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PHYMATOSORUS MALABARICUS (POLYPODIACEAE:
PTERIDOPHYTA), A NEW FERN SPECIES FROM SOUTH INDIA
SANTHOSH NAMPY

& P.V. MADHUSOODANAN

Department of Botany, Calicut University, 673 635, Kerala, India
Key words: Fern,

Phymatosorus malabaricus, India.
ABSTRACT

Phymatosorus malabaricus, a new species (Polypodiaceae: Pteridophyta) is described from
Kerala, South India. Illustrations with diagnostic characters of the taxon are included.

INTRODUCTION
The species described here was collected in 1973 from a shady, moss covered boulder in
the forest bed of Kanjirapuzha, Palakkad district of Kerala, South India and kept at Calicut
University Herbarium (CALl). Geevarghese (1984) in his Ph.D. thesis described this under
Mierosorum Link but it was not published. We found that it differs from Mierosorum
in having anadromous tertiary veins, sori being deeply sunken and produced mainly on
quaternary veins and hence, belongs to another genus Phymatosorus Pie. Ser. (Bosman,
1991).
The genus Phymatosorus is known to have three species in South India viz., P. beddomei
S.R. Ghosh, P. longissimus (B l .) Pie. Ser., and P. nigreseens (Bl.) Pie. Ser. (Ghosh, 1985).
All the South Indian species have a thick, wide creeping rhizome and deeply lobed fronds.
The taxon described here is quite distinct in having a short slender rhizome, simple entire
fronds and is smaller in size. P. malabaricus is so far recorded only from its type locality,
Kanjirapuzha, on the Malabar coast.
Phymatosorus malabaricus Geevarghese ex Nampy et Madhusoodanan sp. nov. Figures 1-6.

Rhizoma brevite repens, 3-5 mm crassum. Frondes simplices, integrae, lanceolatae,
12-18 cm longae. 1.2-1.7 cm latae, coriaceae, et glabrae. Vena reticulatae quarum
una valde divisas venulas habet inclusas in ultimas areolis. Sori magnis, ovatis, 1.52 mm longis. Facientes unum ordinem in utraque parte costarum alte demersis in
lamina, lamina protrudem papillarum modo in superficiem superiorem. Paraphyses
longae, tenuae, tarn longae quam sporangia, uniseriatis excepta regione apicis ubi
sunt duae series hebentes inflatas cellulas. Sporae monoletae.
Holotypus: KANJIRAPUZHA, Palakkad Dt., Kerala, South India, 400 m alt.; shady,
moss covered boulder in the forest bed; 14.1.1973; K.K. Geevarghese CU 4073 and
deposited at Calicut University Herbarium (CALl).
A small lithophytic fern having rhizome 3-5 mm broad, short creeping, slender, covered
by dense felt of very thin roots. Paleae ea 2 mm, dense at the apex, sub-circular
to ovate, prominently pseudopeltate with overlapping basal auricles, clathrate, margin
smooth, glands present on the apex and margin. Fronds in two dorsal rows, 1-4
mm apart, simple, entire, erect; stipe ea 3 cm x I mm, basally paleaceous, articulate
to short phyllopodia, ventral side flat, margin narrowly winged; lamina 12-15 x 1.21. 7 cm, simple, entire, lanceolate, thin but coriaceous, tapered gradually to an acuminate
apex, base cuneate or gradually tapering, broadest at the middle, margin smooth,
glabrous. Venation almost externally visible, pinnate reticulate, midrib raised on both
surfaces, lateral veins prominent and run almost near to the margin, secondary veinlets
unite to form large primary areoles which include the free veinlets, vein ending swollen.
Sori 1.5-2 x 1 mm, generally ovate, deeply sunken, a row on either side of the midrib,
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Figs. 1-6. Phymatosorus malabaricus

I. Habit

4. Sporangium

2. Rhizome Scale

5. Paraphysis

3. Venation

6. Spore

almost equidistant to the costa and margin, restricted to the middle portion; sporangia!
capsule slightly elongated, annulus with 19-2 1 cells; paraphyses filamentous, stalk
slender, uniseriate, 3-4 celled, body biseriate with 2-3 tiers of short, swollen, balloon
like cells, ending in a swollen cell. Spores 50 x 36 urn, monolete, bilateral, concavo
convex in lateral view, nearly hyaline, smooth, exine thick.
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BOLBITIS HEMIOTIS (LOMARIOPSIDACEAE: PTERIDOPHYTA)
IN COSTA RICA, PANAMA, AND COLOMBIA
MONICA PALACIOS-RIOS
Instituto de Ecologia, A.C. Apartado Postal 63, Xalapa,
Veracruz 91000 Mexico.
Key words: Pteridophytes, ferns,

Bolbitis hemiotis, Bolbitis nicotianifolia, Colombia,

Costa Rica, Panama.
ABSTRACT
It is very easy to confuse the very similar species Bolbitis hemiotis and B. nicotianifolia.
Nevertheless, B. hemiotis (Maxon) Ching (Lomariopsidaceae: Pteridophyta) has a very
distinctive characteristic: the presence of buds in the pinnae axils. Several herbarium
specimens identified as B. nicotianifolia are really B. hemiotis. Consequently, this is the
first report of B. hemiotis for Costa Rica, Panama, and Colombia.

INTRODUCTION
Bolbitis hemiotis (Maxon) Ching is known from Venezuela, Trinidad and Mexico (Palacios

Rios, 1988) Jut this is the first report of the species for Costa Rica, Panama, and Colombia.
B. hemiotis is characterized by the presence of axillary proliferous buds, in at least the

axils of the superior pinnae (Fig. 1); pinnae usually alternate, asymmetric and herbaceous;
terminal segment 19-31 cm long and 7.5-13.5 cm wide and 5-11 vascular bundles. After
a thorough revision of herbarium specimens, it was noted that several specimens of B.
hemiotis were identified as B. nicotianifolia (Swartz) Alston, which does not possess axillary
buds. It is possible that B. hemiotis is present in other Central and South American countries,
being mistakenly called B. nicotianifolia.
RESULTS
The specimens found to be Bolbitis hemiotis were:
COSTA RICA: Cerro entre Cerro Chimu y Cerro Matama, 1200 m, terrestre, L.S. G6mez

& G. Herrera 23553 (CR, MO).

PANAMA: Prov. Code: El Valle area, N of El Valle de Ant6n, small patch of virgin
forest, between fork in road near Finca Mandarinas, along road to Finca Furlong, 785
m, terrestrial, T.B. Croat 67099 (MO); Prov. Code: Vicinity of La Mesa, N of La Mesa,
N of El Valle de Ant6n, along N slope of Cerro Gaital, 850-950 m, terrestrial, T.B. Croat
67289(MO); Valley of Rio Dos Bocas, along road between Escuela Agricola and Calovebora,
15.6 km northwest of Santa Fe, primary forest, along train to Santa Fe, steep forested
hill east of river, 450-550 m, terrestrial , T.B. Croat 27582(MO); Primary forest along headwater
of Rio Tuquesa, ea. 2 km air distance from Continental Divide, in vicinity of upper gold
�
mining camp of Tyler Kittredge, terrestrial, T.B. Croat 27188 (MO).
COLOMBIA: Departamento del Choc6: Municipio de San Jose del Palmar, hoya del Rio
Torito (afluente del Rio Habita), declive occidental, Finca "Los Guaduales," 730-830 m,
terrestrial, E. Forero et al. 6649(COL, MO).
ACKNOWLEDGEMENTS
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Bolbitis hemiotis (Maxon) Ching. a. fertile leaf; b. sterile leaf; c. pinna axil, showing the
bud; d. petiole with scales.

REFERENCES

HENNIPMAN, E., 1977. A monograph of the fern genus Bolbitis (Lomariopsidaceae). Leiden Bot.
Ser. No. 2: i-xii, Leiden University Press. 33lpp.

PALACIOS-RIOS, M. 1988. Bolbitis hemiotis (Maxon) Ching y Bolbitis pergamentacea (Maxon) Ching
(Lomariopsidaceae): Dos nuevos registros de helechos para Veracruz, Mexico. Plryrologia

7 1-72.

65(1):

FERN GAZ.

237

14(7) 1994

DISCOVERY OF DRYOPTERIS x BRATHAICA IN FRANCE
(DRYOPTERIDACEAE: PTERIDOPHYTA)
MICHEL BOUDRIE', LUC GARRAUD2 & HELGA RASBACH'
'Les Charmettes C, 2lbis, rue Cotepet F-63000 Clermont-Ferrand, France.
2 HLM Molines IV Bat. J 1, route de Molines F-05000 Gap, France.
'Datscherstrasse 23, D-79286 Glottertal, Germany.
Key words:

Dryopteris X brathaica, France, morphology, cytology
ABSTRACT

The hybrid Dryopteris x brathaica Fraser-Jenkins & Reichstein (D. carthusiana x D.filix
mas) had never been found again since it was discovered in England in 1854. A plant of it,
recently discovered in SW France, was cytologically investigated and has been shown to
be tetraploid with 164 univalent chromosomes at meiosis.

INTRODUCTION
While visiting a wet and wooded ravine in Les Landes area in August 1989, one of us (LG)
was intrigued by an odd Dryopteris that he thought, at a first glance, to be Dryopteris remota
(A. Braun ex Doll) Druce. On studying the fronds in detail, we were sure that the presence of
totally abortive spores and the shape of the fronds, as well as the lack of a black dot at the
inse1tion of the pinnae on the rachis, clearly showed that it was a taxon different from D.
remota and that the plant would need further investigation before it could be definitely
identified. Its general appearance and macromorphology suggested that it could be a hybrid
between D. carthusiana (Vi!!.) H.P. Fuchs and D. fi/ix-mas (L.) Schott ( D . X brathaica), a
hybrid new for France.
Dryopteris X brathaica was found for the first time in 1 854 (*), by I. Huddart in Brathay
Woods, NW side of Lake Windermere, Westmorland (now in the county of Cumbria),
England. The plant was given to F. Clowes, who cultivated it for several years (Clowes,
1 860). Offsets of this original plant, which has disappeared from the type locality, were given
to several private collections and are still living in a few of them (Jermy et al., 1978). For
many years, there was uncertainty with the identity of the plant, and it was confused with D.
remota, although it was early recognized to be of hybrid origin due to the existence of
abortive �pores. Thanks to the existence of the living specimens, Manton ( 1 938, 1950) was
able to investigate the cytology of this plant, and showed it to be a tetraploid hybrid (2n
1 64) and suggested the parents might be D. carthusiana and D. jilix-mas. The plant was later
named Dryopteris x brathaica by Fraser-Jenkins & Reichstein ( 1 977) . A very clear
description of D . x brathaica is given by Page ( 1 982). Additional details are also given by
Fraser-Jenkins & Reichstein in Hegi ( 1 984). D. X brathaica is noted "Ga ?" in Derrick & al.
( 1 987), but the source of that record (and those for Hs and Lu) are not entered on the
University of Reading database used for this work (pers. comm. A.C. Jermy) and cannot be
confirmed.
=

=

MATERIAL AND METHODS
The French plant (Fig. 1-2), collected by MB under the number MB-1826, was compared
with the following figures and specimens of authentic material from Windermere:
1. Photograph of an original F. Clowes' specimen in herb. Kew (Fig. 5).
2. Photo-silhouette and scales of another frond of the original F. Clowes' plant in herb. BM.
* The dates of the discovery given in the literature differ between 1854, 1859 and 1867. However,
Clowes published in 1860 that "it was found at Windermere about six years ago". The label of the
Clowes' plant (lectotype at K) indicates the date as 1859.
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3. Photo-silhouette of a frond taken from an offset of the original plant cultivated in Base! by
T. Reichstein (N TR-3330) and now in herb. BM.
4. Herbarium specimen of the same plant as 3 . in herb. T. Reichstein (Base!) N TR-3330,
dated 27 June 1967 and checked cytologically by G. Vida (tetraploid hybrid) (Fig. 4).
French collections of D. X brathaica MB- 1 826 are kept in M. Boudrie's Herbarium in
Clermont-Ferrand, and other pressed fronds of this plant will be sent to P, BM and K
Herbaria.
The cytological study, carried out by one of us (HR), was made from fixations of young
sporangia directly made in the field by MB . The main difficulty was to fix the young
sporangia at the right stage. After two unsuccessful attempts in 1990 and 1991 respectively, a
successful fixation was made on the 22 May 1992. Fixation and staining were made
according to the method described by Manton ( 1 950). Final analyses were made at a
magnification of 1 000 using a phase contrast optical system.
RESULTS
Morphological description of D. x brathaica in France:
The characters of the French plant are in good accordance with the ones given in the
following references: Page ( 1982), Fraser-Jenkins & Reichstein ( 1984). Photo-silhouettes of
a frond of the French plant are given Fig . 1 -2. There is a strong morphological similarity

Fig. I: Photosilhouette of Dryopteris

X brathaica

MB !826, Sarbazan, near Roquefort (Landes, France),

leg. M. Boudrie, 19 September 1992 (Herb. M.B.). This frond shows the location of pinnulae collected
for fixations on the 22 May 1992.
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Fig. 2: MB-1826 Dryopteris X brathaica, same frond as in Fig. I. Two parts of the frond: a
of pi nnae. b = 1.-2. pairs of pinnae.

=

6.-8. pairs

between the Windermere plant and the French one. The morphology of D. X brathaica is
intermediate between those of the putative parent species. However, a few other details can
be indicated. In the field, at Roquefort, D. x brathaica is made of two closely jointed plants (a
big one with fronds of up to 1 . 1 5 m high, and a much smaller one). The main plant is robust
and composed of numerous fronds (between 10 and 1 5), much more than in D. remota. The
pinnae appear slightly twisted and uplifted. For several years, we have noticed that a few
fronds never reached their complete development, but remained only 30 cm high, the top of
the fronds being strongly gathered, a situation not uncommon in Dryopteridaceae and often
due to mite (Arachnida) attack (pers. comm. A.C. Jenny). The rhizome is not creeping, but
rather erect. Scales of the stipe are relatively abundant, generally narrow with a few wider
ones, light brown and concolorous, without any brownish centre (such as in D. dilatata
(Hoffm.) A. Gray). They have been compared with the scales of the specimens listed above
(Cl owes', BM; T. Reichstein 3330) and this character is in accordance with all plants. Also,
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there are no dark dots at the insertion points of the pinnae, at the lower side of the lamina
(such as in D. remota). The stipe length is 1 /4 of the total length of the frond. The lamina is
oblong-lanceolate, well reduced at its base, whereas it is not or only slightly reduced in D.
remota. Even on large fronds, the lowest basiscopic pinnule of the most basal pinnae is
always shorter than (or at least equal to) 25 mm, whereas it is often longer in D. remota. On
the other hand, the shape of the pinnules of D. X brathaica is very similar to that of D .
remota. Finally, unlike those o f D . remota, the spores are totally abortive.
Cytological results
Our cytological investigation shows that D. x brathaica is a tetraploid hybrid with 1 64
univalent (unpaired) chromosomes in meiosis (Fig. 3). We were able to analyse 10 spore
mother cells; all showed the same number of chromosomes. In some cases, we observed 1 -4
bivalents, a condition depending of the stage of development during meiosis. The
chromosome number is the same as the first count obtained for this hybrid by Manton (1950)
on the Windermere plant. Vida, mentioned in Gibby & Walker ( 1 977), found 8 or 9 bivalents
in meiosis, the remainder chromosomes being univalents. Failure of chromosome pairing is
evidence of no homology between the chromosomes of the allotetraploid parent species.
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Fig. 3: Cytology of D. x brathaica, MB 1826.
Spore mother cell at meiosis showing 3 bivalents and 158 univalent chromosomes. a= photograph, a' =
explanatory diagram; bivalents in black, univalents outlined. Prep. and photo: H.R.
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Fig. 4: Photosilhouette of D. X hrathaica, T. Reichstein n" 3330 (paratype). Offspring of the original
Windermere plant, cultivated in Base!, pressed 27.6. 1974. 2n=l64 (det. G. VIDA), (with persmission of
Prof. T. Reichstein).
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Fig. 5: Photographs of the original lectotype
F Clowes' plant from K. n" H 399(77, 1-2-3,
Windermere, Westmoreland, England, leg. F.
Clowes, 1859, ex Herb. T. Moore (K).
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DESCRIPTION OF THE FRENCH LOCALITY OF D. x brathaica
Indication of the location of the stand is kept deliberately vague to protect the site. The
locality is a few kilometers east of the town of Roquefort (department of Landes, 40). D. x
brathaica occurs on the wet and muddy banks of a stream, in the flat bottom of a rather deep,
cool and wooded small valley, cutting the typical pine forest of Les Landes (Pinus pinaster,
Erica scoparia, Pteridium aquilinum). The elevation is 75 m. The substratum consists of
siliceous sand, overlying sandy limestone formations.
A botanical inventory of the locality was made by one of us (LG) in August 1 992.
Nomenclature and order are according to the 1 st edition of the Flora Europaea (Tutin & al.,
1964) for the Phanerogams and to the 2nd edition (Tutin & al., 1993) for the Pteridophytes.
The main tree species growing in the small valley are Populus nigra, Alnus glutinosa,
Quercus petraea, Robinia pseudo-acacia, Fraxinus exce/sior (arborescent stratum 80 %). The
shrubby stratum ( 1 5 %) is made of Alnus glutinosa, Cory/us avel/ana, Castanea sativa,
Crataegus monogyna, Frangula alnus, Sambucus nigra. Underneath the shrubby stratum,
there are, in a percentage of 20 %, Hedera helix and a number of Rubus sp. The herbaceous
stratum (60 %) consists of Urtica dioica, Polygonum mite, Moehringia trinervia, Ranunculus
repens, Chrysosplenium oppositifolium, Geum urbanum, Oxalis sp., Geranium robertianum,
Circaea lutetiana, Ajuga reptans, Teucrium scorodonia, Prunella vulgaris, Sibthorpia
europaea, Lapsana communis subsp. communis, Poa nemoralis, Brachypodium sylvaticum,
Carex pendula, Sphagnum sp. Concerning the pteridophytes, 0. x brathaica is growing
amongst the parents, near abundant populations of both D. jilix-mas and D. carthusiana.
Other fern species present in the immediate vicinity are Asplenium sco/opendrium, Athyrium
filix-femina, D. affinis subsp. affinis, D. affinis subsp. borreri, D. dilatata, Blechnum spicant,
and, as an epiphyte, Polypodium vulgm·e. We noticed also, in the neighbourhood in the valley
Osmunda regalis, Polypodium interjectum, Thelypteris palustris, Asplenium adiantum
nigrum, Polystichum setiferum and the hybrid D. X deweveri (D. carthusiana X D. dilatata).
The abundance and the luxuriance of so many various Pteridophyte species are typical of the
wet and warm atlantic climate and emphasize the high botanical interest of this ravine which
needs adequate protection.
It is also i nteresting to mention that a stand of D. remota exists in the area (MB June
199 1 !; Cf. Boudrie & Lazare, 1993), about 2 km wesl of the town of Roquefort (Landes).
DISCUSSION
The presence of abortive spores, the results of the cytological study and the fron d
morphology show that the French hybrid plant i s the taxon named D . x brathaica Fraser
Jenkins & Reichstein, discovered in England in 1 854, and thought to be D. carthusiana x D .
filix-mas. I n addition t o the supporting cytology and morphology o f this plant, several other
facts indicate that our plant is the hybrid between the two species mentioned above. Firstly,
the Dryopteris species that occnr in the vicinity of the hybrid are D. filix-mas, D. affinis
(Lowe) Fraser-Jenkins subsp. affinis, D. affinis subsp. borreri (Newm.) Fraser-Jenkins, D.
carthusiana and D . di/atata. As the hybrid is tetraploid, we can obviously exclude from the
parentage all diploid and triploid apogamous plants such as D. affinis. Secondly, the
existence of concolorous scales is a very important character, and these and the rather narrow
shape of the lamina almost certainly exclude the presence of D . dilatata within the
combination. If D. dilatata were involved, the cytological results would be very similar
because D. dilatata is also an allotetraploid species, and a hybrid with D. jilix-mas should
show no homologous chromosomes. Furthermore, one would expect that the scales, at least at
the base of the stipe, would show a dark middle stripe because this is a very typical character
of D. dilatata. Moreover, it could be expected that a hybrid between D. dilatata and D. filix
mas would be more pinnatisect than is D. x brathaica. The hybrid between D. dilatata and D.
filix-mas is not known.
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CONCLUSION
According to the results of the cytological study and of the above analysis, we are convinced
that the only Dryopteris species that can have produced the hybrid discovered at Roquefort
are D . carthusiana and D . filix-mas, an hybrid previously named D . X brathaica. The
discovery of D. x brathaica in SW France (Dept. Landes) is the first for this rare hybrid for
mainland Europe.
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A STUDY OF THE ECOLOGY OF ASPLENIUMS IN
LIMESTONE GRIKES
JOANNA L. PORTER
Bryn-yr-Aur Cottage, Llechwedd, Conwy, Gwynedd.

Key words: Asplenium, Limestone, grikes.
ABSTRACT
The most common ferns growing in north-south orientated limestone grikes of Gait
Barrows limestone pavement, namely Asplenium scolopendrium, A. ruta-muraria and A.
trichomanes ssp. quadriva/ens, show an apparent vertical zonation. It is hypothesised that

each species' range correlates with its limits of toleration in terms of light intensity and
evaporation capacity.
The niche breadth of each species is compared. A. scolopendrium has a noticeably wide
range of tolerance, growing at most grike depths, although success (measured by the
number of fertile fronds) increases with depth. The physiological and morphological shade
adaptive techniques of its sporophyte and gametophyte are compared. The two generations
show differing strategies in response to low photon flux. The gametophyte is
physiologically shade adapted with a very low light compensation point of 2 mol/m'/s
while the sporophyte has a much more dynamic photosynthetic apparatus and high
morphological adjustment.

INTRODUCTION
The British Isles and adjacent North-west France form a distinct floristic region characterised
by a unique Pteridophyte Flora which is composed of both Arctic-Alpine elements and
Atlantic-Mediterranean elements (Birks, 1976). Within this broad climatic distribution is a
specific habitat range for each of the native fern species, determined by a complex interplay
of many different factors, of which the most obvious are historic, topographic, edaphic and
microclimatic.
The exact factors responsible for delimitation of species ranges and their placement await
precise ecological field and laboratory examination. Towards this end, Gait Barrows
limestone pavement was chosen to investigate the pattern of fern placement.
Pavements
are botanically interesting because the microclimate of grikes i s thought to resemble that of a
woodland floor, and many typical woodland species are found to grow in their shelter. Plants
of rocky habitats also thrive and the trees and shrubs which colonise could be described as
natural bonsais as a result of exposure and root growth limitation. The factors influencing the
distribution of A .scolopendri um L . , A . trichomanes L.subsp.quadrivalens D.E.Meyer
emend.Lovis and A .ruta-muraria L. are studied, particularly focusing on the physiological
aspects of Asplenium sco/opendrium. Such an attempt to form an "ecological picture" is by
no means complete but indicates some of the complex interacting factors involved.
SITE DESCRIPTION
Gait Barrows National Nature Reserve (lOO hectares at 30m elevation) lies at the centre of
the Arnside and Silverdale Area of Outstanding Natural Beauty in Lancashire (SD 484776)
and forms one of the most important wildlife habitat complexes in northern England. There
are three main areas of undamaged pavement although there are smaller areas of pavement in
the surrounding mixed woodland, whose characteristics provide a source of comparison to
the exposed pavement.
The pavements are largely flat, although the eastern pavement slopes quite sharply towards
its eastern end. The average grike size is 2.5 metres long, 0.25 metres wide and 1 metre deep,
with a main orientation of north to south; the few east-west grikes are short and disjointed.
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The ferns recorded by English Nature wardens as being present are: Asplenium adiantum
nigrum L . , A . ceterach L . , A . ruta-muraria L . , A.scolopendrium L . , A . trichomanes
subsp.quadrivalens D.E.Meyer emend.Lovis, Athyrium filix-femina (L.)Roth. , Blechnum
spicant (L.)Roth., Botrychium lunaria (L.)Swartz, Cystopteris fragilis (L.)Bernh., Dryopteris
affinis agg. , D .carthusiana (Vill.) H.P.Fuchs. , D .dilatata (Hoffm.) A.Gray, Dfilix-mas
(L.)Schott, D . submontana (Fraser-Jenkins and Jermy) Fraser-Jenkins, Gymnocarpium
robertianum (Hoffm.) Newman, Polypodium inteljectum Shivas . , Polypodium vulgare L.,
Polystichum aculeatum (L.)Roth., and Pteridium aquilinum (L.)Kuhn morph.aquilinum.
METHODS and RESULTS
The sequence of practical work which developed during the investigation can be divided into
three sections, to answer the following specific questions:
-Does the pattern of species distribution vary with topography?
-Can microclimatic variables be correlated with the species distributions, as causal factors?
-What are the physiological adaptations of Asplenium scolopendrium with respect to its
distribution and performance?
1. Sampling
To measure plant distribution on limestone pavements, several factors need to be taken into
account, particularly the potential sources of eJTOr due to grike structure. Adjacent grikes are
sometimes physically interconnected by transverse fissures which may allow plants from one
grike to colonise others nearby. For this reason each grike may not be regarded as an
independent sample. Their v ariable length and orientation must also be taken into
consideration.
The sampling procedure chosen was that of parallel transects, at a distance apart
predetermined by measuring grike lengths, a method adapted from Silvertown ( 1982). The
recordings made included the average depth, width and length of grike; the fern species
present; their rooted depth and the number of fertile fronds, which gives a measure of fertility
and success (Conway 1 957).
The first question to be addressed and tested statistically is whether the pattern of species
distribution varies with parameters of topography. In order to approach this without
distributions of species simply being a reflection of the more frequent grike depths, grike
depth data is standardised to give cumulative frequency of niche space. For example, 100%
of sampled grikes have IOcm depth and I% have a depth of 1 90cm. The percentage
frequency of each fern could then be calculated with respect to available niche space.
The depth distributions of each species sampled are directly compared with each other
using tests of independence. From these a significant depth zonation is detected and is shown
in Figure 1 .
2. Microclimatic Measurements
The microclimatic variables selected were those most s trongly influenced by grike
dimensions - light intensity and evaporation capacity. The latter parameter is a biologically
useful alternative to relative humidity, and, being affected by turbulence and temperature, is
of direct relevance to both fern establishment and development.
A "Lintronic" dome solarimeter was used to measure light intensity at various depths and
in grikes of different dimensions. The readings were converted to photons by calibration to
produce an extinction curve of photon flux density with increasing grike depth to width ratio
(Figure 2).
An estimate of the evaporation c ap ac i ty of air was m ade with m o d i fied "Piche"
evaporimeters secured vertically at different depths in three grikes of different depth to width
ratio, to give mean results of evaporation capacity, (Figure 3).
3. Measurements of shade adaptation in Asplenium scolopendrium
To attempt to form an understanding of the mechanism underlying the distribution and
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Figure 1. Distribution of Asplenium with respect to the grike dimension of depth and width.

AA.ruta-muraria, BA.scolopendrium CA.trich.omanes

FERN GAZETTE: VOLUME 14 PART 7 (1994)

248

performance of Asplenium scolopendrium, aspects of known shade adaptation techniques
were investigated in both sporophyte and gametophye generations.
a. Stomatal characteristics
Stomata are randomly scattered in longitudinal rows between the sori on the lower surface
of the fronds.
The size, density and distribution of stomata were investigated in plants grown in full
sunlight, in a shaded grike and in woodland.
Frond Origin
Full sun
Grike
Woodland

Stomatal Size(j..Ul)l

Density(No/mm')

45 X 26
49 X 28
52 X 30

28-33
17-22
14- 1 8

b. Chlorophyll content
A sample frond was taken from plants growing i n 5 different sized grikes, i n woodland and
from the plant used to produce the control dose-response curve (see following section).
The chlorophyll was extracted according t o the method in Coombs(1982). The results are
as follows (m =milligrams per millilitre):
Total chlorophyll
(m)
SAMPLE
Control
Woodland
Grike 1
Grike 2
Grike 3
Grike 4
Grike 5

GRIKE DIMENSIONS
(light response plant)
22cm wide,47cm deep
30cm wide,85cm deep
IOcm wide,60cm deep
20cm wide,80cm deep
25cm wide, l 20cm deep

545
544
1 42
296
120
47 1
466

Ratio of
Chi a:b
1 :0.46
1 :2
1 :0.36
1 :0.39
1 :0.3
1 : 0.26
1 :0.27

c. Photosynthetic capacity
This is defined as "a quantity measured under standard conditions which can be used to
characterise certain physiological types of plants as well as plant species, ecotypes and even
individual varieties" (Larcher 1975), and is measured using infra red gas analysis (IRGA)
systems.
Photosynthetic rates were investigated using the LCA-3 battery portable integrated "open"
system. A sporophyte light-response curve was constructed from measurements on a
previously transplanted specimen, after allowing 4 weeks for it to adj u s t to its new
surroundings. Gamelophyte light-re ponse curves were constructed using prothalli of
'
approx.2.5cm "leaf area". The prothalli grown from an unspecified "Hardy" fern variety
were used for comp11rison. For boih sporophyte and gametophyte the light inten ity "do es"
�
2
were increa ·ed every 10- 1 5 minutes in steps from low light (2mol/m /s) to SOOmol/m /. at the
moment when steady state photosynthetic rates were obtained. Four replicates of this
procedure were used in each case in order to produce mean light response curves.
The system was also used to measure gas exchange activity of selected plants growing in
different positions in grikes and woodland floor. The l ight i ntensity was recorded
simultaneously with each measurement.
From measuring such parameters as saturation intensity and light compensation points
from the results, shown in Figures 4 and 5, the shade adaptation capacity of both
gametophyte and sporophyte could be assessed.
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DISCUSSION
The "niche" concept, first introduced by Elton ( l 927) can be applied to the pattern of fern
positioning discovered, with each species having its own vertical range in grikes that is
equivalent to its realised niche. It is assumed, therefore, that different ferns, each with their
own morphology and intrinsic physiological adaptations can grow best in their own niches,
which results here in an approximate zonation of ferns from top to bottom.
All these factors will be considered in the process of answering the three questions
introduced in the method.
I . Does the pattern of species distribution vary with parameters of topography?
A.ruta-muraria and A .trichomanes do not occur in deeper grikes, while A .scolopendriurn is
under represented near grike surfaces. This produces a significant zonation, with some
overlap, of the former species giving way to the latter with increasing depth. Detailed studies
by J.E.Young ( 1 985) of the distribution of A.ruta-muraria and A.trichomanes near Malham
Tarn showed that their macro-distribution did differ, A .trichomanes being found in deeper
crevices (7-28cm) and A .ruta-muraria only in shallower crevices ( l -5cm).
All the species sampled are calcicoles, growing in basic rocks. Although chemical factors
are important, it seems to be the physical components of the rock breakdown process which
are of greatest importance in determining site suitability (Page, 1988). For example, the
freeze-thaw cycle is one process which opens cracks enabling air-borne spores to invade such
sites. Once cracks, joints and bedding planes are exposed, infiltration by water, micro
organisms and fern roots can take place. Fern roots have no secondary thickening process
and although they penetrate considerable distance through fissures, they seldom break up
rocks as do many angiosperms.
A .ruta-muraria and A .trichomanes were absent from grikes where the rock profile was
smoothly rounded and present mainly where many small fissures and miniature ledges exist.
Their small rhizome diameters are capable of exploiting such niches. 80% of the
A .scolopendrium samples however, were found to grow in grike bases. Leaf litter and
organic matter accumulates here, forming a soil which has a high level of nutrients and
neutral to alkaline pH, simulating woodland floor conditions and allowing space for the
larger rhizomes to grow.
2. Can microclimatic variables be correlated with the species distributions?
That grike dimensions have a strong influence on microclimate is obvious from the light and
evaporation results obtained - depth and width being significant variables. Deep grikes and
narrow shallow grikes provide a shaded and humid environment suitable to the requirements
of ferns. The orientation of the grikes also controls the amount of light that enters.
Ferns can be sensitive to exposure to direct, strong sunlight and high relative humidity can
help reduce desiccation at both the prothallial and sporophytic stages. The decay of light
intensity (photon availability) with depth is comparable with decreasing light intensity
curves beneath the canopy of deciduous woodland. The comparison is not straightforward
however since the spectral balance of light differs between grikes and the woodland floor. In
grikes the Red:Far Red (660:730 nm) ratio is about I : 1 . 15, similar to the ratio in sunlight.
The results of humidity and evaporation capacity of air are also similar to the herbaceous
layer of woodland. Reduced air currents and presence of drainage water in grike bottoms
may account for the higher humidity and lower evaporation capacity with grike depth.
Temperature, water content of the air and air currents interact to produce the parameter of
evaporation capacity measured. Temperature alone may directly influence some stage in fern
development which consequently limits its range. For example, the results by Young( l 985)
previously mentioned on the detailed distribution of A . ruta-muraria and A .trichomanes
suggest that the former is colonising warmer crevices, being excluded from the deeper ones
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by high temperature requirements of spore germination. Measurement of the temperature of
the bases of crevices colonised by the two species confirms this conclusion, the mean
temperature for A . ruta-muraria crevices being more than 6° C h igher than that for
A.trichomanes.
3. Some aspects of physiological adaptations of Asplenium scolopendrium with respect to its

distribution and performance.
A .scolopendrium is found to have a wide habitat range, growing at various depths in
limestone grikes and on woodland floors. However, its performance in these sites differs
greatly. Morphological differences are apparant - those fronds growing near limestone
pavement surfaces, or exposed above, are often warped/curled, perhaps a response to
environmental stress conditions, and are yellow with photon bleaching. Those fronds
growing deeper in grikes and especially in woodland canopies are generally healthier in
appearance. "Success", as measured by the number of fertile fronds, significantly increases
with depth (Figure 6). In the light of this behaviour, the question posed is whether this fern
simply has an ability to adjust to a wide range of ecological situations or whether it has a
physiological mechanism for tolerating, and thriving in shaded environments.
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Prioul and Bourdu ( 1 973) established a difference between "adaptation" and "adjustment".
Adaptations are heritable modifications in s tructures and processes that increase the
probability of organisms surviving in a given environment. Adjustment or acclimation
(Kramer, l 983) on the other hand, refers to phenotypic modifications produced by variation in
environmental factors. Every plant that grows in a given environment develops a phenotype
that can be described in terms of physical structure, infrastructure and metabolism. In
response to shade, certain plants show changes in morpho logical characters and/or
physiological mechanisms which together indicate a plant 's potential for acclimation to
different light intensities.
Morphological characteristics of A .sco/opendrium sporophytes vary widely depending on
their growing situation. Fronds in sun are observed to be much thicker and of leathery
texture than those in the shade. Here, a decline in net assimilation rate is compensated for by
an increased production of photosynthetic surface (specific leaf area). Their perennial nature
and retention of fronds enables the plant to photosynthesise throughout much of the year
especially during late autumn and spring, when there is a light increase in many of its natural
woodland habitats through shedding of deciduous leaf canopies. Investigators have shown
differences in the size and distribution of stomata between sun and shade leaves; the latter
having larger stomata but at a decreased density (Penfound 193 1 ) . My results show trends in
line with these findings, a transition in size and density being observed with increasing shade.
A prerequisite to photosynthetic performance in low light environments is that the leaves
must be able to trap the available light and convert it into chemical energy with the highest
possible efficiency. The efficiency by which light may be absorbed depends on chlorophyll
content per unit area and the results show a much higher chlorophyll content in woodland
plants than in the photo-bleached exposed fronds. Those growing in grikes have variable
contents between these two extremes.
The means by which plants are able to attain high chlorophyll contents per unit weight of
leaf is by having unusually large grana stacks, a characteristic of shade plants (Bjorkman
1983). Shade plastids also have lower ratios of chlorophyll a to b. This is found only in the
woodland sporophyte (a:b is 1 :2) whereas the sporophyte from a very exposed position of
limestone pavement had a ratio of 3 : 1 . The control, having been moved to a more open
position for 6 weeks had a ratio of 2 : 1 , whereas those in grikes had ratios varying between
these extremes, depending on the influence of microclimate by grike topography, but always
more chlorophyll a than b.
As shade plants have such large grana stacks and more photosystem II (PSII) complexes
than PS I, they have lower rates of photosynthesis and are saturated at lower intensities. A
comparison between the photosynthetic capacity of the two independent phases in the life
cycle of A .scolopendrium provides interesting results for plants that are very different in
morphology. In order to interpret the results, it is necessary to use some typical values of
light compensation and saturation points for different plant categories. These are converted
according to unit conversions in Incoll ( 1 977).
Reference

Plant Form

Larcher, l 975

Pteridophytes
Shade leaves
Sun leaves
Pteris cretica
(a shade adapted fern)

Hariri, 197 8
A.scolopendrium Hardy variety

sporophyte
- gametophyte
- gametophyte

Le
'
(mol/m /s)
3.2
5.9- 1 1 .7
1 9.5-29
4.6-9.2

12
5
2

Ls
2
(mol/m /s)
195-293
488- 1 000
92- 1 1 5
300
8
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The response of photosynthesis to light intensity has two reference points. The first, called
the compensation point, is the level of light intensity at which photosynthetic assimilation of
energy just balances respiration. The second is the saturation point, above which the rate of
photosynthesis no longer responds to increasing light intensity.
The light compensation point (Le) and light saturation point (Ls) for the sporophyte is
therefore comparable to shade leaves and is higher than most typical pteridophytes. It is
suggested that ferns in general have low saturating photosynthetic rates compared to higher
plants, due to high intercellular resistance (Harriri and Prioul, 1978). Ferns only contain
tracheids, which have smaller diameters than most conducting elements of the xylem - they
are homiohydric.
The gametophytes have an even lower Le, a value showing adaptation to extreme shade.
The absence of the homiohydric apparatus from the gamelophyte is probably the reason why
these poikilohydric plants can grow at very low photon flux densities (Raven, l985). A
comparison between these gametophytes is interesting. Even prothalli of ferns whose
sporophytes are not characteristically shade adapted have results typical of extremeshade
adapted plants; while those of A .scolopendrium are even more so. Various hypotheses have
been suggested for the reason underlying the different photosynthetic capacities. Plants in
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Figure 6. Frequency bar chart to show success of A .scolopendrium measured by the number
of fertile fronds (vertical axis) with depth in grikes (ems).
sunny habitats have considerably higher ribulose 1 -5 diphosphate carboxylase activity than
that of shade loving plants. Therefore low carboxylase activity in shade plants may be one of
the factors limiting their capacity for light saturating photosynthesis (Bjorkman 1983). Shade
plants have low levels of dark respiration and therefore requ ire less light for compensation
than do those with higher respiration rates.
The two generations therefore show differing strategies in response to low photon flux
density which correlate with the differences in their light environments in nature. The
gametophyte of A .scolopendrium is physiologically shade adapted, important in pteridophyte
regeneration in shaded habitats and humid micro-environments such as grike crevices. The
sporophyte however, shows high adjustment, especially morphologically, again suited to its

254

FERN GAZETIE: VOLUME

14 PART 7 (1994)

growth habit in situations where it is exposed to drier conditions and higher irradiances. The
gametophytes of ferns in general require the capacity for carbon accumulation in low light
regimes, because of the nature of their morphology and growth habit.
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ADDITIONS TO THE PTERIDOPHYTE FLORA OF TAVEUNI, FIJI
B S Parris
16A O'Neills Avenue, Takapuna
Auckland 1 309, New Zealand
Key words : Taveuni, Fiji, pteridophytes,

Gonocormus assimilis.

ABSTRACT
Twenty-nine new records are published for the pteridophyte flora of Taveuni, Fiji, four of
which are also new for Fiji and the new combination Gonocormus assimilis (Mett.) Parris
is made.

INTRODUCTION
Brownlie's Pteridophyte Flora of Fiji (Brownlie 1 977) lists the distribution of each species by
island. During field work on Taveuni, one of the two medium sized islands of the group, it
was noted that several species occurred there which were not recorded by B rownlie,
including four which are new records for Fiji. These were found mostly in rain-forest in
areas to which Brownlie may not have had access. Des Voeux Peak in the centre of the
island has a four-wheel drive vehicle track to the summit where a transmitter has been built
since he visited the island, while Tavoro Creek, behind Bouma Village in the northern part of
the island, now has a walking trail to its three waterfalls.
New records for Fiji are Acrostichum speciosum Willd., Asplenium lobulatum Mett. ex
Kuhn, Pseudophegopteris paludosa (Blume) Ching and Chingia longissima (Brack.)
Holttum.
The following list of new pteridophyte records for Taveuni has been compiled from
Brownlie ( 1 977) and taxa collected or seen there by the author from 23 August to 1
September 1 992. Voucher specimens are or will be lodged in the herbaria of the Royal
Botanic Gardens, Kew (K) and the Auckland Institute & Museum (AK).
NEW RECORDS AND A NEW COMBINATION
LYCOPODIACEAE
Lycopodiella cernua (L.) Pie. Serm. : Des Voeux Peak, locally common at margin of summit
scrub, c. 1 200 m, Parris 1 2038; Tavoro Creek, forest margin, c. 75 m, Parris seen!

SELAGINELLACEAE
Selaginella victoriae T. Moore; Des Voeux Peak, locally common in shade under summit
scrub, c. 1 200 m, Parris 1 2033 .
OSMUNDACEAE
Leptopteris wilkesiana (Brack.) H. Christ: Des Voeux Peak, one plant seen, in ridge slope

montane forest, c. 1 100 m, Parris 1 2057. Brownlie records the altitude range of this species
as from near sea level to about 600 m.
GLEICHENIACEAE
Dicranopteris caudata (Cope!.) H. St John: Tavoro Creek, locally common, c. 50 m, Parris

120 1 2.
D. l inearis (Burm. f.) Underw. var. aff. latiloba Holttum: Des Voeux Peak, abundant in open

scoria areas in summit scrub and at margin of summit scrub, c. 1200 m, Parris 12040; Des
Voeux Peak, locally common at margin of low upper ridge slope montane forest, c. 1 100 m,
Parris 12042. This taxon and D . caudata are altitudinally separated on Des Voeux Peak, the
latter occurring at much lower altitudes.
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PTERIDACEAE
Pteris milneana (Hook.) Baker: Des Voeux Peak, one plant seen, near margin of montane

forest, c. 850 m, Parris 1 2060. Pteris milneana was not distinguished from P. tripartita Sw.
by Brownlie, but it is a much larger fern, with stipe 3 cm in diameter and fronds to 3 metres
high.
Acrostichum speciosum Willd.: Korolevu 1., Somosomo Strait, locally common in an area

20 x 4 meters, on raised coral cliffs just above high tide, Parris 1 1993.
This species was not recorded for Fiji by Brownlie. It was growing with a dwarf form of A .
aureum L . , Pan·is 1 1 992. Acrostichum aureum is also common i n low-lying areas of
coconut plantations and pasture adjacent to the sea on Taveuni.
HYMENOPHYLLACEAE
Gonocormus sp.: Des Voeux Peak, epiphyte 3-4 m above ground on 10 cm diam. tree
branches in ridge slope montane forest, growing with Meringium feejeense (Brack.) Copel.
(Pan·is 1 2028), c. 1 100 m, Pan·is 12027; Des Voeux Peak, one frond seen, low epiphyte 0.3
m above ground on mossy tree trunk 7 cm. diam, with Grammitis hookeri (Brack.) Cope!.
(Parris 1 2030), in low open ridge crest forest, c. 1 200 m, Parris 12029. Only a few fronds of
this taxon were collected and the material is insufficient to determine whether it is a new
species or can be referred to Gonocormus assimilis (Mett.) Parris comb. nov. (Trichomanes
assimile Mett. in Kuhn, Linnaea 35: 3 8 6 , 1 86 8 ) of Vanuatu and New Caledonia or
Gonocormus samoensis Cope!. of Samoa (which may be a synonym of G. assimilis).
Selenodesmium dentatum (Bosch) Cope!. : Tavoro Creek, locally common, rupestral on wet
volcanic rocks by river in lowland forest, c. 75 m, Parris 12007.
Meringium feejeense (Brack.) Cope!. : Des Voeux Peak, local, epiphyte 3-4 m above ground

on 10 cm diam. tree branches in ridge slope montane forest, growing with Gonocormus sp.
(Pan·is 1 2027) and Grammitis conformis (Brack.) J. Sm. (Parris 1 2025), c. 1 100 m, Parris
1 2028; Des Voeux Peak, uncommon, low epiphyte 0.5 m above ground on shrub branches in
low summit scrub, c. 1 200 m, Parris 1 203 1 .
CYATHEACEAE
Cyathea decurrens (Hook.) Cope!. : Des Voeux Peak, at margin of summit scrub and
Lycopodiella cernua/Blechnum milnei community, common in summit scrub and within
montane forest, can stand full sun, trunk 2 m tall, 5 cm diam., fronds 6, not produced in
growth whorls?, lowest pinnae ± same length as middle ones, frond including stipe I m long,
stipe glabrous, c. 1 200 m, Parris 1 2034.

DENNSTAEDTIACEAE
Histiopteris incisa (Thunb.) J. Sm. : Des Voeux Peak, locally common, roadside margin of
low upper ridge slope montane forest, c. 1 1 00 m, Pan·is 1 204 1 . The two species of
Histiopteris on Des Voeux Peak are altitudinally separated, with H. incisa occurring at higher
altitudes than H. sinuata.
H. sinuata (Brack.) J. Sm. : Tavoro Creek, locally common, scrambler over vegetation on old
cleared areas, up to 2 m tall, c. 75 m, Parris 1 1996; Des Voeux Peak, Parris seen!

DRYOPTERIDACEAE
Pleocnemia cumingiana C. Presl or P. leuzeana (Gaudich.) C. Presl: Tavoro Creek, Parris

seen! but inaccessible. Neither of these species has been recorded for Taveuni by Brownlie.
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Polystichum aculeatum sensu Brownlie non (L.) Schott: Des Voeux Peak, one plant seen, in
deep shade on steep bank in ridge slope montane forest, c. 1 1 00 m, Parris 1 2052. This taxon
needs to be compared with other large tripinnate-pinnatifid species in the Pacific. It is close
to P. moluccense (Blume) T. Moore of the Moluccas and New Guinea.

NEPHROLEPIDACEAE
Nephrolepis hirsutula (G. Forst.) C. Presl: Tavoro Creek, locally common in open cleared
areas, c. 50 m, Parris 1 2009; Des Voeux Peak, Pan·is seen! ; Waiyevo, Pan·is seen!
N. sp. N. Z.: Des Voeux Peak, locally common, in open area in summit scrub on scoria bank

in light shade, c. 1 200 m, Pan·is 1 2037. Material differs only in lighter green fronds and in
colour of rachis scales from N. Z. thermal region specimens of an undescribed species.
Plants lack tubers and are distinct from N. cordifolia (L.) C. Presl which is naturalised in N.
Z. This may be the taxon recorded from Taveuni by Brownlie as N. tuberosa (Bory ex
Willd.) C. Presl.
ASPLENIACEAE
Asplenium australasicum Hook. : Tavoro Creek, common epiphyte 2-3 m up on tree trunks

and branches over river, c. 75 m, Parris 12022.
A. cuneatum Lam.: Tavoro Creek, local, epiphyte 2 m above ground on tree trunk 15 cm.
diam., in disturbed lowland valley forest, c. 5 m, Pan· is 1 2003.

A. lobulatum Mett. ex Kuhn: Des Voeux Peak, two plants seen, in deep shade on steep bank
in ridge slope montane forest, c. 1 1 00 m, Parris 1 2048. This species was not recorded for
Fiji by Brownlie.

BLECHNACEAE
Blechnum coriaceum (Brack.) Brownlie: Des Voeux Peak, locally common, in deep shade

on steep bank in ridge slope montane forest, c. 1 1 00 m, Parris 1 2050.
B. orientale L.: Des Voeux Peak, Parris seen! ; Tavoro Creek, Pan·is seen!

Stenochlaena pal ustris (Burm. f.) Bedd.: near Bouma village, Parris seen!

THELYPTERIDACEAE
Pseudophegopteris paludosa (Blume) Ching: Des Voeux Peak, uncommon, on roadside
bank in light shade in ridge slope montane forest, c. 1 1 00 m, Parris 1 2058; Des Voeux Peak,
one plant seen, on loose scoria rock bank at roadside margin of low upper ridge slope
montane forest in full sun, c. 1 1 00 m, Parris 1 2064. The genus is not recorded for Fiji by
Brownlie ( 1977) or Holttum ( 1 977), although the species appears to be widespread in the
Pacific and has been found on Rarotonga in the Cook Islands and Tahiti in the Society Is.
(W. R. Sykes in litt.). Pseudophegopteris fijiensis K. U. Kramer, described from the same
altitude and probably the same site on Des Voeux Peak, is synonymous. The relationship
between P. paludosa and P. persimilis (Baker) Holttum of Samoa needs to be studied.
Macrothelypteris polypodioides (Hook.) Holttum: Des Voeux Peak, uncommon, fronds
more than 1 metre high, on roadside bank in light shade in ridge slope montane forest, c.
1 1 00 m, Parris 12059.
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Chingia longissima (Brack.) Holttum: Des Voeux Peak, about a dozen plants, all sterile,
both surfaces of rachis, costae and lamina with sessile yellow glands, more frequent on lower
than on upper surface, on open loose scoria rock bank at roadside margin of low upper ridge
slope montane forest in full sun, c. 1 1 00 m, Pan·is 12063. The genus is not recorded for Fiji
by Brownlie ( 1977) or Holttum ( 1977).
Sphaerostephanos decadens (Baker) Holttum: Des Voeux Peak, locally common at margin
of montane forest, rhizome erect, c. 850 m, Parris 1206 1 .
Christella dentata (Forssk.) Brownsey & Jermy: Waiyevo, uncommon, i n open coconut
plantation by road, rhizome very short-creeping, c. 5 m, Parris 1 1985.

POLYPODIACEAE
Belvisia melanesica Brownlie: Des Voeux Peak, uncommon low epiphyte in ridge slope

montane forest, 1 1 00 m, Parris 12045; Des Voeux Peak, one plant seen, epiphyte 3 m up on
tree branch 5 cm diam., growing with B. mucronata (Fee) Cope!. (Parris 12055), c. 1 1 00 m,
Parris 12054.
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ABSTRACT
Investigations carried out on the pteridophyte flora of the forest of Manongarivo Special
Reserve have revealed a high degree of richness ( 169 taxa) of th is area and a high level of
endemism. This is of great importance when viewed from the Malagasy regional
perspective (80 taxa are endemic to the Malagasy Region) although limited from the stand
point of the Domain studied (4 taxa are endemic to the S ambirano Domain of which
Manongarivo is a part while 2 taxa are endemic for Manongarivo itself). Geographical
location and the altitudinal range of 50m to 1 876m are factors that may account for this
great diversity and the originality of the Pteridophytes of Manongari vo. Two species Pteris camerooniana Kuhn and Trichomanes rigidum Sw are reported for the first time
from Madagascar.

INTRODUCTION
The richness and originality of the vascular plants of Madagascar have been stressed
repeatedly by various authors (including Perrier de la Bathie 1 936, Humbert 1959, Koechlin
et al. 1 974, Leroy 1 978, Jenkins 1 987). This has been attributed to the geographic position of
Madagascar in the intertropical zone; the diversity of its regional climates and its long
isolation from mainland Africa following the break-up of Gondwanaland during the Upper
Jurassic and Cretaceous periods (Raven & Axelrod 1 974).
The earlier works of Perrier de la B athie ( 1 932) and Tardieu-Blot ( 1 948) have also
indicated the wide distribution patterns of the Pteridophytes of the Island which conform to
the phytogeographic and floristic divisions as recognised by Perrier de la Bathie ( 1 92 1 ) and
Humbert ( 1 955) for Madagascar.
The vegetation of Madagascar has been divided into 5 main Domains (Fig. 1 ) by Perrier de
la B athie, ( 1 9 2 1 ) and Humbert ( 1 955). Three of these - the East, the Sambirano and the
Center Domains - are under the influence of the humid winds and also rich in Pteridophytes
while the remaining two Domains - the West and South - are dry and possess fewer species
which are also mainly xerophytic in nature. The works carried out by Rakotondrainibe ( 1985;
1990) in the forests of the Center Domain have provided information on the diversity and
distinctiveness of Pteridophytes of this Domain. This paper uses the results of investigations
undertaken in the Manongarivo Special Reserve, northwest Madagascar to focus on the
Pteridophytes of the Sambirano Domain. Four field trips were undertaken between March
1 9 9 1 and May 1 992 to the forests of the Bekolosy ( 1 487m) and Antsatrotro mountains
( 1 876m) in the Manongarivo Special Reserve (Fig. 2) with the aim of investigating the
composition of the P teridophytes w h i l e looking at the fl ori s ti c , biological and
phytogeographical elements that contribute to the originality and specificity of this group of
plants.
DESCRIPTION OF THE AREA
Manongarivo Special Reserve is located in the Sambirano Region (north-west Madagascar)
°
°
°
°
between Latitudes 1 3 53' and 14 07' Longitudes 48 15' and 48 32' East (Fig. 2). Covering
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an area of about 46,800 ha (Quansah 1988), Manongarivo Special Reserve has forested peaks
and deep valleys within a mountain mass of crystalline rocks (gneiss and migmatites) and
basalts of volcanic origin.
The climate is of the tropical hot and humid type marked by a single dry season of 2-3
months duration. The average temperature measurements are always over 20"C with very
little seasonal variation. The average annual precipitations recorded at the meteorological
stations situated at sea level are between 2000 and 2200mm with 80% of this falling during
the hot season (our estimation is that the annual precipitation on the mountain sides within
the Reserve is more than 2500mm). Above 800-900m altitude, which corresponds to the
transition zone between the Sambirano and Central Domains, irregular precipitations and fine
drizzles result in the reduction of the duration of the dry season and also affect the annual
temperature ranges.
The dense primary vegetation of the mountain sides from 300-SOOm altitude [cultivation of
coffee, cocoa and rice etc. occurs mostly below this altitude] is a multilayered, moist humid
evergreen forest of 20 to 30m height and diversified according to altitudinal and topographic
variations. There is an abundance of: Brachylaena perrieri Camus (Compositae), Canarium
madagascariense Engl. (Burseraceae), Chrysophyllum boivinianum Hartog (Sapotaceae),
Pandanus utilis Bory (Pandanaceae), Ravenala madagascariensis Adan. (Strelitziaceae),
Rhodolaena humblotii H. Bn. (Sarcolaenaceae), Symphonia fasciculata Benth. & Hook.
(Guttiferae), and Tambourissa spp. (Monimiaceae). The forest is equally rich in Palms
(Chrysalidocarpus spp., Neodypsis spp., Vonitra sp.), Tree ferns (Cyathea spp.), lianas and
epiphytic plants. The forest undergrowth is very clear at the lower altitudes but dense from
600-800m altitude where the small-leafed creeping bamboo (Nastus manongarivensis A.
Camus) dominates.
THE PTERIDOPHYTE COMMUNITY OF MANONGARIVO
1 . A great floristic diversity: A survey of the western, southwestern and southeastern parts of
the Bekolosy mountain and the west-southwestern, northwestern and northeastern parts of the
Antsatrotro mountain together with a search along the trails leading to the two summits have
produced a list of 1 69 taxa belonging to 58 genera of Pteridophytes. This represents 3 1 .5% of
the Pteridophyte flora known to be occuring in Madagascar.
The genera best represented in Manongarivo are Asplenium ( 1 8 taxa), Elaphoglossum ( 1 6
taxa), Trichomanes ( 1 6 taxa), Grammitis (7 taxa), Lindsaea ( 7 taxa) and Selaginella (5 taxa).
Comparing the pteridophyte flora to that recorded for the whole Island shows Grammitis
(7 : 1 0 taxa); Blechnum (7 : 1 0 taxa); Bolbitis (3:4 taxa); Vittaria (4:6 taxa); Trichomanes
( 16:24 taxa) and Lindsaea (7: 15 taxa), to be highly concentrated in Manongarivo. Lindsaea,
normally a discreet and localised genus in the forests of Madagascar, is highly diversified in
Manongarivo. Lindsaea oxyphylla is abundant in semi-illuminated undergrowths and along
trails up to 1 200m altitude while L. madagascariensis prefers humid, shaded undergrowths.
In contrast L. odorata, L. blotiana and L. flabellifolia, grow along the sunny banks of
mountain streams, and the quite rare L. plicata and L. millefolium grow on the steep banks of
water courses. L. plicata is found at low altitudes while L. millefolium occurs at 1 300m
altitude. While some genera dominate the forests of Manongarivo, others are much less
widespread in comparison to the forests of other regions of Madagascar. The following
genera illustrates this assertion: Asplenium ( 1 8 :58 taxa); Ctenopteris (3 : 1 0 taxa); Huperzia
(6:21 taxa) and Pteris (6:26 taxa). The genera Diplazium and Dryopteris, with 7 and 1 0 taxa
respectively in the flora of Madagascar appear to be absent in Manongarivo. Eighty-nine out
of the 169 taxa found in Manongarivo are terrestrial. Of these, 78 taxa grow in humus and
most are shaded or semi-shaded. The commonest of these are, Bolbitis longiflagellata,
Ctenitis speciosa, Elaphoglossum macropodium, Lindsaea oxyphylla, Pteris mettenii,
Selaginella lyallii and S. pervillei. The terrestrial sun-loving taxa found in Manongarivo
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include Odontosoria melleri, Osmunda regalis and Pellaea boivinii frequently colonising the
sunny banks of rivers and Blechnum tabu/are, Sticherus flagellaris, Lycopodium cernuum
and Doryopteris pedatoides growing on ridges and less dense areas where the sun ' s rays
easily penetrate. A small number of the terrestrial t�xa ( 1 1 ) are generally epilithic and typifies
the flora colonising boulders and rocks scattered in the forest or the rocky beds of rivers and
streams. Examples of these include A sp lenium anisophyllum, A . blastophorum, A .
marojejyense and Elaphoglossum phanerophlebium, which are abundant on forest floors and
extremely shade-loving and Lindsaea odorota and Xiphopteris oosora var. micropecten
which form dense mats covering the sunlit rocky slabs of certain mountain stream beds
between 1 000 and 1 300m altitude.
The epiphytic taxa (54 out of 1 69) are less frequent at lower altitudes but become
conspicuously abundant from 600-800m altitude on the mountain-sides and summits
frequently enveloped by the morning mist and fog (during the winter months) and the thick
clouds which give rise to the thunderstorms of the Monsoon (in summer). The epiphytic
Pteridophytes include: the shade-loving plants found exclusively at the lower half of
numerous tree trunks such as; Grammitis gilpinae, G. kyimbilensis; Hymenophyllum hirsutum
and Trichomanes lenormandii, semi-shade-loving plants occuring on branches such as;
Eaphoglossum coriac e u m , E . decary a n u m ; Grammitis cryptophlebia; Davallia
chaerophylloides; Asplenium nidus and Microsorium punctatum and species which are sun
loving and colonisers of the top half of trees in the upper stratum of the forest such as;
Elaphog/ossum forsythii-majoris, E. deekenii var. rufidulum, E. leucolepis and Platycerium
alcicorne.
Finally, a smaller number of the pleridophytes (26 taxa or 15.4%) are found to be both
terrestrial and epiphytic. For example, Arthropteris monocarpa a shade-loving epiphyte in the
forest becomes terrestrial/epilith along streams; Blechnum simillimum normally rooted in
soils and climbing with its rhizome on tree trunks becomes an epiphyte after the degeneration
of the basal parts connected to soil while Elaphoglossum acrostichoides and E. conforme are
found to be epiphytic or growing in humus or dead leaves on forest floors just as
Trichomanes borbonicum, T. cuspidatum forma rotundifolium are epiphytes or terrestrial
epiliths.
The taxa found in Manongarivo are presented in Table 1 with notes an indication of
abundance together with notes of available biological, ecological and phytogeographical
information.
2. A great originality: On a global scale, the pteridophyte flora of Manongarivo Special
Reserve presents a great originality by its high degree of endemism. Of the 1 69 taxa
encountered, 80 (47.3%) are Malagasy regional endemics while 54 (32%) are found only in
Madagascar. Specific local endemism is also remarkable . Four species observed in
Manongarivo have, until now, only been recorded as occuring in the Sambirano Domain. Of
these, Pteris mettenii is abundant and observed frequently on trails and semi-illuminated
areas of forests, Pteris lastii is much discreet and found scattered in closed, shaded zones
while the quite rare Bolbitis /ongiflagellata and Lindsaea plicata, are found on the beds of
certain streams and rivers in the Sambirano Domain.
Anemia perrieriana and Huperzia perrieriana are Manongarivo Special Reserve endemics.
Anemia perrieriana has so far been found only on the banks of the Bekolosy River at 1 OOOm
altitude while the epiphytic Huperzia perrieriana, was observed on numerous occassions on
the slopes of both the Bekolosy and Antsatrotro mountains between 460m and 1 200m
altitude
The last of the field trips undertaken during this study resulted in the collection of 6 taxa
formerly unrecorded in Madagascar. These taxa are Bolbitis gemmifera, Trichomanes erosum
var. aerugineum, T. erosum var. erosum; T. liberiense (Rakotondrainibe, 1992); Trichomanes
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rigidum and Pteris camerooniana. It is also worth noting that Asplenium marojejyense and
Blechnum humbertii which were known only from the single collection of Humbert in 1 955
from the forest of Marojejy (Centre-East Domain) have now been found in the Manongarivo
Special Reserve. The epilithic Asplenium marojejyense is relatively abundant in forests
between 800m and ! lOOm altitude whereas Blechnum humbertii was observed only on two
occassions on the banks of the Ankaramihely River at 1 340m altitude on Mt Antsatrotro.
The Pteridophyte community of Manongarivo is very original by its floristic specificity,
when v iewed on the scale ofthe Island. One hundred and three species (6 1 . 3 % ofthe
Pteridophytic flora of this area) constitute species found only in the Center and Sambirano
Domains. This group is further enriched by the presence of 49 species (29. 1 %) which belong
also to the East Domain and 5 species (3%) that occur in the West Domain. The cosmopolitan
element, with a wide distribution and found to occur on the whole Malagasy territory, is
weakly represented in Manongarivo and only 1 1 species (6.5%) are of this type.
This study confirm s the placement of the Manongarivo Special Reserve in two
phytogeographical zones - the Sambirano Domain (areas between 50 and 800m altitude) and
the Center Domain (areas between 800 and 1 876m altitude) of Madagascar. These two
Domains are both included in the oriental region of Madagascar due to the characteristically
high percentage of Pteridophyte species.
According to Tardieu-Blot ( 1955), Humbert collected 1 07 taxa on two trips to the forest of
Marojejy, a forest dubbed "the marvel of nature" and the Special Reserve of Ambohitantely
in the Center Domain has 155 taxa (Rakotondrainibe, 1 985). Research activities currently
being carried out in various protected areas of Madagascar, enable us to estimate the average
Pteridophyte flora of each protected area to be 120 - 1 60 taxa. Our list of Manongarivo tax
therefore appears to be still incomplete. Other expeditions are therefore anticipated,
especially to the little-known northern and eastern parts of this Reserve to augment the
information we have on the Pteridophytes of Manongarivo.
The specific richness, diversity and originality of the Pteridophytic flora of the forest of
Manongarivo Special Reserve may now be explained by the following:
1 - the geographic position of Madagascar in the middle of the Indian Ocean making it a zone
of high endemism;
2 - the warm and humid c limate without any prolonged dry spells confers on the
Manongarivo region the absence of limiting factors and hence favours the explosion of
numerous taxa;
3 - the fact that this Reserve belongs to two phytogeographical zones (Sambirano and Center
Domains) due to its altitudinal range of 50m and 1 876m;
4 - the location of the Reserve in an area of relatively low population density which makes it
less degraded (as now) owing to its steep topography which thus limits the slash and bum
method of cultivating the land to the lower areas.
NEW RECORDS FOR M ADAGASCAR
Trichomanes rigidum S w . Madagascar, Manongarivo Special Reserve, Bekolosy Mountain,
shaded forest floor, 14° OS 'S, 48° 1 7'E, 850m, Andrianatoandro 40 (Univ. d'Antananarivo);
lie Nossi-Be, Lokobe Reserve, 1 3° 25'S, 48° 1 9'E, 1 20m, Rakotondrainibe 1788 (P).
Pteris camerooniana Kuhn , Madagascar, Manongarivo Special Reserve, Antsatrotro
Mountain, shaded forest floor, 1 4° 08'S, 48° 24'E, 1200m, Rakotondrainibe 1341 (Univ.
d'Antananarivo), 1 342 (P).
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