrats in all man-made forests showed only a small increase in the number of species
in comparison with the number of species found inside the quadrats. In the oil palm
plantation, only two additional species (Selaginella willdenowii and Selaginella
selangorensis var. ciliata) were added. similarly, in the rubber plantations in Johor and
Pulau ubin, only one species each (Lindsaea ensifolia and Pteris semipinnata
respectively) was not captured by the six quadrats. Contrastingly, while the number of
species found in the six quadrats was 14 at bTnr and 18 at the GPFr (Table 1), the
total number of pteridophytes reported for bTnr (Wee, 1995) and the collections made
from the general vicinity of established quadrats in GPFr during this study produced a
high total of 95 species for bTnr and 38 species for GPFr. The listing of species of
ferns and fern allies collected from the quadrats of the two types of forests investigated
is given in appendix 1.
Overall, the species-area curves generated for the five study sites (Figure. 1) showed
an increase in the average number of pteridophyte species with the increase of the
number of quadrats. However, the species-area curve for the oil palm and rubber
plantations appeared to reach a plateau in its species number at the 6th quadrat. In
contrast, the species-area curve for GPFr and bTnr continued to show an increase in
species number up to the 6th quadrat. The latter trend was observed with the addition
of three more quadrats of the same size to the two forest sites (Figure. 2).
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figure 1. Changes in accumulating number of pteridophyte species with increase in
sample size (6 quadrats) in natural and man-made forests in Peninsular Malaysia and
singapore.
discussion
results from this study show that a minimum of six quadrats of 10 m x 10 m is
sufficient to capture the characteristic pteridophyte diversity in oil palm and rubber
plantations in Johor and singapore. This observation was confirmed when general
collections made from outside the quadrats produced only two additional species in the
oil palm plantation and one additional species each from the rubber plantations in Johor
and Pulau ubin.
In man-made agroforests, like the oil palm and rubber plantations, it is not
surprising that a small number of six quadrats is sufficient to capture the diversity of
pteridophytes. Often, agricultural landscape is associated with homogeneity of the
vegetation that consists frequently of monoculture with high habitat uniformity that
lacks variation in its micro-habitats. This uniformity allows a limited suite of species
to colonize and survive in a rather even and predictable distribution pattern.
Furthermore, in the case of the man-made forests in Johor, the regular maintenance of
the plantations in the form of weeding out the non-crop vegetation also attributes to the
low diversity of the pteridophytic flora.
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figure 2. Changes in the accumulating number of pteridophyte species with increase
in sample size (9 quadrats) in the natural lowland forest in GPFr and bTnr.
The scenario appears to be different in natural lowland forests. In the case of
lowland Dipterocarp forests at GPFr and bTnr, additional collections in the vicinity
outside the six quadrats resulted in a notable increase in the number of species. based
on the general collections made in GPFr, the six quadrats captured only 32% of the
known diversity of pteridophytes at GPFr. Likewise, only 13% of the bTnr
pteridophytes reported by Wee (1995) were captured by the six quadrats. The addition
of three more quadrats in GPFr and bTnr only increased the percentage of captured
species diversity to 46% (26 species) in GPFr, and 22% (24 species) in bTnr. This
indicates clearly that even nine quadrats of 10 m x 10 m are still far from adequate in
giving a good estimation of the total pteridophytic diversity of the lowland rainforests
in GPFr and bTnr.
The big differences seen in the percentage of pteridophyte diversity captured by the
same number of quadrats in the two natural forests (GPFr: 32% and 46%, bTnr: 13%
and 22%) are partly due to the fact that the forested area surveyed in bTnr is ca 164
ha, while the forested area surveyed in GPFr during the present study is the 8 ha of core
forest around the station office. In addition, the pteridophyte flora of bTnr has been
explored, studied and documented for decades by the resident staff at the singapore
botanic Gardens since the time of british rule, resulting in the large number of species
recorded from this nature reserve. In the case of the latter, the present study is a first
attempt to document the pteridophyte flora of the pristine forest reserve at GPFr in
Peninsular Malaysia.
The inadequacy of nine quadrats to estimate the total pteridophyte diversity of
GPFr and bTnr can further be attributed to the patchy, widely spaced, and sporadic
distribution pattern of pteridophytes in many lowland rain forests, making it difficult to
capture the maximum representative diversity using a small quadrat size or a small
number of quadrats. understandably, the widely scattered pattern of distribution of
pteridophyte species in the region is also a reflection of the heterogeneity of lowland
rainforest. similar patchy distribution in tropical rainforests is also observed in other
ground vascular herbs (Kiew, 1978; Poulsen, 1996; Lum, 1999).
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conclusion
For adequate estimation of the pteridophyte diversity in a man-made forest, such as the
oil palm and rubber plantations in southern Malaysia and singapore, a minimum
number of six quadrats of 10 m x 10 m is sufficient. However, a total of nine quadrats
of 10 m x 10 m is still insufficient to capture the overall pteridophyte diversity in the
natural lowland forest in Johor (Malaysia) and singapore. a minimum of more than
nine quadrats of 10 m x 10 m is suggested for any similar studies in natural forests in
the future.
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FAMILY

Adiantaceae

Aspleniaceae

Blechnaceae

Cyatheaceae
Davalliaceae
Dennstaedtiaceae

GENERA AND SPECIES

Adiantum latifolium Lam.
Pityrogramma calomelanos (L.) Link
Syngramma alismifolia (C. Presl) J. Sm.
Taenitis blechnoides (Willd.) Sw.
Asplenium longissimum Bl.
Asplenium nidus L.
Asplenium tenerum G. Forst. var. retusum C. Chr.
Asplenium sp. 1
Blechnum cf. orientale L.
Blechnum finlaysonianum Hook. & Grev.
Stenochlaena palustris (Burm. f.) Bedd.
Cyathea contaminans (Hk.) Copel.
Cyathea squamulata (Bl.) Copel.
Davallia denticulata (Burm. f.) Mett.
Scyphularia triphylla (Hook.) Fée
Lindsaea divergens Hook. & Grev.
Lindsaea ensifolia Sw.
Microlepia speluncae (L.) T. Moore

NATURAL
FOREST
GPFR
BTNR
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

QUADRATS
MAN-MADE
FOREST
OP
RP
RU
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
-
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appendix 1. Distribution of pteridophyte species in natural and man-made forests in Johor (Peninsular Malaysia) and singapore based
on quadrat sampling (9 quadrats in natural forest and 6 quadrats in man-made forest).
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FAMILY

Dryopteridaceae

GENERA AND SPECIES

QUADRATS
MAN-MADE
FOREST
OP
RP
RU
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
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Pleocnemia irregularis (C. Presl) Holtt.
Tectaria barberi (Hook.) Copel.
Tectaria singaporeana (Wall. ex Hook. & Grev.) Copel.
Gleicheniaceae
Dicranopteris linearis (Burm. f.) Underw.
Grammitidaceae
Ctenopteris blechnoides (Grev.) W.H. Wagner & Grether
Hymenophyllaceae Cephalomanes singaporeanum Bosch
Microgonium sp.
Selenodesmium obscurum (Blume) Copel.
Lycopodiaceae
Lycopodium cernuum L.
Nephrolepidaceae Nephrolepis auriculata (L.) Trimen
Nephrolepis sp.
Polypodiaceae
Goniophlebium percussum (Cav.) W.H. Wagner & Grether
Drymoglossum piloselloides (L.) Presl
Drynaria sparsisora (Desv.) T. Moore
cf. Phymatosorus sp.
Schizaeaceae
Lygodium cf. longifolium (Willd.) Sw.
Lygodium cf. flexuosum (L.) Sw.
Lygodium sp. 1
Lygodium sp. 2
Schizaea dichotoma (L.) Sm.
Schizaea digitata (L.) Sw.

NATURAL
FOREST
GPFR
BTNR
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
-

GENERA AND SPECIES

Selaginellaceae

Selaginella roxburghii (Hk. & Grev. ) Spring
Selaginella willdenowii (Desv.) Baker
Christella subpubescens (Bl.) Holtt.
Cyclosorus sp.
Mesophlebion beccarianum (Ces.) Holtt.
Pronephrium rubicundum (Alderw.) Holtt.
Pronephrium triphyllum (Sw.) Holtt.
Sphaerostephanos heterocarpus (Bl.) Holtt.
Vittaria ensiformis Sw.
Vittaria ensiformis var. latifolia Holtt.
Vittaria elongata Sw.
Diplazium crenatoserratum (Bl.) T. Moore
Diplazium tomentosum Bl.
Total number of species

Thelypteridaceae

Vittariaceae

Woodsiaceae

GPFR
BTNR
OP
RP
RU

NATURAL
FOREST
GPFR
BTNR
+
+
+
+
+
+
+
+
+
+
+
+
+
25
23

QUADRATS
MAN-MADE
FOREST
OP
RP
RU
+
+
+
+
+
+
+
17
13
14
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FAMILY

Gunung Pulai Forest Reserve, Johor
Bukit Timah Nature Reserve, Singapore
Oil palm plantation, Johor
Rubber plantation, Johor
Rubber plantation, Singapore
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booK RevieW
a modeRn multilinGual GlossaRy foR taXonomic
pteRidoloGy. d.b. lellinger. 2002. Pteridologia no. 3. Hardback. 264 pp., 15
figures (line drawings). Isbn 0-933500-02-5. american Fern society, Inc.
www.amerfernsoc.org Price us $28.00 + postage.
The presentation of this book is clear and easy to follow. It comprises a numbered list
of preferred terms and their definitions, with english, spanish, French and Portuguese
paragraphs for each term. synonyms (about 100 for the c. 1000 distinct terms),
antonyms and related terms are provided where applicable. Contents, introduction and
comprehensive indices are provided also in each language. Finally, word lists of the
terms defined in the book are offered for downloading from the american Fern society
web site for use as dictionaries in word-processing programs.
I will quote from the introduction: “no attempt has been made to include archaic or
obsolete uses or terms. all terms are defined as I believe they are currently used or
should best be used. … I have eliminated terms from the glossary that are difficult or
impossible to define.” This is a worthy aim, but does imply that anyone looking for
guidance to previously written fern descriptions may not find what they are seeking.
When I first scanned this book, I wrote down a list of terms, definitions and
miscellaneous observations that ‘hit a nerve’. since then, I have gradually whittled
down my initial objections. some arose from my own misconceptions, and in this
respect, the book has been useful to me. There is variation in the precision of definitions
for some groups of terms. In the section on laminae, the definitions for 648 lobe and
655 segment are very precise, even to the selective use of “fully connate” (lobe) and
“fully adnate” (segment), but definitions of 650 pinna, 651 pinnule and 652 pinnulet (a
neologism) seem to be much less rigorous viz. for the latter “a petiolulate or sessile
division of a pinnule that is at least narrowed at the base”.
The characterisation of 613 phyllopodium as “that portion of the stipe” should
perhaps be recast, to include the possibility that a rhizome outgrowth may instead be
involved. The terms 677 anadromous and 678 catadromous are defined only in relation
to a pinna, with the “basal pinnule and/or vein group of the pinna directed towards the
frond apex [base]”. However, 496 dromy is defined more generally, and hence more
correctly by reference to “basal axes or veins” and their relationship to “the second
larger order of axes”. This latter phrase might be better as “the next higher order of
axes”. With regard to spore formation, tetrad is defined (no. 764), but diad, as in some
apomictic ferns, is not.
Term 819 raphe refers to the rhizocarp of Marsilea, but rhizocarp is listed only as a
synonym of 822 sporocarp. While on the subject of Marsilea, a definition is given for
the specialised cells on the submerged lamina of ‘certain species’ (644
hydropote/hydropotes), but in the section on indument, I struggled to find any suitable
term for the uniquely constructed hairs in this genus.
This book is aimed at the americas, not only in the choice of languages, but also the
fern genera cited for some of the terms. On balance, I recommend this book to
professional pteridologists, but I feel that the amateur would have valued the addition
of explanatory illustrations and some sample descriptions.
Peter D. bostock
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moRphometRic analysis of vaRiation amonG thRee
populations of DORYOPTERIS LUDENS
(adiantaceae: pteRidophyta) in thailand
T. bOOnKerD
Department of botany, Faculty of science, Chulalongkorn university, bangkok
10330, Thailand
(email: Thaweesakdi.b@Chula.ac.th)
Keywords: adiantaceae, Doryopteris ludens, cluster analysis, canonical discriminant
analysis, multivariate analysis.
abstRact
Morphological variation within populations and among populations was
examined in three populations of Doryopteris ludens from western and
peninsular Thailand. sixteen quantitative characters of both vegetative and
reproductive characters were scored. The field data were analysed by means of
cluster analysis and various discriminant analyses. Cluster analysis and
canonical discriminant analysis indicated two groups. It is consequently
concluded that there are two morphological varieties which that can be
distinguished on the basis of sporangium length, sporangium width, fertile-frond
sinus-depth, fertile-lamina width and habitat. a conventional identification key
is provided, which is based on fertile-frond sinus-depth, sporangium length, and
substrate conditions.
intRoduction
Doryopteris is one of the smaller genera of the Pteridophytes. Tryon (1942) included 26
species in his revision of the genus. He also noted that Doryopteris is terrestrial, usually
growing in rather dry, rocky places. some species are extremely xeromorphic. Of the
26 species, there is only one species in Thailand, i.e. Doryopteris ludens (Wall. ex
Hook.) J. sm. as was enumerated in Flora of Thailand, volume 3 part 2 (Tagawa &
Iwatsuki, 1985). This species is extremely variable in leaf form. The slender, elongate
rhizome separates it from all other reticulate-veined species (Tryon, 1942) and it also
differs from the closely related species D. pedata (L.) Fée in having a terete stipe.
Geographically, this species is asiatic, since its present distribution is confined to
Myanmar, India, southern China and the Malay Peninsula, whilst the majority of
Doryopteris species are american.
Preliminary studies of herbarium specimens deposited at the following herbaria
(abbreviations according to Holmgren et al., 1990):- bangkok Forest Herbarium
(bKF); the Professor Kasin suvatabhandhu Herbarium, Department of botany,
Chulalongkorn university, Thailand (bCu); the royal botanic Gardens, Kew
Herbarium (K) and The natural History Museum, u.K. (bM), suggested that two
forms of this species probably occurred, the normal and the dwarf forms. The normal
form has a wider distribution throughout the country, occuring naturally in calcareous
soils, in shady places in the dry evergreen forest, whilst the dwarf form is confined to
the calcareous rocks of the limestone hills or limestone islands in peninsular Thailand.
The specimens collected from Langkawi Island, Malaysia, and deposited at Kew
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herbarium match well with this dwarf form. However, some additional field studies in
peninsular Thailand revealed some morphological variations in characters related to
size of frond within these dwarf form populations. There were still some overlaps in
stipe length, lamina width and lamina length etc. between normal and dwarf forms, and
so it remained unclear whether two forms could be recognized within this species.
The present study is aimed at clarifying the taxonomic status of these two morphoecological forms of D. ludens by determining the levels of intra- and inter-population
variation in the Thai populations.
mateRials and methods
plant materials
Field collections of D. ludens were made during the rainy season to permit collection
of complete specimens of both fertile and sterile fronds. eighty-five specimens from
three populations were sampled; the location, ecology and number of specimens are
listed in Table 1. sixteen quantitative characters of both vegetative and reproductive
structures were measured or counted (Table 2).
table 1: Location, ecology and number of specimens of the three populations of
Doryopteris ludens in Thailand.

Population

Location

Ecology

1 Tub Sakae District,
Prachuap Khiri
Khan Province
2 Had Chao Mai
District,
Trang Province
3 Muang District,
Phangnga Province

Western
Thailand

Calcareous soil in shady
places in dry evergreen
forest
Rock crevices, exposed or
partially shaded in
limestone hill
Rock crevices, or on
humus–rich rocks, exposed
or partially shaded in
limestone islands

Peninsular
Thailand
Peninsular
Thailand

Number of
specimens
30

30

25

specimens examined
a. Normal form
habitat: Terrestrial in tropical or evergreen forests at low or medium altitudes.
altitude : 100-1500 m.
distribution: India: Type:Wallich 88 (K); Isotype: Cuming 238 (K)
voucher: Thailand: north: R. Geesink & C. Phengklai 5949 (bKF), E. Hennipman
3029 (bKF), A.F.G Kerr 11365 (bK), Winit 1074 (bKF); north-eastern: T. Boonkerd
23, 269 (bCu), J.F. Maxwell 76-325 (bK), M. Tagawa, K. Iwatsuki & N. Fukuoka 1254
(bKF); Central: Murata, Phengklai, Nagamasu & Nantasaen T-51409(bKF), J.F.
Maxwell 73-522 (bK), A.F.G Kerr 6029 (bK); east: J.F. Maxwell 74-978(bK), W.
Somprasong 155 (bK); Western: K. Chandraprasong 61 (bK), K. Larsen & S.S. Larsen
33971 (bKF), A. Marcan 2696 (bM), Put 1430 (bK), T. Boonkerd 1122 (bCu);
Peninsular: Ch. Charoenphol, K. Larsen & E. Warncke 3634 (bKF), E. Smith 2418A
(bM), Put 1027, 1636, 3206 (bK, K),
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1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
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1
figure 1. Dendogram of Doryopteris ludens specimens
b. Dwarf form
habitat: Terrestrial in rock crevice or on humus rich rock in limestone islands or
limestone hill.
altitude : sea level to 250 m.
distribution: Malaysia: Langkawi Island: H.C. Robinson s.n. (K)
voucher: Thailand: south-eastern: E. Smith 2417A (bM); Western: K. Larsen & S.S.
Larsen 33688 (bKF), Put 250 (bK, bM, K); Peninsular: A.F.G Kerr 11365 (bK, K),
Rabil 131(bK, K), T. Shimizu, N. Fukuoka & A. Nalampoon 7996 (bKF), T. Boonkerd
151, 1443(bCu)
data collection and multivariate analyses
To determine patterns of variation in D. ludens both a priori and a posteriori grouping
systems were examined. First, the pattern of variation was examined by cluster analysis
using the average taxonomic distance among the 85 specimens (rohlf & sokol, 1965).
a sequential, agglomerative, hierarchical and nested (saHn) clustering nested
technique (sneath & sokal, 1973) was performed using the unweighted pair-group
method with arithmetic averages (uPGMa) which is available in nTsYs-pc package
version 2.0K (rohlf, 1998). The purpose of this analysis was to place individual
specimens (n=85) into groups (clusters) suggested by the data, but not defined a priori.
second, to determine whether morpho-ecological patterns existed from calcareous soil
to calcareous rocks, each specimen was assigned to an a priori group based on its
occurrence in natural habitat.
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The sPsspc-FW (anonymous, 1997) was used to perform univariate analysis,
stepwise discriminant analysis, classification discriminant analysis and canonical
discriminant analysis. stepwise discriminant analysis was used to select a subset of
characters that maximized differences among the a priori groups. Correct classification
rates were used as indicators of separation among the groups. Canonical discriminant
analysis was used as a dimension reduction technique to facilitate visualization of the
results of the multivariate analysis.
Results
patterns of variation among specimens of D. ludens
The saHn technique generated a dendrogram which split the specimens into two
groups (Figure 1). specimens classified as group 1 in the cluster analysis consisted of
all D. ludens from only population 1, whilst group 2 included members from both
population 2 and population 3 which are rather separated into two subgroups. These two
groups matched the morpho-ecological patterns of this species, i.e. normal form and
dwarf form. However, the separation of group 2 into two subgroups suggested intraand inter-population variation in the dwarf populations. accordingly, three-clustering
grouping were used in subsequent analysis as a posteriori groups.
sixteen characters were determined by stepwise discriminant analysis to be
important in discriminating between the three groups. The following nine characters:4, 5, 6, 8, 9, 11, 13, 14, 15 were selected as important for giving the best separation of
the groups (Table 3). In total, 97.6% of the specimens were classified correctly. These
classification rates are extremely high considering that variation within the three
populations existed.
Ordination of the 85 specimens by canonical discriminant analysis was presented on
the two canonical axes (Figure 2). This shows population 1 clearly separated from
closely related population 2 and population 3 on axis 1. Thus the two morphoecological forms of D. ludens appear distinct. The nature of the group differences is
characterized by the within-canonical structure (Table 3). Canonical variable 1 (axis 1)
is most highly associated with characters 14, 15, 6, 5, 7, 3, 16 and 12 in descending
order of the absolute values of the correlations (Table 3). The canonical correlation of
the first canonical discriminant function is 98% correlated with all the variables and the
variance explained by it is 93.5%. Thus this axis is effective for separating the two
morpho-ecological groups of D. ludens.
The F-values (Table 3) indicate by their magnitude the relative order of importance
of the characters in general. It is clear that the F-values almost reflect the association of
characters with canonical axis 1 because of its high correlation and high variance
explained. basic statistics of the three groups are also summarized in Table 3. It can be
concluded that the vegetative characters of the normal form (population 1) were
generally larger than the dwarf form (population 2 and 3). In contrast, the reproductive
characters of the dwarf form were bigger than the normal form. In general, the means
of the most important characters were significantly different, especially the four most
important characters for axis 1 as can be seen from boxplots (Figure 3).
discussion
The results of cluster analysis, and canonical discriminant analysis support the
recognition of separating the three populations of D. ludens into two distinct entities,
probably as two varieties. The four most important characters (Table 3) that separate

Number
Vegetative

Reproductive

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Character
fertile stipe diameter (mm)
sterile stipe diameter (mm)
fertile lamina length (cm)
fertile lamina lobe number
fertile lamina width (cm)
fertile frond sinus depth (cm)
fertile stipe length (cm)
sterile lamina length (cm)
sterile lamina lobe number
sterile lamina width (cm)
sterile frond sinus depth (cm)
sterile stipe length (cm)
annulus thick (!m)
sporangium length (!m)
sporangium width (!m)
spore diameter (!m)

Details of measurements and counts
diameter at base of stipe of fertile frond
diameter at base of stipe of sterile frond
length of lamina of fertile frond
numbers of lobes of lamina of fertile frond
width of lamina of fertile frond
distance between margin and base of sinus of fertile frond
length of stipe of fertile frond
length of lamina of sterile frond
numbers of lobes of lamina of sterile frond
width of lamina of sterile frond
distance between margin and base of sinus of sterile frond
length of stipe of sterile frond
distance from top to base of an annulus cell situated at the top of sporangium
longest distance measured from base to top of sporangium (without stalk)
longest distance measured from side to side of sporangium at the equatorial axis
length of spore from polar view or polar diameter
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TABLE 2. Morphological characters used in the multivariate analysis of Doryopteris ludens
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figure 2. Canonical discriminant analysis
these two varieties are sporangium length (14), sporangium width (15), fertile-frond
sinus-depth (6), and fertile-lamina width (5). However, fertile-frond sinus-depth (6) and
fertile-lamina width (5) tend to be more important in the field for separating normal and
dwarf forms of D. ludens as sporangium length (14) and sporangium width (15) are
microscopic characters, only suitable for laboratory herbarium determination. These
two vegetative characters are characters of leaf dissection as mentioned in Tryon (1942)
in his revision of the genus. He noted that most of the species are quite variable in leaf
dissection and should not be used alone as a diagnostic character in key construction,
even as infraspecific determination, unless supported by additional characters.
However, Tryon (1942) recognized the value of the sporangium stalk-length together
with the leaf dissection characters to separate the species.
baum and bailey (1994) used a series of discriminant analyses to determine
taxonomic status of Hordeum caespitosum scribner from different geographical ranges.
They pointed out that for Hordeum a group of characters must be used together for
identification, at least of the most important ones in the above sense. speer and Hilu
(1999) evaluated taxonomic status and determined quantitatively the importance of
morphological characters that contribute to the discrimination between var. latiusculum
(Desv.) W.C. shieh and var. pseudocaudatum (Clute) a. Heller of bracken fern,
Pteridium aquilinum (L.) Kuhn (Dennstaedtiaceae) which is usually treated as a single
species. They concluded that the treatment of the eastern north american bracken as
var. latiusculum and var. pseudocaudatum seemed justifiable from the results of their
study.

Character
1. fertile-stipe diametera
2. sterile-stipe diametera
3. fertile-lamina lengtha
4. fertile-lamina-lobe number
5. fertile-lamina width
6. fertile-frond sinus-depth
7. fertile-stipe lengtha
8. sterile-lamina length
9. sterile-lamina-lobe number
10. sterile-lamina widtha
11. sterile-frond sinus-depth
12. sterile-stipe lengtha
13. annulus-thick
14. sporangium-length
15. sporangium-width
16. spore-diametera

F-value

Prob.

Axis 1

Axis 2

43.83
15.91
143.58
2.67
87.48
151.80
44.83
113.23
52.96
1.42
59.92
26.02
230.33
294.69
146.61
150.92

0.00
0.00
0.00
0.75
0.00
0.00
0.00
0.00
0.00
0.25
0.00
0.00
0.00
0.00
0.00
0.00

0.01
-0.13
-0.19*
0.04
-0.26*
-0.34*
-0.22*
-0.28
0.19
-0.04
-0.19
-0.10*
0.41
0.48*
0.34*
0.16*

0.18*
0.41*
0.16
-0.09*
0.25
0.32
0.10
0.43*
0.29*
0.14*
0.41*
0.10
0.46*
0.26
0.13
-0.04

Population 1
mean SD
1.89 0.18
1.32 0.21
20.79 2.27
13.67 2.26
18.26 1.88
11.47 1.31
39.34 12.04
14.50 2.07
7.03 1.16
10.83 2.02
5.66 1.57
22.48 6.91
5.04 0.56
2.03 0.12
1.50 0.14
5.39 0.71

Population 2
mean SD
1.36
0.25
1.33
0.18
9.53
3.23
16.13
5.68
9.76
3.43
5.14
1.85
16.68
6.95
8.20
1.52
15.67
3.47
7.89
1.55
3.15
0.71
13.25
4.95
9.01
0.86
3.47
0.22
2.40
0.20
9.40
1.14

Population 3
Mean SD
1.40
0.28
1.05
0.23
11.25
2.64
17.00
7.94
10.33
2.70
5.59
1.42
24.74
8.19
7.58
2.18
9.92
4.59
9.18
2.23
2.46
0.99
13.16
4.71
6.69
0.72
2.82
0.32
2.02
0.25
8.13
0.83
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TABLE 3: Pooled within-canonical structure and F-values with their probabilities. Correlations between the two canonical variables
and the original variables. Summary of mean, SD in the three populations of Doryopteris ludens

a

17

: character not used in the stepwise analysis,
* : largest absolute correlation between each variable and any discriminant function
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figure 3. boxplots of the four most important characters
Key to identify the infraspecific taxa of D. ludens.
Fertile-frond sinus-depth more than 7 cm; sporangium length 1.9-2.1 mm; plant
growing in calcareous soils, in dense dry evergreen forest
var. a (ludens)
Fertile-frond sinus-depth less than 7 cm; sporangium length 2.5-3.7 mm; plant
growing in rock crevices, exposed or partially shaded
var. b
conclusion
The results provided justification for the recognition of infraspecific variation among
the three populations of D. ludens. In most cases they can be distinguished morphoecologically by their sporangium length, sporangium width, fertile-frond sinus-depth,
fertile-lamina width and by their habitats (calcareous soils or calcareous rocks).
However, this study is exploratory and further verification is required.
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abstRact
The Falkland Islands are an archipelago of 782 islands situated in the south
atlantic Ocean. They have a relatively depauperate native flora of vascular
plants comprised of 171 species, 18 of which are pteridophytes. The pteridophyte flora includes a further three non-native taxa. Current knowledge of all
pteridophyte taxa occurring in the Falkland Islands is reviewed and the first
detailed data on their distribution throughout the archipelago are presented.
intRoduction
The Falkland Islands are an archipelago of 782 islands situated in the south atlantic
Ocean approximately 520 kilometres east of mainland south america, and with a total
land area of c. 12,200 km2. The climate is cool temperate oceanic, with a relatively
modest seasonal variation. Temperatures are never high but are maintained at a
moderate level with a mean for January of 9.4oC and a mean for July of 2.2 oC, with
ground frosts occurring throughout the year. The Islands are subject to almost continual
strong winds that come mainly from the southwest. The mean hourly wind-speed of 8.5
ms-1 does not vary appreciably throughout the year though there is a greater frequency
of stronger winds in spring and early summer. rainfall is low with a mean annual
precipitation, during the period 1944-1978, at stanley of 640 mm, though the mean
annual rainfall received tends to decline towards the south and west. rainfall is lowest
in spring and this combined with the strong winds reduces plant growth (Mcadam,
1985; summers & Mcadam, 1993). Climatic variation across the Falkland Islands
archipelago is poorly understood but climatic gradients are likely to be an important
factor in determining the distribution of some plant species, notably some
pteridophytes.
The topography of the islands is not extreme with the landscape being generally
hilly and the tallest mountain, Mt. usborne on east Falkland, is only 705 m high. a
typical Falkland soil has a pH in the range of 4.1 to 5.0 and comprises a shallow
(typically no deeper than 38 cm) peaty horizon overlying a compact, poorly drained
silty clay subsoil. Mineral soils occur in areas wherever the underlying geology is
exposed, particularly on mountain tops and in coastal areas. The main vegetation of the
Falkland Islands is acid grassland dominated by Cortaderia pilosa (d’urv.) Hack. and
dwarf shrub heath dominated by Empetrum rubrum Vahl ex Willd., but other vegetation
types of more limited extent may be locally important particularly around the coasts.
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There is no native tree cover. The main land use is sheep farming which is managed on
an extensive, rangeland system. as a result, there are few areas in the islands that are
not subject to grazing pressure for at least part of the year, though the potential negative
effects of this for the pteridophyte flora appear to be minimal.
the pteRidophyte floRa: an oveRvieW
The 21 species of pteridophyte found in the Falkland Islands comprise a small but
significant component of the 346 vascular plant species currently recorded for the
archipelago. Of these, 18 species are native and represent 10.5% of the 171 native plant
species. The pteridophyte flora is spread between two classes (Lycopodiopsida and
Pteropsida), 10 families and 15 genera. The lesser of the classes, the Lycopodiopsida,
comprises one family, two genera and three species, all of which are native. The
Pteropsida come from nine families, 13 genera and 18 species, two genera and three
species of which are non-native in origin having been introduced as garden plants. The
Falkland Islands have no endemic pteridophytes, though Polystichum mohrioides
(bory) C. Presl. is restricted to the Falkland Islands and south Georgia and can be
considered near endemic.
a further species, Schizaea fistulosa Labill., has previously been reported for the
Falkland Islands (Gaudichaud, 1825 cited in Moore, 1968). However, this record is
based on the flimsiest of evidence and significant doubt is now cast on its validity. It
appears the one and only record of this species for the Falkland Islands (Gaudichaud,
1825) was the result of a vague recollection of it having been encountered there. Given
that no other records of this species in the Falkland Islands exist and given that
Gaudichaud’s travels took him to places other than the Falkland Islands and that no
herbarium specimen exists to support his claim, it now seems reasonable to assume that
Gaudichaud was in error in reporting the species from the Falkland Islands and that the
species has never been part of the flora (skottsberg, 1913; broughton, 2000).
distRibution of pteRidophyte taXa
The Falkland Islands pteridophyte flora contains an interesting mix of common and rare
species. The common species, such as Blechnum penna-marina (Poir.) Kuhn and B.
magellanicum (Desv.) Mett., can generally be found wherever suitable habitat exists.
The rare flora however, is much more exacting in its requirements, and is consequently
vulnerable to disturbance and the destruction of populations. Clear trends can be
discerned in the distribution of certain components of the pteridophyte flora both in
terms of geography and ecology (though in many cases these are likely to be linked).
Four (22%) of the native pteridophyte species - Adiantum chilense Kaulf., Blechnum
cordatum (Desv.) Hieron, Rumohra adiantiformis (Forst. f.) Ching and Hymenophyllum
tortuosum Hook. & Grev. - are currently known to occur only on West Falkland and the
associated islands. both Blechnum cordatum and Rumohra adiantiformis appear to be
restricted to the northwest of West Falkland. although variations in climate across the
Falkland Islands archipelago are poorly understood it is known that West Falkland tends
to benefit from a milder, drier and sunnier climatic regime, particularly in the northwest.
as a result climate is likely to play a significant role in determining the distribution of
these taxa. In comparison only one species, Botrychium dusenii (Christ) alston, is
currently known only from east Falkland. However, despite the rarity of this species the
authors believe that it is likely to prove more widespread. It is perhaps no coincidence
that the longest known population of this species is less than 3 km from the capital
stanley. The alien pteridophyte flora is also known only from the islands of West
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Falkland. as all three species are likely to have been introduced as garden plants this
may be a reflection of where they were first introduced into the Falkland Islands. There
is certainly evidence to suggest that wild populations of Dryopteris dilatata (Hoffm.)
a. Gray may be descended from material cultivated in the gardens on West Point
Island.
With the exception of members of the blechnaceae and the Lycopodiaceae most
pteridophyte taxa appear to be largely absent from the dominant vegetation types of
dwarf shrub heath and acid grassland, and this becomes more pronounced the further
inland travelled. even where species do occur in these dominant vegetation types, again
with the exception of the blechnaceae and Lycopodiaceae, they are generally so scarce
as to suggest that some other ecological factor must be playing a significant role in
determining distribution. In such species there is either a strong association with upland
rocky habitats or with lowland habitats in close proximity to the coast. The distribution
of the former group of species largely reflects the availability of suitable rock outcrops,
and where suitable conditions occur in the lowlands they may be found here also, whilst
the latter, which are often at the southern limits of their distribution in the Falkland
Islands, probably require a milder climatic regime which can only be found in close
proximity to the sea.
It is only the common members of the blechnaceae and Lycopodiaceae that are
particularly widespread and occur in a wide range of habitats, and only Blechnum
penna-marina can be considered a true generalist, being almost ubiquitous in all
terrestrial habitats except wetlands proper, but including marginal vegetation. as a
result Blechnum penna-marina is one of the most abundant plant species present in the
Falkland Islands.
Pulling together these data on the geography and ecology of Falkland Islands
pteridophyte taxa it can be concluded that the highest diversity of pteridophyte taxa can
be found where the coasts and lowlands meet rocky upland areas. This is clearly
illustrated by comparing Figs. 1 and 2. Taken together, these show that the richest 10
km grid squares for pteridophytes are those in which the two highest peaks, Mt adam
(grid square TC88) and Mt usborne (uC77), occur in close proximity to lowland areas.
Ten pteridophyte taxa have been recorded for each of these two grid squares. species
diversity is lowest on the smallest islands and in much of the Lafonia region. Lafonia
is notable for being low-lying and for the general absence of rocky outcrops, and it is
this that is probably largely responsible for the low pteridophyte diversity. another
important factor may be summer drought stress and this is almost certainly responsible
for the extreme scarcity of Blechnum magellanicum in this area (Figure 9).
conseRvation Relevance
Falkland Islands pteridophytes as a group are of great concern to the national
conservation strategy. Of the 28 plant species protected by law in the Falkland Islands
(Falkland Islands Government, 1999) six (21% of protected plants and 33% of native
pteridophytes) are pteridophytes (Table 1). Likewise, six species are listed as
threatened (27% of threatened taxa and 33% of native pteridophytes, Table 1) in the
national red Data List (broughton & Mcadam, 2002) and Grammitis poeppigiana
(Mett.) Pic. serm. may be threatened but is currently listed as Data Deficient.
a further species, Polystichum mohrioides, although not currently threatened, is
also of conservation relevance. This species is believed to be restricted to south
Georgia and the Falkland Islands and, as a result, the Falkland Islands may be
responsible for a significant proportion of the world population.
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figure 1. Map of the Falkland Islands archipelago illustrating the major upland areas and the highest peaks on east
Falkland (Mt. usborne) and West Falkland (Mt. adam).
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figure 2. Map illustrating the total pteridophyte diversity recorded for individual 10 km grid squares (data only
presented for those grid squares the authors believe are adequately surveyed for pteridophytes).
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table 1. Threatened Falkland Islands’ pteridophytes

Species

National IUCN

Protected by law

threat category
Adiantum chilense

Endangered

yes

Blechnum cordatum

Vulnerable

yes

Botrychium dusenii

Vulnerable

yes

Huperzia fuegiana

Endangered

yes

Ophioglossum crotalophoroides

Vulnerable

yes

Rumohra adiantiformis

Endangered

yes

Grammitis poeppigiana

Data Deficient

no

at present the conservation of threatened pteridophytes has progressed little beyond
the recognition that they are of concern and the provision of legal protection. Much
work is urgently required, particularly survey work, to locate and assess all surviving
populations, research to determine their precise ecological niche within the Falkland
Islands, publicity to raise the awareness of the identity and status of threatened
pteridophytes on the farms in which they occur, the adequate protection of vulnerable
populations and where necessary positive conservation action to ensure the survival and
expansion of vulnerable populations. as a result the threatened pteridophytes of the
Falkland Islands will provide an interesting conservation challenge for the future.
species accounts
accounts of all pteridophyte taxa present in the Falkland Islands are provided below.
nomenclature follows Zuloaga & Morrone (1996) and Pryer et al., (2001) and species
are arranged by class and then alphabetically by family and genus. reference is made
to a voucher specimen held by Kew (K), or if not available, then the natural History
Museum (bM). national red Data List categories, where assigned, follow IuCn
(2001) and more detail on threatened pteridophyte taxa can be found in broughton &
Mcadam (2002). Legal protection is provided by inclusion in the Conservation of
Wildlife and Nature Ordinance 1999 (Falkland Islands Government, 1999).
The maps presented illustrate the known distribution of each native species. They
use all available records that can be assigned to one 10 km grid square (a lack of
precision in some of the oldest records meant they could not be mapped). The maps
only indicate presence in a grid square and the lack of a record from any particular grid
square should not be used to infer absence of the species. However, trends can be
identified in the distribution of many species and these are outlined in the species
accounts and earlier sections.
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lycopodiopsida
lycopodiaceae
1. Huperzia fuegiana (roiv.) Holub 1985, Folia Geobot. Phytotax. 20: 72. Moore
1983: 46 as Huperzia selago. Figure 3.
habitat: exposed situations without shrub overgrowth, such as rocky ledges, peaty
hummocks around boulders, and sites where the growth of dwarf shrubs and other vegetation is low and thinned by the presence of shallow underlying rocks.
altitude: 0-300 m (and probably higher).
distribution: Very locally distributed across the larger islands (Figure 3).
status: native and rare.
national Red data list category: endangered.
legal status: nationally protected.
voucher: Moore 533 (K).
2. Lycopodium confertum Willd. 1810, sp. Pl., ed. 4, 5: 27. Moore 1983: 46. Figure 4.
habitat: More open facies of Empetrum rubrum heathland and Cortaderia pilosa acid
grassland.
altitude: 0-650 m.
distribution: Widespread across the larger islands (Figure 4).
status: native and scarce. This species seems to be naturally less abundant than the
next species and this may be a result of the creeping growth-form, which may make
plants less able to compete with other vegetation and thus dependent on more open conditions.
national Red data list category: none.
legal status: not protected.
voucher: Moore 587 (K).
3. Lycopodium magellanicum (P. beauv.) swartz 1806, syn. Fil. 180. Moore 1983: 46.
Figure 5.
habitat: Empetrum rubrum heathland, Cortaderia pilosa acid grassland and inland
rock habitats.
altitude: 0-610 m
distribution: Widespread across the islands (Figure 5).
status: native and common.
national Red data list category: none.
legal status: not protected.
voucher: Moore 716 (K).
pteRopsida
adiantaceae
1. Adiantum chilense Kaulf. 1824, enum. Fil. 207 var. chilense. Moore 1968:
46.Figure 6.
habitat: Moist fissures and overhangs on sea cliffs, shaded from the mid-day sun, and
within a few metres of the sea.
altitude: c. 1 m.
distribution: Very locally distributed on West Falkland (Figure 6). essentially a
species of warmer climes it is at the southern and eastern limits of its natural distribution in the Falkland Islands. It is currently only known from saunders Island though it
has been recorded more widely in the past.
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status: native and rare.
national Red data list category: endangered.
legal status: nationally protected.
voucher: Vallentin v.1911 (K).
aspleniaceae
1. Asplenium dareoides Desv. 1811, Ges. nat. Freunde berl. Mag. 5: 322. Moore 1983:
56. Figure 7.
habitat: shady, humid crevices in rock outcrops and amongst boulders.
altitude: 155-460 m.
distribution: Locally distributed across the uplands of the larger islands (Figure 7).
status: native and rare. Despite the apparent rarity of this species there is no reason to
believe it is threatened. The preference for upland rocky habitats ensures the species is
not currently threatened by human activities. The species may be under-recorded and
more survey work is required.
national Red data list category: none.
legal status: not protected.
voucher: Vallentin xi.1910 (K).
2. Phyllitis scolopendrium (L.) newman 1844, Hist. brit. Ferns ed. 2: 10. Moore 1968:
48.
habitat: Inland rock.
altitude: not known.
distribution: Very locally distributed in West Falkland. Two records exist, Mount
Philomel area, West Falkland and Pebble Island (uD01).
status: Introduced, very rare. Last recorded 1994.
national Red data list category: none.
legal status: not protected.
voucher: Vallentin (K).
blechnaceae
1. Blechnum cordatum (Desv.) Hieron 1908, Hedwigia 47: 239. Moore 1968: 50-51 as
Blechnum chilense.Figure 8.
habitat: Empetrum rubrum heathland and Blechnum magellanicum stands.
altitude: c. 60 m.
distribution: Locally distributed in northwest West Falkland (Figure 8). The species is
at the southern and eastern limits of its natural distribution in the Falkland Islands.
status: native and rare to scarce.
national Red data list category: Vulnerable.
legal status: nationally protected.
voucher: Moore 858 (K).
2. Blechnum magellanicum (Desv.) Mett. 1856, Fil. Lechl. 1: 14. Moore 1983: 60.
Figure 9.
habitat: Present in most terrestrial communities except wetlands and communities
subject to drought stress. Large, dense stands are common at the base of rocky outcrops
where water requirements are most easily met, and where humidity is relatively
uniform.
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altitude: 0-300 m.
distribution: Widespread across the islands. Largely absent from areas subject to
summer drought stress such as the Lafonia region of east Falkland (Figure 9).
status: native and common.
national Red data list category: none.
legal status: not protected.
voucher: Moore 771 (K).
3. Blechnum penna-marina (Poir.) Kuhn 1868, Filic. afr. 92. Moore 1983: 60. Figure
10.
habitat: This species is a generalist found in all vegetation communities, except
wetlands, but including marginal vegetation. On drier soils this species can dominate
to the exclusion of all other taxa.
altitude: 0-705 m
distribution: near ubiquitous throughout (Figure 10) and probably absent only from
beauchêne Island.
status: native and very common.
national Red data list category: none.
legal status: not protected.
voucher: Moore 739 (K).
dRyopteRidaceae
1. Dryopteris dilatata (Hoffm.) a. Gray 1848, Man. bot. north. u.s. 631. Moore 1968:
49.
habitat: not known, probably associated with habitation.
distribution: Very locally distributed in northwest West Falkland. The herbarium
material from West Point Island (TD40) collected by sladen (see below) and cited by
Moore (1968) was of cultivated origin.
status: Introduced and very rare, last recorded 1909-1911 but may still persist.
national Red data list category: none.
legal status: not protected.
voucher: Sladen JB123/5 (bM).
2. Dryopteris filix-mas (L.) schott 1834, Gen. Fil. 9. Moore 1968: 49.
habitat: not known.
distribution: Very local, recorded from an unknown location in northern West
Falkland.
status: Introduced and very rare. reported only once and voucher material was not
collected (Wright, 1911). The record should perhaps be treated with some caution.
national Red data list category: none.
legal status: not protected.
voucher: none available.
3. Polystichum mohrioides (bory) C. Presl. 1863, Tent. Pteridogr. 83. Moore 1968: 4849.Figure 11.
habitat: Crevices in rock outcrops and among boulders, more rarely in dwarf shrub
heath.
altitude: 10-600 m (commonest in the uplands).
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distribution: Locally distributed across the larger islands, particularly the uplands
(Figure 11).
status: endemic to the Falkland Islands and south Georgia. The abundance of the
species at any one site is dictated by the availability of suitable habitat, as a result it is
generally scarce.
national Red data list category: none.
legal status: not protected.
voucher: Moore 924 (K).
4. Rumohra adiantiformis (Forst. f.) Ching 1934, sinensia 5: 70. Moore 1968:
47.Figure 12.
habitat: Empetrum rubrum heathland and Blechnum magellanicum stands, more rarely
on coastal cliffs.
altitude: 0-15 m.
distribution: Very locally distributed in northwest West Falkland (Figure 12).
status: native and rare.
national Red data list category: endangered.
legal status: nationally protected.
voucher: Moore 860 (K).
Gleicheniaceae
1. Gleichenia cryptocarpa Hook. 1844, sp. Fil. 1: 7. Moore 1983: 63.Figure 13.
habitat: Occurring either as pure stands or in Empetrum rubrum heath and
Chiliotrichum diffusum scrub, it is most abundant where it occurs on loose sandy soils.
altitude: 0-150 m.
distribution: Locally distributed on West Falkland, only one location known on east
Falkland (Figure 13).
status: native and locally common.
national Red data list category: none.
legal status: not protected.
voucher: Moore 787 (K).
GRammitidaceae
1. Grammitis poeppigiana (Mett.) Pic. serm. 1978, Webbia 32 (2): 455. Moore 1983:
50 as Grammitis magellanica f. nana. Figure 14.
habitat: Crevices on upland rock outcrops.
altitude: 180-485 m.
distribution: Very locally distributed in the uplands of the larger islands (Figure 14).
status: native and rare? The species may be under-recorded and more survey work is
required.
national Red data list category: Data Deficient.
legal status: not protected.
voucher: Corner 333 (K).
hymenophyllaceae
1. Hymenophyllum caespitosum Gaudich. 1825, annls. sci. nat. 5: 99. Moore 1983:
56 as Serpyllopsis caespitosa. Figure 15.
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habitat: Inland rock outcrops and on moist peat at the base of such outcrops. This
species seems the most tolerant of the three Hymenophyllum taxa to desiccation, and
consequently can be found in more exposed, drought-prone situations where the other
two species are absent.
altitude: 60-300 m.
distribution: Widespread across the larger islands, commonest in the uplands (Figure
15). based on current experience, further survey work is likely to reveal this species to
be present on most upland rock outcrops.
status: native and common.
national Red data list category: none.
legal status: not protected.
voucher: Moore 802b (K).
2. Hymenophyllum falklandicum baker 1874, in Hook. & baker, syn. Fil. ed. 2: 68.
Moore 1983: 55. Figure 16.
habitat: Moist shady niches on rock faces and amongst boulders, more rarely on moist
peat in Cortaderia pilosa acid grassland.
altitude: 0-515 m.
distribution: Widespread across the larger islands, commonest in the uplands (Figure
16).
status: native and scarce.
national Red data list category: none.
legal status: not protected.
voucher: Moore 802a (K).
3. Hymenophyllum tortuosum Hook. & Grev. 1829, Icon. Fil. 2: 129. Moore 1983: 53.
Figure 17.
habitat: Inland rock outcrops.
altitude: 155-396 m.
distribution: Locally distributed in upland areas of northern West Falkland (Figure
17) and likely to prove more widespread than current data would suggest.
status: native and scarce.
national Red data list category: none.
legal status: not protected.
voucher: Vallentin in 1909-11 (K).
ophioGlossaceae
1. Botrychium dusenii (Christ) alston 1960, Lilloa 30: 107. Moore 1983: 47. Figure
18.
habitat: short, open grassy turf and eroded areas on sandy soils near the coast.
altitude: c. 3 m.
distribution: Very locally distributed on east Falkland (Figure 18). Possibly overlooked at suitable sites elsewhere in the archipelago.
status: native and rare.
national Red data list category: Vulnerable.
legal status: nationally protected.
voucher: Moore 530 (K).
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2. Ophioglossum crotalophoroides Walt. 1788, Fl. Carol. 256. Moore 1983: 47. Figure
19.
habitat: On peaty soils in Empetrum rubrum heathland and Cortaderia pilosa acid
grassland.
altitude: 15-120 m.
distribution: Very locally distributed across the islands (Figure 19).
status: native and rare.
national Red data list category: Vulnerable.
legal status: nationally protected.
voucher: Moore 636 (K).
Woodsiaceae
1. Cystopteris fragilis (L.) bernh. 1806, neues J. bot. 1 (2): 27. Moore 1983: 56. Figure
20.
habitat: Moist shady crevices on rock outcrops.
altitude: 0-100 m.
distribution: Locally distributed across the islands (Figure 20). The distribution of the
species is probably severely limited by a requirement for calcium and for conditions
free from summer drought. such conditions are uncommon in the Falkland Islands.
status: native and scarce.
national Red data list category: none.
legal status: not protected.
voucher: Moore 639 (K).
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figure 4. Lycopodium confertum

figure 5. Lycopodium magellanicum

figure 6. Adiantum chilense
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figure 3. Huperzia fuegiana

figure 9. Blechnum magellanicum

figure 10. Blechnum penna-marina

35

figure 8. Blechnum cordatum
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figure 7. Asplenium dareoides
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figure 12. Rumohra adiantiformis

figure 13. Gleichenia cryptocarpa

figure 14. Grammitis poeppigiana
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figure 11. Polystichum mohrioides

figure 17. Hymenophyllum tortuosum

figure 18. Botrychium dusenii
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figure 16. Hymenophyllum falklandicum
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figure 15. Hymenophyllum caespitosum
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figure 19. Ophioglossum crotalophoroides

figure 20. Cystopteris fragilis
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abstRact
The maintenance of genetic diversity and stochastic losses of diversity during
periods of small population size have become major points of concern in
conservation biology. However, empirical research on random evolutionary
processes in natural plant populations is still scarce and is reviewed here in
comparison to our case study on Dryopteris cristata. Detailed recent population
histories of this wetland fern have been documented in switzerland. We found
that the lack of correlation between present-day genetic diversity and current
population size in this fern, as well as in other newly rare and endangered plant
species, is best explained by recent population histories.
Genetic diversity is strongly affected by genetic bottlenecks, which resulted
in a loss of about 40% of genetic variation even in the long-lived allotetraploids
D. cristata and a Hawaiian silversword. In contrast, distinct reductions in
population size did not severely reduce genetic diversity in populations of the
latter two species in the short-term. accordingly, there was almost no spatial
genetic substructure in populations of D. cristata. However, evidence for genetic
drift was found in small populations of D. cristata and has also been reported for
flowering plant species, indicating that small populations are nevertheless prone
to random losses of genetic diversity in the long-term. This short review
elucidates the importance of recent population history for both population
genetics and conservation biology. understanding population history can
substantially improve predictions on the genetic diversity in remnant
populations of threatened species. Further studies on natural populations of plant
species with different life cycles and ploidy levels remain valuable.
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map 1. Present and former distribution of Dryopteris cristata in Liechtenstein and switzerland (Landergott et al., 2000),
with location of the ten populations included in the analysis of genetic diversity (population abbreviations see Table 1).
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TABLE 1. Location and abbreviation of the ten genetically studied Swiss populations of Dryopteris cristata with historical population sizes
and census number in 1999, category of population history, molecular variance and Mantel test for the correlation (r) and its significance (P)
between spatial distances and genetic distances among 20 individuals per population.

1

Population size classes according to Landergott et al. (2000): BN = bottleneck of less than 25 individuals (exact records are given in
parentheses if available); S = small population with less than 150 individuals; L = large population with more than 150 individuals; lower case
letters represent estimates, which were deduced from general remarks on habitat conditions without relying on direct records of D. cristata.
2
Types of recent population history: I = with a historical bottleneck; II = reduction of a formerly large population to a small one before 1945;
III = increase of a fromerly small population to a currently large one.
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intRoduction
Genetic differentiation can be the result of local adaptation, genetic variation may be
correlated with fitness, and genetic diversity is a prerequisite for future selection and
adaptation (booy et al., 2000). The maintenance of genetic diversity has consequently
become a central focus of concern in conservation biology (ellstrand & elam, 1993).
resources for conservation efforts are limited, and accurate predictions regarding the
genetic diversity in populations of threatened species are needed. In this context, the
stochastic loss of genetic diversity during periods of small population size is an
important factor (barrett & Kohn, 1991). Genetic diversity has been found to be
positively correlated with present-day population size in some plant species (e.g.
ellstrand & elam, 1993; raijmann et al., 1994; Fischer & Matthies, 1998). However,
no such correlation has been reported for several rare and endangered species, and this
outcome has often been suggested to be due to assumed changes of population size in
recent population history (ellstrand & elam, 1993; Kull & Paaver, 1997; Kahmen &
Poschlod, 2000; Lutz et al., 2000; schmidt & Jensen, 2000; Fréville et al., 2001;
Podolsky, 2001). as recent historical population sizes usually remain unknown,
empirical research on the effects of genetic bottlenecks and drift on wild plant
populations is almost lacking (booy et al., 2000; but see richards et al., 2003).
The stochastic loss of genetic diversity (specifically, allelic richness) associated
with a bottleneck has been studied in artificially founded populations of Sarracenia
purpurea (schwaegerle & schaal, 1979), the Hawaiian Mauna Kea silversword,
Argyroxiphium sandwicense ssp. sandwicense (Friar et al., 2000) and Rutidosis
leptorrhynchoides (Young & Murray, 2000). a distinct founder effect has also been
reported for a population of Cypripedium calceolus, which existed for presumably no
more than 200 years (Kull & Paaver, 1997), and for a single-founder population of
Trifolium amoenum (Knapp & Connors, 1999). accordingly, out of 13 studied
populations of the locally rare Pedicularis palustris, lowest genetic variation has been
reported for a nowadays large population of recent origin (schmidt & Jensen, 2000). by
comparing cytoplasmic diversity in a population of Thymus vulgaris before and after
fire, Manicacci et al., (1996) showed that disturbances may severely reduce genetic
diversity. Founder effects may locally cause a shift from nucleo-cytoplasmic to purely
cytoplasmic determination of sex and lead to high frequencies of females in colonising
populations of the gynodioecious T. vulgaris (Manicacci et al., 1996). The stochastic
nature of founding events has also been documented in Silene latifolia with younger
populations displaying higher genetic differentiation than older ones (McCauley et al.,
1995). In common species with substantial gene flow among populations, however,
genetic diversity can be restored rapidly with time after a founder event (von Flüe et al.,
1999; richards et al., 2003).
In ferns, the relation between population history and genetic diversity has been
discussed with respect to the colonisation of patchy rock habitats (Holderegger &
schneller, 1994; schneller & Holderegger, 1996a; Vogel et al., 1999). Genetic diversity
has been found to be positively correlated with population age in Asplenium rutamuraria, indicating initial single spore colonisation and subsequent multiple
colonisation events with increasing population age (schneller & Holderegger, 1996a).
another opportunity for studying effects of recent population history on present-day
genetic diversity is offered by the population dynamics of threatened species caused by
man-made habitat disturbances. For the locally rare and endangered wetland fern
Dryopteris cristata, recent population histories in switzerland could be reconstructed
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(Landergott et al., 2000) and present-day genetic diversity assessed (Landergott et al.,
2001). Here, additional data are presented on the spatial genetic structure within
populations of D. cristata. Our aim is to evaluate, illustrate and discuss the results of
this case study from the perspective of conservation biology. We discuss implications
for conservation in general by including comparable, but scarce, empirical studies on
the influence of recent population history on present-day genetic diversity in newly rare
and endangered plant species.
DRYOPTERIS CRISTATA-specific bacKGRound
The Crested buckler fern, D. cristata (L.) a. Gray, has become rare and endangered in
southwestern Central europe (references in Landergott et al., 2000). In switzerland, at
the southern border of the species’ european distribution, 22 (62% of all described)
populations are extinct due to habitat destruction, and only 14 populations remained in
1999 (Map 1; Landergott et al., 2000). The habitats of the surviving populations are best
characterised as different remnants of formerly exploited, but not totally destroyed peat
bogs. The commercial exploitation of peat bogs until approximately 1945 and their
subsequent management as conservation areas caused substantial changes in population
sizes of D. cristata. In a previous study, we reconstructed fluctuations in most of the
swiss populations of D. cristata over 120 years using herbaria and literature data
(Landergott et al., 2000). However, even for this attractive fern species, and in a study
area with a rich floristic tradition, historical records of population sizes remained
incomplete (Table 1). by including current population sizes determined in a field survey
in 1999, it was nevertheless possible to establish three types of recent population
histories: (I) the occurrence of a severe historical bottleneck of less than 25 individuals,
(II) the reduction of a formerly large population (more than 300 individuals) to a small
remnant (less than 150 individuals) before 1945 and (III) the increase of a formerly
small population to a presently large one (Table 1; Landergott et al., 2000).
We estimated genetic diversity in 14 populations of D. cristata from switzerland
and southern Germany by random amplified polymorphic Dna (raPDs; Landergott et
al., 2001). In each of the 14 studied populations, 20 individuals were randomly sampled
throughout the population area. This sample size is recognised as sufficient to provide
accurate genetic diversity estimates for plant populations (nybom & bartish, 2000).
raPD diversity of D. cristata was extraordinarily low in the study area (for discussion
see Landergott et al., 2001). However, the detected genetic variation within populations
was not correlated with current population sizes (Figure 1; Table 1). In a hierarchical
analysis of molecular variance (aMOVa), 15% of total variance was attributed to
variation among three geographic regions (western and eastern switzerland and
southern Germany), 34% to variation among populations within regions, and only 51%
to variation within populations. High population differentiation was indicated by a
FsT-value of 0.49 as well, and genetic divergence among populations was not correlated
with geographic distances. These findings suggested very limited gene flow among
populations of D. cristata. The absence of gene flow as an equalising force and the
assumed selective neutrality of raPD markers allowed us to investigate the effects of
random evolutionary processes in recent population history on the genetic diversity in
natural populations of D. cristata. note that the categorisation of population size was
deduced from the distribution of census numbers found in the studied populations
(Landergott et al., 2000). Population size classes (Table 1) are thus somewhat arbitrary,
and critical population sizes are likely to be different for other plant species with
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different life histories and ploidy levels. as no information was available on historical
population sizes of D. cristata from southern Germany (Landergott et al., 2001), the
following considerations will focus on the ten swiss populations included in the raPD
analysis (Map 1; Table 1).
the past eXplains the pResent
In conservation biology, the number of multi-locus genotypes present in a population
has been supposed to be a more important measurement of genetic diversity than the
number of single variable markers (schneller & Holderegger, 1996b). Molecular
variance (Table 1) is based on genetic distances among raPD multi-band phenotypes
and on their numbers and frequencies (excoffier et al., 1992; Fischer & Matthies,
1998), which are visualised for the ten study populations of D. cristata in Figure 1.
Present-day raPD diversity in populations of D. cristata was most prominently
affected by recent historical genetic bottlenecks (population history type I; Table 1). In
populations e3 and W1, severe bottlenecks were caused by peat exploitation. Only 20
individuals survived in population e3 in 1892, at the same place where we found 130
individuals in 1999 (Table 1; Landergott et al., 2000). at sâles (population W1),
D. cristata was considered to be abundant in 1905, but only a small population was
reported in 1929, which then has been argued to become extinct due to further habitat
destruction in the near future. by 1959, only two remnant individuals were reported
from there, but in 1999 we found again 60 individuals at sâles (Landergott et al., 2000).
In contrast, genetic bottlenecks in populations e5 and e6 were most probably due to the
recent establishment of new populations by a few founder individuals (Table 1). This
could be inferred from the fact that both localities were thoroughly investigated before
D. cristata had been reported there for the first time (Landergott et al., 2000). all four
populations with recent bottlenecks were characterised by significantly decreased
genetic variation, as compared to populations without bottlenecks (Table 1; U-test,
P < 0.02; Landergott et al., 2001). Furthermore, the dominance of a widespread raPD
multi-band phenotype was a common feature of these recently bottlenecked populations
of D. cristata (frequency of phenotype no. 1 ³ 0.75 in all four cases; Figure 1). They
comprised less rare raPD phenotypes than most of the other studied populations
(Landergott et al., 2001). The stochastic loss of genetic diversity during severe
bottlenecks has been predicted by population genetic theory for diploid, outbreeding
organisms (e.g. barrett & Kohn, 1991). For polyploid species, however, less of an effect
of a bottleneck on the genetic diversity would be expected, because high levels of
segregational heterozygosity could nevertheless be maintained within populations
(barrett & Kohn, 1991; bretagnolle et al., 1998). In contrast, the four recently
bottlenecked populations of the allotetraploid fern D. cristata (2n = 164) showed a
substantial loss of genetic variation (reduction in molecular variance = 40%; Table 1)
as compared to populations without bottlenecks. a similar loss of genetic diversity, as
measured by the number of microsatellite alleles within population (reduction = 36%)
and the proportion of polymorphic loci (reduction = 43%) has been reported in the
allotetraploid Mauna Kea silversword A. sandwicense ssp. sandwicense after a genetic
bottleneck of two individuals, which was associated with the populations reintroduction (Friar et al., 2000).
In D. cristata from switzerland, highest genetic variation was found in two
currently small populations W2 and W4 (molecular variances = 0.534 and 0.734,
respectively; Figure 1; Table 1). These populations were large ones at the beginning of
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the 20th century, but subsequently suffered a severe reduction in population size due to
peat exploitation, leaving as few as 50 to 150 individuals of D. cristata in small
marginal habitats by 1945 (population history type II; Table 1; Landergott et al., 2000).
similar genetic variation was detected in a putatively old large population from
southern Germany (b4, molecular variance = 0.655; Landergott et al., 2001).
unfortunately, there were no populations documented to have always been large during
the past 120 years, except for the geographically isolated population e4 (Landergott et
al., 2001). However, the comparatively high molecular variance still maintained in the
small populations W2 and W4 of D. cristata suggested that a distinct reduction in
population size to less than 150 individuals did not substantially reduce genetic
variation in populations of this long-lived, homosporous fern species in the short term.
similarly, a reduction in size to fewer than 50 plants in the remnant natural population
of the long-lived Mauna Kea silversword was not accompanied by a significant loss of
genetic diversity (Friar et al., 2000). High genetic variation was also maintained in large
and small remnants of formerly large metapopulation systems of Cypripedium
calceolus (Kull & Paaver, 1997) and Pedicularis palustris (schmidt & Jensen, 2000)
and in fragmented subpopulations of Haplostachys haplostachya (Morden & Loeffler,
1999). In Clarkia dudleyana, a historically large but currently small population
exhibited still high genetic variation, and classifying this population as either a small or
large one has been reported to alter several trends of correlations between population
size and various measures of genetic diversity (Podolsky, 2001).
a prerequisite for the maintenance of a considerable amount of genetic diversity in
small population-remains is the random distribution of genotypes within populations.
For several predominantly outcrossing seed plants, weak spatial genetic structuring
within populations has been reported (Heywood, 1991). even less spatial genetic
substructure would be expected in populations of long-lived, homosporous ferns, due to
their high spore production and great potential for long-distance spore dispersal
(Cousens, 1988). To get some insights into the spatial genetic structure within
populations of D. cristata, we performed Mantel tests based on the spatial distances and
the squared euclidean genetic distances among the 20 raPD phenotypes for each of
the 14 studied populations separately (with 999 permutations using nTsYs-pc; rohlf,
1998). a significant positive correlation was found only in the recently bottlenecked
population e3 (Table 1; data of four German populations not shown). because of the
small sample size per population and because Mantel tests do not have high resolving
power to detect spatial genetic structure within populations (Heywood, 1991), results
should be interpreted with caution. However, at a larger spatial scale, they corroborate
the proposed maintenance of considerable genetic variation in small remnants of
formerly large populations of D. cristata. Furthermore, in small populations where a
larger proportion of individuals has been sampled, they indicate little or no spatial
genetic structure at the small scale. In contrast, positive autocorrelations have been
observed at the small spatial scale in some populations of the rock fern species Pteris
multifida (Murakami et al., 1997) and Asplenium trichomanes subsp. quadrivalens
(suter et al., 2000). Further studies of spatial genetic structure and its relation to
breeding systems in natural populations are needed for general predictions on the
maintenance of genetic variation in small population-remains of ferns, but also in
flowering plants (stehlik & Holderegger, 2000).
Despite the comparably high level of genetic variation maintained in some small
populations of D. cristata, these populations could be prone to future stochastic losses
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of genetic variation through random genetic drift (barrett & Kohn, 1991). a theoretical
prediction on genetic drift states that allele frequencies within populations fluctuate and
tend to drift apart, while overall average allele frequencies among populations remain
constant (Hartl & Clark, 1997). In currently small and/or recently bottlenecked
populations, deviations of raPD marker frequencies within populations from their
overall frequencies were in fact significantly increased, compared with marker
frequency deviations in large populations (Landergott et al., 2001). This gave evidence
that small populations of D. cristata are actually under genetic drift, which might lead
to random loss of alleles in the future. severe genetic erosion due to drift occurred in
the short term in small populations of the short-lived S. latifolia when significant gene
flow was absent (richards et al., 2003). Morden and Loeffler (1999) reported a
substantial increase in the number of raPD markers either present or absent in all
individuals of the smallest subpopulation of Haplostachys haplostachya relative to
other subpopulations, suggesting that drift was moving this subpopulation towards
fixation of alleles. Kull and Paaver (1997) emphasised remarkable fluctuations of allele
frequencies among isolated remnant populations of Cypripedium calceolus as well.
Further evidence for genetic drift in small natural populations has been observed in
Salvia pratensis and Scabiosa columbaria as judged from substantially higher genetic
differentiation among small populations than among large ones (van Treuren et al.,
1991). accordingly, greater genetic differentiation among populations of Cyclamen
balearicum from habitat islands in southern France than among populations from the
true balearic islands (affre et al., 1997) has been attributed to genetic drift in small
relict populations following habitat fragmentation in southern France in the past 500
years (Thompson, 1999).
Finally, the intermediate level of genetic variation found in two of the largest
populations of D. cristata, e1 and e2, could also be explained by their shared
population history (type III; Table 1). These populations had first been recorded as
small ones and substantially increased in size in the second half of the 20th century
(Landergott et al., 2000), presently showing high viability as indicated by spore
production (Landergott, personal observation). Hence, ecological factors might be more
important for short-term population viability in D. cristata than genetic diversity as
assessed by neutral markers. accordingly, viable populations with complete allozyme
uniformity have been reported for the inbred, polyploid ferns Asplenium ruta-muraria,
A. septentrionale and Polypodium vulgare (schneller & Holderegger, 1996b). notice
that the relevance of neutral genetic variation for conservation purposes is presently
under discussion (Crandall et al., 2000; Fischer et al., 2000; Podolsky, 2001), but in the
end, adaptively significant genetic variation will be affected by stochastic losses during
periods of small population size in much the same way as neutral variation.
conclusions
as far as D. cristata is concerned, its extraordinarily low overall genetic diversity,
somehow conflicting with its high genetic population differentiation, hinders
straightforward conclusions for the species’ conservation. However, this fern is
presently stated to be vulnerable (IuCn, 1994) in the region of western switzerland
(Landergott et al., 2000) and it is the focus species of a local conservation project at the
botanical Garden of Fribourg in switzerland (Kozlowski, 1999). Without knowledge of
possible adaptive differences among populations, the best strategy maintains
genetically distinct populations. For example, in western switzerland, the raPD
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phenotypes of population W1 are a subset of W2 and, likewise, those of W3 are
essentially a subset of W4 (Map 1; Figure 1). Preservation of genetic diversity in this
region requires priority conservation of populations W2 and W4 (Figure 1; Table 1).
Their small sizes make them prone to genetic drift, however, and in situ increases of
their population sizes are thus desirable. unfortunately, the autecology of D. cristata is
poorly known (Page, 1997). studies on its breeding system, safe sites, and recruitment
of individuals in natural populations would considerably improve conservation
strategies for this threatened fern species.
In general, the studies reviewed in this article demonstrate the importance of recent
population history for both population genetics and conservation biology. especially in
newly rare, threatened species, substantial recent historical changes in population size
should be expected. Therefore, conservation practice requires an understanding of the
effects of stochastic forces on genetic diversity (barrett & Kohn, 1991), and theoretical
predictions on random evolutionary processes during periods of small population size
need to be tested in natural populations of plant species with different life histories and
ploidy levels. since population history is often incompletely known, the empirical base
is still small and further case studies that consider genetic diversity in the light of
population history will be most worthwhile. Floristic records in herbaria and in the
literature, as well as continuous monitoring of small and large natural populations are
important in this regard. If adequate records are available, population history can
substantially improve predictions on genetic diversity in remnant populations of
threatened species and thereby help in choosing priority populations for conservation.
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Notes oN the geNus Lygodium sw. (schizaeaceae)
iN Malaysia
H. MAidEEN, A. LAtiFF, A. BidiN, A. dAMANHuRi & R. JAMAN
Faculty of Science and technology, universiti Kebangsaan Malaysia, 43600 Bangi,
Selangor, Malaysia
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abstract
ten species of Lygodium are enumerated for Malaysia. Of these ten species, L.
auriculatum and L. polystachyum were not recorded for Sabah and Sarawak, and
L. merrillii was not recorded for Peninsular Malaysia.
iNtroDuctioN
Lygodium is a pantropical genus comprising c. 40 species. it also occurs in temperate
regions (South Africa, u.S.A, Japan, Chile, and New Zealand). Holttum (1959) treated
the genus in the family Schizaeaceae. the plants are twining climbers mainly in
secondary forest. Fronds of young plants of Lygodium are dichotomously branched, but
later fronds develop into a series of alternate unequal dichotomies. the rachis-branches
are variously branched and bear leaflets with the sporophores at the ends of their veins.
Fronds of larger species may climb to a height of 9-10 m.
in the comprehensive account of the genus Lygodium Sw. in the Malay Peninsula,
Holttum (1955) listed seven species, namely, L. borneense Alderw., L. circinnatum
(Burm. f.) Sw., L. flexuosum (L.) Sw., L. longifolium (Willd.) Sw., L. microphyllum
(Cav.) R. Br., L. polystachyum Wall. ex t. Moore and L. salicifolium C. Presl. the
genus was revised by Holttum (1959) for Flora Malesiana and a total of 14 species were
recognised including the seven species listed above in the Malay Peninsula.
For Borneo, Holttum (1959) recognised eight species, namely, L. microphyllum, L
salicifolium, L. flexuosum, L. borneense, L. longifolium, L. circinnatum, L. merrillii
Copel. and L. auriculatum (Willd.) Alston. the last two species were only recorded
from Sarawak and Kalimantan, respectively. Recently, L. japonicum (thunb.) Sw. was
recorded from Sabah, probably introduced from the Philippines (Shim, 1992). this
brings the total number of Lygodium species in Malaysia to ten as listed in Parris &
Latiff (1997).
results
KEY tO tHE LYGODIUM SPECiES iN MALAYSiA
(modified from Holttum, 1959)
1. Lygodium auriculatum (Willd.) Alston; Holttum, Fl. Males. ser. ii, Vol. 1 part 1
(1959): 54-55, f.11a-b.
1a. Secondary rachis-branches pinnate with leaflets 10-15 on 9. L. polystachyum
each side. Sterile leaflets pinnatifid
1b. Secondary rachis-branches pinnate with fewer leaflets.
2
Sterile leaflets simple, palmate or lobed at base
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2a. Venation of sterile leaflets reticulate
2b. Venation of sterile leaflets free

7. L. merrillii
3

3a. Primary rachis branches 4-10 mm long, rhizome wide
4
creeping
3b. Primary rachis branches very short (below 3 mm), rhizome 5
short
4a. Base of leaflets articulate
4b. Base of leaflets not articulate

8. L. microphyllum
5. L. japonicum

5a. Secondary rachis branches regularly pinnate with 3-5
leaflets on each side of the axis
5b. Secondary rachis branches simple or dichotomously
branched, leaflets simple or palmately branched

6

6a. Leaflets all equal and stalked, not auricled or branched at
the base
6b. Lateral leaflets larger towards base of secondary branch,
smaller distal ones sessile, basal ones stalked

10. L. salicifolium

7a. Leaflets strongly cordate on outer side at base
7b. Leaflets not strongly cordate on outer side at base

1. L. auriculatum
8

8a. Secondary branches once forked, leaflets simple. Spores
smooth
8b. Secondary branches at least twice forked, leaflets often
deeply lobed to palmate. Spores verrucose

2. L. borneense

9a. Margins of sterile leaflets serrate. Spores irregularly
verrucose
9b. Margins of sterile leaflets entire. Spores evenly verrucose

6. L. longifolium

7

4. L. flexuosum

9

3. L. circinnatum

distribution: indochina, Guam, Kalimantan, Philippines and Malay Peninsula (only in
Kelantan)
the specimens were collected in alluvial lowland forest from 40 to 550 m. above sea
level. the plants grow in light shade habitats near the river bank as well as in the
clearings made by logging tracks.
Representative specimens examined: Malay PeNiNsula: KELANtAN. Gua
Musang, track to Kg. Hau via Kuala Betis, A. Latiff, R. Jaman & A. Zainudin, ALM
1086 [uKMB].
2. Lygodium borneense Alderw.; Holttum, Fl. Males. ser.ii, Vol.1 part 1 (1959): 55-59,
f. 13c-e; Holttum, Fl. Malaya ii Ferns (1968): 56.
distribution: Malaysia, Sumatra, Borneo and talaud isl.
Freshwater swamp forest, in open places from 10 to 50 m. above sea level.
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Representative specimens examined: Malay PeNiNsula: JOHOR, Mawai, Razali
Jaman RJ 1639 [uKMB]; Sedili, Sg, tementang Holttum s.n. [SiNG]. borNeo:
SABAH, tabin, Aziz Bidin & R. Jaman AB 3557 [uKMB] and SARAWAK, Kuching,
Allen B.E.G 1671 [SiNG].
3. Lygodium circinnatum (Burm. f.) Sw.; Holttum, Fl. Males. ser. ii, Vol.1 part 1
(1959): 58-61, f. 14 a-d; Holttum, Fl. Malaya ii Ferns (1968): 55, 57 , f. 9.
distribution: Sri Lanka, NE india to Southern China, thailand, through Malesia to
Australia.
Lowland secondary forest in open places.
Representative specimens examined: Malay PeNiNsula: NEGERi SEMBiLAN,
Pasoh, A. Samad s.n. [uKMB]; PAHANG, taman Negara, Aziz Bidin & Razali Jaman
AB 1693 [uKMB]; PERAK, ulu temango, Ridley 14242 [SiNG], Pulau Pangkor,
Razali Jaman et al. RJ 3062 [uKMB]; MELAKA, Alvins 1839 [SiNG]. KELANtAN,
Kampung Parit, Haniff & Nur SFN 10236 [SiNG]. KEdAH, Kedah peak, Haniff & Nur
4187 [SiNG]. SELANGOR, Lagong hills, Kepong, Sinclair 10721 [SiNG]. borNeo:
SABAH, danum Valley Rain Forest, Razali Jaman RJ 3864 [uKMB]; Beluran, Sg.
tahid, Amin Francis 67348 [SAN]. SARAWAK, Bt. Buan, tatau, Perseglove, J.W.
P5478 [SiNG]; Sg. Ringgit, Semantan, Awang Enjah et al. S 80999 [SAN].
4. Lygodium flexuosum (L.) Sw.; Holttum, Fl. Males. ser. ii, Vol. 1 part 1 (1959): 5254, f. 9 e-f; Holttum, Fl. Malaya ii Ferns (1968): 57-58, 629, f. 11.
distribution: Sri Lanka, from Himalaya to southern China, Hong Kong, Riu Kiu isl.,
south and south-east to Melanesia and northern Queensland, throughout Malesia.
in open places, climbing on shrubs.
Representative specimens examined: Malay PeNiNsula: PAHANG, taman
Negara, ulu tembeling, Aziz Bidin AB 1697 [uKMB]; NEGERi SEMBiLAN, Pasoh,
A. Samad s.n. [uKMB]; tERENGGANu, Abu talib Othman 3 [uKMB]. borNeo:
SABAH, Papar, Kg. Kayou, Terence Amandus 139 [uKMB]. SARAWAK, Niah,
Ahmad 38 [SAR]; Santubung, Carrick, J.E. JC 200 [SiNG].
5. Lygodium japonicum (thunb.) Sw.; Holttum, Fl. Males. ser. ii, Vol.1 part 1 (1959):
50-51, f. 8 d-e; Shim, Sandakania 1(1992): 11, f.1.
distribution: Sri Lanka, from Himalaya to Chekiang in N. China, Korea, Japan and
southwards to thailand and indochina and southern China, naturalized in Florida and
texas, in Malesia occurring in Banka, Central and east Java, Sulawesi, Borneo (Sabah),
Philippines, Moluccas, Lesser Sunda isl. and New Guinea.
Climbing in secondary forest.
Representative specimen examined: borNeo: SABAH, Sandakan, Anon 79622
[SAN].
6. Lygodium longifolium (Willd.) Sw.; Holttum, Fl. Males. ser. ii, Vol.1 part 1 (1959):
56, 59, f. 12 a-c; Holttum Fl. Malaya ii Ferns (1968): 55-56, 629. Syn. L. digitatum C.
Presl.
distribution: Southern india, Hainan, Malaya, Riouw and Lingga isl., Sumatera and
Borneo.
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Ecology: Open exposed places at forest edges.
Representative specimens examined: Malay PeNiNsula: KEdAH, Kedah Peak,
Aziz Bidin et al. AB 2053 [uKMB]; PERAK, Pulau Pangkor, Lagani Sahid LS 16
[uKMB]; JOHOR, G. Ledang, Aziz Bidin AB 1596 [uKMB]; PAHANG, taman
Negara, Aziz Bidin AB 1631 [uKMB]. borNeo: SABAH, Labuk & Sugut, Bkt.
tangkunan, Razali Jaman RJ 3618 [uKMB]; Sandakan, Julius et al. 124277 [SAN].
SARAWAK, Kuching, Sinclair & Kadim 10337 [SAR].
7. Lygodium merrillii Copel.; Holttum, Fl. Males. ser. ii, Vol.1 part 1 (1959): 60-61, f.
15a-c.
distribution: China (Kweichow), Vietnam (tonkin), Sumatra, Sarawak and Philippines.
Lowland and hill dipterocarp forest from elevation of 120 - 1020 m.
Representative specimens examined: borNeo: SABAH, Lahad datu, danum Valley;
W7S5 trail, near stream. R. Jaman, RJ 2395 [uKMB]. Keningau: Crocker Range, Batu
12, Aziz Bidin AB 2847 & AB 2854 [uKMB]. SARAWAK (cited by Holttum,1959).
8. Lygodium microphyllum (Cav.) R. Br.; Holttum, Fl. Males. ser. ii, Vol.1 part 1
(1959): 47-51, f. 7 a-d; Holttum, Fl. Malaya ii Ferns (1968): 57-58, 630, f. 12. Syn. L.
scandens Sw.
distribution: tropical Africa, S.E. Asia, Melanesia, Australia and Malesia.
Climbing on woody plants in open places.
Representative specimen examined: Malay PeNiNsula: SELANGOR, Banting,
A. Samad s.n. [uKMB]; JOHOR, G. Pulai, Aziz Bidin AB 1593 [uKMB]; PERAK,
taiping, Aziz Bidin AB 2173 [uKMB]; tERENGGANu, dungun, Umi Kalsom Yusuf
UK 89 [uKMB]; MELAKA, teluk Mas, Ahmad Zainuddin AZ 4092 [uKMB];
PAHANG, Fraser Hill, Haja Maideen HM 894 [uKMB]. borNeo: SABAH,
tambunan, Abdu Muhd AM 54 [uKMS], Kota Belud, Kiau Nuluh, Jusimin Duaneh
333 [KEP]. SARAWAK, Miri, Kelabit, Razali Jaman RJ 430 [uKMB].
9. Lygodium polystachyum Wall ex t. Moore.; Holttum, Fl. Males. ser. ii, Vol.1 part 1
(1959): 46-47, 50, f. 8 a-c; Holttum, Fl. Malaya ii Ferns (1968): 56-57, f. 10.
distribution: Assam, Burma, thailand, China (Yunnan), indochina and Malay
Peninsula.
Lowland forest and on limestone.
Representative specimen examined: Malay PeNiNsula: KEdAH, Kedah Peak,
Aziz Bidin AB 2003 [uKMB]; PAHANG, taman Negara, Aziz Bidin AB 1600 [uKMB];
Sg. tembeling, Parris & Edward 10392 [KEP].
10. Lygodium salicifolium C. Presl.; Holttum, Fl. Males. ser. ii, Vol.1 part 1 (1959): 5153, 57, f. 13 a-b; Holttum, Fl. Malaya ii Ferns (1968): 57-58, 629-630. Syn. L.
flexuosum sensu.
distribution: Malaya, Sumatera, Borneo and talaud isl.
Swamp forest in open places.
Representative specimens examined: Malay PeNiNsula: JOHOR, Sg. dohol,
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Razali Jaman RJ 1641 [uKMB]; PAHANG, taman Negara, Aziz Bidin AB 1604
[uKMB]; KELANtAN, Gua Musang, Razali Jaman RJ 1968 [uKMB]. borNeo:
SABAH, Kadim A 2723 [SAN]. SARAWAK, Marudi, Sg. Melinau, Nielsen, I. 433
[SAR].
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booK reView
cryPtogaMs: FerNs aND FerN allies. PlaNt resources oF
south-east asia 15(2). De winter, w.P. and amoroso, V.b. (eds.). 2003.
Backhuys Publishers, Leiden, the Netherlands. 268 pp. iSBN 90-5782-128-1.
Price $99.
twenty-three authors from South-East Asia and Europe contributed to this fifteenth
volume in the PROSEA series that aims at dispersing the knowledge on plant resources
in SE Asia. the book consists of three chapters: an introduction to pteridophytes, a
treatment of 14 selected pteridophyte genera and 39 species, and a combined chapter on
bryophytes (two genera and one species example). the chapter on mosses is added
because it would be too small to substantiate a separate volume. the introduction
chapter (1) is clear and covers wide aspects of pteridophytes from uses, phytochemistry, morphology, ecology, to propagation. Some aspects, e.g. on ecology, are
rather simplified but it is perhaps appropriate in this context. the figures have been
redrawn and are clear, uniform and illustrate nicely the examples given. However, the
numbers on sub-figures are often in a confusing order and could easily have been
arranged more logically. unlike the usual format of Prosea, this volume uses the
criterion of any publication mentioning usefulness of a pteridophyte. However, table 1
still gives an overview of 18 categories of uses including medicinal, ornamental, food,
etc. covered by the examples of species and genera that forms the bulk of the content
with 53 individual papers. Each contribution follows the same format and gives
information on taxonomy, ecology, uses, names, propagation, literature etc.
unfortunately, the important work by Hanne Christensen (1997, 2002) in Sarawak,
Borneo, has escaped the attention of the authors. She documented several species and
genera which unfortunately are not mentioned in the PROSEA volume. For example the
use of Sticherus truncatus as an important fibre plant for two tribes in Borneo. Other
genera not mentioned are Hymenophyllum with medicinal uses, Sphenomeris chinensis
as a tranquilizer, and several genera and species in the thelypteridaceae used as
vegetables.
in conclusion, the volume manages to present the more than 4000 South-East Asian
ferns, fern allies, and mosses in a very attractive and easily accessible format. Most of
the examples of useful plants are typical, relevant and informative but as the
compilation was based only on literature available to the authors, there are apparently
still more useful pteridophytes in South-East Asia to be mentioned or documented in the
future.
Axel dalberg Poulsen
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heNry braDbury’s First Nature-PriNts oF FerNs
A.F. dYER
Royal Botanic Garden Edinburgh, 20A inverleith Row, Edinburgh, EH3 5LR
Key words: Bradbury, Baildon, ferns, nature-prints
abstract
Although Henry Bradbury’s Nature-Prints of ferns in Moore (1855/56) and
Moore (1859/60) are well-known to pteridologists, his earlier prints, some of
which are also of ferns, are rarely seen. Most of these were published (Bradbury,
1854) as sets of prints, mostly of flowering plants but also including five prints
of ferns, issued unbound without text. Eleven sets have been located, mostly in
institutional libraries. together they include 39 different Nature-Prints but no set
contains more than 33 prints and most sets differ in the number and choice of
prints. to give a full description of this publication, it is necessary to describe all
the available sets. Some sets include a title page, which was produced in two
different versions. Four identical sets of 33 prints have a numbered list of plates.
Nine of the examined sets were published by Bradbury & Evans in London; two
appear to have been re-issued in 1867 by Baildon of Edinburgh. Also described
is an unpublished fern Nature-Print, possibly pre-dating all the others.
iNtroDuctioN
Many fern enthusiasts will know of the remarkable imperial-folio size Nature-Prints by
Henry Bradbury, 51 in total, that illustrate “The Ferns of Great Britain and Ireland”
with text written by t. Moore and edited by J. Lindley (Moore, 1855/56; Figs 1, 2, 3).
Henry Bradbury’s technique was the culmination of several centuries of development
of nature printing. He took an impression of a dry plant specimen in a lead plate, made
an electrolytic copper replica of the lead impression, and then hand-inked the intaglio
copper plate in colours (Cave and Wakeman, 1967; Heilmann, 1988; Wakeman, 1966).
the life-like fern images thus produced are striking examples of what can be achieved
by this method, although Harris (1970) points out that the copper plates were touched
up with burin and punch to make the detail clearer. the folio ferns were issued in 17
parts between March 1855 and October 1856; the parts cost 6s. (£0.30) each, and the
whole volume cost 6 guineas (£6.30), equivalent to about £300 today. the author’s
preface is dated July 14, 1856, but in most of the copies that i have seen, the title page
is dated 1855. However, the copy in the Wellcome Library, London, has the date “1857”
on the otherwise identical title page, indicating that there was a later re-issue, perhaps
as a complete volume. Cave and Wakeman (1967) state that one part was again
re-aaaaissued in 1869 but i have not been able to confirm this. Moore did write the text
for a short book with four nature printed plates of ferns which was published that year
(Moore, 1869) but neither Bradbury nor his technique were employed.
Perhaps even more familiar than the folio ferns are the two smaller royal-octavo
volumes of “Nature-Printed British Ferns”, also with text by Moore and illustrated by
Bradbury with 122 Nature Prints (Moore, 1859/60; Figs 4, 5). Volume 1 was first
published in October, 1859 and Volume 2 in June, 1860 (Hall, 1984) although both

60

FERN GAZ. 17(2): 59-77. 2004

volumes are dated 1859 on the decorative title page, which has a small fern Nature Print
in a vignette. the title pages and bindings were designed by Bradbury’s friend John
Leighton F.S.A., a noted colour printer. Each volume cost 2 guineas (£2.10).
Bradbury’s technique had improved by the time that these were produced and there is
no evidence of touching up (Harris, 1970). Both volumes were re-issued in 1863 in a
cheap edition at £3. this later edition has the original decorative title page dated 1859
but the actual date of publication, 1863, on the main title page.
it is widely believed that the 2 works referred to above contain the only fern NaturePrints that Bradbury published. Nigel Hall (1984) states, referring to the folio Ferns,
“Nothing like this had been produced before…” and “Nature-printing, which would
have been a failure if applied to flowering plants, recorded fern forms accurately and
with great effect.”. there is no mention of the fact that Bradbury had published NaturePrints, of flowering plants and ferns, in 1854 before any of the books produced with
Moore. He did not publish any more prints of flowering plants though shortly before he
died he advertised the intention to do so (Bradbury, 1860). the fern prints confirmed
the suitability of this material for his method of nature-printing, a fact that he clearly
recognised. According to a report of his 1854 lecture to the Royal institution (Anon,
1855), he stated: “Ferns, by their peculiar structure and general flatness, are especially
adapted to develope (sic) the capabilities of the process, and there is no race of plants
where minute accuracy of delineation is of more vital importance than the Ferns; in the
distinction of which, the form of indentations, general outline, the exact manner in
which the repeated subdivision is effected, and most especially the distribution of veins

Figure 1. Henry Bradbury’s published works. Left: Moore’s folio “Ferns of Great
Britain and Ireland” (1855/56); Centre top: Moore’s octavo “Nature-printed British
Ferns” (1859/60); Centre Bottom: Johnstone and Croall’s octavo “Nature-printed
British Seaweeds” (1859/60); Right: Bradbury’s folio prints “A Few Leaves…”
(1854) (showing Plate 23, ‘Common Filago’).
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scarcely visible to the naked eye, play the most important part”. Perhaps this explains
why his next publication was “The Ferns of Great Britain and Ireland”.
the lack of awareness of the 1854 prints can be readily excused; they were not
issued as a book with text, they are not widely available for consultation, and very few
authors mention them (but see Cave & Wakeman, 1967; Elliott, 1993; Harris, 1970).
Even Bradbury (1856,1860) makes no later reference to the 1854 prints. Nevertheless,
they include some of his most striking nature-prints and they deserve to be better
known. the sesquincentennial year of their publication is an appropriate time to make
information about these and other early Bradbury fern prints more widely available.
uNPublisheD PriNts
Henry Bradbury (c.1829-1860, Fig. 6) went to the imperial Printing Office of Vienna in
August, 1852, to observe Auer’s technique for Nature-Printing. After returning from
Vienna early in 1853, Bradbury introduced the technique to his father’s printing firm,
Bradbury & Evans, in London. in June, 1853, they took out British Patent No. 1164 for
what they claimed was a modification of the method. More information about Henry
Bradbury and his technique has been presented by Wakeman (1966) and Cave &
Wakeman (1967).
After returning from Vienna, Henry Bradbury must have produced some trial
Nature-Prints before any were published. in the absence of any surviving Bradbury &
Evans archives, little is known about these early efforts. However, in the Wellcome

Figure.2. Moore’s folio “Ferns of Great
Britain and Ireland” (1855/56), Plate L
‘Osmunda regalis’.

Figure.3. Moore’s folio “Ferns of Great
Britain and Ireland” (1855/56), Plate V
‘Polypodium Phegopteris’ (=Phegopteris
connectilis)
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Library there are some unpublished Bradbury Nature-Prints. One is a small print
(226mm x 117mm), without a plate mark, of three flowering plants in four colours
(Meianthemum bifolium, a crocus, and an anemone). the other print, of which there are
two identical copies, is of the fern Polystichum aculeatum, wrongly identified in the
Wellcome catalogue as Dryopteris filix-mas. it is unlike any of the published fern
prints; it is from a different specimen, the platemark is narrow (458mm x 200mm) and
contains only a single frond, and there is no plant name. On none of these prints is there
a plate number. in the bottom right-hand corner of both the flowering plant and the fern
print is printed “PRiNtEd iN COLOuRS BY BRAdBuRY & EVANS, PAtENtEES,
WHitEFRiARS”, as in all the published prints. At the bottom of both prints within the
plate mark is printed “PHYtOGLYPHY OR tHE ARt OF PRiNtiNG FROM
NAtuRE”. the term ‘phytoglyphy’ does not appear on any published print. Bradbury
notified Auer in a letter dated december, 1853, that he had called the nature-printing
process ‘Phytoglyphy’ (Cave & Wakeman, 1967) but he seems to have soon abandoned
the term for his published work and in 1860 refers instead to “autotypography”
(Bradbury, 1860). this seems to indicate that, despite the date “c.1860” in the Wellcome
catalogue entry, both plates were produced early, before the 1854 publication, but after
the patent was issued in 1853. these may be the earliest known Bradbury Nature-Prints.
they can be seen on the Wellcome Photographic Library web site
(http://medphoto.wellcome.ac.uk).

Figure 4. Moore’s octavo “Nature-printed British Ferns” (1859/60), Plate CViii
‘Hymenophyllum tunbridgense’.

Figure 5. Moore’s octavo “Nature-printed British Ferns” (1859/60), Plate XiV
‘Gymnogramma leptophylla’ (=
Anogramma leptophylla).
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PublisheD PriNts - braDbury (1854)
Bradbury’s first published fern Nature-Prints were issued, in 1854, as part of a set of
prints with a long title beginning “A Few Leaves……” but no text. the page dimensions
are 556mm x 368mm, approximately the same as those of the imperial-folio ferns.
Wakeman (1966) refers to a ‘volume’ of 21 prints and Wakeman (1984) again states that
21 were issued but Harris (1970) refers to a volume containing “33 prints from wild
flowers”. it now seems clear that the prints were offered for sale unbound, and, as stated
on the original title page, either singly at 1s 6d (7.5p) each or in sets of 21 at 1 guinea
(21s, £1.05), selected from a longer list. they seem to have been considered by
Bradbury as curiosities or an advertisement rather than a book. it is not known how
many sets were sold or donated but Peter Heilmann (pers. com. 1988) is of the opinion
that maybe only 20 or 30 sets were issued. Several libraries of botanical institutions and
stately homes that i contacted do not possess a set. A survey in the late 1980s of several
antiquarian booksellers in London and Edinburgh revealed that none had seen a copy in
the previous 50 years, though in 2001 a set of 33 prints was offered by Marlborough
Rare Books at £7500. in addition, according to Wakeman (1966), “half a leaf from ‘A
Few Leaves Nature Printed’” provides an illustration in the Bodleian copy of ‘The Art
Exemplar’ by J.W.Stannard (c.1858).

Fig.6. A portrait of Henry Bradbury from
a Bradbury & Wilkinson brochure issued
in 1988 (identified by Ray Marshall,
Consultant Archivist, de La Rue, pers.
com., 2003, and reproduced here with
permission).

Fig.7. the cover of my copy (AFd) of
Bradbury (1854). the 21 plates were
apparently bound by an early owner and
mistakenly titled “Fern leaves from
Nature Printing” (instead of “A Few
Leaves…..”) despite the fact that only 3
plates are of ferns.
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Research soon revealed that, although most sets contain some fern prints, there are
some differences in the total number of prints and, even when the same number of prints
are present, the sets frequently do not contain the same prints (table 1). As a
consequence, a full description of this publication is only possible after examination of
all available sets. With the help of Caroline Marten, i have so far been able to locate 11
sets, nine of them in museums and institutional libraries. these are described for the
first time below. i would welcome information from anyone who knows of other sets of
these prints.
the 11 Known sets of Prints
the 11 sets that have been traced to date are described below. Each has an abbreviated
title referring to its location: Ri (Royal institution Library, London); BL (British
Library); BLO (Bodleian Library, Oxford); CuL1 (Cambridge university Library,
Reference Number: MH.7.8); CuL2 (Cambridge university Library, Reference
Number: CCF.47.19); PuNCH (Punch Cartoon Library and Archive, London); CuL3
(Cambridge university Library, Reference Number: Waddleton.bb.9.1.38); V&A
(Victoria and Albert Museum Print Library, London); AFd (privately owned, A F
dyer);WL (Welcome Library, London); MF (privately owned in New Zealand). the
prints present in each set are shown in table 1. Prints numbered 1-33 are those present
in the set (Ri) given to the Royal institution by Henry Bradbury, numbered according
to the list accompanying the prints. Prints numbered (34) - (39) are those additional
prints occurring in other sets.
Ri
As stated by Wakeman (1966), one set of prints (Ri) is held at the Royal institution.
together with a copy of folio ferns, this set was presented to the Ri by Henry Bradbury.
According to a manuscript note attached, it was donated on 8 February,1855, after the
prints had been first published the previous year but three months before he gave a
lecture about the technique (Anon, 1855; Bradbury, 1856); perhaps he presented them
in response to the invitation to speak. they were apparently donated in the loose state.
the prints were bound in May, 1965, into a green cloth-covered volume with ‘Nature
Printing. Bradbury and Evans’ on the spine.
there are 33 prints (table 1), most of them in good condition apart from some dirt
and discoloration around the margin outside the plate mark, no doubt due to over a
hundred years of handling before they were bound. there is a title page giving the full
title: “A FEW LEAVES REPRESENTED BY “NATURE-PRINTING” SHOWING THE
APPLICATION OF THE ART FOR THE REPRODUCTION OF BOTANICAL AND
OTHER NATURAL OBJECTS. WITH A DELICACY OF DETAIL AND
TRUTHFULNESS TO NATURE UNOBTAINABLE BY ANY OTHER KNOWN
METHOD OF PRINTING.” and, under the firm’s crest, the additional information:
“PRINTED AND PUBLISHED BY BRADBURY & EVANS, 11 BOUVERIE STREET,
WHITEFRIARS, LONDON. MDCCCLIV. PRICE 21s.; OR SEPARATELY,1s. 6d.
EACH.”. On the verso of the title page are printed “OPINIONS OF THE PRESS” with
the headings: “ATHENAEUM”, “THE TIMES”, “DAILY NEWS”, “EXAMINER”.
there then follows a page printed in the same style and headed “NATURE-PRINTING
SPECIMENS. LIST OF PLATES.”. there is little doubt that these pages were printed
and supplied by Bradbury. the list of plates is numbered, but the prints themselves are
not numbered although they were arranged in the same sequence when bound. the
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numbering system used by Bradbury seems to be quite arbitrary and there seems to be
no logic to the order (for example, ferns appear among the angiosperms at Nos 15, 20,
25, 26, and 32). these plate numbers will be used in the rest of this account for
reference purposes. All the prints listed are present in the Ri set and no prints are present
that are not listed. At the bottom of the list of prints is the following advertisement:
“Notice. - Messrs. Bradbury & Evans beg to announce that they are preparing for
publication, in Monthly Parts, a PERFECT COLLECTION of the BRITISH FERNS,
accompanied by scientific and popular descriptions of all indigenous species and
varieties, with instructions for their cultivation.”.
BL, BLo, and CuL1
three other sets identical to the Ri set have since been located, one at the British
Library (BL), one at the Bodleian Library, Oxford (BLO) and one at Cambridge
university Library (CuL1) (table 1). All three have the same title page, press opinions
and list of plates, and the prints are unnumbered but bound in the order as listed. All
three are in contemporary binding, either green or brown. BL and BLO have “NAtuRE
PRiNtiNG” on the spine. in BL, each print has a British Museum stamp and although
there is no information about its history, it is likely that it was a Copyright Act deposit.
Several BL prints (e.g. Nos 2, 5, 16, 26 and 31) have clearly visible ink marks on the
background where the plate surface has not been adequately cleaned before printing.
Regarding CuL1, Nicholas Smith (under-librarian, Rare Books department, Cu
Library) tells me that it too was probably received under Copyright Act deposit, and
according to the records was “Collated Feby 24, 1856”, a year after the Royal
institution set was donated.
CuL2
Cambridge university Library has a second, unbound, set (CuL2) (table 1), consisting
of only 21 prints. it has no title page or list of plates. All the prints are represented in
the list of 33 in Ri. this set, previously kept in the department of Plant Sciences, was
donated in 1943 by a Miss Borrer. there maybe a connection with William Borrer
(1781-1862), a highly esteemed British botanist and horticulturist, who contributed to
Newman’s ‘A History of British Ferns’ (1840) and assembled a considerable botanical
library. this set appears to be one of the sets of 21 sold to the public where the
purchaser has chosen the required prints from the full list of 33.
PuNCH
the Punch Cartoon Library and Archive possesses a set (PuNCH) of 3 prints (table 1);
all 3 are also found in the Ri list. they were either obtained singly or are the incomplete
remnants of a larger set. Nothing of their history is known but the fact that Bradbury &
Evans owned Punch at the time the prints were made might provide a clue.
CuL3
the third set (CuL3) owned by Cambridge university Library is particularly
interesting. it consists of 33 prints, but not the same 33 as in Ri, BL, BLO and CuL1.
Although the five fern prints (Nos 15, 20, 25, 26 and 32) are still present, five of the
flowering plant prints in Ri (Nos 2, 8, 12, 22, and 24) are missing and 5 different ones
(Nos (35) to (39)) have been added (table 1). Furthermore, the title page is different; it
begins with “BY ROYAL LETTERS PATENT. A FEW LEAVES FROM THE NEWLY
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INVENTED PROCESS OF “NATURE-PRINTING”. SHOWING THE APPLICATION
OF THE ART FOR THE REPRODUCTION OF BOTANICAL AND OTHER NATURAL
OBJECTS.”. there is no Bradbury & Evans crest. At the bottom of the page, the date
“MDCCCLIV” is the same as in Ri, but “PATENTEES” has been inserted after
“BRADBURY & EVANS”. there are no press opinions or list of plates. it is in a
contemporary binding. Bought by Cambridge university in 2001 from Marlborough
Rare Books, it has an autograph of ‘G.B.Rose’, presumably a previous owner. it seems
unlikely that Bradbury would have deposited for Copyright purposes sets that were
incomplete at the time, so CuL3 may be a later set than BL et al.. the title page appears
to have been produced after the Patent had been granted (in June, 1853) though still in
1854. the presence of additional prints suggests that CuL3 was assembled after the Ri
set was donated in February 1855. it might also have been a presentation copy but is
unlikely to have been deposited for later Copyright purposes because it was in private
hands at a later date. Why it contained the same, apparently arbitrary, number (33) of
prints as Ri, BL, BLO and CuL1 after additional plates had been made is less clear.
V&A
the Victoria & Albert Museum print collection contains a set (V&A) of 21 prints (table
1). they are unbound but individually mounted. there is a loose title page, which is the
same as CuL3, but no list of plates. they are numbered for the V&A catalogue but the
sequence is not taken from the Ri list. the prints include one (No.(35)) which is in
CuL3 but not in Ri, and one print (No.(34)) that is in neither. thus it becomes clear that
at least 39 different prints were produced. the title page links this set to CuL3. V&A
appears to be another privately purchased set of 21, this time chosen from a list
including prints not present in Ri.
AFd
Another set (AFd) was the first one i saw. i bought it in 1986. i had seen an
advertisement for “two large illustrated fern books” in the Personal Column of the
institute of Biology journal “Biologist”. Enquiries by telephone revealed that a private
girl’s school in Sussex was selling the books, which had been found at the back of a
cupboard, to raise funds for equipment for the biology laboratory. From the description,
one was clearly the folio “Ferns of Great Britain and Ireland”. the other was described
as a book of similar size and binding called “Fern Leaves from Nature Printing”. A
meeting was arranged in a conveniently located pub, where my suspicion that, despite
the different title, the second book was a copy of Bradbury (1854) was confirmed, and
a transaction rapidly completed.
AFd contains 21 prints (table 1), one of which is not in Ri. it is in a contemporary
binding (Fig. 7) but there is no title page. When the set was bound, probably by the first
owner, the title was incorrectly stated on the outside of the front cover. it is titled “Fern
Leaves…..” instead of “Few Leaves…” despite the fact that only 3 of the prints are of
ferns. the prints are not bound in the same sequence as in the Ri set. Labels inside
reveal that at some time before 1939 this volume had been through the hands of H M
Gilbert, Booksellers of Southampton and had been bought on 1 November 1947 by
Varndean Field Club. unfortunately, as in some other sets, a few of the prints are badly
foxed. there is one print (No.(35)) that is also present in CuL3 but not in Ri. Like
V&A, AFd appears to be a privately purchased set of 21 prints chosen from the longer
(and later?) list. it is interesting to note that Print Nos 12 and 22, absent from CuL3,
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were still available when AFd was first bought.
WL and mF
the two other sets that have been located differ from all the rest in two significant
respects. Each set consists of 14 prints, and in the bottom left hand corner of each print
under “Nature Printing” are printed the word “Plate” and a number. Otherwise every
print is identical to a print in one or other of the sets described above. the engraved
plate numbers on the print do not coincide with the numbers of the corresponding plates
in the Ri list, nor are they in the same sequence.
One set (WL) (table 1) is in the Wellcome Library, London. the prints can be
viewed on the Wellcome Photographic Library website, Photo nos 43911 to 43924. this
set does not include a fern print. WL is unbound and there is no title page or list of
plates. All the prints have been trimmed to the plate mark by cutting or tearing. the
paper is similar if not identical to that used in the other sets. One of the prints (No.(37))
is not included in Ri but is in CuL3. the engraved plate numbers are not in a
continuous sequence and range from 1 to 23. the Wellcome Library catalogue states: “
imprint - [Edinburgh c. 1867] (London : Bradbury & Evans, patentees, Whitefriars)”
and “ Note - Plate to: Baildon, [Nature printing], Edinburgh, c.1867”. the exact
significance of these notes is not clear but the librarian was unable to locate any other
information on a connection with Baildon and Edinburgh, or to establish the source of
the information in the computer records. Henry Craven Baildon (1806-1881) was a
leading Edinburgh pharmacist with a pharmacy at 73, Princes Street. He published
accounts of the medicinal properties of certain plant extracts but he clearly also had
interests in printing. He patented a secure process for crossing banker’s drafts and on
May 15,1867, registered a patent (No.1432) for a method of nature printing from ferns
and other plants. this method was quite distinct from Bradbury’s and involved
chromolithography; the impression was taken on transfer paper direct from the frond
and transferred onto a lithographic stone for printing. in 1869, he produced from his
Edinburgh address “Baildon’s Nature-Printed Ferns” (Moore, 1869), published by
L.Reeve & Co. London and printed in Edinburgh. this has 4 chromolithographic prints
of an assortment of 12 exotic species and native varieties, and text by thomas Moore.
Clearly, Baildon had an interest in nature printing, especially of ferns, during the 1860s
and would have been aware of Bradbury’s earlier publications. He might well have
made an arrangement with Bradbury & Evans after Henry Bradbury’s death in 1860 to
re-issue “A few leaves…” before developing his own method, although there is no
confirmation of this among the Bradbury & Evans correspondence held in the Bodleian
Library. Perhaps it was Baildon who decided to add the plate numbers and make the
prints available to the public in sets of 14 chosen from a longer list. the prints are so
similar to the other sets, apart from the added plate numbers, that it is hard to believe
that they were not also printed by Bradbury & Evans using the original plates, or new
copper replicas of the same original lead impression. if on the other hand they were
printed in Edinburgh, the original process must have been replicated exactly. this is the
only indication of a second issue of the Bradbury (1854) prints.
the last of the 11 sets (MF, table 1) known to me is privately owned in New
Zealand, where it was taken in 1880. it is unbound. i have seen 6 prints (Nos 7, 11, 13,
16, (34) and (36)); the owner provided the full list of 14. MF contains 4 prints ((34),
(36), (37), (38)) not in Ri but in either CuL3 or V&A. Like WL, this set also lacks fern
prints but it does not contain the same 14 flower prints. Plate numbers of MF (absent

68

FERN GAZ. 17(2): 59-77. 2004

from one print, probably due to damage) range from 2 to 31. Four prints (Nos 7, 10, 11
and 16) are common to both WL and MF and have the same engraved plate numbers.
Close, detailed, comparison of prints and paper from AFd and MF (Nos 7, 11 and 13)
revealed no detectable differences other than some small variations in ink density. MF
thus appears to be another set of 14 prints, with added plate numbers, chosen by the
original purchaser from a list of at least 31. it is likely to have the same origins as WL.
it is not possible to deduce from the available information whether the lack of fern
prints in WL and MF is because the ferns had been removed from the list of available
prints or because both the purchasers chose only flowering plants.
the 39 Known Nature-Prints comprising bradbury (1854)
in all of these sets, the prints differ from all Bradbury’s later published Nature-Prints in
that there is a distinct plate mark, the dimensions of which vary between plates. in the
later prints (Moore, 1855/56, 1859/60), either the plate was larger than the paper or the
plate mark was removed.
there are some curious minor differences between the 39 prints. Most have at the
bottom of the Plate, within the plate mark: “Nature Printing” in several different fonts
in the left-hand corner; then the family, Latin name and common name of the specimen
in the middle, and then “PRINTED IN COLOURS BY BRADBURY & EVANS,
PATENTEES, WHITEFRIARS, LONDON.”. One plate (No.3), of Chelidonium majus,
is in ‘landscape’ format, the remainder in ‘portrait’. (there are no landscape plates in
Moore, 1855/56). Five prints (Nos 3, 5, 20, 26 and 32) differ in having the Family name
at the top; 3 of these prints are of ferns but there is nothing else that obviously links any
of the five prints involved. One other print (No. 15) has all the other names as well as
the family name at the top; it is again a fern and this positioning may simply be to
accommodate the folded frond (Fig. 8). Finally, four prints (Nos 3, 10, 21, and 24) have
“colors” instead of “colours”; again there is no obvious link between the four.
Of the total of 39 plates, 5 are of ferns (Nos 15, 20, 25, 26 and 32; Figs 8, 9) and 34
are of flowering plants, mostly herbaceous perennials (Figs 1, 10, 11). Nothing is
known about the reasons, if any, for the choice of plants used for the Nature-Prints or
whether they were chosen, collected and pressed by Bradbury or someone else, such as
Lindley or Moore. there is no obvious taxonomic, pharmaceutical or ecological theme,
although fifteen prints are of plants with “Common” in their English names and several
are wetland species (Nos 2, 15, 19, 24, 32, 33, (36)). No.25 (Asplenium marinum) grows
naturally only on walls and rocks close to the sea but most of the other plants would
have been relatively easily available in the south of England, as garden plants or
escapes if not as native plants. A few (No. (36), (38)) are found exclusively in the south
of Britain. Most of the specimens must have been originally collected between early
and late summer.
Although Wakeman (1966) says of the folio ferns: “one fern illustrated is the same
as one which appeared in “A few leaves…….”, all 5 fern species represented in
Bradbury (1854) are also illustrated in Moore (1855/56). Perhaps it was the success
with these specimens published in 1854 that prompted the decision to illustrate Moore’s
fern book. However, different specimens and plates were used for all five species and
two were renamed in the later work. Lastrea spinosa New. (No. 15, Fig.8) in Bradbury
(1854) became L. spinulosa Presl. (now = Dryopteris carthusiana), with no mention of
the name ‘Withering’s Fern’, in Moore (1855/56). L. recurva New. (No. 20) in
Bradbury (1854) was changed to L. foenisecii Watson (now =D. aemula), with no
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mention of ‘Bree’s Fern’ in the later work.
Some of the minor differences between some plate names as given in the Ri list and
the corresponding name engraved on the plates (see table 1) indicate that the engraver
was working from a hand-written list of names that were unfamiliar to him.
suMMary
Henry Bradbury produced at least 6 fern Nature-Prints before Moore (1855/56). His
unpublished ‘Phytoglyphs’, including one of Polystichum aculeatum in the Wellcome
Library, may be earlier than his first published Nature-Prints of ferns in “A few
leaves….” this publication has no text, but there is a printed list of plates and a title
page with the date ‘1854’. the prints were certainly produced before February 1855,
when an unbound set of 5 prints of ferns and 28 of flowering plants was donated by him
to the Royal institution. A similar set of 33 plates, with the same title page and list of
plates, was acquired by each of the British Museum (now British Library), Bodleian
Library, Oxford, and Cambridge university Library, probably as Copyright Act
deposits. Another set of 33, with a different title page and at one time privately owned
but now at Cambridge university Library, contains some additional plates of flowering
plants. All these sets were bound after they had been acquired. According to an

Figure 8. Bradbury (1854), Plate 15:
‘Lastrea spinosa, Withering’s Fern’ (=
Dryopteris carthusiana).

Figure 9. Bradbury (1854), Plate 26:
‘Scolopendrium vulgare, Common Hart’s
tongue’ (=Phyllitis scolopendrium).
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announcement on the title page, unbound plates were also sold singly and in sets of 21
selected plates. three 21-print sets, with different selections of plates but all including
some ferns, and an incomplete set of 3 prints have been traced. Only one of these sets
has a title page, and only one is bound. An unbound set can be seen at the Victoria &
Albert Museum. taken together, these sets reveal that at least 39 different plates were
produced. these prints are notable for including the only Nature-Prints of flowering
plants published by Bradbury. Five prints are of ferns. the prints were later re-issued,
after plate numbers had been engraved on the original plates, probably in sets of 14
selected from the full list. two of these 14-print sets, without title pages and unbound,
are currently known; neither includes any fern prints. One of these sets is in the
Wellcome Library and can be viewed on their web-site. the Wellcome records indicate
that these numbered prints in sets of 14 were issued by Baildon in Edinburgh, c.1867.
the source of this information has not been traced, nor is it known whether these sets
were printed in London by Bradbury & Evans nine years after the premature death of
Henry Bradbury, or in Edinburgh using the same plates and similar paper.

Figure 10. Bradbury (1854), Plate 5:
‘Alchemilla vulgaris, Common Lady’s
Mantle’.

Figure 11. Bradbury (1854), Plate 35:
‘Primula vulgaris, Common Primrose’.
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RI List
NAME OF PLATE
Numbers Nos 1-33: name as given in RI list; the
1-33, plus same text is on the plate, unless noted
extra prints
otherwise.
(34) - (39)
Nos (34)-(39):name as on plate.

2

3

CUL2

33 prints 21 prints

PUNCH

3 prints

+

+

+

+

+

+

+

+

CUL3

V&A

AFD

WL

MF

33 prints 21 prints 21 prints 14 prints 14 prints

+

+

+

+

+

+

+

+
13
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1

(Differences in font size within each
name are not reproduced below)
UMBELLIFERAE, JUSS.
(Bupleurum rotundifolium, L.)
COMMON HARE'S EAR
('Buphorum' on plate)
LABIATAE, JUSS.
(Mentha aquatica, L.)
WATER CAPITATE MINT
PAPAVERACEAE, JUSS.
(Chelidonium majus, L.)
COMMON CELANDINE

RI;
BL;
BLO;
CUL1

72

table 1. the prints represented in the 11 known sets of Bradbury (1854)
"+" indicates a print present in the set(s) identified by an abbreviation in the top row of the column; sets are described in full in the text.
Abbreviations as follows: Ri (Royal institution Library, London); BL (British Library); BLO (Bodleian Library, Oxford); CuL1 (Cambridge
university Library, Reference Number: MH.7.8); CuL2 (Cambridge university Library, Reference Number: CCF.47.19); PuNCH (Punch Cartoon
Library and Archive, London); CuL3 (Cambridge university Library, Reference Number: Waddleton.bb.9.1.38); V&A (Victoria and Albert
Museum Print Library, London); AFd (privately owned, A F dyer);WL (Welcome Library, London); MF (privately owned in New Zealand).
Numbers in the WL and MF columns are the Plate Numbers engraved on the plate
Prints not on the Ri list have been arbitrarily allotted Nos (34) to (39).

5

6

7

8

9

10

11

12

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+
1

*

+
8

+
8

+
9

+

+

+

+
14

+

+

+

+

+

+
6

+
6

+

+

+

+

+

+
2

+
2

+

+

+

+
17
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RUBIACEAE, JUSS.
(Galium cruciatum, L.)
CROSSWORT BEDSTRAW
ROSACEAE, JUSS.
(Alchemilla vulgaris, L.)
COMMON LADY'S MANTLE
LABIATAE, JUSS.
(Stachys sylvatica, L.)
HEDGE WOUNDWORT
HYPERICACEAE.
(Hypericum eloides, L.)
MARSH ST. JOHN'S WORT
('WART' on plate)
CAPRIFOLIACEAE, JUSS.
(Viburnum opulus, L.)
COMMON GUELDER ROSE
POLYGALACEAE, JUSS.
(Polygala vulgaris, L.)
COMMON MILKWORT
LEGUMINOSAE, JUSS.
(Orobus tuberosus, L.)
TUBEROUS BITTER VETCH
CARYOPHYLLACEAE, JUSS.
(Arenaria trinervis, L.)
THREE-NERVED SANDWORT
COMPOSITAE, JUSS.
(Gnaphalium uliginosum, L.)
MARSH CUDWEED
('Guaphalium' on plate)
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14

15

16

17

19

20

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+
11
+

+

+

+

+

+

+

+

+

+

+
26

+
11

+

+
3

+

+
30
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18

PRIMULACEAE, VENT.
(Lysimachia nemorum, L.)
YELLOW PIMPERNEL
TILIACEAE, JUSS.
(Tilia Europa, L.)
COMMON LIME TREE
FILICES.
(Lastrea spinosa, New.)
WITHERING FERN
('new.' and 'WITHERING'S' on plate
LEGUMINOSAE, JUSS.
(Vicia sylvatica, L.)
WOOD VETCH
URTICACEAE, JUSS.
(Urtica dioica, L.)
GREAT NETTLE
ROSACEAE, JUSS.
(Potentilla tormentilla, Sibth.)
TORMENTIL
('Tormentilla' on plate)
PRIMULACEAE, VENT.
(Lysimachia vulgaris, L.)
GREAT YELLOW LOOSE-STRIFE
('LOOSE STRIFE' on plate)
FILICES, LINN.
(Lastra recurva, New.)
BREE'S FERN
('Lastre' and 'Newn.' on plate)
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22

23

24

25

26

27

28

29

+

+

+

+

+

+

+

+

+

+

+
7

+

+
23

+

+

+

+
10

+

+

+

+

+

+

+
21

+

+

+

+

+

+

+
**

+

+

+

+
22
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GROSSULARIACEAE, DECAND.
(Ribes alpinum, L.)
MOUNTAIN CURRANT
('DE CAND' and 'Alpinum' on plate)
EUPHORBIACEAE, JUSS.
(Mercurialis perennis, L.)
DOG'S MERCURY
COMPOSITAE, JUSS.
(Filago Germanica L.)
COMMON FILAGO
ROSACEAE, JUSS.
(Spiraea ulmaria, L.)
MEADOW SWEET
('Ulmaria' on plate)
FILICES.
(Asplenium marinum, L.)
SEA SPLEENWORT
FILICES, LINN.
(Scolopendrium vulgare, Sym.)
COMMON HART'S TONGUE
ONAGRACEAE, JUSS.
(Epilobium angustifolium, L.)
ROSE-BAY WILLOW-HERB
LILIACEAE, JUSS.
(Convallaria majalis, L.)
LILY OF THE VALLEY
COMPOSITAE, JUSS.
(Serratula tinctoria, L.)
COMMON SAW-WORT
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31

32

33

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+
24

+

+

+

+

+
16
+

+

+

+

+
15
+
12

+?
12*
+
31
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(34)
NOT ON
RI LIST
(35)
NOT ON
RI LIST
(36)
NOT ON
RI LIST
(37)
NOT ON
RI LIST
(38)
NOT ON
RI LIST

COMPOSITAE, JUSS.
(Solidago virgaurea, L.)
COMMON GOLDEN-ROD
('Virgaurea' on plate)
COMPOSITAE.
(Petasites vulgaris, Desf.)
COMMON BUTTER-BUR
FILICES, LINN.
(Osmunda regalis, L.)
FLOWERING FERN
('Osmund' on plate)
RANUNCULACEAE, JUSS.
(Caltha palustris, L.)
COMMON MARSH MARYGOLD
CRUCIFERAE
(Arabis hirsuta, Por.)
HAIRY ROCK-CRESS
PRIMULACEAE, VENT.
(Primula vulgaris, Huds.)
COMMON PRIMROSE
RANUNCULACEAE, JUSS.
(Thalictrum flavum, L.)
COMMON MEADOW RUE
RUBIACEAE, JUSS.
(Galium erectum, Huds.)
UPRIGHT BED-STRAW
CUCURBITACEAE, JUSS.
(Bryonia dioica, Jacq.)
RED BERRIED BRYONY
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30

SOLANACEAE, JUSS.
(Solanum nigrum, L.)
COMMON NIGHTSHADE

Title page present (Type 1 or Type 2)

+

YES (1)

NO

NO

YES (2)

YES (2)

NO

NO

NO

'Opinions of the press' present
'List of plates' present

YES
YES

NO
NO

NO
NO

NO
NO

NO
NO

NO
NO

NO
NO

NO
NO

Plates numbered (plate numbers shown in
appropriate squares under WL and MF):
Plates in contemporary binding (cb), modern
binding (mb), or unbound (ub):

NO

NO

NO

NO

NO

NO

YES

YES

RI: mb;
BLO: cb;
BL: cb;
CUL1:cb

ub

ub

cb

ub

cb

ub

ub

* the owner of MF reports that the set contains "Galium cruciatum, Plate No. 12". Assuming "Plate No. 12" is correct, the print is of Galium
erectum (No (37) above).
** the owner of MF reports that the set contains the plate of Spiraea ulmaria but gives the Plate No. as "?", probably because the corner of the
print has broken off.
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a Natural history oF FerNs. robbin Moran. 2004. Hardback with dust
cover. 301pp., 144 figures (line drawings and photographs), 26 pls (colour).
iSBN 0-88192-667-1. timber Press. £22.50.
there are various ways of writing reviews, just as there are many ways of writing books
on ferns. Some books can be catalogues, listing families, genera and species, useful for
taxonomists or plant geographers, but of only a passing interest to many pteridologists
and their reviews cannot be much else than praising or disputing the taxonomy. Others
books may be scientific compilations of facts aimed at students at one level or another
and the reviewer tries to asses their value in teaching curricular. Horticultural fern
books are something else again and the reviewer is pleased to find good ones not that
only instruct on how to grow ferns but ones that inspire the reader to get out there and
do it. Occasionally there are more general fern books that are interesting to read and a
pleasure to review.
Once i reviewed what i described as the worst book on ferns i had ever read. it was
not only full of mistakes, but it was boring as well. Now it gives the greatest pleasure
to review one of the best books on ferns that i have ever read – not skimmed, not dipped
into, but read. Robbin Moran writes in such an easy and interesting style taking the
reader from observations and personal reminiscences into facts and back again with
such ease that science becomes part of the story and the story becomes part of the
scientific understanding. Enthusiasm comes through from the author’s wide knowledge
of the subject, something which dragged me inexorably onward to the end of the
particular story that was unfolding on the pages.
it is not a text book, nor a field guide, but an exploration of the biology of ferns,
with side excursions into lycophytes and horsetails, their life in the wild, their fossil
history, and how they affect our lives. the book is written as a series of essays that
follow on from each other in a logical sequence to introduce the reader to a full range
of fern facts. Broken down into sections on the Life Cycle of Ferns, Classification,
Fern Fossils, Adaptations by Ferns, Fern Geography, and Ferns and People, Robbin
Moran manages to bring the subject alive in a series of chapters that intermingle facts
with information about the people who discovered them, personal observations and the
odd quote here and there from historic books and poets. When was the last time you
read an interesting science book that started with a quote from Shakespeare? the use
of a quote from Henry iV gripped my attention from the very start; an inspired
beginning that promised much, and delivered, as the story progressed. if you don’t
know why it was from this particular play you should read the book to find out.
Anyone who reads the Fiddlehead Forum of the American Fern Society will find
many of the chapters familiar, but Robbin Moran has revised, enlarged and updated
them, then aligned them with new chapters in order to weave his personal voyage
through the natural history of ferns. there are monochrome and colour photographs
and line drawings that augment the written information, a useful glossary, some key
references and an index.
i can do no better than quote Oliver Sachs from his foreword to the book “A Natural
History of Ferns not only represents science writing at its best, but is a delightful
adventure into the world of one of our foremost botanists; it is stimulating, enthralling,
a beautiful companion for any fern lover.” My only other thought is to wonder why it
is not in paperback and in the popular science section of airport bookshops; it’s as good
as the best you can find there. So, i leave you with two words – buy it.
Barry A. thomas.
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abstract
Gametophytes of Trichomanes speciosum Willd. (Hymenophyllaceae:
Pteridophyta) have been reported for the first time in two localities in the
Westsudetian Highland, Lower Silesia, SW Poland. they form the easternmost
outposts of this taxon in Europe, suffering the most severe climatic conditions in
the extent of its occurrence. At both sites gametophytes occur in horizontal rock
fissures in upper Cretaceous sandstone, surrounded by degraded eastern oakhornbeam forests. the gametophytes are very small (up to 2 cm diameter) and
sparse.
iNtroDuctioN
the Killarney Fern Trichomanes speciosum Willd. (syn. Vandenboschia speciosa
(Willd.) G.Kunkel) is the only European representative of a predominantly tropical
genus. it is a Macaronesian-European endemic (Rumsey et al. 1998b), classified as an
extremely oceanic Hymenophyllum wilsonii-element of pteridophyte flora (Birks 1976).
the restriction of Trichomanes speciosum sporophyte to areas of hyperoceanic climate,
coupled with its historical excessive collection, resulted in legal protection throughout
the species range under the Bern Convention (Anon. 1979) and Habitat directive
(Anon. 1992). Sporophytes and gametophytes of Trichomanes speciosum are perennial
and both phases of its life cycle are capable of vegetative propagation, with extensive
clonal development of either generation. they have often existed as spatially separated
populations (Farrar 1985), where sporophytes are restricted to the European Atlantic
fringe (Jalas & Suominen 1988) and gametophyte distribution extends over the more
continental part of Central Europe (e.g. Vogel et al. 1993, Rumsey et al. 1998b).
the bright green epilithic mats of Trichomanes speciosum gametophytes at first
glance resemble the protonema of bryophytes or filamentous algae. the gametophyte
prothalli consist entirely of highly branched filaments with numerous peripheral
chloroplasts (Krippel 2001, Makgomol & Sheffield 2001). Recognition of the
distinctive ecology and habitat of Trichomanes speciosum gametophytes resulted in
independent discoveries in: Britain, France (northern Vosges), Luxembourg (Suisse
Luxebourgeoise), Germany (Eifel, Spessart, Rhön, Oberpfälzer Wald,
Elbsandsteingebirge) and the Czech Republic (‡eské Švýcarsko, Labské pískovce,
Kokoéínsko, ‡eský ráj, Parchovské skály) (e.g. Rumsey et al. 1990, Vogel et al. 1993,
Rumsey et al. 1998a, Rumsey et al. 1998b, Krippel 2001, turo×ová 2002) (Fig. 1).
Gametophytes of Trichomanes speciosum Willd. have not been observed so far in
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Poland but the nearest localities are situated in the close vicinity – in the area of
Elbsandsteingebirge and ‡eské Švýcarsko, known also as Saxonian-Bohemian
Switzerland. these localities are connected with the Lower turonian sandstone massif
dissected by the river Elbe with many deep gorges, whose geomorphology is a crucial
ecological factor. these conditions are reflected by a relatively cooler and more humid
microclimate in the ravines and determine the frequent presence of rare arctic-alpine,
Atlantic bryophytes and vascular plants as well as Trichomanes speciosum
gametophytes. the presence of scattered Cretaceous sandstones areas in the Sudetes
foothills in Poland suggested the possible occurrence of Trichomanes speciosum there.
the climatic conditions of this area differ from neighbouring Saxonian-Bohemian
Switzerland massif in their greater continentality marked by lower mean air
temperature – ca. +7 °C to +8 °C, and rainfall – ca. 650 mm to 720 mm respectively
(Wiszniewski 1973, Vogel et al. 1993).
in early autumn of 2002 we made a reconnaissance of the potential localities of
Trichomanes speciosum in the central and western part of the Sudetes foothills with the
most pronounced oceanic climate features in comparison to the rest of the Sudetes
sandstones. during September and October of 2002 we visited the potential localities
in this area – both are isolated sandstone rocky formations and old quarries. in two
localities we found Trichomanes speciosum gametophytes. the classification of plant
communities follows Matuszkiewicz (2001). Plant distributions in 10-km grid squares
for Poland (AtPOL) are presented accordingly to Zaj·c (1978).
TRiCHomANes sPeCiosum iN PolaND
in October 2002 we found two sites with only a few colonies of Trichomanes speciosum
gametophytes in the West Sudetes foothills, Lower Silesia, SW Poland (Fig 1). the first
of them, called ‘Niedüwiedzia Jama’ (Bear Pit), is located near ZÓotoryja (N51º06'20''
E15º54'20''; AtPOL BE41). the gametophytes grew on the bare rock surface, free from
competition under the overhang of a small cave at ca. 250m altitude on medium-grained
sandstone of the lower turonian. Walls of this cave were colonised by
Pseudotaxiphyllum elegans (Brid.) iwats. the cave was located in the upper part of a
small valley that had a south-western aspect. the whole valley was covered by
managed eastern oak-hornbeam forest (degraded form of Galio sylvatici-Carpinetum
betuli Oberd. 1957) with very sparse undergrowth. the humus layer was thick and of
moder type. the second location, called ‘PanieÕskie SkaÓy’ (Maiden Rocks), is 2 km
south of Lwówek Ÿl·ski (N51º06'15'' E15º35'30''; AtPOL AE49) at ca. 260m altitude.
three small patches up to 3 cm2 of Trichomanes speciosum gametophytes were found
low down, in ca. 50 cm deep south-facing crevices, in coarse-grained sandstone rocks
of middle Cenomanian. in these crevices, gametophytes grew together with sparse
mosses e.g. Schistostega osmundacea and Distichum inclinatum (Hedw.) B., S. & G.
the sandstone ridge of up to 10 m high was surrounded by mixed forest with dense
undergrowth. the herb layer was also sparse and impoverished as in the first locality.
the thickness of humus layer and its type were similar too. Both Polish localities were
ca. 20km away from each other and had similar climatic conditions with mean yearly
temperature of +7.8ºC, mean temperature January of –2.0ºC and mean yearly rainfall of
660 mm (Wiszniewski 1973). the climate in this region is one of the mildest in Poland
with pronounced oceanic features. the geomorphology of both localities does not foster
temperature inversions.
reMarKs oN ecology
the narrow ecological amplitude of Trichomanes speciosum strongly limits the number
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of its potential sites. the main factor determining plant distribution is a suitable
microclimate with temperature and water supply the most important. the usual habitats
of epilithic gametophytes of Trichomanes speciosum were deep cracks and small caves
with limited light access. Consequently these habitats provide a moderately constant
humidity and thermal regime, which prevent drying out or freezing of the delicate plant
mats, resulting in desiccation of Trichomanes speciosum gametophytes (Farrar 1985).
Growth rates noted by Raine & Sheffield (1997) corroborate thermal constraints of
Trichomanes speciosum gametophytes’ geographical distribution. Our observations
suggest a wider ecological tolerance of Trichomanes speciosum gametophyte, which is
adapted to an even more sub-continental climate. the new localities discovered in
Poland are presently the easternmost outposts of Trichomanes speciosum gametophytes
in Europe. Cretaceous sandstone massifs are also located further to the east, in Central
Poland, but it seems that mezo- and microclimate conditions are too unfavourable there.

Figure 1. distribution of Trichomanes speciosum mapped on the 50km utM grid
system. Both generations recorded (1- l), gametophyte generation only (2- £), new
locality of gametophyte (3 - o). Macaronesian islands in boxes. After Rumsey et al.
(1998b) with some additions.
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the subsequent ultimate factor is the adaptation of gametophytes to growing in extreme
low light (PAR < 1 [mol m-2 s-1) with low respiration rates and therefore a low
compensation point, which enables it to survive free from competition from other
species, especially shade tolerant bryophytes (Vogel et al. 1993, Makgomol & Sheffield
2001). it seems that in the peripheral outposts of Trichomanes speciosum gametophytes,
very specific but stable microclimatic conditions on a small spatial scale are of high
importance, especially high air humidity, which can be supported by a thick humus
layer of moder type. Light limitation is not so stringent in lower temperatures (Raine &
Sheffield 1997).
We should emphasise that a gradually narrowing substratum ‘niche’ of Trichomanes
speciosum gametophyte is observed, from nearly calcareous man-made habitats in
Macaronesia (Rumsey et al. 2000) or various substrates with some base enrichment in
the British isles (Ratcliffe et al. 1993) and Luxembourg (Vogel et al. 1993), to
Cretaceous quartz sandstones in the north-eastern limit of its distribution area (Vogel et
al. 1993, turo×ová 2002). the widespread distribution of Killarney Fern gametophytes
might act as a kind of ‘seed-bank’ (Rumsey et al. 1999, Rumsey et al. 2000) producing
very rarely observed sporophytes in favourable conditions (Rasbach et al. 1993,
Ratcliffe et al. 1993). However the most important factor in the dispersal pattern of
north-easternmost outposts of the Trichomanes speciosum gametophyte is its ability to
disperse clonally by gemmae (Vogel et al. 1993), which was theoretically elucidated for
asexual populations by Peck et al. (1998).
biogeograPhical iMPortaNce
the present distribution of Trichomanes speciosum gametophytes is the result of the
ability to establish new colonies by the long distance dispersal of gemmae. they are
produced quite frequently on gametophytes and are the only means of dispersal in the
absence of sporophytes. Such situations suggest very low or even no genetic variability
between populations or within sites. the distribution of multilocus phenotypes of
Trichomanes speciosum gametophytes in Central Europe (Rumsey et al. 1998b) and at
its northern limit in Scotland (Rumsey et al. 1999) was partitioned primarily between,
not within sites, and argued against a purely ‘stepping stone’ or ‘leading edge’ type of
colonisation. these data support the hypothesis of initial random colonisation of very
few potential sites via long-distance spreading with secondary dispersal as gemmae, or
limited opportunity for generation of new genotypes through sexual reproduction
(Rumsey et al. 1998b). the last situation is possible due to sporophyte production that
was reported amongst gametophyte mats in Vosges, France or Britain (Rasbach et al.
1993, Ratcliffe et al. 1993).
the historical and present distribution of Hymenophyllum tunbrigense (L.)
J.E.Smith closely resembles the pattern of Trichomanes speciosum. Sporophytes of
both species have very similar ecological requirements and occupy mainly shady, wet,
non-calcareous rocks. they are known from a few ‘relict’ sites in continental Europe
(dostál 1984, Vogel et al. 1993). Former speculations regarding Hymenophyllum
tunbrigense as a tertiary relict in Luxembourg and Elbsandsteigebirge presented by
Vogel et al. (1993) were partly supported by radiocarbon dates of tree charcoal in
Belgium Ardennes and Western Slovakia (Stewart & Lister 2001). Both these localities
are hypothetical temperate cryptic refugia during the Last Cold Stage at the end of the
Pleistocene and could have provided a favourable microclimate for diverse vegetation
in the sheltered habitats of deep gorges surrounded by peri-glacial tundra. Late
Pleistocene and Holocene colonisation of Trichomanes speciosum from the main
refugia in southern peninsulas (most probably iberia) and Macaronesia, should also take
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into account the facilitation of dispersal by prevailing south-western winds. Cryptic
refugia in northern Europe such as in the Ardennes area could probably form
hypothetical enclaves only for gametophytes of Trichomanes speciosum. Existence of
such a refugium in Saxonian-Bohemian Switzerland appears less likely with regard to
the proximity of the front of the Last Cold Stage glaciation, so colonisation of
Elbsandsteigebirge by long-distance dispersal probably occurred no earlier than in the
Atlantic hypsithermal (5000 - 3000 B.P.; Vogel et al. 1993). the Holocene migration
has formed the present distribution range of Trichomanes speciosum, modified by
adverse climatic fluctuations. the outposts of the Trichomanes speciosum in Central
Europe could also reflect cold oscillations in the last Millennium, especially the Little
ice Age (540 - 100 B.P.) with a cooler and wetter climate in this area (Kociánová 2002),
and form neo-refugia sensu Nekola (1999). Such conditions in Saxonian-Bohemian
Switzerland massif were favourable for Hymenophyllum tunbrigense and perhaps for
production of Trichomanes speciosum sporophytes too.
the effects of global warming, with slight signs of shifting to a warmer and wetter
climate for the Trichomanes speciosum in Central Europe suggest more favourable
conditions for completing its life cycle with the sporophyte phase. it reveals that
implications for the conservation of an ‘emblem’ species of endangered European
pteridophyte disagree with superficial public opinion focused only on celebrated
sporophytes of Trichomanes speciosum. the Killarney Fern may be less threatened than
it was feared (Moore 1998).
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abstract
in the 19th century and the first half of the 20th century, terrestrial growth of
Asplenium trichomanes L. was mostly confined to the southern part of Limburg.
today terrestrial growth is almost confined to the Kuinderbos, a planted wood
in one of the reclaimed polders of the former Zuiderzee. the first plants
established 20 - 25 years after tree planting. the preference for Picea sitchensis
stands and a northeast exposure has not changed over 25 years. two
subpopulations have been monitored since 1988/1991. One of these
subpopulations decreased in size due to overgrowth by herbs and Rubus spp., the
other subpopulation increased after repeated thinning of the tree stand. the fern
plants appeared to be fertile at an age of three to seven years. Mortality was
highest in the juvenile phase. On average, plants died at six years old, though the
oldest plant is more than 25 years old. Careful management of the Picea
sitchensis stands is advised because with too much incoming light A.
trichomanes plants will be out-competed by other species of the herb layer.
Results of long-term monitoring of three populations (utrecht, Amsterdam and
Kuinderbos) were analysed. A negative effect of severe winters was evident.
iNtroDuctioN
in the Netherlands A. trichomanes subsp. quadrivalens d.E. Mey. is primarily a wall
dwelling species. in the nineteenth and first half of the twentieth century, plants
growing in soil were found in the southern part of the Netherlands, where calcareous
soils are exposed at incursions (Weevers et al., 1948). Material was collected here for
the first time in 1887. At the beginning of the last century the species was not rare in
this habitat but subsequently it disappeared and after 1950 no terrestrial plants were
found. From 1977 soil dwelling plants have been recorded from the Kuinderbos. Some
were found in the Revebos (also in the province of Flevoland) and in the dutch dune
area (Buiten, 2001).
in the Kuinderbos A. trichomanes was only one of the numerous rare fern species
which colonised this planted woodland on a former sea bottom in the 1960s and 1970s.
in 1979 all sites were ecologically described (Bremer, 1980). At the same time,
monitoring was started in order to gain insight into temporal factors affecting this
species. this paper is focused firstly on the question as to how far the species has
changed its ecological niche at the Kuinderbos during 25 years, and secondly on the
demography of the species and its relation with the woodland management.
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the area
the Kuinderbos is one of the woodlands planted after the reclamation of the
Noordoostpolder. Half of the area (c. 1100 ha) consisted in 1980 of stands of Picea
abies (L.) Karst. and Picea sitchensis (Bong.) Carr., sometimes intermingled with
Quercus robur L.. there is a lot of variation in soil composition: deposits of acidified
heavy clay, calcareous fine grained sand on peat (peat erosion area), moderatelygrained sand and Pleistocene sand. the peaty area has been drained by trenches up to
0.7 km/ha, with a total length of 240 km. their depth ranges from 0.4 - 1.5 m and are
usually positioned from northwest to southeast. the phreatic level is usually below the
bottom of these trenches. On trench banks, the fine-grained calcareous sand is exposed.
thinning of the woodland takes place once per five to eight years. in the area 28 fern
species were found, of which 10 species are in the Red List of threatened species
(Bremer, 1980 a, b). Asplenium viride Huds. and Polystichum lonchitis (L.) Roth. were
recorded here for the first time in the Netherlands (Bremer, 1981), while Polystichum
setiferum (Forssk.) Woynar was rediscovered here. Most of the rare species are
calcicole and linked with the calcareous fine sand exposed at the trench banks.
Materials aND MethoDs
in the period 1978 - 1988 most sites with Asplenium trichomanes were visited annually,
plants mapped and the number of plants counted. From 1988 and 1991 all plants from
high density sites were mapped more accurately and recognised by labels beneath the
plants. On a yearly basis these plants were visited at the end of August or the beginning
of September. the number of fronds per plant (n), the fertility and the maximum size of
fronds per plant (Lmax) were measured annually in the two plots (2 and 3 m² in size).
in spring the survival after severe winters was checked. Longevity has been calculated
on the basis of following individual plants from their establishment as sporelings. the
demographic data have been worked out by using projection matrices (Caswell, 1989).
the demographic data of various years have been pooled to construct one matrix due to
the low number of plants per year.
in this study the severity of the winters is summarised in the index of iJnsen as
follows: iJ = (v/3632) x (y/310) x (z/9), where v is the number of days with frost
(minimum day temperature below 0°C), y the number of ‘icy days’ (maximum day
temperature below 0°C) and z the number of ‘very cold days’ (maximum day
temperature below -10°C) (iJnsen, 1991). Winters with iJ > 25 are considered severe.
temperature data were obtained from the Royal dutch Meteorological institute
(KNMi).
ecology
A number of ecological aspects could be compared for three periods: 1977 - 1982, 1983
- 1992 and 1993 - 2002. All plants were strictly linked with trench banks, where they
were rooting in the fine grained calcareous sand. At one location, plants were rooting in
a more coarsely grained sandy soil, mixed with calcareous fine sand. in the first period,
plants grew on steeper trench banks (69.2° ± 10.9°, n = 13) than in the third period
(54.0° ± 20.0°, n = 54)(t-test, df = 34, p < 0,001) (table 1). When comparing the sites
no difference in aspect could be assessed. there was a significant preference for a
northeast aspect during two out of three periods when considering individual plants.
When considering the sites there was no significant preference for a stand type, but
considering the plants, most of them were significantly more likely to be growing under
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Figure 1. Coverage of the herb layer in both subpopulations.
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Figure 2. the number of specimens of Asplenium trichomanes for both subpopulations
and the 1977 cohort in the Kuinderbos over a 30 year period.
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Figure 3. the relationship between age and the average maximum length of the fronds
per plant, based on data from both subpopulations.
Sd = standard deviation.
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Figure 4. Longevity of Asplenium trichomanes in two subpopulations in the
Kuinderbos.
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Figure 5. the age of plants in the transition from subadult to adult plant for both
subpopulations in the Kuinderbos.
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Picea sitchensis. At one site plants often grew at the edge of P. sitchenensis and Fagus
sylvatica avenues, but there was no significant preference (n = 12, X² = 3.49 n.s.).
during the first period A. trichomanes was growing in dense single cohort stands. in
1979 the cover of the herb layer was between 5 - 50 % (on average 18 %, n = 10).
Specimens were growing with other fern species such as Dryopteris filix-mas (L.)
Schott), D. dilatata (Hoffm.) A.Gray, D. carthusiana (Vill.)H.P.Fuchs, Athyrium filixfemina (L.) Roth., Gymnocarpium dryopteris (L.) Newm. and Asplenium
scolopendrium L. during the third period most plants were concentrated in the two
monitored plots. At one plot (designated as L 72) Dryopteris dilatata, D. filix-mas and
Athyrium filix-femina were the accompanying species. Brambles (Rubus flexuosus, R.
idaeus) were able to increase after gap formation in 1990 (Figure 1). Circaea lutetiana
also invaded the plot and contributed considerably to the coverage. At the other site
(designated K 23) Asplenium trichomanes has been accompanied only by Dryopteris
dilatata, D. filix-mas, Athyrium filix-femina, Gymnocarpium dryopteris and Asplenium
scolopendrium. At this site there was less incoming light (< 5 %) (Fig. 1).
Demography
Number of plants
during the first inventory of the Kuinderbos in 1979, 11 adult plants were recorded at
various locations. Only one plant of this cohort survived for more than 25 years. there
was a decline in population size in the period 1977-1981 (Fig. 2). during the severe
winter of 1978/79 sites with A. trichomanes eroded and plants ended up at the bottom
of the trenches and drowned in a 10 - 20 cm depth of water. in the period 1981 - 1984
recruitment took place around one adult plant forming a small subpopulation. this
subpopulation (L 72) decreased in the second half of the 1980s. After 1988, recovery
took place, producing an increase in population size until 1993, followed by a constant
decrease. A second subpopulation (K 23) came into being by the same process,
recruitment in the spore shadow of an adult plant. in this subpopulation the number of
plants increased gradually after 1994. together the two subpopulations account for
more than 90 % of the whole Kuinderbos population.
the relation between maximum length of frond per plant (Lmax) and age has been
worked out in order to reconstruct the colonisation of the Kuinderbos by A.
trichomanes. We found that Lmax saturates after six years of growth (Fig. 3). Based on
the curve and yearly measuring of Lmax the first establishment in the area took place
table 1. the preference for stands of Picea sitchensis and exposure for three periods
in the Kuinderbos.

Tree layer % Sitka
Period

1973- 1982
1983-1992
1993-2002

n loc n ex n loc X² n ex

16
12
5

23
56
83

43.7
50.0
40.0

X²

78.3 ***
92.8 ***
96.8 ***

Aspect
n loc

X²

NE SW
7
5
5
2
3
5

-

n ex

X²

NE SW
17 5
46 3 ***
78 5 ***

n loc = number of locations, n ex = number of specimens. *** = p < 0.01.
NE = aspect to northeast, SW = aspect to southwest
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in 1974 or even earlier. it cannot be excluded that the first plant had established by the
end of the 1960s when in fact all the Picea sitchensis stands were in a dense stage. this
means that the colonisation could have been started within 20 years of planting the
woodland.
Changes in population structure
Within a population, various phases can be distinguished (table 2). Sporelings have
been defined on the basis of Lmax and age. under certain circumstances this phase can
be longer than one year. the difference between juvenile and sub-adult phase is based
on Lmax. the number of fronds per plant also indicates a plant becoming larger,
because the number of fronds per plant and Lmax are strongly correlated (n = 235, r =
0.67 p < 0.001). However, only Lmax is used for the classification. Plants were
designated as adult plants when they had sori able to produce spores. Post-adults
comprise adult plants which became sterile. table 3 summarises the changes for the
phases of both subpopulations (period 1993 - 2002).
in the L 72 subpopulation 190 transitions were assessed in a period of 10 years.
table 3 indicates transitions between various phases. Most important is the transition of
adult plants remaining adult (65 % of all transitions). there is a limited rejuvenation in
this population. Six percent of the transitions comprise the transition from adult to post
adult, indicating less vitality. l (lambda) has been calculated as 0.9, also indicating a

table 2. the definition of the phases used in the study on Asplenium trichomanes.

Phases
Sporelings
Juvenile plants
Subadult plants
Adult plants
Post adult plants

L max (cm)
<1.5
1.5 - 4
>4
-

Remarks
Usually less than one year old

at least one frond with ripe sori
plant was previously fertile

Lmax = maximum frond length per plant.
table 3. the projection matrices with transitions summarising the observations
made during 9-10 years.

Year s
t+1 j
sa
a
pa
mortality
total

Year t
s
3
25
3
2
0

j
0
11
8
6
0

sa
0
0
12
7
0

a
0
0
0
51
0

pa
0
0
0
0
0

8
41

3
28

4
23

6
57

0
0

K 23: numbers 1988-2001
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Year s
t+1 j
sa
a
pa
mortality
total

Year t
s
j
sa
a
0.07 0
0 0.59
0.61 0.39 0
0
0.07 0.29 0.52 0
0.05 0.21 0.3 0.89
0
0
0
0

pa
0
0
0
0
0

0.19 0.11 0.17 0.11
1
1
1
1

0
0
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K 23: transitions 1988-2001
l = 1.11

Year s
t+1 j
sa
a
pa
mortality
total

Year t
s
0
3
0
0
0

j
0
6
7
0
0

sa
0
1
4
7
0

a
0
0
0
119
15

pa
0
0
0
5
11

3
6

6
19

2
14

11
145

3
19

Year t
sp
j
sa
a
0
0
0 0.09
0.5 0.32 0.07 0
0 0.37 0.29 0
0
0
0.5 0.8
0
0
0
0.1

pa
0
0
0
0.3
0.6

0.5 0.32 0.14 0.1
1
1
1
1

0.2
1

L 72: numbers 1991 - 2001

Year s
t+1 j
sa
a
pa
mortality
total

L 72: transitions 1991 - 2001
l = 0.91
s = sporeling, j = juvenile, sa = subadult, a = adult, pa = postadult.
A projection matrix gives the changes from one demographic phase to another on a
yearly basis. in this study the various years have been summed up in one matrix due
to the low number of plants recorded per year.
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decrease in population size (Caswell, 1989). in the K 23 subpopulation 162 transitions
were assessed. Here the transition of adults remaining adults is less important (31 % of
all transitions). there is a high proportion of the first three phases and transitions
between them. No adult plants became post-adult plants. l of 1.12 indicates a growing
subpopulation.
Longevity
Longevity was calculated for those plants where the time of establishment was known
(Fig. 4, n = 52). in the K 23 subpopulation, longevity was on average 3.7 years, in the
L 72 subpopulation on average 5.3 years (whole population on average 4.8 years).
Longevity per plant is skewed; many plants live for a short time, few plants become old.
there was no significant difference between the two subpopulations (X² = 4.99, df =
10, p > 0.05).
Fertility
With a demographic investigation it is possible to calculate the time between the
sporeling phase and a plant becoming fertile (adult). the adult phase is of importance
because by producing spores a population can disperse. Plants can be fertile within two
or three years, but for other plants this pre-fertile period can extend to eight years. On
average plants are adult at an age of 4.7 years. there was no significant difference
between the two subpopulations (Fig. 5) (X² = 3.18, df = 3, p > 0.05).
other populations monitored
Monitoring of A. trichomanes has also taken place in the cities of utrecht (1
subpopulation) and Amsterdam (11 subpopulations) by annual counting (Fig. 6) (Maes
& Bakker, 2002). in these and other dutch cities, A. trichomanes grows on walls beside
canals. No individual monitoring has taken place. in Amsterdam more subpopulations
were monitored, but these were excluded as population size was negatively influenced
by wall cleaning or restoration.
in all populations there are significant (quadratic) correlations between the yearly
change in number of plants and the severity of the winter. in both cities, but especially
Amsterdam, there was a decrease after the severe winter of 1995/1996. the severity of
the winter has been calculated with the parameter of iJnsen. Figure 7 indicates a
negative correlation between population change and the parameter of iJnsen, with
greater than 30 indicating the negative effect of severe winters. this effect is most
notable in Amsterdam and the Kuinderbos.
DiscussioN
A terrestrial population of Asplenium trichomanes colonised the Kuinderbos in the
1970s. then the species was known only on walls and for a long time had not been
recorded as rooting in the soil. in the first half of the twentieth century, terrestrial
growth took place at incursions in the southern part of the Netherlands where marl soils
are exposed but loamy soils predominate. the soils may have been acidified and as the
incursions became more overgrown less erosion took place so that no marl came to the
surface. But other unknown factors could have played a role as well.
As plants established in the Kuinderbos, stands of Picea spp. were in a dense phase
and the herb layer suppressed. it seems most likely that the colonization started in the
first half of the seventies. in 1972/1973 heavy storms damaged parts of the Kuinderbos.
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in combination with thinning there was a sudden improvement of the light regime,
enabling ferns (not only A. trichomanes) to germinate, as light was the limiting factor.
Various plants colonised the area independently, as all plants were in their adult phase
when recorded in 1977. this first generation suffered damage after heavy rainfall at
Pentecost 1979 (Bremer 1980a) as trench banks eroded. Other fern species also suffered
losses but to a lesser extent than A. trichomanes.
two subpopulations were monitored, designated as K 23 and L 72. At K 23, A.
trichomanes thrived optimally, with 3 - 5 % of the light cast on the herb layer,
surrounded by an open vegetation of ferns. there was thinning in 1993 with subsequent
recruitment in 1994. the same process took place in 1999/2000. A sudden increase of
light stimulates recruitment. Recruitment took place on eroded patches, often in a
vegetation of Fissidens bryoides (Pellia endiviifolia - Fissidens bryoides type, related
to the Fissidentietum taxifolii; Bremer 1999). At L 72 there was a major recruitment
surrounding a founder plant at the beginning of the 1980s. By gap formation (due to a
storm in 1990) there was a strong increase of the light fall and A. trichomanes became
overgrown by Rubus idaeus, Rubus flexuosus and Circaea lutetiana. in order to monitor
this site, these plants were clipped annually. through this form of management the fern
population did not fade away (without management it would probably have
disappeared).
it is difficult to explain why A. trichomanes was and is rare in the Kuinderbos.
during the same period A. scolopendrium increased in number to c. 13,000 specimens
in 2002. Although A. trichomanes prefers the steeper trench banks, there are still
numerous apparently suitable sites where it is absent. in its wall habitat, A.
scolopendrium is also much more common than A. trichomanes.
the longevity of A. trichomanes appears to be restricted. Only a minor part of the
population is older than 10 years. in contrast, in the Kuinderbos, some plants of
Polystichum setiferum are more than 25 years old. Polypodium vulgare (L.) Kuhn) is
also long-lived, while clones of Pteridium aquilinum L. can live for centuries (den
Ouden 2000). in plant nurseries ferns can be fertile within a year after sowing but in the
field this takes longer.
in the Netherlands three populations were monitored for a long period (Amsterdam,
utrecht and Kuinderbos). the parameter of iJnsen seemed to be correlated with the
population change per year. Severe winters have a significant impact on these
populations, although necrosis could not be assessed. in moderate winters frost does not
have any impact. Asplenium scolopendrium is much more sensitive under the same
circumstances. in this species there was necrosis indicating damage even in moderate
winters. Bremer et al. (1984) showed differences between these species in phospholipid
content in winter, probably correlated with sensitivity to frost.
the terrestrial sites with A. trichomanes can be sustained when there is an extensive
thinning management in the Picea sitchensis stands; this means thinning every 7 - 10
years, and governed also by the coverage of the herb layer. By cutting ca. 20 % of the
trees at the same time, the canopy can recover in some years, restoring the light climate
to 3 - 5 % of the incoming light reaching the herb layer. With a light fall of more than
5 %, Urtica dioica and Rubus spp. can invade and out-compete rare fern species. For
the future, both subpopulations will be managed as described above. Picea sitchensis is
an exotic tree species. Without any human interference, the species will be replaced
over time by Acer pseuoplatanus and Fraxinus excelsior and at some sites even by
Fagus sylvatica.
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As the area with Picea sitchensis is decreasing there is a possibility that A.
trichomanes will disappear from the area. However, as the trench habitat will survive
these changes and the pH of the fine grained sand will be sustained, there will always
be a chance of spontaneous (re-)establishment of A. trichomanes.
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abstract
during a 2001-2002 collecting trip to Puerto Rico, eleven pteridophytes were
collected that are Puerto Rican município records. Of the 11 collections, one is
a Puerto Rican endemic Selaginella. For each specimen, we provide full
collection data and previously known Puerto Rican distributions for the species.
iNtroDuctioN
in late december 2001 through early January 2002, we collected eleven pteridophytes
that are Puerto Rican município records. Previous Puerto Rican distributions for these
taxa were obtained from Proctor (1989) and Barcelona (2000). Of the 11 taxa we
collected, one was a Puerto Rican endemic (Selaginella krugii Hieron.) previously
found in only four municípios. Alternatively, six common pteridophytes were recorded
for the first time from Sabana Grande, suggesting that this area may have been
overlooked by pteridologists in the past. the following records are arranged
phylogenetically by family.
results
selaginella krugii hieron.
selaginellaceae
RECORd VOuCHER: Puerto Rico, Município de Jayuya, growing under the shade of tree
ferns and other plants in moist soil in the forest on the north side of Rt. 143 near km
16.2, 29 december 2001, M. S. Barker #144 and S. W. Shaw (Mu).
PREViOuSLY KNOWN PuERtO RiCAN diStRiButiON: Cayey, Ceiba, Naguabo, and Rio
Grande.
GENERAL diStRiButiON: Endemic to Puerto Rico.
Cyathea andina (Karst.) Domin
cyatheaceae
RECORd VOuCHER: Puerto Rico, Município de Jayuya, growing in moist soil beside
roadway in medium to full sun along Rt. 143 approximately 11 km north of Rt. 10, 1
January 2002, M. S. Barker #204 and S. W. Shaw (Mu).
PREViOuSLY KNOWN PuERtO RiCAN diStRiButiON: Adjuntas, Arecibo, Maricao, and
Orocovis.
GENERAL diStRiButiON: Hispaniola, Puerto Rico, and South America.
odontosoria aculeata (l.) John smith
lindsaeaceae
RECORd VOuCHER: Puerto Rico, Município de Sabana Grande, growing in full sun on
rocks near a rock wall beside Rt. 120 just past km marker 9, 30 december 2001, M. S.
Barker #167 & 168 and S. W. Shaw (Mu).
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PREViOuSLY KNOWN PuERtO RiCAN diStRiButiON:
Aguas Buenas, Barranquitas,
Bayamon, Caguas, Cayey, Fajardo, Maricao, Mayaguez, Naguabo, Patillas, Rio
Grande, San German, San Juan, utuado, and Villalba.
GENERAL diStRiButiON: Greater Antilles (except Jamaica), St. thomas, St. John, and
tortola.
Adiantum capillus-veneris l.
adiantaceae
RECORd VOuCHER: Puerto Rico, Município de Sabana Grande, growing on a shady,
moist rock wall next to Rt. 120 past km 9. Found intermixed with Polypodium
polypodioides var. polypodioides (L.) Watt, 30 december 2001, M. S. Barker #169 and
S. W. Shaw (Mu).
PREViOuSLY KNOWN PuERtO RiCAN diStRiButiON: Coamo, Guayanilla, Salinas, and San
Juan.
GENERAL diStRiButiON: Cosmopolitan in tropical, subtropical, and warm-temperate
regions.
Adiantum pyramidale (l.) willd.
adiantaceae
RECORd VOuCHER: Puerto Rico, Município de Maricao, growing along a partly shaded
roadside in moist serpentine derived soil beside a small waterway along Rt. 120 near
km marker 113, 30 december 2001, M. S. Barker #172 and S. W. Shaw (Mu).
PREViOuSLY KNOWN PuERtO RiCAN diStRiButiON: Adjuntas, Aguas Buenas, Arecibo,
Barranquitas, Bayamon, Cayey, Coamo, Guayanilla, Guaynabo, Gurabo, isabela,
Mayaguez, Naranjito, Quebradillas, toa Baja, utuado, Vega Alta, Yabucoa, and Yauco.
GENERAL diStRiButiON: Greater and Lesser Antilles.
Thelypteris hispidula (Decne.) reed var. hispidula
thelypteridaceae
RECORd VOuCHER: Puerto Rico, Município de Jayuya, growing on the side of Rt. 143,
north of 10, ca. 11km near the edge of the forest in moist soil in full to medium sun, 1
January 2002, M. S. Barker #206 and S. W. Shaw (Mu).
PREViOuSLY KNOWN PuERtO RiCAN diStRiButiON: Corozal, Maricao, and San German.
GENERAL diStRiButiON: Greater and Lesser Antilles, tobago, trinidad, continental
tropical America from Mexico to Bolivia, tropical Africa, and Malesia.
Blechnum occidentale l.
blechnaceae
RECORd VOuCHER: Puerto Rico, Município de Sabana Grande, growing among grasses
at the edge of a cliff in full sun along Rt.120 just past km marker 9, 30 december 2001,
M. S. Barker #171 and S. W. Shaw (Mu).
Adjuntas, Aibonito, Arecibo,
PREViOuSLY KNOWN PuERtO RiCAN diStRiButiON:
Barranquitas, Bayamon, Cabo Rojo, Caguas, Cayey, Guayanilla, Guaynabo, Gurabo,
Las Marias, Luquillo, Maricao, Mayaguez, Naguabo, Naranjito, Ponce, Quebradillas,
Rio Grande, San German, San Juan, trujillo Alto, utuado, Vega Alta, Yabucoa, and
Yauco.
GENERAL diStRiButiON: Widespread in tropical and subtropical areas from Florida to
Argentina.
Phlebodium aureum (l.) John smith
Polypodiaceae
RECORd VOuCHER: Puerto Rico, Município de Sabana Grande, growing in full sun on
rocks near a rock wall along Rt. 120 close to km marker 9, 30 december 2001, M. S.
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Barker #166 and S. W. Shaw (Mu).
PREViOuSLY KNOWN PuERtO RiCAN diStRiButiON: Adjuntas, Aibonito, Barranquitas,
Bayamon, Cayey, dorado, isabela, Juana diaz, Manati, Quebradillas, Rio Grande,
Salinas, and Yauco.
GENERAL diStRiButiON: Florida, Bahamas, Greater Antilles, Lesser Antilles, trinidad,
and continental tropical America.
Pleopeltis polypodioides (l.) e. g. andrews & windham
Polypodiaceae
RECORd VOuCHER: Puerto Rico, Município de Sabana Grande, growing on a shady,
moist rock wall adjacent to Rt. 120 past km 9. Found intermixed with Adiantum
capillus-veneris L., 30 december 2001, M. S. Barker #165 and S. W. Shaw (Mu).
Adjuntas, Aibonito, Arecibo,
PREViOuSLY KNOWN PuERtO RiCAN diStRiButiON:
Barranquitas, Bayamon, Cayey, Ciales, isabela, Juana diaz, Maricao, Ponce, Vega Alta,
Villalba, Yabucoa, and Yauco.
GENERAL diStRiButiON: Bahamas, Greater Antilles, Cayman islands, Lesser Antilles,
and continental tropical America from Mexico to Costa Rica and Venezuela.
Polypodium sororium humb. & bonp. ex willd.
Polypodiaceae
RECORd VOuCHER: Puerto Rico, Município de Sabana Grande, growing on a well
shaded, moist rock wall along Rt. 120 near km marker 9, 30 december 2001, M. S.
Barker #170 and S. W. Shaw (Mu).
PREViOuSLY KNOWN PuERtO RiCAN diStRiButiON: Aibonito, Guaynabo, Maricao,
Naguabo, Patillas, Rio Grande, and San Lorenzo.
GENERAL diStRiButiON: Greater and Lesser Antilles, and continental tropical America.
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PROGRAMME
(in chronological order)
P.R. Crane: Palaeobotany and the Diversification of Pteridophytes
K.M. Pryer, E. Schuettpelz, P.G. Wolf, H. Schneider, A.R. Smith & R. Cranfill:
Phylogeny and evolution of monilophytes: a new perspective on ferns, with a focus
on early-diverging leptosporangiate lineages
R. Cranfill & H. Schneider: Phylogeny of the Pteridoid Ferns
T.A. Ranker, A.R. Smith, B.S. Parris, J.M.O. Geiger, C.H. Haufler, S.C.K. Straub
& H. Schneider: Phylogeny and evolution of grammitid ferns (Grammitidaceae): a
case of rampant morphological homoplasy
C. Tsutumi & M. Kato: Phylogeny and evolution of epiphytes and related ferns
J. Pahnke: Molecular evolution of rDNA internal transcribed spacer sequences from
the inverted repeats of chloroplast genomes in Pteridophytes
R. Kirkpatrick: A phylogenetic hypothesis and monophyletic circumscription of
Pellaea
L. Huiet & A.R. Smith: Phylogenetic relationships in Adiantum inferred from
chloroplast coding and non-coding sequences
W.C. Taylor & S.B. Hoot: Phylogeny of Isoëtes based on nucleotide sequences of the
nuclear ribosomal ITS region and the second intron of a LFY homolog
M.J.M. Christenhusz & H. Tuomisto: Taxonomy, biogeography and ecology of
Danaea (Marattiaceae)
E. Schuettpelz & K.M. Pryer: Rates and dates: insight into the evolutionary history of
filmy ferns (Hymenophyllaceae)
A. Ebihara, J.-Y. Dubuisson, K. Iwatsuki & M. Ito: New insights on Trichomanes
systematics
S. Hennequin, A. Ebihara, M. Ito, K. Iwatsuki & J.-Y. Dubuisson: Phylogenetic
systematics and evolution of the genus Hymenophyllum (Hymenophyllaceae)
A.R. Smith: Floristics in the 21st Century: Balancing User-Needs and Phylogenetic
Information
H. Tuomisto: Ecological distribution of Amazonian pteridophytes
M. Jones: Landscape-scale distribution of tree ferns in relation to environmental
variation at the La Selva Biological Station, Costa Rica
M. Kessler: Distribution and evolution of fern endemism in the Bolivian Andes
B.S. Parris: The Grammitidaceae of Mount Jaya, New Guinea, and other montane
Malesian localities
M. Lehnert: New insights on Neotropical Cyatheaceae
K. Mehltreter, K. Hülber & P. Hietz: Herbivory on epiphytic ferns of a Mexican cloud
forest
J.F. Barcelona: Noteworthy fern discoveries, collections, and observations from the
montane forests of Luzon to the lowland karst forests of Bohol, Philippines
J.M. Sharpe: Temporal variation in plant and leaf characteristics of reproductively
mature sporophytes of Dryopteris intermedia and Polystichum acrostichoides, two
common understory ferns of the New England forest
K. Rünk, M. Moora & M. Zobel: Do different competitive abilities of three fern
species explain their different regional abundances?
S. Blackmore & K. Walter: Cockroaches, rats and horsetails
D. Ballesteros, E. Estrelles & A.M. Ibars: Pteridophytic spore responses to ultra
freezing temperatures for long term conservation in germplasm banks
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Wen-Liang Chiou, Yao-Moan Huang & G.M. Chen: Conservation of endangered
ferns, Archangiopteris somai and A. itoi (Marattiaceae), by propagation from their
stipules
M. Palacios-Rios & G. Ramírez Maldonado: Propagation in vitro of Sphaeropteris
horrida (Liebm.) Tryon (Pteridophyta: Cyatheaceae), as an alternative method for
conservation
L.G. Quintanilla, E. Pangua, J. Amigo & S. Pajaron: Sexual phenotypes of the
northernmost populations of Culcita macrocarpa (Dicksoniaceae: Pteridophyta) and
Woodwardia radicans (Blechnaceae: Pteridophyta)
H. McHaffie: Conservation challenges of Woodsia ilvensis – attempting to establish
reproducing populations
F.J. Rumsey: Reproductive strategies and population structure in the endangered
pteridophyte Trichomanes speciosum Willd.
G. Rothwell: Fossils, ferns, and patterns of phylogeny
N.S. Nagalingum, H. Schneider, K.M. Pryer, R. Lupia & M. Nowak: Combining
evidence from fossils and extant taxa to reconstruct the evolution of heterospory in
ferns
R.A. Stockey: Anatomically preserved pteridophytes: unexpected diversity for the
early Cretaceous
K.B. Pigg, M.L. DeVore & W.C. Wehr: Tertiary ferns from western North America:
Osmunda, Woodwardia and onocleoids
C.M. Berry, Wang Yi & Li Chengsen: The impact of Chinese Devonian fossils on the
search for fern origins
P. Kenrick & J. Hilton: Polypetalophyton and the Devonian origin of ferns
E. Iskandar, I. van Waveren, J. van Konijnenburg & R. Wagner: Review of the
Permian pecopterids from Sumatra: what can be achieved quantitatively?
C.N. Page: The ecology of long-term evolutionary survival – what can be learned from
Pteridophyta
M. Gibby & J.C. Vogel: Speciation and hybridization – reviewing Manton’s legacy
J.C. Vogel, S.J. Russell, M. Grundmann, F.J. Rumsey, H. Hunt, H. Schneider, M.
Gibby, I. Pintér, S. Trewick, M. Morgan-Richards & J.A. Barrett: Locating
long-term glacial refugia in the Mediterranean Basin. Autopolyploid complexes in
Asplenium as a model system
L. Perrie & P. Brownsey: New Zealand Asplenium revisited – DNA Sequencing and
AFLP Fingerprinting
V. Krízsik, I. Pintér, Á. Major & G. Vida: Scale analyses of intrapopulation spatial
genetic structure of Asplenium ceterach L. (Aspleniaceae: Pteridophyta) on the
Hungarian Szent György Hills
J. Squirrell, P.M. Hollingsworth, M. Woodhead, J. Russell, M. Gibby & W. Powell:
Population genetic structure in Athyrium distentifolium
H.V. Hunt, M.E.N. Majerus & J.C. Vogel: Breaking free of one’s parents: the
problem of polyploid establishment
B.S.C. Leadbeater: Irene Manton (1904-1988) - Legend and Legacy
I.J. Leitch: The ups and downs of genome size evolution in pteridophytes
M. Hasebe: The origin and evolution of diploid body plans – synthesis of evolution and
development
T. Janssen & H. Schneider: Dating the evolution of drynarioid humus collectors
E. Sheffield & K. Makgomol: Development of gametophytes from gemmae of
Killarney Fern (Trichomanes speciosum Willd.)
L. Chinnery: Pteridophytes and their mycorrhizas – an evolutionary perspective
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W. Friedman & J. Winther: Endomycorrhizal symbioses in ferns
H.K. Goswami & A.K. Bajpai: Differential molecular phenomena inside the micro
and megasporangia of Isoetes pantii

POSTERS
S. Aguiar, J. Amigo & L.G. Quintanilla: Does Blechnum collalense hybridize with B.
mochaenum (Blechnaceae: Pteridophyta)?
T. Barbará, & G.J. Gastony: Molecular phylogenetics and systematics of Pellaea
section Ormopteris (Pteridaceae subfamily Cheilanthoideae)
T. Boonkerd: Morphometric relationships between Colysis C.Presl and Leptochilus
Kaulf. (Polypodiaceae: Pteridophyta)
E. Estrelles, J.J. Herrero-Borgoñon & A. M. Ibars: What about Equisetum hyemale
L. (Equisetaceae: Pteridophyta) in the eastern Iberian peninsula?
M. Hashino, N. Takahashi & R. Imaichi: Comparative development of gametophytes
of Polypodiaceae
S. Helfer: Micro-fungal fern pathogens
P. Hovenkamp: Nephrolepis - not "the devil's genus"
T. Janssen & M. Lehnert: How to deal with bulky ferns ? – Towards a standardized
method for tree fern collections
Y. Krippel: The Pteridophyte diversity in Luxembourg
L.G. Quintanilla, S. Pajarón, E. Pangua & J. Amigo: Allozyme variation in Culcita
macrocarpa (Dicksoniaceae) and Woodwardia radicans (Blechnaceae) at their
northern limit
L.G. Quintanilla & A. Escudero: Effect of temperature on germination in seven
Dryopteris species (Dryopteridaceae) from northern Spain
J.P. Ramos Giacosa, E.R. de la Sota, & G.E. Giudice: Biodiversity and Chorology of
Pteridophytes from Buenos Aires Province, Argentina
M. Romanova & J. Jernstedt: Morphogenetic events in the Ceratopteris Richardii
shoot apex
G. Rouhan, F. Rakotondrainibe, R.C. Moran, J.T. Mickel, T.J Motley & J.-Y.
Dubuisson: Molecular phylogeny of the fern genus Elaphoglossum
(Elaphoglossaceae) based on chloroplast non-coding DNA sequences: contributions
of species from the Indian Ocean area
A. Sathapattayanon & T. Boonkerd: Pteridophyte diversity along a gradient of
disturbance within and near abandoned opencast mines in Thong Pha Phum District,
Kanchanaburi Province, Thailand
J.L. Schmitt & P.G. Windisch: Phenological aspects of frond production in Alsophila
setosa Kaulf. (Cyatheaceae: Pteridophyta) in southern Brazil
E. Sheffield & S.E. Siman: Growth Impairment of Human Cells by Fern Spore
Extracts
E.R. de la Sota & O.G. Martínez: The pteridophytic diversity in the cloud montane
forests from Salta (NW Argentina)
M. Warwick: Fern etchings
J.C. Yesilyurt, M. Gibby & A. Culham: Phylogenetic studies in Doryopteris J. Sm.
(Pteridaceae- Cheilanthoideae)
E.K. Zenkteler & H. Kwaÿna: Fungistatic activity of internal secreting hairs of
Dryopteris rhizomes
Proceedings of the meeting will be published in this and following parts of the Fern
Gazette, Volume 17.
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FLORISTICS IN THE 21ST CENTURY: BALANCING USER-NEEDS
AND PHYLOGENETIC INFORMATION
A.R. SMITH
University Herbarium, 1001 Valley Life Sciences Bldg. #2465, University of
California, Berkeley, California 94720-2465, U.S.A.
Key words: pteridophytes, floristics, phylogenetics
ABSTRACT
The status of floristic work on pteridophytes around the world is reviewed.
Relatively modern floras exist for most temperate and Mediterranean areas,
including Europe, the former Soviet Union, North America north of Mexico,
Chile, South Africa, and Australia, but are absent, partial, or outdated for many,
if not most, tropical and subtropical countries/regions. Exceptions in the New
World include Mexico, Mesoamerica, and certain of the Antilles. For many areas
we have only annotated checklists (e.g., Tropical East Africa, Malaysia, Mount
Kinabalu) or partially written floras (Ecuador, Malesia). Modern treatments for
island floras are also few, exceptions being for New Zealand (Brownsey &
Smith-Dodsworth, 2001), Hawaii (Palmer, 2003), and the Mariana Islands
(Raulerson & Rinehart, 1992). Floristic “hotspots”, e.g., Colombia, Brazil,
Madagascar, New Guinea, and the Himalayas, often have inadequate or
incomplete modern accounts. Treatments of the ferns are planned or in progress
for many countries, including Venezuela, Bolivia, East Africa, and China, but
these often proceed at a painstakingly slow pace. Local florulas, such as for
Barro Colorado Island in Panama, complement larger regional floras while
serving different, but overlapping, purposes; Flora Guaramacal (Venezuela),
Central French Guiana (Saül), and the Hong Kong flora are notable examples.
Ideally, modern pteridofloras should incorporate recent phylogenetic
conclusions at various ranks (especially family, genus), multi-access keys,
comments on relationships and taxonomic problems, and references to
phylogenetic literature, coupled with access to online data-bases (interactive
keys, gazetteers, publication data, distribution maps, images and photographs,
specimen citations, trees of relationship, and links to pertinent websites). Two
families usually considered “fern allies”, Psilotaceae and Equisetaceae, are now
thought to be intimately related to basal ferns, and this evidence needs inclusion
into floristic literature. Many traditional genera (e.g., Asplenium, Pellaea,
Polypodium, Pteris) need substantial recircumscription to meet criteria of
monophyly or even paraphyly in floras. The dwindling number of people with
broad expertise in floristics, fern systematics, and identification seriously
constrains the creation of modern floras, and is expected to be an increasing
problem in the future.
INTRODUCTION
An overview of the status of floristic work dealing with pteridophytes, particularly
those in Malesia, was given almost ten years ago as part of the Holttum Memorial
Pteridophyte Symposium, held at Kew in 1995 (Roos, 1996). I re-examine the progress
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of floristic research, especially in tropical and subtropical regions, in light of recent
floristic accounts and the availability of a multitude of resources and data-bases, many
web-based. I also discuss what a modern flora should contain, considering the
proliferation of phylogenetic studies. Last, I allude to several practical problems
associated with the writing of floras. The subject of floristics is an especially important
topic because the writing of a flora offers systematic botanists one of the best
opportunities for communicating knowledge of plants to a more general audience and
to the public.
PURPOSES OF A FLORA
Forty years ago, Lincoln Constance called systematics “the unending synthesis”
(Constance, 1964), and floras are perhaps the quintessential manifestation of this
synthetic process. It is generally agreed that the primary goal of a flora is to facilitate
the identification of plants in a given area (Diggs & Lipscomb, 2002; Heywood, 2001).
There are also several secondary goals of floras (see, e.g., Barkley, 2000; Diggs &
Lipscomb, 2002; Sanders & Judd, 2000). These include the following: 1) a means of
entrance into the systematic literature; 2) a summary of our current knowledge of
various aspects related to the biology of plants, e.g., systematic, distributional,
ecological, conservation, biotic interactions, ethnobotanical, cytological, reproductive,
physiological, and phylogenetic information; 3) providing a reference for other
professionals; 4) stabilizing concepts of taxa, especially families and genera, in the
minds of users, a kind of asymptotic process; 5) linking the work of monographers and
phylogeneticists to consumers of botanical information; and 6) providing systems of
classification and nomenclature that allow comparisons with other floristic works, for
example, comparisons of numbers of species, endemics, and introduced taxa from one
flora to another.
Given these aims, it becomes obvious that any flora is a series of compromises, i.e.,
providing enough information to make likely the greatest utility for most users. The
floristic plan must be executed given constraints of knowledge, access to specimens and
library resources, space, time, money, publisher-imposed requirements, and technical
support. The writing of a flora involves the translation and synthesis of many different
kinds of information about plants into a form that can be used by individuals with
varying interests, training, and backgrounds. An important goal for anyone conducting
floristic research should be critical re-evaluation of existing circumscriptions,
especially at species rank. To be avoided is a process Heywood (2001) has called
“superficial compilation”, which characterizes some floras.
The region of coverage of a flora may be very broad, such as the Flora of North
America north of Mexico, (including Greenland), ca. 21.5 million km2 (Flora of North
America Editorial Committee, 1993a); or quite narrow, e.g., Barro Colorado Island
(Panama), 15.6 km2 (Croat, 1978). It may be dictated by political boundaries (e.g., The
pteridophytes of Mexico; Mickel & Smith, 2004); or phytogeographic in scope (Flora
of the Venezuelan Guayana; Smith, 1995). The users of a flora include professional
systematists and other scientists, students, interested amateurs, governmental workers,
those charged with writing environmental impact reports, and others (Diggs &
Lipscomb, 2002).
Floras, florulas, and related products run the gamut from bare checklists (e.g.,
Salgado, 1990, for Philippine ferns; Parris & Latiff, 1997, for Malaysian pteridophytes),
to annotated lists lacking descriptions but giving brief synonymy, habit, references,
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ranges, and voucher information, e.g., the Ecuador flora (Jørgensen & León-Yánez,
1999) or the treatment of the ferns of Mt. Kinabalu (Parris et al., 1992), to more
traditional statements with keys, accepted names, minimal synonymy, diagnoses or
brief descriptions, and a statement of range, e.g., Flora Europaea (Tutin et al., 1993).
Sometimes, floras are much more elaborate, e.g., Øllgaard & Tind’s (1993) work on
Scandinavian ferns, which includes also information on ecology, reproduction, spore
morphology, etymology, morphological variation, relationships, and ethnobotanical
uses, as well as elaborate colour paintings and line illustrations, for each species.
Temperate areas, in general, have better coverage (and fewer pteridophyte species) than
do floras in the tropics. No single plan suits every purpose, or is appropriate given the
information base available. In fact, our ideas about what constitutes a proper flora, or
the manner in which a flora should be presented, given significant changes in
technology and access to information, are changing rather dramatically, as recently
expressed by Heywood (2001).
Some floras have both printed and online versions, the latter sometimes more
updated (e.g., Flora Mesoamericana: <http://www.mobot.org/mobot/fm/welcome.html>),
or with links to other floras and sites (e.g., Ecuador checklist, Jørgensen & León-Yánez,
1999; <http://www.mobot.org/mobot/research/ecuador/search.shtml>). Other floras or
checklists are strictly online (Hassler & Swale, 2001).
A few organisations have, as their stated goal, the eventual inventory of all
organisms on Earth. The magnitude of the problems - funding, organisational, and
political - associated with getting such “big science” projects off the ground, coupled
with insufficient numbers of specialists, seems almost insurmountable, and there is little
hope that these efforts will have an impact in the near term. Two of the more prominent
global initiatives are:
<http://www.species2000.org/> - Species 2000 has the objective of enumerating all
known species of organisms on Earth (animals, plants, fungi and microbes) as the
baseline dataset for studies of global biodiversity.
<http://www.all-species.org/> - The ALL Species Foundation is a non-profit
organisation dedicated to the complete inventory of all species of life on Earth within
the next 25 years.
A third broad regional undertaking is “The Inter-American Biodiversity Information
Network”, an initiative of the countries in the Americas to promote compatible means
of collection, communication, and exchange of biodiversity information relevant to
decision-making and education, using the Internet: <http://www.iabin-us.org/>
STATUS OF FERN FLORISTIC WORK, WITH EMPHASIS ON THE
TROPICS AND SUBTROPICS
A spate of floristic work in the Neotropics in the last ten years has resulted in fern floras
for Mexico (Mickel & Smith, 2004), Mesoamerica (Davidse et al., 1995), the
Venezuelan Guayana (Smith, 1995), and Chile (Marticorena & Rodríguez, 1995), as
well as annotated checklists for the Guianas (Boggan et al., 1997), Argentina (Zuloaga
& Morrone, 1996), and Ecuador (Jørgensen & León-Yánez, 1999) (Fig. 1). In North
America, the Mexican flora fills a sizeable gap between the United States and Central
America, and this gives us relatively up-to-date floristic information spanning a
continuous area from the arctic circle to the Colombian border (ca. 7° north latitude).
For Mexico, we treat 1008 species, about a tenth of the world’s total. This means that
we now have reasonably up-to-date information on the occurrence and distribution of
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nearly 1900 species, about 20% of the world’s total, from Alaska and Canada to
Panama. There are relatively recent and complete floras for Jamaica (Proctor, 1985),
Puerto Rico (Proctor, 1989), the Lesser Antilles (Proctor, 1977), and the Bahamas
(Correll & Correll, 1982). The Cuban flora (Greuter, 2003) is a work-in-progress, and
Hispaniola needs a modern flora.
In South America, work has commenced on a conspectus or synoptical treatment of
the pteridophytes of Bolivia, to include keys, diagnostic descriptions, illustrations, and
maps (Kessler & Smith, in prep.). In the last eight years Kessler and collaborators have
made 6000+ collections of Bolivian ferns and significantly added to our knowledge of
pteridophytes from the southern Andes. We have published recently on 145 new
records, species previously known from adjacent areas but unrecorded from Bolivia

Figure 1. Status of pteridophyte floras in Mesoamerica and South America. See Table
2 for references. ˜Published floras. pPartial floras, checklists. ¢Planned floras.
rA few families done. ™State/District floras
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Table 1. Numbers of species and numbers of endemics in some major pteridophyte
floras of the world. Countries indicated by an asterisk, representing five continents and
with relatively little overlap in species composition, include nearly 5000 spp., about
half of the total fern species diversity in the world.

(Smith et al., 1999), and the number of new records has since grown. We now estimate
about 1160 spp. from Bolivia, including 140 undescribed species. These additions
suggest that Bolivia, which is at a phytogeographical crossroads, rivals other Andean
floras in pteridophyte species richness. Heretofore, it has been the most poorly sampled
country in Latin America. This increased knowledge will permit more accurate
taxonomic and phytogeographic comparison with fern floras from adjacent areas,
particularly Peru and Brazil. There is also a collaborative project underway between the
Missouri Botanical Garden and several herbaria in Bolivia to produce an annotated
catalogue of the vascular plants of Bolivia, employing the model used for the Ecuador
checklist (Jørgensen & León-Yánez, 1999). A similar project is progressing in
Venezuela to produce a catalogue of all vascular plants, and I have in late stages of
preparation an updated Venezuelan fern flora (Smith, in prep.). Another recent flora, for
a relatively large temperate area, is for Patagonia, Argentina (Correa, 1998).
The most conspicuous floristic gaps in our knowledge for the Neotropics are for
Colombia, perhaps the richest of all tropical Latin American countries, and Brazil, also
exceedingly rich, diverse, and the largest country in the Neotropics. A few fascicles for
a fern flora of Colombia have been published (e.g., Arbeláez 1996, for Pteridaceae tribe
Pterideae), but the task of a complete flora is formidable and unlikely to be completed
anytime soon.
There are respectable or good floras for much of tropical and subtropical Africa
(Fig. 2), especially for Southern Africa (most recently, Roux, 2001), but many of those
for tropical Africa now need substantial updating to reflect increased collections,
revised taxonomy, and new phylogenetic information. What is most needed is a
comprehensive flora for all of tropical and subtropical Africa, and the relative paucity
of ferns there makes this feasible. An initial attempt at this was begun by Schelpe
(1969), but was never completed. Older floras for islands in the Indian Ocean, including
Comoro Islands, Madagascar, Mascarenes, and Seychelles, were good for their time but
are now significantly dated; Madagascar, in particular, needs a modern fern flora.
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For tropical and subtropical Asia, floristic work lags behind other areas of the world
(Fig. 3). A single volume has been produced for the Flora of Malesia in the last ten years
(Kalkman & Nooteboom, 1998), and older volumes are now significantly dated. Even
Holttum’s (1954) Flora of Malaya, an exemplar 50 years ago, needs revision, and
Copeland’s (1958-1960) Philippine flora is even more seriously dated. New Guinea,
Sumatra, Java, Borneo, and Sulawesi, among the most fern-rich areas of the world, all
lack a modern flora. Regional floras exist for many states in India, several published
within the last 10 years (see Table 1), but what is needed is a comprehensive modern
flora for the entire Indian peninsula, a flora that takes into account material from
Himalayan region, including Nepal, Bhutan, Myanmar, and Pakistan, as well as
southwestern China. Myanmar is without a fern flora, and its ferns may be especially
interesting because it is at the crossroads where four areas meet and the floras
co-mingle: 1) India to the west; 2) China and the Himalayas to the north; 3) Vietnam,

Figure 2. Status of pteridophyte floras in Africa, the Middle East, and the Arabian
peninsula. See Table 2 for references. ˜Published floras. pIn progress.
¢Partial floras.
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Laos, Cambodia, and Thailand to the east; and 4) Malesia to the south. Bhutan, Laos,
and Cambodia all lack a modern fern flora. Recent floras have been published for
Assam (Borthakur et al., 2001) and Nepal (Thapa, 2002).
Floristic work in China has accelerated to the point that there is perhaps more effort
being expended there than anywhere else in the world. Chinese language floras are
available for many provinces, e.g., a flora of Guizhou (Wang & Wang, 2001). Seven
volumes of the fern flora of China have been produced in the last five years (Chu, 1999;
Kung, 2001; Lin, 2000; Shing, 1999, Wu Shiewhung, 1999a, 1999b; Wu Sugong,
2000), and a project is in the planning stages to produce an updated pteridophyte flora
of China in English, with treatments being a collaboration between Chinese and
non-Chinese specialists. As a preliminary working guide, “A pteridophyte checklist for
China” has been assembled by Funston (2001). Some estimates suggest that the
Sino/Himalayan pteridophyte flora encompasses 20% or more of extant ferns and allies.
Such a figure is speculative, but there is no doubt that this area harbours an especially
rich fern flora. The California Academy of Sciences, in collaboration with institutes in

Figure 3. Status of pteridophyte floras in Southeast Asia and Australasia. See Table 2
for references.˜Published floras. pPartial floras. ¢Florulas, state floras.
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Kunming and other Chinese institutions, has an ambitious project to inventory the biota
of Gaoligongshan Mountains in western Yunnan, near the border with Myanmar, one of
the hottest of biodiversity “hotspots”. Their online inventory of the pteridophytes, so
far, indicates ca. 400 spp.: <http://research.calacademy.org/yunnan/>
Excellent, up-to-date floras exist for New Zealand (Brownsey & Smith-Dodsworth,
2001) and Australia (McCarthy, 1998), and for many states in the latter (most recently,
Andrews, 1990; Garrett, 1996; Walsh & Entwisle, 1994). Hawaii also now has a recent
flora (Palmer, 2003). Most critical needs in Australasia are for a comprehensive flora
for all of Polynesia, integrating existing floras for individual islands or island groups
and also requiring re-examination of related or same species from adjacent areas of
Oceania, including Melanesia, Micronesia, as well as from Australia, New Zealand, and
Malesia. In addition, we lack floras for the Solomon Islands, New Hebrides and
Vanuatu Islands, and an updated flora for New Caledonia, containing one of the most
fascinating and relictual floras, is highly desirable.
Some statistics for numbers of species in fern floras throughout the world are
revealing (Table 1). Choosing five country-wide floras, one in each of the five
continents (indicated by an asterisk in Table 1), we see that these countries, with
relatively little overlap in species composition, include nearly 5000 spp., about half of
the total fern species diversity in the world. Because of the more widespread nature of
fern species compared to seed plant species (Smith, 1972), it is vitally important that
floras be produced with wide context; hence my plea for an African tropical flora
(continuing work begun by Schelpe, 1969), a broader Indian subcontinental flora, and
an all-Polynesian flora.
The often long-attenuated act of producing a flora, the increase in collecting
activities in tropical fern-rich areas, the discovery of undescribed species, changing
species, generic, and family concepts, and the flood of new phylogenetic information
virtually ensure that all floras of any complexity will be outdated to some extent by the
time they are published, or quickly thereafter. Such recent tropical floras as for Peru
(Tryon & Stolze, 1989a, 1989b, 1991, 1992, 1993, 1994), Madagascar (Christensen,
1932; Tardieu-Blot, 1951, 1952, 1958, 1960a, 1971), and Flora Malesiana (Holttum,
1963, 1982a, 1991; Holttum & Alston, 1959; Holttum & Hennipman, 1978; Kalkman
& Nooteboom, 1998) already need significant revision, for many genera. Even the Flora
of North America North of Mexico (Flora of North America Editorial Committee,
1993b), which is one of our more modern floras, and for a predominantly temperate
area, is now dated in a number of aspects, with 10 newly described and 11 newly
naturalized or previously overlooked species, adding 21 spp. to the total of 441 known
in 1993; in addition, recircumscription of several families and genera is now warranted,
e.g., Dennstaedtiaceae; Dryopteridaceae; Pteridaceae; Asplenium, Cheilanthes,
Polypodium). None of this is a criticism of past works, merely a reflection of the
massive amount of new information impacting circumscription and classification, and
our ability to synthesize these data.
The existence, and inherent necessity, of partially completed floras is a fact of life,
but frustrating for anyone trying to identify plants from many areas of the wet tropics
and subtropics. It is quite likely that some floras will never be finished before advances
in technology, more rapid means of presentation, and changing hypotheses about
relationships and circumscription overtake them. The Flora of Ecuador is an example
of an incomplete, long-ongoing flora, with the first fern fascicle produced in 1983
(Smith, 1983), and only five others produced since then (Harling & Andersson, 2001;
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Øllgaard, 1988; Stolze, 1986; Stolze et al., 1994; Tryon, 1986), treating about 30%
percent of the flora estimated to contain 1346 spp. (Jørgensen & León-Yánez, 1999).
Of course, we can agree that even an outdated or incomplete flora is usually better than
no flora at all!
The importance of florulas - floristic treatments for limited geographical areas should not be underestimated or overlooked (Turner, 2001). They provide detailed
insight to and understanding of the ferns of a small area, and they often reflect more
intensive collecting activity. Consequently, they may provide more insight into species
delimitation and hybridization than does a flora of a larger area. As Turner (2001) has
commented, they often include important phytosociological data for ecologists and
other scientists. Florulas can be especially useful for those interested in conservation or
biogeographical analyses; they provide a basis for assessing historical changes in local
floras; and they may encourage re-assessment of taxonomic problems. Some recent
examples of neotropical florulas, sometimes including other vascular plants as well,
include treatments for Barro Colorado Island (Croat, 1978); Guadalupe Island, Mexico
(Moran, 1996); the region of Saint-Élie, French Guiana (Boudrie & Cremers, 2001),
and Central French Guiana (Mori et al., 1997); Guaramacal National Park, Venezuela
(Dorr et al., 2000); Reserva Maquipucuna, Ecuador (Webster & Rhode, 2001); Pico das
Almas, Bahia, Brazil (Stannard, 1995); Reserva Ducke, near Manaus (Ribeiro et al.,
1999); and Reservas Biológicas de Iquitos, Peru (Vasquez, 1997). The exceedingly rich
flora of the Río Cenepa area in Amazonian Peru (Smith in Vásquez & van der Werff, in
prep.) will document over 250 spp. of pteridophytes, including 7 new to science.
Florulas can also be written for urban areas, and may be especially useful in tropical
regions: notable examples are for Philippines (Zamora, 2000), Hong Kong (Edie, 1978)
and Singapore (Johnson, 1977).
An idiosyncratic list of major pteridophyte floras, arranged by region and with
emphasis on the most recent floras for a given area, is presented in Table 2. This list
emphasizes larger, more comprehensive floras at the expense of small, local florulas. In
addition, there is an intentional bias for floras from tropical and subtropical regions over
floras from temperate regions. A fuller account of the floras of many temperate regions
can often be found in comprehensive continental floras (e.g., for Flora Europaea area,
Tutin et al., 1993: xxviii-xxx; Flora of Australia, McCarthy, 1998: 15-18), and a
reasonably current account of the floras of the world can be obtained from Frodin
(2001).
PHYLOGENETIC INFORMATION
Some might question whether it is appropriate to incorporate phylogenetic information
in floras. However, for many users, floras are potentially the primary and perhaps
easiest point of entry into the mushrooming phylogenetic literature of the last ten years.
Phylogenetic information can also serve to inspire students and those just learning the
plants of a given area, as well as educating a more general audience. Even if we choose
not to accept particular phylogenetic hypotheses, we owe it to users to inform them of
the growing body of evidence that supports our understanding of relationships, and the
impact this has or may have on classification. Here are examples:
Higher Ranks. We now have solid evidence that 1) lycophytes form the sister group to
all other vascular plant families, both ferns and seed plants, and that this separation
occurred more than 350 million years ago, perhaps in the Devonian (Pryer et al., 2001,
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Table 2. Floras and annotated checklists for pteridophytes, for major phytogeographic
regions/countries of the world. References marked with an asterisk* are represented by
symbols in Figures 1, 2, and 3.
NORTH AMERICA: Bahamas (Correll & Correll, 1982); Canada (Cody &
Britton, 1989; FNA Ed. Comm., 1993b); Costa Rica (Grayum & Churchill,
1987; Lellinger, 1989); Cuba (Greuter, 2003; Sánchez, 2000); Guatemala
(*Stolze, 1976, 1981, 1983); Hispaniola (Christensen, 1937); Honduras
(*Nelson S. et al., 1996); Jamaica (Proctor, 1985); Lesser Antilles (Proctor,
1977); Mesoamerica (*Davidse et al., 1995); Mexico (Knobloch & Correll,
1962; Mickel, 1992; Mickel & Beitel, 1988; Mickel & Smith, 2004; Moran,
1996; Smith, 1981); North America north of Mexico [Canada, Greenland,
U.S.A.] (FNA Ed. Comm., 1993b; Kartesz, 1994; Kartesz & Meacham, 1999;
Lellinger, 1985); Panama (Lellinger, 1989); Puerto Rico (Proctor, 1989);
Trinidad-Tobago (Baksh-Comeau, 2000; Mickel, 1985).
SOUTH AMERICA: Argentina (*Capurro, 1969; Correa, 1998; *de la Sota,
1972, 1973, *1977; *Moore, 1983; *Zuloaga & Morrone, 1996); Bolivia
(Foster, 1958; *Kessler & Smith, in prep.; Kessler et al., 1999; Smith et al.,
1999); Brazil (Angely, 1963; *Ribeiro et al., 1999; *Sehnem, 1967; Stannard,
1995; Tryon & Conant, 1975); Chile (Barrera, 1997; *Marticorena &
Rodríguez, 1995); Colombia (*Arbeláez, 1996; Lellinger, 1989; *Murillo-A. &
Murillo-P., 2003; *Murillo-P., 1988); Ecuador (Dodson & Gentry, 1978;
*Jørgensen & León-Yánez, 1999; Harling & Andersson, 2001; Webster &
Rhode, 2001); Falkland Islands (Broughton & McAdam, 2003; *Moore, 1968);
French Guiana (Boudrie & Cremers, 2001; *Mori et al., 1997); Galapagos
Islands (Lawesson et al., 1987; van der Werff, 1977; *Wiggins & Porter, 1971);
Guianas
(*Görts-van
Rijn,
1994;
*Boggan
et
al.,
1997;
<http://www.mnh.si.edu/biodiversity/bdg/planthtml/pterid.html>; Paraguay
(Hassler, 1928; Peña-Chocarro et al., 1999); Peru (López Miranda, 1993; Tryon,
1964; *Tryon & Stolze, 1989a, 1989b, 1991, 1992, 1993, 1994; Vásquez, 1997;
Young & León, 1990); Suriname (Kramer, 1978); Uruguay (*Legrand &
Lombardo, 1958); Venezuela (*Dorr et al., 2000; *Smith, 1985; *Smith, 1995;
Smith, in prep.; Steyermark & Huber, 1978; *Werff & Smith, 1980). Paramo
vegetation (Luteyn, 1999).
EUROPE: (Jalas & Suominen, 1972; Øllgaard & Tind, 1988; Page, 1997; Pichi
Sermolli, 1979; Tutin et al., 1993, with list of standard Europaean floras cited
therein, pp. xxviii-xxx); Azores (Schäfer, 2001).
AFRICA (incl. Indian Ocean islands): Algeria (*Quézel & Santa, 1962);
Cameroon (*Tardieu-Blot, 1964a); Cape Verde Islands (Lobin, 1998);
Djibouti (*Andru, 1994; *Pichi Sermolli, 1954-1978, see under Ethiopia);
Egypt (*Boulos, 1999-2002); Equatorial Guinea [Annobón, Bioko, Río
Muni] (*Benl, 1978, 1980, 1982, 1988, 1991; Valayos et al., 2001); Eritrea
(*Pichi Sermolli, 1954-1978, see under Ethiopia); Ethiopia (*Bizzari, 1975;
*Pichi Sermolli, 1954, 1956, 1957, 1962, 1963a, 1963b, 1965, 1966, 1968,
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1969a, 1969b, 1978); French Intertropical Africa [Benin, Burkina Faso,
Cameroon, Chad, Congo, Cote D’Ivoire, Guinea, Gabon, Senegal]
(*Tardieu-Blot, 1953; *Tardieu-Blot & Alston, 1957); Gabon (*Tardieu-Blot,
1964b); Liberia (*Harley, 1955); Kenya (Faden in Agnew, 1994); Madagascar
(*Christensen, 1932; *Tardieu-Blot, 1951, 1952, 1958, 1960a, 1971); Madeira
(*Press & Short, 1994); Mascarene Isl. (Badré & Cadet, 1978; Baker, 1877;
Lorence, 1976, 1978; *Tardieu-Blot, 1960b); Mauritania (*Lebrun, 1998);
Mozambique (*Schelpe & M. A. Diniz, 1979); Prince Edward Islands
(Marion Isl.) (Alston & Schelpe, 1957); Rwanda (*Kornas et al., 1993);
Rwanda, Burundi, Kivu (Zaire) (*Pichi Sermolli, 1983, 1985); São
Tomé/Principe (*Alston, 1944; *Exell, 1959); Seychelles (Baker, 1877;
*Tardieu-Blot, 1960b); Socotra (*Pichi Sermolli, 1954-1978, see under
Ethiopia); Somalia (Pichi Sermolli, 1954-1978, see under Ethiopia; *Thulin,
1993); Southern Africa [Botswana, Mozambique, Namibia, South Africa,
Zimbabwe] (*Burrows, 1990; Hancock & Lucas, 1973; *Jacobsen, 1983;
*Roux, 2001; *Schelpe & Anthony, 1986); Sudan (Friis & Vollesen, 1998);
Swaziland (*Roux, 2003); Tanzania (Schippers, 1993; Tropical Africa
(Schelpe, 1969); Tropical East Africa (*Johns, 1991); Tunisia (*Cuénod et al.,
1954); Uganda (Friis & Vollesen, 1998); West Tropical Africa (Benin,
Cameroon, Cote D’Ivoire, Fernando Po, Gambia, Ghana, Guinea, GuineaBissau, Liberia, Mali, Nigeria, Senegal, Sierra Leone, Togo; *Alston, 1959);
Western Sahara (*Lebrun, 1998); Zambesiaca (Botswana, Mozambique,
Malawi,
Zambia,
Zimbabwe;
*Schelpe,
1970;
see
also
http://www.kew.org/efloras/); Zambia (*Kornas, 1979).
SW ASIA: Arabian Peninsula [Bahrain, Kuwait, Oman, Qatar, Saudi
Arabia, United Arab Emirates, Yemen] (*Miller & Cope, 1996); Iran (*Parsa,
1950); Iraq (*Townsand & Guest, 1966); Lebanon & Syria (*Mouterde, 1963);
Middle East (*Zohary et al., 1994); Palestine (Zohary, 1966); Turkey (*Davis,
1965).
ASIA: China (Boufford et al., undated; *Ching & Shing, 1990; *Chu, 1999;
Edie, 1978; *Huang, 1994; Kitagawa, 1979; *Kung, 2001; *Lin, 2000; *Shing,
1999; *Wang & Wang, 2001; Wu Cheng-yih, 1983; *Wu Shiewhung, 1999a,
1999b; *Wu Sugong, 2000; *Yu & Li, 2001); Eastern Himalaya [Bhutan,
Darjeeling, Nepal, Sikkim] (Hara, 1971; Iwatsuki, 1975); India (Baishyo &
Rao, 1982; Bir, 1983; Borthakur et al., 2001; Chandra, 2000; Dhir, 1980; Dhir
& Sood, 1981; Dixit, 1984, 1993; Dixit & Kumar, 2002; Ghosh et al., 2004;
Jamir & Rao, 1988; Khullar, 1991, 1994; Manickam, 1986; Manicham &
Irudayaraj, 1992, 2003; Mehra & Bir, 1964; Nayar & Geevarghese, 1993; H.
Pande & P. Pande, 2002, 2003; P. Pande & H. Pande, 2002; Pullaiah et al., 2003;
Singh & Panigrahi, 2004; Vasudeva & Bir, 1994; Verma et al., 1993); Japan
(*Iwatsuki et al., 1995; Nakaike, 2004; Walker, 1976); Korea (*Park, 1975);
Mongolia (Grubov, 1999a, 1999b); Nepal (Fraser-Jenkins, 1997; Gurung, 1991;
Iwatsuki, 1988; *Thapa, 2002); Pakistan (Stewart, 1972); Russia (Fedorov,
1999, with list of other Russian floras cited therein, pp. 25-38; Komarov, 1968;
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Krasnoborov, 2000; Tolmachev & Packer, 1995); Sri Lanka (Sledge, 1982).
SE ASIA: Admiralty Islands (*Wagner & Grether, 1948); Malaysia
(*Holttum, 1954; *Parris et al., 1992; Parris & Latiff, 1997; Piggott, 1988;
Turner, 1995); Malesia [Indonesia, Malaysia, Singapore, Brunei
Darussalam, the Philippines, Papua New Guinea in part] (Beaman &
Anderson, 1997; *Holttum, 1963, 1982a, 1991; *Holttum & Alston, 1959;
*Holttum & Hennipman, 1978; *Kalkman & Nooteboom, 1998; *Kramer, 1971;
*Parris et al., 1992; progress reviewed by Roos, 1996); Philippines (*Copeland,
1958-1960; Zamora, 2000); Singapore (Johnson, 1977); Thailand (*Tagawa &
Iwatsuki, 1979-1989); Vietnam (Alston, 1951; *Pham-Hoàng, 1999); *TardieuBlot & Christensen, 1939-1951).
AUSTRALASIA: Australia (*Andrews, 1990; *Duncan & Isaac, 1986;
*Garrett, 1996; Jones & Clemesha, 1980; *McCarthy, 1998; *Walsh & Entwisle,
1994; *Wheeler et al., 1992); Kermadec Isl. (Sykes, 1977); Lord Howe,
Norfolk Isls., and other Oceanic Islands (Flora of Australia, 1993, 1994); New
Zealand (*Brownsey & Smith-Dodsworth, 2001).
OCEANIA (incl. Melanesia, Polynesia, Micronesia, Mariana Isl.): Cook
Islands (Game & Smith, in prep.); Fiji (*Brownlie, 1977); Hawaii (Palmer,
2003); Mariana Isl. (*Raulerson & Rinehart, 1992); Micronesia (Fosberg et al.,
1982); Moorea (Murdock & Smith, 2003); New Caledonia (*Brownlie, 1969);
Ponape (Glassman, 1952); Rotuma (St. John, 1954); Samoa (Christensen,
1943); Society Islands (Copeland, 1932); Tonga (Sykes, 1977).
2004b); 2) horsetails and whisk ferns (Equisetum and Psilotum, respectively), together
with all ferns, form a clade called the monilophytes (Pryer et al., 2001, 2004b;
Renzaglia et al., 2002); and that 3) the monilophytes are the sister group of the seed
plants, including both flowering plants and gymnosperms (Pryer et al., 2001, 2004b).
These and other studies suggest that our old concept of “pteridophytes”, which once
excluded both horsetails and whisk ferns from the fern clade, must be retired or
modified. An alternative name for pteridophytes - "seed-free vascular plants" - has even
been suggested (Pryer et al., 2002), to emphasize their phylogenetic position vis-à-vis
extant seed plants. At the very least, modern floras should contain mention of studies
that challenge our traditional classifications and our previously held understanding of
relationships.
We ought to inform flora users of the now well-supported hypothesis of a sister
relationship between the Psilotaceae and Ophioglossaceae (Manhart, 1995; Pryer et al.,
2001, 2004b). Thus, Bierhorst (1968) appears to be vindicated in his hypothesis of a
relationship between Psilotum and the ferns, but incorrect in postulating a close
relationship to Stromatopteris, which is believed to be nested within Gleicheniaceae
(Pryer et al., 2004b).
We need to reaffirm, in light of recent molecular evidence, that the leptosporangiate
ferns (everything including and distal to Osmundaceae in the trees) are monophyletic
(Pryer et al., 1995, 2001, 2004b). Further, we ought to inform users that Matoniaceae,

SMITH: FLORISTICS IN THE 21ST CENTURY

117

as well as Dipteridaceae and Cheiropleuriaceae, are closely related to Gleicheniaceae,
which is in agreement with both morphological and molecular evidence; and that the
schizaeoid ferns, including Lygodium, Schizaea, and Anemia, form a monophyletic
group, also previously suspected. We owe it to consumers to emphasize the now strong
evidence, contrary to most previously held opinions, that the heterosporous aquatic
ferns, including Salviniaceae, Azollaceae, and Marsileaceae, are more closely related to
one another than to any other fern groups (Hasebe et al., 1995; Pryer et al., 1995, 2001,
2004b).
We owe users reference to the phylogenetic literature that places several families
whose relationships were previously problematic or contentious. The Plagiogyriaceae,
Loxomataceae, and Hymenophyllopsidaceae appear to be allied to the tree ferns (Pryer
et al., 2004b; Wolf et al., 1999) and together comprise a monophyletic “tree fern clade”,
even though some are not tree ferns at all, in stature! We assign this clade the rank
Cyatheales, to emphasize their common origin, and it includes also the well known
Cyatheaceae and Dicksoniaceae. We ought to be communicating this information in our
floras, if for no other reason than to suggest politely that these hypotheses need further
testing and re-interpretation of the traditional morphological evidence that allied them
with families outside of the tree fern clade.
Lastly, molecular evidence strongly suggests that a large clade of higher
leptosporangiate ferns is monophyletic and this clade comprises ca. 80% of all extant
ferns. We can assign them the rank Polypodiales, again to emphasize their cohesiveness,
apart from all other fern orders. This clade includes such diverse families as
Dennstaedtiaceae, Aspleniaceae, Blechnaceae, Dryopteridaceae, Pteridaceae s.l. (with
the included Vittariaceae and Parkeriaceae), Thelypteridaceae, Polypodiaceae (with the
included Grammitidaceae), and other families (Pryer et al., 2001, 2004b). These
families likely do not have separate origins from different sources among the basal
leptosporangiate ferns, as most classifications and phylogenetic trees of the last 60
years have suggested (e.g., Bower, 1926; Pichi Sermolli, 1977; Holttum, 1973; Mickel,
1974; Wagner, 1969). Incorporation of this and other phylogenetic information into
floras will go a long way toward educating the next generation of systematists and
floristicians about the wealth of new data, and it will convey a sense of excitement and
discovery about fern systematics to future generations.
Family Ranks. In addition to being pivotal in assessing higher level relationships,
molecular data support recircumscription of several traditional families to conform to
principles of monophyly. These include a more broadly defined Pteridaceae, to include
Parkeriaceae, Vittariaceae and Adiantaceae (sister to each other), and Sinopteridaceae
(Hasebe et al., 1995; Gastony & Rollo, 1995, 1998). Alternatively, Pteridaceae s.l. could
be subdivided to include about five families (Cranfill & Schneider, 2004): Pteridaceae
s.s. (Pteris, its immediate allies, the gymnogrammoid genera, e.g., Pityrogramma,
Eriosorus, Taenitis); Parkeriaceae, comprising only Acrostichum and Ceratopteris;
Cryptogrammaceae (including Coniogramme); Adiantaceae, including Adiantum and
the Vittariaceae; and a large family Sinopteridaceae, containing various ill-defined
cheilanthoid and pellaeoid genera. Several other families now also require redefinition
to make them monophyletic, e.g., Dennstaedtiaceae (Hasebe et al., 1995; Wolf, 1995;
Pryer et al., 2004b); Dryopteridaceae s.l. (Cranfill, unpubl. data); Athyriaceae; and
Polypodiaceae (with Grammitidaceae nested within; Schneider et al., 2004a; Ranker et
al., 2004).
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Several problematic genera of previous uncertain relationship can now be placed
with confidence in larger, recognized families. These include Gymnogrammitis
(previously included in Davalliaceae or placed in its own family,
Gymnogrammitidaceae; Schneider et al., 2002); and Pleurosoriopsis (previously in its
own family or thought to be allied to Aspleniaceae or Pteridaceae). Both genera are now
suspected of nesting within Polypodiaceae (Hasebe et al., 1995; Schneider et al.,
2004a).
Generic Ranks. Numerous large classical genera are now believed to be paraphyletic
or polyphyletic. Among these are Asplenium, from which numerous small segregate
genera (e.g., Diellia, Phyllitis, Loxoscaphe, Schaffneria, Ceterach, Camptosorus) have
been separated; all of these segregates appear to be nested within Asplenium (see
Schneider et al., 2004c). The only segregate that has support from molecular studies is
one that has most often been subsumed within Asplenium - the genus Hymenasplenium
(Schneider et al., 2004b). Classical Polypodium is also polyphyletic, several times over
(Schneider et al., 2004a), and should be restricted to the largely temperate P. vulgare
group plus some allied species in Mexico, Mesoamerica, and northern South America.
Simple-bladed Grammitis and pinnatifid Ctenopteris are likewise polyphyletic and
need redefinition on some basis other than blade dissection, as classically construed
(Ranker et al., 2004).
FLORAS OF THE FUTURE: RESOURCES, TOOLS, AND REFERENCES
What, then, should a modern flora, one borne in the 21st century, contain? Much of the
basic information will be the same as in traditional floras. At a minimum, it is desirable
to include descriptions or diagnoses of families, genera, and species; keys for their
identification; accepted names and important synonymy; illustrations; maps or range
statements; citation of representative specimens; and references. Descriptions need to
be enlivened by remarking on interesting morphological features, characters often
ignored or underutilized, e.g., aerophores and ventilation tissue, spore characters;
chromosome numbers, gametophytic characters, fungal associates, and nectaries, as
well as information about stipe and rhizome vasculature, leaf ptyxis, and blade
architecture.
In addition, floras being planned or written today should strongly consider both
online presentation and interactive keys.
1. Online Presentation. The advantages of producing a flora online are several; most
importantly, this mode allows for floristic information to be readily updated. Examples
of published pteridophyte floras with online versions include: Flora of North America
north of Mexico (Flora of North America Editorial Committee, 1993b;
<http://hua.huh.harvard.edu/FNA/>); Flora Mesoamericana (Davidse et al., 1995;
<http://www.mobot.org/mobot/fm/welcome.html>); and The Jepson manual: Higher
plants of California (<http://ucjeps.berkeley.edu/jepman.html>). An electronic
pteridophyte flora for Australia is now available:
<http://www.anbg.gov.au/abrs/online-resources/flora/index.html
Checklists can also be put online; examples are Michael Hassler and Brian Swale’s
global checklist for pteridophytes: “Checklist of world ferns”:
<http://homepages.caverock.net.nz/~bj/fern/>; and a site for Paramo plants, by Luteyn:
<http://www.botanypages.org/neill/paramos/site_intro.htm>. Many other checklists can
be
accessed
through
the
Missouri
Botanical
Garden
website:
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<http://www.mobot.org/MOBOT/Research/alldb.shtml>
Local florulas are ideal candidates for online presentation. One example is “Ferns
of the Canberra region”, by Henry Kendall:
<http://www.home.aone.net.au/byzantium/ferns/index.html>; another is for Wisconsin
state, U.S.A.: <http://www.uwgb.edu/biodiversity/herbarium/pteridophytes/pteridophy
tes_of_wisconsin01.htm>; still another is a digital flora of Moorea (Society Islands):
<http://ucjeps.berkeley.edu/moorea/pteridophytes.html>.
Rapid biological inventories (RBIs) also serve a purpose and are being increasingly
employed when more detailed floras are either impractical or premature. They are often
used to stimulate conservation action in threatened regions that are of high biological
diversity and uniqueness. They are not intended as complete species lists, but may
provide information on rare or unusual plants, range extensions, or habitats worthy of
further exploration and collecting. A website that exhibits several sites in South
America, one of which mentions important discoveries in the polypodiaceous genera
Solanopteris and Platycerium (with image) and Schizaea in the Cordillera Azul in Peru
(Depts. Loreto and San Martín), is: <http://fm2.fieldmuseum.org/rbi/results_bol01_dload.asp.>
A completely new kind of flora or interface is now being envisioned by systematists
and ecologists in California. Called the PEGASUS database project, it seeks to integrate
collection data with geographic, morphological, ecological, and phylogenetic data in a
single relational database (Mishler, pers. comm.): <http://ucjeps.berkeley.edu/PEGASIS/>
2. Interactive Keys. Interactive or multi-access keys are more user-friendly than
traditional dichotomous keys because they allow the user to assess many characters,
instead of only a few. Such keys are best displayed, and most easily used, in electronic
form. A good example is Moran’s key for neotropical pteridophyte genera, utilizing 87
morphological characters: <http://www.plantsystematics.org/>. Printed, multi-access
keys are also possible, e.g., a key to Grammitis of New Guinea (Parris, 1983).
There are a great many other resources useful in preparation of floras today,
resources that didn’t exist ten years ago. Here are a few:
3. Indices. Several indices are essential tools for finding information about published
names and types; these include: International Plant Names Index = IPNI
<http://www.ipni.org/index.html>; Index Nominum Genericorum (Index to generic
names) = ING <http://ravenel.si.edu/botany/ing/ingForm.cfm>; validly published
suprageneric names, a site developed by Jim Reveal, at the University of Maryland
<http://www.inform.umd.edu/PBIO/fam/sgindex.html>; TROPICOS database to plant
names, places of publication, types, exsiccatae, maps, and other information
<http://mobot.mobot.org/W3T/Search/vast.html>; Index to Herbaria, contacts, staff
<http://www.nybg.org/bsci/ih/ih.html>
4. Types. Many herbaria have type information online, e.g., NY
<http://sciweb.nybg.org/science2/VirtualHerbarium.asp>;
UC/JEPS <http://ucjeps.berkeley.edu/fern_types.html>;
US <http://ravenel.si.edu/botany/types//index.cfm>; and a consortium of herbaria in
The Netherlands (Leiden, Utrecht, Wageningen) <http://www.nationaalherbarium.nl/>;
some of these sites also display images of types, e.g., MO, NY and US. In addition,
some large, historically important collections can now be viewed online, e.g., the
Linnaean Herbarium: <http://www.nhm.ac.uk/botany/linnaean/databasehome.html>
5. Illustrations, Images. Line drawings by outstanding artists have become almost
prohibitively expensive, but alternatives are available. Copyrighted illustrations can
often be borrowed or scanned, with permission from the publisher or author. Herbarium
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specimens can be photographed and the images digitized, making possible an infinite
variety of illustrations, quickly and inexpensively. These range from habit photographs
to details of indument and venation. Examples can be found on the Plant Systematics
website: <http://www.plantsystematics.org/>; the Tropicos image Index
<http://mobot.mobot.org/W3T/Search/image/imagefr.html>; the INBio website
<http://darnis.inbio.ac.cr/ubis/>; and on individual websites
<http://media.humboldt.edu/dkw1>
6. Maps And Atlases. Numerous websites are devoted to mapping, e.g., for Utah plants
<http://www.nr.usu.edu/Geography-Department/utgeog/utvatlas/>; for New England
ferns <http://neatlas.huh.harvard.edu/Pterid.html>. Published atlases exist for some
temperate areas, e.g., Jalas & Suominen (1972) and Hultén and Fries (1986), but very
few tropical ones.
Other sites provide base maps for countries of the world, e.g.,
<http://geography.usgs.gov/index.html>;
<http://www.lib.utexas.edu/maps/map_sites/country_sites.html>; and
<http://www.un.org/Depts/Cartographic/english/htmain.htm>
7. Glossaries. Many floras have glossaries of phytographical terms. A more
comprehensive guide to botanical terminology, in four languages (English, French,
Portuguese, and Spanish) is Lellinger (2002), and there are also downloadable
dictionary files available in the Pteridologia section of the American Fern Society
website: <http:/www.amerfernsoc.org>
Other Useful References For Floristic Work. This abbreviated list, arranged
alphabetically, is intended only as a sample of sites often useful in conducting floristic
work. They may be helpful in initiating further searches:
Bibliography. ePIC, Electronic Plant Information Centre,
<http://www.kew.org/epic/>, is a project to bring together digitised information at Kew.
The site can be used to obtain various kinds of information - bibliographies,
nomenclators and checklists, publications and taxonomic works - as well as providing
links to information from other organsations.
Chromosome Numbers. Information on chromosome numbers is available through
standard indices (Goldblatt & Johnson, 2003, and preceding issues) or through at least
two online sources: Index to chromosome numbers of Asian Pteridophyta
<http://dapc.sci.kumamoto-u.ac.jp/pterid/topdb.html>; and Index to Plant Chromosome
Numbers – IPNI <http://mobot.mobot.org/W3T/Search/ipcn.html>
Classifications. Classificatory information can be gleaned from a few websites,
e.g.,
Hassler
and
Swale’s
global
“Checklist
of
world
ferns”
<http://homepages.caverock.net.nz/~bj/fern/>; standard references can be consulted for
more detailed information, e.g., Kubitzki (1990); Tryon & Tryon (1982).
Conservation. Floras have a role in providing data related to conservation issues, i.e.,
preparation of Red Data List assessment (see Golding & Smith, 2001). A symposium
(Fern Flora Worldwide: Threats and Responses) dealing primarily with fern
conservation was sponsored by the British Pteridological Society in 2001, and later
published (Dyer et al., 2002; see also
<http://www.nhm.ac.uk/hosted_sites/bps/symposium/symposiumcontents.htm>)
The major conservation website is: 2003 IUCN Red List of Threatened Species
<http://www.redlist.org/>; for the United States
<http://ecos.fws.gov/tess_public/TESSWebpageVipListed?code=N&listings=0>;
additional conservation sites exist for many countries and regions within countries.
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Dictionaries. A dictionary of botanical epithets:
<http://www.winternet.com/~chuckg/dictionary.html>
Ecological Research Sites. Long term ecological research sites (LTER sites):
<http://lternet.edu/sites/>
Exsiccatae. Specimen citations (exsiccatae) are an integral part of floras, documenting
the existence of a given taxon in specific region. Examples are to be found in Berry et
al., 1995; Davidse et al., 1995; Holttum, 1982b, Mickel & Smith, 2004; see also under
Indices, TROPICOS. Collection data for California plants can be obtained from:
<http://www.mip.berkeley.edu/www_apps/smasch/>
Fossil Information/Geological Timeline. Recent comprehensive references, all
published, are: Collinson, 1996, 2001; Galtier & Phillips, 1996; Pryer et al., 2004b;
Skog, 2001.
Gazetteers. <http://www.calle.com/world/>
Genera. Websites for specific genera, e.g., the Elaphoglossum homepage, by Moran et
al.: <http://www.nybg.org/bsci/res/moran/elaphoglossum.html>
Invasive Ferns. Salvinia molesta: <http://salvinia.er.usgs.gov/>
Living Material. Many botanical gardens have their own website from which lists of
living plants, and sometimes images, can be obtained, e.g., the University of California
Botanical Garden: <http://botanicalgarden.berkeley.edu/>; and the University of
Connecticut: <http://florawww.eeb.uconn.edu/>
One site allows searches of multiple botanical gardens at the same time:
<http://rbg-web2.rbge.org.uk/forms/multisite2.html>
Nomenclators: e.g., a list of Polystichum spp. (Barrington):
<http://www.uvm.edu/~dbarring/polystichum/>
Nomenclature. International Code of Botanical Nomenclature:
<http://www.bgbm.fu-berlin.de/iapt/nomenclature/code/SaintLouis/0000St.Luistitle.htm>
An issue that may impact floras of the future is the nomenclatural system to be used.
The Phylocode, now being argued and written, is an attempt to de-emphasize ranks and
establish a system for the names of clades, a rank-free system of names. For history and
literature, see: <http://www.ohiou.edu/phylocode/>
Paleogeographic Maps: The juxtaposition of the continents, through time, can be
viewed on several paleogeographic websites:
<http://pgap.uchicago.edu/global290-0pgeogrev.mov>; <http://pgap.uchicago.edu/>;
<http://www.scotese.com/>
Phylogenetic Trees And Other Related Information: Phylogenetic trees are found on
several websites, including the following: Tree of Life
<http://tolweb.org/tree?group=leptosporangiate_ferns&contgroup=Filicopsida>; and
TreeBase, a database of knowledge about phylogenetic trees
<http://www.treebase.org/treebase/>
For various phylogenetic projects in which I have been involved, there is a database to
record DNA voucher information, tissue availability, sequence information, and
references (Fern DNA database): <http://www.biology.duke.edu/pryerlab/ferndb/index.html>
Societies. American Fern Society <http://amerfernsoc.org/>; and British Pteridological
Society <http://www.nhm.ac.uk/hosted_sites/bps/>
PROBLEMS
The preparation of floras and florulas is not without difficulty. Training of individuals
to conduct floristic work languishes in Europe and the United States. In the U.S., within
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the last ten years, pteridologists and pteridological positions have been lost at the Field
Museum in Chicago; University of Michigan; Gray Herbarium, Harvard University;
Missouri Botanical Garden; and Smithsonian Institution. These institutions hold five of
the seven largest research collections of pteridophytes in the United States. The loss of
mentors leads soon to the loss of students. Students in more developed countries often
must confine themselves to projects having a phylogenetic focus in order to make
themselves marketable, and consequently lack sufficient training to execute traditional
or modern floristic work. Funding agencies do not always look favourably upon efforts
to produce modern floras.
Problems of a political nature also impede progress in floristic work in particular
and systematics in general. For example, Colombian botanists are now unable to send
duplicates-for-identification to specialists outside of the country. The cost of collection
permits has also become prohibitively expensive in some areas. Some areas of the globe
are unsafe for fieldwork and plant collecting.
In summary, there is a critical lack of people able to invest the time, facility, and
incentive to carry out modern floristic work. In addition, the foundation for any modern
flora is monography, and few monographs are being written. This requires that modern
floras, at least for wet tropical areas, be almost semi-monographic, in that species
delimitations and relationships be explored in a broader context, with consideration of
material outside the flora boundaries. It is clear that the next generation of floras must
have the full participation of individuals in those countries with the richest floras, i.e.,
systematists in the wet tropics. And this is the conundrum, because the resources for
doing floristic work, especially access to large, historically important herbaria, types,
and libraries, are often inadequate in the very countries where they are most needed.
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THE PTERIDOPHYTIC DIVERSITY IN THE CLOUD MONTANE
FORESTS FROM SALTA, NW ARGENTINA
E.R. DE LA SOTA1 & O.G. MARTÍNEZ2
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The area, phytogeographically called 'Yungas', covers a large part of Northwestern
Argentina in Salta, Jujuy, Tucumán and Catamarca provinces. In these forests, ranging
from 400-3,000m altitude, low clouds and mists are almost permanent, with an annual
rainfall reaching 3,000 mm. The Province of Salta, between 22º-26º20´S, 62º20´-68º50´
W, has a surface area of 154,775 km2, half the size of the Province of Buenos Aires, the
largest state of Argentina. The 'Yungas' occur from north to south along the Subandean
Mountains and the Eastern Range of the Andes. In Argentina, 86 genera and 346 native
taxa of ferns and allied plants are recorded. Of these, 52 genera and 133 species are
reported for Salta. The local high humidity and the physiography have promoted the
development of an exuberant vegetation, with large and old trees and abundant mosses
and epiphytic plants. In this peculiar habitat ferns such as Asplenium achalense Hieron.,
A. auritum Sw., Lellingeria tungurahue (Rosenst.) A.R. Sm. & R.C. Moran,
Microgramma squamulosa (Kaulf.) de la Sota, Pecluma filicula (Kaulf.) G.M. Price, P.
oranense de la Sota, Polytaenium lineatum (Sw.) J.E.Sm., Phlebodium pseudoaureum
(Cav.) Lellinger and others, are found. Also large terrestrial or epipetric ferns including
species of Alsophila, Blechnum (sect. Lomariocycas) and Megalastrum are recorded.
The few taxa of Botrychium and Ophioglossum are uncommon and Huperzia
mandiocana (Raddi) Trevis., H. subulata and Psilotum nudum (L.) P. Beauv. are rare in
the epiphytic communities; all these species require protection.
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NOTEWORTHY FERN DISCOVERIES IN THE PHILIPPINES
AT THE TURN OF THE 21ST CENTURY
J. F. BARCELONA
Philippine National Herbarium (PNH), Botany Division, National Museum of the
Philippines, P. Burgos St., P.O. Box 2659, Manila, Philippines (e-mail:
BarcelJF@hotmail.com)
Key words: Aglaomorpha cornucopia, Bohol, conservation, Ctenitis humilis,
Cyrtomium, Dennstaedtia macgregori, ferns, Kalinga, Luzon, Mt. Bali-it, Mt.
Banahaw, pteridophytes, Rajah Sikatuna Protected Landscape, Wildlife Resources
Conservation and Protection Act
ABSTRACT
The status of pteridological research in the Philippines at the turn of the 21st
century is presented and discussed. An electronic database containing collection
and taxonomic information on nearly 23,000 collection numbers of Philippine
pteridophyte specimens in herbaria around the world was started in 1994, a
collaborative personal and institutional endeavor. I also provide a synthesis of
the results of my field explorations in three protected areas in the last three years.
Noteworthy of these are the rediscovery and confirmation of the presence in the
Philippines of the genus Cyrtomium, and the rediscovery of Aglaomorpha
cornucopia, Antrophyum williamsii, Ctenitis humilis, and Dennstaedtia
macgregori, rare Philippine endemics. The need for extensive botanical
explorations in the Philippines is imperative for our understanding of
biodiversity and sound conservation management. The implications for
scientific research and cooperation of current laws regarding biological
collection and transport, especially the Wildlife Resources Conservation and
Protection Act, are also presented.
INTRODUCTION
The last decade of the 20th century, though seemingly quiescent, was a period of
rather active data repatriation for Philippine pteridology. In 1994, I started an electronic
database of herbarium label data with the fern collections at F, MU, and US in the
United States and BM and K in England. Subsequently, I incorporated the paper
database of herbarium materials collected and annotated/examined by M. G. Price since
the late 1960s that comprise nearly 30% of the records. Pteridological collections of L.
L. Co (at PUH) between 1970 and 1993 likewise make up an additional 5% of the total
records. In addition, Philippine materials cited in literature that we have not seen yet
were also noted. With nearly 23,000 records/collection numbers, this electronic
database contains herbarium data of more than 90% of the pre-World War II collections
and some 70-80% of the post-World War II collections of Philippine ferns and fern
allies and includes all of my own collections from 1989 to 2004. I have singlehandedly
prepared this database, hence data quality, if ever compromised, has been at a
minimum. This may indeed be the most powerful resource for Philippine pteridological
collection data to date. However, databasing of Philippine fern collection deposited in
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major Asian (BO and SING) and European herbaria (B, MA, BM, K, E, and L) is far
from substantial. For instance, only Selaginellaceae and Lycopodiaceae in both BM and
K were included in the database. Initial data suggest that in Selaginella alone, nearly
5% and 12% at K and BM, respectively, are unique, i.e. I have not seen replicates in
other herbaria. A day of databasing effort at E has resulted in 221 numbers; about 33%
of these are unique. I have never visited B, MA, and L and, except for those materials
cited in literature, I have not included any of their accessioned Philippine pteridophytes.
The turn of the 21st century has been marked by a series of pteridological
explorations in Bohol and Luzon (2002-2004). These explorations have greatly
increased our meagre understanding of the richness of the pteridophyte flora of the
heavily botanised Mt. Banahaw in Luzon and the less-explored karst forests of Bohol
and montane forests of Luzon’s Central Cordillera.
In this study, I provide a synthesis of our pteridological explorations in Rajah
Sikatuna Protected Landscape (RSPL) and adjacent areas in Bohol, Mt. Banahaw
mountain complex and Mt. Bali-it, Balbalasang-Balbalan National Park (BBNP) in
Luzon (Barcelona, 2003). I also evaluate the collection and conservation status of rare
Philippine endemic pteridophytes, especially those only known from types or from very
few collections. I further explore alternatives to sound planning of future pteridological
explorations and conservation management. More importantly, I discuss the
implications to scientific research of the current laws regarding collection and transport
of biological specimens.
MATERIALS AND METHODS
I am providing a synthesis of the results of the fern collecting explorations that we
THE PHILIPPINES
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Figure 1. Location map of recent pteridological collecting localities in the Philippines
(2002-2004).
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conducted in three protected areas, namely Mt. Banahaw mountain complex that
straddles Quezon and Laguna Provinces: Oct. 16-25, 2002 (Barangay Laló, Tayabas
approach), Mar. 27-Apr. 6, 2003 (Lucban Cone), and Sept. 9-21, 2003 (Barangay
Kinabuhayan, Dolores approach); Mt. Bali-it, Balbalasang-Balbalan National Park
(BBNP), Kalinga Province on Feb. 16 to Mar. 3, 2003; and Bohol Island particularly
within the Rajah Sikatunah Protected Landscape (RSPL) and vicinity on Nov. 18-22,
2003 and Jan. 16-Feb. 12, 2004 (Fig. 1). Exact collection localities in BBNP and RSPL
are provided in Barcelona (2003) and Barcelona et al. (in press), respectively. All
collections are currently deposited at the PNH.
RESULTS
BOHOL ISLAND [Rajah Sikatuna Protected Landscape (RSPL) and vicinity]
Our recent collecting explorations in the island of Bohol, particularly within and in the
vicinity of RSPL resulted in a total of 170 species in 63 genera and 28 families reported
for the island since 1841, 92 species of which are our new additions (Barcelona et al.,
in press). Noteworthy of these are the collections of Pteris whitfordii Copel.,
Antrophyum williamsii Benedict, Drynaria descensa Copel., and Lomagramma
merrillii Holtt., confirming range extentions of these disjunct Philippine endemics. We
also re-collected Ctenitis humilis Holtt., a local endemic first reported for the
Philippines by a collection from Bohol (Ramos BS43032) in 1923 and subsequently
collected from Mindoro (Bartlett 13626) in 1935. A population of C. humilis in RSPL
was recently found along a riverbank. It was in the limestone forests of RSPL that I first
encountered wild populations of the staghorn, Platycerium coronarium (König. ex
Müller) Desv. Fifteen previously reported species in Bohol have not been re-collected.
LUZON: Kalinga Province, Balbalasang-balbalan Natural Park (BBNP)
I have previously reported (Barcelona, 2003) on the preliminary results of a fern
collecting expedition to Mt. Bali-it, Balbalasang-Balbalan National Park (BBNP) in
2002. In a little less than 3 weeks, we collected 167 species in 67 genera and 30
families. Sampling of such a narrow strip of Luzon’s Central Cordillera forest from the
heavily disturbed areas at ca. 950m to the more or less pristine upper montane forest at
2,217m has yielded an amazingly rich pteridophyte flora. BBNP is home to nearly 15%
of the total species of ferns and fern allies reported for the Philippines, 16 species and
two varieties are country endemics, 4 of which are restricted to Luzon’s Central
Cordillera. During this fieldwork, we rediscovered fertile plants of Cyrtomium (=
Phanerophlebia in Copeland’s flora) confirming the presence of this genus in the
Philippines, particularly the northern portion of Luzon’s Central Cordillera (Fig. 2a &
b). Previous reports of Cyrtomium in the Philippines were based on a sterile collection,
Mearns 38 (US), from Mt. Sto. Tomas in Benguet Province in 1905 and on that of Loher
from Mt. Data (ca. 2,250m) at the turn of the 19th century reported by Christ (Copeland,
1960). Shing (1982) annotated Mearns 38 as Cyrtomium micropteron (Kunze) Ching.
We still have to see Loher’s collection. The correct taxonomic identity of Mearns 38
and of our recent collections (Barcelona 1838 and 1856) still needs to be reevaluated.
Gross morphological differences, however, strongly suggest that there are at least two
species of Cyrtomium in the Philippines. Mei-lu and Cheng’s (2003) recent paper on the
distribution of this genus reports its range to extend only as far south as Taiwan in
Southeast Asia. On Mt. Bali-it, Cyrtomium is infrequent, growing in moist gulleys of
dry, mossy, closed-canopy forests between 1940-1960m (Barcelona, 2003). These
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rediscoveries indicate that the more or less pristine montane forests of northern Luzon
may still indeed contain genetic resources of endemic plants whose conservation status
remains poorly known due to deficient collection and ecological data.
We also discovered patches of Aglaomorpha cornucopia (= Thayeria cornucopia),
exclusively dominating the ground cover in some areas of Mt. Bali-it’s upper montane
forests at elevations between 1700-2130m. The current conservation status of A.
cornucopia is rare (IUCN, 1997). Likewise, we also rediscovered a population of
Dennstaedtia macgregori Copel., a Philippine endemic fern known only from a single
collection (the type) from Mt. Polis in 1913, (MacGregor BS19768 - holotype: MICH;
isotype: US). On Mt. Bali-it, plants of D. macgregori were found growing in moist
gulleys of the closed-canopy forest interior at ca. 1700m. A third specimen, Iwatsuki, K.
et al. P-533 at PNH (perhaps distributed as D. hooveri), has been positively identified
as D. macgregori. It was collected in Ilocos Norte Province, also in northern Luzon, in
the Mt. Sicapoa range at ca. 1600m in 1975. This endemic fern may indeed be more
widely distributed in Luzon than the current meagre collection data suggest.
LUZON: Laguna and Quezon Provinces , Mt. Banahaw
Preliminary evaluation of database information on pteridophytes collected/reported

Figure 2a. Cyrtomium cf. fortunei J. Sm.
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from Mt. Banahaw since 1870 (by Weiss) up to our own series of explorations in
2002-2003 provides an estimated total of 312 species in 87 genera and 29 families.
These are the results of prolific collecting activities (not less than 60 collecting trips) on
different slopes of this area for two centuries. This richness is comparable to the
pteridophyte flora of the adjacent Mt. Makiling in Laguna and Batangas Provinces (305
spp.) (Price, 1975). Due to their proximity to Manila and therefore their accessibility,
the Mt. Banahaw mountain complex (including Lucban Cone) and Mt. Makiling in
Luzon are the two most heavily botanised areas in the Philippines with readily
comparable collection intensities. Each harbours nearly 30 % of the country’s known
pteridophyte species. A detailed account of the pteridophyte flora of Mt. Banahaw will
be published separately.
DISCUSSION
The island of Bohol is one of the few areas in the Philippines that supports a vegetation
unique to the karst/limestone habitats. For a long period of time, this island has been
very poorly known botanically until our recent explorations in 2003 and 2004
(Barcelona et al., in press). In the last century and a half, the total number of
pteridophyte collections, for instance, is only a little more than 100 numbers
representing about 74 species. These were results of early explorations from that of
Cuming in1841, McGregor in 1906 and 1910, Bartsch in 1908, and Ramos in 1923.
More than 80% of the pteridophytes currently deposited in herbaria around the world
from Bohol were collected by Maximo Ramos, a prolific Filipino plant collector and
staff member of the then Bureau of Science herbarium (now Philippine National
Herbarium) who collected in Bilar, Dimiao, Sevilla, and Valencia. It was not until
nearly half a century later that Konyo and Edaño (1957) and Co (who collected in
Dagohoy, Danao, Inabanga & Pilar in 1995) added more materials to these meagre
historical collections.
The total destruction of the Bureau of Science herbarium during World War II

Figure 2b. Cyrtomium cf. fortunei J. Sm.
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consequently left the Philippines devoid of any pre-war botanical collections. After the
war, herbaria in Europe, Asia, and the United States, repatriated a substantial number of
herbarium specimens to form the core collection of the Philippine National Herbarium.
Until our collecting expedition last year, only one specimen, Selaginella llanosii
Hieron. (Ramos BS43014) from Bohol was included in the accessioned pteridophyte
collections of the PNH. Co’s collections are deposited at PUH.
Despite the rich pteridological collections from Mt. Banahaw, there was virtually no
published study on this plant group until recently (Banaticla and Buot, 2004). This
ecological study along an altitudinal gradient on Lucban Cone reported 93 species of
pteridophytes in 47 genera and 24 families. This number represents approximately 52%
of the total species reported for Lucban Cone and vicinity (Barcelona, unpublished) and
approximately 30% of those reported for the entire Banahaw mountain complex to date.
Results of our recent pteridological explorations in Luzon and Bohol strongly
suggest that there still is a great need for botanical exploration in the Philippines.
Though perhaps the most complete single resource of collection and taxonomic
information on any plant group in the country, our current data cannot be used to assess
meaningfully the distribution range and conservation status of important taxa,
especially endemics. Unless substantiated by more or less equal collection intensity in
time and effort relative to land area, species lists on a mountain/regional/island basis are
meaningless and non-conclusive when compared and interpreted beyond what they
intend to convey, species lists at a particular time and place. If public education is
important in conservation, I believe that serious field exploration of botanically
important areas (especially protected areas) is equally important. Raising public
awareness of our country’s biodiversity must be done simultaneously with extensive
(and intensive) biological collections. When resources are limited (time, manpower, and
money), it is more rational, in my opinion, to prioritise extensive collection over
ecological surveys concentrated on a particular mountain slope, for instance. It is only
through this endeavor that novel taxa can potentially be discovered and the real
conservation status of endemics can be meaningfully assessed.
The Philippines is among the first countries to have drafted and implemented
regulatory laws regarding the collection and transport of biological resources. The
Wildlife Resources Conservation and Protection Act (Republic Act No. 9147, signed in
2001) and its precursor, Executive Order 247 of 1997, have been both a boon and a bane
to conservation. Despite the noble intentions of preventing biological piracy, poaching
of wildlife for trade, and illegal logging, and promoting respect and recognition of
intellectual property rights, especially of indigenous groups, the Wildlife Act has
serious negative implications for research, conservation, and the preservation of
Filipino heritage. Certain provisions of the act severely hamper collaborative field
explorations among biologists. For example, it has made the exchange of replicate
biological specimens between museums and scientific institutions around the world
nearly impossible. Without such cooperative pre-World War II exchanges and the
subsequent repatriation of specimens after the war, our museums would be nearly
devoid of historical biological specimens. The current conflicts between the provisions
of the Wildlife Act and other Republic Acts (e.g. the National Museum Act of 1998,
RA8492 and Indigenous People’s Rights Act of 1997, RA 8371) have caused confusion
in implementation and have blurred the mandates of different government agencies in
the Philippines. The extensive red tape associated with obtaining collecting permits for
scientific purposes has disadvantaged Filipino scientists (especially those working for
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the government) relative to their foreign counterparts, in no small measure due to
funding problems. While our forest resources are lost by the minute, Filipino biologists
are forced to wait months or even years to obtain collecting permits. It is in our best
national interest to undertake a serious review of the Wildlife Act and its subsequent
amendments. It is imperative that we reflect upon our ultimate goals for conservation
in the Philippines. In doing so, we need to understand the role of scientific study in
assessing and understanding not only the extent of our biodiversity, but also the causes
of its imperilment. Science and conservation are not antagonistic and in fact
conservation can only be done in a meaningful way with a strong scientific rationale
and understanding. Conservations decrees need to be written with an understanding of
the role of science and should accommodate and promote the scientific study of our
biological heritage.
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ABSTRACT
In previous classifications based on morphological characters, Davalliaceae
comprises from four to ten genera, whose concepts differ among authors. This
study analyzed a molecular phylogeny of 36 species in five genera. Deduced
phylogenetic relationships based on a combined dataset of five continuous
chloroplast regions, atpB, rbcL, accD, atpB-rbcL spacer, and rbcL-accD spacer,
are incongruent to any previous classifications, and none of the genera are
monophyletic. Araiostegia is divided to two clades, one of which is the most
basal and includes Davallodes, and the other is nested within the rest of the
family. Davallia is divided into three clades, in accordance with three sections
classified mainly by scale morphologies, and the clades are separated by the
intervention of a clade of Araiostegia, Humata and Scyphularia. Humata and
Scyphularia are also paraphyletic.
INTRODUCTION
Davalliaceae is an epiphytic leptosporangiate fern family. Most species are distributed
in the humid tropics of Asia, Australasia, and the Pacific islands, and a few others occur
in Europe, Africa and nearby islands. Phylogenetic studies showed that Davalliaceae,
along with polygrammoid ferns (Polypodiaceae and Grammitidaceae) (Schneider et al.,
2004a), form a monophyletic epiphytic clade, which is together sister to oleandroid
ferns (Hasebe et al., 1994, 1995; Schneider et al., 2004b; C. Tsutsumi and M. Kato,
unpublished).
Davalliaceae or subfamily Davallioideae has been classified into four to ten genera
and about 50 to 130 species, based on morphological characters (Copeland, 1908, 1927,
1940, 1947; Ching, 1940, 1966a, 1966b, 1978; Holttum, 1949, 1955, 1972; Pichi
Sermolli, 1977; Kato, 1985; Kramer, 1990; Nooteboom, 1992, 1994). The modern
classification was established by Copeland (1927, 1947) who recognized eight genera
in the family, i.e. Araiostegia Copel. (including Gymnogrammitis Griffith), Davallia
Sm., Davallodes Copel., Humata Cav., Leucostegia C.Presl, Parasorus Alderw.,
Scyphularia Fée, and Trogostolon Copel., based on the form, cutting, and texture of
leaves, and on scales, pubescence, and the form and size of sori. Holttum (1949)
classified subfamily Davallioideae (excluding Rumohra Raddi) into five genera, i.e.
Araiostegia, Davallia (including Parasorus, Scyphularia, and Trogostolon),
Davallodes, Humata, and Leucostegia. Ching (1940) recognized the genus
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Gymnogrammitis and classified the subfamily Davallioideae (excluding Acrophorus
C.Presl) into eight genera, Davallia, Davallodes, Humata, Gymnogrammitis,
Leucostegia, Parasorus, Trogostolon, and Scyphularia. Later Ching (1966b) separated
a new genus Paradavallodes Ching from Araiostegia and Davallodes, while the genus
was not judged worthy of recognition by many authors (Sen et al., 1972; Kato, 1985;
Kramer, 1990; Nooteboom, 1992, 1994). Pichi Sermolli (1977) recognized 10 genera,
including Gymnogrammitis and Paradavallodes. Kato (1985) proposed a classification
that Davalliaceae comprises nine genera (Araiostegia, Davallia, Davallodes,
Gymnogrammitis, Pachypleuria C.Presl, which consists of H. repens and related
species except for H. ophioglossa Cav. [type of Humata], Leucostegia, Parasorus,
Scyphularia, and Trogostolon). Kato (1975, 1985) divided Davallia into three sections,
sect. Cordisquama M.Kato, sect. Davallia, and sect. Wibelia (Bernh.) M.Kato, based
mainly on scale morphologies, i.e. pseudopeltate vs. peltate bases, and toothed margins
vs. hairy margins. Kramer (1990) reduced Humata, Parasorus, Scyphularia, and
Trogostolon into Davallia and consequently recognized five genera (Araiostegia,
Davallia, Davallodes, Gymnogrammitis, and Leucostegia). Later Nooteboom (1992,
1994) reduced more than 100 known species into 49 species in four genera, Davallodes,
Gymnogrammitis, Leucostegia, and Davallia with two sections, sect. Davallia and sect.
Scyphularia (Fée) Noot. Araiostegia, Humata, Parasorus, Scyphularia, and
Trogostolon were synonymized with Davallia.
Gymnogrammitis with exindusiate sori had been included in Araiostegia (Copeland,
1947) or treated as an independent family Gymnogrammitidaceae (Ching, 1966a). Later
Gymnogrammitis was treated as a monotypic genus belonging in the Davalliaceae (Sen
and Sen, 1971; Pichi Sermolli, 1977; Kato, 1985; Kramer, 1990; Nooteboom, 1992,
1994). A recent molecular analysis revealed that Gymnogrammitis has a close
relationship with Selliguea Bory of Polypodiaceae (Schneider et al., 2002).
Thus, the classifications and suggested relationships of Davalliaceae differ
considerably among authors. It is partly because no comprehensive phylogenetic
analysis has been performed for the family. The present study investigated the
intrafamilial relationships of Davalliaceae by a molecular phylogenetic analysis.
MATERIALS AND METHODS
Plant material
Among the genera that have been referred to Davalliaceae, Gymnogrammitis and
Leucostegia were excluded from the analysis. Gymnogrammitis is a member of
Polypodiaceae (Schneider et al., 2002), and Leucostegia is related to Hypodematium
Kunze, a non-davallioid genus (C. Tsutsumi and M. Kato, unpublished). Parasorus,
Paradavallodes and Trogostolon were not examined because no material was available.
The generic concepts adopted here follow Copeland (1947) except for Davallodes,
which was recognized in Holttum’s (1972) sense. Five genera and 38 individuals
(representing 36 species and one variety) and two outgroups were examined (Table 1).
They include the species that are referred to three sections of Davallia sensu Kato
(1985). Leaves were personally provided by friends and colleagues or collected in the
field and dried with silica gel. Vouchers are deposited in the University of Tokyo
Herbarium (TI)
Phylogenetic analyses
DNA was extracted by a modified CTAB method of Doyle and Doyle (1987) or using
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DNeasy Mini Kit (Qiagen, Inc.) following the manufacturer’s instruction. Five
continuous chloroplast regions were analyzed; atpB gene, which is useful for fern
phylogeny (Wolf, 1997), rbcL, accD, atpB-rbcL spacer and rbcL-accD spacer, a
combination of which provided highly resolved intrafamilial relationships in
Hymenophyllum Sm., Hymenophyllaceae (Ebihara et al., 2003). The region of atpB and
atpB-rbcL
spacer
was
amplified
using
primers
CT-atpBR1
(5’-ATTGACCCTCCACTTGTAAAG-3’) and rbcL-TW2pR (Murakami et al., 1999),
rbcL region by rbcL-aF and rbcL-cR (Hasebe et al., 1994) or CT-rbcLF1
(5’-ACCCAWGTCACCACAAACRGAG-3’) and CT-rbcLR4
(5’-CTCCACTTACTWGCWTCRCGAA-3’), and the region of rbcL-accD spacer and
accD
by
rbcL-cF
(Hasebe
et
al.,
1994)
and
CT-accDR2
(5’-ACACCTTTTAAGAGATTACGTGG-3’; A. Ebihara, Univ. Tokyo, pers. comm.).
PCR was performed using a DNA thermal cycler (Perkin-Elmer 9700, Applied
Biosystems, Foster, CA) with Ex Taq DNA polymerase (TaKaRa Biomedical, Tokyo).
Some samples were amplified with Amp direct (Shimadzu, Kyoto), while most others
were amplified with the Ex buffer. PCR products were purified with GFX DNA and
GEL purification Kit (Amarsham Pharmacia Biotech, Piscataway, NJ) or with
ExoSAP-IT (USB corporation, Ohio) following the manufacturer’s instruction.
The PCR products were sequenced with the Big Dye Terminator Cycle Sequencing
Kit Ver. II or Ver. III (Applied Biosystems) following manufacturer’s instructions with
the amplification primers and additional internal primers: CT-atpB1334R
(5’-TTCTTTCYTGYAATGATCCCATTTC-3’, modified from Wolf, 1997),
CT-atpB1163F (5’-ATGGCRGAATACTTYCGAGATTA-3’, modified from Wolf,
1997), CT-atpBF1 (5’-TTTATGGTCAGATGAATGAACCA-3’), CT-atpBR2
(5’-TTTCCAACTCCAGCCCCACCRA-3’), CT-spacerR1
(5’-GGTGTATTATCTYTATTTGATTA-3’), CT-spacerF
(5’-ATCTATAGCTACATCTGCAAAA-3’), CT-spacerR2
(5’-AAGAGATTCCCKAGTCAATGTAT-3’), CT-rbcLR1
(5’-CACCAGCTTTGAATCCAAMACCTG-3’, modified from Wolf, 1997),
CT-rbcLF2 (5’-AGCCWTTCATGCGTTGGAGAG-3’), rbcL-aR (Hasebe et al, 1994),
CT-rbcLF3
(5’-TGGCACATGCCYGCTCTAACCGA-3’),
CT-rbcLR3.5
(5’-CGAGCYTGTACSCAAGCWTCTAA-3’), CT-accDF2
(5’-ATGAARACATGACYACAAARATGT-3’) CT-accDR1
(5’-CCTATACCTGTTTGAACAGCRTC-3’) (Fig. 1). The dye was removed by ethanol
precipitation and samples were run on an ABI PRISM 377 or ABI PRISM 3100
automated sequencer (Applied Biosystems).
Sequences obtained were assembled using Autoassembler (Applied Biosystems).
Assembled sequences were manually aligned after alignment by Clustal X (Thompson
et al., 1997). In atpB and accD, the parts of the regions obtained in most species
examined were used for the analysis. An ambiguously aligned region in atpB-rbcL
spacer consisting of mainly poly (G) with some substitutions and a long insertion (492
bp) in rbcL-accD spacer seen only in Oleandra wallichii (Hook.) C.Presl were excluded
from the analysis. Gaps were treated as missing data.
Phylogenetic analyses were performed using each of five combined chloroplast
datasets (4933 bp), single chloroplast regions, coding regions, and non-coding regions
by PAUP* 4.0b10 (Swofford, 2002). In maximum parsimony (MP) analyses, all
characters were equally weighed and heuristic searches were conducted with 1000
random addition replicates involving TBR branch swapping. Bootstrap values were

Source and voucher

GenBank accession no. of atpB-accD

Araiostegia
A. faberiana (C.Chr.) Ching
A. hymenophylloides (Blume) Copel.
A. parvipinnula (Hayata) Copel.
A. perdurans (Christ) Copel.
A. pulchra (D.Don) Copel.
A. yunnanensis (Christ) Copel.

China; CT1068
Mt. Kinabalu, Sabah, Malaysia; CT1012
Mt. Ali, Taiwan; CT1014
China; CT1069
Sikkim, India; CT1016
China; CT1070

AB212688
AB212689
AB212690
AB212691
AB212692
AB212693

Davallodes
D. borneense (Hook.) Copel.
D. burbidgei C.Chr. & Holttum
D. gymnocarpum Copel.

Poring, Sabah, Malaysia; ML94
Mahua, Sabah, Malaysia; ML100
Philippines; CT1042

AB212694
AB212695
AB212696

Davallia
D. corniculata T.Moore
D. denticulata (Burm.f.) Mett. ex Kuhn
D. denticulata (Burm.f.) Mett. ex Kuhn
D. divaricata Blume
D. embolostegia Copel.
D. epiphylla (G.Forst.) Spreng.
D. fejeensis Hook.
D. formosana Hayata
D. griffithiana Hook.

Cibodas, Java, Indonesia; IN30
West Sumatra, Indonesia; CT1019
Philippines; CT1021
Irian Jaya, Indonesia; CT1020
Sabah, Malaysia; ML56
French Polynesia (Tahiti); CT1022
Fiji; CT1024
Taiwan; CT1025
Taiwan; CT1026

AB212697
AB212698
AB212699
AB212700
AB212701
AB212702
AB212703
AB212704
AB212705
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Table 1: Species used in molecular phylogenetic analysis, sources and GenBank accession numbers.

AB212706
AB212707
AB212708
AB212709
AB212710
AB212711
AB212712
AB212713
AB212714
AB212715

Humata
H. banksii Alston
H. melanophlebia Copel.
H. parvula (Wall. ex Hook. & Grev.) Mett.
H. aff. parvula (Wall. ex Hook. & Grev.) Mett.
H. polypodioides Brack.
H. aff. polypodioides Brack.
H. vestita (Blume) T.Moore

French Polynesia (Tahiti); CT1049
French Polynesia (Tahiti); CT1047
Unknown; CT1048
Genting Highland, Malaysia; CT1055
Fiji; CT1050
Vanuatu; CT1052
Cibodas, Java, Indonesia; IN24

AB212716
AB212717
AB212718
AB212719
AB212720
AB212721
AB212722

Scyphularia
S. pentaphylla (Blume) Fée
S. pycnocarpa (Brack.) Copel.
S. triphylla (Hook.) Fée

Java, Indonesia; CT1058
AB212723
Fiji; CT1060
AB212724
Bogor Botanic Garden, Java, Indonesia; IN113 AB212725

Arthropteris backleri (Hook.) Mett.
Oleandra wallichii (Hook.) C.Presl

Queensland, Australia; AU308
Chiang Mai, Thailand; TH10

AB212686
AB212687
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Gunma pref., Japan; CT1029
purchased; CT1018
Okinawa pref., Japan; CT1030
purchased in Laos; CT1031
West Samoa, Samoa; CT1032
Queensland, Australia; CT1033
New Caledonia; CT1034
Univ. of Auckland, New Zealand; CT1035
Malaysia; CT1036
purchased; CT1039
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D. mariesii T.Moore ex Baker
D. aff. mariesii T.Moore ex Baker
D. mariesii var. stenolepis (Hayata) Hoshiz.
D. petelotii Tard.-Blot & C.Chr.
D. plumosa Baker
D. pyxidata Cav.
D. solida (G.Forst.) Sw.
D. tasmani Field
D. trichomanoides Blume
D. tyermanii T.Moore
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Figure 1. Positions and directions of primers used to amplify and sequence atpB, atpBrbcL spacer, rbcL, rbcL-accD spacer, and accD. Open arrowheads indicate external
primers and solid arrowheads, internal primers.
calculated with 1000 replicates with 100 random addition replicates for the combined
dataset, and with 100 replicates with 10 random addition replicates for the single
regions, the coding regions, and the non-coding regions. Bootstrap values for the
combined dataset were calculated with 1000 replications by neighbor joining (NJ)
method with Kimura-2-parameter model of nucleotide substitutions (Kimura, 1980). In
the maximum likelihood (ML) method, Modeltest Ver. 3.5 (Posada and Crandall, 1998)
was used to determine the nucleotide substitution model. The GTR + I + G model and
gamma rates were selected for our dataset using Akaike informative criterion (AIC).
ML analysis was implemented using PAUP 4.0b10 as heuristic searches involving NII
branch swapping with 100 random addition sequence replicates. Bayesian inference of
phylogeny was performed using MrBayes 3.0 to estimate posteriori supports of clades
in ML tree (Huelsenbeck and Ronquist, 2001) with the nucleotide model determined by
MrModeltest 2.0 (Nylander, 2004). Bayesian searches were conducted by mcmc with
four chains over one million generations, sampling every 100 generations. Two hundred
trees obtained before stationary generations were discarded as burn-in trees, and the
remaining trees were used in calculating the majority rule consensus tree. Arthropteris
backleri (Hook.) Mett. and Oleandra wallichii were used as outgroups (Hasebe et al.,
1994, 1995; C. Tsutsumi and M. Kato, unpublished).
Homogeneity among the different datasets was calculated with the ILD test (Farris
et al., 1995; Johnson and Soltis, 1998) as implemented in PAUP. The ILD test was
conducted by heuristic search with 100 replicates, using 10 random additions with
parsimony-uninformative characters excluded. The ILD test was performed between
two of the five datasets, between two coding regions, i.e. atpB vs. rbcL + accD, rbcL
vs. atpB + accD, and atpB + rbcL vs. accD, and between the coding region and the
non-coding region.
RESULTS
In accD, a start codon (ATG) was not found in any species examined, like in other
higher leptosporangiate ferns (C. Tsutsumi and M. Kato, unpublished). RNA-editing in
transcripts is known in the fern chloroplast genome (Ebihara et al., 2002, Wolf et al.,
2004), and in Adiantum capillus-veneris L., 90% of RNA-editing is a change from C to
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U (Wolf et al., 2004). In our study, all species examined had ACG near a start codon of
accD gene in the known genome of other ferns. Therefore, the rbcL-accD spacer and
accD were separated in front of the ACG codon.
The non-coding regions had more informative characters (17-19%) than the coding
regions (8-10%) (Table 2). All ILD-tests for different partitions tested indicated that
p-values were higher than 0.05 (the lowest p-value was 0.24 between atpB-rbcL spacer
and rbcL) and the datasets were not incongruent.
Deduced phylogenies based on the combined five chloroplast regions (Figs. 2, 3)
showed that none of the genera of Davalliaceae examined are monophyletic.
Araiostegia was divided between two clades (Araiostegia clades 1, 2); Araiostegia
clade 1 included A. hymenophylloides (Blume) Copel., A. pulchra (D.Don) Copel. and
A. yunnanensis (Christ) Copel., while Araiostegia clade 2 comprised A. faberiana
(C.Chr.) Ching, A. parvipinnula (Hayata) Copel. and A. perdurans (Christ) Copel.
Davallodes was a component of Araiostegia clade 1. Davallia was divided to three
clades (Davallia clades 1-3); Davallia clade 1 included D. griffithiana Hook., D.
mariesii T.Moore ex Baker, D. petelotii Tard.-Blot & C.Chr., D. trichomanoides Blume
and D. tyermanii T.Moore; Davallia clade 2 comprised D. fejeensis Hook., D. plumosa
Baker, D. pyxidata Cav., D solida (G.Forst.) Sw. and D. tasmani Field; and Davallia
clade 3 consisted of D. denticulata (Burm.f.) Mett. ex Kuhn, D. divaricata Blume, D.
embolostegia Copel., D. epiphylla (G.Forst.) Spreng., and D. formosana Hayata. All
examined species of Humata and Davallia corniculata T.Moore formed a monophyletic
clade. Scyphularia was paraphyletic; S. pycnocarpa (Brack.) Copel. and S. pentaphylla
(Blume) Fée were sister to Davallia clade 2 and together sister to S. triphylla (Hook.)
Fée.
Furthermore, the trees showed that the clade consisting of Araiostegia clade 1 and
Davallodes was the most basal in Davalliaceae. The next diverging group was Davallia
clade 3. Araiostegia clade 2 was sister to the remaining species in the ML tree (Fig. 3),
although the relationships among Araiostegia clade 2, Humata, and Davallia clade 1 +
Davallia clade 2 + Scyphularia remained unsolved in the strict consensus tree (Fig. 2).
Davallia clade 1 and Davallia clade 2, along with Scyphularia, formed a monophyletic
clade with moderately high credibility.
The strict consensus trees based on each of the five datasets were constructed by MP
analysis (Table 2; trees not shown). Although the accD and rbcL-accD spacer trees
included polytomies, their topologies were consistent in general with those of the
combined trees (Figs. 2, 3). The other genes and spacer had some parts of branches
inconsistent with those of the combined trees. Araiostegia clade 1 was paraphyletic in
the atpB and atpB-rbcL spacer trees. In the accD tree, clade Humata formed a
monophyletic clade along with Davallia clade 1; on the other hand, clade Humata
formed a monophyletic clade along with Araiostegia clade 2 in the atpB tree. Supports
for those topologies that were different from those of the combined trees were weak
(<60%).
In the sequences obtained (4933 bp), there was no substitution between Davallia
mariesii and D. mariesii var. stenolepsis (Hayata) Hoshiz., between D. solida and D.
fejeensis, and between Humata polypodioides Brack. and H. aff. polypodioides. There
were only one or two substitutions between Davallia denticulata (Sumatra) and D.
denticulata (Philippines), between D. plumosa and D. solida (D. fejeensis), between
Humata banksii Alston and H. melanophlebia Copel., and between Scyphularia
pentaphylla and S. pycnocarpa.

Mps

L

IN/CH

Ratio

atpB

1

247

120/1393

rbcL

592

339

accD

248

atpB-rbcL spacer
rbcL-accD spacer
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Table 2: Results of maximum parsimony analyses of different datasets.

HI

RI

RC

8.61%

0.7310

0.2690

0.8861

0.7211

136/1428

9.52%

0.5742

0.4258

0.7904

0.5362

153

67/811

8.26%

0.6961

0.3039

0.8703

0.6940

12

296

129/694

18.59%

0.7488

0.2512

0.8753

0.7245

339

276

107/607

17.63%

0.6750

0.3250

0.8556

0.6541

coding region

12

747

323/3632

8.89%

0.6387

0.3613

0.8332

0.6168

non-coding region

46

575

236/1301

18.14%

0.7069

0.2931

0.8615

0.6832

4

1324

559/4933

11.33%

0.6667

0.3333

0.8442

0.6434

all combined datasets

Mps, number of most parsimonious trees; L, tree length; IN/CH, number of parsimony informative characters per total number of included characters; Ratio, ratio of number of informative characters to total number of characters; CI, consistency index excluding uninformative characters;
HI, homoplasy index excluding uninformative characters; RI, retention index; RC, rescaled consistency index.
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DISCUSSION
Phylogenetic relationships based on different genes and spacers
The trees of the three coding regions, atpB, rbcL, and accD, and two non-coding
regions, atpB-rbcL spacer and rbcL-accD spacer, each include polytomies in some
different branches, and parts of the inferred relationships are not highly resolved (data
not shown). In contrast, the tree obtained by analyses of the combined dataset is highly
resolved and comprises mostly robustly supported branches (Figs. 2, 3). The
non-coding regions have twice as many informative characters as the coding regions
(Table 2). The non-coding regions are useful for intrafamilial phylogenetic analysis,
although rbcL-accD spacer is too variable to align objectively to infer the interfamilial
relationships of higher leptosporangiate ferns (C. Tsutsumi and M. Kato, unpublished).
Phylogeny and systematics of Davalliaceae
The molecular intrafamilial phylogenetic relationships of Davalliaceae differ
considerably from previous classifications based on comparative morphology
(Copeland, 1947; Holttum, 1949; Ching, 1940, 1978; Pichi Sermolli, 1977; Kato, 1985;
Kramer, 1990; Nooteboom, 1992, 1994). The genus Humata was typified by H.
ophioglossa, which, like H. heterophylla (Sm.) Desv., is characterized by the dimorphic
leaf, i.e. simple sterile leaf and pinnatifid fertile leaf. In most classifications, Humata
included these two species, H. repens (L.f.) Diels, and related species (Copeland, 1927,
1940, 1947; Holttum, 1955; Pichi Sermolli, 1977; Ching, 1978), although the genus was
reduced in Davallia sensu lato (Kramer, 1990; Nooteboom, 1994). Copeland (1927)
characterized Humata as usually having dimorphic and coriaceous leaves, mediumsized sori, and firm or coriaceous and basifixed indusia. Later, Copeland (1940, 1947)
pointed that some diagnostic characters are inconsistent and Holttum (1955) suggested
that Humata is a heterogeneous assemblage. Kato (1985) transferred H. ophioglossa
(type of Humata) to Davallia sect. Wibelia and recognized the genus Pachypleuria for
H. repens and related species based on the scale characters, such as peltate base, toothed
margin, and smooth surface. The present study did not examine H. ophioglossa because
material was not available and further study is needed to examine the relationship of H.
ophioglossa and H. heterophylla to settle the systematics and nomenclature of the
species. D. corniculata has been referred to the genus Davallia by the medium-sized,
compound leaf, and sometimes cup-shaped indusia (Holttum, 1955; Kato, 1985). The
molecular data indicate that D. corniculata is a member of the Humata clade. It is
consistent with morphological similarities, i.e. coriaceous and slightly dimorphic leaf,
often shell-shaped indusia, and white waxy rhizome.
The genus Davallodes, based on D. hirsutum (J.Sm. ex C.Presl) Copel. (Copeland,
1927), comprises nine species (Holttum, 1972). It is characterized by the leaves being
attenuate downward and bearing multicellular articulate hairs, the scales peltate (rarely
pseudopeltate) and acicular (rarely broad), and the pinnules catadromous (Holttum,
1972; Kato, 1985). The delimitation of the genus and Araiostegia remains unsettled.
Holttum (1972) removed D. membranulosum (Wall. ex Hook.) Copel. to Araiostegia,
while Ching (1966b) established Paradavallodes comprising Araiostegia multidendata
(Hook.) Copel., D. membranulosum, and two more Chinese species. Our trees
constructed by long sequences (4933 bp) could not support the view that the species of
Davallodes examined form a monophyletic group.
Araiostegia is separated into two remote clades, which can be distinguished only by
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Figure 2. Strict consensus tree of four trees of Davalliaceae obtained by MP method
based on combined atpB, rbcL, accD atpB-rbcL spacer, and rbcL-accD spacer
sequences (4933 bp). Results of MP analysis are shown in Table 2. Figures above
branches indicate bootstrap values (> 50%) by MP method and figures below branches,
those by NJ method. Data of species are shown in Table 1. Oleandra wallichii and
Arthropteris backleri were used for outgroups (Hasebe et al., 1994, 1995; C. Tsutsumi
and M. Kato, unpublished). P, Philippines; S, Sumatra.
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Figure 3. ML tree (-ln = 14965.32630) of Davalliaceae based on combined atpB, rbcL,
accD atpB-rbcL spacer, and rbcL-accD spacer sequences (4933 bp). Figures indicate
posterior probabilities (> 0.9) calculated by bayesian analysis. P, Philippines; S,
Sumatra.
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the presence (Araiostegia clade 1) or absence (Araiostegia clade 2) of pinna and pinnule
stalks. Araiostegia clade 1 + Davallodes diverges the most basally and is a
morphologically heterogeneous group, while Araiostegia clade 2 is nested within the
rest of Davalliaceae. Araiostegia clade 1 + Davallodes has stalked pinnae in common,
while there are variations in the scales (peltate or pseudopeltate), leaf form (deltoid,
lanceolate, or oblanceolate), hairs (multicellular or glabrous), and indusia (reniform,
cup-shaped or shell-shaped). It is noted that continental Asian species are separated in
the two subclades; A. pulchra and A. yunnanensis, along with Malesian A.
hymenophylloides as well as Davallodes, form clade Araiostegia 1 + Davallodes, and
all the species of Araiostegia clade 2 are continental Asian.
By such specialized characters as simple or imparipinnate leaves and acicular
scales, Scyphularia is segregated from the other genera (Copeland, 1947; Kato, 1985)
or recognized as a section of Davallia sensu lato (Nooteboom, 1994). Simple leaves are
rarely seen in Humata and Parasorus, and no other species has imparipinnate leaves.
Eight species assigned to the genus are distributed in Malesia and Pacific islands. In
spite of the shared specialized morphologies, the results show that the genus is
paraphyletic. Furthermore, it is closely related to clade Davallia 2 comprising D. solida,
D. pyxidata and other species, as Scyphularia and Davallia clade 2 share hairy scales
and elongate sori (Kato, 1985). From this result it is inappropriate to treat Scyphularia
as an independent genus or as a section of Davallia.
The phylogenetic tree shows that Davallia is not a monophyletic group. It is not
congruent with any current classifications irrespective of whether the genus is treated
in a narrow or broad sense (Copeland, 1947; Holttum, 1947, 1955; Pichi Sermolli,
1977; Ching, 1978; Kato, 1985; Kramer, 1990; Nooteboom, 1992, 1994). Three clades
of Davallia coincide in large measure with three sections of Davallia (Kato, 1985);
Davallia clade 1 corresponds to sect. Wibelia, Davallia clade 2 to sect. Davallia, and
Davallia clade 3 to sect. Cordisquama. Among the clades, Davallia clade 2 +
Scyphularia is sister to Davallia clade 1. The two clades are distinguished by the scales:
the scales of Davallia clade 2 + Scyphularia are hairy at the margin, and those of
Davallia clade 1 are toothed. Davallia clade 3 diverges between the basal clade
(Araiostegia clade 1 + Davallodes) and the rest of the family. The two basal clades
include species (e.g. Davallia divaricata, Araiostegia species) with pseudopeltate
scales, which were speculated to be primitive compared with peltate scales (Kato,
1975). This speculated trend of scale evolution is associated with that of soral-position
evolution (Kato, 1975). Sori are situated at angled points of veins in Araiostegia except
for A. yunnanensis, Davallodes, Davallia divaricata and D. formosana. The sori of the
other species are positioned at vein bifurcations.
D. denticulata and D. epiphylla are included in Davallia clade 3. These species have
peltate, toothed scales similar to those of sect. Wibelia, while the rest of Davallia clade
3 (D. divaricata, D. embolostegia, and D. formosana) have pseudopeltate scales (Kato,
1985). Disagreement between the molecular phylogeny and the aforementioned
character association of scales and soral positions may be given alternative
explanations. The scales and soral positions similar to those of Davallia clade 1 or sect.
Wibelia may be independently derived in Davallia clade 3. Or D. denticulata and D.
epiphylla may be products of hybridization involving species close to D. embolostegia
as maternal parents and unknown species assignable to Davallia clade 1 as paternal
parents. Further studies using nuclear genomic sequences may reveal their
relationships.
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Our results also raise interesting issues to be solved. Davallia fejeensis has the same
sequences as D. solida, although D. fejeensis is differentiated from D. solida or
regarded as a variety of it, based on some morphological characters. D. fejeensis may
be a mutant with finely dissected leaves, and consequently having sori that are
frequently single (several in D. solida) in single segments, and veins in sterile ultimate
lobes frequently simple (pinnate in D. solida).
As noted above, none of the genera that have been recognized in previous
classifications (see Introduction) are monophyletic, but rather polyphyletic or
paraphyletic. This result requires a considerable taxonomic revision. If Davalliaceae
were to be treated as a single large genus (Davallia), the genus should be classified at
infrageneric rank. If the family were to be divided into three genera, based on clades
Araiostegia 1 + Davallodes, Davallia clade 3, and the rest of the clade, then substantial
taxonomic revision would need to reflect respectively the genus Davallodes (including
Araiostegia), a new genus, and the genus Davallia (including Humata, Scyphularia and
others) . Although this classification appears similar to that of Nooteboom (1992, 1994),
the generic concept and infrageneric classification of Davallia and Davallodes differ
considerably. If the family were to be divided into many smaller genera (e.g. Humata),
different substantial revisions would be needed. It is not easy to define the genera or
infrageneric taxa in any of the three cases. It is premature at present to propose a new
generic classification of Davalliaceae, along with appropriate definitions of
infrafamilial taxa, and a revision should be made only after comprehensive molecular
phylogenetic analysis and taxonomic study.
Future perspective for research of epiphyte evolution
Davalliaceae, like polygrammoid ferns (Polypodiaceae + Grammitidaceae),
Vittariaceae, part of Hymenophyllaceae and part of Aspleniaceae, are generally
epiphytic. The mostly obligate epiphytic families Davalliaceae and polygrammoid ferns
form a clade (Hasebe et al., 1995; Schneider et al., 2004b; C. Tsutsumi and M. Kato,
unpublished), suggesting that the epiphytic life form arose in the common ancestor of
the families. Both groups of families may be sister to a group of Arthropteris backleri,
Oleandra pistillaris (Sw.) C.Chr. and Tectaria devexa (Kunze ex Mett.) Copel., or O.
pistillaris; the true sister to the families remains uncertain (Hasebe et al., 1995).
Phylogenetic research is needed to clarify the sister group of Davalliaceae and
polygrammoid ferns in order to investigate the epiphyte evolution of the families.
Intrafamilial relationships in each of the families are also useful to infer the epiphyte
evolution in the families. In their molecular phylogenetic analysis Schneider et al.
(2004a) showed that the basalmost genera in polygrammoid ferns are Anarthropteris
lanceolata (Hook.f.) Pic.Serm., Dictymia brownii (Wikstr.) Copel., and Loxogramme
(Blume) C.Presl. The present results indicate that Araiostegia clade 1 + Davallodes
diverged first in Davalliaceae and Davallia clade 3 diverged secondly. Taking those
interfamilial and intrafamilial relationships into account, further comparison among life
forms of the families and related ferns should be made to infer the evolutionary pathway
in which obligate epiphytes were derived from (an) ancestral life form(s) (secondary
hemiepiphyte, climber, terrestrial) and how often obligate epiphytes appeared in
Davalliaceae, polygrammoid ferns and other epiphytic families.
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ABSTRACT
Trichomanes speciosum Willd. (Hymenophyllaceae) is one of the rarest species
in the British Isles. One aim of the research programme of which this study
formed a part was to understand the requirements for, or tolerance of, extremely
deep shade by T. speciosum gametophytes. A specific aim was to determine the
extent to which macro- and micro-morphological features, in particular
reproduction via gemmae, might contribute to the success of this species in deep
shade habitats. Another specific aim was to understand how gametophyte
growth is affected by different light and temperature conditions.
Gemmae are highly variable in cell number and shape, but typically
spindle-shaped or bar-shaped. Once detached, there is no set pattern of growth
but photosynthetic cells are typically formed before rhizoids. The highest
numbers of photosynthetic cells were produced by gemmae grown in the lowest
light level employed in the study: 5µmolm-2s-1, PAR. Most gemmae proved
unable to grow in 60 or 90µmolm-2s-1. Gemmae grown at 24ºC generated the
greatest number of photosynthetic cells and rhizoids in the temperature tested;
those grown at 28ºC produced the fewest in both light levels tested (5 and
30µmolm-2s-1 PAR). Of the conditions tested, PAR of 5µmolm-2s-1 and a
temperature of 24ºC generated optimum gametophyte growth from gemmae
cultured on the media used. This is significantly higher than the ambient light
levels and temperatures found for most of the time in British field sites, and in
line with predictions for a sub-tropical species on the edge of its range.
Implications for site and climate perturbation are discussed.
INTRODUCTION
Killarney Fern, or Bristle Fern, (Trichomanes speciosum Willd.), is a filmy fern in the
Hymenophyllaceae. This fern has been described as one of the rarest in the British flora
and was also listed as one of Britain’s most vulnerable species in the British Red Data
Book (Perring & Farrell, 1983; Ratcliffe et al., 1993). The rarity of the sporophyte of
species in Britain has been caused not only by climatic factors that limit its distribution
and dispersal (Rumsey et al., 1999), but also through removal by collectors. In the early
nineteenth century sporophytes occurred in local profusion, subsequently being reduced
considerably by the predation of gardeners, dealers and tourists. Disturbance to
microhabitats through visitation still arguably poses threats to the survival of
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sporophytes (Rumsey et al., 1998). The plant is protected under the Wildlife and
Countryside Act, 1981 in Great Britain and under the Flora Protection Order, 1987 and
the Wildlife (NI) Order, 1985 in Ireland (Jermy and Camus, 1993).
It has recently become clear that although the sporophyte is extremely rare and
vulnerable in Europe, colonies of gametophytes are sufficiently genetically diverse,
numerous and widespread to indicate that “the species is [not] threatened with
extinction” (Rumsey et al., 1999; 2005). The significant difference between the
generations that accounts for this is their ability to reproduce. The sporophytes are
rarely fertile in Britain. Ratcliffe et al. (1993) reported that T. speciosum sporophyte
colonies in Britain do not produce fertile fronds every year, even when growing in what
seemed to be favourable habitats. They found only 1 out of 13 British colonies and 4
out of 30 Irish colonies to be fertile at any time. When the (green) spores are produced,
they have limited viability and germinate and grow very slowly (Page, 1982; Yoroi,
1972). Gametophytes of this species, on the other hand, are invariably found in a
reproductive state (Rumsey, Raine & Sheffield, 1992). The reproduction in question is
asexual (sexual organs are very rarely produced) but as genetic diversity between
colonies is high (Rumsey et al., 1999), vegetative propagation prevents genetic erosion
and can ensure survival of the species.
Most ferns produce gametophytes which are flat, green, cordate and short-lived.
Those of Trichomanes are branched, filamentous and perennial, ultimately forming
extensive mats. The filaments can produce asexual propagules called gemmae. These
structures detach readily and may be dispersed well beyond the range of the parent
plant. The aim of this study was to find out how they ‘germinate’ once detached, and to
identify conditions conducive to successful growth.
Gametophytes typically occur in habitats subject to mean levels of
photosynthetically active radiation (PAR) below 1µmolm-2s-1 and are restricted to
sunless, sheltered aspects of sites in Britain (Rumsey, 1994 & Rumsey et al., 1998).
However, sporophytes grow in higher PAR in the Azores than they do in Britain and this
may also hold for gametophytes (Rumsey, pers. comm.). So one important question we
sought to answer was whether British gametophytes are capable of growth in higher
light levels than they usually experience.
Raine and Sheffield (1997) observed that gemmae cultured in aseptic medium grew
well in PAR of 2 and of 6µmolm-2 s-1, but were bleached, with swollen cells in a “PAR
of >10µmolm-2s-1”. However, these authors provided no indication of how far their PAR
was in excess of 10µmolm-2s-1 and no previous or subsequent work has quantified the
PAR requirement or tolerances of gametophytes.
The microsites occupied by gametophytes do not experience the same fluctuations
in humidity as the external environment (RH is typically above 90%), and the same is
true for temperature. The annual means of air temperature at two microsites regularly
monitored were 7.6ºC and 8.4ºC. The minimum temperatures were 1.6ºC and 1.4ºC and
the maximum temperatures recorded were 12.7ºC and 15ºC (Rumsey, 1994). External
temperatures rose to at least 27ºC in the locality during the period of study. The species
is thermophilous, however, and Raine and Sheffield (1997) reported that gemmae in
culture produced greater biomass when kept at 20ºC than at 12ºC, as might be expected
for a predominantly tropical species at the edge of its range in Britain. Another
important question addressed by our study was therefore whether British gametophytes
are capable of even better growth at temperatures in excess of 20ºC.
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Raine and Sheffield (1997) established T. speciosum gametophyte cultures by using
gemmae and a limited range of defined media including Moore’s (1903) and
Hoagland’s (Reuter, 1953), at full and one-tenth strength, with and without 2% sucrose
and solidified with 0.8% agar. They reported that gemmae germinated and grew on all
the media tested, but that the most rapid growth occurred on one-tenth strength
Hoagland’s with sucrose. The latter defined medium was therefore chosen as the basal
medium for gemma cultures in this study to determine the effects of environmental
conditions of light and temperature on gametophyte growth.
MATERIALS AND METHODS
Specimens were collected (under licence) from a woodland site near Hebden
Bridge, Yorkshire, England (SD980 262). Samples were placed on a sterilized sand
surface overlaid with Levington M2 Compost, and dampened with distilled water. Glass
crystallising dishes were used as compost culture vessels and were placed in an
incubator at 20ºC±2ºC. Light was supplied by fluorescent daylight tubes and the
containers of plants were covered with filter film (Lee filters No. 211) to give PAR of
5µmolm-2s-1 in a 12 h light and 12 h dark cycle.
Gametophytes obtained from the same site were also maintained in cultivation on
defined medium in aseptic conditions. These plants were subcultured in 9cm diameter
petri dishes on agar following the method described in Raine and Sheffield (1997):
one-tenth strength Hoagland’s medium with 2% (w/v) sucrose (BDH) was the basal
medium, adjusted to pH 5.9 and solidified with 0.8% (w/v) bacteriological agar (Oxoid
No.1). The plants were maintained in the same conditions as the plants on compost
cultures.
Light and temperature experiments.
The experiments employed the same aseptic cultures and media as used for long term
cultivation. Inside a laminar flow unit, gemmae were shaken from agar cultures on to
the surface such that each 9cm petri dish contained at least 10 gemmae. The dishes were
sealed with laboratory film (Nescofilm), labelled and incubated in a 12h light and 12h
dark cycle in which illumination was provided by fluorescent daylight tubes. Different
levels of PAR at the level of the dishes were generated by covering the dishes with filter
film (Lee filters: No. 209, 210, 211). The gemmae consisted of different numbers of
cells when detached, so the cells of each gemma in each plate were counted and the
plate lid was demarcated to show the area occupied by each gemma such that it could
be relocated. Growth was monitored using a steromicroscope and the number of
photosynthetic cells per original gemma cell and the number of rhizoids per original
gemma cell recorded.
Light experiment I.
This tested the null hypothesis that four levels of PAR ranging from 5-90 mol m-2 s-1 do
not differ in their effects on gametophyte growth, as measured by production of
photosynthetic cells and rhizoids after gemmae have been cultured for 70 days. Dishes
were placed in an incubator at 20ºC±2ºC; PAR values at the level of the dishes were 5,
30, 60 and 90µmolm-2s-1. Three dishes per treatment with at least 10 gemmae in each
plate were used as replicates. Cells were counted for each gemma every two weeks for
70 days.
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Light experiment II.
The null hypothesis tested was that four levels of PAR ranging from 5-30µmolm-2s-1 do
not differ in their effects on gametophyte growth, as measured by production of
photosynthetic cells and rhizoids after gemmae have been cultured for 120 days. This
was set up in the same manner as light experiment I using PAR of 5, 10, 20 and
30µmolm-2s-1. Five dishes per treatment with at least 6 gemmae in each plate were
recorded. Cells were counted on each gemma every two weeks for 70 days and then at
90 and 120 days.
Temperature experiment I.
The null hypothesis tested was that temperatures ranging from 20ºC to 28ºC do not
differ in their effects on gametophyte growth after gemmae have been cultured in PAR
of 5µmolm-2s-1 for 120 days. Incubators were set up at 20ºC, 24ºC and 28ºC and the
experimental dishes covered with filter film (Lee filters No. 211) to give PAR of
5µmolm-2s-1. Five experimental dishes per treatment with at least 6 gemmae in each
plate were recorded, as in light experiment II.
Temperature experiment II.
The null hypothesis tested was that temperatures ranging from 20ºC to 28ºC do not
differ in their effects on gametophyte growth after gemmae have been cultured in PAR
of 30µmolm-2s-1 for 120 days. Incubators were set up at 20ºC, 24ºC and 28ºC and the
dishes covered with filter film (Lee filters No. 209) to give PAR of 30µmolm-2s-1. Four
dishes per treatment with at least 6 gemmae in each plate were recorded, as in light
experiment II.
Statistical analysis.
Data were analysed using one-way analysis of variance. The least significant difference
(LSD) test was used to detect significant differences between the means from different
treatments. For light experiments and temperature experiment I, the mean number of
photosynthetic cells per original gemma cell and the mean number of rhizoids per
original gemma cell of each treatment were calculated from 30 gemmae. For
temperature experiment II, the mean number of photosynthetic cells per original gemma
cell and the mean number of rhizoids per original gemma cell of each treatment were
calculated from 24 gemmae.
A two-way analysis of variance (Simple Factorial) was used to determine significant
differences between mean number of cells per original gemma cell from 30 gemmae
cultured in PAR of 5µmolm-2s-1 at each of three different temperatures (20ºC, 24ºC,
28ºC) (obtained from temperature experiment I), and of 24 gemmae cultured in PAR of
30µmolm-2s-1 at the same temperature (obtained from temperature experiment II), when
gemmae were cultured for 120 days.
Microscopy.
Cultures were examined and photographed using a Leica wild stereo microscope and a
Cambridge S200 SEM fitted with a Hexland Cryotrans CT1000 chamber (see Sheffield
& Farrar, 1988).
RESULTS
Gametophyte and gemma morphology.
Trichomanes speciosum gametophytes are branched filaments, forming mats that are
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bright green. No differences of overall mat structure, cellular orientation or content
were detected between field-collected specimens and specimens cultured on agar or on
potting compost. Gemmae were found on all specimens, including cultures grown from
gemmae for only 8 months. They consisted of 1-20 cells and were typically
spindle-shaped; some were bar-shaped (Fig 1 a & b). Some spindle-shaped gemmae had
two end cells smaller than the other cells. Some gemmae had 3 or 4 arms, referred to as
“branched gemmae” (Fig. 1 c & d).
‘Germination’ of gemmae was invariably slow, and cell division occurred in cells at
both ends of the gemmae or occasionally in central cells. The initial stages of growth in

d
Figure 1. Light and scanning electron micrographs of T. speciosum gametophytes
showing gemma features (a) Filaments bearing typical spindle-shaped gemmae
(arrowheads) and a bar-shaped gemma (arrow) (Bar = 100 µm). (b) A fully developed
spindle-shaped gemma has almost detached from the gemmifer and one arm is longer
than other (Bar = 50 µm). (c) A branched gemma with 4 arms (Bar = 100 µm). (d) A
branched gemma with 4 arms (arrow) with a typical spindle-shaped gemma below
(arrowhead) (Bar = 100 µm).
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all levels of PAR were similar. Most gemmae produced photosynthetic cells initially but
some produced rhizoids first. Growth from the healthiest gemmae then took the form of
branched filaments which generated both horizontal and erect branches by the time they
had been cultured for 70 days. Rhizoids were positively geotropic and many were able
to grow into the medium and anchor the gametophytes. More photosynthetic cells were
produced than rhizoids in all gemmae that grew.
Light experiment I.
Most gemmae grown in PAR of 5 and 30µmolm-2s-1 had produced both photosynthetic
cells and rhizoids after they had been cultured for 70 days (see Fig. 2a). Very few
gemmae grown in the higher PAR levels of 60 and 90µmolm-2s-1 produced any new
cells. Some cells of all gemmae in these conditions, including both original gemma cells
and new photosynthetic cells, became brown during culture between 42 and 70 days
(see Fig. 2b). After 70 days in culture, gemmae grown in PAR of 5 and 30µmolm-2s-1,
had produced ca. 1 photosynthetic cell and slightly less than 1 rhizoid per original
gemma cell. Gemmae which did grow in the higher light levels had a slightly higher

a

b
Figure 2. T. speciosum gemmae after 70 days in culture at 20C in PAR of 5 and
60µmolm-2s-1. (a) A gemma (9 original cells), typical of those cultured in PAR of
5µmolm-2s-1, which had produced many photosynthetic cells (arrows) and rhizoids
(arrowheads). (b) A gemma (6 original cells), typical of those cultured in PAR of
60µmolm-2s-1, some original gemma cells (e.g. arrow) and new photosynthetic cells
(e.g. arrowhead) had become brown. (Bars = 100 µm)
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proportion of rhizoids to photosynthetic cells but far lower numbers of each than
gemmae in lower light levels.
Photosynthetic cell production.
A few gemmae had divided to produce photosynthetic cells when gemmae had been
cultured for only 14 days but others delayed production in all levels of PAR tested. By
42 days of culture, gemmae grown in 5 and 30µmolm-2s-1 had generated a significantly
greater number of photosynthetic cells than gemmae grown in higher PAR levels
(P<0.05). The mean numbers of photosynthetic cells increased (from ca. 0.34 to ca. 1.32
cells per original gemma cell) in gemmae grown in 5µmolm-2s-1 and similarly (from ca.
0.22 to ca. 1.01) in gemmae grown in 30µmolm-2s-1 between 28 and 70 days (see Fig.
3).
Rhizoid production.
After 14 days in culture, some gemmae grown in all levels of PAR from 5 to 90µmolm-2s-1
had begun to produce rhizoids. By 42 days of culture gemmae, grown in 5 and 30µmolm-2s-1
had generated a significantly greater number than gemmae grown in higher PAR levels
(P<0.05). The mean numbers of rhizoids increased from ca. 0.18 to ca. 0.57 rhizoids per
original gemma cell of gemmae grown in 5µmolm-2s-1, and from ca. 0.17 to ca. 0.67
rhizoids per original gemma cell of gemmae grown in 30µmolm-2s-1. Gemmae grown in
PAR of 60 and 90µmolm-2s-1 produced significantly fewer rhizoids, only ca. 0.09, and
ca. 0.05 rhizoids per original gemma cell after 42 days respectively (P<0.05). There was
no increase in the number of rhizoids produced by gemmae cultured in either PAR of
60 or 90µmolm-2s-1 during culture between 42 and 70 days. There were no statistically
significant differences between the mean numbers of rhizoids per original gemma cell
of gemmae grown in 5 and 30µmolm-2s-1 at any point in the experiment (P<0.05 or 60
and 90µmolm-2s-1).

Figure 3. Mean number of photosynthetic cells per original gemma cell (+ standard
error) of T. speciosum gemmae cultured at 20ºC in 4 different PAR levels (590µmolm-2s-1) against time in culture.
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Table 1: The mean number of photosynthetic cells per original gemma cell of T.
speciosum gemmae cultured in 4 different PAR levels (5-30µmolm-2s-1) for 120 days.
The letters signify numbers which are significantly different from numbers with other
letters as tested by one-way ANOVA with LSD test (P<0.05), n = 120.

PAR
(P
Pmolm-2s-1)

Days in culture
0
14
28

42

56

70

90

120

5

0

0.11

0.45

0.97

1.88

2.64

4.79a

10.40a

10

0

0.15

0.39

0.74

1.25

2.03

3.50b

8.02b

20

0

0.13

0.50

1.04

1.75

2.41

3.89ab 8.12b

30

0

0.11

0.41

0.81

1.45

1.93

2.94b

5.32c

Light experiment II.
Up to 70 days the results mirrored those obtained at the lower light level used in
experiment I. After 120 days in culture, most gemmae grown in all levels of PAR tested
had produced richly branched filaments in many planes, and rhizoids. Gemmae grown
in 5µmolm-2s-1 generated the most photosynthetic cells, but all had similar numbers of
rhizoids.
Photosynthetic cell production.
After 120 days in culture, gemmae grown in 5µmolm-2s-1 had generated significantly
greater numbers of photosynthetic cells per original gemma cell (ca. 10.40 cells per
original gemma cell) than the others (P<0.05) (see Table 1). There was no significant

Figure 4. Mean number of photosynthetic cells per original gemma cell (+ standard
error) of T. speciosum gemmae cultured at 20ºC in 4 different PAR levels
(5-30µmolm-2s-1) against time in culture.
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difference in mean numbers of photosynthetic cells per original gemma cell between
gemmae grown in 10 and 20µmolm-2s-1 (ca. 8.02 and ca. 8.12 cells per original gemma
cell, respectively). Significantly lower mean numbers of photosynthetic cells per
original gemma cell (ca. 5.32 cells per original gemma cell) were found in gemmae
cultured in 30µmolm-2s-1 for 120 days (P<0.05) (see Table 1 & Fig. 4).
Rhizoid production.
The mean rate of rhizoid production remained similar in gemmae grown in all levels of
PAR during the experiment (ca. 0.01-0.02 rhizoids per original gemma cell per day)
(see fig 5). There were no statistically significant differences between the mean
numbers of rhizoids per original gemma cell of gemmae grown in all levels of PAR
tested by the end of the experiment (P<0.05).
Temperature experiment I.
The initial stages of growth of gemmae grown at all temperatures tested were similar.
Most gemmae produced photosynthetic cells initially but some of them produced
rhizoids first. Most gemmae grown at all temperatures tested produced both
photosynthetic cells and rhizoids; more photosynthetic cells were produced than
rhizoids in all gemmae that grew.
Photosynthetic cell production.
Significantly fewer photosynthetic cells were produced by gemmae cultured at 28ºC
than those cultured at 20ºC and 24ºC, even at 28 days (P<0.05) (see Table 2). The mean
numbers of cells per original gemma cell were: 20ºC, ca. 0.67; 24ºC, ca. 0.81; 28ºC, ca.
0.24. The mean numbers of photosynthetic cells per original gemma cell increased
slightly in gemmae grown at 20ºC and 24ºC (from ca. 1.36 to ca. 4.35 and from ca. 1.70
to ca. 5.94 cells, respectively) between 42 and 70 days. Between 70 and 120 days in
culture, the numbers increased dramatically in gemmae grown at 20ºC and 24ºC (from

Figure 5. Mean number of photosynthetic cells per original gemma cell (+ standard
error) of T. speciosum gemmae cultured at 20ºC in 4 different PAR levels
(5-30µmolm-2s-1) against time in culture.
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Table 2: The mean number of photosynthetic cells per original gemma cell of T.
speciosum gemmae cultured at three different temperatures (20, 24, 28C) in PAR of
5µmolm-2s-1 for 120 days. The letters signify numbers which are significantly different
from numbers with other letters as tested by one-way ANOVA with LSD test (P<0.05),
n = 90.
Temp
(qqC)

Days in culture
0 14
28

42

56

70

90

120

20

0

0.17a

0.67a

1.36a

2.32a

4.35a

7.69a

15.23a

24

0

0.13ab

0.81a

1.70b

3.01b

5.94b

11.36b

17.96b

28

0

0.07b

0.24b

0.38c

0.46c

0.57c

0.71c

0.78c

ca. 4.35 to ca. 15.23 and from ca. 5.94 to ca. 17.96 cells per original gemma cell,
respectively). The numbers increased only slightly (from ca. 0.38 to ca. 0.78) in
gemmae cultured at 28ºC from 42–120 days (see Table 2 and Fig. 6).
Rhizoid production.
Even by 28 days gemmae grown at 24ºC had generated a significantly greater number
of rhizoids (ca. 0.29 rhizoids per original gemma cell) than gemmae grown at 20ºC and
28ºC (ca. 0.17 and ca. 0.04 respectively) (P<0.05). Between 42 and 120 days in culture,
rhizoid numbers increased dramatically in gemmae grown at 20ºC and 24ºC (from ca.
0.29 to ca. 1.77 and from ca. 0.50 to ca. 2.17 per original gemma cell, respectively). The
mean numbers of rhizoid cells per gemma cell increased only slightly (from ca. 0.11 to

Figure 6. Mean number of photosynthetic cells per original gemma cell (+ standard
error) of T. speciosum gemmae cultured at three different temperatures (20ºC, 24ºC,
28ºC) in PAR of 5µmolm-2s-1) against time in culture.
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ca. 0.51) in gemmae grown at 28ºC. After 120 days, the mean numbers of rhizoids per
original gemma cell of gemmae cultured at all temperatures tested were significantly
different (P<0.05). Gemmae grown at 24ºC had generated the most, those grown 20ºC
were next, and those at 28ºC had produced the fewest.
Temperature experiment II and comparative analysis.
(For full data see Makgomol, 2001.) After 120 days in culture: fewer photosynthetic
cells were produced in 30 than 5µmolm-2s-1, for all temperatures tested but the
differences were not statistically significant for 28ºC; slightly more rhizoids were
produced in the higher PAR cultures grown at 20ºC and 24ºC, similar numbers at 28ºC
but there were no statistically significant differences in any of the rhizoid data (see Figs
7 & 8).
DISCUSSION
Gemma ‘germination’.
The slow start to growth and the variable position of cells in which division begins
mirrors spore germination in Hymenophyllaceae. Gemma germination has not
previously been described for T. speciosum, but has been reported in T. holopterum by
Farrar and Wagner (1968). The production of photosynthetic cells before rhizoids
mirrors spore germination of many species of Hymenophyllum and Trichomanes
(Stokey, 1940). As in spore germination of Trichomanes, there is no regular sequence
of events in gametophyte growth from gemmae such as is found in typical fern
gametophytes of cordate form after spore germination (see also Holloway, 1930; Stokey
1940). Gemmae of T. speciosum produce branched filaments which generate both
horizontal and erect branches with some rhizoids by around two months in the most
favourable conditions supplied in this study, and more filament cells than rhizoids are
always produced.

Figure 7. Mean number of photosynthetic cells per original gemma cell (+ standard
error) of T. speciosum gemmae cultured at three different temperatures (20ºC, 24ºC,
28ºC) in PAR of 5 and 30µmolm-2s-1 for 120 days.
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As noted by Yoroi (1972) and observed during this study, T. speciosum
gametophytes grow extremely slowly. They take around eight months to produce
further gemmae from gemmae cultured, even in the high temperature, light and aseptic
conditions used here. We speculate that T. speciosum gametophytes must be incredibly
slow growing in British field sites, as gametophytes occur in habitats subject to far
lower mean levels of PAR and maximum temperatures than used in our study.
Although some rhizoids were short during the initial stages of cultivation on agar,
many became as long as those of field-collected specimens. This means that the rhizoid
system of T. speciosum is long-lived and extensive, which differs markedly from that of
the only other Trichomanes gametophyte that has been studied in detail, T. holopterum.
Rhizoids of T. holopterum (Farrar and Wagner, 1968) appear to be too short to function
in anchorage or absorption in the manner usually attributed to rhizoids. The finding that
those of T. speciosum are not geotropic is in line with life in the species’ natural habitats,
which include floors, walls and frequently roofs of caves. Rhizoid functions of T.
speciosum are assumed to include absorption and anchoring the gametophytes.
Light experiments.
In the conditions employed herein, levels of PAR in excess of 60µmolm-2 s-1 damaged
photosynthetic cells of gametophytes. Gemmae grown in PAR of 5µmolm-2s-1 generated
the most photosynthetic cells but gemmae in all levels of PAR up to 30µmolm-2s-1 were
able to grow. After 120 days in culture, the number of photosynthetic cells generated by
gemmae grown in 30µmolm-2s-1 was, however, ca. half the number of photosynthetic
cells produced by gemmae grown in 5µmolm-2s-1. This finding is in line with the results
of Johnson et al. (2000), who found no evidence of acclimation of T. speciosum,
collected in Britain, to different light and temperature conditions. Measurements of gas
exchange and chlorophyll fluorescence show that such plants have optimal
photosynthesis in PAR levels around 5 to 10µmolm-2s-1, the highest light to which the
gametophyte is normally exposed in its natural environment in Britain. This study

Figure 8. Mean number of rhizoids per original gemma cell (+ standard error) of T.
speciosum gemmae cultured at three different temperatures (20ºC, 24ºC, 28ºC) in PAR
of 5 and 30µmolm-2s-1 for 120 days.
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supports the contention that the optimal PAR levels for gametophyte growth of British
specimens may be around 5µmolm-2s-1.
Temperature experiments.
It is well established that temperature affects both the pattern and the rate of
gametophyte development in ferns (Dyer, 1979). T. speciosum gemmae grown at a
temperature higher than that used in any previous experiments viz 24ºC, in PAR of both
5 and 30µmolm-2s-1 generated a greater number of photosynthetic cells and rhizoids
than those grown at either 20ºC or 28ºC. Optimal temperatures for T. speciosum
gametophyte growth may therefore be around 24ºC, although this is currently of no
direct ecological relevance in British field sites. It does have relevance, however, with
regard to the interaction between temperature and light on gametophyte growth.
Gemmae grown at 24ºC in PAR of 5µmolm-2s-1 generated more photosynthetic cells
than those grown in PAR of 30µmolm-2s-1. The same was observed at 20ºC, which
indicates that even at what must be lower rates of respiration, the plants are not able to
make use of the extra PAR. In 30µmolm-2s-1 PAR rhizoids appeared to be slightly more
numerous than in 5µmolm-2s-1 but as the differences were not statistically significant it
would be unwise to speculate on the possible reasons for this. Different environmental
conditions are well known to influence root:shoot ratios in plants and further
experimentation on this aspect of the T. speciosum response to temperature seems
warranted.
Trichomanes speciosum is largely restricted to sunless, sheltered aspects of British
sites but with increasing altitude becomes reliant on sunny aspects, thus the altitudinal
and geographical distribution suggest that the species is thermophilous (Ratcliffe et al.,
1993; Rumsey, 1994). Accordingly, the distribution of T. speciosum in the British Isles
within Europe as a whole suggests a relationship with both humidity and temperature.
Although this species is also found in the Azores in sites where the recorded PAR levels
are higher than the British field sites, only permanently moist places are colonised.
Recording in British field sites during the year 1992-1993 gave a relative humidity
above 90% for the majority of the year (see Rumsey, 1994), a condition necessarily
replicated in the culture dishes used in our experiments. Thus, the prime determinant for
this species’ survival may be continual high humidity (see Ratcliffe et al., 1993;
Rumsey, 1994), with temperature and light having significant and inter-dependent
influences.
CONCLUSIONS
This study has provided a vastly more successful suite of conditions for growing
gametophytes of T. speciosum than any previous work. Constant high humidity, 5µmolm-2s-1
PAR and 24ºC are suggested for optimum gametophyte growth from gemmae cultured
in the media used herein, and could provide the means to raise prolific growth of this
rare species. The light compensation point for both the gametophytes and sporophytes
of T. speciosum was stated to be ca. 2 to 5µmolm-2s-1 at 20ºC by Johnson et al. (2000),
and experimental evidence in our study confirmed that British specimens cannot
acclimate to higher light levels, even at higher temperatures. Disturbance of habitats
(such as tree removal) in habitats could cause a potentially disastrous increase in light
(and decrease in humidity).
On the other hand, the establishment of a temperature optimum far higher than
ambient temperatures in Britain has implications related to the effects of increasing
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amounts of carbon dioxide in the earth’s atmosphere. Mean global temperature is
increasing as a result of increased concentrations of carbon dioxide from fossil fuel
burning, deforestation, and other human activities. Climate changes are likely to vary
dramatically from country to country (eg Goldemberg et al., 1995), but it seems likely
that Britain will become warmer and wetter in the near future. There will be direct
effects of increasing carbon dioxide concentrations on plant growth (Cannell, 1990).
Marrs (1990) suggested that vegetation change would involve either the colonisation by
new species typical of warmer climates, or the extinction of species typical of colder
climates. Bringing together field observations, laboratory-based findings, and
distribution data, we can speculate about probable changes to T. speciosum in Britain
and Europe. The increased periods of drought that are predicted to accompany future
global warming in some models would suppress gametophyte colonies and sporophytes
could well become extinct (in view of their lower tolerance of environmental extremes
than gametophytes, and their rarity). If, on the other hand, increased temperatures are
accompanied by higher precipitation in Britain, as predicted by most models, the future
for this species looks bright.
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FUNGISTATIC ACTIVITY OF INTERNAL SECRETING HAIRS
OF DRYOPTERIS RHIZOMES
E.K. ZENKTELER1 & H. KWAŸNA2
1

Department of General Botany, A. Mickiewicz University, 61-614 PoznaÕ,
Umultowska 89, Poland;
2
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Wojska Polskiego 71C, Poland

A light microscope analysis undertaken in rhizome storage parenchyma of Dryopteris
carthusiana, D. dilatata and D. filix mas revealed the presence of numerous secreting
hairs in intercellular spaces. Simultaneously, the spaces were occupied by hyphae of
several species of saprophytic or pathogenic soil borne fungi i.e. Acremonium strictum,
Cylindrocarpon destructans, Fusarium sambuccinum, Mycellium radicis atrovirens,
Phialophora cyclaminis, Sesquicillium candelabrum and others. The mycoflora lived
endophytically inside the ferns rhizome without any harmful effect. After trials
performed on PDA agar in Petri dishes 17 fungal species were isolated and identified.
To visualize fungal hyphae in parenchyma the lipofilic fluorochrome [DiOC6(3)] was
applied at concentrations 0.1-15 µg ml-1. For determining the living hyphae distribution
epifluorescence optics and blue excitation filter (450-490 hm) were used. (Additionally,
chosen phyllopodia were evaluated for presence of fungi along their length.)
Thick layers of lipofilic secretion which covered the heads of secreting hairs, were
extracted from parenchyma using diethyl ether (SIGMA) as a solvent and Dragendorf
separator. Secretion of glandular hairs contains 20-34 mg of filicin in 100g of fresh
mass of parenchyma. Extract from Dryopteris carthusiana demonstrated the strongest
fungistatic activity against four species of tested fungi (Acremonium strictum,
Cylindrocarpon destructans, Fusarium sambuccinum and Phialophora cyclaminis)
counted according to Abbott formula : %H = KO-F/ KO · 100%. Reduction of growth
rate of fungal mycelia varied from 60.66 to 89.5 % on PDA agar containing 20% of
filicin v/v.
Is this phenomenon an example of mutualism?
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PTERIDOPHYTE DIVERSITY ALONG A GRADIENT OF
DISTURBANCE WITHIN AND NEAR ABANDONED OPENCAST
MINES IN THONG PHA PHUM DISTRICT, KANCHANABURI
PROVINCE, THAILAND.
A. SATHAPATTAYANON & T. BOONKERD
Department of Botany, Faculty of Science, Chulalongkorn University, Bangkok
10330, Thailand. (Fax: 662-2528979, E-mail: Thaweesakdi.B@Chula.ac.th)
An assessment of the diversity of pteridophytes in Thong Pha Phum District,
Kanchanaburi Province was conducted along a gradient of disturbance within mines,
from July 2002 to March 2003. Twelve plots of 5 x 20 meters have been established in
three study sites, abandoned opencast mine rocky detritus, remnants of the forest in the
mine area and natural forests. Species richness, species diversity and species evenness
indices were estimated using Menhinick’s, Shannon-Weiner’s and evenness indices,
respectively. Species similarity was investigated using Jaccard’s coefficient. Other
physical environmental parameters related to pteridophyte diversity were examined,
including light intensity and leaf temperature. Our findings are that species richness and
species diversity at these abandoned mines were lower than those for remnants of the
forest in the mine area and natural forests, while species evenness was the highest of
all. Low Jaccard’s coefficient was observed, indicating the difference of pteridophyte
species between each sites. Light intensity and leaf temperature showed negative
significant correlation with Menhinick’s index, but was positively significantly
correlated with evenness index. However, significant correlation between those
physical factors and Shannon-Weiner’s index was not found. From the 36 sampling
plots 184 specimens of pteridophytes were collected and identified to 65 species, 1
subspecies, 5 varieties, in 40 genera, from 20 families. It was found that Cheilanthes
tenuifolia (Burm. f.) Sw., Sphenomeris chinensis (L.) Maxon var. divaricata (H. Christ)
K.U. Kramer and Lycopodiella cernua (L.) Pic. Serm. were found only in abandoned
mines and tend to be indicator species for disturbed areas. Two terrestrial ferns, namely
Lindsaea ensifolia Sw. and Pteris biaurita L. were commonly found in all study sites.
They can be found on rather dry slopes or sandy ground, usually in open areas, but
rarely on rocks.

180

FERN GAZ. 17(3). 2005
INSTRUCTIONS FOR AUTHORS

PAPERS should not usually exceed 20 printed pages and are generally expected to be
considerably shorter. Review articles, as well as reports of original research, are
encouraged. Short notes are acceptable e.g. new records. The senior author should
supply a fax and email address to facilitate correspondence.
MANUSCRIPTS should be submitted in English (British) in electronic format
(preferably) or hard copy (two copies), in 10-point Times New Roman font and double
spaced. Electronic versions of text and tables should be compatible with WORD, with
figures as pdf or jpg files, and sent as email attachments or CDroms. All manuscripts
will be refereed
THE TITLE should reflect the content of the paper and be in BOLD CAPITALS
(11-point) and centrally aligned. Generic and specific names should be in italics and any
title containing a generic or specific name must be followed by the family and
Pteridophyta in brackets e.g.
TRICHOMANES SPECIOSUM (HYMENOPHYLLACEAE:
PTERIDOPHYTA) IN SOUTHERN SPAIN
AUTHOR ABBREVIATIONS should follow Pichi Sermolli's (1996) Authors of
scientific names in Pteridophyta, Royal Botanic Gardens, Kew.
MAIN HEADINGS: should be in BOLD CAPITALS (10-point) and centrally
aligned.
SUBSIDIARY HEADINGS: should be in bold, the first letter of each word in capitals,
the rest in lower case and left-aligned.
AUTHORS' NAMES AND FULL ADDRESSES: follow the title and are centrally
aligned.
KEY WORDS: up to ten.
ABSTRACT: should reflect the content of the paper.
FIGURES: there is no distinction between photographs and line drawings in
numbering. All should be presented in a form ready for reproduction, ideally in JPG
format (please contact editor with queries), with a scale bar where appropriate.
Lettering or numbers (Arabic) should be in the bottom left using uppercase Times
Roman and be sufficiently large to be legible if reduction is necessary during printing.
The number of photographs allowed in any one issue is limited by cost. Figure captions
should be on a separate sheet.
TABLES: can be printed in either portrait or landscape format. Authors should consider
this when preparing tables. Authors should ensure that tables fit the printed page size in
a legible form.
MEASUREMENTS: should follow the metric system.
CHECKLISTS: should follow the format of Baksh-Comeau, Fern Gaz. 16(1, 2):
11-122.
REFERENCES: should follow the style of a recent issue of The Fern Gazette, e.g.:HOOKER, W.J. 1864. Species Filicum, 5. Dulau & Co., London.
MORTON, C.V. 1947. The American species of Hymenophyllum, section
Sphaeroconium. Contr. U.S. Natl. Herb. 29(3): 139-201.
STEVENSON, D.W. & LOCONTE, H. 1996. Ordinal and familial relationships of
pteridophyte genera. In: CAMUS, J.M., GIBBY, M. & JOHNS, R.J. (Eds)
Pteridology in perspective, pp. 435-467. Royal Botanic Gardens, Kew.
JOURNAL ABBREVIATIONS: should follow Botanico Periodicum Huntianum &
Supplements.
Alterations from the original text at proof stage will be charged for unless they are
minor points of detail. Twenty-five offprints will be supplied free to the senior author.

181

FERN GAZ. 17(4). 2005

British Pteridological Society
with
Royal Botanic Garden Edinburgh
Linnean Society of London

Ferns for the 21st Century

Proceedings of the International Pteridophyte Symposium
at the
Royal Botanic Garden Edinburgh, Scotland, UK
12-16 July 2004
Part 2
Editors: M. Gibby, A. Leonard, H. Schneider & J.C. Vogel

182

FERN GAZ. 17(4). 2005

THE DELEGATES

09
08
06

02 03
04
01

13
12
10

07

11
79

05

37

48

54

55 56
67
74
53
68
57 65 66
36
52
22
35
73
47
26
50
27
34 39 46
75 78
21
69
64
51 58
77
40
16
72
59
29
45
28
70
33
71
63
44
17 80 20
76
60
41
42
32
61
30
19
18
62
43

14
15

23

24

25

38

49

31

1)Marina Romanova 2) John Mickel 3) Eric Schuettpelz 4) Alan Smith 5) Judy
Jernstedt 6) Marcus Lehnert 7) Klaus Mehltreter 8) Germinal Rouhan 9) Kunio
Iwatsuki 10) Michael Kessler 11) Jens Pahnke 12) T. Boonkerd 13) Leon Perrie 14)
Louis Chinnery 15) Stephen Blackmore 16) Niklas Wikstrom 17) Eka Iskandar 18)
Jennifer Winther 19) Julie Barcelona 20) Barbara Parris 21) Paul Kenrick 22) Elena
Estrelles 23) Michael Barker 24) Jonathan Krieger 25) Adrian Dyer 26) Ana Ibars 27)
Peter Crane 28) Ruth Stockey 29) Elizbieta Zenkteler 30) Heather McHaffie 31) Gar
Rothwell 32) Ruth Kirkpatrick 33) Joanne Sharpe 34) Peter Hovenkamp 35) Graham
Ackers 36) Harald Schneider 37) Paulo Windisch 38) Daniel Ballesteros 39) Thomas
Janssen 40) Carol Gibb 41) Alison Paul 42) Mary Gibby 43) István Pintér 44) Irina
Gureyeva 45) Tony Braithwaite 46) Royoko Imaichi 47) Mitsuyasu Hasebe 48)
Johannes Vogel 49) Alasdair Wardlaw 50) Carl Taylor 51) Chris Page 52) Chie
Tsutsumi 53) Frank Katzer 54) Wen-Liang Chiou 55) Patrick Acock 56) Yves Krippel
57) Masahiro Kato 58) Gregor Kozlowski 59) Maarten Christenhusz 60) Kathleen
Pryer 61) Sunniva Aagaard 62) Jurgen Kluge 63) Hanna Tuomisto 64) Harriet Hunt 65)
Atsushi Ebihara 66) Fred Rumsey 67) Virág Krizsik 68) Luis Quintanilla 69) Ruth
Aguraiuja 70) Kai Runk 71) Layne Huiet 72) Nathalie Nagalingum 73) Mirkka Jones
74) Chan-Ho Park 75) Susan Klimas 76) Raymond Cranfill 77) Petra Korall 78) Tom
Ranker 79) Sabine Hennequin 80) Michel Boudrie

FERN GAZ. 17(4): 183-203. 2005

183

GRAMMITIDACEAE (PTERIDOPHYTA) OF MOUNT JAYA, NEW
GUINEA AND OTHER MONTANE MALESIAN LOCALITIES
B.S. PARRIS
Fern Research Foundation, 21 James Kemp Place, Kerikeri, Bay of Islands, New
Zealand 0470 (Email: bsparris@igrin.co.nz)
Key words: Grammitidaceae, Pteridophyta, Mt Jaya, Mt Kinabalu, Seram, Gunung
Mulu, Malesia
ABSTRACT
Mount Jaya (5000 m) in Papua (Indonesian New Guinea) is the highest
mountain in Malesia and 56 species of Grammitidaceae are known from it. They
are listed, together with their altitude ranges, habitat types and geographic
distribution. Comparisons are made with Grammitidaceae of Murkele Ridge in
Seram, Moluccas, Indonesia (3000 m, 55 species), Mount Kinabalu in Sabah,
East Malaysia, Borneo (4100 m, 76 species) and Gunung Mulu, Sarawak, East
Malaysia, Borneo (2400 m, 43 species). A Malesia-wide core of 23 grammitid
species is identified.
INTRODUCTION
The limestone massif of Mount Jaya (c. 5000 m) in Papua (Indonesian New Guinea) is
the highest peak in Southeast Asia. It is the only peak in the region high enough to
support glaciers and has long been a magnet for biologists. Previous names for the
mountain are Mount Carstensz and Punjak Sukarno. The Royal Botanic Gardens, Kew,
has organised five botanical expeditions to the mountain during 1998 to 2000, during
which many collections were made along an altitudinal transect on the southern side. A
detailed description of the alpine flora of Mount Jaya (above 3000 m) is in preparation
at the Royal Botanic Gardens, Kew (Johns et al. in prep.). While writing up the
treatment of Grammitidaceae for this account, all relevant material collected on Mount
Jaya was identified, not just that from high altitudes, and included specimens gathered
by Kloss on the Wollaston expedition on the mountain during 1912-1913 and those
collected by Miller in 1991 and 1992. Although nearly all of the available material has
been collected from only the southern side of the mountain, it is of sufficient interest to
document here in the following terms: 1) how many species?, 2) what are they?, 3) what
are their altitude ranges?, 4) what vegetation types are they found in?, 5) where else do
they occur?
Comprehensive collections of pteridophytes from specific localities are rare in
Malesia, because many botanical collectors have specialised in gathering only
flowering plants and have tended to overlook the smaller and more obscure species of
pteridophytes, including most Grammitidaceae. There are only three other localities in
Malesia where the fern flora, including Grammitidaceae, has been relatively
well-collected over a wide altitudinal range: Mount Kinabalu Park in Sabah, East
Malaysia, Borneo, Gunung Mulu National Park in Sarawak, East Malaysia and Murkele
Ridge in Seram, Moluccas, Indonesia. More than 40 species are known from each of
these localities and they provide a useful comparison with Mount Jaya. The following
questions are relevant: 1) how much do the floras of the three areas have in common
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with Mount Jaya?, 2) is there a distinct East Malesian element present on Mount Jaya
and Murkele Ridge?, 3) is there a distinct West Malesian element on Mount Kinabalu
and Gunung Mulu?, 4) is there a Malesia-wide group of species of predictable
occurrence?, 5) do other pteridophytes show the same geographical distribution patterns
and do they also have Malesia-wide species of predictable occurrence?
Map 1 shows the location of Mount Jaya, Murkele Ridge, Mount Kinabalu and Gunung
Mulu.
Map 1. Malesia.

Most species of Grammitidaceae are epiphytes on trunks and branches of a variety of
trees and shrubs, or on the trunks of Cyathea in alpine communities, often associated
with bryophytes, and a few species, particularly those of subalpine habitats, are
lithophytes.
Mount Jaya
56 species of Grammitidaceae are known from Mount Jaya. They are listed, together
with their altitude range, vegetation types and distribution, in Table 1.
Tropical lowland rainforests are generally poor in members of Grammitidaceae,
which are far more numerous above the average daily lower limits of cloud. On Mount
Jaya only five (9%) species occur in lowland rainforest, which contains the tree genera
Chisocheton, Ficus, Myristica, Octomeles, Pometia and Vatica, with undergrowth of
ferns including tree ferns, Arthropteris and Marattia, and Gesneriaceae. All five species
are also found in heath forest. Heath forest, the other lowland forest habitat on Mount
Jaya, supports a surprisingly large number of species, 16 (29%). It occupies old
Pleistocene outwash terraces at the foot of the mountain (R.J. Johns pers. comm.) and
includes the trees Alstonia spectabilis R. Br., Calophyllum, Casuarina, Dacrydium,
Metrosideros and Vatica, together with Nepenthes, Davallia, Lecanopteris,
Hymenophyllaceae and Polypodiaceae. Two of the four Mount Jaya endemics,
Ctenopteris hymenophylloides (also in lowland rainforest) and Grammitis velutina,
occur here, together with two other species (Ctenopteris nutans, Grammitis
scabristipes) disjunct from much higher altitudes in midmontane forest, upper montane

Altitude

Vegetation

Distribution

1. Acrosorus schlechteri (H.Christ) H.Christ

1700 m

LMF

New Guinea endemic

2. Calymmodon clavifer (Hook.) T.Moore

1200-2300 m

LMF MMF

Sumatra to New Guinea

3. C. cucullatus (Nees & Blume) C.Presl

2300-3500 m

MMF SA

Pen. Malaysia to Solomon Is.

4. C. fragilis Copel.

3800 m

SA

New Guinea endemic

5. C. mniodes Copel.

1800 m

MMF

Moluccas, New Guinea

6. C. ramifer Copel.

3600 m

SA

New Guinea endemic

7. Chrysogrammitis musgraviana (Baker) Parris

2500-2700 m

MMF UMF

SE Asia, Malesia to Vanuatu

8. Ctenopteris bipinnatifida (Baker) Copel.

2600-3600 m

UMF SA

New Guinea endemic

9. C. blechnoides (Grev.) W.H.Wagner & Grether

200-800 m

HF LF

S. India to Society Is.

10. C. denticulata (Blume) C.Chr. & Tardieu

1500-2300 m

LMF MMF

Indochina to New Guinea

11. C. fusca Copel.

3300-3800 m

SA

New Guinea endemic

12. C. hymenophylloides Parris

200-500 m

HF LF

Mount Jaya endemic

13. C. millefolia (Blume) Copel.

2000-2600 m

MMF

Sumatra to New Guinea

14. C. nutans (Blume) J.Sm.

500-3600 m

HF MMF SA

Pen. Malaysia to New Guinea

15. C. serrata Parris ined.

200-600 m

HF

Sulawesi to New Guinea

16. C. subsecundodissecta (Zoll.) Copel.

2200-2400 m

MMF

Java to New Caledonia

17. C. subulatipinna (Alderw.) Copel.

3200 m

SA

New Guinea endemic

18. Grammitis archboldii (C.Chr) Copel.

1800-2800 m

MMF UMF

New Guinea endemic
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SA

New Guinea endemic

20. G. clavata Parris

2400 m

MMF

Mount Jaya endemic

21. G. debilifolia Copel.

3600 m

SA

New Guinea endemic

22. G. dolichosora (Copel.) Copel.

500-600 m

HF LF

Borneo to New Guinea

23. G. frigida (Ridl.) Copel.

2300-4200 m

MMF SA

New Guinea endemic

24. G. hispida Copel.

2500 m

MMF

New Guinea endemic

25. G. interrupta (Baker) Copel.

2600 m

UMF

New Guinea endemic

26. G. intromissa (H.Christ) Parris

1800-3800 m

MMF SA

SE Asia to New Guinea

27. G. knutsfordiana (Baker) Copel.

800-2300 m

LMF MMF

Peninsular Malaysia to Fiji

28. G. locellata (Baker) Copel.

3500-3800 m

SA

Sumatra to New Guinea

29. G. loculosa (Alderw.) Copel.

500-2500 m

HF LMF MMF New Guinea endemic

30. G. meijer-dreesii Copel.

3900 m

SA

New Guinea endemic

31. G. ornatissima (Rosenst.) Copel.

1900 m

MMF

Sumatra to New Guinea

32. G. padangensis (Baker) Copel.

2600-3900 m

MMF UMF SA Sumatra to New Guinea

33. G. papuensis (Alderw.) Parris

800-2300 m

LMF MMF

Mount Jaya endemic

34. G. pleurogrammoides (Rosenst.) Copel.

600 m

HF

Moluccas to Solomon Is.

35. G. scabristipes (Baker) Copel.

400-3800 m

HF MMF SA

Sumatra to Vanuatu

36. G. sumatrana (Baker) Copel.

1700-2600 m

MMF UMF

Sumatra to New Guinea

37. G. velutina Parris

200-400 m

HF

Mount Jaya endemic

38. Prosaptia burbidgei (Baker) Parris

200 m

HF

Borneo to New Guinea

39. P. circumvallata (Rosenst.) Parris

2000-3400 m

MMF SA

New Guinea endemic

40. P. contigua (G.Forst.) C.Presl

1800-2300 m

MMF

S India to Marquesas Is.
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3500 m
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19. G. ceratocarpa Copel.

3400-3700 m

SA

Pen. Malaysia to New Guinea

42. P. obliquata (Blume) Mett.

800 m

LMF

S India to New Guinea

43. P. papillata Parris ined.

800 m

LMF

New Guinea endemic

44. P. pensilis (Ridl.) Parris

1800 m

MMF

New Guinea endemic

45. P. venulosa (Blume ex Kunze) M.G.Price

2400 m

MMF

Java to New Guinea

46. Scleroglossum juncifolium Copel.

2700 m

UMF

New Guinea, Solomon Is.

47. S. pusillum (Blume) Alderw.

600 m

HF

Thailand to Solomon Is.

48. S. sulcatum (Kuhn) Alderw.

600 m

HF

Sri Lanka to Marquesas

49. Themelium allocotum (Alderw.) Parris

2300-3400 m

MMF SA

New Guinea endemic

50. T. fasciatum (Blume) Parris

200 m

HF LF

Sumatra to New Guinea

51. T. graminifolium (Copel.) Parris

2600 m

UMF

New Guinea endemic

52. T. yoderi (Copel.) Parris

1200-2400 m

LMF MMF

Philippines to Solomon Is.

53. Xiphopteris govidjoaensis (Brause) Copel.

500-600 m

HF LF

Pen. Malaysia to New Guinea

54. X. pseudospiralis (Alderw.) Parris

2400-2600 m

MMF UMF

New Guinea endemic

55. X. setulifera (Alderw.) Parris

500-600 m

HF

Pen. Malaysia to New Guinea

56. X. subpinnatifida (Blume) Copel.

1800-3600 m

MMF SA

Pen. Malaysia to New Guinea

PARRIS: GRAMMITIDACEAE OF MOUNT JAYA, NEW GUINEA

41. P. davalliacea (F.Muell. & Baker) Copel.

HF, heath forest (200-600 m). LF, lowland rainforest (200-500 m). LMF, lower montane forest (800-1700 m). MMF, midmontane forest
(1800-2800m). UMF, upper montane forest (2600-2700 m). SA, subalpine communities (3300-4200 m).
Note: altitude range 2800-3500 m not collected by Kew botanists because of precipitous nature of terrain along transect.
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forest and subalpine communities. Ctenopteris serrata, Grammitis pleurogrammoides,
Prosaptia burbidgei, Scleroglossum pusillum, S. sulcatum and Xiphopteris setulifera
are known only from heath forest on Mount Jaya, but occur in other communities
elsewhere in New Guinea and further afield in Malesia. The formation may exist
elsewhere in New Guinea, but apparently no members of Grammitidaceae have been
collected from it. Heath forest, also called kerangas, is known from Peninsular
Malaysia, Borneo, and elsewhere in Malesia. It develops at low altitudes on very poor
or thin soils over rock or in areas of impeded drainage and is characterised by straight,
pole-like small to medium sized trees and an understorey including pitcher plants
(Nepenthes). Usually it contains very few, if any, species of Grammitidaceae.
Apart from heath forest, the most species-rich habitats on Mount Jaya are
midmontane forest (28, 50%), and subalpine communities, with 19 species (21%).
Lower montane and upper montane forests are less rich, each with 9 species (16%).
Lower montane forest contains the fern Selliguea (no other information concerning the
vegetation of lower montane forest is available on the specimen labels). The
midmontane forest is dominated by Nothofagus; Casuarina, Dacrydium, Fagraea,
Loranthaceae, Macaranga, Papuacedrus, Rhododendron and Timonius are also present
together with the sedge Mapania, the ferns Asplenium, Belvisia, Cyathea,
Elaphoglossum and Loxogramme, and shrubby Urticaceae. Grammitis clavata is the
only Mount Jaya endemic in midmontane forest. Only eight species are restricted to
midmontane forest, with another eight extending downward to lower montane forest
and sometimes further, to heath forest and lowland rainforest, and 13 extending
upwards to upper montane forest and sometimes to the subalpine communities. Upper
montane forest is dominated by Papuacedrus papuana (F. Muell.) Li and Podocarpus
brassii Pilg., with Dicksonia, Drimys, Elaeocarpus, Nepenthes, Rapanea,
Rhododendron, Sloanea and Utricularia. Grammitis interrupta, Scleroglossum
juncifolium and Themelium graminifolium are restricted to upper montane forest on
Mount Jaya, but occur in other vegetation types elsewhere. Another five species occur
in midmontane forest as well as upper montane forest, and two, Ctenopteris
bipinnatifida and Grammitis padangensis, extend to the subalpine zone. The subalpine
grasslands are dominated by Cyathea tree ferns, while the subalpine shrubland contains
Cyathea, Coprosma, Drimys, Rhododendron and Vaccinium, and the subalpine forest
contains Dacrycarpus compactus (Wassch.) de Laub. and Podocarpus. Nine species are
restricted to subalpine habitats: Calymmodon fragilis, C. ramifer, Ctenopteris fusca, C.
subulatipinna, Grammitis ceratocarpa, G. debilifolia, G. locellata, G. meijer-dreesii and
Prosaptia davalliacea. With the exception of G. locellata and P. davalliacea, all are
New Guinea endemics. While the nine species all occur on Mount Jaya at altitudes
higher than that of the nearest subalpine site to New Guinea, Murkele Ridge (3000 m)
in Seram, the two species that are widespread through Malesia, G. locellata and P.
davalliacea, occur at lower altitudes on Murkele Ridge.
Several species found on Mount Jaya are infrequently collected and are known from
very few localities. They include medium to high altitude Papua endemics known
elsewhere only from Lake Habbema - Grammitis hispida, Themelium allocotum, Mount
Trikora - Ctenopteris fusca, G. meijer-dreesii, and/or Mount Doorman, C.
subulatipinna, T. allocotum, and Mount Goliath and Hellwig Mounts - Xiphopteris
pseudospiralis. Xiphopteris govidjoaensis (syn. X. exilis Parris) is known from two
other localities, Gunung Belumut in Peninsular Malaysia and Govidjoa in Papua New
Guinea.
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Four species (7%) are endemic to Mount Jaya; Ctenopteris hymenophylloides,
Grammitis clavata, G. papuensis and G. velutina. Surprisingly, none occurs in the
subalpine communities, as might be expected when considering that several other
mountains in New Guinea have high altitude endemics, e. g. Grammitis dictymioides
Copel, G. habbemensis Copel., Xiphopteris antipodalis Copel. (all Lake Habbema), G.
reptans Parris (Mount Trikora), G. montana Parris, G. trogophylla Copel. (both Mount
Sarawaket), G. murrayana (C.Chr.) Copel. (Wharton Range) and G. salticola Parris
(Mount Giluwe) (Parris, 1983).
A number of other high altitude New Guinea species found on Mount Trikora and/or
Lake Habbema, and elsewhere in Papua New Guinea, may be expected on Mount Jaya,
including Ctenopteris pendens (Rosenst.) Copel., C. whartoniana (C.Chr.) Copel. and
Grammitis tomaculosa Parris.
New Guinea endemic species are important on Mount Jaya, comprising 36% (20
species) of the total. While they occur in all of the vegetation types they are best
represented in the high altitude subalpine communities, where they form 20% (11
species) of the total number of species. The largest number of species, 24 (43%) are
Malesia-wide in the sense that they occur in both West Malesia and East Malesia, on
both sides of Zollinger’s line (see later) between Borneo and Sulawesi, sometimes
extending into Thailand, Indochina and Taiwan to the north-west and into Melanesia
(Solomon Islands, Vanuatu, New Caledonia and Fiji) to the south-east. A small group
of species (4, 7%) is very wide-ranging, from South India to the Society Islands
(Ctenopteris blechnoides), South India to the Marquesas Islands (Prosaptia contigua),
Sri Lanka to the Marquesas Islands (Scleroglossum sulcatum) and from South India to
New Guinea (P. obliquata). These four species are amongst the most common and
widespread members of Grammitidaceae in the Asia-Malesia-Pacific region. Another
four (7%) species are restricted to East Malesia; Ctenopteris serrata ranges from
Sulawesi to New Guinea, Calymmodon mniodes is in the Moluccas and New Guinea,
Grammitis pleurogrammoides extends from the Moluccas to the Solomon Islands and
Scleroglossum juncifolium occurs in New Guinea and the Solomon Islands.
The grammitid flora of Mount Jaya inevitably invites comparison with that of
Mount Kinabalu (4100 m) in Sabah, Borneo, East Malaysia, the highest peak between
the Himalayas and Papua, and the two other areas sufficiently well-known to permit
comparison of their grammitid floras: the Murkele Ridge, a limestone massif including
Gunung Binaiya (3000 m) in Seram, Moluccas, Indonesia, and Gunung Mulu National
Park (including Gunung Mulu, sandstone, 2400 m and Gunung Api, limestone, 1700 m)
in Sarawak, Borneo, East Malaysia. It is useful to examine the composition of these
montane grammitid floras with respect to Zollinger’s line, which divides West Malesia,
comprising Peninsular Malaysia, Sumatra, Java, Borneo, the Philippines and the Lesser
Sunda Islands, from East Malesia, consisting of Sulawesi, the Moluccas and New
Guinea, and separated by the Makassar Strait between Borneo and Sulawesi. Wallace’s
line is similar, but includes Bali, the westernmost of the Lesser Sunda Islands, in West
Malesia, and the remaining Lesser Sunda Islands in East Malesia. As the Lesser Sunda
Islands are considered a discrete botanical region, Zollinger’s line is preferred to
Wallace’s line. Mount Kinabalu and Gunung Mulu National Park (subsequently
referred to as Gunung Mulu) are in West Malesia, while Murkele Ridge and Mount Jaya
are in East Malesia. Both Mount Kinabalu and Murkele Ridge have subalpine areas
above the treeline, but Gunung Mulu is forested to its summit.
The Moluccas have been of biogeographical interest ever since Wallace (1869)
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suggested that the region has been constantly receiving immigrants from New Guinea.
Kato (1989a) also points out that the affinity of the fern flora of Seram at species level
is with New Guinea to the east rather than with Sulawesi to the west. Parris (1993) notes
that the endemic pteridophytes of Seram are derived on the whole from wide-ranging
taxa or those from East Malesia, and that Seram is the end of the line for numerous
species moving east from West Malesia and moving west from New Guinea.
Grammitidaceae of Seram collected by the Japanese-Indonesian expeditions of 1983,
1985 and 1986 (but not those collected by Parris in 1987) have been listed (Kato &
Parris, 1992), the pteridophyte flora of Mount Kinabalu has been documented (Parris et
al., 1992), and a checklist of pteridophytes of Gunung Mulu National Park has been
compiled (Parris, unpublished). Numerous changes have been made to the taxonomy of
Grammitidaceae in Seram and on Mount Kinabalu since the publications of Kato &
Parris (1992) and Parris et al. (1992).
Murkele Ridge
55 species of Grammitidaceae are known from Murkele Ridge. They are listed, together
with their altitude range, vegetation types and distribution, in Table 2.
It is useful to compare the grammitid floras of Mount Jaya and Murkele Ridge, the
two East Malesian localities, which have very similar numbers of species, 56 in the
former and 55 in the latter. 25 species are shared between the two, and nine of these are
restricted to East Malesia. The remaining 16 are more widespread, occurring in East and
West Malesia and sometimes beyond. Only Ctenopteris serrata extends throughout
East Malesia from Sulawesi to New Guinea, so a well-defined widespread East
Malesian endemic element is lacking in Grammitidaceae. Only one species, Acrosorus
friderici-et-pauli, reaches its eastern limit of distribution on Murkele Ridge in Seram,
but eight others, Calymmodon mniodes, Ctenopteris whartoniana, Grammitis
ahenobarba, G. collina, G. parva, G. pseudolocellata, G. subfasciata and Prosaptia
engleriana, reach their western limit in Seram, either on Murkele Ridge or slightly
further to the north-west on Gunung Kobipoto (G. collina) or Gunung Roihelu (G.
parva). They amply demonstrate Wallace’s point (1869) that the Moluccas receive
immigrants from New Guinea. In addition, some of the Murkele Ridge endemic species
have obvious vicariants in New Guinea, e. g. Ctenopteris themelioides with C.
bipinnatifida, and Themelium pseudallocotum with T. allocotum. The similarity in
species numbers between Mount Jaya and the much lower Murkele Ridge is surprising,
and the reasons for it are not obvious.
Comparisons between Murkele Ridge and the two West Malesian localities, Mount
Kinabalu and Gunung Mulu, are interesting. 33 species are shared with Mount
Kinabalu, more than are shared with Mount Jaya. They include seven widespread
species collected on Gunung Mulu and known from New Guinea that are absent from
Mount Jaya: Calymmodon gracilis, C. pectinatus, C. reconditus, Ctenopteris
brevivenosa, Grammitis adspersa, G. impressa, G. reinwardtii. All are expected on
Mount Jaya. 19 species are shared with Gunung Mulu and, with the exception of
Calymmodon conduplicatus, all are also known from Mount Kinabalu.
31 species (56%) on Murkele Ridge are found in both East and West Malesia and
another 5 (9%) extend well beyond Malesia, while 9 species (16%) occur in East
Malesia and another 9 (16%) are endemic to Murkele Ridge. The amount of local
endemism is much higher than on Mount Jaya, which has only four endemics. One
might expect local endemism at high altitudes on Murkele Ridge, the highest part of the

Altitude

Vegetation

Distribution

1. Acrosorus friderici-et-pauli (H.Christ) Copel.

1300-2000 m

LMF

SE Asia to Moluccas

2. A. vallatus Parris ined.

1700 m

LMF

Murkele Ridge endemic

3. Calymmodon binaiyensis Parris ined.

2800 m

SA

Murkele Ridge endemic

4. C. clavifer (Hook.) T.Moore

1700-2000 m

LMF

Sumatra to New Guinea

5. C. conduplicatus (Brause) Copel.

1200-2500 m

LMF UMF

Borneo to New Guinea

6. C. cucullatus (Nees & Blume) C.Presl

1800-2800 m

LMF UMF SA

Pen. Malaysia to Solomon Is.

7. C. gracilis (Fée) Copel.

1800 m

LMF

SE Asia to New Guinea

8. C. mniodes Copel.

1800 m

LMF

Moluccas, New Guinea

9. C. pectinatus Parris ined.

1600-1800 m

LMF

Java to New Guinea

10. C. reconditus Parris ined.

2500 m

UMF

Borneo to New Guinea

11. Chrysogrammitis musgraviana (Baker) Parris

1200-2000 m

LMF

SE Asia, Malesia to Vanuatu

12. Ctenopteris blechnoides (Grev.) W.H.Wagner & Grether

500-1300 m

LF LMF S.

India to Society Is.

13. C. brevivenosa (Alderw.) Holttum

2400 m

UMF

Thailand to Vanuatu

14. C. denticulata (Blume) C.Chr. & Tardieu

1200 m

LMF

Indochina to New Guinea

15. C. millefolia (Blume) Copel.

1800-2000 m

LMF

Sumatra to New Guinea

16. C. nutans (Blume) J.Sm.

1800-2900 m

LMF UMF

Pen. Malaysia to New Guinea

17. C. seramensis Parris ined.

1600 m

LMF

Murkele Ridge endemic

18. C. serrata Parris ined.

600-2000 m

LMF

Sulawesi to New Guinea
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LMF

Java to New Caledonia

20. C. themelioides Parris ined.

2000-2800 m

LMF UMF SA

Murkele Ridge endemic

21. C. whartoniana (C.Chr.) Copel.

2900 m

SA

Moluccas, New Guinea

22. Grammitis adspersa (Blume) Blume

1600 m

LMF

SE Asia to Fiji

23. G. ahenobarba Parris

1600 m

LMF

Moluccas, New Guinea

24. G. caespitosa Blume

2100 m

LMF

Sumatra to New Guinea

25. G. collina Parris

1400 m

LMF

Moluccas, New Guinea

26. G. dolichosora (Copel.) Copel.

800-2000 m

LMF

Borneo to New Guinea

27. G. impressa Copel.

1300 m

LMF

Sumatra to New Guinea

28. G. intromissa (H.Christ) Parris

1600-2000 m

LMF

Taiwan to New Guinea

29. G. kanikehensis Parris ined.

600 m

LMF

Murkele Ridge endemic

30. G. knutsfordiana (Baker) Copel.

2000 m

LMF

Peninsular Malaysia to Fiji

31. G. locellata (Baker) Copel.

2800-2900 m

SA

Sumatra to New Guinea

32. G. manuselensis Parris ined.

600 m

LMF

Murkele Ridge endemic

33. G. mollis Parris ined.

1700 m

LMF

Borneo to Moluccas

34. G. padangensis (Baker) Copel.

1800-2000 m

LMF

Sumatra to New Guinea

35. G. parva (Brause) Copel.

1800-2900 m

LMF UMF SA

Moluccas, New Guinea

36. G. pseudolocellata Parris

2900 m

SA

Moluccas, New Guinea

37. G. reinwardtii Blume

700-2000 m

LMF

Sri Lanka to Solomon Is.

38. G. scabristipes (Baker) Copel.

2200-2900 m

UMF SA

Sumatra to Vanuatu

39. G. subfasciata (Rosenst.) Copel .

1400-1900 m

LMF

Moluccas, New Guinea

40. G. sumatrana (Baker) Copel.

1300-2000 m

LMF

Sumatra to New Guinea
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19. C. subsecundodissecta (Zoll.) Copel.

1300 m

LMF

Murkele Ridge endemic

42. Prosaptia contigua (G.Forst.) C.Presl

700-2000 m

LMF

S India to Marquesas Is.

43. P. davalliacea (F.Muell. & Baker) Copel.

2800-2900 m

SA

Pen. Malaysia to New Guinea

44. P. engleriana (Brause) Copel.

600-800 m

LMF

Moluccas, New Guinea

45. P. obliquata (Blume) Mett.

600-2000 m

LMF

S India to New Guinea

46. P. seramensis Parris ined.

1800-2000 m

LMF

Murkele Ridge endemic

47. P. subglabra (M.Kato & Parris) Parris

1300-1600 m

LMF

Moluccas endemic

48. P. venulosa (Blume ex Kunze) M.G.Price

2100 m

LMF

Java to New Guinea

49. Scleroglossum pusillum (Blume) Alderw.

1000-1300 m

LMF

Thailand to Solomon Is.

50. S. sulcatum (Kuhn) Alderw.

1000-1300 m

LMF

Sri Lanka to Marquesas

51. Themelium pseudallocotum Parris ined.

1300 m

LMF

Murkele Ridge endemic

52. T. taxodioides (Baker) Parris

2200 m

UMF

Borneo to New Guinea

53. T. yoderi (Copel.) Parris

1800-2000 m

LMF

Philippines to Solomon Is.

54. Xiphopteris setulifera (Alderw.) Parris

900-1000 m

LMF

Pen. Malaysia to New Guinea

55. X. subpinnatifida (Blume) Copel.

1800 m

LMF

Pen. Malaysia to New Guinea

LF, lowland forest (600 m). LMF, lower montane forest (600-2100 m). UMF, upper montane forest (2100-2500 m). SA, subalpine communi-
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41. G. tehoruensis M.Kato & Parris

ties (2400-3000 m).
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Moluccas and the only part of the region to be above the tree line, but only Calymmodon
binaiyensis is restricted to subalpine habitats. Ctenopteris themelioides ranges from
lower montane forest to subalpine habitats while the other local endemics are all found
in lower montane forest. Only one species, Prosaptia subglabra, is endemic to the
Moluccas.
Mount Kinabalu
76 species of Grammitidaceae are known from Mount Kinabalu. They are listed,
together with their altitude range, vegetation types and distribution, in Table 3.
Mount Kinabalu and Mount Jaya make an interesting contrast. The former has far more
species of Grammitidaceae, 76, than the latter, with 56. Mount Kinabalu has a long
history of botanical collecting, however, over more than a century, which may explain
its species richness in part (Parris et al., 1992). It should be noted, however, that nine
species have not been collected on the mountain in the last 60 years (Parris, 2001) and
may well be locally extinct. 23 species occur on both mountains; all of them, except
Themelium fasciatum, are also found on Murkele Ridge, and 10 of them are also found
on Gunung Mulu. Mount Kinabalu has nine endemic species of Grammitidaceae (16%),
more than double the number found on Mount Jaya. As with Murkele Ridge, one might
expect the endemic species to be associated with the high altitude vegetation
communities above the tree line, but only Grammitis kinabaluensis extends above the
tree line, and it also occurs in lower montane and mid-montane forest. Grammitis
graniticola, G. muscicola and G. nubicola are restricted to upper montane forest, while
Calymmodon innominatus and Grammitis ramicola are found only in lower montane
forest and Calymmodon kinabaluensis, Grammitis havilandii and G. ultramaficola
occur in both lower montane and upper montane forest. 44 species (58%) are
Malesian-wide, a higher number and percentage than for either Mount Jaya or Murkele
Ridge. Another eight species (11%) extend well beyond Malesia. 10 species are
restricted to West Malesia, six of which are also found on Gunung Mulu. The West
Malesian Ctenopteris fuscata occurs at high altitudes on Mount Kinabalu (3000-3800
m) and is not found on Gunung Mulu (2400 m), but Grammitis congener (1100-2500
m) and Themelium curtisii (1400-2400 m) are absent from Gunung Mulu, but may be
expected. Xiphopteris nudicarpa occurs on ultramafic rocks on Mount Kinabalu and on
Palawan Island in the Philippines. Ultramafic rocks, and X. nudicarpa, are absent from
Gunung Mulu. Five species are endemic to Borneo and all are shared with Gunung
Mulu.
Gunung Mulu
43 species of Grammitidaceae are known from Gunung Mulu. They are listed, together
with their altitude range, vegetation types and distribution, in Table 4.
Gunung Mulu is lower than Mount Jaya, Murkele Ridge and Mount Kinabalu, and
lacks vegetation communities above the tree line. It has no endemic species, and 36 of
its 43 species are also found on Mount Kinabalu. 22 species (51%) are Malesian-wide
and five (12%) range well beyond Malesia. The nine West Malesian species (21%) all
occur on Mount Kinabalu. Seven species are endemic to Borneo; five also occur on
Mount Kinabalu, but Scleroglossum crassifolium and Themelium sarawakense are not
known there.
In Table 5 the geographic distribution of Grammitidaceae on Mount Jaya, Murkele
Ridge, Mount Kinabalu and Gunung Mulu is summarised.

Vegetation

Distribution

1. Acrosorus friderici-et-pauli (H.Christ) Copel.
2. A. streptophyllus (Baker) Copel.
3. Calymmodon atrichus Copel.
4. C. borneensis Parris ined.
5. C. clavifer (Hook.) T.Moore
6. C. cucullatus (Nees & Blume) C.Presl
7. C. gracilis (Fée) Copel.
8. C. hygroscopicus Copel.
9. C. innominatus Parris ined.
10. C. kinabaluensis Parris ined.
11. C. luerssenianus (Domin) Copel.
12. C. muscoides (Copel.) Copel.
13. C. pectinatus Parris ined.
14. C. reconditus Parris ined.
15. Chrysogrammitis glandulosa (J.Sm.) Parris
16. C. musgraviana (Baker) Parris
17. Ctenopteris blechnoides (Grev.) W.H.Wagner & Grether
18. C. brevivenosa (Alderw.) Holttum
19. C. denticulata (Blume) C.Chr. & Tardieu
20. C. fuscata (Blume) Kunze
21. C. inconspicua (Blume) Copel.
22. C. millefolia (Blume) Copel.
23. C. minuta (Blume) Holttum
24. C. mollicoma (Nees & Blume) Kunze
25. C. nutans (Blume) J.Sm.

1500-1900 m
800-1900 m
1800-3400 m
1500-3000 m
1500-2600 m
2200-3000 m
1200-3000 m
1400-2100 m
2400 m
1500-2800 m
1500-2400 m
1500 m
1500-2500 m
1500-3100 m
1500 m
1400-2100 m
800-1000 m
1400-3000 m
1200-1800 m
3000-3800 m
1700 m
1800 m
1400 m
1500-2900 m
2600-3800 m

LMF
HF LMF
LMF UMF
LMF UMF
LMF
LMF UMF
LMF UMF
LMF
LMF
LMF UMF
LMF
LMF
LMF
LMF UMF
LMF
LMF
HF
LMF UMF
LMF
UMF SA
LMF
LMF
LMF
LMF UMF
UMF SA

SE Asia to Moluccas
Thailand to Philippines
Borneo to New Guinea
Borneo endemic
Sumatra to New Guinea
Pen. Malaysia to Solomon Is.
SE Asia to New Guinea
Java to New Guinea
Mount Kinabalu endemic
Mount Kinabalu endemic
SE Asia to Solomon Is.
Java to Philippines
Java to New Guinea
Borneo to New Guinea
Sri Lanka to Philippines
SE Asia to Vanuatu
S. India to Society Is.
Thailand to Vanuatu
Indochina to New Guinea
Thailand to Philippines
Pen. Malaysia to Philippines
Sumatra to New Guinea
Pen. Malaysia to Philippines
SE Asia to New Guinea
Pen. Malaysia to New Guinea
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Species

UMF
LMF
LMF
LMF
LMF
LMF
UMF SA
LMF
LMF UMF
LMF UMF
UMF
LMF UMF
LMF UMF
LMF
LMF
LMF UMF
LMF UMF SA
LMF UMF
UMF SA
LMF
UMF
UMF
LMF
UMF
LMF
LMF
LMF
LMF

Sri Lanka to Solomon Is.
Sumatra to Borneo
Java to New Caledonia
SE Asia to Fiji
Borneo endemic
Sumatra to New Guinea
Borneo to New Guinea
SE Asia to Philippines
Borneo to New Guinea
Borneo, Sulawesi
Mount Kinabalu endemic
Mount Kinabalu endemic
Pen. Malaysia to Sulawesi
Sumatra to New Guinea
Taiwan to New Guinea
SE Asia to Solomon Is.
Mount Kinabalu endemic
Peninsular Malaysia to Fiji
Sumatra to New Guinea
Borneo to Moluccas
Mount Kinabalu endemic
Mount Kinabalu endemic
Sumatra to Solomon Is.
Sumatra to New Guinea
Sumatra to Philippines
Mount Kinabalu endemic
Sri Lanka to Solomon Is.
Borneo endemic
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2700 m
1400-2000 m
1700-2400 m
1500 m
1500-1800 m
1800 m
3400-4000 m
1100-2500 m
1100-3000 m
2000-2700 m
3300-3400 m
1500-3200 m
1700-2900 m
1200 m
1400-2400 m
1400-2600 m
1800-4000 m
1500-2700 m
3200-3700 m
1400-1500 m
3400 m
3000-3200 m
1200 m
3400 m
1600-2500 m
1500-2600 m
1100-1800 m
1200-2300 m
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26. C. repandula (Mett.) C.Chr. & Tardieu
27. C. subminuta (Alderw.) Holttum
28. C. subsecundodissecta (Zoll.) Copel.
29. Grammitis adspersa (Blume) Blume
30. G. bongoensis (Copel.) Copel.
31. G. caespitosa Blume
32. G. clemensiae (Copel.) Parris
33. G. congener Blume
34. G. dolichosora (Copel.) Copel.
35. G. friderici-et-pauli (H.Christ) Copel.
36. G. graniticola Parris ined.
37. G. havilandii (Baker) Copel.
38. G. holttumii Copel.
39. G. impressa Copel.
40. G. intromissa (H.Christ) Parris
41. G. jagoriana (Mett. ex Kuhn) Tagawa
42. G. kinabaluensis (Copel.) Copel.
43. G. knutsfordiana (Baker) Copel.
44. G. locellata (Baker) Copel.
45. G. mollis Parris ined.
46. G. muscicola Parris ined.
47. G. nubicola Parris ined.
48. G. oblanceolata (Baker) Copel.
49. G. padangensis (Baker) Copel.
50. G. pilosiuscula Blume
51. G. ramicola Parris ined.
52. G. reinwardtii Blume
53. G. reinwardtioides Copel.

1800-3000 m
1500-3000 m
2400-3000 m
800 m
1200-1500 m
2100 m
1500-2100 m
1200-2900 m
2900-3800 m
1500-2100 m
1500-1800 m
2500-2900 m
1800-2600 m
1000 m
1500-3200 m
1500-3000 m
1400-2400 m
2700-3400 m
2100 m
2300-3000 m
1200-1700 m
2700-2900 m
1500-2200 m

LMF UMF
LMF UMF
LMF UMF
HF
LMF
LMF
LMF
LMF UMF
UMF SA
LMF
LMF
LMF UMF
UMF
HF
LMF UMF
LMF UMF
LMF
UMF
LMF
LMF UMF
LMF
UMF
LMF

Sumatra to Vanuatu
Sumatra to New Guinea
Mount Kinabalu endemic
S India to Samoa
SE Asia to Philippines
Borneo endemic
Thailand to New Guinea
S India to Marquesas Is.
Pen. Malaysia to New Guinea
Borneo to New Guinea
S India to New Guinea
Java to New Guinea
Pen. Malaysia to New Guinea
Borneo endemic
Thailand to Solomon Is.
Sri Lanka to Marquesas
Sumatra, Borneo
Sumatra to New Guinea
Borneo, Philippines
Borneo to New Guinea
Thailand to Borneo
Borneo, Philippines
Pen. Malaysia to New Guinea
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54. G. scabristipes (Baker) Copel.
55. G. sumatrana (Baker) Copel.
56. G. ultramaficola Parris ined.
57. Prosaptia alata (Blume) H.Christ
58. P. barathrophylla (Baker) M.G.Price
59. P. borneensis Parris ined.
60. P. celebica (Blume) Tagawa & K.Iwats.
61. P. contigua (G.Forst.) C.Presl
62. P. davalliacea (F.Muell. & Baker) Copel.
63. P. multicaudata (Copel.) Parris
64. P. obliquata (Blume) Mett.
65. P. venulosa (Blume ex Kunze) M.G.Price
66. Scleroglossum debile (Kuhn) Alderw.
67. S. gracillimum Parris ined.
68. S. pusillum (Blume) Alderw.
69. S. sulcatum (Kuhn) Alderw.
70. Themelium curtisii (Baker) Parris
71. T. fasciatum (Blume) Parris
72. T. halconense (Copel.) Parris
73. T. taxodioides (Baker) Parris
74. X. hieronymusii (C.Chr.) Holttum
75. X. nudicarpa (Zamora & Co) Parris
76. X. subpinnatifida (Blume) Copel.

HF, hill forest (800-1200m). LMF, lower montane forest (1200-2600m). UMF, upper montane forest (2600-3500m). SA, subalpine communities (3500-3800m).
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Table 4. Grammitidaceae of Gunung Mulu.
Altitude

Vegetation

Distribution

1. Acrosorus friderici-et-pauli (H.Christ) Copel
2. A. streptophyllus (Baker) Copel.
3. Calymmodon borneensis Parris ined
4. C. conduplicatus (Brause) Copel.
5. C. cucullatus (Nees & Blume) C.Presl
6. C. gracilis (Fée) Copel.
7. C. luerssenianus (Domin) Copel
8. C. pectinatus Parris ined.
9. C. reconditus Parris ined.
10. Chrysogrammitis musgraviana (Baker) Parris
11. Ctenopteris blechnoides (Grev.) W.H.Wagner & Grether
12. C. brevivenosa (Alderw.) Holttum
13. C. brooksiae (Alderw.) Parris
14. C. mollicoma (Nees & Blume) Kunze
15. C. nutans (Blume) J.Sm.
16. C. subminuta (Alderw.) Holttum
17. Grammitis adspersa (Blume) Blume
18. G. bongoensis (Copel.) Copel.
19. G. friderici-et-pauli (H.Christ) Copel.
20. G. impressa Copel.
21. G. jagoriana (Mett. ex Kuhn) Tagawa

1200-1800 m
1500-1800 m
1400-1700 m
1800 m
1900 m
900-2000 m
1700-1800 m
1200-1800 m
2000-2300 m
1200-1800 m
200-1200 m
1300-2000 m
400 m
2100-2300 m
2300 m
1700 m
1000-1800 m
900-1500 m
1700 m
1200 m
1600 m

LMF
LMF
LMF
LMF
UMF
LMF UMF
LMF
LMF
UMF
LMF
LF LMF S.
LMF UMF
LF
UMF
UMF
LMF
LMF
LMF
LMF
LMF
LMF

SE Asia to Moluccas
Thailand to Philippines
Borneo endemic
Borneo to New Guinea
Pen. Malaysia to Solomon Is.
SE Asia to New Guinea
SE Asia to Solomon Is.
Java to New Guinea
Borneo to New Guinea
SE Asia to Vanuatu
India to Society Is.
Thailand to Vanuatu
Sumatra, Borneo
SE Asia to New Guinea
Pen. Malaysia to New Guinea
Sumatra to Borneo
SE Asia to Fiji
Borneo endemic
Borneo, Sulawesi
Sumatra to New Guinea
SE Asia to Solomon Is.
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Species

2000 m
1000-1200 m
2300 m
2000 m
1700 m
1400-2000 m
1800-2000 m
2000 m
200 m
100-1200 m
600-800 m
2300 m
1800-2200 m
500-1800 m
900-1600 m
1000-1200 m
1600-2400 m
200-1800 m
1800 m
1500 m
600 m
400-1800 m

UMF
LMF
UMF
UMF
LMF
LMF UMF
LMF UMF
UMF
LF
LF LMF
LF LMF
UMF
LMF UMF
LF LMF
LMF
LMF
LMF UMF
LF LMF
LMF
LMF
LF
LF LMF

Peninsular Malaysia to Fiji
Sumatra to Solomon Is.
Sumatra to New Guinea
Sumatra to Philippines
Sri Lanka to Solomon Is.
Borneo endemic
Sumatra to Sulawesi
Sumatra to New Guinea
Pen. Malaysia to Borneo
S India to Samoa
SE Asia to Philippines
Borneo endemic
Thailand to New Guinea
S India to Marquesas Is.
Borneo endemic
Borneo endemic
Thailand to Solomon Is.
Sri Lanka to Marquesas
Borneo, Philippines
Borneo endemic
Pen. Malaysia to Borneo
Thailand to Borneo
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22. G. knutsfordiana (Baker) Copel.
23. G. oblanceolata (Baker) Copel.
24. G. padangensis (Baker) Copel.
25. G. pilosiuscula Blume
26. G. reinwardtii Blume
27. G. reinwardtioides Copel.
28. G. setosa Blume
29. G. sumatrana (Baker) Copel.
30. G. vittariifolia (C.Chr.) Parris
31. Prosaptia alata (Blume) H.Christ
32. P. barathrophylla (Baker) M.G.Price
33. P. borneensis Parris ined.
34. P. celebica (Blume) Tagawa & K.Iwats.
35. P. contigua (G.Forst.) C.Presl
36. Scleroglossum crassifolium (Baker) C.Chr.
37. S. gracillimum Parris ined.
38. S. pusillum (Blume) Alderw.
39. S. sulcatum (Kuhn) Alderw.
40. Themelium halconense (Copel.) Parris
41. T. sarawakense (Parris) Parris
42. Xiphopteris alternidens (Ces.) Copel.
43. X. hieronymusii (C.Chr.) Holttum

LF, lowland rainforest (100-800m). LMF, lower montane forest (800-1900m). UMF, upper montane forest (1600-2300m).
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Table 5. Geographic Distribution of Grammitidaceae of Mount Jaya, Murkele Ridge, Mount Kinabalu and Gunung Mulu
Geographic distribution
1. Widespread beyond Malesia, to Polynesia and/or Sri Lanka

Species no. and percentage of total species
Mount Jaya Murkele Ridge
Mt Kinabalu

Gunung Mulu

5, 90%

8, 11%

5, 12%

24, 43%

31, 56%

44, 58%

22, 51%

4, 70%

9, 16%

10, 13%

9, 21%

4. Country endemic

20, 36%

1, 20%

5, 70%

7, 16%

5. Locality endemic

4, 70%

9, 16%

9, 12%

0, 00%

2. Malesia-wide or slightly beyond, or at least across Zollinger’s line
3. E Malesia (MJ, MR) or W Malesia (MK, GM)

Species total

56

55

76

43
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4, 70%
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DISCUSSION
Compared with Murkele Ridge, Mount Kinabalu and Gunung Mulu, Mount Jaya has
many more country endemics. This reflects the explosive speciation of Grammitidaceae
in New Guinea (together with many other groups of plants) and their distribution along
the central ranges of the island. The wide distribution of species along the central ranges
of New Guinea is probably also an explanation for the low number of endemic species
compared with Mount Kinabalu and Murkele Ridge. While Mount Jaya is the highest
peak in a series of high altitude peaks on the ranges that form the backbone of New
Guinea, Murkele Ridge and Mount Kinabalu are isolated from other areas at high
altitudes. Mount Jaya and Gunung Mulu have fewer species that are widespread in
Malesia and beyond than do Murkele Ridge and Mount Kinabalu. Gunung Mulu, being
relatively low altitude, does not have the array of habitats or even comparable areas of
the same habitats as do the higher Murkele Ridge and Mount Kinabalu. The reason for
Mount Jaya having fewer of the widespread species is less obvious. In the discussion of
Murkele Ridge (see above), seven widespread species are mentioned that are absent
from Mount Jaya, but present in New Guinea and thus to be expected. Another two
species that occur on Mount Kinabalu and are disjunct with Papua New Guinea are also
expected on Mount Jaya. They are Calymmodon atrichus and Grammitis clemensiae.
There is a group of 10 grammitid species that have been collected on all of the four
montane Malesian localities documented here: they are Calymmodon cucullatus,
Chrysogrammitis musgraviana, Ctenopteris blechnoides, C. nutans, Grammitis
knutsfordiana, G. padangensis, G. sumatrana, Prosaptia contigua, Scleroglossum
pusillum and S. sulcatum. Two other widespread high altitude subalpine species are not
found on Gunung Mulu (2400 m alt.) because it is too low: Grammitis locellata
(2800-3800 m) and Prosaptia davalliacea (2800-3800 m). Another group of species,
Calymmodon clavifer, Ctenopteris denticulata ,C. millefolia, C. subsecundodissecta,
Grammitis dolichosora, G. intromissa, G. scabristipes, Prosaptia obliquata, P. venulosa
and Xiphopteris subpinnatifida occur on Mount Jaya, Murkele Ridge and Mount
Kinabalu within the altitudinal range of Gunung Mulu and may be expected there. The
widespread Grammitis reinwardtii is absent from Mount Jaya, but occurs in the other
three localities. The species that are absent from Gunung Mulu and from Mount Jaya,
together with the 10 listed above, form a core of 23 grammitid species that are
widespread and common throughout Malesia. Examination of herbarium collections
during preparation of the account of Grammitidaceae for Flora Malesiana has provided
much detailed data on species distribution that has been collated for over 500 localities.
The core group of 23 grammitid species is well-represented in the following localities,
each of which has 20 or more species of Grammitidaceae. The altitude range over which
Grammitidaceae have been collected and the number of species currently known is
given for each locality. Peninsular Malaysia: Cameron Highlands, 1400-2000 m, 23
species; Gunung Tahan, 600-2200 m, 21 species; Sumatra, Gunung Kerinci. 300-3800
m, 22 species; Java, Gunung Gede, 1200-3000 m, 39 species; Sulawesi, Mount Roroka
Timbu, 1200-2400 m, 25 species; Philippines, Mount Apo, 1000-3000 m, 25 species;
Papua, Mount Trikora, 2800-4200 m, 36 species, Idenberg River, 700-2200 m, 22
species; Papua New Guinea, Aseki, 1300-1800 m, 20 species, Ekuti Range at
Watut-Aseki Divide, 2000-2100 m, 22 species, Mount Giluwe, 2100-4100 m, 38
species, Mount Hagen, 2400-4000 m, 34 species, Rawlinson Range, 1500-4000 m, 33
species, Saruwaged Range, 1200-4000 m, 40 species, Star Mountains, 1400-4000 m, 24
species, Mount Suckling, 400-3700 m, 20 species, Mount Wilhelm, 2700-4500 m, 26
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species.
The identification of pteridophytes below the subalpine and alpine areas of Mount
Jaya is not yet complete (R.J. Johns pers. comm.), so a complete evaluation of the
relationships of the pteridophyte flora is not yet possible. Ridley (1916) records a
number of pteridophytes from Mount Jaya, however, and this is sufficient to establish
that there is a core of widespread pteridophytes in families other than Grammitidaceae
that are also present on Mount Kinabalu (Parris et al., 1992), Murkele Ridge (Parris,
1993) and Gunung Mulu (Parris, unpublished). They include Asplenium tenerum G.
Forst., Diplazium cordifolium Blume, Lindsaea rigida J. Sm. (Kato, 1992),
Lycopodiella cernua (L.) Pic. Serm., Ophioglossum pendulum L. (Kato, 1989b),
Selliguea enervis (Cav.) Ching and Trichomanes pallidum Blume.
CONCLUSIONS
Mount Jaya has some unique features compared with the other Malesian mountains
considered here: the presence of a rich grammitid flora in the heath forests between 200
and 600 m alt. is unexpected, and there is a good representation of widespread New
Guinea endemic Grammitidaceae. The absence of high altitude endemics in the family
is surprising, given that several other high New Guinea mountains have one or more
endemic species. Mount Jaya is much less species-rich than Mount Kinabalu, and this
may be explained at least in part by the much longer history of collecting on the latter
and the paucity of collections from the largely inaccessible upper montane forest of the
former. Compared with Mount Jaya, the Murkele Ridge, 2000 m lower, supports a rich
flora of Grammitidaceae, but the reason for this is not evident.
Zollinger’s line does not present an insuperable barrier to the distribution of
Grammitidaceae, as 59 (45 %) of the 130 species listed in Tables 1 to 4 occur on both
sides of it.
The concept of a core Malesian-wide pteridophyte flora present in all suitable areas
has not been suggested previously, but there is ample evidence for it in 23 species of
Grammitidaceae and numerous species in other pteridophyte families.
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MORPHOGENETIC EVENTS IN THE Ceratopteris riChardii
(PARKERIACEAE: PTERIDOPHYTA) SHOOT APEx
M. ROMANOVA1 & J. JERNSTEDT2
Department of Agronomy and Range Science, University of California, David,
CA 95616, USA. (Email: 1maromanova@ucdavis.edu; 2jjernstedt@davis.edu)
Keywords: Shoot apex meristem, shoot apical cell, leaf apical cell, leaf primordium,
plasmodesmata, morphogenesis, development, dictyostele, protostele
The discovery of developmentally important genes, combined with remarkably regular
cell division patterns, has made the Ceratopteris richardii sporophyte an advantageous
system for developmental studies. Here we report results of an investigation of the
ontogenetic changes in shoot apical meristem (SAM) structure associated with leaf
initiation and histogensis in C. richardii. As described for a number of other ferns, the
shoot apical cell (AC) and leaf apical cell (LAC) of the first leaf of C. richardii embryos
appear simultaneously; all subsequent sporophyte leaves originate from the SAM. An
LAC originates in every immediate derivative of the tetrahedral AC. After this segment
is displaced from the AC by two, more recent derivatives, it undergoes two anticlinal
divisions and one transverse division, setting up the LAC. The pattern of LAC origin
does not change during sporophyte ontogeny, but the rhythm of leaf development does.
For the first leaves of a young sporophyte, the subsequent division of the AC is
correlated with further proliferation of cells of the incipient leaf primordium (LP), and
the AC does not undergo further divisions until the LP is established. Development of
the first 6-9 leaves is followed by a developmental pause of 12-20 days, during which
the shoot apex changes its structure and morphogenetic pattern. LPs are arrested at the
4- or 5-cell stage until displaced some distance from the AC, which continues to
segment and creates an increasing “pool” of early stage LPs. This results in an
elongated shape for the shoot apex. These changes are correlated with changes in the
shoot vascular system. A protostele is found in the young sporophytes with simple
leaves developing without pause; each leaf has a unibundle leaf trace (LT). Dictyosteles
occur in older sporophytes bearing compound leaves; these leaves start to develop when
separated from the AC by a number of incipient LPs, and have 2-5 bundles per LT.
Procambium differentiates simultaneously with LP development; no signs of vascular
differentiation are observed in either the juvenile or the adult shoot apex. Ontogenetic
changes in stelar type might be explained by the loss of meristem identity and
competence to differentiate into procambium by the central cells of the apex. This is in
agreement with Sano et al. (unpublished observation) that KNOX class 1 genes are
expressed in the AC and procambium of C. richardii adult sporophytes (but not in the
other cells of the elongated apex). Because plasmodesmata (PD) provide selective
routes for signaling within the shoot apex, we examined PD architecture and
distribution in the C. richardii SAM. All PD in the C. richardii SAM are primary. PD
density in the AC and its immediate derivatives does not change significantly in
sporophyte ontogeny but is about ten-fold higher than reported for dicot SAMs. High
PD density and the resulting intercellular connectedness may compensate for the lack
of ability to form secondary PD. Only the AC and its two immediate derivatives, the
latter being constantly displaced, are interpreted to be undifferentiated in the C.
richardii SAM.
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REPRODUCTIVE STRATEGIES AND POPULATION STRUCTURE
IN THE ENDANGERED PTERIDOPHYTE triChomanes
speCiosum (HYMENOPHYLLACEAE: PTERIDOPHYTA)
F.J. RUMSEY1, J.A. BARRETT2†, M. GIBBY3, S.J. RUSSELL1
& J.C. VOGEL1
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Keywords: Glacial refugia, gametophyte, historical biogeography, dispersal, filmyfern.
ABSTRACT
Trichomanes speciosum Willd. (Hymenophyllaceae) is unique amongst
European ferns in that the gametophyte generation can survive indefinitely in the
absence of the sporophyte, propagate vegetatively and disperse locally.
Reproductive success, both in terms of spore production and sporophytic
recruitment currently vary widely across the species’ broad, disjunct range,
declining from south to north and west to east. Reproductive success would
appear to be controlled largely by climatic factors, although genetic components
also must be considered. Detailed study of populations throughout the species’
range, over a 15 year period, have led to a greater understanding of growth rates,
powers of dispersal and the reproductive strategies currently operating. Using
this knowledge, the extent and pattern of genetic variation regionally and locally,
i.e within sites, can be used to infer the routes and mechanisms of colonisation
and subsequent reproductive history.
Many sites for this species have been considered as glacial refugia, i.e.,
supporting relictual populations through cycles of glaciation throughout the
Tertiary. The validity of these claims is tested using molecular and other data.
INTRODUCTION
Trichomanes speciosum Willd. (syn. Vandenboschia speciosa (Willd.) Kunkel), the
Killarney Fern, is the sole native European representative of the genus Trichomanes
sensu lato (Tutin et al., 1993) and the largest of the region’s filmy-ferns
(Hymenophyllaceae). It has been considered one of the continent’s most vulnerable
plant species, threatened both by habitat destruction and long the victim of
over-collection, and has been accorded legal protection throughout its range under the
Bern Convention (Anon, 1979) and E.C. Habitats Directive (Anon, 1992).
Trichomanes speciosum is unique amongst European ferns in that its gametophytic
generation is perennial, gemmiferous and capable of persisting and dispersing in the
absence of a sporophyte. This ‘gametophytic independence’ is apparently a very rare
condition amongst homosporous ferns, and known in three families, all widespread as
epiphytes in tropical regions: the Vittariaceae, the Grammitidaceae, and the
Hymenophyllaceae. However, gametophytic independence is apparently only well
developed in those rare species found at the temperate extremes of these families’
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ranges (Rumsey & Sheffield, 1996).
Independent gametophytes of a Trichomanes species were first tentatively identified
from eastern North America by Wagner & Evers (1963) and confirmed by Farrar (1967,
1985, 1992) who identified a distinct taxon, T. intricatum Farrar (Farrar, 1992)
represented solely by gametophyte populations.This taxon was found to exist far to the
north of the line of the last glacial maximum, indicating it clearly had the ability to
disperse over some distance, even if sporophytes and hence spores were currently not
produced. The other widespread North American species of Trichomanes have been
found as gametophyte populations but always in close proximity to sites in which
sporophytes are present (Farrar, 1993). The situation in Europe falls between these
extremes and differs in scale, in that both generations of T. speciosum are known, but
the gametophyte has an extensive range (hundreds of kilometres) beyond that of the
sporophyte.
Reproductive Potential and Strategies
The sporophyte of T. speciosum has a long-running, branching rhizome, at intervals
bearing fronds which are functional for 4 or more years, and may persist for longer.
Rhizome growth rates are heavily dependant on the plant’s nutrient status and climatic
environment but main axes may elongate by over 30 cm per annum, although usually
by much less. Suppressed side branches borne in the sporophyll axils allow for steady
patch formation should the leader not find suitable habitat and die. This growth form
allows a guerrilla-type growth strategy similar to that employed by species of
Lycopodium to exploit patchy environments (Callaghan et al.,1986). Specialised
mechanisms of vegetative propagation are absent (viviparous plantlets have been
recorded twice in cultivated material over two centuries of observation (Druery,1910;
Ensoll, pers comm.)). Rhizome fragmentation, dislodgement and re-growth are likely to
be infrequent but significant events. Extensive, intricate and usually dense patches form
with time. Within these it is generally impossible to determine the number of
individuals present without recourse to molecular techniques. Individual clones
covering several hundred square metres have been recorded by the authors in the
Azores, obviously indicative of considerable antiquity. However, colony size is not
necessarily an accurate indication of age. Several British colonies known for over a
century are very restricted in size, their maximal extent presumably determined by the
extent of the micro-features that they grow in.
Unlike many European ferns Trichomanes speciosum is not fertile annually once
mature. Indeed Ratcliffe et al., (1993) reported that the majority of British sporophytes
had never been seen to be fertile. Detailed investigation of fertility is difficult and in
many cases not desirable because of the nature of the sites occupied. However, during
the last decade four Welsh and two English sporophytes known to the authors have at
least attempted to produce spores. Involucres have formed but the receptacular bristle
upon which the sporangia are spirally borne has, in at least two of the sites, not extended
and no spores have formed as a consequence. This receptacular bristle structure has a
basal meristem and presumably continues to elongate and produce new sporangia until
a certain trigger, perhaps desiccation causing sporangial dehiscence, causes it to cease.
Its failure to develop in marginal British sites may have climatic cause, such as
exposure to cold. This and the factors determining the onset of fertility are almost
certainly complex and have not been established for T. speciosum. Anecdotal evidence
would seem to suggest that sporophytes in extreme shade are less regularly fertile and,
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as most plants at the more northern and marginal extremes of the species range are
progressively restricted to more sheltered and hence usually darker microsites, this
alone may account for the reduction in northern fertility. Considerable variation exists
in the degree of fertility, i.e. the number of involucres produced – dictated by frond
stature and dissection, and the number of sporangia produced per involucre, as outlined
above. Sporophytes in northern and more easterly British sites are invariably small and
relatively poorly dissected, reducing sporing potential. Calculations based on
observation of the number of fertile fronds known in all British populations for one
year, an estimated mean number of involucres per frond and numbers of sporangia per
involucre, suggested that the total British spore production per decade would be
considerably less than that produced by a single healthy adult Athyrium filix-femina in
one year (Rumsey, 1994) ! The species is thus likely to be a poor coloniser by spore or
vegetative means.
Sporophyte recruitment parallels the pattern of spore production in that there is a
marked reduction in the production of sporophytes northwards, i.e. into northern France
and the British Isles and even more markedly, eastwards into continental Europe. Thus
within the wetter portions of Macaronesia the species functions as a “normal”
pteridophyte, completing its life cycle from spore to spore, whereas elsewhere the cycle
progressively breaks down, until over much of the species extensive distribution in
northern and continental Europe the gametophyte is effectively functionally
independent. Immature sporophytes have rarely been noted within the British Isles and
show high levels of mortality (Rumsey, 1994), although recent years have perhaps
shown an increased incidence in their production (“Sentinel”, 2003; Rumsey, unpubl.)
which may be a reflection of the run of warm but wet summers and milder winters
experienced in the British Isles. Immature sporophytes have also been reported in
central Europe, eg. Rasbach et al., 1994 which indicates that gametangial production
and normal function are occurring in at least some “independent” gametophytic clones.
Given a potentially indefinite gametophytic lifespan the probability must be that
sporophytes would form, although perhaps extremely infrequently, in the vast majority
of populations.
Sporophytic production and recruitment almost certainly is predominantly a
reflection of the rate and extent of gametangial production. The archegoniophore is a
comparatively massive, differentiated, multicellular structure unlike the simple
irregular branching filamentous structure it is borne on. The processes triggering its
initiation are unknown but rates of cell growth and light/nutrient availability might be
implicated. The smaller antheridia are more regularly produced and may persist in a
non-dehisced state for many months. Rumsey & Sheffield (1996) summarised
knowledge on the in situ and ex situ production of gametangia by different British
gametophyte clones over a 5 year period. They identified consistent sterility, or
super-fertility, of some clones, even when sub-divided and grown apart under similar
but not rigorously controlled growth conditions, suggesting a significant genetic
component to gametangial production, but with no clear geographical, ecological or
discernible historical basis. Locally this may complicate considerations of the effect of
climatic and other external factors on gametangial production but broad regional
differences, which are reflected in sporophyte recruitment, are still apparent.
Understanding the Current Distribution- Refugia or Recent Colonisation?
First detected as recently as 1989 (Rumsey et al., 1990; 1991), subsequent survey has
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revealed the gametophyte to be widespread but extremely localised within the British
Isles, significantly occurring in many areas from which the sporophyte had never been
reported (Rumsey et al., 1998). Similarly, as the distinctive habit and habitat of the
gametophyte became known, discoveries across northern continental Europe rapidly
followed, e.g. Vogel et al., 1993; Rasbach et al., 1994; Bennert et al, 1994; Bujnoch &
Kottke, 1994: Kirsch & Bennnert, 1996; Horn & Elsner, 1997; Huck, 1997; Reichling,
1997; Boudrie, 2001; Krippel, 2001, Loriot et al., 2002, Kottke, 2003, etc.
Initial reports were from deeply dissected sandstone massifs, such as the Petite
Suisse of Luxembourg, the northern Vosges and the Elbsandsteingebirge, all areas noted
for the occurrence of other rare, disjunct ‘Atlantic’ taxa (sensu Ratcliffe, 1968) but
particularly the filmy-fern Hymenophyllum tunbrigense (L.) Sm. (Richards & Evans,
1972). In these disjunct areas H. tunbrigense has been considered to be a Tertiary relict
(Drude, 1902; Klein, 1926). Subsequent examination has revealed the gametophyte of
Trichomanes speciosum to be more widely distributed and in less “exceptional”
landforms and habitats in intervening regions in western and Central Europe, such that
the recorded distribution of the species is now much less discontinuous and more
extensive than previously realised. This raises interesting questions as to when this
broader gametophyte distribution was achieved and from where?
The broad continental and northern-European distribution of Trichomanes
speciosum may have been achieved as a result of a wave of post-glacial migration from
southern and western refugia, or conversely from limited diffusion from a range of
more northerly peri-glacial refugia, or indeed result from an amalgam of both. Sites
containing gametophytes alone may thus represent recent arrivals, or the tenacious
survivors of a species uniquely suited to coping with a sub-optimal climate. Sadly, few
relevant sub-fossil or palynological finds are known, or are realistically to be expected.
Comparison with the distribution of other taxa can be informative, but elucidation of
the species quarternary history is largely reliant on molecular studies of the pattern,
extent and structure of genetic variation throughout the species range. Knowledge of the
comparative reproductive and dispersive capabilities of the different generations can
then be used to infer whether sporophytes were likely to be present historically in areas
from which they are now unknown.
Generally our expectation must be that sites which have been suitable for the
peri-glacial survival of a particular species are likely to have allowed the survival of a
suite of taxa, and that this community, or many of its distinctive components may well
recur in other disjunct refugial sites. The peculiar biology of Trichomanes speciosum
and its ability to grow in conditions that are not conducive to the survival of all other
vascular plants may, however, mean that it is a special case.
We also expect refugial sites to support greater genetic diversity than those which
have been recently colonised. A potential confounding factor is that of severe
bottlenecking – low or no diversity may result from loss over time/genetic drift, as well
as by founder effects. We must also consider that an efficiently
vegetatively-reproducing organism of narrow ecological amplitude might effectively
block niches and thus prevent the arrival of other individuals (“the first in wins”).
Variation may then be reliant on the rates of mutation in the various ramets, although
these would be expected to accrue with time, meeting our original expectation. Ancient
refugial sites, if isolated, might be expected to show private variation, i.e. unique to
them, although post-glacial dispersion, if efficient, will obscure such patterns.
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Refugia or Not?
Several disjunct areas are now known to support very small populations of Trichomanes
speciosum, many of which have been discovered comparatively recently. Within these
the relative proportion of sporophytes vs. gametophytes differs but many show
comparably low levels of sporophytic presence and association of a suite of Atlantic
species. Do they and their associated species show similar levels and patterns of genetic
diversity and what can this reveal as to their history?
Southern Spain
Trichomanes speciosum was first discovered in Southern Spain by Richards (1934) and
is now known from a very limited range of sierras leading inland from the coast near
Algeciras, northwards to near Cortes de la Frontera (Rumsey & Vogel, 1998; Garrido
Díaz & Hidalgo Maqueda, 1998). Currently nine populations are known to be extant,
more than half (5) of which are thought to support fewer than 10 discrete sporophyte
clumps each. Only one site (Sierra de Montecoche) currently contains gametophytes in
the absence of sporophytes. The species main concentration is in the Sierra de Ojén and
its westward continuation, the Sierra de Saladavieja. Here a total of approaching 200
distinct mature regularly fertile sporophytic clumps, closely associated with small
localised areas of gametophyte and numerous juvenile sporophytes, occur in 12 distinct
sub-populations by parallel small watercourses. High levels of mortality, with extreme
reductions, at least in sporophyte populations, linked with the cycles of cork-oak
harvesting and climatic variation, have been documented in the recent past
(Molesworth-Allen, 1977).
Allozymic study of material from 3 sites: Sierra de Ojén (4 sub-populations), the
Valle del Río de la Miel and the Sierra de Montecoche, indicates that each site had
alleles not shared with the other sites (Table 1) and that the large Sierra de Ojén site
contained at least 16 different multilocus phenotypes (MLPs), 10 of which were present
in the largest sampled sub-population. The observed differences between closely
adjacent watercourses may indicate low levels of gene-flow even over such restricted
ranges but patterns indicate the likelihood of intergametophytic mating within these
sub-populations, with the fern fully completing its life cycle and behaving in a “normal”
pteridophytic fashion, unlike populations further north in its range.
These small populations co-exist with a limited range of Macaronesian bryophytes
unknown elsewhere in Mainland Europe (Rumsey & Vogel, 1999) as well as other
pteridophyte taxa, including Culcita macrocarpa, Diplazium caudatum, Pteris
incompleta and previously Dryopteris guanchica – the latter suggesting a closest
affinity with the Canarian flora. This floristic enclave, with fragmentary representation
on the adjacent North African coast and into the Rif mountains, either represents the
vestige of a once wider coastal African/Canarian/Iberian distribution fragmented by
aridification and the increase of the Saharan desert area, or, and less likely, represents
independent post-glacial (re-)colonisation by the many and varied Macaronesian floral
elements. All potentially are highly dispersible given the small size of their diaspores.
Alpi Apuane, Italy
Trichomanes speciosum was found, new to the Italian flora, only as recently as 1976
(Ferrarini, 1977). Subsequently a total of five “populations” have been detected
growing within the stream gorge of the Valle de Serra and its side valleys, close to the
town of Serravezza (Marchetti, in Ferrarini et al., 1986). Few discrete individual mature

210

FERN GAZ. 17(4): 205-215. 2005

Table 1. Distribution of multilocus phenotypes (MLPs) in southern Spanish
Trichomanes speciosum populations (figures represent the number of apparently
discrete individuals possessing that MLP).

Allozyme Phenotype

Site

6-PGD MDH

Miel

Ojén 1 Ojén 2 Ojén 3 Ojén 4 Monte
-coche
2

PGM

IDH

A

A

A

A

A

A

A

B

5

A

A

A

D

3

A

A

A

E

3

1

A

A

B

B

2

2

A

A

B

D

A

A

B

E

A

A

B

F

1

A

A

D

B

1

A

B

A

E

A

B

B

-

B

A

A

B

26

B

A

B

E

1

B

A

B

F

1

B

B

C

E

1

B

C

A

A

9
1
2
3

4
4

4

4
1
1

1

sporophytes are known but at least one is extensive and regularly highly fertile. The
known sporophytes share a distinctive and apparently unique morphology.
Initial researches indicate a wider distribution of the gametophyte (Rumsey &
Vogel, unpubl.), perhaps paralleling that of another disjunct Atlantic element, the
filmy-fern Hymenophyllum tunbrigense, for which ca. 70 sites are known in the
communes of Massa, Montignoso, Stazzema, Pietrasanta, as well as Serravezza
(Pichi-Sermolli, 1936; Marchetti, 1992). Sporophytic recruitment has been observed in
sites containing mature sporophytes but not in sites currently only known to support
gametophyte populations.
Unfortunately only a limited range of material has been available for analysis. Both
localities from which multiple samples have been taken support more than one MLP (3
& 5) with patterns consistent with the occurrence of intergametophytic mating.

RUMSEY et al.: REPRODUCTIVE STRATEGIES IN T. SPECIOSUM

211

Sporophytes are currently unknown in the most genetically diverse of these sites. One
allele in the enzyme PGM has not to date been recovered in any other Trichomanes
speciosum population throughout its global range.
All the evidence would thus tend to argue that this area must be considered refugial.
Southwest Scotland
In contrast to the Iberian and Italian sites this area was heavily glaciated and the species
occurrence here must result from post-glacial (re-) colonization. It is thus instructive to
compare the patterns of distribution and extent of genetic variation with the almost
certainly refugial areas above and more equivocal areas.
Fewer than 20 discrete sporophyte plants have been detected in Scotland since its
first discovery in 1863 (Babington, 1863) and less than half this number are known to
be extant. Only one of these colonies has ever been seen to produce spores and most
are, or were, very limited in size and extent. However, the gametophyte generation is
widespread and may be locally abundant. Recent recruitment of sporophytes has been
seen to occur both in sites containing mature sporophytes and also in at least one site
were these were absent.
Genetic diversity of the species at this the northern-most limit of its distribution was
studied by Rumsey et al., (1999). 121 samples from 37 populations in 22 sites were
examined and 7 allozyme MLPs were detected. Two of these MLPs covered large areas
(>30 km in total extent), while the others were restricted to one, or rarely few, localities.
No site was found to contain more than one MLP. Whether this is evidence for blocking
of available niches by the first arrival, or merely a reflection of the extreme rarity of
propagules of other MLPs arriving in occupied sites is unclear and may require
experimental verification through deliberate introduction. The extent of MLPs was not
correlated with presence /absence of sporophytes. Where they extend over many
kilometres, in some cases on separate islands, the only credible means of dispersal is by
spore. Where sporophytes are currently unknown such a distribution indicates their past
presence, and a greater fertility than in the recorded past. Sporophytes may have
occurred as long ago as in the sub-atlantic period, or during brief warm/wet phases
subsequently – such as we appear to be experiencing currently. Very broad distributions
must indicate considerable age given the poor dispersal powers shown by both
generations of this organism. It is tempting to speculate that geographical extent could
be correlated with arrival time but many conflicting factors have also to be considered.
Communities in glaciated and un-glaciated areas share many rare and disjunct taxa
and their presence alone is un-informative as to refugial status, but the population
structure and genetic make-up of these taxa is much more revealing. Many of the
Macaronesian bryophytic taxa show disjunctions to southwest Scotland, but the
majority of these diocious species are represented by one sex alone in the British Isles,
yet exist in mixed sex populations and fruit in southern (refugial?) areas. Such a pattern
might be expected given extremely rare long-range post-glacial dispersal events to the
north.
Central Europe
Rumsey et al., (1998) examined allozymic diversity in 35 sites from the then
easternmost known extent of the species distribution in the Elbsandsteingebirge on the
Czech- German border, through Germany to the French border in the northern Vosges
mountains. The extensive distribution of some MLPs, as in Scotland, indicated that

212

FERN GAZ. 17(4): 205-215. 2005

sporophytes almost certainly must have been present in the past. The majority of sites
supported single MLPs ; however some sites in the pfälzerwald supported multiple
MLPs, some of which are indicative of past inter-gametophytic mating and thus by
inference sporophyte production. From the allozyme data alone Rumsey et al., (1998)
suggested that post-glacial spread was more likely but were unable to exclude the
possibility that some at least of these locations may have acted as refugia for the
species. The levels of intra-population variation, even though low, and the presence of
unique simple banding patterns for two enzyme systems (ACON, 6-PGD), gave support
to this notion but the proximity of glacial forelands to many of the current localities
suggested survival was less likely (Vogel et al., 1993). Subsequent work by Rumsey et
al. (in prep.), sequencing of the chloroplast DNA haplotypes first reported by Rumsey
et al. (1996) has provided additional evidence which would appear to strengthen the
case for, at least limited, peri-glacial survival. Macaronesian island refugia show a
major dichotomy between the Azores in the north, and Madeira and the Canaries to the
south. Minor haplotype variants link some Canarian populations with those from
southern Iberia, supporting the broad floristic links already known. Investigated areas
of Europe on the western Atlantic seaboard from Brittany northwards show a mix of the
haplotypic variants found in the southern refugial sites, although not an intimate one
(i.e. sites contain single haplotypes in all cases). The overall picture created is in
contrast with the usual pattern of Northern Purity – Southern Richness reported by
Hewitt (1999) and others. Interestingly, central Europe is uniformly of the Azorean,
believed to be ancestral, type, in spite of the fact that all of the nearest spore sources
(Spain, Italy) are of the contrasting major haplotype. If the distribution were the result
of post-glacial immigration one might expect a similar pattern to that shown in
northwest Europe, with all of the refugia and particularly the most proximal to be
involved. Unique minor variants also exist within central Europe, for example in
Luxembourg, where they cover an extensive area indicative of a long period of
occupation and/or past sporophyte presence. Extremely severe conditions in proximity
to sites and the growth and reproductive strategies of Trichomanes speciosum may
explain the lack of expected diversity in these putatively refugial areas.
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PTERIDOPHYTE DIVERSITY IN LUxEMBOURG
Y. KRIPPEL
Research associate of the Natural History Museum of Luxembourg
Rue de Rollingen, 18A; L - 7475 Schoos, Luxembourg
(Email: yves.krippel@mnhn.lu)
The Grand-Duchy of Luxembourg is internationally known for its small relictual
population of Tunbridge filmy-fern (Hymenophyllum tunbrigense (L.) Sm.), first
discovered here in 1821. In recent decades, however, ferns and allied plants - especially
subspecies and hybrids - have often been neglected by botanists in Luxembourg, so that
reliable data about distribution and status of pteridophyte species is often lacking. Over
the last few years, the study of the pteridophytes of Luxembourg has been relaunched,
and previous deficiencies in information are being reduced progressively.
Despite the small geographic area of Luxembourg (2586 km2), the diversity of
pteridophytes is remarkable. A great number of geological substrates, special
geomorphological features with particular microclimatic conditions and a great variety
of habitats, ranging from acidic to rather base-rich, have favoured the luxuriant
development of a certain number of ferns and fern allies. Not less than 57 pteridophytes
(species, subspecies, nothosubspecies and hybrids) are known for Luxembourg.
Regrettably a certain number of species have not been observed in the recent decades
and can be considered as extinct in wild. Fortunately new taxa have been discovered
recently, such as Trichomanes speciosum Willd. (gametophytes), Asplenium
trichomanes L. subsp. pachyrachis (Christ) Lovis & Reichstein, Asplenium
trichomanes L. nothossp. staufferi Lovis & Reichstein, Asplenium x murbekii Dörfler
and Equisetum x litorale Kühl. ex Rupr. At present the pteridophyte flora of
Luxembourg includes five clubmosses, seven horsetails and 45 ferns. The Red List,
based on the checklist of the pteridophytes of Luxembourg, applies the revised IUCN
Red List categories (IUCN 2001) at a national level. Currently 14.7% of the taxa fall in
the category Regionally Extinct (RE), 6.5% are Critically Endangered (CR), 6.5%
Endangered (EN), 8.2% Vulnerable (VU) and 18% Extremely Rare (R). Only c. 40% of
all pteridophyte taxa are considered not to be threatened (*) for Luxembourg.
Despite the recent discoveries of new taxa, the pteridophyte flora of Luxembourg
has experienced a significant loss of species. This is predominantly due to habitat
changes and resulting climatic variations (habitat destruction, deforestation, changes in
drainage patterns etc.). Management plans for rare and endangered species may prevent
further loss. For critical species and extremely threatened sites, however, it is advisable
to envisage securing the collection through ex-situ conservation and storage of
representative samples for future scientific purposes.
REFERENCES
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ABSTRACT
The neotropical genus Danaea is in revision and some notes on the genus are
presented here. We find that the genus can be divided into three subgroups,
based on morphological characters of the rhizome, stipe articulation and pinna
margin serration. The tree groups are discussed and some taxonomic issues are
addressed. The occurrence of bipinnate D. nodosa is reported from Jamaica, and
trifoliate specimens of D. simplicifolia are reported from French Guiana. The
identities of D. alata, D. jamaicensis, D. jenmanii, D. mazeana, D. media, D.
nodosa, D. trifoliata and D. ulei and their synonyms are discussed. Further
studies on the phylogeny, taxonomy and ecology of Danaea are needed.
INTRODUCTION
The genus Danaea Sm. is one of the few genera of ferns confined to the Western
Hemisphere. It has been repeatedly observed that species limits within the genus are
poorly understood, and that the genus is in great need of monographic study (e.g.,
Morton, 1951, Kramer, 1978). De Vriese & Harting (1853) monographed the
Marattiaceae but excluded Danaea, which was at the time, placed in a separate family:
the Danaeaceae. Underwood (1902) revised the North American species, and the
Ecuadorian species were recently revised by Tuomisto and Moran (2001), but many
taxonomic problems remain. In the recent monograph by Rolleri (2004) a large degree
of synonymization was suggested, with which we do not agree.
In recent years, it has become obvious that information on characters such as plant
habit, rhizome morphology and leaf colour are useful, and often necessary, in
identifying Danaea specimens to the correct species (Tuomisto & Moran, 2001).
Unfortunately, characters like habit and colour are not easily preserved through the
process of pressing and drying, which complicates the identification of herbarium
specimens of Danaea. Furthermore, the rhizome is cumbersome to collect and difficult
to divide between several duplicates. Collecting the rhizome kills the plant in any case.
Consequently, many herbarium specimens, especially those of the larger species, do not
include enough rhizome to allow reconstructing its morphology. Especially historical
specimens, many of which are types, do not include sufficient information about these
characters, either on the specimen itself or on the accompanying label. This has made
it difficult to establish the identity of various species with certainty.
To solve this problem, we have carried out field work in different parts of the
neotropics. As many type localities as possible were visited to establish the identity of
the type specimens. Observing the populations in the field also yields information about
the natural variation in morphological characters, and hence helps in circumscribing the
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species. So far, field work has been carried out in Colombia, Costa Rica, Ecuador,
French Guiana, Jamaica, Peru, Puerto Rico, Suriname and the Lesser Antilles. Future
phylogenetic and systematic studies will hopefully give a greater insight in the diversity
and relationships between the species of Danaea.
DISTRIBUTION AND ECOLOGY OF danaea
Danaea occurs solely in the New World tropics. It can be found from Mexico, through
all of Central and South America, south to Bolivia. It also occurs on all Greater Antilles,
and the wetter, higher islands of the Lesser Antilles. There are isolated populations in
Atlantic south-eastern Brazil, southern Paraguay and Cocos Island (Costa Rica). The
biogeographical patterns of Danaea are presently being studied.
Danaea occurs mainly in permanently wet forests on well drained soils. Several
species seem to prefer steep slopes or creek banks. Danaea is mostly found in
undisturbed rainforests, although some species tolerate disturbance, and some species
even seem to favour recently disturbed places like shady wet roadside banks. Danaea
species can be found in lowland rainforests, up to an elevation of about 2000 m in
montane cloud forest and elfin woodland, but most species are found between about
300 and 1000 m elevation. In Amazonian lowland rain forests, it has been found that
different species grow on soils with different nutrient status (Tuomisto & Poulsen
1996).
THE THREE MAJOR GROUPS IN danaea
Based on morphological characters, we divide Danaea into three major groups. This
division is still tentative, as the groups overlap in some of the characters, and some
species cannot be unambiguously allocated to a group. This division does not follow
any of the sections proposed by Presl (1845), and the phylogenetic relationships
between the species are not yet known although they are being studied.
The first group consists of species that resemble Danaea nodosa and are often
identified as such in herbaria. These are large-statured species whose adults often
exceed 1.5 m in height. Most species are characterized by a creeping rhizome (except
D. erecta Tuomisto & R.C.Moran), the absence of nodes on the stipes (except D. media
Liebm.), and the presence of dentations at pinna apices (except D. erecta and D.
grandifolia Underw.).
The second group consists of species supposedly related to Danaea leprieurii
Kunze. This group of species has previously been united under the name D. elliptica
(see below). These are species of intermediate stature, 0.4-1.5 m in height. This group
is characterized by erect, radially symmetric rhizomes, stipes articulated with swollen
nodes (nodes sometimes lacking in D. bipinnata Tuomisto) and entire pinna apices. The
apical pinna is always present, never replaced by an apical bud.
The third group consists of species resembling Danaea alata Sm, D. moritziana
C.Presl and D. mazeana Underw.. These are species of small to intermediate stature,
0.1-1.5 m in height, and are characterized by radially symmetric (rarely dorsiventral)
rhizomes that can be erect, creeping or ascending. The stipes are nodose, the blade
usually bares many crowded pinnae, and the pinna apices are (coarsely) serrate. Some
of the smaller species have translucent pinnae (D. trichomanoides T.Moore ex Spruce,
D. imbricata Tuomisto & R.C.Moran, D. tenera C.V.Morton), and many species have
bicolorous fronds, with the abaxial side pale green or whitish. The apical pinna can be
replaced by a proliferous bud, but this does not seem to be a distinguishing feature
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between species. To distinguish species within this group, Underwood used mostly
characters of the venation, which is, in most cases, also highly variable.
Notes on the danaea nodosa group
Danaea nodosa, the type species of the genus, has always been considered to be
widespread, occurring throughout the range of the genus. However, recent field studies
and close study of herbarium material have revealed, that the name has been applied to
several clearly separate species. Often these species have different ecological
preferences.
The lectotype of Danaea nodosa is a plate in Plumier (1705), which is based on
material either collected “between Morne Rouge and Saint Pierre, Martinique” or “Portde-Paix, Haiti”. The latter locality was selected as the type locality by Underwood
(1909). This was a fortunate choice, because the material we have seen from Haiti
agrees with the type illustration very well: the plants have slender, dorsiventral
rhizomes with two rows of leaf scars, and the pinnae are long and parallel-sided. In
contrast, the plants that grow on Martinique do not match the type illustration: they
have very bulky rhizomes with fronds arranged in several rows, and their pinnae are
narrower and more tapering. It is obvious that the populations on the two islands
represent two different species (Christenhusz, in press).
In Jamaica, most of the plants we have seen agree very well with the material from
Haiti, and can thus be considered true Danaea nodosa. However, we found that leaf
dissection in Jamaican plants varied from the normal once pinnate to fully bipinnate
(Christenhusz & Tuomisto 3194 (IJ, TUR, UCWI). In some populations, the tendency
to bipinnate fronds was stronger than in others, but in all populations where bipinnate
fronds were found, once pinnate fronds were also present. No other differences were
found between the once and twice pinnate fronds than the degree of leaf dissection. It
seems obvious, therefore, that this is a case of within-species variation. An interesting
question concerns the identity of the South American material. We have observed some
differences in pinna shape between the Jamaican and South American populations, but
their rhizomes and habit are similar. Even though we have never observed any tendency
towards bipinnate leaf dissection in any South American population, for the time being
we consider these as D. nodosa.
Field work in Western Amazonia has shown that Danaea nodosa grows on relatively
nutrient-rich, clayey soils. Its juveniles have simple fronds only when very small, and
the fronds become pinnate usually when they are still less than 10 cm long. A very
similar plant but with cartilaginous pinna margins has been found on poorer, more
loamy soils. This species has larger pinnae, especially at the juvenile stage when fronds
often remain simple until they exceed 30 cm in length (Tuomisto & Groot, 1995,
Tuomisto & Moran, 2001). On the basis of a photograph of one of the isotypes, the
latter species was identified as D. ulei H.Christ. Unfortunately, other isotypes of D. ulei
show clearly that the rhizomes in this species are erect, indicating that it belongs to the
D. leprieurii group. Its pinna margins are not cartilaginous, either. Consequently, the
poor-soil segregate of D. nodosa needs a new name (Christenhusz & Tuomisto, in
press).
In Costa Rica, populations of supposed Danaea nodosa were found to be variable
in whether the stipe is nodose or not. Juveniles usually had one or two nodes, but older
fronds more often had none. The presence of nodes was variable even in fronds on the
same rhizome, which shows that the two forms belong to the same species. These plants
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have previously been identified either as D. nodosa or as D. elliptica, depending on
whether nodes were present or not, as this has traditionally been the most important
diagnostic character between the two species. Since true D. nodosa never has nodes, the
names that can be applied to this species are D. media Liebm. and D. elata Liebm.
Danaea media was described on the basis of small plants (with nodes) and D. elata on
the basis of a large specimen (without nodes) from the same population in Mexico.
These names have earlier been synonymized with D. elliptica and D. nodosa,
respectively, but our observations indicate that they represent another taxon worthy of
recognition at species level. We propose that the name D. media is used as the valid
name for this species, because this epithet refers to the species having intermediate
characters between the D. nodosa and D. leprieurii groups.
Notes on the danaea leprieurii group
Most of the species in this group have at some stage been identified as Danaea elliptica
Sm. in Rees, which has been considered a wide-spread and common species. The
identity and typification of D. elliptica has however long been in turmoil. The lectotype
designated by Proctor (1977) is: Jamaica, Mount Diablo, Herb. Sloane 1: 85 (BM-SL).
It has been observed repeatedly that this specimen is actually a juvenile of D. nodosa
(L.) Sm (e.g., Lellinger 2000, Tuomisto & Moran 2001). We have confirmed this by
visiting Mount Diablo, where we only found individuals of D. nodosa. The issue of the
synonymization of D. elliptica is discussed in more detail in Christenhusz & Tuomisto
(in press).
As mentioned above, Underwood selected Haiti rather than Martinique as the type
locality of Danaea nodosa. It is worth mentioning that since the two islands have
different species of the D. nodosa group, the situation would now be very different had
Underwood selected the other way round. If Martinique were the type locality, D.
nodosa would be represented by a type illustration that matches the species occurring
on that island rather poorly, and D. elliptica would become the valid name for the
species that has so far been known as D. nodosa in the Greater Antilles and South
America, which would be very confusing.
Due to the problems with the name D. elliptica, we call the present group of species
the D. leprieurii group, as this is one of the oldest accepted names in this group. This
group includes many apparently closely related species that are morphologically quite
similar, but grow on different soil types and/or altitudes.
Danaea leprieurii was described from French Guiana, but recently also material
from western Amazonia has been allocated to this species. (Tuomisto & Moran 2001).
In western Amazonia, D. leprieurii grows on relatively poor substrates, whereas the
recently described and morphologically rather similar D. bipinnata grows on richer
soils. The two can be distinguished by size (D. leprieurii is smaller), the number of
nodes on the stipes (2-3 in D. leprieurii, 0-1 in D. bipinnata), and usually the degree of
lamina dissection. Danaea bipinnata was described from lowland Amazonia, but it is
very similar to D. elliptica Sm. var. crispula Rosenst, which was described from lower
montane elevations in the Peruvian Andes. However, D. elliptica var. crispula is never
bipinnate, and it is usually larger than D. bipinnata.
Danaea simplicifolia Rudge is confined to the Guiana shield, and can easily be
recognized by its simple fronds. The only other species with simple fronds is D.
carillensis H.Christ, an endemic of Costa Rica, with a nodose stipe, creeping rhizome
and apical dentations, and therefore belonging to the D. alata group. D. simplicifolia
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only has a single node below its simple blade. From this node, sometimes one or two
lateral pinnae are produced (French Guiana: Christenhusz 2325 (CAY, TUR),
Christenhusz 2415 (CAY, TUR)). It then resembles D. trifoliata Rchb., a species that
can be distinguished by its nodose stipe. Another character that distinguishes D.
simplicifolia from juvenile Danaea that have not developed lateral pinnae yet, are the
white abaxial surfaces of the blades, an uncommon feature in this group. It is only found
in some representatives of the D. alata group and in the Ecuadorian D. bicolor
Tuomisto & R.C.Moran.
Notes on the danaea alata group
Danaea alata Sm. is a species confined to the Lesser Antilles (lectotype from
Martinique, Plumier 1705). It is recognized by simple, widely spaced veins, nodose
stipes, creeping, radial rhizomes and coarse apical dentations. Its synonyms are D.
fendleri Underw. (Trinidad) and D. stenophylla Kunze (Guadeloupe).
At a first glance the closely related Danaea mazeana Underw. appears to be
confined to Guadeloupe, but material from other Antilles is very variable. D. mazeana
fits well within the variation of D. jamaicensis Underw., and cannot be consistently
separated from it. However, D. jamaicensis sometimes has apical proliferations, which
are never found in D. mazeana. This might be due to possible hybridization with D.
jenmanii Underw. on Jamaica. D. mazeana differs in ecology from D. alata, as the
former is confined to cloud forests above 600 m, whereas the latter is found only in
rainforests at lower altitudes.
On present evidence, Danaea jenmanii and D. wrightii Underw. are conspecific.
The type of D. wrightii is somewhat scalier, but all other characters overlap. Field work
in Jamaica showed that the scalyness of D. jenmanii is variable. Because D. jenmanii
has been applied more widely than D. wrightii, the first is proposed here for
conservation over the latter. Both species were described in the same publication.
CONCLUSIONS
Field work and herbarium studies have shown that the diversity of Danaea is much
greater than previously assumed. The first indication of this tendency was the
Ecuadorian treatment (Tuomisto and Moran 2001) where 18 species were included,
eight of which were described as new. The same tendency is continuing in other areas,
and we now have several species in publication (Christenhusz, in press; Christenhusz
& Tuomisto, in press). It seems obvious that the concepts of the geographical
distribution ranges of the species will have to be changed once the taxonomy of the
genus has been sorted out. More species than expected seem to have rather narrow
ranges.
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ABSTRACT
A long-term demographic study to assess temporal variation in two common
New England ferns, Dryopteris intermedia (Evergreen wood fern) and
Polystichum acrostichoides (Christmas fern) focused on fertile leaf production
by the reproductively mature sporophyte. Over an eight-year period only 29.9%
of the leaves in a D. intermedia crown were fertile, while for P. acrostichoides
significantly more (48.0%) of the leaves in the crown were fertile. Annual values
of the percentage of plants with fertile leaves for D. intermedia ranged from 42%
to 77% and for P. acrostichoides from 57% to 93% reflecting significant annual
variation, possibly related to winter weather conditions. Only 16% of D.
intermedia and 14% of P. acrostichoides sporophytes were fertile every year of
the study. Transitions from fertile plant status to sterile plant status occurred in
15% of the D. intermedia observations and 14% of the P. acrostichoides
observations. For both species, when a sterile year followed a fertile year the
number of leaves in the crown decreased by approximately half a leaf.
Determining the causes of such high levels of variability in plant fertility will be
necessary before the role of ferns in any ecosystem can be fully understood.
INTRODUCTION
Long-term monitoring of marked individuals can provide insight into the life history of
a species (Harper, 1977) as well as providing a solid basis for future experimental
research (Noss, 1999).
Werth & Cousens (1990) emphasized the importance of
long-term studies of ferns in order to understand mortality and differential fitness, and
noted that very little information is available on the life spans and generation times of
ferns. There have been several short-term studies of the life history of sporophytes of
specific temperate understory fern species. Field research on various aspects of the
temperate fern life cycle has been reported for Blechnum spicant (L.) Smith (Cousens,
1973, 1981), Thelypteris dentata (Forsskål) E. P. St. John, Woodwardia virginica (L.)
Smith, Osmunda regalis L. (Bartsch & Lawrence, 1997) and Polystichum
acrostichoides (Michaux) Schott (Greer & McCarthy, 2000). Studies exceeding 12
years in length have been conducted on selected species of Botrychium (Montgomery,
1990; Johnson-Groh, 1999). Sato (1990) followed leaf production for more than nine
years in Polystichum braunii (Spenner) Fée, P. tripteron (Kunze) Pr.and Dryopteris
crassirhizoma Nakai. Few other long-term studies have considered annual variation in
temperate fern life history characteristics.
Of the seven fern life history classes identified by Cousens et al. (1988) the
reproductively mature sporophyte class has the greatest impact on ecosystem processes.
Spore production, controlled by the mature sporophyte, is a significant element of the
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reproductive effort for ferns (Greer & McCarthy, 2000) and may also limit
establishment of the next generation (Peck, 1980). Though few quantitative studies
have addressed temporal variation in fertile leaf production it is assumed that most
mature ferns reliably release spores every year (Sheffield 1996). Siman et al. (1999)
state that fertility is the rule for mature individuals of most ferns but note that the genus
Pteridium is an exception. A few short-term studies have also noted variation from this
generally accepted assumption. Cousens (1988) reported that marked adult fertile plants
had been observed reverting to adult sterile plant status. This was based on a study of
Woodwardia areolata (L.) T. Moore (= Lorinseria areolata (L.) C. Presl.) which lasted
30 months (Cousens, et al., 1988). Sato (1990) used counts of number of veins off the
leaf midrib (NV) to assess chronological age. He observed a year-to year decrease in
NV in about 20% of comparisons of overwintered leaves to the newly emerged leaf
cohort in individuals of D. crassirhizoma and P. tripteron, but not in P. braunii. Greer
& McCarthy (2000) found that not all reproductively mature individuals of P.
acrostichoides produced at least one fertile leaf in each of the two years of their study.
This exploratory study of the reproductively mature sporophyte of two temperate
species was undertaken to extend our knowledge of annual variation in plant fertility in
a long-term study lasting eight years. The goals were to 1) determine what percentage
of the leaves produced by an individual each year were fertile, 2) assess the number of
plants in a sample population that produced at least one fertile leaf from year to year, 3)
examine levels of consistency in the annual sequence of fertile and sterile leaf
production, 4) compare patterns of temporal variation for two different species, and 5)
compare any observed temporal patterns to relatively short term local climate
parameters.
STUDY SPECIES
Two temperate ferns common in northeastern forests of the USA were chosen for
comparative study: Dryopteris intermedia (Willdenow) A. Gray, the Evergreen wood
fern, and Polystichum acrostichoides, the Christmas fern. Leaves of D. intermedia are
described as monomorphic by Montgomery & Wagner (1993) while those of P.
achrostichoides exhibit strong sterile-fertile leaf dimorphism, with the fertile leaf
exhibiting a distinctive terminal segment of spore-bearing leaflets that are greatly
reduced in size compared to the proximal sterile leaflets (Wagner, 1993). Both species
have short internodes so that the leaves form a distinctly tufted crown around the shoot
apex.
MATERIALS AND METHODS
Sporophyte fertility was observed over an eight-year period from 1993 to 2000 in a
secondary, mixed-hardwood forest approximately 15 m above sea level in the town of
Dresden, Lincoln County, Maine (USA) using methods developed for long-term studies
of fern demography in a tropical forest at the Luquillo Long Term Ecological Research
site in Puerto Rico (Sharpe, 1997). The sample population consisted of 31 individuals
of D. intermedia and 14 individuals of P. acrostichoides which were considered
reproductively matures as they had produced spores at least once during the eight-year
study period. Of those monitored, 24 individuals of D. intermedia and nine individuals
of P. acrostichoides were fertile in 1993, the first year of the study. Each plant was
identified by a numbered plastic stake and a small segment of colored, plastic-covered
wire attached to a leaf base and transferred annually to one of the leaves in the next
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year’s cohort of leaves. Annual observations of sporophytes were made during the last
week in August to insure that all leaves had fully expanded.
All leaves in the current year cohort were counted and each leaf was classified as
sterile or fertile. To calculate a crown fertility perecentage for each sporophyte, the
number of fertile leaves was compared to total number of leaves in the crown.
Percentage of the plants fertile each year was determined by comparing the number of
plants with at least one fertile leaf present in the crown to the total number of plants
observed each year. Temporal patterns of fertile leaf production were further evaluated
by noting the sequence of changes in plant fertility status, observed seven times within
the eight-year monitoring period for each plant. Year-to-year transitions in plant fertility
status were classified as FF (fertile to fertile), SS (sterile to sterile), FS (fertile to sterile)
and SF (sterile to fertile). These categories are illustrated with an example of an
individual plant which happened to experience all four types of plant fertility transitions
(Figure 1). The number of continuous years a plant was sterile following and preceding
a fertile year was also noted.
In order to evaluate whether relatively short term weather patterns could have an
effect on plant growth, values for mean daily minimum and maximum temperatures,
precipitation and snowfall were taken from records of the NOAA weather station
located within 100 km of the study site in Portland Maine. Climate data were analyzed
separately for summer (May through October) and winter (November through April).
These analyses did not show significant variation in mean daily summer temperatures
and precipitation. However, winter temperatures had significantly lower mean daily
minimums in 1994 and 1996. Snowfall was significantly higher in the winter of 1996.
Furthermore, there was a major cyclic disturbance in the form of an ice storm in

Figure 1. Profile of the fertile and sterile leaves present in the crown of a sample
individual (#17) of Dryopteris intermedia for each of the eight years the plant was
monitored. Plant fertility status transitions are noted between bars (SS = Sterile/Sterile,
SF = Sterile/Fertile, FF = Fertile/Fertile, FS = Fertile/Sterile) for this sporophyte which
happened to experience all four of the possible year-to-year transitions.
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February 1998 (Darwin et al., 2004).
Data analysis
Means and standard error of the means (SE) were calculated for crown fertility for each
plant using data collected each year (N = 8). Standard error of the means were chosen
to show variation because of the small sample sizes. All percentages were arcsine
transformed before statistical tests were applied. To factor out variability among
marked individuals, Repeated Measures Analysis of Variance (RMA) was used to
evaluate year-to-year differences in the percent of crown fertile. A one sample t-test was
used to compare plant fertility and transition type percentages from year to year for each
species. Paired t-tests were used to compare the different fertility characteristics for the
two species. Data were analyzed using Statistix 8 (Analytical Software, 2003).
RESULTS AND DISCUSSION
Crown fertility
In eight years of monitoring these populations, observations of crowns that were
composed entirely of fertile leaves were unusual for both species. Of 360 individual
annual flushes of leaves observed in this study, only eight individual leaf cohorts of
Dryopteris intermedia and 18 of Polystichum acrostichoides were completely fertile.
Fewer than half the leaves produced by these reproductively mature plants were fertile
and the mean percentage of leaves in the crown that were fertile is significantly lower
for D. intermedia than for P. acrostichoides (Table 1). Neither species in this study
approached 100% fertile leaf production. This could be a function of the chronological
age of these plants, which is unknown. If they are all relatively young plants, perhaps
the ability to produce a full cohort of fertile leaves had not yet occurred. If they are all
relatively old plants, then possibly the ability to produce a full cohort of fertile leaves
had been lost. Although no increasing or decreasing pattern can be seen by comparing
the percentages from year to year, perhaps eight years is too small a segment of the total
life span to observe such patterns. It is also possible that full fertile leaf production is
not possible in the specific habitat where these plants were growing. It is possible that
each species has an intrinsic limit on fertile leaf production by reproductively mature
plants which integrates its habitat requirements and need for vegetative support tissue.
While there are reports of high percentages of crown fertility in some temperate ferns,
for example in Leptopteris hymenophylloides (Sussex, 1958), low crown fertility has
also been observed in Matteuccia struthiopteris (Von Aderkas & Green, 1986). In a
study undertaken in southern Siberia, Gureyeva (2001) found that environmental
factors may severely limit spore production by ferns and Cousens (1973) noted
population differences in fertile leaf production by Blechnum spicant.
There were year-to-year differences in crown fertility. The annual mean percentage
of leaves that were fertile within the crown ranged from 21.9% to 38.9% for D.
intermedia and from 37.6% to 60.6% for P. acrostichoides with little concordance
between species in the pattern of annual increases and decreases (Table 1). Dryopteris
intermedia had the highest total fertile leaf production in 1994 following one of the two
coldest winters of the study and had the lowest total fertile leaf production following
the ice storm in 1998. In contrast, P. acrostichoides had the lowest fertile leaf
production in 1996 following one of the two coldest winters of the study and exhibited
no unusual response after the ice storm. Investigations into the specific triggers for
fertile leaf production have been recommended by Wagner & Wagner (1977) and could
identify potential environmental factors involved. For example, it has been
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TABLE 1. Summary of annual variation in crown and plant fertility for reproductively
mature sporophytes of Dryopteris intermedia and Polystichum acrostichoides. N is the
number of plants measured. One-sample t-tests are used to compare years for
percentage of plants and transition type percentages. Repeated measures analysis of
variance is used to compare years for individual percentage of crowns fertile. Paired
t-test is used to compare the year-to-year differences between species. Significant
differences are indicated by * (P < 0.0500), ** (P < 0.0100) and *** (P < 0.0010).
Year

Fertile leaves in crown
N Percentage of
crown (mean)

Dryopteris intermedia
1993 31 35.1±4.87%
1994 31 38.9±5.88%
1995 31 33.9±5.09%
1996 31 22.9±5.11%
1997 31 35.1±4.63%
1998 31 21.9±5.35%
1999 31 23.8±4.58%
2000 31 27.3±4.12%
All 248 29.9±1.68%
F/t
df
P

F = 1.88
7
0.0748

Polystichum acrostichoides
1993 14 49.6±10.64%
1994 14 41.4±9.73%
1995 14 44.2±10.85%
1996 14 37.6±11.99%
1997 14 50.4±11.28%
1998 14 52.7±10.27%
1999 14 60.6±9.14%
2000 14 47.4±9.01%
All 112 48.0±1.71%
F/t
df
P

F = 0.56
7
0.7891

Species comparisons
t
-4.57
df
7
P
0.0026
**

Percentage
of plants
fertile

Transition type percentages
SS

SF

FF

FS

77%
71%
71%
48%
77%
42%
55%
68%
64%

–
10%
13%
23%
23%
23%
39%
26%
22%

–
13%
16%
7%
29%
0%
19%
19%
15%

–
58%
55%
42%
48%
42%
36%
48%
47%

–
19%
16%
29%
0%
36%
7%
7%
15%

t = 11.52
7
<0.0001
***
64%
71%
71%
57%
71%
79%
93%
71%
72%

t = 6.11 4.10 14.49 3.28
6
6
6
6
0.0009 0.0063 <0.0000 0.1637
***
**
***
–
23%
15%
33%
17%
14%
0%
0%
12%

–
23%
15%
0%
25%
21%
21%
7%
16%

–
46%
54%
58%
50%
57%
71%
64%
58%

–
23%
15%
8%
8%
7%
7%
29%
14%

t = 12.97
7
<0.0001
***

t = 2.84 4.57 15.22 4.19
6
6
6
6
0.0295 0.0038 <0.0000 0.0057
*
**
***
**

-1.22
7
0.2603

1.22 -0.31 -1.76 0.38
6
6
6
6
0.2696 0.7702 0.1298 0.7186
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demonstrated in greenhouse studies (Siman & Sheffield, 2002) that under field
conditions individuals do not necessarily produce the maximum number of fertile
leaves possible each year. In a year-long study of Polypodium vulgare L. in the United
Kingdom, field-grown and greenhouse-grown plants from identical genetic stock were
compared by Siman & Sheffield (2002). The indoor population showed a four-fold
increase in new leaves, mostly fertile, emerging in a wave pattern thought to represent
three annual cohorts for field grown plants as compared to the outdoor population.
There do appear to be limits to fertile leaf production which may be consistent within
species over an extended period of time. Experiments similar to this one done by Siman
& Sheffield (2002) would confirm these limitations.
Plant fertility
Of 248 individual leaf cohorts of D. intermedia observed during the eight years of the
study, 64% included at least one fertile leaf, while for 112 cohorts of P. acrostichoides
the percentage was 72% (Table 1). The percentage of plants in the population that
produced at least one fertile leaf each year ranged from a low of 42% in 1998 to a high
of 77% in 1993 for D. intermedia, a range from the lowest year to the highest of 35%,
reflecting significant year-to-year variation. For P. acrostichoides there were also
significant year-to-year differences, with a range from the lowest year (1996) to the
highest year (1999) of 36% (Table 1). For D. intermedia, the lowest percentage of plant
fertility occurred following the ice storm. A paired comparison of annual plant fertility
percentages did not detect a significant difference between the two species (Table 1).
Annual sequence of plant fertility status
There are some elements of life history than can only be determined by making repeated
observations of marked individuals over a long period of time. One of those elements
is the year-to-year change in an individual sporophyte’s fertility status. Overall, a plant
was sterile one year as well as the next (SS) 48 times in the 217 observations of
transition for D. intermedia (Table 1). Of these SS transitions, 9 (3 plants) occurred
before a plant produced its first fertile leaf while for all others (81%) the SS transition
occurred after the plant had produced at least one fertile leaf. For P. acrostichoides, SS
transitions occurred 11 times out of 98 transition observations, with one plant (of 14)
accounting for all of the SS transitions that occurred before a fertile leaf was produced.
Thus 89% of the SS transitions for P. acrostichoides occurred after a fertile leaf had
been produced. Sterile to fertile (SF) transitions occurred in 15% of the D. intermedia
observations and 16% of the P. acrostichoides observations (Table 1).
Fertile to fertile (FF) transitions occurred in 47% of the D. intermedia observations
and 58% of the P. acrostichoides observations (Table 1). A small percentages of all D.
intermedia plants observed produced fertile leaves only once or twice, while all P.
acrostichoides individuals produced at least one fertile leaf during three or more years
(Table 2A). Although all plants in this study were reproductively mature, only 16% of
the individuals of D. intermedia and 14% of the individuals of P. achrostichoides
produced at least one fertile leaf during each of the eight years of the study (Table 2A).
Of the sporophytes of D. intermedia which were fertile at the start of the study in 1993,
75% were fertile in 1994 while only 21% were consistently fertile through 2000, the last
year of the study (Table 2B). Of the sporophytes of P. acrostichoides which were fertile
in 1993, 67% were fertile in 1994, compared to the 60.8% sequential reproducers
observed in a two-year study of this species in southeastern Ohio by Greer & McCarthy
(2000). By 2000, only 22% of the P. acrostichoides the individuals that were fertile in
1993 could be called sequential reproducers. Thus, as the number of years a plant is
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monitored increased, the percentage of sequential reproducers decreased at
approximately the same rate for both species (Table 2B).
Fertile to sterile transitions (FS) reverse the more common trend of fertile-to-fertile
transitions in the chronological maturation of a reproductively mature sporophyte
described by Sheffield (1996). However, plants that were fertile one year and produced
TABLE 2. Comparison of fertility and sterility frequencies for reproductively mature
sporophytes of D. intermedia and P. acrostichoides observed for an eight-year period
from 1993 to 2000. Table A includes all plants which became fertile during the
eight-year monitoring period. Table B includes only plants which were fertile in 1993.
Years

D. intermedia

P. acrostichoides

A. Number of years that individuals are fertile
1
2
3
4
5
6
7
8

7%
3%
16%
12%
16%
19%
9%
16%

0%
0%
21%
7%
21%
14%
21%
14%

B. Number of consecutive years that fertile individuals remain fertile
1
2
3
4
5
6
7
8

100%
75%
63%
38%
38%
29%
25%
21%

100%
67%
67%
56%
56%
44%
44%
22%

C. Number of fertile/sterile transitions per individual
1
2
3

54%
32%
14%

50%
37%
13%

D. Span of sterile years after and before a fertile year
1
2
3
4
5

60%
20%
8%
8%
4%

60%
20%
10%
10%
0%
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no fertile leaves the next year (FS) were seen in 15% of the D. intermedia observations
and 14% of the P. acrostichoides transition observations. For D. intermedia, 70% of the
individuals reverted to sterile status from fertile status (FS) at least once during the
eight-year monitoring period, while 57% of P. acrostichoides individuals had FS
transitions. For approximately half of the plants of both species an FS transition
occurred only once (Table 2C). Given that a plant must transition back to fertile status
in order to become sterile again, the maximum number of FS transitions possible in an
eight-year study is three. This maximum number of FS transitions was noted for 14%
of the observations for D. intermedia and 13% of the FS observations for P.
acrostichoides. The span of years that a previously fertile sporophyte remained sterile
ranged from one to five for D. intermedia and one to four for P. acrostichoides (Table
2D). For both species the majority (60%) remained sterile for only one year (Table 2D).
Of the FS transitions for Dryopteris intermedia (Table 1), most occurred in 1998 (36%),
following the ice storm and in 1996 (29%), following a winter with very low daily
minimum temperatures (Table 1). For P. acrostichoides most FS transitions (29%)
occurred in 2000 (Table 1).
Crown size and changes plant fertility status
Changes in crown size can be related to the annual transitions to and from fertile leaf
production. Plants maintained a stable crown size following FF transitions (Table 3).
Crown size was also stable for SS transitions for D. intermedia, though it increased for
P. acrostichoides. However, following FS transitions, individual plants produce a
significantly smaller sterile crown by over half a leaf (Table 3). Following SF
transitions, the increase in the size of the fertile crown is also significant for D.
intermedia, with an increase in P. acrostichoides as well (Table 3). Thus, even for the
same individuals, the number of leaves in the crown increases with a shift from plant
sterility to fertility. On a smaller scale than that observed experimentally by Siman &
Sheffield (2002), it appears that when field conditions favor above-average fertile leaf
production for D. intermedia and P. acrostichoides, more leaves are produced.
TABLE 3. Comparison of changes in crown sizes for transitions in plant fertility status from one year to the next. Significant differences are indicated by * (P < 0.0500)
and ** (P < 0.0100).

Transition
N

Dryopteris intermedia
Mean
t
P
difference

Fertile/Fertile 101 -0.040±0.186 -0.21 0.8314
Sterile/Sterile 48 -0.021±0.210 -2.25 0.0308*
Fertile/Sterile 35 -0.571±0.254 3.20 0.0031**
Sterile/Fertile 33 +0.727±0.227 -0.10 0.9212
Min/Max
F
P

-4/+6
3.57
0.0149*

Polystichum acrostichoides
N Mean
t
P
difference
53
11
13
15

-0.076±0.294
+0.727±0.304
-0.539±0.475
+0.333±0.287
-7/+5
1.12
0.3438

0.26
-1.13
1.16
2.39

0.7982
0.2793
0.2654
0.0379*
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CONCLUSIONS
The most striking observations to emerge from this temporal study of annual variation
in individual plant fertility are 1) the overall low level of fertile leaf production in both
species with very few observations of whole crown fertility, 2) the inconsistency of the
percentage of the crown which is fertile from year to year, 3) significant differences in
the number of plants that are fertile from year to year for each species, a phenomenon
possibly linked to winter weather conditions, 4) the difference between species in the
overall percentage of plants that are fertile 5) the similarities between species with
respect to the annual patterns in changes of the percentages of fertile plants and
transitions in plant fertility status 6) the significant year-to-year variation in the percent
of the population that experiences a fertile to fertile plant status transition, 7) expansion
of individual crown size when fertile leaves are produced, and reduction of crown size
when a fertile plant fails to produce fertile leaves the following year. Most of these
characteristics of fertile leaf production could not have been known without annual
monitoring of marked individuals. Though eight years seems to be a relatively short
time compared to the life span of long-lived sporophytes, it was possible to quantify
several previously untested assumptions about sporophyte growth.
The original intention of this study was to determine if annual variability in plant
fertility could be detected in field populations of sporophytes of temperate species. With
the exception of general observations relating to significant local weather patterns, no
attempt was made to determine the cause of any observed variation. It is certainly clear
from these results that there can be a high level of annual variability in fertile leaf
production in temperate ferns. It is also clear that observing a sporophyte only once can
lead to a number of erroneous assumptions about its past life history status. A plant with
no fertile leaves cannot automatically be assumed to be an immature plant. A plant with
one fertile leaf may or may not have been producing fertile leaves longer than one with
a 100% fertile crown. A plant that is fertile may or may not be fertile the following year.
A population that has the same proportion of fertile plants from one year to the next may
still reflect numerous changes due to independent changes in the fertility status of
individual plants. While the two species chosen for observation in this study may differ
in the overall number and timing of fertile leaves produced, there was a striking
similarity in the frequency of the different types of year-to-year transitions in plant
fertility status.
Fundamental to understanding of all of these observations is a knowledge of the
specific process that determines whether an emergent leaf will be fertile or sterile
(White 1971). The current exploratory study, limited as it was to simply observing the
reproductive sporophyte, has provided few clues about the stimuli behind the observed
patterns. The differences between species detected in this long-term field study of just
two species indicate that for each species the fertility triggers may be different.
Significant year-to-year variation in plant fertility suggests that environmental factors
may be important. Annual variation may be related to climate factors but the relatively
short time span of the study and the many potential microhabitat influences require
experiments to properly assess these observations.
More long-term field studies are needed as the differences between these two
species suggest that the patterns of leaf and plant fertility can vary widely. Because the
limitations on observing plants in the field were unknown at the start of this study,
sample sizes of plants for which data was available for all eight years were small by the
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end of the study, especially for P. acrostichoides. The number of plant fertility
transitions from fertile to sterile taking place after a plant had become reproductively
mature could only be observed a maximum of three times in an eight-year period,
limiting the potential for identifying underlying causes. Only one large cyclic event
occurred during the study, limiting the potential for generalizations about disturbance
effects.
The length of study was limited because of the choice of study site. It was conducted
on private land which changed hands after eight years and was no longer accessible for
research. For long-lived perennials, a long-term study should encompass a large part of
the life span of a sporophyte, and should ideally extend to 100 years or more. As
indicated by Werth & Cousens (1990), a long-term study should be conducted at a site
guaranteed to be in place for the long-term. The Long Term Ecological Research
(LTER) program (Van Cleve & Martin 1991) which has extended world-wide from its
original designation of sites in the United States can provide such stable study locations
for future long-term studies. The LTER sites also provide for maintenance of
standardized data sets long-term which allows for continual monitoring of marked
individuals beyond the lifetime of a single individual researcher. The availability of
LTER data on the internet also facilitates supplemental short-term studies and
experiments based on earlier observations, another recommendation made by Werth &
Cousens (1990). Long-term natural experiments such as this one rely on inference from
uncontrolled climate data. Although this approach does not have the rigor of a
controlled experiment, it does document variation under real environmental conditions.
Another advantage of conducting both long and short term studies at an LTER is the
continual monitoring of climate parameters as well as other abiotic and biotic
environmental characteristics which can be related to an individual researcher’s
observations about ferns.
This long-term study of fertility in two wintergreen fern species from the same
forest showed different patterns of annual variation, suggesting that any future
ecological assumptions about ferns must account for differences among fern species.
Studies of populations of both D. intermedia and P. acrostichoides throughout their
ranges are needed and other life history stages could exhibit such amplitudes of annual
variability as well. Long-term field monitoring and additional experimentation with
other fern species will be necessary before the ecological generalizations hoped for by
Harper (1982) can be made.
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ABSTRACT
This paper summarises our continuing study of the evolutionary history of
Asplenium in New Zealand. Chloroplast DNA sequence data and AFLP
DNA-fingerprinting have been used to examine the origins and relationships of
the New Zealand Asplenium taxa, to test species boundaries, and to further
investigate the ancestry of the octoploid Asplenium taxa belonging to the Austral
group.
INTRODUCTION
In 1863, after three years in New Zealand, Samuel Butler’s “we have one very stupid
white gentian” (Butler, 1863) was assumedly a frustrated reflection of the difficulty of
recognising distinct entities within New Zealand Gentaniella Moench (there are
actually 30 species, and only half have white flowers; Glenny, 2003). Analogous
sentiments are apparent from those who first dealt taxonomically with Asplenium L. in
New Zealand. Joseph Hooker (1855, p.33) wrote “The New Zealand kinds have defied
all attempts to be limited by words”. Similarly, “[some] are extremely inconstant and
pass into one another, thus rendering their classification a work of considerable
difficulty” (Thomson, 1882, p.72), and “The New Zealand species present exceptional
difficulties to the student, on account of their extreme variability and the manner in
which several of them are connected by intermediate forms” (Cheeseman, 1906, p.987).
Allan (1961, p.75) stated that the species of New Zealand Asplenium were “very illdefined”, and that while many appeared to respond “markedly to environmental
conditions…[,] there is also no doubt that hybridism plays an important part”.
Indeed, hybridisation has proved to be frequent amongst (some) New Zealand
Asplenium, and although these hybrids blur the morphological discontinuities between
taxa, they are sterile and present little opportunity for introgressive gene flow
(Brownsey, 1977a). The identification of hybrids was an integral part of delimiting taxa
in Brownsey’s (1977b) taxonomic revision of New Zealand Asplenium, in which 14
species and four subspecies were recognised. Since that treatment three species have
been newly described (Brownsey & Jackson 1984; Brownsey, 1985; Brownsey & de
Lange, 1997), some names have changed (Brownsey, 1979; Brownsey, 1999), and the
appropriate rank for some taxa has been debated (Ogle, 1985; Brownsey, 1998; Perrie
& Brownsey, 2005a), such that a present treatment (Table 1) might recognise 18 species
and four subspecies; comprising approximately 10% of the New Zealand fern flora
(Brownsey & Smith-Dodsworth, 2000).
This paper will summarise some of our recent discoveries in New Zealand
Asplenium, but we emphasise that our understanding of the evolution of New Zealand
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TABLE 1: A present taxonomic treatment of Asplenium in New Zealand compared
with that of Brownsey (1977b).

Present Treatment

As treated by Brownsey (1977b)

A. appendiculatum (Labill.) C.Presl

A. terrestre Brownsey subsp. terrestre

subsp. appendiculatum
subsp. maritimum (Brownsey)

subsp. maritimum Brownsey

Brownsey
A. bulbiferum G.Forst.

A. bulbiferum G.Forst. subsp.
bulbiferum

A. gracillimum Colenso

subsp. gracillimum (Colenso)
Brownsey

A. chathamense Brownsey

-

A. cimmeriorum Brownsey et de Lange

-

A. flabellifolium Cav.

A. flabellifolium Cav.

A. flaccidum G.Forst. subsp. flaccidum

A. flaccidum G.Forst. subsp. flaccidum

subsp. haurakiense Brownsey

subsp. haurakiense Brownsey

A. hookerianum Colenso

A. hookerianum Colenso

A. lamprophyllum Carse

A. lamprophyllum Carse

A. lyallii (Hook.f.) T.Moore

A. lyallii (Hook.f.) T.Moore

A. oblongifolium Colenso

A. lucidum Forst.f.

A. obtusatum G.Forst. subsp. obtusatum

A. obtusatum G.Forst. subsp.
obtusatum

subsp. northlandicum Brownsey

subsp. northlandicum Brownsey

A. pauperequitum Brownsey et P.J.Jacks.

-

A. polyodon G.Forst.

A. polyodon G.Forst.

A. richardii (Hook.f.) Hook.f.

A. richardii (Hook.f.) Hook.f.

A. scleroprium Hombr.

A. scleroprium Hombr.

A. shuttleworthianum Kunze

A. shuttleworthianum Kunze

A. trichomanes L. subsp. quadrivalens

A. trichomanes L.

D.E.Mey emend Lovis
subsp. nov.

-
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Asplenium is far from complete.
RELATIONSHIPS AND BIOGEOGRAPHY
Brownsey (1977a) considered the Asplenium species hybridising in New Zealand to
comprise a closely related group, dubbed the ‘Austral’ group, and this has been
supported by phylogenetic analyses of chloroplast DNA sequence data (Perrie &
Brownsey, 2005a). The species in New Zealand that do not hybridise there - A.
flabellifolium, A. trichomanes, A. pauperequitum, and A. polyodon - have closer
affinities elsewhere (the former three with a primarily temperate, northern hemisphere
group, and A. polyodon with a group that includes A. aethiopicum). Interestingly, the
Austral group is closely related to the bird’s nest ferns (e.g., A. australasicum (J.Sm.)
Hook.) and the finely dissected A. theciferum (Kunth) Mett., which, as Loxoscaphe
thecifera (Kunth) T.Moore, is the type of Loxoscaphe T.Moore.
Amongst the New Zealand members of the Austral group, three chloroplast subgroups are clearly delimited: the Bulbiferum, Flaccidum, and Obtusatum chloroplast
groups (Perrie & Brownsey, 2005a). However, it remains unclear how these groups are
related to one another, as different DNA regions support conflicting relationships:
{{Bul,Obt}Fla} with 71% bootstrap support from the rbcL gene, versus
{{Bul,Fla}Obt} with 85% bootstrap support from the trnL-trnF intergenic spacer.
Molecular dating, using penalised likelihood of rbcL DNA sequence data and a
calibration of 140 million years ago for the divergence of Asplenium and
Hymenasplenium Hayata, recovers dates of 45 million years ago or younger for the
divergence between each New Zealand Asplenium species and its closest non-New
Zealand relative in the sample set analysed (Perrie & Brownsey, 2005a). The calibration
age is probably conservatively old (for instance, Schneider et al. (2004) calculated the
Asplenium-Hymenasplenium split at just 55 million years ago), so it is likely that the
estimated divergence ages are (considerably) younger than actually calculated. In any
case, the estimated ages of the divergence are much more recent than the geological
separation of New Zealand from Gondwana (c.80 million years ago), implicating
multiple events of long-distance dispersal in the origins of New Zealand Asplenium
(Perrie & Brownsey, 2005a). The entire Austral group appears to have arisen after New
Zealand’s isolation. Therefore, the disjunct distributions of each of the seven Austral
Asplenium taxa that occur in New Zealand and elsewhere requires inference of at least
one dispersal event (unless the taxa are actually polyphyletic). Dispersal across the
Tasman Sea (c.2000 km) is potentially so common that it would be of considerable
interest to investigate the degree of genetic isolation between Australian and New
Zealand populations of shared fern species.

Figure 1. Plants from the Kaweka Ranges of Asplenium hookerianum that exhibit the
broad-pinnuled and narrow-pinnuled morphology that has previously been referred to
as A. hookerianum and A. colensoi, respectively.
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aspLenium hooKerianum
AFLP DNA-fingerprinting has been used in conjunction with chloroplast DNA
sequencing to investigate some groups in more detail. The morphologically distinct
Asplenium hookerianum and A. colensoi were described by Colenso (1845) in the same
publication; the ultimate segments are broad in the former, and narrow in the latter
(Figure 1). It is quite common to find sites where both broad and narrow-pinnuled
plants grow together, with few if any intermediates, thereby creating the impression of
two morphologically discrete groups growing in sympatry. However, genetic variation
as assayed by AFLP DNA-fingerprinting and chloroplast DNA sequencing is not
concordant with the morphological variation (Perrie & Brownsey, 2005b), and indicates
that only one species should be recognised (i.e., A. hookerianum).
aspLenium BuLBiFerum
In part because of the apparent origins of Asplenium (bulbiferum subsp.) gracillimum
discussed below, we believe that the taxa previously recognised as A. bulbiferum subsp.
bulbiferum and A. bulbiferum subsp. gracillimum (Brownsey, 1977b) should be treated
at the specific level as A. bulbiferum s.s. (hereafter simply A. bulbiferum) and A.
gracillimum (Perrie & Brownsey, 2005a). Circumscribed as such, the name A.

Figure 2. A: Maximum parsimony analysis of 469 AFLP characters for the tetraploids
Asplenium bulbiferum and A. hookerianum, together with the octoploid A. richardii, a
putative autopolyploid of A. hookerianum. Representatives from one of the A.
gracillimum lineages are included for comparison. One of 55 most parsimonious trees,
which differ in the internal arrangement of samples within A. bulbiferum and A.
hookerianum. Thickened branches indicate those with >80% bootstrap support. B: One
of three most parsimonious trees, differing in the arrangement of the A. hookerianum
and A. gracillimum samples, from chloroplast trnL-trnF region DNA sequence data.
Rooted using samples from the Flaccidum and Obtusatum chloroplast groups (not
shown).
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bulbiferum is then restricted to tetraploid plants, and is endemic to New Zealand.
Further, it is quite distinct from the plant common in cultivation that is frequently
labelled “A. bulbiferum” (Perrie et al., 2005). Asplenium bulbiferum appears to be less
genetically variable than its closest known tetraploid relative, A. hookerianum. Only
one trnL-trnF region haplotype is presently known from A. bulbiferum, as opposed to
eight in A. hookerianum. Also, only 38% of AFLP loci were polymorphic within A.
bulbiferum, compared to 52% within A. hookerianum, despite more populations being
sampled from the former.
aspLenium GraCiLLimum
The octoploid Asplenium gracillimum (previously A. bulbiferum subsp. gracillimum)
appears to be an allopolyploid between the tetraploids A. bulbiferum and A.
hookerianum. Asplenium gracillimum produces bulbils like A. bulbiferum (albeit with
much less frequency), but has the chloroplast DNA sequence of A. hookerianum (Perrie
& Brownsey, 2005a). Further, A. gracillimum is intermediate between its two putative

Figure 3. Hypothesised origins for the New Zealand species of the Asplenium Austral
group. Octoploid taxa subtended by a single arrow are thought to be autopolyploids.
Probable allopolyploids are subtended by two arrows. Solid arrows reflect linkages
indicated by chloroplast DNA sequences; dashed arrows are linkages inferred from
morphology. Arrows not pointing directly to a tetraploid taxon reflect uncertainty. Taxa
are represented by the first three letters of their name in Table 1, except ‘flc’ =
flaccidum. Fronds are not to scale.
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parents with regards to frond architecture, scale shape, and habitat.
Reminiscent of the results of Trewick et al. (2002) with Asplenium ceterach L.,
chloroplast DNA sequence haplotypes shared by Asplenium hookerianum and A.
gracillimum indicate that the latter has had multiple polyploid origins. Although this
work is still preliminary, the different chloroplast DNA sequence haplotypes found in
A. gracillimum appear to correspond to distinct groups detected with AFLP (Perrie &
Brownsey, in prep.). Some of these apparently independently derived lineages of A.
gracillimum appear to be sympatric, but it is unknown what happens reproductively
where they meet.
aspLenium Cimmeriorum
The recently described Asplenium cimmeriorum has a conservation status of ‘sparse’,
being known only from limestone regions in the north-west of the South Island and
around Waitomo in the North Island (Brownsey & de Lange, 1997). Chloroplast DNA
sequences indicate that the north and south populations of A. cimmeriorum have
independent derivations; one with an A. hookerianum-like chloroplast and the other
with an A. bulbiferum-like chloroplast (Perrie, de Lange, & Brownsey, in prep.). AFLP
also recovers them as distinct groups (with both also distinct from A. gracillimum). This
suggests a need to provide independent conservation assessments, with the northern
Waitomo plants being much less common than those in the south.
Both groups of Asplenium cimmeriorum appear to be allopolyploids between A.
bulbiferum and A. hookerianum (like A. gracillimum). This situation presents the
problem of how to deal taxonomically with multiple lineages of independent but
effectively equivalent origins, some of which are ecologically and/or morphologically
recognisable (e.g., A. cimmeriorum from A. gracillimum) while others are not (e.g., the
cryptic lineages within A. gracillimum).
aspLenium riChardii
The octoploid Asplenium richardii is possibly an (old) autopolyploid of a narrowpinnuled plant of A. hookerianum. In maximum parsimony analysis of AFLP data, A.
richardii falls just outside the diversity found in extant A. hookerianum, which contrasts
with the putatively allopolyploid lineages of A. gracillimum that lie intermediate
between A. bulbiferum and A. hookerianum (Figure 2; see Perrie et al. (2003a) for
discussion of AFLP data and type of polyploidy). The chloroplast DNA sequences of A.
richardii are allied to, but nevertheless distinct from, those found in extant A.
hookerianum (Figure 2). This suggests that if A. richardii is an autopolyploid from a
narrow-pinnuled, A. hookerianum-like plant, then it is perhaps not of recent origin. That
is, sufficient subsequent time has passed since its origin that the A. richardii chloroplast
DNA sequences have (a) been lost from the extant populations of A. hookerianum
and/or (b) acquired apomorphic changes.
AUSTRAL GROUP OCTOPLOID ORIGINS
Chloroplast DNA sequences have revealed the origins of the octoploid, New Zealand
taxa from the Austral group with varying degrees of precision (Perrie & Brownsey,
2004, 2005a), and our present knowledge is summarised in Figure 3. For instance,
Asplenium hookerianum and A. gracillimum actually share trnL-trnF region haplotypes
(Perrie & Brownsey, 2005a; Perrie & Brownsey, in prep.), while more than 2000 basepairs from four chloroplast loci are unable to differentiate between A. oblongifolium and
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A. obtusatum subsp. obtusatum as the chloroplast parents of A. lyallii and A.
scleroprium (Perrie & Brownsey, 2004). Some of the octoploids are thought to have
autopolyploid origins: A. appendiculatum (from an A. flaccidum-like or A.
chathamense-like progenitor), A. obtusatum subsp. northlandicum (possibly from A.
obtusatum subsp. obtusatum), and A. richardii (see above). Others are probably
allopolyploids: A. cimmeriorum, A. gracillimum (see above), A. lyallii (between
something in the Obtusatum chloroplast group and possibly A. hookerianum), and A.
scleroprium (between something in the Obtusatum chloroplast group and something
like A. flaccidum). Asplenium shuttleworthianum has chloroplast DNA sequences that
nest within the Flaccidum chloroplast group, but no close tetraploid is known.
CONCLUSION
The extant Asplenium of New Zealand are derived from disparate groups within the
genus. Long-distance dispersal has seemingly played a major role in shaping the
distributions of Asplenium in the south-west Pacific, as is the case for much of the flora
of New Zealand (Winkworth et al. 2002; Perrie et al. 2003b). Genetic data has allowed
the further unravelling of the histories of some of the Austral octoploids and a resolution
of some taxonomic problems (e.g., A. hookerianum), but it also has unveiled new
avenues for investigation (e.g., the multiple, cryptic groups within A. gracillimum).
Many issues within New Zealand Asplenium remain to be tackled, such as clarifying the
boundaries between some taxa (e.g., Perrie & Brownsey, 2004) and establishing the
most appropriate ranks for others (Ogle, 1987).
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Key words: apogamy, apomixis, Cornopteris christenseniana, hybrid fern, multiple
origins, triploid
Apomixis (apogamy in a broad sense, agamospermy, agamospory) is a reproductive
pathway via chromosomally unreduced spores and gametophytes and the subsequent
apogamous reproduction (in a strict sense), i.e. asexual production of a sporophyte from
vegetative cells of a gametophyte. Here we use the term apomixis in a broad sense and
apogamy in a strict sense to avoid confusion. In pteridophytes, about 10% of the world’s
species and about 15% of Japanese species are apomictic. Apomixis is often associated
with polyploidy, and three quarters of apomictic pteridophytes are triploid. It is often
argued that apomixis, like polyploidy, plays a significant role as an escape from sterility
caused by hybridization.
Although Cornopteris christenseniana had been believed to be a sterile triploid
interspecific hybrid, our previous study showed that it produces viable spores at various
frequencies and forms apogamous sporophytes at low or moderate frequencies in
culture (Park & Kato, 2003). It also suggested that apomictic reproduction (in a broad
sense) occurs naturally in an artificial environment in the Fern Garden of the Botanical
Gardens, University of Tokyo. We have analyzed molecular variation of the nuclear and
cpDNA in C. christenseniana and its closely related species. The results strongly
support the suggestion that many plants of C. christenseniana propagate by apomixis in
the artificial environment and not by in situ hybridization. We also found that plants of
C. christenseniana that had been collected from various wild populations, had arisen
independently on a markedly recurrent basis. We suggest that Cornopteris
christenseniana is an incipient apomictic species of multiple and polytopic origin, and
its apomixis is not so strongly regulated as in obligate apomicts. The multiple origins
of incipient apomicts imply that the evolution of apomixis in C. christenseniana began
with unreduced sporogenesis with a pleiotropic effect leading to subsequent apogamy.
REFERENCES
PARK, C.-H. & KATO, M. 2003 Apomixis in the interspecific triploid hybrid fern
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ABSTRACT
In this study we address the phylogenetic relationships within the genus
Hymenophyllum. Our sampling includes the segregate monotypic genera
Cardiomanes, Serpyllopsis, Rosenstockia, and Hymenoglossum, representatives
of the five subgenera proposed for Hymenophyllum by Morton, and of the
section Microtrichomanes. Using morphology, cytology, and nucleotide
sequences (rbcL, rps4-trnS, rbcL-accD), we obtained a fully resolved topology
with several clades well supported. We confirm the monophyly of two clades
within the Hymenophyllaceae. Serpyllopsis and Rosenstockia are nested in
Hymenophyllum within a derived clade, while Cardiomanes and
Hymenoglossum are positioned within a basal grade. Although some of the
phylogenetic associations that were previously proposed within Hymenophyllum
are supported, many traditionally defined infrageneric taxa are not resolved as
monophyletic: subg. Hymenophyllum and Sphaerocionium are paraphyletic, and
the broad subg. Mecodium, whose homogeneity had never been questioned,
appears polyphyletic.

INTRODUCTION
The debate surrounding the systematics of the Hymenophyllaceae originates mainly
from the existence of intermediate shapes between the bivalved sorus typically
described for Hymenophyllum Sm. and the tubular one characterising Trichomanes L.
(Iwatsuki, 1977), as well as from the existence of very peculiar taxa. Consequently,
many authors refuted the bigeneric system and proposed a number of genera ranging
from 6 to 42 (Copeland, 1938, 1947; Morton, 1968; Pichi Sermolli, 1977; Iwatsuki,
1984, 1990). Recent phylogenetic studies (Pryer et al., 2001; Ebihara et al., 2002;
Hennequin et al., 2003) have suggested the existence of two clades, one corresponding
to Trichomanes s.l., the other to Hymenophyllum s.l. This latter notably includes the
"intermediate" taxa treated as separate genera even by advocates of an oligogeneric
system (Morton, 1968; Iwatsuki, 1984, 1990) : Cardiomanes C.Presl, Serpyllopsis
Bosch, Rosenstockia Copel. and Hymenoglossum C.Presl. It also includes many species
of the genus Microtrichomanes sensu Copeland (1938, 1947), a taxon previously
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considered closer to Trichomanes than to Hymenophyllum by most authors (Ebihara et
al., 2004).
In addition to the issue of the circumscription of Hymenophyllum, specialists of the
family encountered another problem when studying the systematics of the taxon, even
in a strict sense. The genus consists of about 350 species, which grow predominantly as
epiphytes. In comparison with the Trichomanes lineage, the Hymenophyllum lineage
appears quite homogeneous morphologically and ecologically with all species having
long creeping rhizomes with thin roots and mostly pendant leaves. A thorough study
reveals, however, that many features are quite variable. These are, for example, the
sorus morphology (Iwatsuki, 1977), but also the indumentum, the stele anatomy, and
the chromosome numbers (Tryon and Tryon, 1982). Copeland (1937) thus noted that
"Hymenophyllum is even less homogeneous than Trichomanes". Nevertheless, this
variability does not provide reliable characters for the systematics of the genus, and
Copeland (1937) deplored "the absence of single conspicuous criteria for the
recognition of the natural groups within Hymenophyllum". Several groups have
however been proposed for Hymenophyllum since the 19th century. The four major 20th
century classifications of the genus are reported in Table 1. The delimitation of the taxa
proposed does not vary much among these classifications. The main conflicts lie in the
taxonomic rank attributed to the taxa and in the affinities suggested among them.
Using a combination of two chloroplastic regions, Ebihara et al. (2002), Ebihara et
al. (2003) (rbcL + rbcL-accD) and Hennequin et al. (2003) (rbcL + rps4-trnS) provided
insights into the relationships within Hymenophyllum. By sampling 25 species of the
Hymenophyllum lineage, Hennequin et al. (2003) obtained three main clades: 1)
Hymenophyllum s.s., corresponding globally to the subg. Hymenophyllum Sm.
proposed by Morton (1968) and including the genera Rosenstockia and Serpyllopsis,
and the subg. Craspedophyllum C.Presl and Hemicyatheon Domin.; 2) a clade including
several species of the subg. Mecodium Copel.; and 3) a clade composed of species of
subg. Sphaerocionium (C.Presl.) C.Chr. including species of Microtrichomanes (Mett.
ex Pantl) Copel. Cardiomanes reniforme (G.Forst.) C.Presl and Hymenoglossum
cruentum (Cav.) C.Presl were retrieved at the base of the tree along with one species of
Mecodium. Nevertheless, several clades lacked bootstrap support. In this study, we
combine and extend the taxonomic sampling used by Ebihara et al. (2002), Ebihara et
al. (2003) and Hennequin et al. (2003) and add rbcL-accD or rps4-trnS data for all
species. In addition, we combine molecular with morphological and cytological data.
MATERIALS AND METHODS
Taxonomic sampling
We adopt here Morton's (1968) classification for the purpose of presenting the results.
The name of the section sensu Morton (1968) will thus be placed in parenthesis when
needed. In addition to the taxonomic samplings used by Ebihara et al. (2002), Ebihara
et al. (2003) and Hennequin et al. (2003), our sampling (Table 2) includes H.
marginatum Hook. & Grev., the type species of Morton's (1968) subgenus
Craspedophyllum, three species of Mecodium (H. australe Willd., H. demissum
(G.Forst.) Sw. and H. polyanthos (Sw.) Sw. and H. (Sphaerocionium) hirsutum (L.) Sw.
This sampling represents all but four out of the 11 genera proposed by Copeland (1938)
for Hymenophyllum s.l., and all but three out of the 10 sections proposed by Morton
(1968) for the genus. We first performed an analysis based on rbcL using a broad
sampling including five Trichomanes taxa and five non-Hymenophyllaceae as

Copeland
(1938, 1947)
Genera
Genera
Hymenoglossum Hymenoglossum
Serpyllopsis
Serpyllopsis
Rosenstockia
Rosenstockia

Mecodium

Morton
(1968)
Sub-genera

Mecodium

Sections

Mecodium (2, 3)

Pichi Sermolli
(1977)
Genera
Genera
Hymenoglossum Hymenoglossum
Serpyllopsis
Serpyllopsis
Rosenstockia

Mecodium

Craspedophyllum
Craspedophyllum
Craspedophyllum
Hymenophyllum Hymenophyllum
Hymenophyllum Hymenophyllum
Eupectinum
Amphipterum
Hymenophyllum
(2)
Amphipterum
Buesia
Buesia
Buesia
Meringium
Ptychophyllum
Meringium
Myriodon
Myriodon
Myriodon
Hemicyatheon
Hemicyatheon
Hemicyatheon
Leptocionium
(1)
Leptocionium
Sphaerocionium
Sphaerocionium Sphaerocionium Sphaerocionium
Apteropteris
Apteropteris
Apteropteris
Cardiomanes
Cardiomanes
Cardiomanes
Microtrichomanes
(6)
Microtrichomanes

Iwatsuki
(1984,1990)
Sub-genera

Number Distribution
of species
(7)
Sections

Rosenstockia

Plumosa
Pseudomecodium
Mecodium
Mecodium
Diplophyllum
Corrugatae
Pachyloma
Hymenophyllum Hymenophyllum Hymenophyllum
Eupectinum
Amphipterum
Buesia
Chilodium
Chilodium
Myriodon
Hemicyatheon
Leptocionium
Sphaerocionium Sphaerocionium
Apteropteris
Cardiomanes (4)
(5)

1
1
1

Ch
Ch-Arg
NC

> 100
2

P
Aus, NZ

2
33
4
4
5
70
1
2
1
70
2
1
9

Aus, NZ
C
Ch-Arg
A
NT
P
A
Aus, NZ
Ch-Arg
P
Aus, NZ
NZ
PT
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Table 1. Comparison of the classifications of Copeland (1938, 1947), Morton (1968), Pichi Sermolli (1977) and Iwatsuki (1984, 1990), with
species number in the studied sections, and their distribution.

(1) included in Sphaerocionium as a sub-section; (2) included in Mecodium as a sub-section; (3) including the sub-section Diplophyllum ; (4)
unique representative of the sub-family Cardiomanoidae; (5) included in Trichomanes section Crepidomanes; (6) included in Trichomanes under
the unplaced sectional name Flabellata; (7) distribution: Arg, Argentina; A, Asia; Aus, Australia; Ch, Chile; C, Cosmopolitan, NT, Neotropical;
NC, New Caledonia; NZ, New Zealand; P, Pantropical, PT, Paleotropical
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Table 2. Names and sources of material sequenced, with GenBank numbers. LPP =
Laboratoire de Paléobotanique et Paléoécologie, H = Hymenophyllum; T =
Trichomanes.
Cardiomanes reniforme (G. Forst.) C. Presl - rbcL U30833, rbcL-accD AB083290
(Ebihara 011222-07 New Zealand (TI, CHR)), rps4-trnS AY095132 (Rumsey s.n.,
cult. RBG Kew); H. acanthoides (Bosch) Rosenst. - Ebihara Kinabalu 030, Malaysia
(TI), rbcL AB064291, rbcL-accD AB064303, rps4-trnS DQ364196; H. apiculatum
Mett. ex Kuhn - Dubuisson HV 1997-23 Venezuela (LPP, Duke), rbcL AF275642,
rbcL-accD AY775438, rps4-trnS AY095131; H. armstrongii (Baker) Kirk - Smith
2610 New Zealand (UC), rbcL AY095109; rbcL-accD AB162691 (Ebihara 01121909 New Zealand (TI)), rps4-trnS AY095128; H. australe Willd. – T. A. Ohsawa
001125-03, Australia (TI), rbcL AB191439; rbcL-accD AB191439; rps4-trnS
AY775412; H. baileyanum Domin.- Streimann s.n. Australia (UC), rbcL AF275643,
rbcL-accD AB191441 (Ebihara 010909-02, Australia (TI)), rps4-trnS AY095129; H.
barbatum Baker - Ebihara 000319-01 Japan (TI) rbcL AB064287, rbcL-accD
AB064299, rps4-trnS AY095124 (Munzinger & Engelmann 297 Laos (Duke)); H.
deplanchei (Mett.) Copel.- Ebihara 001224-03 New Caledonia (TI), rbcL
AB064288, rbcL-accD AB064300, rps4-trnS AY095136 (Munzinger 367 New
Caledonia (P)); H. demissum (G.Forst.) Sw. - Glasgow B. G. 830, cult. RBG
Edinburgh, rbcL AY775402, rbcL-accD AY775441, rps4-trnS AY775416; H.
dilatatum (G.Forst.) Sw. - Brownsey & Birchard New Zealand (Duke), rbcL
AY095111, rbcL-accD AB191444 (Ebihara 011219-06, New Zealand (TI)), rps4trnS AY095138; H. dimidiatum Mett. - Ebihara 001225-08 New Caledonia (TI), rbcL
AB064289, rbcL-accD AB064301, rps4-trnS DQ364197; H. ferrugineum Colla Taylor 6074 Chile (UC), rbcL AF275644, rbcL-accD AB191445 (Ebihara 02122402, Chile (TI)), rps4-trnS AF537124; H. flabellatum (G.Forst) Sw. - Unknown
collector 42 Tahiti (UC), rbcL AY775403, rbcL-accD AY775442, rps4-trnS
AY775417; H. fucoides (Sw.) Sw. - Dubuisson HV-1997-9 Venezuela (Duke), rbcL
U20933; rbcL-accD AY775449, rps4-trnS AY095142; H. fuscum (Blume) Bosch Ito 2000 0210-16 Java (TI), rbcL AB064292, rbcL-accD AB064304, rps4-trnS
AY775408; H. hirsutum (L.) Sw.- Dubuisson HR-1999-6 La Réunion (LPP, Duke),
rbcL AY775407, rbcL-accD AY775450, rps4-trnS AY775432; H. hygrometricum
(Poir.) Desv. - Dubuisson HR-1999-13 La Réunion (LPP, Duke), rbcL AY095113;
rbcL-accD AY775451, rps4-trnS AY095118; H. lanceolatum (Hook.& Arn.) Copel.
- O'Brien s.n. Hawaii (UC), rbcL AF275646, rbcL-accD AY775452, rps4-trnS
AY095119; H. oligosorum Makino - Ebihara 001105-01 Japan (TI), rbcL AB064293,
rbcL-accD AB064305, rps4-trnS AY775422; H. paniense Ebihara et al. - Ebihara
001225-02 New Caledonia (P, TI, KYO, NOU), rbcL & rbcL-accD 001225-02, rps4trnS AY775410; H. pectinatum Cav. - Wedin H41, Chile (UC), rbcL AY095115,
rbcL-accD AB191450 (Asakawa 2017, Chile), rps4-trnS AY095134; H. polyanthos
(Sw.) Sw. - Ebihara 991122-01 Japan (TI), rbcL AB064295, rbcL-accD AB064307,
rps4-trnS AY775423; H. polyanthos (Sw.) Sw. – Dubuisson s.n. La Réunion (LPP),
rbcL AY775405, rbcL-accD AY775445, rps4-trnS AY775424; H. scabrum A.Rich.
- Ebihara 011223-05 New Zealand (TI), rbcL AB083278, rbcL-accD AB083278,
rps4-trnS AY775428; H. secundum Hook. & Grev. - Taylor 6075 Chile (UC), rbcL
AF275648, rbcL-accD AY775437, rps4-trnS AY095125; H. sibthorpioides Mett.Dubuisson HR-1999-1 La Réunion (LPB, Duke), rbcL AY095117, rbcL-accD
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AB192688, rps4-trnS AY095127; H. subdimidiatum Rosenst. – Ebihara 001226-01
New Caledonia (TI), rbcL AB064290, rbcL-accD AB064302, rps4-trnS AY095140;
H. tenellum Kuhn. - Dubuisson HR-1999-27 La Réunion (LPP, Duke), rbcL
AY095116, rbcL-accD AB191453, rps4-trnS AY095126; H. tunbrigense (L.) Sm. Dubuisson NV. 2.1 France (LPP, Duke), rbcL Y09203², rbcL-accD AY775436, rps4trnS AY095123; H. wrightii Bosch - Ebihara 000901-01 Japan (TI), rbcL AB064294,
rbcL-accD AB064306, rps4-trnS AY775430; Hymenoglossum cruentum (Cav.) C.
Presl - Wedin H38 Chile (LPP), rbcL AY095107, rbcL-accD AB191455 (Ohsawa
2015, Chile), rps4-trnS AY095133; Rosenstockia rolandi-principis (Rosenst.) Presl van der Werff 16045 New Caledonia (UC), rbcL AY095110, rbcL-accD
AB064286/AB04298 (Ebihara 001225-11 New Caledonia (TI)), rps4-trnS
AY095143; Serpyllopsis caespitosa (Gaudich.) C.Chr. - Taylor 6076, Chile (UC),
rbcL AF275649, rbcL-accD AB191456 (T. A. Ohsawa 2014 Chile (TI)), rps4-trnS
AY095130; T. digitatum Sw. - Dubuisson HR-1999-11' La Réunion (LPP, Duke),
rbcL AY095114, rbcL-accD AB162676, rps4-trnS AY095120; T. javanicum Blume Hennequin 2001-7 cult. Indonesia (LPP), rbcL Y09195, rbcL-accD AY775453, rps4trnS AY095141; T. rigidum Sw.- Dubuisson HV-1997-3 Venezuela (Duke), rbcL
AY095108, rbcL-accD AY775447, rps4-trnS AY095137; T. taeniatum Copel. Matsumoto 01-948 Vanuatu (TNS, TI)), rbcL AB162681, rbcL-accD AB162681,
rps4-trnS AY095121 (Game 86/08, Cook Islands (UC)); T. tamarisciforme Jacq. Dubuisson HR-1999-32 La Réunion (LPP, Duke), rbcL Y09202³, rbcL-accD
AY775448, rps4-trnS AY095135;
out-groups, as in Hennequin et al. (2003), to confirm the monophyly of the two clades
within the family (results not shown). We then reduced the out-group to three species
of Trichomanes as in Hennequin et al. (2003). All three markers were sequenced for the
whole sampling, so that 44 sequences are newly produced.
Morphological and cytological characters
The coding of morphological and cytological character state changes is based on
Hennequin (2003) and we used in this study the same matrix as in Hennequin (2004).
Morphological and cytological characters states changes were reconstructed using
MacClade 3.0. (Maddison and Maddison, 1992). All characters were treated as
unordered and plotted onto the topology recovered in the maximum parsimony
combined analysis (results not shown but used in the discussion). We performed and
compared both ACCTRAN and DELTRAN optimization options.
DNA sequencing
All procedures for DNA extraction, amplification and sequencing follow Hennequin et
al. (2003). We used primers rbcL1195F (5'-TTCTACAGTTCGGTGGTGG-3'; newly
designed) and accD816R (5'-CCATGATCGAATAAAGATTCA-3'; Ebihara et al.,
2003), and newly designed internal primers HIF3 (5'-TGTCAGGTTCTAACATGTGATTG-3') and HIR3 (5'-CCTATACCTGTTTGAACAGCATC-3') to amplify
and sequence rbcL-accD, respectively.
Phylogenetic analyses
We treated indels as binary characters following Barriel’s (1994) method. MrBayes 3.0
(Ronquist and Huelsenbeck, 2003) allows the integration of data other than nucleotide
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or protein sequence, so that morphological and cytological characters as well as
characters resulting from the treatment of indels were integrated both in parsimony
analyses ("MP"; run with PAUP*4.0b10; Swofford, 2001) and in likelihood analyses
("ML"; run with MrBayes 3.0). For MP, we conducted unequally weighted analyses as
described in Pryer et al. (2001) and Hennequin et al. (2003). All searches used a
heuristic approach (TBR branch-swapping, 10 replicates of random sequence addition,
MulTrees option on). The robustness of each branch was assessed by bootstrap analysis
(100 replicates; Felsenstein, 1985). For likelihood analyses, we used ModelTest 3.06
(Posada and Crandall, 2000) to determine the nucleotide substitution model that best
fits our data. We performed ML analyses using a random tree and a GTR + I + G model.
Clade credibility values were estimated by calculating the posterior probability for each
node using a Bayesian procedure as implemented in MrBayes 3.0. 10,000 trees were
sampled and the consensus tree was computed (PAUP*4.0b10; Swofford, 2001) on the
last 9,450 trees, excluding the 550 trees found in the "burn-in period".
RESULTS AND DISCUSSION
Delimitation of Hymenophyllum s.l.
In both the MP strict consensus tree and the majority–rule consensus tree inferred from
the Bayesian estimation of posterior probabilities (Figures 1 and 2), the four segregate
genera Serpyllopsis, Rosenstockia, Cardiomanes and Hymenoglossum are embedded
within Hymenophyllum s.l. These results are in agreement with previous phylogenetic
studies and question all the classifications that were proposed for the family. They
nevertheless confirm some hypotheses of affinity proposed between taxa and the group
successively treated as genus "Hymenophyllum s.l." (Pryer et al., 2001),
"Hymenophyllum group", or tribes Hymenophylleae (Schneider, 1996) or
Hymenophylloideae (Presl, 1843; Iwatsuki, 1984, 1990). The following taxa had been
considered close to, or treated as included in, Hymenophyllum s.l.: Hymenoglossum
(Presl, 1843; Pichi Sermolli, 1977; Schneider, 1996 who included it in his tribe
Hymenophylleae), Serpyllopsis (Presl, 1843; van den Bosch, 1861; Schneider, 1996),
Rosenstockia (Tryon et Tryon, 1982; Iwatsuki, 1984, 1990), and Microtrichomanes
(Copeland, 1938; Pichi Sermolli, 1977). On the other hand, no author had suggested
such a broad group, and even less the inclusion of Cardiomanes reniforme and T.
(Pleuromanes) pallidum Blume in Hymenophyllum.
Hymenophyllum s.l. systematics
Morton (1968) proposed five subgenera for Hymenophyllum: Mecodium,
Craspedophyllum, Hymenophyllum, Hemicyatheon and Sphaerocionium (Table 1). The
subg. Hymenophyllum is further divided in five sections: Hymenophyllum,
Ptychophyllum, Eupectinum, Myriodon and Buesia. Representatives of the first three
only were available for this study. This subgenus globally corresponds to the clade
Hymenophyllum s.s. retrieved in this study. Hymenophyllum s.s. (bootstrap support (BS)
= 96%, posterior probability (PP) = 0.56) also includes taxa placed in the subgenera
Hemicyatheon, Craspedophyllum, Mecodium (H. oligosorum and H. fuscum), and the
species of the segregate genera Serpyllopsis and Rosenstockia. This clade is supported
by several morphological apomorphic character states: the presence of a common hair
type on fronds, a margin denticulation and five soral characters, the most conspicuous
being the presence of a small thick base (Hennequin, 2004). This clade has a
cosmopolitan distribution, with a few species observed in Europe and probably in North
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America as well. Within the Hymenophyllum s.s. clade, relationships are poorly
resolved and weakly supported, except for a very robust clade (H. barbatum - R.
rolandi-principis, BS = 100%, PP = 1) already retrieved by Ebihara et al. (2002) and
named "H. acanthoides clade". This exclusively Australasian clade includes many taxa
of the section Ptychophyllum and is supported by the basic chromosome number x = 21.
It may be broadened to include the two species of Hemicyatheon (BS = 95%, PP = 1).
The inclusion, in this clade, of H. fuscum (Blume) Bosch, type species of the genus
Amphipterum sensu Copeland (1938), was already obtained by Ebihara et al. (2003).
Amphipterum thus appears close to species of the section Ptychophyllum sensu Morton
(1968), in agreement with Copeland (1938), Pichi Sermolli (1977) and Iwatsuki (1984,
1990). Our results, on the other hand, refute Morton (1968)'s treatment of Amphipterum

Figure 1. Single most parsimonious tree recovered from unequally weighted analysis
of combined rbcL + rbcL-accD + rps4-trnS and morphological and cytological
characters; tree length = 6056.93 steps, CI = 0.6178, RI = 0.6105 (Farris, 1989).
Numbers at nodes are bootstrap values > 50%.
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as a subsection in the subg. Mecodium. The remaining species of Hymenophyllum s.s.
display a very variable soral morphology and various chromosome numbers. The
acquisition of new cytological data, currently under study (Ebihara and Hennequin)
may provide further insights into the relationships of these taxa.
With more than 100 species, Mecodium is a diverse putative subgenus whose
monophyly had never been questioned (apart from the position of Amphipterum),
mainly because it was considered to exhibit a high morphological homogeneity.
Nevertheless, the subgenus appears characterised rather by the absence, than by the
presence, of peculiar characters, such as margin denticulation or hairs on fronds. Our
results confirm that Mecodium is polyphyletic as suggested by Hennequin et al. (2003).
Several Mecodium species form a derived well supported (BS = 100%, PP = 1) clade,
sister to Hymenophyllum s.s. (BS = 98%, PP = 1). This clade, named H. polyanthos

Figure 2. Majority-rule consensus tree of the 9,450 trees sampled during the Bayesian
analysis of combined rbcL + rbcL-accD + rps4-trnS and morphological and cytological
characters. Numbers at nodes are Bayesian posterior probabilities > 0.90.
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clade based on one of the type species proposed for Mecodium, H. polyanthos (Sw.) Sw.
(Morton, 1968; Pichi Sermolli, 1977; Iwatsuki, 1984, 1990), is supported by one
exclusive apomorphic character state, the basic chromosome number x = 28. The H.
polyanthos clade is distributed throughout the Neotropics, the Paleotropics and into
temperate regions (Japan). Another species of subg. Mecodium, H. oligosorum, is
nested within Hymenophyllum s.s. This position is in agreement with Iwatsuki (1984)
and is notably supported by cytological data (x = 21; Tatuno and Takei, 1969). The
remaining species of Mecodium included in our sampling are retrieved at the base of the
tree in a grade comprising also the genera Cardiomanes and Hymenoglossum. These
basal taxa can be distinguished from the H. polyanthos clade by characters that appear
plesiomorphic for the genus, i.e. the chromosome number x = 36, also present in
Sphaerocionium s.l., a stele where internal xylem is reduced in comparison to the
massive protostele (reduced or dorsi-ventral stele) but not subcollateral as in the other
clades of the genus, and a tendency to display a rougher habit than the other species of
Hymenophyllum (thicker rhizomes, large fronds, and for some species a thicker (2-4
cells thick) lamina). In addition, these basal species have a typical austral distribution
(Chile, New Zealand, Australia, New Caledonia).
Species of the subg. Sphaerocionium are all retrieved in a clade named
Sphaerocionium s.l. (BS = 90%, PP = 1), which includes in addition some species of the
problematic section Microtrichomanes. This clade appears sister to Hymenophyllum s.s.
+ H. polyanthos clade (BS = 71%, PP = 0.65). The monophyly of Sphaerocionium was
not questioned, as it was characterised by distinctive stellate hairs at the lamina. Morton
(1968) divided his subgenus in two sections: Sphaerocionium and Apteropteris, and
according to analyses not shown here (Hennequin, 2004) the latter is embedded in
Sphaerocionium s.l. Microtrichomanes was placed by several authors in Trichomanes
but Copeland (1938) suggested an affinity between this taxon and Sphaerocionium. Our
results corroborate his hypothesis and they are discussed in more detail in a related
study (Ebihara et al., 2004). Sphaerocionium s.l. is a pantropical clade, with some taxa
expanding in southern temperate areas. It is supported by several apomorphic character
states, the most conspicuous being the presence of marginal setae, with stellate marginal
hairs in Sphaerocionium and unicellular marginal hairs in Microtrichomanes. It has
been proposed that the latter hair type is the result of a reduction from stellate hairs
(Copeland, 1938; Holttum, 1963).
Craspedophyllum and Hemicyatheon are small subgenera, made up of only two
species. The monophyly of both subgenera is confirmed here, but there is no support for
their treatment at the subgeneric level. A treatment as sections, as realised by Iwatsuki
(1984, 1990), appears more appropriate.
CONCLUSIONS AND PROSPECTS
The results obtained in this study corroborate those previously obtained on a reduced
sampling and using less data (Ebihara et al., 2002; Hennequin, 2003; Hennequin et al.,
2003; Ebihara et al., 2003). New results include the monophyly of the two species of
subg. Craspedophyllum and the confirmed polyphyly of subg. Mecodium. The analyses
based on three molecular markers combined with morphological and cytological data
provide much better support for the clades previously obtained, although robust support
is still lacking for the clades retrieved within Hymenophyllum s.s. and for the basal
relationships within the Hymenophyllum lineage. By exploring the branch-length
distribution, we recognized the short distances between clades in the poorly supported
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parts of the phylogeny. This could be either explained as the result of rapid radiations
or through low mutation rates. Hopefully, by broadening the taxonomic sampling and
adding more molecular, morphological and cytological data, we will be able to improve
our understanding of the complex history of the genus.
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ABSTRACT
Of the 225 genera of pteridophytes listed in Kubitzki (1990) there are 131 (58%)
genera with no known fungal association, according to the most comprehensive
fungal database. The remaining 94 genera are represented by 524 taxa at the
species and subspecies level which form about 1848 mainly parasitic
interactions with 822 fungal taxa. Around 450 of these interactions are parasitic
associations with rust fungi (Uredinales, Basidiomycetes), which are represented
by four genera (and two form genera) and around 130 species and subspecies.
Fungal synonymies have been resolved as far as possible, however, for this
presentation pteridophyte synonymies have only partly been resolved, due to my
lack of experience with ferns.
This paper examines the taxonomic distribution of fern - fungus interactions
in general and the importance of the fern rusts in particular. Examples of
interactions are illustrated with the aim of raising awareness among
pteridologists and mycologists.
INTRODUCTION
Pteridophytes are not normally associated with plant disease problems, and, whilst the
current information is far from complete, it appears that many genera are relatively free
from fungal pathogens. The rust fungi (Uredinales) are the most important pathogens
affecting ferns (only one record of rust for Lycopodiatae, none for Equisetatae), with
around 100 species in two rust families (Cummins & Hiratsuka, 2003). The largest
genus is Milesina with 34 recognised species and 22 species of the form genus Uredo
(asexual form only) believed to belonging to this genus. Together with Uredinopsis (26
species and 2 form species) and Hyalopsora (7 species and 5 possible form species) it
belongs to the family Pucciniastraceae and uses species of Abies as alternate hosts
(Hiratsuka, 1958). The fourth genus, Desmella, is a member of the Uropyxidaceae,
infecting ferns in South and Central America. It is only known from its uredinial and
telial stages (no known alternate host).
MATERIALS AND METHODS
For this study the herbarium records and database of the US National Fungus Collection
at Beltsville (BPI) (Farr et al. 2004) and other online herbaria were searched, and
selected specimens were examined using light and scanning electron microscopy. Over
2500 records were processed, their synonymies cleared as far as possible, and results
plotted against relevant host data.
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Table 1. The twenty most common genera
of microfungi on ferns and fern allies.

Fungal genus

Fern hosts

Table 2. The 20 pteridophyte genera, most
commonly attacked by microfungi.

Pteridophyte genus

Fungi

Milesina

118

Pteridium

116

Uredinopsis

69

Athyrium

100

Uredo

60

Dryopteris

96

Hyalopsora

55

Equisetum

73

Cercospora

47

Cibotium

58

Mycosphaerella

42

Cyathea

58

Desmella

29

Pteris

54

Taphrina

28

Selaginella

47

Phyllosticta

27

Polypodium

44

Rhizoctonia

25

Adiantum

43

Pleospora

24

Lycopodium

38

Pythium

24

Asplenium

35

Phaeosphaeria

22

Osmunda

35

Leptosphaeria

21

Polystichum

33

Trichopeltheca

18

Blechnum

29

Pseudocercospora

16

Nephrolepis

28

Clathrospora

14

Dicksonia

27

Phytophthora

14

Rumohra

27

Dasyscyphus

13

Platycerium

20

Fusarium

13

Matteuccia

19
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RESULTS
Tables 1 and 2 show the 20 most common genera of microfungi found on ferns and fern
allies, and the 20 pteridophyte genera most commonly attacked by microfungi
respectively. The most commonly recorded fern pathogens are the rust genera Milesina,
Uredinopsis and Hyalopsora, together with the anamorphic form genus Uredo. Several
fern families are host to all the fern rust genera, whereas others are restricted in their
susceptibility, such as the Vittariaceae, Lomariopsodaceae (only one rust recorded
respectively) and Schizaeaceae (probably all restricted to Desmella), Aspleniaceae and
Davalliaceae (restricted to Milesina).
Of particular interest is the record of Uredo vetus on Selaginella sp. in China, the
only record of a rust on Lycopodiatae (Hennen, 1997). Conversely, there appears to be
no obvious pattern in the distribution of fern families as host plants of the four rust
genera.
Key to the fern rusts:
1
only urediniospores present Uredo
1’ teliospores present 2
2
teliospores external, 2-celled on pedicells
Desmella
2’ teliospores formed inside host epidermal cells 3
3
urediniospores more or less lanceolate,
smooth or with a few lines of coglike warts Uredinopsis
3’ urediniospores usually echinulate or verrucose,
orange pigment present in cytoplasm
Hyalopsora
3'’ as above, no pigment present
Milesina
CONCLUSIONS
At present, there is only a limited database on the distribution and frequency of parasitic
microfungi on ferns. Further collecting should be encouraged and pteridologists will
play a crucial role in this endeavour.
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ABSTRACT
Two populations of Alsophila setosa Kaulf. in secondary semi-deciduous
subtropical forest remnants in the State of Rio Grande do Sul, Brazil were
studied with attention to frond formation, expansion and senescence rates, as
well as to phenology of sporangia formation and spore release, during a 15
month period. Plants of various sizes were marked at a site at Morro Reuter (45
plants) and another at Sapiranga (48 plants) municipalities. The average frond
production rates were 5.51 fronds/year at Morro Reuter, and 4.14 fronds/year at
Sapiranga. After frost occurrence in early winter, all the exposed young croziers
were irreversibly damaged with necrosis of the tissues. A new set of croziers was
formed in October (spring), with all the croziers uncoiling almost
simultaneously, 84.4% of the specimens in Morro Reuter and 66.7% in
Sapiranga presenting one or more croziers in the initial expansion stages. The
senescence rates were 6.97 fronds/year at Morro Reuter, and 4.33 fronds/year at
Sapiranga. Low temperatures (including the occurrence of frost) and low rainfall
during winter coincide with the highest frond senescence, with some plants
losing all the fronds. The species presents the capacity to compensate for the
occasional loss of all the young fronds in a short period of time, keeping the
number of fronds relatively stable at a given development stage. The data
indicate ecological limits to the occurrence of this species in Southern Brazil.
Spore production occurred only in a few plants, which were at least 2.5m tall.
Spore formation is seasonal and maturation gradual to irregular even in a single
frond.

INTRODUCTION
Information on reproductive aspects and growth patterns of ferns are relevant for a
better understanding of their role in forest formations. Ferns may set patterns in early
succession stages as well as influence the establishment of other species in regeneration
processes. Interesting data discussed by Coomes et al. (2005) suggest that the
competition of the ground layer herbs may reduce regeneration opportunities for some
seed plants. However, tree ferns and other caudex forming ferns may act as substrate
for seed germination and initial establishment of certain woody angiosperms and
gymnosperms, thus having an important role in their regeneration.
Biological data are also important for the conservation effort for endangered
species, such as the tree ferns which are subject to commercial (even if illegal)

264

FERN GAZ. 17(5): 263-270. 2006

exploitation. Some species are the source of fibrous material formed by the adventitious
root mass covering the caudex which is used as substrate for growing orchids and
aroids, while others have plants removed from the field and used in landscaping,
decoration or as shelter building material. Even with the adherence to the CITES
agreements restricting the trade, local use still represents a major pressure on some fern
populations.
Ecological data for Neotropical ferns are mostly found dispersed in the taxonomic
and floristic literature and generally only of descriptive nature. There is a lack of studies
as to their reproduction, growth and development. Among the groups that need urgent
attention are the tree ferns (Dixit, 1986). Alsophila setosa Kaulf. (Cyatheaceae), one of
the species currently extracted from primary and secondary semi-deciduous subtropical
forests in the State of Rio Grande do Sul, Brazil (Windisch, 2002; Schmitt & Windisch,
2005), is the object of the present study.
In southern Brazil Alsophila setosa is found in the mixed humid forests with
Araucaria as well as in semi-deciduous forests. The removal of plants is not only a
problem for the conservation of this species but also leads to the alteration of the forest
formations. In contrast, Dickonia sellowiana Hook. is not under protection by any local
or national legislation. Even if not used for tree-fern fibre extraction, its aesthetic
properties make it an object of commercial exploitation for ornamentation, including
church decoration for weddings in certain localities (Windisch, 2002). The caudexes
support several epiphytic species, which themselves may also face conservation
problems due to the disappearance of the sporophyte. In the present study the frond
formation of A. setosa has been followed in situ in order to establish frond production,
expansion and senescence rates, as well as the phenology of sporangial production and
spore release.
MATERIAL AND METHODS
Two populations were studied, one in the municipality of Morro Reuter at 29o 32’ S and
51o 04’ W, 700m alt., another in Sapiranga at 29o 38’ S and 51o 00’ W, 570m alt., from
May 2000 to August 2001. These localities present secondary semi-deciduous seasonal
forest formations.
The regional climate is subtropical with the absence of drought. Average
compensated monthly temperatures are normally under 15ºC during four months of the
year, this cold period being a determinant for physiological seasonality (Teixeira et al.,
1986). The closest Meteorological Station (Ivoti, 127m alt, data for the years 20002001) indicated 13.3º C as the average of the coolest month (July) and 25.1º C for the
warmest (February), absolute minimum of –1.0º C (July) and maximum of 35.7º C
(September and January). At the Morro Reuter, local residents registered –5º.0 C in the
winter of 2000. During the period of the present study, precipitation data for Ivoti
indicated 2138mm yearly rainfall, with less during May (average 59.4 mm), and
maximum in September (232.2mm), October (303.9 mm) and January (308.6mm). Data
for an extended period of time could not be obtained. Frost may occur several times
during some winters.
Monthly visits were made in order to follow the frond production phenology of 45
plants in Morro Reuter and 48 plants in Sapiranga. The plants were selected and marked
by closely placed numbered stakes in the ground. During the 15-month period crozier
formation, frond maturation and senescence were observed on every visit. At the
beginning of the survey the youngest crozier was marked by a loose loop of plastic line
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(not interfering with the crozier development), and the marked crozier serving as a
reference in relation to the existing fronds and subsequently produced ones. In mature
plants sporangia formation and spore release were recorded. The selection of two
populations was decided upon in order to guarantee results in case of predatory
extraction in one of the sites. The 15 months observation period ensured data for a
complete seasonal growth-year.
Soil samples were collected for NPK macronutrients analysis, with phosphorous
and potassium measured by atomic emission spectrophotometry and nitrogen by
standard nitrometric methods (Greenberh, 1992; Page et al., 1982). Statistical analyses
were performed using methods described by Vieira (1980) and Watt (1998) and through
the SPSS 9.0 software program (SPSS Inc., Chicago IL, USA) at the Universidade do
Vale do Rio dos Sinos data processing facility.
RESULTS AND DISCUSSION
Alsophila setosa is an understory arborescent plant, forming an erect caudex up to 10m
tall and up to ca. 10cm wide, covered by the spiny remnants of frond bases (and dry
frond remnants at the distal part), with a crown of up to 3m long, and fronds which are
tripinnate-pinnatissect at the base. The stipe is ascending, with blackish spines,
presenting 2-4 pairs of aphlebia (with laminar tissue) at the basal portion.
The Morro Reuter soil samples showed an average of 0.35 (±0.20)% nitrogen, 4.5
(±1.36) ppm phosphorous, and 175.16 (±51.09) ppm potassium. The average values for
the Sapiranga samples were 0.36 (±0.15)% nitrogen, 3.8 (±0.69) ppm phosphorous and
229.33 (±92.81) ppm potassium. Soil analyses demonstrated heterogeneity in
macronutrients composition (NPK) among sites of each locality, but the application of
t-test for independent homogenized samples indicated that contents of nitrogen (P =
0.981), phosphorous (P = 0.440) and potassium (P = 0.282) in the soil are statistically
equal in both localities. Although the macro-nutrients (NPK) did not show significant
differences, considering the probability of different histories of soil usage in the two
sites, differences in micronutrients may be expected between the study sites.
The average yearly frond production in the samples was 5.51 (±3.55) fronds/plant
for Morro Reuter and 4.14 (±1.93) fronds/plant for Sapiranga, the difference being
statistically significant (P = 0.024). After the occurrence of frost between May and the
beginning of July 2000, all young croziers at the apex of the caudex were damaged,
with necrosis of the tissues, keeping the frond production at zero until August (Fig. 1)
in both populations.
With the arrival of the spring season, new croziers were formed and fronds started
to expand, almost simultaneously, with 84.4% (Morro Reuter) and 66.7% (Sapiranga)
of the specimens presenting one or more croziers in the initial phases of expansion. The
largest frond production occurred during the period of higher rainfall (Fig. 1), with the
peak in October (4.4±3.80 in Morro Reuter and 1.89±1.90 fronds/plant in Sapiranga).
These observations agree with Luederwaldt (1923), who commented that in
Southeastern Brazil new fronds of Alsophila setosa (cited as Hemitelia setosa) started
to bud in the spring, approximately by the end of October. Shreve (1914) observed that
Cyathea pubescens Mett. ex Kuhn, in humid mountain forests of Jamaica, formed new
fronds during the winter and spring. Tanner (1983) working in Jamaica observed that
the increase in the frond production of C. pubescens occurred in October, November
and December after an increase in rainfall. Durand & Goldstein (2001) observed the
native species of genus Cibotium Kaulf. in Hawaii produced most of their fronds
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between February and April, characterizing a marked seasonality, which does not seem
to be related with the rainy season. Seiler (1981) registered that the frond production in
A. salvinii Hook. was not synchronous, but occurred at the end of the dry season and
the beginning of the humid season. Data on the frond production of Dicksonia blumei
Moore from Java was presented by Jaag (1942), but unfortunately not covering a
complete growth year. The same author marked plants of A. glauca J. Sm, evaluating
the production and life-span of fronds, with the complete renewal of the crown
occurring between 182 and 254 days.
The 55 croziers marked at Morro Reuter expanded on average 5.41 cm/day between
October and November, 0.93 cm/day between November and December. From
December to January 2001, 31 fronds continued to increase in length, but at a much
slower rate (0.083 cm/day). In the fourth month only 11 fronds still presented some
expansion (0.07 cm/day average). The maximum expansion rate was 7.48 cm/day
between October and November 2000. The 31 croziers marked at Sapiranga expanded
on average 5.38 cm/day between October and November, 1.24 cm/day between
November to December. From December to January 22 fronds increased in length, with
an average of 0.092cm/day. From January to February 2001 only eight fronds continued
expansion with an average of 0.037cm/day. These data agree with the observations by
Shreve (1914), who described different growth/expansion rates in different stages. The
highest expansion rate presented in his study, 4.94 cm/day for Cyathea pubescens
growing in the humid mountain forests of Jamaica, comes close to the values recorded
in the present study.
The average total number of fronds varied throughout the year. In Morro Reuter the
smallest average was of 3.04 mature fronds/plant (October 2000), and the maximum
7.46 mature fronds/plant (May 2000). Comparing the average number of fronds in May
5
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Figure 1. Average monthly frond production of Alsophila setosa populations in
Morro Reuter and Sapiranga compared with precipitation (June 2000 to May 2001).
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2000 with that in May 2001 (5.77 mature fronds/plant) a statistically significant
difference can be observed (P < 0.0001, n = 45). In Sapiranga, the smallest average was
of 3.68 mature fronds/plant (October 2000), while the highest value was 5.95 mature
fronds/plant (December 2000). Comparing the average number in June 2000 (5.62
mature fronds/plant) with that of June 2001 (5.33 mature fronds/plant), the values are
statistically equivalent (P = 0.644, n = 48).
The average yearly senescence rate of fronds in Morro Reuter was 6.97 fronds/plant,
being superior to the new frond production rate. In Sapiranga, the plants presented an
average yearly senescence rate of 4.33 fronds/plant, about the same as the new frond
production rate (Fig. 2). Our field observations indicate that with the intense cold and
frost occurrences, the fronds initially presented loss of photosynthetic surface, by
partial damage to parts of the laminar tissue, followed by the total drying out of the
fronds (Schmitt & Windisch, 2001). Reduction of the mature fronds was gradual, with
eight individuals in the total sample (both localities) losing all of their fronds.
In the Sapiranga population, the similar yearly average production and senescence
of fronds indicates the maintenance of a constant number of fronds from one year to the
next. The significant reduction of the total number of mature fronds in Morro Reuter,
comparing data from May 2000 and May 2001, may be due to different local conditions
including exposure to frost. The canopy of the forest in Morro Reuter is more open than
that of Sapiranga, increasing the degree of exposure. These data may also indicate
ecological limits for the occurrence of this species in Southern Brazil. Alsophila setosa
presents the capacity to compensate for the occasional loss of all the young fronds in a
short period of time, and so the number of fronds is kept relatively stable at a given
development stage, although in a few cases no new fronds were produced.
The production of new fronds and total number of fronds are similar to those found
in the literature for other tree-ferns (Table 1) in other parts of the world. Our data for
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Figure 2. Average yearly frond production and senescence in the Morro Reuter and
Sapiranga populations of Alsophila setosa (standard deviation indicated).
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Alsophila setosa seem to be the first record of total loss of fronds. Low temperatures
(including frost occurrence) and low rainfall during the cold season coincide with the
loss of fronds. Seasonality in the loss of fronds was also observed in other tree ferns
such as A. salvinii (Seiler, 1981), Cibotium glaucum (Sm.) Hook. (Walker & Aplet,
1994), while it was less pronounced in Cyathea pubescens (Tanner, 1983) and C. hornei
(Baker) Copel. (Ash, 1987).
Herbivory was observed in some fronds, but always partial and with preference to
young fronds. No total loss of fronds due to herbivory was observed. It was not possible
to identify the herbivore. Ants of the genus Iridomyrmex Mayr found on the plants
probably only use cavities at the stipe bases for nesting.
In Morro Reuter 8.88% of the plants produced fertile fronds, but only 2.08% in
Sapiranga. All the fertile plants had caudexes at least 2.5m in length. Most of the fertile
fronds presented developing sporangia between February and March, while in April the
liberation of spores had already started. Spore maturation and liberation was gradual
and irregular even with respect to the position on a single frond. Rosenstock (1907)
observed that Alsophila setosa plants less than 8m tall are normally sterile. The low
fertility values observed are related to the age structure of the populations, as there is a
predominance of younger plants. Similar observation was made by Young & León
(1989) in the Peruvian Amazon region, where only two specimens of Trichipteris nigra
(Mart.) R. M. Tryon, from a total of 25 plants, were fertile and those were at least 5.5m
tall.
In Alsophila setosa vegetative reproduction by underground structures (Schmitt &
Windisch, 2005) seems to be quite effective to allow for a low production of fertile
Table 1. Production of new fronds and total number of fronds in tree-ferns.

Locality

Species

Fronds/plant

Fronds/year

Java (Tjibodas)a

Alsophila glauca

6-12

6-13*

El Salvadorb

Alsophila salvinii

6

2.5

Jamaicac

Cyathea pubescens

7

8

Fijid

Cyathea hornei

3-11

3-9

Hawaiie

Cibotium glaucum

5-16

3-5

Brazil (Morro Reuter, RS) f

Alsophila setosa

0-21

0-14

Brazil (Sapiranga, RS) f

Alsophila setosa

0-17

0-11

a Jaag 1942, bSeiler 1981, 1995, cTanner 1983, dAsh 1987, eWalker & Aplet 1994,
fpresent study, *data from 10 month observation period.
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fronds. Page (1979) pointed out that spore production might be low when a plant is in
vegetative growth or high when the plant is under more severe ecological conditions,
competing with other plants. Furthermore, Sato (1982) suggested that the cold climate
has a restrictive effect on frond expansion as well as in the spore production period. The
present data for A. setosa seem to agree with that suggestion. The gradual spore
liberation over a period of time may be a positive aspect for species survival, allowing
for higher chances of dispersal to new recently exposed microhabitats (Ranal, 1995).
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ABSTRACT
Archangiopteris somai Hayata and A. itoi Shieh are ferns endemic to Taiwan and
are categorized as endangered and critically endangered species respectively.
Five fresh stipules were removed from each of 10 sporophytes of A. somai and
A. itoi growing in Wu-lai, northern Taiwan. After rinsing in clean water and
placing on medium (4:1, soil: peat moss) 50 stipules of each species were
cultured at room temperature with 12 hr fluorescent light each day. After one
year plantlets were produced by 40% of A. somai stipules and 90 % of A. itoi
stipules. Within each species, the mean sprouting rate and sprouting time of
stipules from stems of different sizes did not differ significantly. Sprouting and
non-sprouting stipules were not significantly different in size. The relationship
between average sprouting time and stipule size was very weak (A. somai) or
non-existent (A. itoi). The growth of the mother plants from which stipules were
stripped was not significantly different from their growth in the previous year,
nor did it differ from the growth of control plants. This simple method of
propagation from stipules provides an effective means of propagating these two
species for horticulture, ex situ conservation and in situ restoration.
INTRODUCTION
Archangiopteris Christ & Gies. is recognized as one of the ancient lineages of
pteridophytes. Eleven species of Archangiopteris have been found in southeast China,
northern Vietnam and Taiwan (Ching, 1958). Most taxa are endemic to these areas. The
origin of Archangiopteris can be traced back to the Middle Jurassic period in the fossil
record (Hill & Camus, 1986). This genus is phylogenetically closely related to
Angiopteris Hoffm., another marattialean genus endemic to Southeast Asia, and
Protomarattia Hayata, which is restricted to northern Vietnam (Hayata, 1919; Chang,
1975). Extant species of these genera represent relics of an ancient lineage that evolved
through several glaciation and vicariance events. As a relic taxon, Archangiopteris
provides information invaluable for tracing the evolutionary history of eusporangiate
ferns, although until recently species of Archangiopteris have received little attention
(Hsu et al., 2000; Chiang et al., 2002). Furthermore, many species of Archangiopteris
are rare or endangered.
Two species of Archangiopteris, A. somai Hayata and A. itoi Shieh, have been
documented in Taiwan (DeVol & Shieh, 1994). Both species are endemic.
Archangiopteris somai is an endangered species and A. itoi is critically endangered
(Kuo, 1997; Moore, 2001). Only two populations of each species have been reported,
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one of each in Wulai, in northern Taiwan, and one of each in Lienhwachi, in central
Taiwan. However, the population of A. itoi in Lienhwachi is known only from the
original collection on which the species description is based, with no recent records
from this site. Population sizes of both species are very limited, with c. 1000 individuals
of A. somai and less than 100 of A. itoi, and in the field young sporophytes are very rare.
Archangiopteris somai gametophyte growth is very slow and after 2.5 years in culture
only about 1% of gametophytes produced sporophytes (Chiou and Huang,
unpublished). For A. itoi, spore germination and gametophyte culture have never been
documented. In addition, there are no reports of tissue culture of the sporophytes of
either species. Thus, conservation of these two endangered ferns is critical.
Species within the Marattiaceae produce stipule buds and although expansion of
these is rarely seen in the field (for example in Danaea wendlandii, Sharpe & Jernstedt
1991) some horticulturists have attempted to propagate marattialean ferns from stipules
(Hoshizaki & Moran, 2001; Jones, 1987). To aid their conservation, an attempt was
made to propagate the two species of Archangiopteris from stipules. Sprouting rate and
sprout time were documented and the effect of stem and stipule size on sprouting
analyzed. The morphology of young fronds was studied to assist further investigation
in the field. Propagation from stipules proved to be an easy and effective method of
propagating both species for conservation and horticulture.
MATERIALS AND METHODS
Because Archangiopteris somai and A. itoi are so rare, great care has to be exercised in
using any of these plants or their parts for experimentation and propagation. First we
tried to remove above ground stipules, but found they were firmly attached to the stems.
To avoid damaging the “mother plants”, we removed underground stipules, which were
not firmly attached to the stems, from sporophytes of the population in Wulai. For each
species, five stipules were removed from each of 10 sporophytes. As soon as they were
harvested, stipules were sealed in plastic bags to prevent dehydration. In the laboratory
the stipules were rinsed for three minutes with clean water and then placed on, and halfcovered by, medium (4:1, soil: peat moss) in plastic boxes. All cultures were maintained
under white fluorescent illumination (24 mmole m-2s-1, 12 h/d) at 20 to 28°C.
The effects of mother plant size (stem diameter) and stipule size (width x length) on
sprouting were analyzed (Table 1). Stipules were examined for sprouts every month for
one year. In addition, the plants from which stipules had been removed were monitored
throughout the experiment to determine whether stipule removal affected plant growth.
RESULTS
The stems and stipules of Archangiopteris itoi were significantly larger than those of A.
somai. Plantlets began to sprout from A. itoi stipules after three months in culture and
sprouting peaked at 90 % after seven months. For A. somai, plantlets first sprouted after
four months in culture. Cumulative sprouting increased slowly throughout the year to
40 % (Fig. 1). The stipules of A. itoi had a higher sprouting rate and shorter sprouting
time than stipules of A. somai (Table 1).
Within each species, stem size did not affect sprouting rate significantly. However,
the sprouting rate of stipules taken from the small stems of A. somai was somewhat
higher than the sprouting rate of stipules removed from large stems. Similarly, stem size
did not affect sprouting time significantly, but there was a tendency for stipules from
small stems of A. somai to produce plantlets more quickly than stipules from large
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Table 1. Archangiopteris somai and A. itoi stem diameter, stipule size, and sprouting
rate and time.

A. somai
Diameter of stem (cm) 4.1±0.9

A. itoi

t-test1)

8.6±1.9

**

Stipule size
Width (cm)

1.7±0.3

2.7±0.6

**

Length (cm)

2.3±0.4

3.4±0.5

**

Width x Length

3.9±1.3

9.2±3.0

**

Sprouting rate (%)

40.2±21.1 90.0±4.1

**

Sprouting time (mo)

7.2±2.4

**

4.6±1.1

1

All comparisons between these two species were significantly different (P < 0.01).
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Figure 1. Sprouting rates (left axis, vertical bars) and cumulative sprouting rates (right
axis, curves) of Archangiopteris somai (grey) and A. itoi (black) stipules cultured for
one year.
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Table 2. Mean sprouting rates and times for stipules taken from Archangiopteris somai
and A. itoi stems of different sizes.
Archangiopteris somai

Diameter of stem (cm)

3 (n=3) 4 (n=2) 5 (n=5)

Sprouting rate (%)1

60

30

(40-80)2 (0-60)
Mean sprouting time (mo)1 6.1

7.0

(4-12) 2 (6-8)

32
(0-60)
8.4
(6-11)

Archangiopteris itoi

Diameter of stem (cm)

6 (n=1) 7 (n=1) 8 (n=4) 9 (n=2) 10 (n=1) 13 (n=1)

Sprouting rate (%)1

100

60

95

90

80

100

Mean sprouting time (mo)1 3.8

5.3

4.6

4.6

4.8

5.2

1

None of the data in the same row were significantly different (t-test).
Numbers in parentheses are the range of values.

2

stems (Table 2). For both species, stipules that gave rise to plantlets did not differ
significantly in size from stipules that did not produce plantlets (Table 3). For A. somai
there was a significant, weak, negative correlation between stipule size and sprouting
time (Fig. 2). For A. itoi the correlation was not significant. The majority of first fronds
emerging from A. somai stipules were simple fronds (75%), but most first fronds
emerging from stipules of A. itoi had one to three pairs of pinnae (93 %) (Table 4).
None of the plants from which stipules were removed for the study exhibited
obvious signs of injury or damage during the next year. For each plant, growth, the
number of new fronds, and the timing of spore production were similar to the year
before and the year after stipules were removed. In addition, the growth and other
characteristics of plants from which stipules were removed did not differ significantly
from the growth of control plants from which no stipules had been removed (data not
shown).
DISCUSSION
During the study we observed no expansion of stipule buds for either species, A. somai
or A. itoi, in the field. However, stipules have been used to propagate offspring of
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Table 3. The relationship between sprouting status and stipule size in Archangiopteris
somai and A. itoi.
Species

Archangiopteris itoi

Sprouting status1

a

A. somai

b

t-test

a

b

c

t-test

Stipule size (cm2) 9.3±3.0

7.6±1.7

ns

3.5±1.1

4.4±1.4

3.7±1.5

ns

Stipule number

5

20

24

6

45

1

a = sprouting stipules; b = non-sprouting stipules that died in culture; c = nonsprouting stipules alive after one year in culture.
several species in this family. One method for propagation of some marattialean species
is to use the stipule buds (Jones, 1987). However, each sporophyte of A. somai and A.
itoi produces only 2 to 5 fronds per year so removing entire fronds could injure or kill
these rare ferns. In this study, we removed underground stipules that did not subtend a
living frond. Many of these stipules produced plantlets, and their removal did not
damage the living fronds or affect the phenological characteristics of the mother plant
in the following year.
The sprouting rate and sprouting time for stipules removed from stems of different
sizes were not significantly different within the range of stem sizes used in this study.
However, given the small population size of both species and our concerns about their
conservation, only 10 plants of each species were used in this study. A larger sample
size may yield somewhat different results. This is most likely for A. somai, where the
mean sprouting rate of stipules from 3 cm stems was about twice the rate for stems of
other sizes, and sprouting time was about one month shorter. Thus, to propagate A.
somai, we recommend using stipules from 3 cm stems, especially where parent plants
are limited. In contrast, the sprouting rate of A. itoi reached 90%, sprouts formed in
three to seven months, and the effect of stem size was negligible. Underground stipules
from stems of any size appeared to be suitable for propagating this species. Stipule size
had no significant effect on the sprouting rate or time of either species. Therefore, it
appears not to be a factor in the vegetative propagation of these ferns.
Table 4. Frequency of different types of first fronds emerging from stipules of
Archangiopteris somai and A. itoi.

A. somai

A. itoi

(%)

(%)

Simple frond

75

7

Frond with one pair of pinnae

20

51

Frond with two pairs of pinnae

5

31

Frond with three pairs of pinnae

0

11
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y = -0.5291x + 9.0484
r = 0.23 p<0.01

Sprouting time (mo)
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ˋ
y = 0.0784x + 3.8905
r = 0.22 p>0.05
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ˊ
ˉ
ˈ
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ˆ
˅
˅

ˇ

ˉ
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˄˃

˄˅

˄ˇ

˄ˉ

2

stipule size (cm )

Figure 2. Correlation between stipule size (width x length) and the time for plantlets
to sprout from stipules of Archangiopteris somai (top) and A. itoi (bottom).
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Ferns can be propagated from spores under natural conditions and in the laboratory
or greenhouse. When spores are limited, ferns can be propagated vegetatively, most
commonly from frond buds, but also by tissue culture. Archangiopteris somai spores
will produce gametophytes. However, the gametophytes grow very slowly and after 2.5
years only 1% had produced sporophytes in multi-spore cultures (unpublished). There
are no published reports of spore germination for A. itoi and we failed to get the spores
of this species to germinate. Propagation of the two species by tissue culture was also
unsuccessful (Gen Chang, personal communication). Stipule culture appears to be a
feasible and efficient method of propagating fern plantlets for conservation, both in situ
and ex situ, e.g., in a botanical garden (Ranker, 1994). This method also could facilitate
the propagation and conservation of other rare species of Marattiaceae.
Another advantage of stipule culture over spore culture is that plants mature earlier.
Usually, the first frond of sporophytes produced from gametophytes is simple. About
25% of A. somai plantlets produced from stipule cultures had one or two pairs of pinnae
and 93 % of the A. itoi plantlets had one to three pairs of pinnae. Plantlets with more
than one pinna grew faster and reached maturity earlier than plantlets with only a single
frond, which is very important for horticulture, ex situ conservation and in situ
restoration.
The primary disadvantage of vegetative propagation is that populations of ferns
derived from these plants will have limited genetic diversity. However, based on a study
of the atpB-rbcL intergenic spacer of chloroplast DNA, the genetic diversity of
populations of A. somai and A. itoi is surprisingly high (Chiang et al., 2002). Thus,
propagating plantlets from the stipules of a number of different plants will help
maintain a large proportion of the genetic diversity of each population.
A further limitation of stipule culture is that the sporophytes of A. somai and A. itoi
produce only two to five new fronds each year (unpublished) and, consequently, only
two to five new stipules each year. However, we do not know how long stipules survive.
Clearly, the number of stipules is limited and care must be exercised when determining
when and how many stipules should removed from a plant.
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ABSTRACT
Recently discovered frond remains assignable to Osmunda wehrii Miller
(Osmundaceae), as well as several new records of woodwardia (Blechnaceae),
and a new onocleoid fern are reported from the Tertiary of western North
America. Pinnule morphology of O. wehrii supports the inclusion of this species
in Osmunda subgenus Osmunda, as originally proposed by Miller and suggests
a close affinity to O. regalis L. and O. japonica Thunb. New occurrences of the
woodwardia aerolata clade are noted for the Late Paleocene of western North
Dakota and of a highly reticulate-veined form from the Miocene of western
Washington. Re-evaluation of specimens of w. deflexipinna H. Smith (Succor
Creek, Miocene) confirms its close affinity to w. virginica J. Smith. A fern with
onocleoid anatomy is recognized from the middle Eocene Clarno Nut Beds of
Oregon. Together, these examples demonstrate that the presence of critical
taxonomic features, even in fragmentary remains, can increase our knowledge of
filicalean fern evolution, biogeography and ecology in the Tertiary.
INTRODUCTION
Despite a widely held belief that the fossil record provides little information about
them, filicalean ferns, including derived forms, are a relatively common component of
many Tertiary floras. However, the impact of the fossil record in deciphering Tertiary
fern evolution has been limited for several reasons. The focus for many Tertiary
researchers has been on the collection and comparison of angiosperm remains, although
ferns are typically included and occasionally highlighted in published treatments of
floras (e.g., Pabst, 1968). Often paleobotanists focus on investigating major groups of
plants during what they perceive as key moments of evolutionary times. In the case of
ferns, which have been thought by many to undergo their major radiations primarily
during the Paleozoic and Mesozoic, the pulses and subsequent evolution of many
filicalean ferns in the Tertiary previously have been ignored. Fragmentary remains,
particularly of nonfertile fronds, have not been studied in detail, because of the
perceived difficulty of relating fossil material to modern taxa. Occasionally, florules
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have been recovered that contain fern remains in essentially monotypic stands (e.g.,
Smith, 1938; Crabtree, 1988); however, these localities have been rarely studied. In
recent years, several whole plant reconstructions of fossil ferns have been produced
(e.g., Rothwell and Stockey, 1991; Pigg and Rothwell, 2001) and new emphasis has
been focused on fern biogeography and ecology (Collinson, 2001, 2002; Page, 2002).
With this new attention accorded to the fossil ferns of the Tertiary, the potential now
exists for a better understanding of their evolutionary, biogeographic, and ecological
significance.
Our recent work in the middle Miocene, permineralized Yakima Canyon flora of
central Washington, USA has provided information on three fern genera that occur
there: Osmunda wehrii Miller (Osmundaceae); woodwardia virginica J. Smith
(Blechnaceae), and a small fern with onocleoid vegetative anatomy, wessiea
yakimaensis Pigg & Rothwell (Miller, 1982; Pigg and Rothwell, 2001). In this
contribution we report new occurrences of related taxa in several Tertiary localities of
western North America. Together, these examples show that even fragmentary fern
remains, when demonstrating critical taxonomic features, can provide considerable new
information about filicalean fern evolution in the Tertiary.
RESULTS AND COMMENTS
Osmunda wehrii (Osmundaceae)
Osmunda wehrii was described from permineralized rhizomes and leaf bases by Miller
(1982) from Yakima Canyon, central Washington, USA, where it occurs intermingled
with taxodiaceous foliage, stems and cones, the abundant foliage and smaller rhizomes
of woodwardia virginica and rhizomes and stipes of wessiea yakimaensis (Pigg and
Rothwell, 2001). Several pinnules of Osmunda wehrii have recently been recognized in
attachment or closely associated to O. wehrii stipes (Figs. 1, 2). Fronds are bipinnate
and the most extensive segments are up to around 2.8 cm long and represent portions
of pinnae and individual pinnules. The pinnules are up to 8 mm long and 3.5 mm wide
and each has an oblique base (Fig. 1, 2). Venation is dichotomous with the initial
forking occurring close to the point of divergence of lateral veins from the pinnule
midvein with a second and third order of dichotomies occurring in the basal part of
pinnules (Fig. 2). Based on these morphological features, Osmunda wehrii pinnules are
assignable to the subgenus Osmunda, which includes the extant royal fern, O. regalis,
and the two Asian species O. japonica and O. lancea. Pinnules are most similar to those
of O. regalis (Fig. 3) and O. japonica both of which share with O. wehrii the features
of an oblique pinnule base and multiple vein dichotomies, features that O. lancea lacks
(Hewitson, 1962). Anatomical details still under investigation will provide additional
information about this middle Miocene member of Osmunda subgenus Osmunda.
Woodwardia aerolata (Blechnaceae)
A fern with possible affinities to w. aerolata is recognized from Late Paleocene
Beicegel Creek flora of western North Dakota, USA (Figs. 4, 7). This flora is very
similar to the Almont flora of central North Dakota (Crane, et al., 1990), both in
composition and preservational type. However, in comparison to the Almont flora,
material from the Beicegel Creek flora tends to have a greater percentage of
permineralized specimens and provides an unparalleled opportunity to critically
examine both the anatomy and morphology of Late Paleocene taxa (DeVore et al.,
2003). Previous to our studies no ferns have been described from Almont or Beicegel
Creek, however several fragmentary fern pinnules that represent at least two different
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Figures 1,2. Osmunda wehrii pinnules from Yakima Canyon, Middle Miocene,
Washington, USA, Figure 1. Overview of pinnae attached to rachis, x 4. Figure 2.
Detail of pinnule to show dichotomising venation, x 4.3. Figure 3. Osmunda regalis
pinnule for comparison, x 5. Figures 4,7. woodwardia pinnule from Beicegel Creek,
Late Paleocene, North Dakota, USA. Note elongate, pinnatifid pinna and diamondshaped aeroles characteristic of extant w. aerolata. Figure 4. Detail of pinnule, x 3.8.
Figures 5,6,8. (left), 9-11. woodwardia deflexipinna vegetative and fertile pinnae,
Middle Miocene Succor Creek, Oregon, USA. Figures 5,6. Overviews of disarticulated
pinnae, x 1.5, and x 2.7, respectively. Figure 7. Overview of Beicegel Creek specimen,
x 2.5. Figure 8. Sori with flap-like indusia, at left: fossil w. deflexipinna, x 15; at right:
SEM of extant w. virginica, x 16. Figure 9. Rhizome with crozier (at arrow) previously
illustrated by Smith (1938) and Graham (1965), x 1. Figures 10,11. Fertile pinnae of w.
deflexipinna showing indusiate sori (arrows), x 3, and x 4.3, respectively.
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types of ferns recently have been recovered. The woodwardia specimen is 3.5 cm long
x 2.7 cm wide, and is comprised of a pinnatifid, possibly apical, portion of the frond
showing several pinnule lobes (Fig. 4, 7). The venation includes relatively coarse
elongate, diamond-shaped aeroles 4-6 mm long x 6-8 mm wide and is marginally freely
dichotomising, confirming its identification as woodwardia rather than Onoclea
(Collinson, 2001). A second taxonomically important character, the presence or absence
of marginal teeth could not be determined from available material.
A second group of woodwardia taxa with an excellent fossil record are those of the
w. virginica clade (=Anchistea sensu Cranfill and Kato, 2001). woodwardia
deflexipinna was originally described from the Miocene Succor Creek of Oregon based
on material collected from a small florule where these ferns occurred in a nearly
monotypic stand. Fronds, rhizomes, crosiers and fertile remains were described and
briefly illustrated by H. Smith (1938) and later by Alan Graham (1965). Reinvestigation
of this material confirms that the vegetative and fertile remains are remarkably like
those of both fossil and extant w. virginica (Figs. 5, 6, 8-11; Pigg and Rothwell, 2001).
Frond remains are pinnatifid pinnae preserved for up to 6.5 cm long wide with up to 10
pinnule segments (Figs. 5, 6). Pinnules are 11mm long x 4 mm wide. Like w. virginica,
this species has a single series of areoles that parallel the midvein, and relatively few
anastomoses in the lateral part of the pinnule. Meshes are 3-4 mm long x 0.5-0.7 mm
across (Fig. 6). Fertile frond fragments consist of elongate sori around 2 mm long x 0.5

Figure 12. woodwardia Miocene, Vasa Park, Washington, USA. Vegetative frond
segment showing highly reticulate pattern of venation, x 1.3. Figures 13-15. Onocleoid
fern, Middle Eocene Clarno Nut Beds, Oregon, USA. Figure 13. Transverse section of
rhizome showing helically arranged, attached stipe bases, x 1.5. Figure 14. External
view of rhizome showing numerous attached stipes and adventitous roots, x 0.9. Figure
15. Detail of stipe trace (arrows), x 5.
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mm wide, each partly covered by an elongate, flap-like indusium that hinges along its
outer side like those of w. virginica (Figs. 8, 10, 11). A crozier-bearing rhizome,
previously illustrated by Smith (1938) and Graham (1965) is around 9 cm long and 1.2
cm thick (Fig. 9). Spores have not been recovered.
A third new occurrence of fossil woodwardia is from the Miocene Vasa Park locality
near Seattle. Only a few fragments have been discovered to date. The largest is up to
3.8 cm long x 3.4 cm wide and includes several pinnules. Pinnules are 1.8 cm long x
0.9 cm across, and veins are highly reticulate, resulting in short, polygonal meshes 2-3
mm long x 0.8-1.0 mm (Fig. 12). In comparison with extant species, these remains
mostly closely resemble those species with numerous, short, polygonal reticulations in
their leaves, such as w. fimbriata, a species from western North America today.
ONOCLEOID fern
A permineralized fern with onocleoid anatomy has been discovered in the middle
Eocene Clarno Nut Beds of central Oregon. This locality is well known for its
beautifully preserved fruits and seeds (Manchester, 1994). Rhizomes are preserved for
up to 7.2 cm in length and 1.5 - 2 cm in diameter and produce numerous stipes (Fig.
14). The stipes extend up to 1.9 cm in length from their attachment to the rhizome and
are around 0.3 cm across. Anatomical structure is similar to that of wessiea yakimaensis
Pigg & Rothwell, from Yakima Canyon and Makotopteris from the middle Eocene
Princeton chert of southern British Columbia (Stockey, et al. 1999; Pigg and Rothwell,
2001). In this pattern, paired hippocampiform frond traces are helically arranged and
are produced without leaf gaps (Fig. 13, 15). In contrast, adventitious root traces are
produced from the stipe bases, and leave behind a root gap. This pattern is exhibited by
onocleoid ferns and is common to a large number of higher filicalean genera (Stockey
et al., 1999; Pigg and Rothwell, 2001). As additional vegetative and hopefully fertile
remains become available for these ferns, their affinities will be more closely resolved.
DISCUSSION & CONCLUSIONS
Although such factors as angiosperm bias and fragmentary preservation have often
limited a detailed description of Tertiary filicalean ferns, the careful study of their
remains may help flesh out the record of their evolution and diversification into habitats
they occupy today. Whole plant reconstructions (e.g., Onoclea sensibilis, Rothwell and
Stockey, 1991; woodwardia virginica, Pigg and Rothwell, 2001) have previously
demonstrated that essentially modern filicalean fern species were established in present
day habitats and persist in similar sites today. The examples provided in this study are
mostly fragmentary in nature but still possess critical features that can be used for
identification and provide additional new data to the record.
The Osmundaceae have the most extensive fossil record of the filicalean ferns,
extending back to the Permian based on characteristic vegetative anatomy of rhizomes
and leaf bases (Serbet and Rothwell 1999; Collinson, 2001). Of the three genera in the
family, Osmunda is the best represented and most diverse. The genus is traditionally
divided into three subgenera, Osmunda, Osmundastrum and Plenasium. Molecular
studies generally support this subgeneric classification, however the genus Osmunda
appears to be paraphyletic to Todea and Leptopteris (Yatabe et al., 1999). The subgenus
Osmunda is well represented in Cretaceous and Tertiary localities by both anatomically
preserved rhizomes and compressed foliage. Permineralized stems include O. pluma
(North Dakota, Paleocene), O. oregonensis (Oregon, Eocene), O. iliaensis Romania
(Miocene-Pliocene), and O. nathorstii (Spitzbergen, Eocene; Miller, 1967, 1982). Most
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recently, O. shimokawaensis, a fern very similar to O. wehrii has been described from
the Miocene of Japan (Matsumoto & Nishida, 2003). Foliage of subgenus Osmunda is
known from several localities in the Late Cretaceous and Tertiary (Miller 1967;
Collinson, 2001).
The discovery of pinnules of Osmunda wehrii supports Miller’s earlier (1982)
placement of the species into subgenus Osmunda and the fossil material is similar to O.
regalis and O. japonica (Hewitson, 1962). The Osmunda subgenus is well established
by the Miocene, so its presence at Yakima Canyon is no surprise. Evolution and
paleoecology of the Osmundaceae are, however, interesting in light of the recent
resurgence of interest in the relationship of angiosperms to the Tertiary radiation of the
higher filicalean ferns (Lovis, 1977; Rothwell, 1987; Schneider, et al. 2004). Unlike the
higher filicalean ferns, the Osmundaceae has been around since the Permian, and thus
predate angiosperm influences by over 140 million years. Osmundaceous ferns are
often associated in the fossil record in conifer-dominant environments. Osmunda
regalis often occurs as the dominant fern in Taxodium swamps of southeastern North
America today, as did O. wehrii in the middle Miocene Yakima Canyon flora of
Washington state. Presumably, osmundaceous ferns evolved in relation not to
angiosperms, but to conifers.
In contrast, the first evidence of woodwardia is in the Late Cretaceous (Collinson,
2001). This genus was an important component of the circumboreal flora of the
Northern Hemisphere Paleocene (Kva¹ek, 1994; Collinson, 2001). Although the fossil
record of woodwardia is in need of revision, it is now evident that the occurrence of
several clades sensu Cranfill and Kato (2001) among woodwardioid ferns can be
recognized in the Tertiary. The basalmost clade, represented by w. aerolata
(=Lorinseria aerolata sensu Cranfill and Kato, 2001) appears in the Late Cretaceous
and Paleocene. The next clade is represented by w. virginica (=Anchistea virginica
sensu Cranfill and Kato, 2001) and related taxa. It is interesting to note that although
this clade is estimated to be ancient, it does not appear in the fossil record until the
Miocene. The Miocene, however, is the heyday for the w. virginica clade with not only
permineralized w. virginica remains in Washington at Yakima Canyon (Pigg and
Rothwell, 2001), but the very similar w. deflexipinna at contemporaneous localities in
the Succor Creek flora of Oregon (Smith, 1938; Graham,1965). Asian Miocene
occurrences of the woodwardia virginica clade are also known, as are those of central
and western Europe (some fossils of w. munsteriana, w. maxonii; Hurnick, 1976; Pigg
and Rothwell, 2001). Of the other, apparently more derived clades that may also have
a fossil record, the Vasa Park site may document an early occurrence for one of the more
highly reticulate-veined forms such as W. fimbriata, a species native to western North
America today.
Lastly, three onocleoid ferns with characteristic stipe and root trace anatomy are
now known: the Princeton chert Makotopteris and the Clarno Nut Beds fern, both from
the middle Eocene, and wessiea from the middle Miocene. These ferns cannot be placed
into modern genera. Makotopteris cannot be named to a genus because although fertile
remains are known, some critical taxonomic characters could not be gleaned from the
fossil and comparative anatomical information of remains known in the fossil is not
available for all pertinent living relatives. wessiea and the Clarno fern are presently
known only from their rhizome and stipe anatomy. Nevertheless they demonstrate that
middle Miocene and Eocene floras, respectively, hosted a variety of highly derived
filicalean ferns.
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INTRODUCTION
Our review of the literature (Simán et al.1999) posed a question – are there
human health risks from fern spores?. Our conclusion was that there may be.
Carcinogenesis in humans caused by tissues of ferns is well established (e.g.
Alonso-Amelot & Avendaño, 2002) and spores of some ferns cause allergic
reactions and contact dermatitis in some people. We first obtained evidence for
DNA-damage and carcinogenicity from experiments with spores of a single
species (Pteridium aquilinum - bracken) fed to mice. Similar experiments have
since established that spores of five fern taxa (including northern and southern
hemisphere bracken) induce DNA adducts in upper gastrointestinal tissue of
mice (Simán et al. 2000a).
Experimental administration of spores to whole humans is not practical, but
experiments with human cells strengthen the conclusion that fern spores can
cause DNA damage. Administration of extracts of spores of Dicksonia
antarctica, Pteris vittata, Sadleria pallida, Anemia phyllitidis and Pteridium
aquilinum to human premyeloid leukaemia cells induces breaks in their genomic
DNA (Simán et al. 2000b). DNA damage is strongly correlated with
carcinogenic events (e.g. Fairbairn et al. 1995) but even if such damage was
caused in whole humans after inhalation or ingestion of spores, it is of course
possible that repair mechanisms would mend the breaks before tumourigenesis
was triggered.
The aim of the research reported here was to establish whether fern spore
extracts prevent the growth and proliferation of human cells.
MATERIALS AND METHODS
Fifty mg of spores of six ferns: Anemia phyllitidis (L.) Swartz, Cyathea arborea Sm.,
Dicksonia antarctica Labill., Dryopteris filix-mas (L.) Schott, Pteridium aquilinum (L.)
Kuhn and Pteris vittata (L.) were ultrasonicated and extracted with 0.5 ml sterilised
distilled water overnight. P. aquilinum and D. filix-mas were examined because of the
established toxicity of their vegetative tissues, the remaining species were included to
provide breadth of taxonomic differences and/or horticultural significance.
The HaCaT keratinocyte human cell line used adopts a fibroblast morphology in
culture. Cells were seeded at 2-4 x 104 cells ml-1 in 1.5 cm diameter wells in 24-well
dishes and fed 1 ml complete Dubecco’s modified Eagle medium (DMEM) containing
5% fetal calf serum. After 24 h (start of “day 0”) the medium was replaced by complete
DMEM containing only 0.5% serum. (This reduction in serum sensitises the cells.) At
the same time the cells were fed 50 ml spore extract. “Vehicle controls” were fed 50 ml
sterilised, distilled water, “controls” were given no treatment.
Cell number in a fixed amount of liquid extracted was counted in a haemocytometer
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every 24h for 5d. The average of 3 counts per well for 3 wells per day formed the basis
for a calculation of the mean of means. The mean final number of cells ml-1 on day 5
of each treatment, and the growth rate between day 3 and 5, were compared with the
controls using t tests for unmatched samples.
RESULTS
Over the five days of the experiment cell number increased in control treatments at a
rate typical of this cell line, by a factor of x10-15. Control cell counts increased by
means of x12.4 and 12.6, respectively. Cell number after treatment with extracts of A.
phyllitidis, C. arborea, P aquilinum and P. vittata increased less than those of controls
(see Figure 1). Cell cultures exposed to P. aquilinum extracts showed an increase in cell
number of x2.0 - highly significantly less than that of both the controls and vehicle
controls (t = 5.29 for control, 6.28 for vehicle control, df=4, p£0.01). The final
concentration of cells in wells treated with P. aquilinum extracts was about six times
lower than those of the controls.
Extracts of 3 other species: P. vittata, C. arborea and A. phyllitidis, impaired the
growth of the cultured cells - increase factors of x6.4, 7.4 and 10, respectively. (Not
significantly different from either of the controls at the 99% confidence level, but C.
arborea treatment was significantly impaired at 95% confidence level.)
D. filix-mas extract had no detectable effect on the growth of the cultured cells (increase
factor x12.4). Cells treated with extract of the tree fern D. antarctica increased more
than any others (x15) over the five days of the experiment, but this was not significantly
different from the controls.
Between days 2 & 3 cultures treated with P. vittata extracts experienced a significant
inhibition of cell proliferation (t>9.6, df=4, p£0.01,see Figure 2). From day 3 these
cultures started to recover. After day 3 all growth rates stabilised. Between days 3 & 5

Figure 1. HaCaT cells treated with fern spore extracts then cultured for 5 days.
Column marked (*) differs from controls at p£0.01.
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the vehicle control cells and the cells treated with D. antarctica and D. filix-mas extracts
had a higher proliferation rate than cells of any of the other treatments. Growth rate was
highest in D. antarctica-treated cells (t=2.3, df=4, p£0.1). The growth rate of P.
aquilinum-treated cells was lower than that of the vehicle controls (t=2.3, df=4, p£0.1).
DISCUSSION
Cytotoxicity.
Spore extracts of 4 of the 6 ferns tested impaired the growth of the human cells used in
the conditions of this study. Cytotoxicity was strongest in P. aquilinum treatments (the
results indicate that the cells in these cultures would eventually have died).
P. vittata is a common glasshouse weed, a popular garden ornamental, and a
potential phytoremediation treatment (Ma et al. 2001). P. vittata extract treatment
generated the second lowest cell number and can be said to have had a cytostatic effect.
C. arborea-treament generated the third lowest final cell density. This growth
impairment was not mirrored by the other tree fern species used, however, (the
horticultural favourite, D. antarctica) which, if anything, appeared to promote cell
growth. Vegetative tissues of the garden ornamental D. filix-mas have been used to kill
tapeworms and insects. Perhaps spores are not as toxic as vegetative tissues, or
non-mammalian cells respond differently to the toxins, since cells treated with spore
extracts of this species were the ones least different from the controls.
Explanation for cell growth impairment.
Extracts of P. aquilinum, D. antarctica, P. vittata, and A. phyllitidis induce DNA
strand-breaks in human cells (Simán et al. 2000b). In the present study, only P.
aquilinum and P. vittata extracts showed a pronounced adverse effect on the cells –
those of D. antarctica did not. Growth impairment may therefore be due to something
other than damage resulting from DNA strand-breaks in some or all ferns, or
experimental differences in the study reported here perhaps reduced the strand-breaks

Figure 2. HaCaT cell number after treatment with fern spore extracts.
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caused by some species and not others.
One difference between the experiments is that spore extracts used in the study of
DNA strand-breaks were made with the solvent dimethyl sulphoxide (DMSO), rather
than water. Damaging compounds differ in solubility between media, and as ferns differ
markedly in biochemical constituents, this could explain the difference in effects. Of
course neither DMSO or water constitute realistic solvents for the human cell surfaces
that encounter spores. It could be argued, however, that water constitutes the milder
solvent, so deleterious effects that are seen with both water and DMSO provide strong
evidence for toxicity of the spores in question.
Another explanation for growth impairment is the formation of adducts (which form
when compounds bind to DNA). Adducts may be repaired by the cell, or can initiate
events leading to the creation of a cancer cell. Povey et al. (1996) established that
spores of Pteridium can induce DNA adducts in tissues of mice, and we have shown
that spores of P vittata and A. phyllitidis share this property (Simán et al., 2000a).The
main Pteridium carcinogen, ptaquiloside, can cause adduct formation (Smith &
Seawright 1995), is water soluble (Ojika et al. 1987), and is found in bracken tissues
including spores (Schmidt et al. 2005; Rasmussen, Schmidt & Sheffield unpubl.) so it
is possible that this compound is responsible for the cytotoxicity of P. aquilinum spore
extracts.
Human health implications?
This in vitro study strengthens the extensive in vivo evidence of the toxicity of
Pteridium. Health warnings about walking through bracken stands during the sporing
season may therefore be reasonable, although far from all Pteridium stands are fertile
(Wynn et al. 2000), and there is no way to relate likely numbers of spores inhaled to
potential risk. Bracken remains the most damaging fern examined to date, in all the
studies reviewed, but the evidence presented herein suggests we should not be
complacent about other ferns. Toxins may of course differ between species, and there is
no defensible way to extrapolate from effects on starved cells in vitro to risk for entire
healthy humans (either in terms of effects seen, or numbers of spores used).
However, humans are not good at dealing with health risks. For example, there is
probably no safe dose of ionising radiation, yet people choose to live in areas dominated
by granite, and therefore experience high levels of natural background radiation.
Smokers do not start “complaining” about their health until long after taking the first
puff (cf. Hainsworth 2000). If health risk may be incurred from inhaling spores of ferns
other than bracken, there is no reason to “never touch a fern again” (cf. Hainsworth
2000). Anyone regularly exposed to large numbers of spores need spend only a few
pence on a mask (available from most DIY stores) which excludes particles. Our advice
to those involved with caring for sporing ferns, or harvesting spores is simple – better
safe than sorry!
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ABSTRACT
There are many unresolved questions around the loss of viability of pteridophyte
spores and the most suitable conditions for long term conservation. The effects
of humid and dry conditions, different temperatures, and the short exposure of
spores to liquid nitrogen have been occasionally studied by various authors.
The work presented here is the first result of a project focussed on long-term
conservation of spores of pteridophytes. Using species from different ecological
habitats, we show the effects of ultra-freezing, at -80ºC and -196ºC (LN) for six
months of storage, on the germination process as well as on the development of
the gametophyte until it reaches sexual maturity.
We analyze and comment on the results obtained for the final germination
percentage and the germination rate, the final percentage of gametophytes that
reach the laminate developmental phase, and of gametophytes that attain the
sexual phase under the two conditions. All these data are referenced to the initial
viability of the samples used as well as to a control of spores stored at room
temperature (approx. 25ºC).
INTRODUCTION
Conserving biodiversity involves maintaining the genetic variability of the different
groups of living species in all aspects. The pteridophytes are the oldest group of
vascular plants on Earth. As far as shapes, sizes and species are concerned, it was a very
varied and diverse group in days gone by. Nowadays, even though they are just a
shadow of that former abundance, they greatly contribute to the richness of plant
biodiversity, not only because of their floral significance but also for their phylogenetic
value.
A large percentage of pteridophytes tends to be associated with ecosystems that are
particularly sensitive to degradation (mature forest formations, humid areas and riparian
habitats, etc.), some of which are considered by present-day legislation as natural
habitats of community importance. Some of these taxa are included in the lists of
species of community interest which require strict protection. Other than contributing
to the conservation of species of a greater scientific interest and also to the maintenance
of biological biodiversity, in all the aspects this entails, their protection and
conservation also contribute to ensuring that these ecosystems are indeed maintained.
In view of the clear need of conserving and regenerating ecosystems under threat,
and given that pteridophytes are very sensitive to environmental changes, it is essential
that their spores should be included in a germplasm bank in which material is to be
conserved for the biological-experimental study of the species as well as for the
conservation of biodiversity on a long-term basis.
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Germplasm banks play an important role in the long-term ex situ conservation of
plant species. Seed conservation in germplasm banks is a reality supported by numerous
studies (Ellis et al., 1985; Dickie et al., 1990; Gómez-Campo, 2001). Nonetheless, no
conclusive studies exist as far as the conservation of pteridophytes is concerned to
guarantee a long-term conservation methodology.
Various studies verify the relatively rapid loss of spore viability under
environmental conditions. This loss occurs in a few days (Equisetum sp.), a few months
(Osmunda regalis) or even a year or so (Onoclea sp. and Matteuccia sp.) in the case of
green spores; in a few months (Gleicheniaceae and Thyrsopteris elegans), between 1
year and a decade (the majority of species), and in exceptional cases, several decades
(Pellaea sp., Asplenium serra, Marsilea sp.) where non-green spores are concerned
(Lloyd & Klekowsky, 1970; Dyer, 1979; Page, 1979; Windham et al., 1986; Lindsay et
al. 1992).
The different studies that have been conducted on this theme indicate causes of this
rapid viability loss: biochemical and metabolic factors, such as the deficiency of
respiratory substrates, the lack of membrane integrity, the inactivity of growth enzymes
and substances in non-green spores (Beri & Bir, 1993), or genetic factors such as
chromosomal mutations (Page et al., 1992). It has been indicated that the loss of
viability in green spores may be due to their high respiratory rate (Lloyd & Klekowsky,
1970), or to the loss of the capacity to recover photosynthetic activity after drying
(Lebkuecher, 1997). However, impacts of these causes are not completely clear because
experimentation has been conducted on this theme.
On the other hand, most of the few studies that actually deal with the conservation
of pteridophytes have focussed on analysing which conditions are optimum to maintain
spore viability during storage. Different temperatures in germplasm banks have been
tested (4ºC, 5ºC, -12ºC, -20ºC, -70ºC), with both humid and dry conservation methods.
Even cryoconservation techniques using liquid nitrogen have been tested. Some studies
indicate that the autecology of the species may be a significant factor when establishing
conservation protocols. Other factors, such as the ploidy level, have been analysed in
different studies (Windham et al., 1986; Lindsay et al. 1992; Agrawal et al., 1993;
Simabukuro et al., 1998; Pence, 2000; Constantino et al., 2000; Quintanilla et al., 2002;
Aragon & Pangua, 2004).
Extending spore viability up to 2 or 3 years in green spores has been achieved in the
Equisetum genus (Jones & Hook, 1970). Furthermore, spores from species such as
woodwardia radicans, Culcita macrocarpa, Athyrium filix-femina, Phyllitis
scolopendrium and many others, remained in storage and suffered no viability loss over
more than 12 or 24 months (Lindsay et al. 1992; Quintanilla et al., 2002; Aragon &
Pangua, 2004); also spores immersed in liquid nitrogen are still viable for at least 75
months (Pence, 2000). Generally speaking however, few quantitative and long-term
data exist that determine the best and most lasting way to conserve spores.
The study by Page et al. (1992) indicated that when spores are being stored, a need
exists to maintain not only their viability, but also both their growth capacity and
genetic integrity. In this respect, and as a novelty with regard to the rest of existing
works undertaken in this particular field, the effects of tested conditions regarding
germination and early development, the effects of late gametophyte development, along
with their capacity of completing the life cycle, will be analysed. This is the main
objective since what is being dealt with here is the discovery of which conditions are
optimum for the long-term storage of fern spores in germplasm banks. For this reason
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the spores need to be viable and capable of producing sporophytes, which are to be
subsequently used in both habitat restoration and for research purposes.
MATERIAL AND METHODS
This study has been carried out with 10 pteridophyte species present in the
Mediterranean area. The species and populations collected are shown in Table 1. In
order to obtain a significant sample of the variability in the natural population, work
was conducted with spores of at least 20 individuals per species.
For spore obtaining, collection sheets are prepared in glossy paper for the fronds
from the individuals collected in the field. These sheets are placed in a dry, aired place
under light pressure, and are left at room temperature for a week. After this time, the
spores which had fallen on the paper were collected and stored in glass vials once they
had been sifted with a 0.074 mm sieve in order to eliminate any remains of sporangia
and paleae.
The spores were placed into Eppendorf tubes, approximately 1 mg/spores per tube.
The tubes were stored in the dark at 25ºC (laboratory temperature), -80ºC and –196ºC
(liquid nitrogen) for 6 months. After a fast defrost at 40ºC for 5 minutes, 1 mg spores
was suspended in 1 ml of liquid Dyer culture medium and dispensed 5 drops with a
micropipette among seven 5.5 mm petri dishes on culture medium with 1% agar (Dyer,
1979). The dishes were sealed thoroughly with Parafilm and incubated at 12 h light
photoperiod (daylight fluorescent tubes, photon irradiance 25-50 mmol m-2 s-1 in the
400-700 nm regions) at 20°C.
In order to observe the start of germination and how it developed, the percentage of
germinated spores was noted daily after 10th day, afterwards every three days. The final
spore viability was checked by analysing the germination percentage after 30 days, by
randomly counting 100 spores per dish and by considering those spores with either a
primary rhizoid or a first chlorophyllous cell as having germinated.
The percentage of gametophytes that reached the laminar developmental phase was
also analysed after 30 days. The laminar phase was taken as the initiation of the 2D
growth (the transition stage), that is, the first division in a perpendicular plane of the
prothallium cells. This date was chosen since it was the time when all the gametophytes
in the controls taken at zero time reached this phase. Subsequently gametophytes were
transferred to soil in order to check the correct appearance of the sexual phase in each
replica of the three treatments after 120 days.
An arcsine transformation was applied to the percentage data, and a one-way
ANOVA or a t-test was used to analyse them. The Tukey test was used (p>0.05) on the
means to identify homogeneous groups. All statistical tests were carried out with the
SPSS program, version 11.0.
RESULTS
The obtained results (Table 2) show a 24-72 hour delay in the start of the germination
and in reaching T50 among the spores conserved at room temperature (25ºC) with
respect to those that were ultrafrozen. This delay does not occur in the species whose
germination began after 6 or more days, as is the case of Polystichum lonchitis,
Notholaena marantae and Ceterach officinarum, species from high mountainous terrain
and xerophilous environments, respectively.
If we look at Figure 1 we see that a significant viability loss has been revealed in all
the species used in the study (ANOVA, p-value <0.05) when they were kept at room

UTM

Altitude

Date

Asplenium onopteris

Embalse del Pasteral
La Cellera de Ter, Girona.

31TDG64

600 m

20/04/2003

Notholaena marantae

Órganos de Benitandús
Alcudia de Veo, Castelló.

30SYK22

650 m

23/05/2003

Cystopteris fragilis

Maset del Zurdo
Vistabella del Maestrat, Castelló.

30TYK26

1380 m

12/06/2003

Pteris vittata

Barranco de la Safor
Villalonga, València.

30SYJ30

260 m

03/07/2003

Dryopteris filix-mas

Maset del Zurdo
Vistabella del Maestrat, Castelló.

30TYK26

1380 m

17/07/2003

Athyrium filix-femina

Barranco del Mançanar
Vistabella del Maestrat, Castelló.

30TYK26

1400 m

17/07/2003

Polystichum aculeatum

Font del Tilde
Vistabella del Maestrat, Castelló.

30TYK26

1200 m

18/07/2003

Thelypteris palustris

Ullals Riu Verd
Massalavés, València.

30TYJ13

35 m

13/08/2003

Polystichum lonchitis

Coma d’Amitges
Espot, Lleida.

31TCH31

2420 m

15/09/2003

Ceterach officinarum

Barranco de Tiero
Benagéber, València.

30SXJ69

760 m

02/10/2003

TABLE 1. Collection details of the species used.
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Figure 1. Germination percentage of the different species after 6-month of storage at
25ºC, -80ºC and –196ºC in comparison with the initial value.
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Germination’s
beginning day

T50

Gametophytes in
laminar phase
(%)

Asplenium
onopteris

25ºC
-80ºC
-196ºC

5
4
4

6.5
6
6

98.4 r 0.3
99.1 r 0.7
99.6 r 0.2

a
a
a

7/7
7/7
7/7

Athyrium
filix-femina

25ºC
-80ºC
-196ºC

6
4
4

8
5
5

91.6 r 1.8
95.6 r 0.6
95.0 r 1.5

a
a
a

7/7
7/7
7/7

Ceterach
officinarum

25ºC
-80ºC
-196ºC

7
7
7

10
9.5
9.5

86.9 r 8.4
52.3 r 12.9
71.4 r 12.3

a
a
a

5/7
3/7
5/7

Cystopteris
fragilis

25ºC
-80ºC
-196ºC

6
5
5

8
7.5
7.5

98.4 r 0.4
98.3 r 0.5
99.0 r 0.4

a
a
a

7/7
7/7
7/7

Dryopteris
filix-mas

25ºC
-80ºC
-196ºC

5
4
4

7
5.5
6

99.3 r 0.3
99.3 r 0.4
99.3 r 0.2

a
a
a

7/7
7/7
7/7

Taxon

Homogeneous
groups

Plates with
sexual
gametophytes
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Storage
temperature

25ºC
-80ºC
-196ºC

6
6
6

9
9
9

97.0 r 0.6
95.4 r 0.8
96.6 r 0.6

a
a
a

7/7
7/7
7/7

Polystichum
aculeatum

25ºC
-80ºC
-196ºC

5
4
4

6.5
5.5
5.5

98.1 r 0.3
98.1 r 0.6
98.3 r 0.6

a
a
a

7/7
6/7
7/7

Polystichum
lonchitis

25ºC
-80ºC
-196ºC

6
6
6

9.5
8
8

93.7 r 1.8
95.1 r 0.9
98.1 r 0.4

a
a
b

5/7
5/7
7/7

Pteris vittata

25ºC
-80ºC
-196ºC

4
3
3

5.5
5.5
5.5

99.3 r 0.3
98.6 r 0.6
93.4 r 0.9

a
a
b

7/7
7/7
7/7

25ºC
-80ºC
-196ºC

6
5
5

8
6
6

91.0 r 1.4
94.0 r 1.1
90.3 r 2.0

a
a
a

Thelypteris
palustris

6/7
7/7
7/7

TABLE 2. Germination’s beginning day, T50, homogeneous groups (test tuckey a=0.05), the percentage of germinated spores that had become
two-dimensional gametophytes after 60 days, as well as the number of dishes with sexual gametophytes, are shown for each species and
temperature.
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temperature (25ºC), except for Ceterach officinarum, which maintains the same
germination percentage after a 6-month storage as those spores either stored at –80ºC
or at –196ºC in liquid nitrogen do. These germination percentages of those spores stored
in an ultra frozen state were no different to the controls taken after collecting plant
material, so therefore no viability loss was observed. Furthermore, those spores that do
not germinate were also seen to not swell in the same way as those that do germinate,
that is, there is no proper imbibition.
As for late gametophyte development, no negative effects to it were observed at any
of the temperatures tested in the study, as Table 2 shows, since more than 90% of
germinated spores in all the species (except Ceterach officinarum) and treatments reach
the two-dimensional gametophyte stage after a 30-day culture. Furthermore, sexual
structures develop in the gametophytes in virtually all the dishes after 120 days of
culturing, grow normally after transference to soil and completed their development.
This point is of great relevance when the aim is to obtain mature plant for populational
reinforcements.
DISCUSSION AND CONCLUSIONS
Agrawall et al. (1993) and Pence (2000) were pioneers in observing the effects that both
cryoconservation and long-term storage at a temperature of –196ºC (reached with liquid
nitrogen) have on spores. Their results are positive since they not only established that
cryofreezing does not kill spores, but also that spores remain viable after being stored
at this temperature for up to 75 months. However, the results from these studies are
qualitative and/or only focus on germination. Therefore, the real effect that
cryoconservation has on spore viability and on the subsequent gametophyte
development remained unknown.
Whittier (1996) also studied the effects that ultrafreezing at –70ºC had on Equisetum
hyemale green spores by observing that the viability of these spores could be prolonged.
After 16-month storage, more than a quarter of the spores stored remained viable, when
these do not survive more than 3 or 4 weeks at room temperature.
After a six-month work period, our results provide the first quantitative data as well
as data regarding gametophyte development after ultrafreezing (-80ºC and –196ºC) in
non-green spores. We notice that not only does ultrafreezing not affect spore viability
after 6 months, but also that the gametophyte develops in perfect conditions, with no
sign of it being negatively affected.
We could conclude a priori from this that ultrafreezing is seen to be a good
conservation method for both spore viability and genetic integrity of the conserved
material since no effects are provisionally observed on its development, that is, on its
phenotype. This is coherent with what is expressed in the bibliography on the
conservation of biological material at cryogenic temperatures (cryopreservation), a
process able to suppress biological reactions completely, therefore permitting this
material to be stored indefinitely. Thanks to cryobiology, cryopreservation processes
may be controlled in such a way that the damage cells suffer is the minimum, therefore
meaning that recovery is the maximum, providing the process is conducted properly.
By contrast, a considerable loss of viability exists in those spores stored at room
temperature (25ºC) in all the species tested, except for Ceterach officinarum.
Furthermore, a delay was seen in the start of those species whose germination initiation
is under 6 days. We have also seen that the non-germinated spores do not swell in the
same way as those that do germinate, that is, there is no proper imbibition, just as Beri
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& Bir (1993) demonstrated with Pteris vittata.
The viability percentage of some species has dropped by more than 30%, as is the
case with Asplenium onopteris, Dryopteris filix-mas, Cystopteris fragilis, Polystichum
lonchitis, Athyrium filix-femina and Notholaena marantae. There are also some species
whose germination percentage has dropped less than 15%, as is the case of Polystichum
aculeatum, Pteris vittata and Thelypteris palustris. As far as these differences are
concerned, no relation of any kind has been observed as to them being able to influence
the autecology of the species, the lesure-type spores, the ploidy level, nor the taxonomic
group to which the different species belong.
In all the species where a viability loss occur after storage at 25ºC however, the late
gametophyte development of germinated spores occurs correctly without any
differences with regard to those conserved at ultra low temperatures. This provisionally
indicates that the viability loss after 6 months storage is produced by the alteration to
germination. However, there appears to be no damage in the genetic integrity of the
material. It will be necessary to await further data with longer storage times in order to
confirm this, and to also check the anomalous gametophyte proportion (digitate or
callus-like forms) that is produced in the two-dimensional phase, just as Smith &
Robinson (1975) point out.
We have selected these parameters as a development measure because those that
measure early gametophyte development only indicate whether a delay in gametophyte
development exists (see for example Beri & Bir (1993) and Camloh (1999)). However,
we needed to record whether gametophyte development is completed correctly because
it is the data relating to germplasm bank spore conservation that interest us.
The fact that no delay to the germination initiation is noted in spores that germinate
from the sixth day, even though they lose viability at 25ºC, could be related to the
ecology of the species, since these species correspond to environments with water
deficiencies in the three cases observed: high mountainous terrain and xerophilous
environments. Without going into physiological questions, even though it would be an
interesting field to analyse, this might occur because the spore displays some
germination-delaying mechanism, even when imbibed in such a way that it increases
the chance of water availability during the subsequent gametophyte development.
Therefore, the delay may assume the slower imbibition which was pointed out by Beri
& Bir (1993). This behaviour could be a dormancy status as a survival strategy in
extreme xeric environments (Kornas, 1985).
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ABSTRACT
The often-stated hypothesis that ferns are attacked less by herbivores than are
angiosperms has not been confirmed for terrestrial ferns. Several authors
reported for terrestrial ferns and angiosperms the same number of insect pest
species, and similar leaf damage of 5-38 percent, depending on species, leaf age,
and type of vegetation. We studied five epiphytic species: Pleopeltis
crassinervata (Fée) T. Moore, Polypodium furfuraceum Schltdl. & Cham., P.
plebeium Schltdl. & Cham., P. polypodioides (L.) Watt, and P. rhodopleuron
Kunze , in a Mexican cloud forest to test the hypothesis that epiphytic ferns have
less leaf damage than terrestrial ferns. For each species we tagged 14-30 sections
of tree branches and marked each fern leaf individually. For each leaf, herbivory
was estimated as leaf area loss for each pinna, using a scale of seven damage
classes (0%, less than or equal to 10%, £ 25%, £ 50%, £ 75%, £ 100%, 100%),
in February 2003 and February 2004. In 2004, we counted the number of marked
and unmarked new leaves to calculate leaf life-span. Leaf damage depended
strongly on species and leaf life-span, but generally did not differ from the
values reported for three terrestrial fern species in the same forest site (5.811.1%). P. furfuraceum and P. rhodopleuron were the least damaged species in
both years with 8.4 - 10.7 % mean leaf area loss, while P. plebeium had the
highest leaf area losses of 21.2 - 22.0 %. The highest leaf damage in P. plebeium
might be a consequence of its longer leaf life-spans of 29.5 ± 3.4 months, while
P. rhodopleuron, the least damaged species, had the shortest leaf life-span of less
than 12 months.
INTRODUCTION
Although the hypothesis that ferns are attacked less and damaged less by insects than
are angiosperms is long established (Schneider 1892), it did not receive much attention
until the publication of the classical article of Ehrlich and Raven (1964), who stated that
“In fact, very few insects feed on ferns at all, a most surprising and as yet unexplained
fact with no evident chemical or mechanical basis”. As possible reasons, the lack of
food sources such as flowers and fruits and the consequently lower co-evolution
between insects and ferns, and the probable better biochemical defences were
discussed. Biochemical analyses revealed tannins, cyanogenic glycosides,
phytoecdysones and other toxic or deterring substances in ferns. However, their effect
as defending mechanisms against insects was not stronger than that of biochemical
compounds of angiosperms (SooHoo & Fraenkel, 1964; Southwood, 1973;
Cooper-Driver, 1976; Lawton, 1976).
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Table 1. Insect families with highest numbers of fern feeding species (summarized
from Balick et al. 1978).
Insect family

Insect order

Aphididae
Curculionidae
Tenthredinidae
Noctuidae
Miridae
Diaspididae
Anthomyiidae
Aleyrodidae
Lygaeidae
Cixiidae
Lecaniidae
Pyralidae
Pseudococcidae
Tortricidae

Homoptera
Coleoptera
Hymenoptera
Lepidoptera
Heteroptera
Homoptera
Diptera
Homoptera
Heteroptera
Auchenorrhyncha
Homoptera
Lepidoptera
Homoptera
Lepidoptera

No. of fern feeding species
104
85
48
44
35
27
20
18
18
14
12
12
11
11

Balick et al. (1978) conducted the first preliminary field studies on this topic and
found no evidence that ferns are damaged less than angiosperms. Hendrix (1980)
concluded that some insect groups might be under-represented on ferns. Both authors
ascertained that research data are too incomplete for a final conclusion. Balick’s review
lists data for 75 insect families feeding on ferns, with dominance of insects with sucking
(vs. chewing) mouth parts. Homoptera, Coleoptera, Hymenoptera, Lepidoptera, and
Heteroptera comprise the highest number of fern feeding species (Table 1). Most
herbivorous species were reported for the cosmopolitan weed Pteridium aquilinum due
to the search for biological control organisms (Kaplanis et al., 1967; Carlisle & Ellis,
1968; Weiczorek, 1973; Lawton, 1976; Hendrix, 1977), while for other fern genera data
obviously reflect our lack of knowledge, but not the real numeric interactions between
insect herbivores and ferns (Table 2). Only 128 interactions refer to fern species, and
not to genera or entire groups (Balick et al. 1978). Hendrix’s (1980) review lists 465
fern-feeding insect species, but few ferns were identified to species level.
Other field studies by Hendrix and Marquis (1983) and Mehltreter and Tolome
(2003) estimated damages to three terrestrial fern species, the first ones at La Selva
(Costa Rica), the later ones at the same forest site as the present study in Mexico. Both
studies confirmed that leaf damage on ferns is similar to that on angiosperms (5-15 %),
although these may be caused by a smaller number of insect species.
Until now, leaf damage was studied only on terrestrial ferns. Consequently, our
objective was to investigate whether epiphytic ferns present lower levels of leaf damage
than terrestrial ferns, because we supposed that the limited availability of water and
nutrients would result in lower growth rates and consequently better defence
mechanisms to avoid leaf damage. Additionally, we investigated whether leaf age, leaf
fertility and leaf life-span are positively correlated with leaf damage.
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Table 2. Fern genera with highest numbers of attacking insect species (summarized
from Balick et al. 1978).
Fern genus

No. of insect species

Pteridium
Asplenium
Cibotium
Dryopteris
Adiantum
Polypodium
Pteris
Nephrolepis
Cyathea
Athyrium
Polystichum
Blechnum

119
50
31
26
26
23
23
20
17
16
15
14

METHODS
The study site is a tropical lower montane forest 2.5 km south of Xalapa, Veracruz
(19°30’N, 96°57’W), at 1300 m elevation. Climatic conditions are seasonal with a dry
period from November to April, a mean annual temperature of 18°C and a mean annual
precipitation of 1500 mm. We studied herbivory on five epiphytic fern species:
Pleopeltis crassinervata (CR, 22 individuals), Polypodium furfuraceum (FU, 19),
Polypodium plebeium (PL, 30), Polypodium polypodioides (PO, 14), Polypodium
rhodopleuron (RH, 25). Each leaf was tagged, and classified as young (not fully
expanded) or mature (fully developed), and as sterile or fertile. Finally we checked each
leaf for the presence of miners, and estimated herbivory as leaf area loss for each pinna,
using a scale of seven damage classes (0%, less than or equal to 10%, <=25%, <=50%,
<=75%, <100%, 100%). Herbivory data were estimated during the dry season in
February 2003 and one year later. Estimations for each pinna were averaged for each
leaf and individual using the median of each damage class. Data were analysed with
ANOVAS on ranks. Paired t-tests comparing individuals/branch sections were applied
for each species to test for differences between years. T-tests were applied for
differences between leaf ages and differences between sterile and fertile leaves. Leaf
life-span was calculated as the mean leaf number per plant (of both years) divided by
leaf production and multiplied by the number of months of the observation period.
Statistical analyses were performed with SIGMASTAT (1995).
RESULTS AND DISCUSSION
In 2003, Polypodium plebeium had the highest leaf damage of 21.2 ± 1.9 %, while the
other four species had similar and significantly lower levels of damage, 8.4 – 9.3 %
(ANOVA on ranks, H = 37.15, df = 4, P < 0.001, Dunn’s Method, P < 0.05)(Figure 1).
In 2004 damage for Pleopeltis crassinervata and Polypodium polypodioides increased
significantly (paired t-test, t = -4.00, df = 20, P < 0.001, and t = -2,28, df = 11, P = 0.031,
respectively) to 17.9 ± 2.2 % and 16.0 ± 2.3 %, respectively, and was similar to that
recorded for P. plebeium (22.0 ± 2.2 %). Polypodium rhodopleuron had the lowest
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Figure 1. Mean leaf damage (+ 1 SE) of five epiphytic fern species in 2003 and 2004.
Different letters indicate significant differences (ANOVA on ranks, P < 0.05) among
fern species within the same year. CR = Pleopeltis crassinervata (n = 22 individuals in
2003, 21 in 2004), FU = Polypodium furfuraceum (19, 17), PL = Polypodium plebeium
(30, 30), PO = Polypodium polypodioides (14, 12), RH = Polypodium rhodopleuron
(25, 24)
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Figure 2. Mean leaf damage (+ 1 SE) of young and mature leaves of pooled data of
2003 and 2004. Differences between leaf ages were significant for all species (t-test, P
< 0.001). CR = Pleopeltis crassinervata (n = 93 young leaves, 331 mature leaves),
FU = Polypodium furfuraceum (31, 190), PL = Polypodium plebeium (27, 347),
PO = Polypodium polypodioides (41, 244), RH = Polypodium rhodopleuron (6, 374).
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FIG. 3. Mean leaf damage (+ 1 SE) of fertile and sterile leaves of pooled data of 2003
and 2004. Different letters indicate significant differences (t-test, P < 0.05) between
leaf types of the same species. CR = Pleopeltis crassinervata (n = 36 fertile leaves, 388
sterile leaves), FU = Polypodium furfuraceum (133, 88), PL = Polypodium plebeium
(25, 349), PO = Polypodium polypodioides (21, 264), RH = Polypodium rhodopleuron
(176, 204).
levels of damage of 9.7 ± 1.5 %. High leaf damage on P. plebeium may be explained by
a higher number of feeding insect species or a higher number of individuals of the same
species. The leaf damage to three terrestrial fern species at the same site (5.8-11.1 %,
Mehltreter & Tolome, 2003) was similar to or slightly lower than that on the epiphytic
species, but this may be a consequence of their shorter life-span (K. Mehltreter, pers.
obs.). By contrast, leaf damage of epiphytic orchids and bromeliads in the same forest
was about an order of magnitude lower than in ferns (Winkler et al., 2005).
We found no significant correlation between leaf damage and leaf life-span,
possibly because of the low number of studied species. However, Polypodium plebeium
had the greatest damage and the longest leaf life-span of 29.5 ± 3.4 months while the
leaves of Polypodium rhodopleuron had the shortest life-span of 12.0 ± 0.0 months and
the less damage. In fact, the leaf life-span of this species is probably less than 12
months, because all leaves appear to be shed in the dry season, but an annual data
survey cannot resolve shorter time-spans. The other three species had intermediate leaf
life-spans of 20.5 ± 2.9 months (Polypodium polypodioides), 20.6 ± 2.0 months
(Polypodium furfuraceum) and 20.8 ± 3.3 months (Pleopeltis crassinervata) and
intermediate levels of leaf damage (Figure 1).
On all species mature leaves were significantly more damaged than young leaves (ttest, P < 0.001, Figure 2), which indicates that herbivores do not feed exclusively on
young leaves of understory plants as reported by Coley & Aide (1991), but continue
feeding on mature leaves, as we also directly observed.
Sterile leaves showed greater damage than fertile leaves in Pleopeltis crassinervata
(t = -2.489, df = 422, P = 0.013) and Polypodium rhodopleuron (t = -5.021, df = 378, P
< 0.001), but in the other species there was no difference (Figure 3). These results
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confirm the observations of Mehltreter & Tolome (2003) on terrestrial ferns that fertile
leaves are not exposed to a higher selective pressure of herbivores, especially if we
suppose that both leaf types of species with monomorphic leaves possess similar lifespans (Mehltreter & Palacios-Rios, 2003).
Miners affected four of the five fern species, and were found on 0.9 % (Pleopeltis
crassinervata), 2.4 % (Polypodium plebeium), 3.6 % (Polypodium furfuraceum) and
17.4 % (Polypodium rhodopleuron) of the leaves. Polypodium polypodiodes was not
damaged by miners. Polypodium rhodopleuron was the species with the shortest leaf
life-span, but the heaviest attack by miners. Short-living leaves normally possess fewer
biochemical defences, and consequently might be more likely to be infested with
miners.
CONCLUSIONS
We cannot confirm our hypothesis that epiphytic ferns are better protected against
herbivores and consequently less damaged than terrestrial ferns. However, we are able
to conclude that:
1. Leaves are attacked by herbivores during their entire life-span and not only during
their early development.
2. Leaf life-span may be one of the most significant factors to interpret results on
herbivory, and should be registered within herbivory studies.
3. Damage of fertile leaves is similar to sterile leaves.
ACKNOWLEDGEMENTS
Javier Tolome and José Luis González Gálvez helped during laboratory work. This
research was supported by the Instituto de Ecología, A. C. (902-17-796 to K.M.) and
the Austrian Science Fund (FWF grant number P14775 to P.H.).
REFERENCES
BALICK, M.J., D.G. FURTH, & COOPER-DRIVER, G. 1978. Biochemical and
evolutionary aspects of arthropod predation on ferns. Oecologia 35:55-89.
CARLISLE, D.B. & ELLIS, P.E. 1968. Bracken and locust ecdysones: Their effects on
molting in the desert locust. Science 159:1472-1474.
COLEY, P.D. & AIDE, T.M. 1991. Comparison of herbivory and plant defenses in
temperate and tropical broad-leaved forests. In: PRICE, P.W., LEWINSOHN, T.M,
FERNANDES, G.W. & BENSON, W.W. (Eds.) Plant-animal interactions:
evolutionary ecology in tropical and temperate regions, pp. 25-49. John Wiley &
Sons, New York.
COOPER-DRIVER, G. 1976. Chemotaxonomy and phytochemical ecology of bracken.
Bot. J. Linn. Soc. 73: 35-46.
EHRLICH, P.R. & RAVEN, P.H. 1964. Butterflies and plants: a study in coevolution.
Evolution 18: 586-608.
HENDRIX, S.D. 1977. The resistance of Pteridium aquilinum (L.) Kuhn to insect
attack by Trichoplusia ni (Hübn.). Oecologia 26:347-361.
HENDRIX, S.D. 1980. An evolutionary and ecological perspective of the insect fauna
of ferns. Am. Nat. 115:171-196.
HENDRIX, S.D. & MARQUIS, R. J.1983. Herbivore damage to three tropical ferns.
Biotropica 15:108-111.
KAPLANIS, J.N., THOMPSON, M.J., ROBBINS, W.E. & BRYCE, B.M. 1967. Insect

MEHLTRETER et al.: HERBIvORY ON EPIPHYTIC FERNS

309

hormones: Alfa ecdysone and 20-hydroxyecdysone in bracken fern. Science
157:1436-1438.
LAWTON, J. 1976. The structure of the arthropod community on bracken (Pteridium
aquilinum (L.) Kuhn). Bot. J. Linn. Soc. 73:187-216.
MEHLTRETER, K. & TOLOME, J. 2003. Herbivory of three tropical fern species of a
Mexican cloud forest. In: CHANDRA, S. & SRIVASTAVA, M. (Eds.) Pteridology
in the new Millennium, pp. 375-381. Kluwer, Dordrecht.
MEHLTRETER, K. & PALACIOS-RIOS, M. 2003. Phenological studies of
Acrostichum danaeifolium (Pteridaceae, Pteridophyta) at a mangrove site on the
Gulf of Mexico. J. Trop. Ecol. 19:155-162.
SCHNEIDER, G. 1892. The book of choice ferns, Vol. 1. Gill, London.
SIGMASTAT 1995. Sigmastat, statistical software, version 2.0. Jandel Scientific
Software, San Rafael.
SOO HOO, C. & FRAENKEL, G. 1964. The resistance of ferns to the feeding of
Prodenia eridania larvae. Ann. Entomol. Soc. Am. 57:788-790.
SOUTHWOOD, T.R.E. 1973. The insect-plant relationship – an evolutionary
perspective. Symp. Royal Entomol. Soc. Lond. 6: 3-30.
WEICZOREK, H. 1973. Zur Kenntnis der Adlerfarninsekten: Ein Beitrag zum Problem
der biologischen Bekämpfung von Pteridium aquilinum (L.) Kuhn in Mitteleuropa.
Ann. Angew. Entomol. 72:337-358.
WINKLER, M., HüLBER, K., MEHLTRETER, K., GARCíA FRANCO, J. & HIETZ,
P. Herbivory in epiphytic bromeliads, orchids and ferns in a Mexican montane
forest. J. Trop. Ecol. 21:147-154.

310

FERN GAZ. 17(5). 2006

311

FERN GAZ. 17(5). 2006

BIODIVERSITY AND CHOROLOGY OF PTERIDOPHYTES FROM
BUENOS AIRES PROVINCE, ARGENTINA
1

J.P RAMOS GIACOSA,1 E.R. DE LA SOTA1 & G.E. GIUDICE1
Cátedra de Morfología Vegetal, Facultad de Ciencias Naturales y Museo, UNLP,
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Buenos Aires Province is situated between 33° 16´- 41° 02´ S and 56° 39´- 63° 23´ W.
It has an area of 307.571 km2 and is the biggest and the most populated province in
Argentina. Studies of pteridophytic diversity and chorology for this region were carried
out as a first step for the conservation of species. In the studied area 20 families, 41
genera and 87 specific and infraspecific taxa are recorded. Pteridaceae is the most
diversified family. The biodiversity of Buenos Aires is less rich than that of
northwestern and northeastern Argentina but richer than the boundary provinces. For
the chorological study, 0° 10´ x 0° 15´ latitude x longitude squared maps were
elaborated and the presence of taxa was represented by dots. The analysis of the maps
shows that the species are concentrated in three areas of biodiversity: 1) Tandilia hills
2) Ventania hills 3) La Plata estuary environs. Between these three areas there is a
notable decrease in the number of squares occupied by Pteridophytes, with the only
records being for Azollaceae and Marsileaceae. The squares situated at 38° S have the
richest biodiversity of the province and in these areas conservation should be
prioritised.
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A NOTE TO SUBSCRIBERS AND MEMBERS
Recipients of the Fern Gazette will have noted that publication of the journal appears to
have fallen behind schedule over the last few years. Volume 17 was due to have been
completed by the publication of Parts 7 and 8 during 2006, whereas only Parts 1 to 5
have been issued until now.
This apparent reduction in output is misleading. We have in fact produced more than
the scheduled number of pages in Volume 17 and also previously in Volume 16 but they
have been issued in over-size parts. We normally issue two parts per year, each of
approximately 40 pages, and 8 parts (i.e. approximately 320 pages) per volume. Volume
14 contained 312 pages and Volume 15, 308 pages. However, Volume 16, parts 1 to 8,
contained 481 pages, and already in Parts 1 to 5 of Volume 17 we have issued 312
pages.
The main reason for issuing over-size parts during the last 5 years was the need to
publish papers from two Symposia, “Fern Flora Worldwide: Threats and Responses“
(2001) and “Ferns for the 21st Century” (2004), as they became available and without
undue delay. For the same reason, the parts were not published at regular 6-monthly
intervals.
Now that all the symposium papers have been published, future twice-yearly issues will
return to the usual size of approximately 40 pages.
In order to complete volume 17 and commence Volume 18 in 2007 as scheduled, this
issue has been numbered as “Parts 6,7 and 8”. Volume 17 will thus have a total of 368
pages.
We apologise if the recent variation in the size and irregular appearance of parts has
caused any difficulties but hope you will now be reassured that you have received the
full quota of pages, and more, for volumes 16 and 17.
In this part we are introducing the first of what we plan to be a series of mini-review
articles for the Fern Gazette. Our first invited review article is on pteridophyte cell
walls, by Dr Zoe Popper. We welcome offers of other review papers of that would be
of interest to our readership.
M. Gibby, A. Leonard (Editors)
November, 2006
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BOOK REVIEW
THE FIRST BOTANICAL COLLECTORS IN NEPAL – The Fern collections of
Hamilton, Gardner and Wallich – lost herbaria, a lost botanist, lost letters and lost
books somewhat rediscovered. Fraser-Jenkins, C.R. 2006. Hardback with dust
wrapper. vi + 106 pp., 12 pls (colour). ISBN 81-211-506-4. Bishen Singh Mahendra Pal
Singh, Dehra Dun. 30 Euros ($40).
The title of this short book and its first subtitle summarise the subjects covered, while
the second subtitle serves to convey something of its flavour. This is an important
contribution to existing literature on the botanical history of the Indian subcontinent,
and is of far wider interest than the merely pteridological. In its personal and somewhat
idiosyncratic style it is reminiscent of writings of an earlier age, which, while not
without its own dangers, comes as a welcome change from the more arid style typical
of run-of-the-mill scientific and historical works.
Fraser-Jenkins, who is based in Kathmandu, is well known for his work on Asian
ferns, a combination that has led him to unscramble successfully the complexities of the
early collections of Nepalese plants and publications thereon. Anyone who has worked
on these matters will be aware of the difficulties of the ‘Wallich Herbarium’ (actually
the herbarium of the Hon. East India Company), its catalogue – Wallich’s Numerical
List with its nomina nuda, and the frustrations of trying to typify names published in
David Don’s Prodromus Florae Nepalensis (which Fraser-Jenkins convincingly
attributes to 1824 rather than the more usually cited 1825). The author has applied great
skill – and a steely determination – in untangling these knotty problems, and the results
are presented here in all their rich detail: botanical and biographical. Fascinating
information is provided of the earliest Western botanists to work in Nepal: Francis
Buchanan (later Hamilton), the Hon. Edward Gardner, Brian Houghton Hodgson,
William Jack and Nathaniel Wallich. That for Gardner, the ‘lost botanist’ of the title, is
particularly welcome, and he emerges as a fascinating character in the ‘White Mughal’
tradition (a tradition that appears to be alive and well, and living in Kathmandu!).
The story of Don’s Prodromus is given in detail, and the reasons for the opprobrium
heaped on it by John Lindley and Wallich shown to be unfair to Don, and more to do
with the circumstances of its commissioning by A.B. Lambert. Fully explained is the
Buchanan and ‘Wallich’ material on which Don worked, the latter being collected by
Gardner several years before Wallich’s own first and only visit to the country in 1820–1.
Useful notes are given on how to typify Don’s names, and appropriate warnings not to
use later, numbered, Nepalese specimens from the EIC herbarium.
For this work a truly impressive range of sources, both printed and archival, has
been used – a major achievement given the author’s lack of an official position, and his
base in Nepal, which allows only occasional visits to Western libraries and herbaria.
This tenacity of purpose has reaped huge rewards in major discoveries such as the
manuscript of Thomas Moore’s Index Filicum in a well known library on the banks of
the Thames, and a find of much wider significance on the banks of the Hooghly. The
latter is Wallich’s entire incoming correspondence tragically repatriated to Calcutta by
Kew in 1887, and the manuscript of his unpublished ‘Filicologia Nepalensis’ of 1821.
Fraser-Jenkins draws attention to the perilous state of this archive and it is fervently to
continued on page 350
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THE CELL WALLS OF PTERIDOPHyTES AND OTHER GREEN
PLANTS – A REVIEW
Z. A. Popper
Current address: The Department of Botany, The Martin Ryan Institute,
National University of Ireland Galway, Ireland
(Tel.: +353 91 49 5431. fax: +353 91 49 4543. Email: zoe.popper@nuigalway.ie)
Previous address: The Complex Carbohydrate Research Centre,
University of Georgia, 315 Riverbend Road, Athens, GA 30602, USA.
Key words: cell wall, evolution, terrestrialisation, vascularisation, xyloglucan
ABSTRACT
The cell wall is one of the defining characteristics of plants and is a fundamental
component in normal growth and development. Cell wall composition is a
potentially valuable source of phylogenetic information as notable similarities
and differences exist between and within major embryophyte groups. In
particular, there is a pronounced chemical demarcation between the
eusporangiate pteridophytes (high mannan, low tannin) and the leptosporangiate
pteridophytes (low mannan, high tannin). The results of recent biochemical and
immunocytochemical investigations have shown that changes in cell wall
composition
accompanied
the
bryophyte–lycopodiophyte
and
eusporangiate–leptosporangiate transitions.
CELL WALL FUNCTION
The earliest plants existed in an aqueous environment and their cell walls evolved in
large part as one of the strategies to counteract the associated osmotic stress (Gerhart &
Kirshner, 1997). The cellulose-rich cell wall is one of the defining characteristics of
plants, most of which now inhabit terrestrial environments. When the plant cell wall
was first described by the microscopist Robert Hooke in the seventeenth century it was
considered to be an inert skeleton. However, these walls are now known to have
numerous biological roles, including the regulation of cell expansion, the control of
tissue cohesion, defence against microbial pathogens, and ion exchange, and are a
source of biologically active oligosaccharides (Goldberg et al., 1994; Brett & Waldron,
1996; Cassab, 1998; Dumville & Fry, 1999; Fry, 1999; Côté & Hahn, 1994; Côté et al.,
1998). The cell wall is a dynamic structure that is continually modified by enzyme
action during growth, development, environmental stress and infection (Cassab 1998).
Stebbins (1992) suggested that changes in cell wall composition were involved in
bryophyte diversification and had a role in the evolution of leptosporangiate ferns from
their eusporangiate ferns ancestors. The new environmental challenges experienced
during the colonization of land and those experienced during the development of the
tracheophyte and leptosporangiate conditions may have driven rapid evolution of cell
walls and led to the differences in wall composition between groups of extant land
plants that will be discussed in this review.
TyPES OF CELL WALL
Cell walls consist of three types of layers: the middle lamella, the primary cell wall and
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the secondary cell wall. The middle lamella is deposited soon after mitosis and creates
a boundary between the two daughter nuclei. The location of the new wall is directed,
in charophycean algae and land plants, by the phragmoplast, a cluster of microtubules
(Pickett-Heaps & Northcote, 1966; Marchant & Pickett-Heaps, 1973; Brown &
Lemmon, 1993). The primary cell wall, typically 0.1–10 µm thick, is deposited once the
cell plate is complete and continues to be deposited whilst the cell is growing and
expanding. The primary cell wall defines cell shape and thereby contributes to the
structural integrity of the entire plant. At maturity some common cell types
(parenchyma and collenchyma) frequently have only a primary cell wall.
The fixed, immobile nature of plant cells and tissues means that the plane of cell
division and the sites of cell expansion are closely regulated and exert a strong influence
on subsequent plant morphology (Fowler & Quatrano, 1997). Cellulose microfibril
orientation controls the direction of cell elongation (Saxena & Brown, 2005); therefore
mutations that resulted in changes in the mechanisms of early cell wall deposition,
particularly those concerning cellulose, are likely to have had significant effects on
plant evolution. Niklas (2005) has hypothesised lateral transfer of cellulose synthase
genes across diverse prokaryotic and eukaryotic species because of similarities in
cellulose synthesis mechanisms (Giddings et al., 1980; Wada & Staehelin, 1981;
Murata & Wada, 1989). Control over the orientation of new cell wall divisions may
exert some influence over the direction of plant growth. Light has been shown to exert
control over the positioning of new cell walls in apical cells of fern gametophytes
(Racusen, 2002) in such a way as to cause two dimensional growth. A plant will then
exhibit an upward growth habit in addition to growing flat on the substrate. Light
availability was probably an important environmental stimulus driving evolution of
vertical plant growth and therefore vascular plants.
A secondary cell wall, if present, is laid down internally to the primary cell wall at
the onset of differentiation, once cell growth has ceased. Secondary cell wall
composition and ultrastructure in spermatophytes varies from one cell type to another
as well as between plant species. This variability may reflect specific cell function. For
example, many secondary cell walls, particularly xylem cells, contain lignin which
increases wall strength.
CELL WALL COMPOSITION
Analytical methods used in cell wall studies
Cell wall composition has been determined using numerous analytical methods. The
glycosyl residue composition of a cell wall polysaccharide is typically obtained after
acid hydrolysis. The released glycoses are then identified using paper chromatography,
thin-layer chromatography, high pressure liquid chromatography or gas
chromatography (Fry, 2000). Numerous chemical and enzymic methods have been
developed to generate oligosaccharide fragments from specific polysaccharides that can
be structurally characterised by nuclear magnetic resonance spectroscopy and mass
spectrometry. Immunocytological methods are becoming increasingly valuable tools
for wall analysis with the increased availability of polysaccharide-specific monoclonal
antibodies (Knox, 1997; Willats et al., 1998, 2000;
http://cell.ccrc.uga.edu/~mao/wallmab/Antibodies/antib.htm), and proteins that contain
specific carbohydrate-binding modules (McCartney et al., 2004). Several monoclonal
antibodies raised to angiosperm cell wall polysaccharides (Willats et al., 2000; Jones et
al., 1997; Puhlmann et al., 1994; Freshour et al., 1996) are able to recognise at least
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some epitopes (structures within a molecule which are recognised by antibodies; a
macromolecule may contain many distinctly different epitopes) in pteridophyte cell
walls (Figure 1) indicating that some of the structures present in angiosperm cell wall
polysaccharides are conserved.
Primary cell wall polysaccharides
The primary cell wall is composed of crystalline cellulose microfibrils that are
embedded in a gel-like matrix of non-cellulosic polysaccharides and glycoproteins (Fry,
2000). Current primary cell wall models depict a cellulose-hemicellulose network that
is formed from cellulose microfibrils that are interconnected by hemicellulosic
polysaccharides, such as xyloglucan, mixed-linkage b-glucan or arabinoxylan, forming
a cellulose–hemicellulose network (Carpita & Gibeaut, 1993; Mishima et al., 1998).
The cellulose–hemicellulose network coexists with a second network that consists of
the pectic polysaccharides homogalacturonan, rhamnogalacturonan-I and
rhamnogalacturonan-II and a further network of structural glycoproteins.
Detailed structural studies of primary cell walls have only been performed on a
limited number of angiosperms and gymnosperms. Nevertheless, it is generally
assumed that seed plants have primary cell walls with similar but not identical
compositions. The qualitatively predominant monosaccharides present in primary cell
wall polysaccharides are D-glucose (Glc), D-galactose (Gal), D-mannose (Man), Dxylose (Xyl), L-arabinose (Ara), L-fucose (Fuc), L-rhamnose (Rha), and D-galacturonic
acid (GalA) (Albersheim, 1976; McNeil et al, 1984; Fry, 2000). The primary cell walls
of gramineous monocots typically contain more Xyl and less GalA, Gal and Fuc (Burke
et al., 1974; Carpita, 1996) than other angiosperms whereas gymnosperm primary cell
walls are similar in composition to those of dicotyledonous angiosperms but contain
more Man residues (Edashige & Ishii, 1996; Thomas et al., 1987; Popper & Fry, 2004).
Additional variation of cell wall composition exists at the polysaccharide level.
Mixed-linkage glucans appear to occur only in gramineous monocots and closely
related members of the Poales (Smith & Harris, 1999). Pectic polysaccharides are major
components of the primary cell walls of dicots, non-gramineous monocots, and
gymnosperms. Recent studies suggest that these polysaccharides are also abundant in
fern cell walls (Popper & Fry, 2004; Matsunaga et al., 2004). Xyloglucan, a
hemicellulosic polysaccharide, is present in the cell walls of bryophyte gametophytes
(Kremer et al., 2004), pteridophytes, lycopodiophytes, gymnosperms, and angiosperms,
but has not been detected in the cell walls of charophycean green algae (Popper & Fry,
2003). Similarly, hydroxyproline (Hyp), a major component of cell wall glycoproteins
and proteoglycans, is present in embryophyte but not charophyte walls (Gotteli &
Cleland, 1968). Thus, the appearance of xyloglucan and Hyp-rich proteins in primary
cell walls is likely to have occurred after the divergence of charophytes and
embryophytes from their last common ancestor (Niklas, 2005).
Pteridophytes, gymnosperms and angiosperms form a well-supported monophyletic
group, the tracheophytes (vascular plants) which originated approximately 420 million
years ago (Judd et al., 1999). The primary cell walls of extant pteridophytes (= non-seed
vascular plants, including ferns, horsetails and club-mosses; Pryer et al., 2001) have not
been studied in detail. However, there is increasing interest in the walls of non-seed
plants because an understanding of the structures and functions of their walls may
provide insights into the evolution and wall biology of seed plants. For example, in a
recent report it was shown that pteridophyte and spermatophyte walls contain
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Figure 1. Transverse sections of Equisetum sp. stem labelled with the monoclonal antibodies. A: CCRC-M1, which recognises epitopes present
in fucosylated xyloglucan; B: LM5, which recognises 1,4-linked b-D-galactan; and C: LM6, which recognises 1,5-linked a-L-arabinan.
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comparable amounts of the borate-ester cross-linked pectic polysaccharide referred to
as rhamnogalacturonan II. The structure of rhamnogalacturonan II is conserved in the
walls of angiosperms, gymnosperms, pteridophytes and lycopodiophytes (Matsunaga et
al., 2004). Conclusive evidence for the occurrence of rhamnogalacturonan II in
bryophytes is lacking because none of the sugars diagnostic for this polysaccharide
were detected in the walls of avascular plants (Matsunaga et al., 2004). It is therefore
likely that rhamnogalacturonan II evolved in parallel with vascular plants. The
conservation of rhamnogalacturonan II structure is quite remarkable since this
polysaccharide contains 12 different glycoses linked together by 20 different glycosidic
linkages. It is likely that rhamnogalacturonan II structure is constrained because its
cross-linking involves the formation of a borate diester between two specific apiose
residues. Recent studies have shown that plants carrying mutations that result in altered
rhamnogalacturonan II structure have decreased borate cross-linking of
rhamnogalacturonan II and exhibit growth abnormalities (O’Neill et al., 2001, 2003;
Ryden et al., 2003).
Numerous morphological gaps exist between bryophytes and lycopodiophytes and
lycopodiophytes and pteridophytes (Kenrick & Crane, 1997). These arise largely owing
to the fact that extant pteridophytes are the surviving progeny of once diverse and
ecologically dominant taxa (Raven, 1993; Kenrick & Crane, 1997). Nevertheless, many
protracheophyte fossils have remnants of cell wall tracheary tissues that span some of
the morphological gaps between bryophytes, lycopodiophytes and pteridophytes
(Boyce et al., 2003).
Extant ferns are divided into two groups: eusporangiate (where the sporangium wall
has two or more cell layers) and leptosporangiate (where the sporangium wall has just
one cell layer). The majority of extant ferns belong to the monophyletic
leptosporangiate group which is also defined by the presence of an annulus, a
sporangial stalk, a vertical first zygotic division and a primary xylem with scalariform
pits. The eusporangiate condition is generally believed to have diverged earlier and is
characteristic of lycopodiophytes, equisetophytes and psilotophytes as well as ferns in
the Ophioglossaceae and Marattiaceae. These ferns, are believed to be among the
earliest diverging (Smith, 1995; Pryer et al., 1995).
Differences in cell wall composition correlate with emergence of the tracheophytes
and divergence of the pteridophytes. Divergence of leptosporangiate and eusporangiate
ferns is associated with a decrease in the amounts of mannose in the primary cell wall
(Popper & Fry, 2003, 2004). Eusporangiate pteridophyte and bryophyte primary cell
walls typically contain more mannose than the primary cell walls of leptosporangiate
pteridophytes (Popper & Fry, 2003, 2004). Moreover, proanthocyanidins are associated
with primary cell walls from leptosporangiate ferns, gymnosperms and angiosperms,
but not eusporangiate pteridophytes (Popper & Fry, 2004; Bate-Smith & Learner,
1954). Leptosporangiate ferns are the earliest diverging plants in which
proanthocyanidins start to predominate over flavonols (De Bruyne et al., 1999). It is
likely that the production of proanthocyanidins evolved at the same time as the
leptosporangiate condition rather than the vascular condition because
proanthocyanidins remain important in early diverging angiosperms but their synthesis
decreases in more advanced orders. Leptosporangiate ferns appear to have diversified
in an environment dominated by seed plants and may therefore have faced selective
pressures similar to those experienced by seed plants (Schneider et al., 2004). This may
explain why the primary cell walls of leptosporangiate ferns, including Osmunda, one
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of the earliest diverging extant leptosporangiate ferns (Pryer et al., 2001; Schneider et
al., 2004), are more similar to those of seed plants than to those of eusporangiate
pteridophytes. Table 1 summarises the differences in cell wall composition found
between different land plants.
The lycopodiophytes form a distinctive, basal, monophyletic clade within the
eutracheophytes and evolved during the Devonian (408–360 million years ago)
(Bateman et al., 1998). The seldom observed monosaccharide residue,
3-O-methylgalactose (3-O-MeGal) is a quantitatively major component of
homosporous and heterosporous lycopodiophytes primary cell walls (Popper & Fry,
2001). It is likely that 3-O-MeGal is a component of many lycopodiophyte primary cell
wall polysaccharides (including xyloglucan; Malcolm O’Neill, personal
communication). The occurrence of this sugar may support the claim of monophyly of
lycopodiophytes since little if any 3-O-MeGal is present in the primary cell walls of
other land plants investigated (Popper & Fry, 2001). The divergence of the
lycopodiophytes and the subsequent divergence of the extant homosporous and
heterosporous clades appear however to be associated with a decrease in the amounts
of O-methylated sugar residues. Small amounts of 3-O-methylrhamnose (3-O-MeRha;
trivial name acofriose) have been detected in the primary cell walls of charophytes,
bryophytes, pteridophytes and gymnosperms (Popper & Fry, 2003; Matsunaga et al.,
2004; Akiyama et al., 1988; Anderson & Munro, 1969). Matsunaga et al. (2004)
demonstrated that this monosaccharide was present as a component of
rhamnogalacturonan II isolated from several pteridophytes. However, no 3-O-meRha
has been detected in angiosperm primary cell walls, showing that the ability to
synthesise this O-methylated sugar is not required for land plant survival. The existence
of 3-O-meRha in a wide range of diverse plants could be explained by the rapid
divergence of lineages that occurred during the emergence of the euphyllophytes (Pryer
et al., 2001).
Secondary cell wall polysaccharides
Xylans are the quantitatively major cellulose-linking polysaccharides in higher plant
secondary cell walls. Typical angiosperm and gymnosperm xylans consist of a
1®4-linked b-D-xylopyranose backbone with a single a-glucuronic acid or
4-O-methyl-a-D-glucuronic acid residue attached to the O-2 position of the xylose
residues (Shatalov et al., 1999). Xylans with a similar structure have been isolated from
secondary cell walls of Osmunda cinnamomea (Timell, 1962).
Immunocytological studies using the monoclonal antibodies LM 10 and LM11 that
recognise epitopes on xylans have shown that these polysaccharides are present in the
secondary cell walls of vascular and mechanical tissues in all extant tracheophytes
investigated (McCartney et al., 2005; Carafa et al., 2005). Epitopes recognized by
LM11 (substituted xylans and arabinoxylans) are present in specific cell-wall layers in
hornwort pseudoelators and spores (Carafa et al., 2005) but the epitopes recognized by
LM10 (unsubstituted (1®4)-b-xylans) were absent (Carafa et al., 2005). LM10 and
LM11 did not bind to liverwort and moss cell walls (Carafa et al., 2005), suggesting that
no detectable amounts of xylan are in the thickened cell walls of these bryophyte
groups. The ubiquitous occurrence of xylans in tracheophytes indicates that xylans may
have provided a pre-adaptive advantage, occurring in protracheophytes, allowing the
evolution of highly efficient vascular and mechanical tissues and enabling the
tracheophytes to develop a larger size and to colonize water-limited environments
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Table 1: Composition of land plant cell walls.

_, Not detectable; ±, trace; +, present at low concentration; ++, present at moderate concentration; +++, present at high concentration.
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(Bateman et al., 1998). The immunocytological studies of Carafa et al. (2005) suggest
that hornworts may be sister to the tracheophytes.
The backbones of galactoglucomannans are composed of alternating (1®4)-linked
b-D-mannopyranose and b-D-glucopyranose residues. Some of the mannose is
substituted at O-6 by a-D-galactopyranose or b-D-galactopyranose-(1, 2)-a-Dgalactopyranose side chains. Galactoglucomannans are major components of the cell
walls of the woody tissues of both angiosperms and gymnosperms, and are minor
components in the primary cell walls of angiosperm and gymnosperm cambial tissues,
in suspension-cultured tobacco cells (Eda et al., 1985), and in secondary cell walls from
the stem tissues of the aquatic moss Fontinalis antipyretica (Geddes & Wilkie, 1971;
1972) and the fern Pteridium aquilinum (Bremner & Wilkie 1971). The solid-state 13C
NMR spectra of fibrous material of the silver tree fern, Cyathea dealbata contain a
weak signal at 102 ppm that may originate from C-1 of a mannose residue in a
glucomannan or a mannan (Newman, 1997). The occurrence of galactoglucomannans
in secondary cell wall tissues, including those of bryophytes, indicates
galactoglucomannans evolved prior to the divergence of tracheophytes.
Galactoglucomannans may have played an important role in providing tensile strength
in bryophyte secondary cell walls.
Cell wall composition in relation to plant phylogeny
Major transitions in cell wall diversity were mapped against the phylogeny of Kenrick
and Crane (1997; Figure 2) because this phylogeny is one of most comprehensive
treatments of plant taxa and their closest extant common ancestors, the charophycean
green algae. The phylogeny proposed by Pryer et al. (2001) is based on vegetative and
reproductive morphological/anatomical characters in addition to plastid (atpB, rbcL and
rps4) and nuclear (small subunit) DNA sequence data. Pryer et al. (2001) place the
bryophytes as basal but the relationships to each other and to vascular plants remain
unresolved whereas Kenrick and Crane (1997) suggest liverworts to be the earliest
evolving among land plants. On the basis of cell wall characters, hornworts may be
basal among bryophytes as they (and possibly some charophycean green algae) contain
the unusual disaccharide a-D-glucuronosyl-(1®3)-L-galactose (Popper et al., 2003).
Cell walls of hornwort also have a high concentration of glucuronic acid; the
concentration of glucuronic acid in cell walls of liverworts and mosses is lower than
that in hornworts but greater than that of vascular plants (Popper et al., 2003). However,
cell wall characters also suggest a close relationship between hornworts and
tracheophytes. Immunocytological studies by Carafa et al. (2005) show hornworts to be
the only bryophytes to contain substituted xylans and arabinoxylans. Among extant
taxa, substituted xylans and arabinoxylans are found predominantly within the
tracheophytes (Carafa et al., 2005). Mapping further cell wall related characters onto
the phylogeny generated by Pryer et al. (2001) shows that cell wall characters partially
support the three tracheophyte divisions suggested namely (1) lycopodiophytes, (2)
seeds plants and (3) a group consisting of equisetophytes, psilotophytes, eusporangiate
and leptosporangiate ferns. Pteridophyte cell walls, in common with lycopodiophytes,
differ from spermatophytes in being mannose-rich. Lycopodiophytes are supported as
being monophyletic primarily by the presence of 3-O-methylgalactose which is absent
or present at much lower concentration in other tracheophytes. However,
spermatophyte and filicophyte cell wall preparations are both associated with tannins
(Popper & Fry, 2004) which would split the group containing equisetophytes,
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Figure 2. Land plant phylogeny as present by Kenrick and Crane (1987) annotated to show major transitions in cell wall components. The
presence of specific cell wall components are shown as follows; xyloglucan, ; mannose, ; 3-O-methylgalactose, ; 3-O-methylrhamnose, ;
GalA, ; Tannin, ; GlcA, ; branched 4-linked xylan, . Extinct plants, indicated by †, which represent large gaps in plant morphology are
included.
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psilotophytes, eusporangiate and leptosporangiate ferns proposed by Pryer et al. (2001).
However, the acquisition of tannins may be homoplasic having evolved at the same
time within the spermatophyte and filicophyte groups due to a common selection
pressure. Schneider et al. (2004) suggest polypod ferns diversified (~ 180 million years
ago) subsequent to radiation of the angiosperms (~250 million years ago). Evidence
from cell wall characters is therefore seen in general to partially corroborate an
hypothesised early mid-Devonian split within the euphyllophytes and subsequent
concurrent evolution of seed plants and pteridophytes.
Cell wall enzymes
A complete description of the enzymes involved in plant cell wall biosynthesis and
modification has not been obtained and few of the membrane-bound polysaccharide
synthases have been biochemically characterised (Burton et al., 2000). I will briefly
discuss some enzyme families (Csl, CesA and XTH) whose function has been at least
partially elucidated.
Cellulose is one of the most abundant organic molecules on the planet with plants
synthesising more than 1011 metric tons per year (Hess et al., 1928). Proteins that have
a role in cellulose synthesis are encoded by a large family of cellulose synthase genes
(CesA). All members of the CesA gene family isolated from land plants encode for
integral membrane proteins which share many conserved regions (Richmond &
Somerville, 2000; Vergara & Carpita, 2001) and have some molecular motifs identical
to those found in CesA proteins from the green alga Mesotanium caldariorum (Roberts
et al., 2002; Roberts & Roberts, 2004). Genes within the CesA family are thought to be
functionally non-redundant owing to the arrangement of the proteins they encode in
structurally well-defined transmembrane complexes (Kimura et al., 1999). A gene
superfamily known as cellulose synthase-like (Csl) genes has also been described
(Richmond & Somerville, 2000). Proteins encoded by these genes are likely to be
involved in the synthesis of hemicellulosic polysaccharides including xyloglucan, xylan
and glucomannan (Liepman et al., 2005; Dhugga et al., 2004).
Xyloglucan endotransglycosylases/hydrolases (XTH’s) are a class of enzymes that
transglycosylate xyloglucan. XTH’s are encoded by at least 33 genes in Arabidopsis
and recent studies have revealed that individual members of this gene family exhibit
specific temporal and spatial expression patterns (Matsui et al., 1995). Two
loss-of-function Arabidopsis mutants of the AtXTH27 gene (XTH27-1 and XTH27-2)
have short tracheary elements in the tertiary veins and a reduced number of tertiary
veins in the first leaf. The highest level of AtXTH27 mRNA expression was seen during
leaf expansion where the tracheary elements were elongating. The AtXTH27 gene
therefore appears to have a role in cell wall modification during development of
tracheary elements (Matsui et al., 1995). Vissenberg et al. (2003) have shown that the
primary cell walls of lycopodiophytes, early diverging pteridophytes and the earliest
diverging extant vascular plants (Raubeson & Jansen, 1992; Manhart, 1994, 1995;
Pryer et al., 1995; Wolf, 1997; Duff & Nickrent, 1999) contain XTH activity. Owing to
the control of tracheary element elongation by an XTH and because XTH activity has
been detected in sporophyte and gametophyte tissues from the liverwort Marchantia
and in gametophyte tissue from a moss, Mnium (Fry et al., 1992) it is likely that
divergence of the XTH genes played a role in the evolution of vascular plants.
The existence of multiple members of Csl, CesA, and XTH gene families allows for
temporal and spatial differences in gene expression and may account for differences in
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cell wall polysaccharide composition and morphologies among various plant groups
and between different tissues within the same plant.
Cell wall-associated proteins
Cell wall-associated proteins may directly influence plant morphogenesis.
Morphogenesis in plants is the result of differential growth of the organs at the level of
cell walls (Kaplan & Hageman, 1991). The cell wall-associated proteins known as
arabinogalactan proteins have a diverse range of structures and functions. In large part,
heterogeneity found in arabinogalactan proteins is within the carbohydrate domain
(Gaspar et al., 2001). This diversity may allow for subtle differences in function. Much
of the evidence relating to arabinogalactan distribution and function has been based on
the use of monoclonal antibodies which react with carbohydrate epitopes within
arabinogalactan proteins (McCabe et al., 1997; Casero et al., 1998). Arabinogalactan
proteins are thought to play a major role in cell–cell interactions and have been shown
to have a morpho-regulatory role in bryophyte (Basile, 1980; Basile & Basile, 1983,
1987) and higher plant (Kreuger & van Holst, 1996; Majewska-Sawka & Nothnagel,
2000; Johnson et al., 2003) development. Arabinogalactan proteins are synthesised by
the moss Physcomitrella patens, where they appear to have a role in regulating the
extension of protonemal cells with apical tip growth (Lee et al., 2005). Thus,
arabinogalactan proteins, and in particular their carbohydrate domain, may be important
agents defining different body-plans of all land plants and thus pivotal in the evolution
of the major groups of land plants.
Expansins are wall proteins encoded by a multigene family. These proteins modify
the mechanical properties of cell walls, allowing turgor-driven cell enlargement
(Cosgrove, 2000). There are two subfamilies of expansins, a and b. The a-expansins
have a highly conserved protein sequence and are found in all embryophyte taxa (land
plant groups) including the aquatic ferns, Marsilea and Regnellidium (Kim et al., 2000)
and the moss Physcomitrella patens (Li et al., 2002) whereas b-expansins are present
in low concentration in dicotyledonous angiosperms and occur at a much higher
concentration in members of the monocotyledonous Poales (Cosgrove, 2000).
Expansins are believed have a prominent role in xylem development (Cosgrove, 2000)
and thus their evolution may be closely associated with that of tracheophytes.
ECOLOGICAL CONSEQUENCES OF CELL WALL DIVERSITy
Variation in cell wall composition influences which pathogens can infect a plant. Cell
walls are a physical barrier to bacterial, viral and fungal pathogens. However, many
pathogens secrete enzymes that degrade cell wall components, those which degrade
polysaccharides being among the most specific. Most glycanases can only cleave the
glycosidic linkage between two specific monosaccharides and often that bond must be
between two particular carbon atoms and of a specific anomeric configuration. For
example, endopolygalacturonases can only cleave the glycosidic bond between 1,
4-linked a-D-galacturonic acid residues. Thus, changing the type of glycosidic bond
may alter the susceptibility of a polysaccharide to enzyme hydrolysis (Albersheim et
al., 1969). Cell wall composition is therefore likely to be a factor that determines which
fungi and bacteria are able to be pathogenic to particular plants.
Decomposers synthesise specific cell wall-degrading enzymes. Not all saprophytes
will be able to synthesise every enzyme required to degrade all the polysaccharides in
a cell wall. Thus, saprophytes tend to work synergistically to degrade plant material.
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Differences in cell wall biochemistry between a fern-rich as opposed to an angiosperm
or gymnosperm-rich community may be reflected by differences in the decomposers
acting on the plant materials present. Therefore, cell wall biochemistry may be an
important factor determining fungal and bacterial biodiversity.
CONCLUSIONS
The transition from an aqueous to an initially low-competition gaseous medium
exposed plants to new physical conditions and resulted in selection for key
physiological and structural changes. Early plant terrestrialisation is predicted to have
rapidly filled all niches where water availability was limited (Bateman et al., 1998),
thereby increasing competition and driving selection for turgor-stabilised upright stems
and decreased dependence on water availability. Mutations that enabled plants to adopt
a more upright growth habit, many of which are likely to have been cell wall related,
would have been strongly favoured. It is likely that these evolutionary pressures
brought about the differences in cell wall composition that occurred during the
colonisation of land and during the emergence of the vascular and leptosporangiate
conditions. Major differences in cell wall composition between different plant taxa are
summarised in figure 2. Differences appear to provide specific traits that appear to be
landmarks. Specifically, the presence of the primary cell wall polysaccharide,
xyloglucan, in all land plants, but apparent absence from their closest extant common
ancestors, the charophycean green algae (Popper & Fry, 2003, 2004), implies that
xyloglucan may have been required for land colonisation or that the subsequent
evolution of land plants required walls that contained xyloglucan. Attainment of the
vascular condition is associated in secondary cell walls with a reduction in total primary
cell wall uronic acid content (Popper & Fry, 2003, 2004) and the presence of highly
substituted xylans (Carafa et al., 2005). Complex xylans also occur in hornwort cell
walls which, contrary to the phylogeny presented in figure 2 (Kenrick & Crane, 1997),
may suggest that tracheophytes are more closely related to hornworts than they are to
liverworts and mosses. Vascular plants are unified by the presence of
rhamnogalacturonan II in their primary cell walls (Matsunaga et al., 2004).
Rhamnogalacturonan II and the acquisition of a boron-dependant growth habit together
with branched xylans are likely to have been important in evolution of upright stem
tissues. Among vascular plants, there is a pronounced chemical demarcation between
eusporangiate pteridophytes (high mannan, low tannin) and leptosporangiate ferns (low
mannan, high tannin) (Popper & Fry, 2004). The emergence and divergence of the
pteridophytes appears, therefore, to be associated with a period of modification in cell
wall composition.
Stebbins (1992) has stated that ‘even the most superficial survey of ecological plant
anatomy points to the adaptive importance of cell wall differentiation’. Indeed, the
present literature shows changes in cell wall polysaccharide composition and
expression of cell wall proteins and enzymes are likely to have been fundamental to the
emergence, divergence and survival of extant ferns.
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ABSTRACT
With the aim to establish a conservation plan for the endangered Trichomanes
speciosum Willd. in northwestern France, the “Conservatoire Botanique
National” of Brest has carried out field work to collect appropriate information
about this species. In particular, the data available about the type of habitat,
abundance and ecology ,as well as the threats for the gametophyte and
sporophyte stages, were updated.

INTRODUCTION
The Killarney fern, Trichomanes speciosum Willd. (Hymenophyllaceae), is one of the
rarest and most endangered of the European Pteridophytes (Stace, 1997; Boudrie in
Olivier et al., 1995). Indeed, despite quite a large Atlantic/Macaronesian distribution
area (Ratcliffe et al., 1993; Rich et al., 1995; Boudrie in Olivier et al., 1995; Krukowski
et al., 2002), populations are scarce and fragmented (Fig. 1). Though a larger
distribution of this plant has sometimes been reported, reports of this species from the
tropics correspond to closely related, but specifically distinct, taxa (Prelli, 2002). In the
British Red Data Book, its status is “Vulnerable” in Europe (Ratcliffe et al., in
Wigginton, 1999). The fern is listed in Annexes II and IV of the European Community
Habitats and Species Directive (European Community, 1992) and is also mentioned in
Annex I of the Bern Convention. According to the IUCN citation, the taxon is
considered as “rare” in the World and more precisely “endangered” in France where it
is legally protected (Boudrie in Olivier et al., 1995). Indeed, the distribution of T.
speciosum across France illustrates the geographical hiatus existing between known
sites of the species with distances exceeding a thousand kilometres. French sites of
Killarney Fern have been recorded in three major areas (Figure 1): the Basque Country
close to Spain (Jovet, 1933), the Massif Armoricain in north-western France (LouisArsène, 1953; des Abbayes et al., 1971; Prelli et al., 1992; Bioret et al., 1994) and the
Vosges Mountains close to Luxembourg and Germany (Jérôme et al., 1994; Bizot,
2000a). Between these three poles, recent investigations have discovered other sites in
the Ardennes, south of Belgium (Bizot, 2000b), Limousin (Boudrie, 2001) and Tarn
(Bizot, 2004), at the northwest and south of the Massif Central, respectively.
It is worth noting that in Central Europe, from Belgium to Poland, Trichomanes
speciosum is observed only as independent gametophytes (Farrar, 1967; Farrar, 1985).
In France, sporophytes have been found only in the Basque Country and Massif
Armoricain. The scarcity of observable fronds constitutes one of the peculiarities of the

334

FERN GAZ. 17(6,7,8): 265-281. 2006

Killarney Fern: this results from the ability of the prothallial stage to persist by
vegetative reproduction without transition to a sporophytic generation as in the classical
life-cycle of Pteridophytes. To date, no explanation has been provided for this
phenomenon, first pointed out in France in the Massif Armoricain by British botanists
on a tour across Huelgoat forest (Prelli et al., 1992); since their discovery, many new
sites with independent gametophytes have been identified throughout France. For
example, in the Vosges Mountains (Jérôme et al., 1994), a systematic prospecting that
started in 1992 increased the number of gametophyte sites to 750 (Jérôme et al., 2001);
no sporophytic individuals have been found in any of those sites except for one, where
four tiny fronds, firstly described by Rumsey et al. (1996) in the British Isles, were
present between 1993 and 1997 (Rasbach et al., 1999).

MA
VM

50°

BC

40°

Figure 1. Trichomanes speciosum distribution with all records mapped on the 50 km
UTM grid system, with ˜ sporophyte sites, ™ gametophyte sites. Focus on the three
main regions where the species is recorded in France: the Basque Country (BC), the
Vosges Mountains (VM) and the Massif Armoricain (MA).
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Moreover, in the Massif Armoricain, Trichomanes speciosum showed another
feature strictly related to this region: the populations of sporophytes were all recorded
in old wells, but never in natural habitats. In the neighbourhood of the first site
discovered in 1949 (Louis-Arsène, 1953), systematic exploration conducted in the
1950s evidenced 178 wells sheltering fronds of the Killarney Fern. One should note
that, across this geographical area, the first fronds of the species to be found in two
natural sites were observed only as recently as 2002 (Poux et al., 2003). In comparison,
in 1960 the Basque Country sheltered 21 sporophyte sites (Boudrie in Olivier et al.,
1995) located on the shady slopes of ravines in the close vicinity of permanent streams,
in agreement with the classical description of the species habitat throughout Europe
(Allorge et al., 1941, Ratcliffe et al.,1993, Page, 1997). In the British Isles, no Killarney
Fern has been recorded in man-made habitats except one gametophyte population in an
adit (Rumsey et al., 1998).
In France, recent decades have seen a very rapid decrease of the overall population
of Trichomanes speciosum, despite the discovery of new sites. Indeed, between 1960
and 1992 the number of sites across the Basque Country was reduced to nearly half,
falling from 21 to only 12 sites (Boudrie in Olivier et al., 1995). In the Massif
Armoricain only 128 wells (out the 178 ones identified in the1950s) were still observed
in 1976 (J. Moisan, personal communication, 2003). Moreover, the most recent survey
carried out by Moisan and Tournay in 1995 confirmed the dramatic decline of the
species in north-western France. Only 43 wells were still found to shelter the delicate
fern (Rivière, 1999); indeed, about two-thirds of the other wells had been destroyed or
hermetically closed with sheets of metal. Further to these observations, the
Conservatoire Botanique National de Brest, in charge of the conservation of endangered
plant species across the Massif Armoricain, felt it necessary and urgent to take
appropriate measurements for the protection and conservation of T. speciosum. The prerequisite for the development and implementation of a conservation plan for the fern
was the description of the species’ parameters, type of habitat, abundance, ecology and
possible threats for the gametophyte and sporophyte stages, which were not available at
that time. In particular, concerning the independent gametophytes, no data were
available about their distribution and abundance due to the very recent awareness of this
stage (1991) by French botanists. It was, therefore, of paramount importance to update
these data and collect additional information about the ecology of each generation of
the species in north-western France. As a consequence, all the sites known to shelter
some stage of Killarney Fern across the Massif Armoricain have been visited so as to
characterise the species habitats. Particular attention has been paid to the description of
the forested habitat because of the apparent lack of sporophytes in the region.
Conservation of T. speciosum can then proceed through the definition and
implementation of a management policy meeting the environmental conditions required
for maintenance of the fern.
MATERIAL AND METHODS
Material
The Killarney Fern is a terrestrial species, and more precisely a filicophyte with an
anisomorph digenetic cycle (Cusset, 1997). Classically, by alternation of the haplophase
and diplophase, the plant adopts two distinct forms (Des Abbayes et al., 1971). The
filamentous gametophytes are found as small, light green and loosely-tangled clumps.
These clumps can be about 1cm thick and constituted of cylindrical and aligned cells
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formed successively; their mean length is 150 and 300 µm, with a diameter of 40 to
55 µm (Makgomol et al., 2001). These filaments bear numerous brown and unicellular
rhizoids for anchorage to the substratum and nutrition (Rumsey et al., 1998). They are
characterised by a cellular septum typically at right angles to the main elongation axis
of the filaments, unlike bryophyte protonema (Prelli, 2002). Another feature of T.
speciosum gametophytes are the truncated gemmiferous cells; each of them bears a
propagule composed of about 1 to 20 cells of 0.2 to 1.0mm in length which are
responsible for the vegetative reproduction (Makgomol et al., 2001). After dispersion,
a typical brown scar is left by the propagule at the surface of the gemmiferous cell. In
most species of Trichomanes, the gametophytes must be about three years old to
become sexually mature (Stockey, 1940). The sexual reproductive structures, i.e. the
archegonium and antheridium, the female and male organs, may be carried by the same
filament.
The sporophyte of the fern is pale green when juvenile, and dark green at the adult
stage (Page, 1997). It consists of bi- or tri-pinnate fronds (Stace, 1997) with a long
petiole and a triangular limb typically translucent because it is made of a single cell
layer (Boodle, 1900), except for the venation. Its more or less ramified rhizomatous axis
is long and thin, with a diameter of about 5mm (Makgomol et al., 2001; Stace, 1997);
its subtomentous aspect comes from a cover of russet-blackish scales. It bears numerous
thin roots involved in the anchorage to the substratum (Jermy et al., 1991). Ten to 30cm
long fronds (Prelli, 2002) are formed along the rhizome at every 0.5 to 4cm (Cusset,
1997) but their length can reach 50cm (Makgomol et al., 2001). The sori are located at
the edge of the pinnules, with each of them at the nerve end. They are surrounded by a
tubular chlorophyllous and cup-shaped involucre, (Prelli, 2002) overtopped, at
maturity, by a sporangia-bearing filament (Page, 1997). Spores of the genus
Trichomanes are chlorophyllous, green, spherical and possess a perispore (Tryon et al.,
1990). After collection, their viability seems very short, six days according to Stockey
(1940). They are said to germinate and develop very slowly (Page, 1992).
Methods
The Conservatoire Botanique National de Brest asked its 300-strong botanist network
to observe and report on the field localisation of Trichomanes speciosum across the
Massif Armoricain. Thus, all the man-made and natural habitats known to shelter the
Killarney Fern over the region were systematically visited and described. Each site was
pinpointed on 1:25,000 maps published by the French National Geographic Institute
(IGN). Then, an updated map of the distribution T. speciosum across the Massif
Armoricain was produced. Gametophytes of the fern were searched for at sites where
only sporophytes had been identified. At sites of independent gametophyte, 1cm² clump
samples were collected under licence and examined under the binocular microscope,
eventually revealing the presence of tiny sporophytes. To assess the population density,
fronds were counted, and their length was evaluated. Concerning the gametophyte, five
classes of abundance were defined as follows from the form and density of the growth
and the extent of occupied surface: i) class 1, the occurrence of one to ten scattered
clumps (1cm²); ii) class 2, eleven to fifty scattered clumps (1cm²); iii) class 3, from
more than fifty scattered clumps (1cm²) to an almost continuous carpet of about 1m²;
iv) class 4, an almost continuous carpet of about 1 to 2m² and v) class 5, an almost
continuous carpet larger than 2m². These data were statistically analysed (t-test) with
the Statistica version 6 software to compare the gametophyte-occupied surfaces in the
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natural and human-made habitats. These calculations allowed us to describe precisely
the gametophyte abundance with respect to the type of habitat and obtain valuable
information about its ecology. For each site, a field form was completed with all the
relevant parameters about the presence, abundance and state of the population, and the
type of habitat with the most important ecological criteria and existing or potential
threats.
RESULTS
Habitats of Trichomanes speciosum Willd. in the Massif Armoricain
Figure 2 presents the geographical distribution of Trichomanes speciosum across
northwestern France. Table 1 lists the characteristics of the 165 known sites. All these
data allowed us to establish clearly that, in this area, the main type of habitat for the
Killarney Fern is still old wells as previously observed; indeed, 109 of these sites shelter
sporophytes or gametophytes or both (Figure 3). More precisely, in 32 wells out of 34
the fronds were always associated with gametophytes. The last two wells, in a very poor

40 km

Figure 2. Distribution map of Trichomanes speciosum in the Massif Armoricain
ž commune with a least one population of sporophyte
˜ commune with at least one independent gametophyte's population but without
sporophyte
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Table 1. sites of Trichomanes speciosum in the Massif Armoricain indicating the
Department, the type of habitat and abundance.

Field site
Berne
Bieuzy

Bubry
Carentoir
Cournon

La Croix-Helléan

Faouët
La Gacilly

Glénac
Groix
Guern
Guiscriff

Helléan

Hennebont
Lanvenegen
Lignol

habitat
S
Morbihan
W
50 *
W
7
W
0
W
20 *
W
0
W
0
W
0
W
15
W
0
W
0
W
0
W
0
W
50
W
0
W
0
W
0
W
0
W
0
temple 0
W
0
W
0
W
0
W
400
W
0
quarry
0
W
0
C
0
C
0
W
0
W
0
W
0
W
0
W
0
W
30 *
W
0
W
150
W
0
cellar
0
W
6
W
20 *
W
50
W
80
W
0

G
+
+++
+++
+++
+++
+
+++
+++
+++
+++
+++
+
+++
+
+
+
+
+++
++
+++
+++
++
+++
+++
+++++
++
+++
++
+
+++
+++
inaccessible
++
+
+++
++
++
++++
+++
0
+++
+++
+
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Field site
Loyat
Melrand
Peillac
Persquen
Ploëmeur

Ploërmel

Pluherlin
Pluméliau
Pluméliau
Pontivy
Ruffiac
Saint-Aignan
Saint-Barthélémy.
Saint-Gildas
Saint-Gravé

Saint-Martin

Saint-Martin

Saint-Nicolas
Saint-Thuriau
Saint-Vincent-sur-Oust
Taupont

habitat
W
W
W
W
W
W
W
C
W
W
W
W
W
W
W
W
W
W
tunnel
W
W
O
W
W
W
C
W
W
W
W
W
W
W
W
W
W
W
W
W
W
W
W
W
W
W
W

S
0
0
0
0
2Ì
0
10
0
0
0
30
19 *
200
0
200
2
20 *
0
0
0
0
0
16 *
0
50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
15 *
8
100
10
0
200

G
++
+
+++
++
+++
+
+++
+++
+++
+
+++
+++
+++
+++
+++
+++
+++
++
+++
++
+
+
+++
+++
+++
+++
+
+
+
+
+
++
+
++
+
+++
++
+
+++
+
+++
+++
+++
++
+++
+++
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Field site

Taupont

Binic
Etables
Glomel
Kergrist-Moëlou
Perret
Perros-Guirec
Ploubezre
Plougrescant
Saint-Nicolas
Saint-Servais
Berrien
Beuzec
Briec
Cléden
Crozon
Morgat
Edern
Ergué
Guiclan
Huelgoat
Locunole
Loqueffret
Loperec
Loperhet

Ouessant

habitat
W
W
W
W
W
W

S
6*
120
0
5
0
0
inaccessible
W
*
W
0
Côtes d'Armor
C
0
C
0
W
100
W
4*
W
0
O
0
O
0
C
0
C
0
B
0
C
0
B
80 Ì
B
10 Ì
B
0
Finistère
O
0
C
0
O
0
C
0
C
0
C
0
C
0
O
0
O
0
O
0
B
0
O
0
O
0
W
200
O
0
O
0
O
0
C
0
C
0
C
0
C
0

G
+++
+++
+
+++
+
+
inaccessible
+++
++
++
++
0
++
++
++
+++
+++
++
++
+++
+++
+++
+
++
++
++
++
+++
++
++
++
++
+
+
++
+++
++
+
+
++
++
+++
+++
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Field site

habitat
S
G
C
0
++++
Plogoff
C
0
+++
Plogonnec
O
0
++
Plouarzel
C
0
++
O
0
++
Ploudiry
O
0
++
O
0
+
Plougastel
O
0
+
La Roche-Maurice.
O
0
++
Scaër
O
0
++
Ille et Vilaine
W
0
+
W
0
++
W
0
+++
Bains-sur- Oust
W
0
+++
W
0
++
W
0
+
W
0
+
W
0
+
Sainte-Marie
W
0
+++
W
0
+
W
0
+++
Sainte-Marie
W
0
+++
W
0
+++
W
0
+++
W
0
++
Sixt-sur-Aff
W
0
++
W
0
+++
Loire-Atlantique
Avessac
W
0
++
Manche
Flamanville
C
0
+++
Gréville
C
0
+++
Mortain
O
0
++
Orne
Le Châtellier
O
0
+
Type of habitat (W: well; C: coastal cave; O: rocky outcrop, B: woodland boulders;
other types of human-made habitat).
Abundance in term of number of fronds for the sporophyte and surface of the overlap
for the gametophytes with:
class 1 (+) : 1 to 10 scattered clumps (1cm²)
class 2 (++) : 11 to 50 scattered clumps (1 cm²)
class 3 (+++): from more than 50 scattered clumps to an almost continuous carpet (1 m²)
class 4 (++++) : almost a continuous carpet from 1 to 2 m²
class 5 (+++++) : more than 2 m²
*: dramatically endangered sporophytes whose fronds were observed to be brown and withered
r: small fronds < to 10 cm length
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wells

rocky outcroup

woodland boulders

coastal caves

other habitats

LoireAtlantique
Manche
Ille et Vilaine
Côtes d'Armor
Finistère
Morbihan

Figure 3. Percentage of sites with sporophytes (S) or independent gametophyte (G) of Trichomanes speciosum
by department of the Massif Armoricain, regarding the type of habitat: well, coastal cave, rocky outcrop,
woodland boulders, other types of human-made habitat (quarry, cellar, temple, tunnel).
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condition, contained no gametophytes, and the fronds were all brown and withered.
Conversely, 75 frond-free populations of gametophytes were observed in wells, and
four populations were recorded in other types of man-made habitat (Table 1, Figure 3).
During this field study, the Killarney Fern was also observed as independentgametophyte populations in natural habitats, i.e. 22 rocky outcrops and five woodland
boulders (Table 1, Figure 3). In agreement with a previous report (Poux et al., 2003),
two other woodland boulder sites were identified as still sheltering both gametophytes
and sporophytes, but their fronds exhibited a quite unusual and intriguing morphology
with few denticulations and a very much reduced size. Though well-represented along
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the shoreline of north-western France, 24 populations were observed in caves, but only
as gametophytes (Figure 3).
Abundance of Trichomanes speciosum. in the Massif Armoricain
Two to 400 fronds were observed in the wells sheltering sporophytes; their length
varied greatly from 8cm (Melrand, Kerhoh, Morbihan) to 30cm (La Gacilly, La Villio,
Morbihan) with a mean size of 15 to 20cm. Some fronds were green and vigorous
(Saint-Barthelemy, Saint-Fiacre, Morbihan), whereas others were brown and withered
(Helléan, Le Rohello, Morbihan). A statistical comparison of gametophyte overlap,
expressed in percent per class (Figures 4a & 4b), between the natural and man-made
habitats revealed very significant differences (p < 0.01, a = 5%), but only for classes 2
and 3. Thus, in natural habitats of the Massif Armoricain, the gametophytes were
observed mainly as class-2 growths, and in man-made habitats, e.g. wells, as class-3
growths.
Ecology of Trichomanes speciosum in the Massif Armoricain
Ecological data about each of the 165 sites of the species were collected. Their analysis
showed that the natural and human-made habitats of Killarney Fern were always
localised on an acid substratum made of sandstone or schistose rocks. Trichomanes
speciosum was never observed on calcareous formations. In forested habitat,
gametophytes were found as independent populations in rocky outcrops and more
particularly in small cracks or little flat caverns shielded by a sloping rocky roof. In the
woodland boulders, the observed green clumps were either alone or in association with
sporophytes on the rockside. As a rule, the Killarney Fern grows on substrates exposed
to the North (figure 5); it is never exposed to direct illumination, and it was necessary
to use a light source to observe it when present mainly as the gametophyte. In the wells,
the prothallial stage always covered the part of the wall below the zone occupied by
sporophytes. Such a location corresponds to a cool and wet environment, obviously
accentuated by the presence of water in wells or streams in natural habitats. In the
natural site of Saint-Nicolas-du-Pelem (Côtes d'Armor) where sporophytes had been
discovered for the first time, the fronds were growing further downstream at three close,
though distinct, locations; the recorded sporophytes (30, 30 and 20, respectively) were
flattened against big boulders, at about 10cm above the running water in well-shaped
areas sheltered by dead trees. In the second natural habitat (Saint-Servais, Morbihan),
the fronds of T. speciosum were hanging from the ceiling of a 25cm deep and wide,
20cm high small alcove where the river turns into a small cascade. It is worth noting
that, regardless of the presence of a stream, all the sites with fern sporophytes and/or
gametophytes were always wet due to abundant leaching waters likely to be responsible
for major inputs of minerals to the plant localised in small places with generally little
humus. Indeed, the species developed on very thin layer of organic substratum and even
directly on the rock. Our observations also demonstrated that, in coastal caves, the fern
often appears as gametophyte attached to the ceiling in sites never covered by sea at
high tide. Whenever the caves had a certain height, the green clumps were evident on
vertical walls located on the sea cliff, in order to avoid flooding by the seawater. This
suggests that the gametophytes of Killarney Fern cannot tolerate repeated contact with
salt water. Such caves are likely to be submitted to intense sea spray, but as running
fresh water was also observed in gametophyte-sheltering caves, salt is probably washed
away.
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natural habitats

percentage of each class
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0
class 0 class 1 class 2 class 3 class 4 class 5
gametophytes overlap's class

Figure 4a. Percentage of gametophytes overlap class in natural
Trichomanes speciosum Willd. sites in the Massif Armoricain.

human-made habitats
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0
class 0 class 1 class 2 class 3 class 4 class 5
gametophytes overlap class

Figure 4b. Percentage of gametophytes overlap class in
human-made Trichomanes speciosum Willd. sites in the Massif
Armoricain.
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sporophytes
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Figure 5. Exposure of the independent gametophytes or sporophytes populations of Trichomanes
speciosum Willd. in the Massif Armoricain.

0

10

20

30

40

50

N

NE

E

SE

S

SW

W

NW

indifferent

Numerous pteridophytes, e.g. Asplenium adiatum-nigrum L., A. billotii F.W. Schultz, A.
scolopendrium L., A. trichomanes L., Blechnum spicant L., Dryopteris dilatata
(Hoffm.) A. Gray, Dryopteris filix-mas (L.) Schott, Pteridium aquilinum L.,
Hymenophyllum tunbrigense (L.) Sm. and Dryopteris aemula (Ait.) Kuntz, were
observed at the natural or man-made sites of T. speciosum. Under tree cover, mainly
composed of Fagus sylvatica L. and Quercus robur L., the herbaceous layer was
usually dominated by Luzula sylvatica (Huds.) Gaud. in association with chamaephytes
Vaccinum myrtillus L. and Calluna vulgaris (L.) Hull. Along the coast, Asplenium
marinum L. was often observed at the entrance of caves sheltering gametophytes of
Killarney Fern. Whatever the kind of habitat, bryophytes were the predominant plant
species in the vicinity of both stages of T. speciosum.
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Occurrence of tiny sporophytes of Trichomanes speciosum across the Massif
Armoricain
Tiny sporophytes, less than 0.5cm long, were observed under the binocular microscope
(x 10), in samples from six sites in Morbihan, i.e. the quarry of Haut-Sourdéac (Glénac)
and the wells of Haut-Roussimel (Glénac); Vieille Ville (Taupont), Lestun (Cournon),
Saint-Armel (Bubry), Croix-Piguel (Saint Martin), 3 sites of Finistère, i.e. woodland
outcrops of Chapelle-Ruinée (Roche-Maurice), Stangala (Ergué-Gaberic), Le Gouffre
(Huelgoat) and in one site of the Côtes d'Armor in Vallée du Léguer (Ploubezre). Thus,
in north-western France, some populations of gametophytes seem able to produce
sporophytes, but they are so small that they are invisible to the naked eye.
DISCUSSION
Wells still constitute the major habitat of Killarney Fern in north-western France, since
they account for 67% of the sites across the Massif Armoricain. The preponderance of
T. speciosum in this area is related to the preservation of numerous traditional wells.
Following the identification of fronds of Killarney Fern in a well in 1948, there has
been a systematic inspection started in the 1950s in the surroundings of this first well
(J. Moisan, personal communication, 2003). Such a complete exploration has raised the
number of sporophyte-sheltering wells to 178 across the Morbihan. One should note
that at that time, no gametophyte of the species had been recorded, nor any similar study
been conducted elsewhere in France. However, the updated data clearly show that the
species is also well-represented in natural habitats, even though it consists mainly of
gametophyte populations. They also indicate that the distribution area of the
gametophyte is significantly greater than that of the sporophyte (129 and 36 sites,
respectively). This observation corroborates those made in the Basque Country where
a systematic search for prothallial filaments, totally unknown at this date in this
geographical area, was conducted in 2002 (Loriot et al., 2002). Thanks to the criteria
defined above for the characterisation of the gametophyte ecology across the Massif
Armoricain, the targeting on Basque Country maps of sites liable to shelter the
Killarney Fern, allowed fruitful prospecting. The characteristic green clumps were,
indeed, discovered in places registered as sporophyte habitats; but, gametophytes of T.
speciosum were also identified in many other sites with no previous record of the fern.
Since then, searches have been targeted to sites considered as potentially favourable to
the development or presence of independent gametophytes; they recently led to the
report of three new localities (Blanchard et al., 2003). Thus, in the Massif Armoricain
and Basque Country, the gametophyte sites are more numerous than the sporophyte
ones. This observation agrees with the European distribution area of the fern (Stace,
1997).
Concerning the abundance of gametophytes, the largest areas of overlap were always
identified in poorly illuminated sites with large walls; this lack of light prevents other
plant species, e.g. the bryophytes, to compete with the Killarney Fern. Such conditions
are typically found in wells and other types of man-made habitats like quarries,
tunnels,etc.; this explains why the present study evidenced a class-3 abundance of the
fern in 50% of them. In natural habitats, such a growth was mainly observed in coastal
caves; on the other hand, class-2 abundance was principally noticed in forested habitats
(53%) where the numerous small and deep cracks of rocky outcrops or woodland
boulders, free of inter-species competition sheltered scattered clumps of independent
gametophytes.
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The recent and first observation, in natural habitats, of two new populations of
sporophytes is a major finding. But it must not hide the significant drop in the number
of sporophyte-sheltering wells across the Massif Armoricain. Indeed, most of the wells
that historically sheltered this fern have been closed, which resulted in the
disappearance of fronds because of a lack of light and humidity as evidenced by their
brown and withered aspect. It is worth recalling that, since the 1950s, 81% of the
sporophyte populations have been destroyed. Moreover, among the few wells still open,
only nine of them house a luxurious population of sporophytes (with more than 100
fronds); in the others, the number of fronds ranges within two and 30. The maintenance
of the fern in wells is undoubtedly related to their use: when the water is drawn from
the well, the fronds are sprinkled.
Thus one must not consider T. speciosum as abundant across the Massif Armoricain
despite the 165 recorded sites; its conservation state is undoubtedly alarming, since a
third of the 34 inspected wells are endangered in the immediate short-term. Failing to
implement conservation measurements would cause the disappearance of this species
from Central Brittany within a few years. This is why the Conservatoire Botanique
National de Brest has produced an informative leaflet, “Trichomanes speciosum, a rare
plant to safeguard”, for owners of wells sheltering the precious fern at any stage of its
life-cycle. Owners are requested to water the fern regularly to mimic the ancestral
gesture. Moreover, so as to eliminate the deleterious closing of many wells with pieces
of metal or wood, from an initiative of CBN Brest specifically designed grids are being
installed on wells by the technical services of the local town councils. In a near future,
it is planned that owners of a piece of forest or coastal fringe will be informed of the
presence of the fern and educated through a further leaflet.
CONCLUSION
The conservation of the identified populations of independent gametophyte is essential
because of their inherent interest but also their potential to eventually produce
sporophytes through sexual reproduction. Indeed, in north-western France, the
"independent gametophyte" has the capability to form tiny sporophytes. The scarcity of
these tiny sporophytes and the small size of fronds are both remarkable. Our difficulty
lies in the definition of conditions favourable to the development of the adult stage from
these small sporophytes. Ongoing experiments focus on analysis of environmental
parameters to determine whether these are responsible for arresting the growth of the
tiny sporophytes at a juvenile stage in most of the natural habitats across the Massif
Armorican by inducing physiological deficiency.
ACKNOWLEDGEMENTS
The authors thank the Conseil Régional de Bretagne and the DIREN Bretagne for the
financial support of this study. They are grateful to Pr. Frédéric Bioret (IUEM,
Plouzané) for commenting on the manuscript, and Marie-Paule Friocourt (UBO, Brest)
for reviewing the use of English.
REFERENCES
ALLORGE, V., ALLORGE, P. 1941. Bulletin de la Société Botanique de France. Les
ravins à fougères de la corniche vasco-cantabrique, 8: 93-111.
BLANCHARD, F., LAMOTHE T. & LORIOT, S. 2003. Contribution à la répartition du
gamétophyte indépendant de Trichomanes speciosum Willd. (Hymenophyllaceae,

348

FERN GAZ. 17(6,7,8): 265-281. 2006

Pteridophyta) dans le Pays basque (Pyrénées-Atlantiques). Le Monde des Plantes.
481: 15-17.
BIORET, F. & KERBIRIOU C. 1994. Catalogue des espèces et des habitats de la
Directive Habitats présents en Bretagne. Directive 92/43 CEE du conseil du 21 Mai
1992. Brest, 232 p.
BIZOT, A. 2000a. Trichomanes speciosum Willd. découvert sur le versant méridional
des Vosges (Haute-Saône). Le Monde des Plantes, 469: 7.
BIZOT, A. 2000b. Découvertes de trois nouveaux taxons de Ptéridophytes dans les
Ardennes. Bull. Soc. Hist. Nat. des Ardennes, 90: 67-74.
BIZOT, A. 2004. Note chorologique complémentaire concernant les gamétophytes de
Trichomanes speciosum Willd. Le Monde des Plantes, 482: 6-7.
BOODLE, L.A. 1900. Comparative anatomy of the Hymenophyllaceae, Schizeaeceae
and Gleichniaceae. I. On the anatomy of Hymenophyllaceae. Ann. Bot. London. 14:
455-496.
BOUDRIE, M. 2001. Première découverte de gamétophytes de Trichomanes speciosum
Willd. (Hymenophyllaceae, Pteridophyta) dans le Massif Central français. Bulletin
de la Société Botanique du Centre-Ouest. Nouvelle série, 32: 73-78.
CUSSET, G. 1997. Botanique. Embryophytes. Ed. Masson. Paris 512p.
DES ABBAYES, H. 1971. Flore et végétation du Massif Armoricain 1: Flore
vasculaire. P.U.B St Brieuc, 1226 pp.
EUROPEAN COMMUNITY 1992. Council Directive 92/43/EEC of 21 May 1992 on
the conservation of natural habitats and of wild fauna and flora. Brussels.
FARRAR, D.R. 1967. Gametophytes of four tropical fern genera reproducing
independently of their sporophytes in the Southern Appalachians. Science, 155:
1266-1267.
FARRAR, D.R. 1985. Independent fern gametophytes in the wild. Proceedings of the
Royal Society of Edinburgh, 86: 361-369.
JERMY, C. & CAMUS J. 1991. The illustrated field guide to ferns and allies plants of
the British Isles. 194 S. Natural Hist. Mus. Publ. London. 208p.
JEROME, C., RASBACH, H. & RASBACH, K. 1994. Découverte de la fougère
Trichomanes speciosum (Hymenophyllaceae) dans le massif vosgien. Le Monde des
Plantes, 450: 25-27.
JEROME, C. & BIZOT, A. 2001. La réserve de Biosphère des Vosges du Nord: un
paradis pour les gamétophytes de la fougère Trichomanes speciosum Willd. Ann.
Sci. Bios. Vosges du Nord-Pfâlzerwald, 9: 63-72.
JOVET, P. 1933. Le Trichomanes radicans (Sw.) et l’Hymenophyllum tunbrigense
(Sm.) en Pays Basque français. Bulletin de la Société Botanique de France, 80: 797809.
KRUKOWSKI, M. & SWIERKOSZ, K. 2002. Sandstone, landscapes: diversity,
ecology and conservation. In: Newsletters Central and eastern Europe. IUCN
European programme newsletter. p17.
LORIOT, S., BLANCHARD, F., LAMOTHE, T., COTTIGNIES, A. 2002. Présence du
gamétophyte indépendant de Trichomanes speciosum Willd. (Hymenophyllaceae)
dans les vallées du Pays Basque. Premières données concernant sa distribution dans
les Pyrénées-Atlantiques. Le Monde des Plantes n° 477 p 23.
LOUIS-ARSENE 1953. Trichomanes speciosum Willd. en Bretagne. Bulletin de la
Société Botanique Française, 100: 6.
MAKGOMOL, K. & SHEFFIELD, E. 2001. Gametophyte morphology and

LORIOT et al.: TRICHOMANES SPECIOSUM IN NORTHWESTERN FRANCE 349

ultrastructure of the extremely deep shade fern, Trichomanes speciosum. New
Phytologist, 151: 243-255.
OLIVIER, L., GALLAND, J.P. & MAURIN, H. 1995. Livre Rouge de la Flore
Menacée de France I: les espèces prioritaires. Ministère de l’environnement.
Muséum National d’Histoire Naturelle. Conservatoires Botaniques Nationaux.
Paris. 486 p + annexes.
PAGE, C.N. 1997. The ferns of Britain and Ireland, edn 2. Cambridge: Cambridge
University Press. 450pp.
PAGE, C.N., DYER, A.F., LINDSAY, S. & MANN, D.G. 1992. Conservation of
pteridophytes: the ex situ approach. In IDE, J.M., JERMY, A.C. & PAUL, A.M
(Eds).: Fern Horticulture: past, present and future perspectives, pp.
269-278.Intercept, Andover.
POUX, L., PHILIPPON, D. & PRELLI, R. 2003. Bilan des découvertes intéressantes
de l’année 2002 dans les Côtes d’Armor. Erica 17, p 81. Ed. Conservatoire
Botanique National de Brest, France.
PRELLI, R. & BOUDRIE, M. 1992. Atlas écologique des Fougères et plantes alliées.
Illustration et répartition des Ptéridophytes de France. Ed. Lechevalier, 272 p.
PRELLI, R. 2002. Les fougères et plantes alliées de France et d’Europe Occidentale.
Ed. Belin. Paris. 431p.
RASBACH, H., RASBACH, K., JEROME, C. & SCHROPP, G. 1999. Die Verbreitung
von Trichomanes speciosum Willd. (Pteridophyta) in Südwestdeutschland und in
den Vogesen. Carolinea, 57: 27-42.
RATCLIFFE, D.A., BIRKS, J.B. & BIRKS, H.H. 1993. The ecology and conservation
of the Killarney fern Trichomanes speciosum Willd. in Britain and Ireland.
Biological Conservation, 66: 231-247.
RICH, T.C.G., RICHARDSON, S.J. & ROSE, F. 1995. Tunbridge filmy-fern
Hymenophyllum tunbrigense (Hymenophyllaceae: Pteridophyta) in South East
England in 1994/1995. Fern Gazette, 15: 51-63.
RIVIERE, G. 1999. Les ptéridophytes du Morbihan. Le Monde des Plantes, 465: 22-23.
RUMSEY, F.J., SHEFFIELD, E. (1996) Inter-generational ecological niche separation
and the “independent gametophyte” phenomenom. In: CAMUS J.M., GIBBY M. &
JOHNS R.J. (Eds), Pteridology in perspective, pp.563-570. London, UK: Royal
Botanic Gardens, Kew.
RUMSEY, F.J., JERMY, A.C. & SHEFFIELD, E. 1998. The independent gametophyte
stage of Trichomanes speciosum Willd (Hymenophyllaceae) the Killarney Fern and
its distribution in the British Isles. Watsonia 22: 1-19.
STACE, C. 1997. New Flora of the British Isles. Cambridge University Press. 1226 p.
STOCKEY, A.G. 1940. Spore germination and vegetative stages of the gametophytes of
Hymenophyllum and Trichomanes. Bot. Gaz., Chicago, 101: 759-790.
TRYON, A.F. & LUGARDON, B. 1990. Spores of the Pteridophyta: Surface, wall
structure and diversity based on electron microscope studies. Springer-Verlag, New
York, 648 p.
WIGGINTON, M.J. 1999 British Red Data Books: 1. Vascular Plants. 3rd edition. JNCC
ed. 200 p.

350

FERN GAZ. 17(6,7,8). 2006

BOOK REVIEW
THE FIRST BOTANICAL COLLECTORS IN NEPAL – The Fern collections of
Hamilton, Gardner and Wallich – lost herbaria, a lost botanist, lost letters and lost
books somewhat rediscovered.
continued from page 314
be hoped that it can be rescued before its destruction by the ravages of the Bengal
climate.
Given the great virtues of this book it seems churlish to nitpick, but as has already
been hinted, there are dangers with such a personal style, and it could have been
judiciously edited without destroying its character: minor personal rants such as that
over Fraser-Jenkins’s own ‘author abbreviation’ could usefully have been lost. There
are remarkably few errors of fact or typography, but Hodgson was not knighted and
Thomas Thomson did not take back a set of EIC specimens to Calcutta in 1855. The
author’s highly approving view of Wallich’s personality is also debatable.
These are but minor quibbles in what is a fascinating and important work. The
publishers are to be congratulated on taking on a work that it would have been hard to
publish in Britain. It is a handsome slim volume, on excellent paper, with good colour
reproduction in the interesting section of plates, and much better bound than many
modern Indian books.
H.J. Noltie
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A MOULDING METHOD TO PRESERVE TREE FERN TRUNK
SURFACES INCLUDING REMARKS ON THE COMPOSITION OF
TREE FERN HERBARIUM SPECIMENS
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ABSTRACT
Ferns with a tree habit are mainly found in the families Cyatheaceae and
Dicksoniaceae. Together, they constitute a diverse pantropical group of common
to locally dominant elements of tropical floras, especially in montane forests.
Many species have very restricted distribution ranges and some are highly
threatened. Taxonomic understanding of these ferns, a prerequisite to successful
establishment of conservation strategies, is hampered by the disparate and often
insufficient quality of available herbarium material. During recent fieldwork, a
time-efficient scheme has been developed permitting to maximize the
information content of tree fern collections. A simple non-destructive silicone
moulding method to preserve important characters of the trunk surface is
introduced. A standardized annotation sheet as a field book supplement is
provided along with a summary sheet of the presented collecting approach for
quick reference in the field. Standardized annotations and associated collections
such as stem moulds greatly augment the value of the specimen.
INTRODUCTION
Tree ferns constitute a significant fraction of plant diversity in the world’s (sub-)
tropical forests with approximately 650 described species (Large & Braggins, 2004;
Kubitzki, 1990). The tree fern lineage comprises the families Cyatheaceae and
Dicksoniaceae as well as Hymenophyllopsidaceae, Lophosoriaceae, Metaxyaceae, and
Plagiogyriaceae not all of which have a tree like habit (Korall et al., 2006; Pryer et al.,
2004). The scaly tree ferns (Cyatheaceae) account for more than 90% of the species
diversity in the tree fern lineage (Kubitzki, 1990). The status of some of these families,
especially the polyphyletic Dicksoniaceae, has been re-evaluated recently, but the
names used here follow Kubitzki (1990). Besides true tree ferns, some species of
Blechnaceae, Osmundaceae, and Thelypteridaceae can be designated as ferns with a
tree-like habit. For the purpose of this paper, the term “tree ferns” is used to designate
ferns with an erect aerial stem (generally referred to as “caudex”, “rhizome”, or
“trunk”) reaching a height of three meters in most and up to 20 meters in some species,
in combination with generally big leaves with a lamina up to five meters and petiole
diameters up to five centimeters (Large & Braggins, 2004; Moran, 2004).
During ongoing revision work of the tree fern family Cyatheaceae in the Western
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Indian Ocean (Madagascar and adjacent islands) the author was confronted with
problems confirming the timeliness of earlier statements that tree ferns have been and
often are still being collected in non-representative fragments (e.g., Johns, 2000;
Brownsey, 1985; Stolze, 1973; Holttum, 1957a). Although a considerable amount of
herbarium material of tree ferns exists, the quality and usefulness of specimens varies
enormously. Most ancient collections are fragmentary, often consisting of a single pinna
(Fig. 5A). More recent collections are of disparate quality ranging from complete
collections displaying all necessary information on the label via complete specimens
lacking sufficient annotation to unannotated fragmentary specimens of unknown origin.
Tree ferns present a wide array of morphological features that will not fit on a
herbarium sheet (Fig. 1). In order to document the morphology of a tree fern as
completely as possible, herbarium specimens may be accompanied by written field
observations and / or complemented by supplementary material. This paper will shortly
review suggestions concerning the composition of tree fern herbarium specimens that
have already been discussed elsewhere (Roux, 2001; Johns, 2000; Croft, 1999;
Brownsey, 1985; Stolze, 1973; Holttum, 1957a). It will focus on annotations and
supplementary collections that may augment the value of the specimens.
The suggestions presented herein have been elaborated based on experiences during
extensive fieldwork in 2004-2005 focused on the collection of tree ferns in Madagascar
and adjacent islands. Madagascan endemic Cyatheaceae are restricted to primary
forests (Rakotondrainibe, 2003; Koechlin et al., 1974; and references therein) and
generally under high unspecific, e.g. habitat destruction (Ingram & Dawson, 2005;
Brown & Gurevitch, 2004; Brooks et al., 2002; Du Puy & Moat, 1998), and specific,
e.g. exploitation of trunks for the fabrication of flower pots and fences (Ranarijaona,
1993), anthropogenic pressure. The availability of unambiguously determinable
herbarium specimens and well-established taxonomic entities is seen as a prerequisite
for suggesting conservation priorities as well as for the recognition of rare and possibly
endangered taxa (Isaac et al., 2004; Mace, 2004; Willis et al., 2003; McNeely, 2002;
Schatz, 2002). Plant collections in the form of herbarium specimens are still one of the
most important instruments to document plant diversity (Schatz, 2002). It is desirable
that the recommendations given herein will contribute to our understanding of the
taxonomy of the tree fern lineage by increasing the number of available unambiguous
specimens.
A SILICONE MOULDING TECHNIQUE TO PRESERVE TRUNK SURFACES
The moulding technique applies to tree ferns with caducous petiole bases and naked
trunks, i.e. with the leaf scars exposed (Fig. 1a). The relief, spinescence, form and
disposition of leaf scars as well as the surface structure of the trunk exhibit
taxonomically valuable interspecific variation. Although helpful, photographic
documentation is, with respect to contrast and interpretability, often not sufficient to
document fine three-dimensional structures. Cutting parts of the trunk surface or whole
trunks irreversibly damages the plant and is not reconcilable with collecting tree ferns
in compliance with conservation requirements.
A convenient way to preserve tree fern trunk surface structures without inflicting
damage on the plant is the use of a silicone moulding technique (Fig. 2). Fast hardening,
non-toxic moulding silicones are available from suppliers of dentist’s materials.
Excellent experiences have been had with the two component silicone “panasil® putty
fast set” from Kettenbach Dental. Moulding techniques are, among other applications,
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Figure 5. Herbarium specimens of tree ferns. (A) The holotype of Cyathea
orthogonalis Bonap. from Madagascar consists of a single pinna (Baron 6126, P). The
species is distinguished from closely related taxa with difficulty in the absence of stipe
scales and cannot adequately be described from such fragmentary material. (B, C) A
complete collection of Cyathea orthogonalis Bonap. (Rasolohery 628, P), a medium
sized tree fern. The petiole has been collected from the base up to the first pinna pairs.
The lamina apex as well as two croziers (unfolding fronds, bearing young scales) have
been collected (B). Middle pinnae are collected with a fragment of the rachis. Pinnae
on one side of the rachis have been pruned away leaving a short fragment attached to
the rachis (C). (D-F) Herbarium specimen of the large sized tree fern Cyathea
hildebrandtii Kuhn. (Janssen 2433, P) mounted on three sheets. The petiole has been
collected from the base to the first pinna pair, halved lengthwise and folded to fit the
sheet (D). One pinna from the middle part of the frond has been collected with a
sufficiently long rachis fragment and folded to fit the sheet (E). (photos: MNHN, Paris)
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Figure 1 (left). Morphological characters of tree ferns that are of taxonomic value but
difficult to preserve in herbarium specimens. Trunk surface: The trunk may be naked
(A; C. auriculata Tardieu) or covered by persistent bases of fallen petioles (B; C. lastii
Baker). Ramifications: Being simple in most species, the trunk of some species is
frequently ramified (C; C. dregei Kunze). Trunk apex: The trunk apices are highly
diverse with respect to indument and the arrangement of petioles that is often
characteristic for the species: (D) C. ligulata Baker with spiny indument on the petioles
and on the well-visible apex; (E) C. fadenii Holttum with the apex completely covered
by abundant aphlebia; (F) C. decrescens Mett. ex Kuhn with the apex completely
covered by crowded petiole bases bearing distinct deltoid scales. Habit: The habit of
the plant allows easy differentiation of some species and crown shape should always
be sketched or photographed (G, Cyathea sp.; H, C. borbonica Desv.). Lamina: Where
appropriate, lamina shape and distribution of fertile pinnae should be documented (I;
Cyathea sp.). Aphlebia: Aphlebia (J; C. bullata (Baker) Domin) and aphlebioid pinnae
(K; C. hildebrandtii Kuhn) are present in some species. Aerophores: Aerophores,
usually in one to several rows on either side of the petiole are usually clearly visible on
fresh material, but are difficult to see on herbarium specimens (L; C. hildebrandtii
Kuhn). (photos A, D, E, F, K, L: Germinal Rouhan, MNHN)

Figure 2. Moulding the trunk surface of a tree fern. See text for explanation. (photos:
Germinal Rouhan, MNHN)
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widely used in anthropology, criminology and zoology. In botanical research they have
been applied to preserve surface structures for microscopical analysis (Kwiatkowska &
Dumais, 2003; Green et al., 1991; Hernández et al., 1991; Sheffield et al. 1991; Tiwari
& Green, 1991; Williams, 1988; Jörg, 1965; Deckart, 1959; Loske, 1959), in moulding
plant fossils (e.g. Feix & Howorka, 1965), or in making replica of perishable specimens
(e.g. Mortemore, 1968).
In the first step, the trunk surface of the tree fern is cleaned of epiphytes and litter
with a hard brush, but care should be taken during this process to preserve protuberant
surface structures. In the second step, equal amounts of the non-toxic two-component
silicone are mixed by kneading and then applied to the trunk surface with the heel of
the hand. The mould should include at least two or three petiole scars and be thick
enough to cover all surface structures (e.g. spiny structures of the scar rim). Care should
be taken to apply sufficient pressure to fill all cavities. Before the silicone has set, the
collection number should be engraved directly on the outside of the mould with a pen
or small stick in order to provide a permanent means of identification of the mould. The
mould will harden in two to three minutes (more quickly in cold weather) and even
under wet conditions. It can then easily be pulled away from the surface.
This method is easy to use even by untrained plant collectors and yields extremely
detailed surface moulds (Fig. 3), which provide suitable information for taxonomic
revision. The moulds remain flexible, which facilitates transport under field conditions.
Moulds can be stored in bags on the herbarium sheet of the specimen or, when large and
heavy, be stored in a separate collection cross-referencing labels with associated
herbarium sheets. No data are available on the long-term storage performance of the
silicone used, but general properties of silicones promise that the moulds will remain

Figure 3. Taxonomic importance of trunk surface characters. As illustrated by these
examples, substantial morphological diversity can be found in the trunk surfaces of tree
fern species with caducous petiole bases. Moulding the trunk surface with silicone
allows the preservation of structures such as papillae or squaminate spines as well as
morphology and arrangement of leaf scars including associated spines or orifices. (A)
Cyathea lastii Baker (Janssen 2381, P) with large oval spirally arranged scars and
densely muricate surface. (B) Cyathea auriculata Tardieu (Janssen 2508, P) with small
rounded pseudoverticillate scars and a sparsely muricate surface. (C) Cyathea sp.
(Janssen 2802, P) with oval pseudoverticillate scars bearing up to seven strong spines
on their lower rim and a smooth surface. (Scale bar is 5cm; photos: MNHN, Paris)
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sufficiently constant in form over extended periods of time (Oldfield & Symes, 1996;
Feix & Howorka, 1965).
HERBARIUM SPECIMENS OF TREE FERNS
Remarks on the composition of specimens of large ferns, especially tree ferns, have
been made by Holttum (1957a), Stolze (1973), Brownsey (1985), Croft (1999), Johns
(2000), and Roux (2001). All authors agree in proposing to collect at least one to several
middle pinnae of each frond together with a rachis fragment as well as the base of the
petiole with scales. Some authors preferred to present a basic collecting approach at the
expense of a comprehensive discussion of field annotations while others prefer much
more information. In the following section the composition of a complete tree fern
specimen is discussed and a simple standardized fill-in data sheet for field annotations
is proposed.
Collecting tree ferns
It is assumed that collectors are familiar with general collecting techniques (e.g.,
Liesner & al., 2006; Bridson & Forman, 2004; Hicks & Hicks, 1978). Tree ferns can
be collected without inflicting major damage to the trunk or apex of the plant. Fronds
should be cut at their very base, i.e. the junction of the petiole with the trunk. This can
be difficult in species with petiole bases appressed to the stem. An excellent tool to
achieve this is a (telescopic) collecting pole carrying a hooked blade (Fig. 4). Good
experiences have been had with the relatively inflexible marine mesh rods available
from Daiwa (www.daiwa.com). These are light to carry and with an extension of 5-6m
are long enough to reach the crown of most tree ferns. Other commonly employed
collecting poles may serve the same purpose. If no specialized collecting tool is

Figure 4. Collecting tool for tree ferns.
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available and provided the specimen is not too tall, then fronds can often be detached
cleanly at their base by pulling the rachis or petiole, quickly and with determination,
perpendicular towards the soil surface.
Preserving entire fronds by cutting them into pieces yields redundant and
encumbering specimens. Of one frond it is sufficient to collect:
1) The petiole from its very base up to the first pair of pinnae (Fig. 5 B, D). If it is
very thick it can be halved lengthwise. If possible, it should not be cut, but folded when
pressing (Fig. 5 D). Attention should be paid on preserving the diagnostically important
scales at the base of the petiole (e.g., Holttum, 1957b).
2) One (Fig. 5 E) to several (Fig. 5 C) pinnae from the widest part of the lamina. A
fragment of the rachis (at least to the next pinna which may be pruned away if too large
to fit on the sheet) must always remain attached. The pinna(e) on one side of the rachis
fragment may be pruned away. If fertile and sterile pinnae are dimorphic, at least one
pinna of each type must be included in the herbarium specimen.
3) The apex of the frond (Fig. 5 B, F).
Hence, one tree fern frond equals one specimen. Exceptionally, very large fronds
may yield two specimens by halving the petiole lengthwise, collecting two middle
pinnae with their respective rachis fragments from the widest part of the frond and
complementing one specimen with an apex taken from another frond of the same plant.
Material not essential to, but further enhancing the value of the specimen is
discussed in the following paragraph. Its collection will depend on availability and
logistic constraints. Caducous petiole scales may be collected in a separate envelope in
order to prevent the available scale material from being lost or damaged during
subsequent treatment of the specimen. A mould of the trunk surface may be prepared
according to the method described above. Lamina fragments dried in silica gel are
sources of DNA for molecular phylogenetic analyses. Especially when collecting
specimens in alcohol (which usually destroys DNA) and when encountering potentially
rare species or working in remote areas special care should be taken to preserve at least
one sample in silica gel for each putative taxon encountered. If present, adventitious
buds or juvenile plants may add information on characters of the developing scales and
frond architecture. Some adventitious roots may be dried for subsequent anatomical
studies. A young, unfolding leaf (crozier), generally densely covered by young scales
that display best the morphology of the scale margin (Holttum, 1957a, b) could be dried
or preserved in alcohol. If possible, the habit, trunk apex and trunk surface at breast
height can be photographically documented.
As a result of experiences made during recent herbarium studies and taking into
account discussions with herbarium curators, it might be of value to repeat here that
when selecting specimens for loan or exchange, all associated material should be sent.
In the past, distribution of specimens to other herbaria has frequently resulted in
fragmentary duplicates. Although much of the fragmentary material can be determined,
its value for revision work is limited. It is better to have complete specimens in a few
herbaria than to have incomplete specimens in many herbaria.
Annotating the specimens
Several morphological characters of tree ferns cannot, or only with difficulty can be
preserved in herbarium specimens (Fig. 1). Hence, these characters are often neglected
in taxonomic revisions. When discriminating species in the field, characters such as
habit, trunk surface or trunk apex may aid in identification, but are seldom recorded,
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Figure 6. Field data sheet for recording morphological information. This sheet is
suggested as a template for data that should be recorded when collecting tree ferns.
Terminology and abbreviations are explained on the reference sheet (Figure 7).
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Figure 7. Reference sheet. This is a synoptic presentation of essential terminology for
tree fern description and the composition of a complete specimen. It is recommended
that this reference sheet be taken into the field.
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and so are unlikely to be used in existing identification keys. Collectors would do
valuable service to future monographers by recording field observations on those
characters not preserved in the herbarium specimen. A standardized data sheet (Fig. 6)
is provided as an example. This sheet may be photocopied and taken along in the field
in sufficient number to be able to fill one sheet per tree fern collection (a pdf file for
printing can be obtained from the author upon request). The data sheet can be linked to
the field book entry under the relevant locality and habitat information via the collection
number. Alternatively, the sheet may serve as a memory aid. Either way, the recorded
information should be included on herbarium labels, preferably transformed into a short
descriptive text. A reference sheet containing an explanation of essential vocabulary and
summarizing the way to collect tree fern specimens is provided (Fig. 7).
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BOOK REVIEW
A REVISION OF RADDI’S PTERIDOLOGICAL COLLECTION FROM
BRAzIL (1817--1818). Pichi Sermolli, R.E.G. & Bizzarri, M.P. 2005.
Webbia 60(1): I--VII, 1--393. ISSN 0083--7792. Available as a back issue, price 60
Euros (per volume). Paperback.
This is an important issue of Webbia, containing detailed information about Raddi's
pteridological collections from Brazil made during 1817 to 1818. It is a commemorative
issue of Webbia’s centenary. Unfortunately, the senior author of this paper died before
its publication. Most of the annotations are attributed to him, but the account of
Lycopodium is by the second author. This is a timely and extremely useful bibliography
for anyone engaged in ferns, especially in Brazilian ones. Unfortunately, the price of the
book is extremely high.
The presentation of this paper is a mixture of contents of a book and a regular paper
in a periodical. It comprises a special and commemorative cover (with an interesting
drawing of a fiddlehead in the front-cover and a beautiful colored illustration of the Mt.
Corcovado in the back-cover), followed by a Presentation, Preface, Introduction
(divided in 14 topics and 42 notes), Bibliographical References, Acknowledgements,
and two Indices (Index to Names/New Species, New Combinations and New Names;
Index). The last Index, in fact, is a list of contents of the book. It would have been
beneficial to have provided a small abstract, an index of the illustrations, and moved the
list of contents to the initial pages of the book.
The Introduction includes a discussion of Raddi`s life and activities. Here the reader
can find information about the precise dates of Raddi’s itinerary in Brazil, method of
working used by him in the papers (Raddi 1819, 1825) about these collections, data
about the original labels on the material, images of his handwriting, and herbaria where
he deposited his specimens, many of which serve as types. According to the authors, the
complete and original set of Raddi’s pteridological collection from Brazil, including
several types, is at the general herbarium of Pisa (PI) and in excellent conditions. A
second set of this collection is preserved in the Herbarium Universitatis Florentinae
(FI). The authors called attention to the fact that this second set was included by
Parlatore in the FI herbarium only 13 years after Raddi’s death. Consequently, these
specimens at FI cannot be regarded in any way as the holotypes of Raddi’s new species.
Only some sheets at FI were considered as isotypes. Other duplicates of the Raddi’s
original pteridological collection were distributed to European herbaria such as B,
BOLO, BM, BR, K, P, and PRC. Details about these duplicates at K, BM, P and BR
herbaria are given in this paper. In the topic “number 11” of the Introduction the authors
provide details about the procedures followed by them for presenting the new
typification of Raddi’s taxa in this paper. On the topics 12, 13, and 14 of the
Introduction, they present important comments about Raddi’s manuscripts and
illustrations. All of the 42 notes presented at the end of the Introduction add more
details to the main text of the introduction. The topic 14 and the note [40] explain the
sequence of presentation of the study made by the authors. Basically, the results are
presented following the same sequence of genera and species adopted in the second
book published by Raddi (Raddi 1825 – Plantarum brasiliensium nova genera et
species novae vel cognitae. Pars I (Filices)). The first studied group is Salvinia;
Lycopodium is the last one.
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The results show that Raddi recognized 30 genera,148 species, and 9 infraspecifc
taxa. The present authors, however, recognized these taxa in 67 genera, 152 species, and
five varieties..
Each species is provided a full name and reference adopted by Raddi in his book of
1825 (and in 1819 for some taxa), numbers appear on both extremities of the page at
the same line of the name (at left side: the genus/species number; at right side: the
number of the figure). This figure when presented represents the holotype or lectotype
of the name. Below the Raddi’s name appears the accepted name (in bold and italic) for
the taxon in the opinion of the authors, followed by some observations on the original
collection at PI Herbarium. After it, there is a topic called Annotations. In this part the
authors present all comments about the taxon, including its typification and similarities
and differences with other taxa, as well as data on the geographical distribution in Brazil
and other countries. Complementary notes are also present in this part of the book and
sometimes are too big for reading. The illustrations are excellent black and white
photographs from the specimens at PI Herbarium. Allied to the text they are an
important and useful guide to understand Raddi’s species. Unfortunately, for some
species there is no illustration.
The following nomenclatural novelties appeared in the book (all ascribed to the
senior author): 1) A new species Doryopteris pentagona Pic.Serm. 2) A new name for
Polypodium laetum Raddi (= Goniophlebium sehnemii Pic.Serm.), and 3) 12 new
combinations: Amauropelta subgen. Uncinella (A.R. Sm.) Pic.Serm., Amauropelta
aspidioides (Willd.) Pic.Serm., A. linkiana (C. Presl) Pic.Serm., A. ptarmica (Kunze ex
Mett.) Pic.Serm., A. retusa (Sw.) Pic.Serm., Antigramma balansae (Baker) Pic.Serm.,
Campyloneurum pentaphyllum (Willd.) Pic.Serm., Christella deversa (Kunze)
Pic.Serm., C. raddii (Desv.) Pic.Serm., Lomariopsis fraxinifolia (Raddi) Pic.Serm.,
Pecluma schkuhrii (Raddi) Pic.Serm., and Sphaerocionium venustum (Desv.) Pic.Serm.
Several recently published works on neotropical ferns were missed by the authors
during preparation of this work. As a result, some of the new combinations proposed
are superfluous. For example, the combination Antigramma balansae (Baker) Pic.Serm
was published three years before by Sylvestre & Windisch (2002). Also, as pointed out
by Moran (2000), Lomaria fraxiinifolia Raddi is a taxonomic synonym of L. marginata
(Schrad.) Kuhn. If one accepts this synonymy, then the new combination made in the
book (Lomariopsis fraxinifolia (Raddi) Pic.Serm.) is unnecessary.
In the Pichi Sermolli`s opinion Adiantum brasiliense Raddi (1825) is a good species
and quite different from A. abscissum Schrad. (1824). However, he did not explain
details about A. abscissum. Pichi Sermolli pointed out that the two original specimens
of A. brasiliense at PI are different between them. He numbered the first specimen as 1
(inside a circle) and commented that it is an anomalous form of the species (especially
because the pinnules showed different forms), whereas the second specimen (numbered
as 2) represents the regular form of the species and it was illustrated by Raddi. He
designated the specimen 2 as the lectotype. He also commented that A. abscissum could
be a synonym of A. curvatum Kaulf. However, Prado (2003), not cited by Pichi
Sermolli, provided a key for the species of A. trapeziforme group in Brazil and A.
abscissum and A. curvatum appeared as a good species rather than A. brasiliense. The
characters used by Prado (2003) to recognize species in the group were based on the
indument of the frond (hairs and scales on the rachis and/or indusia), while Pichi
Sermolli considered the frond size and form of the pinnules, two characters quite
variable in the genus. Certainly, similar cases involving other species and genera appear
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in the book and also they will appear commented in the forthcoming literature.
Despite the comments noted above, this is a valuable contribution to the study of
Brazilian ferns and it is an obligatory reference for any future work on pteridophytes
from Brazil. The authors are to be congratulated on its impressive compilation.
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