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THE HISTORY OF DIPHASIASTRUM ISSLERI (LYCOPODIACEAE) 
IN BRITAIN AND A REVIEW OF ITS TAXONOMIC STATUS* 

A.C. JERMY 
British Museum (Natural History), Cromwell Road, London SW7 5BD 

ABSTRACT 
Thc history and distribution in Britain of the plant known today as Dipllasiastrom i �leri 
is reviewed. ln the pasl there has becn much confusion ovcr its identity and relationship 
10 D. a/pinum and D. complanatum. Thc diagnostic charactcrs are dcscribcd and taxonomic 
rclationships rcconsidercd. lt is proposcd bccause of apparent introgression bctween the 
taxa and the likcly hybrid origin of D. iss/eri, tbat it and D. alpinum be rcgardcd as 
subspecies of D. complanatum and the necessary new nomenclatural combinations are 
made. 

HISTORY 
A taxon distinct from the common alpine clubmoss (Diphasiastrum (Lycopodium).alpinum) 
was first recognised as a British plant (as Lycopodium complanatum L.) in an editorial 
note in the Gardeners' Chronicle for 1 1 August, 1 866 (p. 753) reporting a communication 
from John Lloyd, claiming "it was found by a woman named Sarah Young, whi1e occupied 
in cutting Heath for broom-making", at Lower Waggoner's Wells, Bramshott, Hants. lt 
was presumably this record that Charles Cardale Babington ( 1867) refers to in edition 6 
of his Manual of British Botany, adding "I have not seen it, and doubt its being correctly 
named". However, a year later John Lloyd sent specimens to the editor of the Gardeners' 
Chronicle (Lloyd 1867a) Iabelied Lycopodium alpinum, from Bramshott, "where the soil 
is a sandy peat, the elevation not more than 600 or 700 feet, the situation sheltered, growing 
near the roots of Heath about 1 8  inches high, by which it appears to be almost smothered". 
An editorial comment followed this, saying its exact identity is not certain as the specimen 
was sterile and that Professor Babington "inclined to place it under L. chamaecyparissus 
A.Br." (a taxon described from N. America and also .found in Europe, very closely related 
to L. complanatum and regarded as synonymaus with it at that time). Lloyd commented 
that the main creeping stem was beneath the soil and believed that L. alpinum produced 
stems above the soil. Höwever, in the Chronicle seven weeks later he wrote (Lloyd 1 867b) 
that he found L. alpinum with subterranean stems in Wales and therefore believed this 
character not to be important. In edition 7 of the Manual, Babington ( 1874) still referred 
to the plant as L. complanatum but it is omitted entirely from the 8th edition (Babington 
188 1 ). Later, in a four-page Addendum to the Manual Babington (1883) had obviously 
reconsidered his opinion and cites L. complanatum from Hants. ,  Gloucester, Worcester, 
Ross and Skye. Watson (1 870) also recorded the Bramshott plant as L. complanatum but 
also gave "Worcestershire (?), error (?) Bab. Man., ed. 6, p. 445. Leefe msc." According 
to Druce (1882) C.C. Babington wrote to him saying the Rev. Churchill Babington found 
"in July, 1838, on Hartlebury Common, Worcestershire, a Lycopodium which he thought 
might be L. complanatum or chamaecyparissus but of late considered to be only a form 
of L. alpinum, growing at a 

'
rather low situation". Babington did not mention a Miss 

Lea (later Mrs Waller), who accompanied him that day, and that she also collected a specimen 
of the Lycopodium (Lees 1867). Her herbarium has not been located (cf. Kent & Allen 
1 984), but a sterile scrap of a specimen from Hartlebury is in CGE, however, and appears 
to be D. issleri. 

The next and possibly most significant find was by the Rev. Henry Peter Reader who 
in 1881  collected in Woodchester Park, near Stroud, Gloucs. ,  a plant he thought was L. 
alpinum. A specimen, which had very flattened suberect branches and cones on short 

* This .,aper wa originally submittcd for Part 3 dedicated to Professor Doctor TA DEUS REICHSTEIN 
whose proliflc studic on Europcan ferns are a stimulus to many, including the author. 
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peduncles, was sent via Bolton King to Druce, who was stimulated to publish (Druce, 
1882) a note "On Lycopodium complanatum as a British plant" 

The Gloucestershire plant was lent by Druce to Boswell-Syme who had a drawing made 
ofit by N.E. Brown for English Botany(Bosweli-Syme 1 886). The Plate is Iabelied Lycopodium 
alpinum L. var. decipiens, Boswell "believing the plant to have nothing to do with L. 
complanatum" (in litt. to Druce, 3 June 1 883). It is numbered 1 834* and obviously is 
meant to be bound next to 1834 (L. alpinum); no description was given in the text by 
Boswell-Syme. Druce rectified this in a valid publication (1892) distinguishing it from L. 
alpinum "by its !arger size, by its flattened spreading branches, with centrat leaves on the 
flattened stem more erect than the lateral", giving "Scotland, Westmoreland, Cumberland, 
Gloster and Worcester" as localities. Tab. 1 834* of Bosweli-Syme is referred to and hence 
the type is Reader's plant from Woodchester. Specimens were distributed widely by Father 
Reader; that in BM is designated here as lectotype with isolectotypes seen from BRIST, 
CGE, K and OXF. They all possess cones although mostly over-mature, but are a very 
good match for continental D. issleri. Edward Marshall compared the Woodchester plant 
with material Iabelied L. complanatum in the Linnean herbarium and published ( 189 1 )  
an opinion that Reader's plant "must go under L.  alpinum L."  and "L. complanatum 
ought to disappear from our Iist"; this is understandable, the plant is much closer to alpinum. 

As for other material recorded as L. complanatum (or L. alpinum var. decipiens), 
Babington (1883) referred also to Skye and Ross. The Skye plant was collected by Prof. 
Marmaduke Alexander Lawson and H.E. Fox in 1 868 and was exhibited at the LinneaP. 
Society on 22 November 1 885 by J.G. Baker. A comment in the Gardeners' Chronicle 
(Anon. 1886) states that "minds have been set at rest by the fine specimen of this species 
[L. complanatum} from the Somerset side of Exmoor", again exhibited by J.G. Baker at 
the Linnean Society on 17 December, 1 885. Both are potentially D. issleri (v.i.). Other 
specimens from Scotland, including ones collected by William Gardner on the Sidlaw Bills, 
and by Druce and E.S. Marshall in N. Scotland (e.g. Ben Avon, Banff, v.-c. 94, and Lochnagar, 
c. 3000 ft [lOOOm,]v.-c. 92) were subsequently labelled var. decipiens, as were many more 
at that period; all have proved to be etiolated forms of D. alpinum. Similarly the specimen 
collected near Advie, Grantown-on-Spey, J.S. Gamble, 1871  (K) is recorded by McCallum 
Webster (1978) as var. decipiens. All those specimens seen are sterile and are luxuriant 
or etiolated forms (through being in dense herbage) of D. alpinum (see below), although 
the Lochnagar material (and site) warrants further investigation. Druce (1916) after 
summarising the history of L. complanatum s.l. and its appearance in Britain, also recorded 
the closely related species Lycopodium chamaecyparissus A.Br. from Ingleborough. The 
specimen on which that record is based, at Manchester Museum (MANCH), is D. alpinum, 
but on the same sheet is a good specimen of L. chamaecyparissus (= D. complanatum 
subsp. chamaecyparissus (A. Br. ex Mute!) Kukk.) obviously misplaced in mounting and 
a suspected source of the error. 

TAXONOMie CONCEPTS OF L. COMPLANATUMCOMPLEX 

lt is clear from what has been said above that the status of the names to be applied to 
these records was by no means clear-cut, even if differences were distinct. Those botanists 
who looked beyond our shores realised there were other taxa in Europe and North America 
which might be overlooked. Sir Joseph Dalton Hooker (1 884) was one who did not go 
into such problems in depth; he regarded L. alpinum and L. complanatum as subspecies 
- a plausible view - and placed the Gloucester and Wareester plants in ssp. complanatum. 
The status was even reduced further in Bentham & Hooker (1887) where it is dismissed 
as a form "of warmer climates". As development and change of land-use destroyed lowland 
heaths of Britain, the true identity of these clubmosses became an academic study. 

Early 20th century botanists in Europe reviewed the group from time to time for selected 
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FIGURE 1. Lectotype specimens of Lycopodium alpinum race issleri Rouy in Issler's Herbarium 
(BASBG). (Photo: Botanisches Institut der Universität, Basel.) 
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areas but their work did not impinge on the British scene. Then, during the 1950's, a 
Bdgian botanist, Dr Andre Lawalree, looked at those forms which were intermediate between 
L. alpinum and L. complanatum, initially in the Low Countries. He described (1957) as 
a species, L. issleri (Rouy) Lawalree based on the L. alpinum variety (actually "Race") 
described by Rouy ( 19 13) from material collected by E. Issler in the Vosges mountains, 
Alsace. Figure 1 shows a sheet from the Issler Herbarium, now at the Botanisches Institut 
Basel (BASBG). Lawalree spread his interest to identifying material in British herbaria, 
and around that time his determinations were sent up by vice-county recorders to BSBI 
Proceedings. Lawalree's determinations included specimens from Llynn Idwal (in BM, NMW 
and OXF), already Iisted by Druce as L. a. var. decipiens, as L. iss/eri, and this was taken 
up by Harrison (in Hyde, Wade & Harrison 1969). Lawalree's concept unfortunately included 
etiolated specimens of D. alpinum, and those from Wales, in the opinion of this author, 
were that species. 

Following this account, Jo&n Wilce, when a student at Michigan University, looked 
at the 'Complanata Section' of Lycopodium (later to be segregated and accepted as a genus, 
Diphasiastrum) for a Ph.D. project. She suggested (1965) that L. issleri was a hybrid, mainly 
on grounds of partial spore abortion, with L. alpinum as one parent and a member of 
the L. complanatum group as the other. This work stimulated more local appraisals in 
Europe, and two are substantial and worthy of mention of mention here. 

First is that of Ilka Kukkonen (1967) who, based in Finland, orientated his work on 
northern and central European material and did not discuss the D. issleri problern to any 
great extent. Nevertheless his discussion of the characters of the D. complanatum complex 
is pertinent as is his account of hybridity within the complex and the ecology of the species 
in Finland. 

The second publication on this group is by Anna Pacyna (1972a, b) who studied Polish 
material, including 1 5  specimens of D. issleri. Her biometrical and statistical account is 
substantial and she concludes that "D. issleri ought to be considered a species of hybrid 
origin". lt is interesting that although D. complanatum is a common plant in the lowlands 
throughout Poland and seldom encountered :n the mountains, and then very rarely to ! 200m 
altitude, D. issleri is recorded in the same altitudinal zone as D. alpinum (700 to 1 200 
or rarely 1600 m). 

I have found signs of spore abortion in both the Gloucester specimens and that recently 
found in the Malvern Hills and have hitherto treated the taxon as a hybrid (e.g. in Jermy 
et al. 1978), whilst accepting that fertile spores are formed and can establish new populations 
where conditions are suitable. However, as D. complanatum sensu stricto has never been 
proven for Britain it seems unlikely that the hybrid has been formed de novo. In view 
of the fact that issleri is intermediate between alpinum and complanatum and that partly 
fertile hybrids appear to occur, the opinion of Domin ( 1937), that these taxa should be 
treated as subspecies, has a Iot of merit. Furthermore, Kukkonen (1967, 1 984) presented 
good evidence for this concept in other European taxa of the complex. I therefore propose 
that they are accepted at that rank in the British List (synonymy for Europe in Derrick, 
Jermy & Paul 1987) as follows: 

Diphasiastrum complanatum (L.) J. Holub, Preslia 47: 108 ( 1975) subsp. complanatum, 
Type: Herb. Linn. 1 257. 20 (LINN). 

D. complanatum subsp. issleri (Rouy) Jermy comb. nov. 
Basionym: Lycopodium alpinum L. race issleri Rouy, Fl. France 14:489 (19 1 3). 
Lectotype: France, Vosges Mts, on the central ridge between the pass and the Reisberg, 
on granite, 1 298m, E. Issler, 1 3  Aug 1908 (BASBG). 

D. complanatum subsp. alpinum (L.) Jermy comb.nov. 
Basionym: Lycopodium alpinum L., Sp.Pl.: 1 104 ( 1753). 
Type: Herb. Linn. 1 257. 15 ,  Lapponia (LINN). 
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FIGURE 2. Silhouette of Diphasiastrum complanatum subsp. issleri from Canisp, West Sutherland. 
(A.G. Kenneth, 1985, BM). 

}\ 

A B c 
FIGURE 3. Diphasiastrum complanatum leaves from second-year-old branches, seen from below. 
A. subsp. complanatum B. subsp. issleri. C. subsp. alpinum. 
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IDENTIFICATION OF DIPHASIASTRUM COMPLANA TUMSUBSP. ISSLERI 

The morphology of issleri is intermediate between alpinum and complanatum. If the plants 
are fruiting then the elongated peduncles of the often branched strobilus are distinctive, 
as is the more open, flabellate sterile branch pattern, with the branch angle quite wide. 
The compressed appearance of the lower leafy branch of complanatum is seen in issleri; 
in alpinum the leaves are laxer and the branch appears more terete. Dostal (1984) illustrates 
this weil for European material, and Page ( 1982) gives a figure of the Gloucester plant; 
a silhouette of the Canisp material is given in Fig. 2. In a/pinum the alternate branches 
tend to lie in one plane, but in issleri the branches leave the main stem more or less in 
a whorled arrangement, giving a rigid Iook which, with a somewhat more grass- or yellow
green colour (i.e. less glaucous) makes the plant stand out in the community. 

Dostal ( 1984) also gives the spore size for complanatum (30-38 J.lm); that for alpinum 
is 42-47 pm. D. Tennant sent material of the Canisp plant to R.H. Roberts who on measuring 
the spores found them closer to alpinum (mean 4 1 .8 11m; Tennant, pers. comm.), comparing 
weil with the author's measurements of the Woodchester plant. It is interesting that Roberts 
found the spores of an untypical form of alpinum (sent to him also by Tennant, v.i.) from 
about 300m above Kenneth's site, to be even smaller (mean 35 11m). On other morphological 
characters those plants fall within the variation of that species. 

The shape of the sporophyll in the three taxa can be seen to be subtly different. In 
complanatum it is very broadly ovate, almost orbicular with an apiculate tip; in alpinum 
it is more narrowly ovate with an attenuate tip; in iss/eri it is intermediate. However, there 
is considerable variation throughout the length of the cone, and because most material 
found is sterile, I prefer to emphasise the vegetative characters. 

The shape and size of the leaves on branches of the previous year's growth, are the 
best characters to consider when one is presented with a few branchlets only. Those leaves 
facing to the ground (so-called ventral leaves) on complanatum are narrowly subulate
triangular, adpressed to the stem for most of their length; those of alpinum are lanceolate
ovate, with an obtuse apex, or more often trowel-shaped (trullate) with a thick petiole 
forming the right-angle of the trowel handle so that the leaf stands away from, and with 
the blade parallel to, the stem, although on drying or pressing, the blade is often 
characteristically skewed; and those of issleri are intermediate in shape, being in British 
material narrowly triangular with an acute apex and lacking the angled petiolate base. 

The shape of the lateral leaves on these older stems is a useful character and has not 
been commented on before, and is in my opinion very helpful in diagnosing iss/eri. In 
complanatum (Fig. 3A) the keel of the leaf descends parallel to the stem and is abruptly 
rounded as it approaches the leaf below. The leaf of alpinum (Fig. 3C) rapidly narrows 
to the base, forming a sieoder 'waist', when seen from the flattened sides, just above the 
insertion of the next lower pair of leaves; issleri (Fig. 38) shows the intermediate state, 
the keel not being parallel, but truncate below, rounding abruptly to the stem. Also in 
complanatum the free portion of the lateral leaf is about one third (or even less) of the 
lower fused bäse; in alpin um the free portion may be almost half the total length. In British 
issleri the free portion is approximately one third. 

Branches of alpinum when growing in deep litter (or in dense Cladonia liehen turf) 
often become etiolated and appear flattened as in complanatum. Such forms have been 
referred to the latter species in error in British records and herbaria. Close examination 
shows the ventral leaf to be trullate and petiolate, and the distinct taper to the narrow 
waist even more obvious. 

RECORDS OF D. COMPLANA TUMSUBSP. ISSLERI 

The most recent records published of this taxon (as D. x issleri) are by Jermy et al. ( 1978). 
In the light of this recent reassessment the distribution shown there must be revised. Whatever 
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its taxonomic status, this taxon is very rare in the British Isles and should not be collected 
except to verify its identity if field observation and photography prove inadequate. The 
distribution of issleri clearly falls into two categories: a lowland south and eastern England 
ecotype of which the Woodchester plant is clearly the best example. Other records are 
based on small samples of plants in herbaria (except for the Broad Down, Malvern, plant) 
but are, in my opinion, this ecotype. The second category is the Scottish low · mountain 
populations, directly comparable to the Contineutal material and associated with areas of 
ancient pine forest. Records of doubtful identity are given in square brackets. 

ENGLAND AND WALES 
(V.-cs 4/5 North Devon/S. Somerset: Specimens from "Exmoor" in BM with no date or 
collector are sterile but possibly this taxon and may be the gathering reported in the Gardeners' 
Chronicle (Anon. 1 886) as being similar to Professor Lawson's Skye plant. A scrappy specimen 
from "near Lynton" (W.R. Lawson, Dec. 1 885) in BM may be the same gathering and 
may also be issleri. Typical alpinum has also been recorded from the area however. 'No 
post-1930 records of either taxa have been est.tblished]. 
V.-c. 12 North Hants.: Lower Waggoner's Wells, Bramshott, specimen comm. C.C. Babington 
in BM and CGE. The plant has not been recorded there this century but much heath 
remained into the beginning of this century and indeed broom-making from the beather 
continued well into the 1930's. Earlier this century Bramshott Common was grazed by 
cattle and this (or the increased nitrogen) would not have improved the chances of the 
clubmoss. 
V.-c. 34 West Glos.: near Woodchester, Stroud, H.P. Reader, several specimens collected 
over the years 1 88 1 - 1884 in BM, BRIST, CGE, GL, K, LIV, NMW and OXF. 
"Gloucestershire" but no locality given (but presumably from near Woodchester) coll. ? 
Evans, 10 July 1 885 (E). 

Reader, whose activity p1ayed a significant part in Gloucestershire botany whilst he 
was incumbent at Woodchester found the specimen in "one of the many valleys which 
intersect the Cotswolds about Stroud, where the ground is broken up into several ferny 
knolls, divided by streamlets". Upon the side of one of those knolls was the Lycopodium. 
The oolite disappears at that point "leaving the Iias exposed, or but thinly and partially 
covered by a strip of Fuller's Earth". "In consequence", Reader says in a Ietter to Druce, 
"the flora of this little tract (some six acres in extent), differs widely from that of the 
surrounding country and includes a !arge number of plants which .. . are not found, or 
found but rarely, on the Cotswolds". He mentions a number of species including Lycopodium 
clavatum, Oreopteris limbosperma, Calamagrostis epigcios, Carex pallescens, C. pilulifera, 
Gnaphalium sylvaticum and Vaccinium myrtillus, the mosses Plagiothecium denticulatum, 
Pleurozia schreberi and Polytri eh um juniperinum, and the Iichens Baeomyces rufus, Cladonia 
cervicornis and C. digitata. As far as I can discover, Reader at no time recorded the exact 
locality but an annotation in Augustus Ley's copy of Babington's Manual in BM quotes 
Woodchester Park, and the geology suggests the south or east sides of Brown Hili. Extensive 
searching by the author and Sonia Holland (BSBI Recorder for Gloucestershire) has failed 
to produce either the plant or a likely habitat. 

V.-c. 37 Worcester: Hartlebury Common, Kidderminster, ChurchiU Babington, July 1837 
(discussed above), specimen in CGE, not apparently refound, nor collected since. 

[Great Malvern, Worcestershire Beacon. August 1893, Freeman-Roper (Amphlett & Rea, 
1 909 sub L. alpinum). Exact locality not known and no herbarium material has been seen.] 

[Little Malvern, Herefordshire Beacon, W.W. Boucher, 20 Sept 1934. (Rea annot. in 
Amphlett & Rea). In 1 980 John Day (pers. comm.) discovered a Diphasiastrum in same 
area (on Broad Down) at 250m alt. ,  in beatbland referable to the association Calluno
Deschampsietum where Calluna and Deschampsia flexuosa are co-dominant with Potentilla 
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erecta and Vaccinium myrtillus common. Frequent in the area, but as yet not closely associated 
with the clubmoss, are Sorbus aucuparia and Betula seedlings and Pceridium. The low 
herb turf contains occasional Galium saxatile and Luzula multiflora with the following 
cryptogams: Campylopus .fragili , C. introf)exus, Cladonia arbuscula, C. ciliata var. tenuis, 
C. floerkiana, C. chlorophaea, Dicranum scoparium and Pleurozium schreberi. 

The site is being monitared by the Nature Conservancy Council and the Worcestershire 
Naturalists' Trust (N. King pers. comm.) and the encroaching birch controlled, with full 
cooperation of the owners, the Malvern Hills Conservators. In November 1986, one plant 
of Diphasiastrum was removed in a turf, so as to keep the rhizosphere intact, and transplanted 
in a nearby site protected from sheep grazing, but not unfortunately from rabbits, the 
effects of which were considerable. No trace of the plant could be found in the Spring 
of 1988. I initially determined this as D x issleri (i.e. D. complanatum subsp. issleri) but 
in the light of further experience must regard it as a population of subsp. alpinum which 
in the past has hybridized with subsp.

' 
issleri. It is morphologically half way between issleri 

and alpinum: it has the leaf structure of the former, and the branching, colour and shorter 
cone peduncle of the latter. Such populations should not b� nnexpected. The taxon issleri 
is most certainly of hybrid origin (v.s.) but the balance of genes (and therefore characters) 
will not always be identical, and populations will drift towards one or other parent.]  

SCOTLAND 
V.-c. 88 Mid Perth: Gien Lochy, Allt dubh Ghalair, 975 m. alt., amongst long heather, 
29 July 1 890, E.S. Marshall (BM, CGE, SLBI). Same locality and collector, 21 July 1906 
(NMW). 
V.-c. 92 South Aberdeen: Gien Derry, near Braemar, 26 July 1 896, F.J. Hanbury (BM); 
there are remnants of ancient pine forests in this valley and the site could have issleri 
still present. 

Strath Nethy, across track to Bynack Beg, in open moorland, between 750 and 800m 
alt., August 198 1 ,  D.J. Tennant (E); this is a small sterile branch but a good match for 
the taxon. 

Lochnagar, on the S.E. slopes at 960 m alt. ,  in short heather c. 7-8 ins high, 1961/ 
62, L. Bentley (comm. F. Rose) (BM). 

Glen Quoich, on eastern slopes of A' Chioch, Beinn a' Bhuird, at c. 700 m alt; amongst 
and beneath dwarf heath of Calluna-Vaccinium c. 40 cm high, on shallow peaty skeletal 
soils, 6 July 1988, H. Noltie (E); same locality, 1 8  July 1988, A.C. Jermy No. 18075 (BM, 
NMW). Subsp. alpinumnot associated but within 100 m, on more open alpine heath. 
V.-c. 96 Easterness: S.W. slopes of Geal Charn, Gien Feshie, 2700 ft [8 10m], on open heather 
moorland on granitic soils, J.A. Wheldon and A. Wilson, July 1909 (BM, BRIST, CGE, 
E, OXF, NMW). Searched for many time since unsuccessfully, but could still be there. 
V.-c. 100 Arran: Glen Easan Biorach, at about 1000 ft [300m] altitude, A. Somerville, 2 
July 1895 (E, OXF). Not collected since. 

Lochranza, Terras herb. ,  1 884 (E). Most likely the same locality as above. Not seen 
since, but this or these could weil be there still. 
V.-c.104 North Ebudes: Skye, "Cuillins", M.A. Lawson, July 1 868 (BM, CGE, OXF). Nothing 
approaching this taxon has since been collected on Skye but obviously there is great potential 
for it to be there. 
V.-c. 108 West Sutherland: Canisp, on lower slopes at c. 270m alt., amongst boulders in 
dwarf heath vegetation, July 1985, A.G. Kenneth (BM, E); July 1987, D.J. Tennant & 
A.G. Kenneth (BM). On a mountain with much alpinum, the issleri population was distinct 
in the colour and rigidity of the vegetative branches and showed sporing branches with 
long-pedunculate cones, often branching at their bases (see Fig. 2). An extensive survey 
made of the site, and both around and above it, by Archie Kenneth and David Tennant 
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(pers. comm.) in 1987, revealed variation in the alpinum populations, which suggests possible 
interbreeding. The arca has much potential for further research and may well hold 
complanatum itself. 
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REVIEW 

PTERIDOPHYTE FLORA OF OAXACA, MEXICO by John T. Mickel and 

Joseph M. Beitel. 568 pp. Memoirs of the New York Botanical Garden volume 

46. 1988. ISBN 0 89327 323 6. Price $94.85 for U.S. Orders, $96.80 for non U.S. 

Orders. 

The Introduction to this book outlines the development of fern floristics for Mexico over 
the past 1 50 years. From 182 species reported by Martens and Galeotti in 1842, we learn 
that there are now 690 species known in Oaxaca alone out of a present estimate of 1000 
or more for the whole country. 

The complex physiography of this State �as much to do with patchy fern collecting 
in the past, as weil as the wide natural taxonomic diversity of the fern flora recently revealed. 
Moreover, the range of ecology and the discrepancies in the known flora between this 
and neighbouring States, suggest that primary exploration still has much to yield. 

Oaxaca is phytogeographically at a crossroads between the Caribbean elements of the 
wet windward slopes of the mountain ridges, the arid 'cheilanthoid' flora Stretching from 
the north and Central Mexico, and the tropical Central and South American components 
extending to their northernmost Iimits. 

The largest genera, Asplenium (55 spp.), Thelypteris (45 spp.), Cheilanthes (44 spp.), 
Selaginella (39 spp.), Polypodium (37 spp.) and Elaphoglossum (33 spp.), (nearly 37% of 
the flora in 6 of the 101 genera in 27 families represented) demonstrate clearly, in whole 
or in their parts, the varied ecological characteristics of this fascinating region. 

Descriptions of species are mostly concise and adequate, being sometimes shortened 
and diagnostic for rare or closely related taxa. Explanatory notes are frequent especially 
for new names of which there are about seventy including new species (described here 
for the first time), hybrids, some varieties and, happily, no subspecies. Groups of closely 
related species often have a note following one member of the group entailing cross-reference 
and much turning of pages because of the alphabetical sequence. The book has alphabetical 
arrangement of genera and species throughout. This Ieads to a comment on the choice, 
quite clearly made by the authors, to 'ignore families' because 'utility should be the prevailing 
guide in selecting an arrangement'. 

But what is utility? An alphabetical catalogue is useful for someone who wants to establish 
quickly a fact or two about a plant of which the name is already known. 

Illustrations, especially first-class fully vouchered line-drawings, like the 129 plates at 
the end of this book, are useful imperatives in providing visual affirmatlons of appearances 
and relationships. Here, they are arranged according to a cryptic conspectus of 27 families 
at the beginning of the book. What hftppens in between has nothing to do with this or 
any other system. 

Utility is in no way better served than in systems of classification. They have the purpose 
of summarizing· the characters of groups within groups as a shorthand to learning and 
research in intellectual processes. The foundation of their intrinsic merit, a normal expectation 
in a Flora, is totally lost in the cheerless formality of the alphabet. 

Regrettably, there are precedents for this, and even more regrettably they come from 
the professional eminence of the Flora-writing fraternity. There is, as our authors state, 
'widespread disagreement among pteridologists regarding familial and generic phylogenetic 
arrangements (of ferns).' But has this book been prepared so diligently and painstakingly 
for pteridologists only? How many aspiring pteridologists are there in the State of Oaxaca? 
Are the shorthands and mnemonics of botanical systematics irrelevant to students and other 
interested people, even other botanists, in Mexico and elsewhere? Of the 27 families in 
the 'cryptic conspectus', 17  are quite indisputable in their circumscription. The other 10 

Contd. o n  p.  276 
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COMPRESSION AND SLINGSHOT MEGASPORE EJECTION IN 
SELAGINELLA SELAGINOIDES - A NEW PHENOMENON IN 

PTERIDOPHYTES 
C.N. PAGE 

Royal Botanic Garden, Edinburgh EH3 5LR, Scotland 

ABSTRACT 
Observation of the megaspare and microspore dispersal mechanism of Selaginella 
selaginoides shows that the release of the two types of spores takes place by very different 
methods. 

Microspore discharge takes place passively, while megaspare dispersal takes place 
by an active discharge mechanism, termed here 'compression and slingshot ejection'. 

No active megaspare ejection has, as fai 'as I am aware, been hitherto reported in 
this or any other heterosporous pteridophyte genus. 

This mechanism is discussed and interpreted in relation to the outlying taxonomy, 
ecology and palaeobotanic history of Selaginella and is suggested to be a primitive and 
perhaps ancient evolutionary trait within the genus. 

INTRODUCTION 
Selaginella selaginoides (L.) Link is a small, moss-like plant, whieh oeeurs widely amongst 
low-growing vegetation throughout a eireum-boreal range (Polunin 1959, Page 1988). It 
is also one of the very few pteridophytes in the native flora of Britain and Ireland whieh 
is heterosporous. Eaeh eone, whieh matures in Seotland by mid- to late August or early 
September, usually bears an assortment of mierosporängia and megasporangia in the axils 
of its weakly-differentiated, leaf-like sporophylls. Sometimes sporangia of eaeh type oeeur 
somewhat randomly within a eone. More often, mierosporangia and megasporangia are 
zoned within eaeh cone, with the megasporangia always at the base, and sometimes there 
are multiple zones of miero- and megasporangia, espeeially in !arger eones. At maturity, 
the simple, globose mierosporangia eaeh liberate a !arge number of small, orange mierospores; 
the 4-lobed megasporangia eaeh liberale only four !arge, white megaspores. Mierospore 
diseharge takes plaee passively, while megaspare dispersal takes plaee by an aetive diseharge 
meehanism, termed here 'eompression and slingshot ejeetion'. 

Although an aetive mierospore-dispersal meehanism has recently been reported in some 
tropieal Selaginella speeies (Koller & Seheekler 1986), no active ejeetion of megaspores 
has, as far as I am aware, been hitherto reported in this or any other heterosporous 
pteridophyte genus. 

This meehanism is diseussed and interpreted in relation to the outlying eco1ogie, taxonomie 
and palaeobotanie position of S. selaginoides, and is suggested to be a primitive and perhaps 
aneient evolutionary trait within the genus. 

MATERIALS AND METHODS 

The phenomenon of sudden, ballistie, megaspare ejeetion in S. selaginoides was initially 
diseovered by the author by simple hand-lens Observation of in situ speeimens in the field 
in East Perthshire, Seotland. Subsequent further in situ observations made on more than 
50 wild, mature speeimens showed it, indeed, to be a generat phenomenon of the species 
throughout its range in Highland Seotland. 

Supplementary Iabaratory Observations were made on isolated eone material transferred 
when freshly gathered in August 1987 and August 1988 to Iabaratory environments at 
Kindrogan Field Studies Centre, Perthshire and to the Royal Botanie Garden, Edinburgh, 
Seotland, respectively, enabling the exaet sequence of events to be more precisely studied. 
Megaspore discharge distanees quoted were those aehieved in a Iabaratory atmosphere, 
measuring from the position of the eone to the final settlement point of the megaspare 
from a still atmosphere on a smooth dark surfaee. 
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a 

b 

Fig I, a - b 'going, goiog, gone!'; a: Megasporangium wulls fully withdrawn from around a quariet 
of megasporcs, to the point of being fully primcd, with thc mcgaspore.s on the point of sudden and 
violent release; b: the moment immediately following discharge, with the now-empty megaspare cradles 
formed from the original megasporangium wall showing the !arge upper and Jower Iobes and the 
much smaller lateral ones (x 64). Photos: C.N. Page. 

OBSERVATIONS 

Compression and slingshot megaspore ejection 
Each microspore of S. selaginoides is c. 30 um diameter, each megaspore c. 690 um diameter, 
the megaspores being thus approximately 23 times the diameter of the microspores, and 
over 12,000 times their volume. lndeed each megaspore is thus sufficiently !arge to be clearly 
seen with the naked eye. SEM details are weil illustrated by Tryon ( 1949: 424). 

Field and laboratory observations on native Scottish material show that although the 
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Fig 2, a - d, diagrammatic representation of the megaspare discharge sequence of Selaginella selaginoides 
described here; a - b,  FRONTAL VIEW, a: quartet of megaspores with centrat pair becoming squeezed 
by compression action between the upper and lower megaspores in the axil of a deflexed megasporophyll 
(thick solid arrows indicate main compression force directions); b: central megaspare pair suddenly 
ejected as a result of this compression action; c - d, SIDE VIEW, c: !arger arms of megaspare cradle 
carrying the upper and lower megaspores snap forward as an immediate result of loss of the central 
megaspare pair; d: the upper and lower megaspores are hurled violently from the cone by the slingshot 
action resulting (slender solid arrows indicate direction of initial megaspare and cradle movement, 
thin dotted arrows, the ultimate direction of megaspare ejection). 

micraspares are dispersed at maturity in a tatally passive fashian, megaspare dispersal takes 
place by an active discharge mechanism, termed here 'campression and slingshot ejectian'. 
By this mechanism, the megaspores of each ripe megasporangium are shot ballistically from 
the plant, dispersing them ta greater distance than would be likely to be achieved by passive 
dispersal alone, as weil as thraugh a wide radial settlement pattern. 

This discharge process is always similar and spectacular. lt is best analysed in three 
phases: that of megasparophyll priming, that of megaspare ejection, and that af the dispersal 
distance achieved by the resulting megaspare trajectaries. 

Megasporophyll priming 
The megaspore discharge process of S. sclaginoides involves the ance-only (far each 
megasporangium) sudden and virtually explosive release of what appears to be the slowly 
accumulated tension acquired by successive megasparaphylls. 

Each megasporangium, with its adjacent megasporophyll, acts as an independent discharge 
system. Tensioning of the system appears to be initiated by the shrinking and eventual 
Splitting of the ripe megasporangium walls. As these shrink, so the whole megasporangium 
becomes drawn progressively deeper inta the axil of its subtending megasporophyll blade, 
forcing the four megaspores contained within tightly together. This axial retreat of each 
mature megasporangium causes a gradual backward-ilexing of the whole subtending 
megasporphyll blade, which consequently becomes forced inta an increasingly divergent 
angle from the axis af the cone. As it becomes deflexed, it appears to become increasingly 
tensioned. Indeed, even casual Observation of almost any fully mature cone of this species 
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in the field typically shows one or more deflexed megasporophyll blades standing at an 
abruptly divergent angle from those of the rest of the cone, although no significance has, 
as far as I am aware, ever been previously attributed to this. Only megasporophyll blades 
appear to do this, and each only once, when the megasporangium in their axil is fully 
mature and about to dehisce. It appears to be this gradually accumulated tension which 
ultimately powers the whole ejection event. 

The duration of the period of tensioning varies according to the speed of splitting and 
shrinkage of the mature megasporangium wall, and hence with the humidity of the air. 
In a dry laboratory atmosphere, it usually took place fully over the course of about a 
2-minute period. In the field, periods of from 5-30 minutes or more seem more usual. 

As the tensioning of the megasporophyll blade proceeds, so the shrinking megasporangium 
wall, splitting along approximately X-shaped predetermined lines of weakness, separates 
around the spores into four discrete arms. Each resulting arm clasps, but gradually withdraws 
from, around one megaspore, by slowly sliding back to form a cradle around its megaspore's 
periphery. At this stage, the megaspores can be seen to be arranged as two decussate pairs: 
a medial pair, lying in the plane of the midvein and cone axis, and a lateral pair, lying 
perpendicularly to the first pair and withdrawn partly between them (Fig. Ia). 

Drawn maximally into the angle between the cone axis and the detlexed megasporophyll 
blade, the quartet of megaspores in the fully-tensioned system appears to be subject to 
especially strong compressive forces between the tightening megaspore cradle arms, which 
themselves are compressed within the axil of the megasporophyll blade. The lateral pair 
of megaspores are especially tightly compressed between the two medial megaspores which 
squeeze their sides, and the tips of their megasporangium walls, which still just retain them. 
The megapsores themselves are hard and rigid objects, and appear not to easily distort 
to this compression. Under a low power microscope, isolated megaspores can be seen to 
have walls which are externally ornamented only by low, rounded, projections. But when 
newly revealed by the withdrawing megasporangium wall, the fresh spores in life have a 
smoothly glossy appearance and apparently moist surface. Indeed, as the megaspores become 
progressively more visible, they Iook like a clutch of four, shining, wet eggs, held in a 
tight and shrinking nest. 

Once fully primed, with the megasporophyll blade deflexed to an angle of about 80° 
from the cone axis, and each megaspore largely revealed, but still held around its periphery 
by the embracc of one arm of thc retreating megasporangium wall, the whole system is 
ready to activcly eject the megasporc quartct revealcd (Fig Ia). 

Megaspore ejection 
Sudden total release of the slowly accumulated tension occurs when the four mature 
megaspores are shot forcefully from the plant, in two rapidly-successive (ie split-second) 
volleys. 

Compression ejection of the first megasore vol/ey: Discharge of the first megaspore volley 
is initiated 

'
when the steadily retreating margins of the splitting megasporangium wall 

eventually lose their last vestiges of grip on one opposite (always lateral) pair of 
megaspores; for the arms of the megaspore cradle retaining this lateral megaspore 
pair are always much smaller than those retaining the central pair (see below), they 
are thus always the first to finally lose their grip. At this critical point, the now tightly 
compressed, round and apparently moist-surfaced, lateral megaspores are suddenly and 
forcefully ejected as a pair from the megasporangium, in a manner analogous to two 
round bars of wet soap being equally suddenly and forcefully ejected from a pair 
of squeezing hands! 
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Slingshot ejection of the second megaspore Yolley: With the sudden loss of the first 
megaspare pair, which had, during priming, been forcing between them, the remaining 
medial pair of megaspores are hurled from the cone by each of their spoon-shaped 
wall portions snapping sharply forward with a rapid slingshot-action, now fully releasing 
the remaining tension between the cone axis and the formerly deflexed megasporophyll 
blade. Discharge of the second megaspare volley is initiated immediately by the loss 
of the first spore pair, and thus always follows in nearly-instant succession; their !arger 
pair of cruciate arms of the original wall (see below), forming spoon-shaped, sling
like cradles now snap sharply together, hurling the two remaining megaspores from 
the cone as they close. The sudden ejection of this second megaspare pair is thus 
like projecting two wet plums from two facing tablespoons, each held at its handle
base and tensioned by pulling back the spoon-tip! (Fig. 2 c-d). 

Once all the megaspores have been ejected, the relative sizes of the two pairs of cruciate 
arms of the original megasporangium wall can now be most clearly seen. The lateral pair 
are always the smaller, and the medial pair always the !arger and more spoon-shaped. 
(Fig. 1 b ). The former function to retain their megaspare pair only until overcome by increasing 
compressive forces, the latter act as cradles to then eject their megaspare pair by their 
different slingshot action. 

Dispersal trajectories 
The resulting discharge distances of the trajectories achieved for the size of the plant are 
impressive. In a still, dry, Iabaratory atmosphere, trapping of ejected spores on sticky plates, 
held inverted above erect cones, indicates that megaspare ejection can take place to a vertical 
height of I metre or more, and that such ejected megaspores, when allowed to land from 
their trajectories, arrive with a random distribution radially around the parent cone at distances 
of mostly 5-45 cm, with a few reaching over 65 cm distance. 

Air-resistance against a moving body of such low mass must be a potent factor in 
slowing its velocity rapidly. However, the Iabaratory distances measured are those achieved 
in still air, and take no account of the field-situation in which the whole cones and ejectred 
megaspores of S. sclagionoides, as weil as its passively-released small microspores, in bleak 
upland wild habitats, are more or less constantly subjected to considerable crosswind forces. 
I t may, indeed, be such passing breezes which, und er field conditions, are effective in promoting 
the initial desiccation process leading to the megaspare di�charge event. Further, such breezes 
not only serve to disperse the passively-released microspores, but also quite actively agitate 
the direction of orientation of the cone itself, thereby probably greatly increasing the total 
radial component of the trajectory of megaspores which become ejected at varying radial 
angles into the passing (and probably turbulent) moving air. 

To imitate wind-oscillation, when cones of S. sclaginoides were experiementally held 
in the Iabaratory at varying angles to the vertical, horizontal megaspare discharge distances 
were found to be greatly increased, and horizontal settlement distances of from 1 .5 to over 
2 metres from the cone were regularly achieved, with a few megaspores occasionally being 
shot to horizontal distances of over 3m from the parent cone! 

Cone-agitation by crosswind forces thus probably plays a significant role in increasing 
both the absolute distance and randomness of radial direction in which the megaspores 
are finally hurled. 

DISCUSSION 

Although this 'compression and slingshot' method of spore ejection is a structurally simple 
one, it is impresively effective in hurling the !arge megaspores of this small-statured species 
over appreciable airborne distances, and through a wide radial range of scatter pattern. 
The actual speed of ejection of the spores from the plant (the equivalent of the "muzzle 
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velocity" of a gun) must be considerable, considering the small megaspore mass and the 
height and distance to which each megaspore is shot. Indeed, impingement of the suddenly
ejected spores as two successive volleys can certainly be feit on the face of the close observer. 
It also seems to have aspects of considerable biological and palaeobotanic significance. 

Ballistic aspects 
· Various mathematical formulae have been proposed to describe the distribution patterns 

of both passively dispersed spores and the ballistics of spores which are violently ejected, 
the latter especially resulting from observation of fungal mechanisms (see, for example, 
Buller 1909, Gregory 1945, 195 1 ,  1961 ,  Ingold 1965, 197 1 ,  Gregory & Stedman 1953, Schrodter 
1960 and Sreeramulu & Ramalingen 1961). 

From the aggregate of such studies, two general principles applicable to the contrasting 
spore types of Selaginella seem to emerge: 

One is that for passively dispersed airborne spores, relatively random downwind dispersal 
patterns may be anticipated, analogous to a smoke plume, beneath which is likely to be 
an approximatley logarithmic decrease in settlement density linearly away from the spore 
source in a unidirectional, narrowly triangular downwind pattern. Absolute dispersal distance 
for any spore is likely to be strongly influenced by a multiplicity of environmental variables. 
For achievement of highest dispersal distance, smallness of size promoting slow settlement 
rates and hence long airborne times, is likely to be .of high selective advantage, and, indeed, 
the microspores of Selaginella would appear to fall well within an effective operational 
size for such anticipated missions. 

By contrast, the second principle to emerge seems to be that the subsequent trajectories 

and settlement patterns of violently-ejected spores are somewhat more mathematically 
predictable (if more complex to calculate ), with a generally circular pattern of expected 
settlement patterns (modified to perhaps a more ovate shape by crosswinds) reaching a 
maximum density away from the source at a predictable radial distance. Also by contrast 
with microspore size, for highest dispersal distance and for minimum influence to trajectories 
of the vicissitudes of wind currents and air turbulence, rapid speed of ejection as well as 
relatively !arge mass would be at a strong selective advantage. The size of the megaspores 
of S. selaginoides certainly appear to be within an adequately massive operational size for 
their very different dispersal mechanism to operate effectively in the field. 

Ecological and biological aspects 
In Scotland, the erect cone-shoots of S. sclaginoides normally arise to about 1-4 cm above 
the Ievel of the ground. Its montane habitats, as well as its coastal dune ones, are sites 
which are not, and probably have never been, covered by extensive tree growth in post
glacial time. Further, it is very probable that S. sclaginoides was once a widespread species 
of early post-glacial habitats, characterised by their open vegetation, before the extensive 
development oftree vegetation in Britain and Ireland (Page 1982, 1988), and, indeed, exposure 
of habitats, appears typical of the plant throughout much of its modern, boreal range. 
Were its megaspores merely passively released, at heights of under 4 cm above ground 
Ievel (and often among other low-growing herbage), their opportunity for more effective 
dispersal by wind currents might weil be appreciably limited. Ejected into the air, however, 
not only is more distant dispersal likely to be regularly achieved, but so also is a far better 
radial directional scatter of megaspores through wind-agitation of the cone. 

Biologically, the significance of this process is presumably not only in removing the 
sites of new megaprothallial establishment (and hence the site of origin of new sporophytic 
progeny) weil away from the parent plant, but also in increasing the opportunity for 
randomness of fertilisation of the resulting megaprothalli by the antherozoids of independent 
microprothalli deriving from passively-dispersed microspores originating from independent, 
differently-placed, upwind, sporophytes. For only when so-removed, in !arge part, from 
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settlement within the same downwind dispersal zone as that of a sporophyte's own 
microspores, do the biological benefits of heterospory in an airborne environment seem 
likely to become most fully realised. 

Elsewhere in the genus, in a wide range of tropical species of Selaginella examined 
by Koller & Seheekler ( 1986), no active megaspare ejection mechanism was detected, nor, 
so far as I am aware, has nay been by any other author on Selaginella, and it seems 
possible that this may indicate a real absence of this phenomenon amongst the tropical 
species. In these species, a more active microspore dispersal system, however, exists, and 
as such it would seem that in these taxonomically very different groups of Selaginella (the 
species-poor homophyllous one and the species-rich heterophyllous one), a similar biological 
result has probably been achieved by specialisation within each group in violent dispersal 
of one (opposite) spare type only. For it perhaps matters less, biologically speaking, how 
the two types of spores are actually discharged, so long as they are removed from the 
site of the parent plant and that they are discharged in ways that achieve significarttly 
different settlement patterns. 

Taxonomie and palaeobotanic aspects 
Within the genus, S. selaginoides is taxonomically a highly distinctive member, with cylindrical 
cones, homorphic leaves and spiral phyllotaxy, there being only one other living species 
(S. deflexa Brack. ofthe Hawaiian Islands) with a similar general morphology. The sporangial 
arrangement, with a basal megasporangiate zone and a superior microsporangiate one, is 
also restricted within the genus to this pair of species (Horner & Arnott 1963). These aspects 
and the relatively undifferential foliar trait of S. selaginoides (which also includes very leaf
like sporophylls) has been taken to indiciate primitiveness within the genus as a whole 
(eg Bower 1908, 1935: 288, Smith 1938, Thomas 1985, Jermy in press). It thus seems possible 
that this 'compression and slingshot' megaspare ejection mechanism may itself be ancient 
within the genus and as such could have existed in similar form in early members of Selaginella. 

At the family Ievel, Selaginellaceae (the only family of the Selaginellales - Thomas & 
Brack-Hanes 1984) appears to have been separate from Lycopodiaceae since at least the 
Lower Carboniferous. For, by this time, heterospory amongst ligulate clubmosses with radial 
shoot symmetry had already evolved (Bower 1908, 1935, Hirmer 1927, Smith 1938, Boureau 
1967, Stewart 1983, Thomas & Spicer 1987), while there is also evidence of perhaps even 
more primitive ligulate lycopods from as early as the middle

'
Devonian (Grierson & Bonamo 

1979). 
At the genus Ievel and below, heterophyllous and homophyllous groups of Selaginella 

appear to have been separate since at least the Upper Carboniferous (Thomas 1985 & 
pers. comm. 1989), from when, as with the other probably equally ancient pteridophyte 
genm Equisetum (Equisetaceae) (Page 1972), small herbaceaus forms of Selaginella may 
weil have survived relativley unchanged to the present day (eg Taylor 198 1 ,  Thomas 1985). 
Evidence for the early existence of small, S. sclaginoides-like forms comes fröm several 
indeperident sources. Bower (1908), for example, first drew attention to the work of Bensan 
( 1907), who compared a small Carboniferous plant of lycopod-like form, Miadesmia 
membranacea, with the habit ofliving S. selaginoides, although the megasporangial characters 
appear to have been even more advanced (see below). Another Carboniferous fossil, Selaginella 
fraipontii was also clearly a plant ofherbaceous form and probably sprawling habit (Schlanker 
& Leisman 1969), while camparisans have also been made ofthe Carboniferous Selaginellites 
crassicinctus (Leisman 1961 )  and of Paurodendron (Phillips & Leismar 1966) with the living 
S. selaginoides, underlining further the morphologically primitive sta:tus and probable very 
great antiqt1ity of the herbaceaus habit and general homomorphic form of living S. 
selaginoides. 

Through the fossil record, with the evolution of heterospory, the number of megaspores 
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per megasporangium has been different in different taxa. Even today, some Selaginella 
still show occasional variation in megasporangial number (e& Duerden 1929), while the 
fossil record shows many possible past avenues of evolutionary opportunity in terms of 
megaspore-reduction numbers. Some of the Carboniferous taxa of Lycopodites (subsequently 
put into Selaginellites) reported by Bower (1908: 301) had 16 or 24 megaspores per 
megasporangium. However, by as early as the Carboniferous, the present-day number of 
S. selaginoides had already been achieved in Selaginella fraipontii (Schlanker & Leisman 
1969), while this number was modified still further in the arborescent Lycopod Lcpidophloios, 
by reduction of the developing tetrads to one and the subsequent abortion of three of 
its members, although in this case, the resulting single mature megaspare is believed to 
have been discharged complete with its sporophyll as an airborne unit (Thomas 1978, Thomas 
& Spicer 1987). The megaspare number was also reduced to one in the herbaceaus Miadesmia 
membranacea (Benson 1907, Bower 1908) - see below. 

The data from living S. selaginoides suggests that, for the microspores of this species, 
and presumably for those of the fossil forms, evolutionary selection pressure has probably 
always favoured smallness in size and low mass to maximise airborne dispersa1 opportunity. 
But for airborne megaspores, once !arger than a critical size above which passive wind 
dispersal is less effective, se1ection pressure would seem like1y to have favoured the evolution 
of more massive projectiles, and that of an efficient ejection mechanism, helping ensure 
different spore settlement patterns and t�ereby maximising opportunity for outbreeding 
between prothalli from different original sporophytes. 

Evidence from the fossil record certainly provides abundant indications of widespread 
trends to reduce the megaspare number per megasporangium, V'(hile increasing its size and 
mass. It would be of interest to know whether any cone specimen in the long history of 
these fossil heterosporous clubmosses also showed evidence in the form of occasionally 
deflexed megasporophyll blades, or of discharged megasporangial walls of regular structure, 
indicative of the past presence of active megaspare ejection systems. 

Finally, the strategic advantage of mass in a ballistical!y-ejected megaspare projectile 
would also open opportunity, should it be of subsequent selective advantage, for increase 
in biological reserves. In this connection, it seems of interest to note that Bower (1908: 
300), although he did not know of the megaspare ejection mechanism described here, 
compared the Carboniferous Miadesmia membranacea with living S. selaginoides, but pointed 
out the principal difference that Miadesmia bore in its megasporangia not four megaspores, 
but what is described by Bower as 'a single, seed-like structure' (on the basis of Benson's 
observation that it germinated in situ, presumably into a megaprothallus) (Benson 1907). 
Once an efficient megaspare ejection mechanism had evolved, it wou1d not be too big 
a step to conjecture such a mechanism then advantaging the further evolutionary step that 
Miadesmia suggests, of reduction to a single megaspore, retained through germination to 
a simple prothallus within the protection of its megasporangium, pollinated in situ by the 
germination of airborne microspores, and the whole fertilised-product then efficiently ejected 
as a simple seed. 
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Contd. from p. 266 
are a backlash against the artificially unitary, and actually polphyletic 'Polypodiaceae' of 
more contented days. Here lies the main cause of the disagreement, but the 'Polypodiaceae' 
did no injustice to the uninitiated, and so it must be the professionals who are floundering 
in their own confusion. This should not be a position to retreat from but rather another 
opportunity to test an existing system, or to try yet another new one. There is much more 
information available to-day than there ever was in the past, and there are much easier 
ways of sorting it. 

The indefinite prospect of putting up with Catalogues rather than Floras, while we 
wait for a perfect system agreeable to all, is an undesirable alternative. 

The contents of the book are most comprehensive and are the result of years of meticulous 
research. It is a beautifully produced volume of which the authors and publishers should 
be deservedly proud. 

C. D. ADAMS 

SHORT NOTE 

DR YOPTERIS x FRASER-JENKINSII - A CORRECTION 

The name Dryopteris x fraser-jenkinsii was invalidly published in a recent article (Gibby 
& Widen 1983) because a halotype was not properly indicated, and this is now corrected: 

Dryopteris x fraser-jenkinsii Gibby & Widen, hybrida nova 
Holotypus: ex hort. Chelsea Physic Garden, CPG 2189, 25 August 198 1 (BM), originally from 
Spain, Oviedo, beside road from Avil�s to Ribadeo, by bend in road, !km S. of Canero, E. 
of Luarca, 50m alt., mixed Pinus, Quercus and Castanea forest, with D. affinis (Lowe) Fraser
Jenkins, D. dilatata (Hoffm.) A. Gray and D. guanchica Gibby & Jermy, coll. C.R. Fraser
Jenkins 4899, 5 June 1976. 
Isotypus: (M). 
Hybrida in morphologia D. affini similis. Pinnulae autem plus dissectae ad costam fissae, segmentis 
rotundatis dentatisque. Sporae pleraeque abortivae, vix 5% ut videtur bene evolutae et haec 
grandes, rugosae eis D. amnis similes sed nonnumquam subspineae vel spinulosae. 
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ABSTRACT 
A population of Equisetum telmateia in Co. Clare, Ireland, was discovered to have a 
number of shoots which produced a proliferation of small cones. These specimens were 
examined and found to have apparently viable spores. Speculation is made that this 
type of cone production may provide a link to extinct horsetails. 

INTRODUCTION 
During a visit to The Burren, Co Clare, a population of Equisetum telmateia Ehrh was 
found at Clifden Hili (National Grid of Ireland 127189) on 6 June 1988. Several unusual 
fertile shoots were present whi�h bore whorls of small cones. The phenomenon of proliferating 
cones is rare, but has been recorded by Pope (1983) in a population of E. telmateia from 
the Isle of Wight, and in various forms and species by Page (1972). 

SITE 

The aberrant specimens were part of a vigoraus population of Equisetum telmateia growing 
along ditches on both sides of a minor road. The E. telmateia was the dominant species 
between the ditches and the hedges behind for a distance of about 1 km. The road was 
about 100 m above Ordnance Datum and was situated on a slope between the acidic recently 
glaciated shale Iands and the Carboniferous Limestone of the Burren (Willmot 1 979). 
Associated species included the calcicol indicators Polystichum setiferum and Asplenium 
(Phyllitis) scolopendrium. Equisetum palustre was also present. 

SPECIMEN DESCRIPTION 

Morphology 
The aberrant fertile shoots possessed nodal branches and had a mean height of 90cm, 
which was generally 1 0-20cm smaller than wholly vegetative shoots. Fertile stems had senescing 
apical cones which were similar in appearance to normal E. telmateia cones, and the upper 
brlanches carried small cones in whorls around the nodes (Fig. 1). The proliferating cones 
varied from being weil filled and terminating short branches (Fig. 2a), to shrunken vestigial 
cones which had reverted to branches (Fig. 2b ), or intermediates between these conditions. 
Some lower branches carried two successive cones, (Fig. 2c). Frequently the vegetative 
branches bore further lateral branches (Fig. 1 ). lt should be noted that some branch-bearing 
stems were found which bore single, fertile apical cones, but lacked any profileration of 
cones around the nodes. 

Spores 
Under a light microscope, sporangia of the smallest cones generally appeared fused and 
shrunken, particularly in cones which had reverted to branches. Sporangia from apical 
and !arger, non-apical cones produced some abortive material, but many good spores with 
elaters, chlorophyll and a spherical shape were also present (Fig. 3). The ratio of apparently 
viable spores to abortive material tended to increase with cone size, but variation was also 
found between sporangia within a single cone. 

DISCUSSION 

The Burren population differs from that found in the Isle of Wight in that Pope (1983) 
reported small cones only on the tips of proliferating side shoots, while Burren specimens 
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'S"cm 

FIGURE 1. Overall structure of aberrant fertile shoots of Equisetum telmateia, Clifden Hili, Co. Clare. 
Note the many small intercalary cones. 
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a 

b 

FIGURE 2. Details of cone proliferation in Equisetum telmateia. 
(a) cones from upper nodes with well filled sporangia (x 32). 
(b) vestigial cone reverting to branch (x 160). 
(c) alternation between vegetative and fertile growth on the stem node branches (x 32). 

279 
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FIGURE 2(c). 

FIGURE 3. Spores from a !arger proliferating cone of Equisetum telmateia, showing apparently good 
morphology (x 2500). 
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alternate from cone, to branch, to cone. Mr B. Robson (personal communication), has 
reported that the production of multiple cones occurs annually on the site, therefore the 
specimens are not the result of a single isolated abnormality. 

Page ( 1972) and Page & Baker ( 1985) note that Equisetum species have a high degree 
of morphological plasticity, which this find reflects. The proliferation of cones reverting 
to shoots is r.eminiscent of some horsetails known from the fossil record, eg the Permian 
Phyllotheca deliquescens (Goeppert) Schmalhansen (Boureau 1964: 398), the Upper Permian 
Equisetinostachys grandis Rasskazovo (Boureau 1964: 414) and the Upper Triassie Equisetites 
(Equisetostachys) bracteosus Kon'no (Kon'no 1962; Boureau 1964: 435). Populations of 
this type may indicate that the divergence of extinct and modern horsetails may be less 
than often believed. 
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REVIEW 

AZOLLA UTILIZA TION (Proceedings of the Workshop on Azolla use, Fuzhou, 
Fujian, China, 3 1  March-5 April 1985). Edited by W.H. Smith and Emerita 
Cervantes. International Rice Research Institute, Manila 1987. 

The cultivation of Azolla with rice is traditional in China. It provides supplementary nitrogen 
to the rice crop, suppresses weeds by shading, and provides food for fish and ducks. It 
can be harvested and fed to pigs and domestic fowls. This is the report of an international 
symposium on the cultivation and use of Azolla. In India this practice is increasing; dried 
cow dung and powdered neem cake are used to encourage growth of the fern, which has 
a high phosphorus requirement. Programmes to encourage the use of Azolla are in being 
in the Philippines, elsewhere in Asia, and in Africa and in South America. There are problems 
to be overcome; the plant does not thrive at high temperatures, and it is subject to a 
number of serious insect pests. In Japan Eichornia is preferred as a rice nitrogen source 
and as animal feed. This report is a useful summary of the present state of knowledge 
in this subject. 

F.H. BRIGHTMAN 
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A NEW SPECIES OF SELAGINELLA (PTERIDOPHYTA) FROM 
CAMEROON, WEST AFRICA 

NAT. QUANSAH 
WWF Aires Protegees, B.P. 738, Antananarivo 101 ,  Madagascar 

ABSTRACT 
Selaginella serrato-squarrosa Quansah, a new species from Cameroon, is described and 
illustrated. 

INTRODUCTION 

In his account of the genus Selaginella Beauv. in West Africa, Alston ( 1959) listed 20 species. 
A recent taxonomic rcvision of the genus in West Africa and Madagascar by the author, 
Quansah ( 1986), has reveafed one new spccies from Cameroon. :  

Selaginella serrato-squarrosa Quansah, sp.  nov. Figure 1 & 2 
Species SclagitJella heterophylla SclagirJCIJac squarro.�ac Bakcr similis sed ab illea foliis marginibus 
scrratis, foliis mediis aristatis Ionge (arista laminae duplo longiore, strobilis aut omnino 
microsporangiatis au't sporophyllis dorsalibus megasporangiatis microsporangiatisque et 
sporophyllis vcntralibus omnino microsporangiatis. 
Typus: CAMEROON, Edea, c. 1 500m on moist forest floor, 28 April 1948, Nickfes 102 (P, 
holotypus). 
Plants crcet/sub-erect; branch-system 3-5 pseudopinnate; rhizophores arising at the axils of primary 
branches and restricted to the basal two-thirds of the plant. Leaves anisophyllous, single-veined; 
ligules up to 0.45 mm long, elongate pedate, occasionally bifid. Lateral leaves asymmetrical, 
sub-subulate to ovale-oblong, up to 5.3 x 1 .6mm base sub-attenuate to oblique, apex acute, 
marg.ins of basal third serratc-cntirc, apical two-third entire/sub-entirc; amphistomatous· aligular 
surface epidermis with sclcrotic cclls forming patches and/or bands on Iamina. Median leavcs 
asymmctrical, lanceolate, up to 4.5 x . l. l mm, base oblique (obtuse-cuncate), apex long aristatc 
(aristae up to two times the length of Iamina), margins serrate; hypostomatous. Axillary leaves 
symmctrical, ovate to nurrowly deltatc, up to 5.0 x I .Smm, bnsc truncntc 10 weak ly subcordatc, 
apex acutc, margins of basal half serratc, apical half cntirc; hypostomatous; aligular surfasce 
cpidermis with sclcrotic cells forming pntchcs and/or bands on Iamina. Strobili bilateral, 
resupinate, up to 5 mm long, with two sporangial arrangement : (i) conc wholly microsporangiate; 
(ii) with thc dorsal sidc containing botb mcgasporangia ancl microspo.rangia rnnclomly arrangcd 
and the ventral sidc wholly microsporangiatc. Sporophylls dimorphous. Ventral sporophylls 
subpanduriform-ovate, up to 2.4 x l .Omm, base obtuse, apex acutc, margins crratc-cntire to 
aculcate-entire, with a complete sporophyll-ptcryx at the adaxial surfacc; amphistomatous; 
porophyll-ptcryx with serratc margin. Dorsal sporophylls 

·
lanccolatc, up to 1 .2 x 0.6 mm, base 

obtuse, npcx cuspidatc to aristutc (aristac up to same lcngth as Iamina) margins scrrate; 
hypostomatous. Megaspornngia ovoid-triangular, with similar-sizcd sporcs· megasporcs 2.10-
(M200)-255)lm in equatorial diamcter, trilctc, sub-globosc, both proximal and distal surfaces 
rugulose. Microsporangia ellipsoid tu roundish; microsporcs 1 5-(M 19)-28)lm in widcst area, triletc, 
sub-triangular, both proximal and distal surfaces granulose to foveolate. 

This species is closely allied to S. squarrosa Bak. from which it is distinguished by 
its serrate-margined leaves, very lang aristate median leaves (aristae up to twice the length 
of the Iamina) and two sporangial arrangements of the strobili. S. squarrosa has leaves 
with entire margins, aristae of median leaves up to 1 . 5  times the length of the Iamina 
and strobili with one sporangial arrangement. 

Other specimen examined: 
GABON_ Kkan, NE Meta, Mon! de Cristal, Halle & Villicrs 4788 (K) 
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FIGURE I .  Selaginella serrato-squarrosa Quansah. Holotype (Nickles 102, P) showing general habit. 
Photo: by permission by the Trustees of the British Museum (Natural History). 
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FIGURE 2. Selaginella serrato-squarrosa. a) lateral leaf; b) median leaf; c) anxillary leaf; d) ventral 
sporophyll; e) dorsal sporophyll; f) ligul�. a-e � I rnrn scale; f � 0. 1 rnrn scale. p � sporophyll-pteryx; 
sp � sclerotic patches; v � veins. 
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NEW FERNS OF MADEIRA 
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Christchurch, New Zealand 

ABSTRACT 
Three new endemic taxa from Madeira are described, Hymenophyllum maderense Gibby 
& Lovis, Asplenium trichomanes subsp. maderense Gibby & Lovis and Ceterach 
lolegnamense Gibby & Lovis; Polystichum x maderense Johnson and other endemic 
hybrids are discussed. 

In the course of a study of the cytology of the fern flora of Madeira (Manton et al. 1 986), 
some new ferns were discovered, and although the cytology of these new taxa has been 
described, they still require formal taxonomic description. In addition, another new hybrid 
has been found during the preparation of the forthcoming Flora of Madeira. 

Hymenophyllum maderense Gibby & Lovis sp. nov. 
Habitu et textura: H. wilsoniiHooker similis, praecipue venis segmentorum apice non attingentibus, 
cellulis laminariis brevioribus (ad duplo longioribus quam latioribus), minus regulariter dispositis, 
indusii ovatis, differt. Filix amphidiploidea, 2n = 62. (Owing to the omission of the expression 
"sp." in the Alphabetical List of Taxa with data given in Manton et al. I 986, the chromosome 
counts for H. maderense appear to be attributed !herein to H. wilsoni1). 

Holotypus: ex hort. Leeds, 1973, origin: Madeira, Queimadas, from a rock face in a gully below 
a levada, coll. J.D. Lovis s.n. 25 July 1970. BM (Fig. I)  
Mat-forming perennial with slender branched rhizomes bearing thin translucent fronds. Fronds 
1 .5 - 9.0cm in length, deep olive-green, oblong to oblanceolate in shape, pinnately divided, 
but sometimes with one or more lower pinnae much Ionger and morc divided than the rest, 
giving a branched appearance; pinnac divided into 2 - 5 segments, segments broadest at the 
middle and about twice as long as broad; segmental vein terminales 4 cells . short of end of 
pinna segment; Iamina cells up to twice as long as broad, arranged haphazardly, each cell containing 
many (c. 80) chloroplasts, each chloroplast c. 5pm in diameter. Sori appearing stalked, inserted 
perpendicularly to the plane of the Iamina; indusial valves spreading apart at maturity, ovoid, 
not tapering markedly at th�: apex, margins entire. Spores c. 55)lm in diameter (range 53-57). 
2n = 62. 

H. maderense is similar to H. wilsonii Hooker, but can be distinguished as the vein 
of the pinna segments stops short of the apex, the Iamina cells are shorter and arranged 
haphazardly (as in H. tunbrigense (L.) Sm.), not in rows lying at an angle to the vein, 
and the indusial valves are ovate, not flask-shaped, and tapering markedly to the apex 
as in H. wilsonii. H. maderense is very rare in Madeira, being recorded only from a rock 
face and the side of a levada at Queimadas. However, the occurrence of hybrids of H. 
maderense x H. wilsonii (see below) indicates that it must once have been, and possibly 
still is, more widespread. Cytological evidence indicates very clearly that it is a markedly 
dibasic allopolyploid, derived by chromosome duplication from a hybrid of H. tunbrigense 
(2n = 26) x H. wilsonii (2n = 36). 

Hybrids of H. maderense xH. wilsonii have been discovered at Queimadas and at Pico 
do Tapeiro. These plants are very close to H. wilsonii in morphology, and can be distinguished 
only by their different chromosome number (2n = 49), an irregular meiosis and bad spores. 

Asplenium trichomanes subsp. maderense Gibby & Lovis subsp. nov. 
Habitu et textura A. trichomanes subsp. quadrivalens similis, praecipue frondis perviridibus 
subnitidis in statu vivo differt. Sporae 35 - 40pm Jongae. Filix hexaploidea, 2n = 216. 
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FIGURE I. Hymenophyllum maderense, cult. Leeds 1973. A, whole frond x 1 .3; B, portion of frond 
showing sori x 4. 

II 
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FIGURE 2. Asplenium trichomanes subsp. maderense, A & B wild collections; C ex cult. Leeds. 
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Holotypus: Madeira, Pico do Ferreiro, in a horizontal rock crevice, c. 1400m alt., coll. J.D. 
Lovis s.n., 26 July 1970. BM (Fig. 2). 

Between A. anceps and A. trichomanes subsp. quadrivalens in morphology, but much closer 
to the latter taxon, from which it can usually be distinguished in fresh condition by darker 
green, sub-shiny pinnae. Spores 35 - 40pm long, rhizome scales ( 4.5mm, narrowly lanceolate 
to subulate, with broad occluded central stripe. Hexaploid, 2n = 216, endemic to Madeira. 

Asplenium trichomanes subsp. maderense is believed to be an allopolyploid, derived 
from a hybrid of A. anceps and A. trichomanes subsp. qlhldrivalens by chromosome 
duplication. In addition to the type locality, it has also been discovered on Pico do Ariero 
c. 1800m alt. (coll. R. & W. Jäger, 15 March 1981).  

Ceterach lolegnamense Gibby & Lovis sp.  nov. 
Filix inter C. aureum (Cav.) L.v. Buch var. aureum et C. aureum var. p.�rvifolium Ben! & 
Kunkel magnitudine intermedia, frondis plerumque 9 - 24cm longis, 1 .5 - 3.8cm latis, sporis 

'WWWW����WIIWI�WWMWP 
FIGURE 3. Ceterach Jolegnamense, part af halatype. 

(33-) 35-42 (-45)llm Iongis (perispore exclusus), 
numero chromasamatarum (2n = 2 1 6) 
magnitudine intermedius; distributi 
geagraphica differt. 

Halotypus: Madeira, Serra d' Agua, coll. J.D. 
Lavis s.n. 4 April 1969. BM (Fig. 3) 
The name lolegnamense is derived from an ald 
name for Madeira (cf. Cassart 1984, pp. 2-4). 

Differs from Ceterach aureum (Cav.) L.v. Buch 
var. aureum and var. parvifolium Ben! & 
Kunkel in size, with fronds usually from 9 -
24cm lang and 1 .5  - 3.8cm wide, in spare size, 
(33-) 35 - 42 ( -45)pm ( excluding the perispare ), 
chromasome number, 2n = 2 1 6, and 
geagraphical distributian, being endemic ta 
Madeira. 

It has been suggested (see Manton et 
al. 1986) that C. Jolegnamense is deriveri 
by hybridization between C. aureum var. 
aureum, a tetraploid taxon (2n = 144), 
and C. aureum var. parvifolium, an 
octoploid (2n = 288). C. lolegnamense is 
intermediate between these two taxa in 
size, spore size and chromosome number, 
but is confined to Madeira, whereas C. 
aureum var. aureum and C. aureum var 
parvifolium are known only from the 
Canary Islands. Cytogenetic studies are 
in progress to confirm the relationship of 
the three taxa, and it is intended that the 
two taxa from the Canary Islands will be 
recognised at specific rank (Reichstein & 
Vida, pers. comm.). 

Polystich um x maderense Johnson 
Halatype; Madeira, Rabacal, G.C. Jaad 
s.n. February 1866 K (Fig. 4) 

Polystichum maderense Johnson 
( 1866) was described from two or three 
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fronds of a single specimen collected by G.C. Joad at Raba<;al, at the head of the Ribeira 
da Janela; Johnson was of the opinion that this fern was 'exactly intermediate between 
P. falcinellum Presl and P. angulare Presl' [= P. setiferum (Forssk.) Woynar] (Johnson 
1866). In April 1969 J.D. Lovis, in the company of T. Reichstein and P.G.J. de Joncheere, 
found a hybrid at Raba<;al with morphology intermediate between P. falcinellum and P. 
setiferum, which he subsequently found to be pentaploid (2n = 205), thus confirming the 
proposed parentage of P. falcinellum (2n = 328) x P. setiferum (2n = 82). In June 1969 
M.L. Nilsson discovered a plant with similar morphology on Pico do Ariero, and that 
was determined as P.maderense by Hansen (1970). Unfortunately önly a single sterile frond 
collected by Joad is at Kew (although in his description Johnson refers to the arrangement 
of the sori and shape of the indusia), and the Nilsson specimen at Copenhagen has shed 
all its spores. Therefore the hybrid nature of this fern can be confirmed only in the Lovis 
collection, but morpholpgically all these specimens are very similar and clearly represent 
the same taxon, the correct name for which must be P. x maderense Johnson. Like P. 
falcinellum, P. x maderense is a Madeiran endemic. 

FIGURE 4. Polyslichum x maderense, holotype. 
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At the end of his account of Aspidium, Milde (1867) refers to P. maderense and suggests 
it may be the same as Aspjpium falcinellum var. subbipinnata Moore. The varietal name 
var. subbipinnata appears··not to have been published by Moore - Menezes (1914) refers 
to var. subpinnatum (sie !)  Milde. Because the note by Milde fbllows his account for Aspidium 
frondosum, Romariz ( 1953) includes in the synonymy of P. maderense 'Aspidium frondosum 
var. subbipinnata Moore in Milde?; P. falcinellum var. subbipinnata Moore?'. However, 
a specimen at Kew from the herbarium of Thomas Moore Iabelied in Moore's handwriting 
'Polystichum falcinellum var. bipinnatum, Hort. Veitch 1856, ex Madeira', is similar in 
morphology to P. x maderense. The following description is based on all the specimens 
studied: 

Fronds coriaceous, up to 80cm. Stipe c. 1/3 1ength of frond, rhizome and 1ower part of stipe 
covered in brown triangular scales with a dark centrat stripe, scales higher up stipe and on 
rachis more sparse, concolorous, lanceolate with lllpering points. Lamina oblanceolatc - lanceolate, 
pinnate, pi nnatifid, but bipinnate at base of lowcr pinnac; pinnae lanccolatc but with Innermost 
apiscopic segment enlarged, pinna seglJ!ents cut 1/4 to 1/2 width of the pinnae, not overlapping, 
slight1y toothed, tapering to a distinct apica1 spine. Indusium > 1 mm, peltate with centra1 dark 
spot, margin irregu1arly toothed with a few mu1ticellu1ar hairs. Spores abortive. 2n � 205. 

Another Polystichum hybrid is known only from three herbarium sheets at Kew, and 
may weil have existed as a single hybrid plant. One specimen from Camacha, Madeira 
was collected by Miss Ellen Taylor s .n. 19 December 1865, from 'a single plant growing 

FIGURE 5. Polystichum falcinellum x ?, Taylor s .n . ,  19 Dec. 1 865. 
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in a bed of Nephrodium falcinellum ' (Herbarium of Revd R.T. Lowe) (Fig. 5). A further 
specimen was collected by Revd G.N. Burningham, and, as stated in a Ietter (22 September 
1 875) from Burningham that is attached to the sheet, 'was growing amongst many plants 
of Aspidium falcinellum in Madeira, and which Mr Lowe when last in Madeira thought 
might prove a distinct species' ;  the third specimen has no collector's Iabel, but may be 
a further Burningham specimen. 

This hybrid certainly has P. falcinellum as one parent as it has a coriaceous Iamina, 
and similar indusia. The identity of the second parent is much more difficult; the only 
other Polystichum species on Madeira are P. setiferum (which seems unlikely as P. setiferum 
x P. falcinellum is the parentage of P. x maderense, and P x maderense differs in that 
it does not have rounded, crowded or overlapping pinnules) and the endemic P. drepanum 
(Sw.) C. Presl [it would be surprising if P. drepanum were to be the second parent for 
two reasons:- first, it is most unlikely that this very rare species which is now confined 
to a high valley in north-west Madeira was ever growing naturally in the region of Camacha, 
and secondly, since the combination of P. falcinellum and the diploid P. setiferum produces 
P. x maderense, it is not likely thai the Camacha hybrid, with its generally similar form, 
could be the combination of P. falcinellum and P. drepanum, because the latter is a tetraploid 
species with a markedly triangular frond and very open pinnation]. The third possibility 
is that the second parent is an as yet unknown, probably diploid, very likely extinct species 
of Polystichum. Because of the rarity and uncertain origin of this hybrid we refrain from 
giving it a name, but it is described below: 

Polystichum falcinellum x ? 
Fronds coriaceous, up to IOOcm long. Stipe c. 1/3 total frond length, green; rhizome and stipe 
base not seen; stipe sparsely covered and rachis more densely covered with brown lanceolate 
scales with tapering points. Lamina oblanceolate, up to 1 6cm wide, pinnate, pinnatisect; pinnae 
tapering, pinnules symmetrical about pinna axis except for innermost acroscopic pinnule which 
is always !arger than its neighbour; pinnules up to 8mm long (innermost acroscopic pinnule 
up to 14mm), crowded with inncrmost pinnules ovcrl;ipping, ovate, toothed and with apical 
spine. Indusia 1mm, peltate with small central dark spot, margi n irregularly toothed. Spores 
abortive. 
Madeira, Camacha, a single plant growing in a bed of Nephrodium falcinellum, Miss Eilen 
Taylor s .n.  19 December 1865. Herbarium of Revd R.T. Lowe. K (Fig. 5). 
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THE ECOLOGY AND DISTRIBUTION OF PTERIDOPHYTES OF 
ZOMBA MT., MALA WI* 

AUDREY BERRIE 
Biology Dept.,  Chancellor College, P.O. Box 280, Zomba, Malawi, Central Africat 

ABSTRACT 
Ninety-six species of pteridophytes are known from the Zamba area, from the carlicst 
coltcctions of the Livingstonc Expedition, 1859, up to rccent collections by the author 
from 1 980-86. Distributional data is given for the pteridophytes of Zomba Plateau (altitude 
1500-2085m) wirh spccics in rcmnant of undiiTcrcnliated Afromonwnc forcst and 
grassland, riverine forcst und plantat ions of introduced conifers, and the pteridophyte 
of the mountain slopcs ( 1 000- 1 500m) from thc rocky cliff-edgcs, thc Bmchystcgia/mixcd 
wood.lands and the plantations of the lowcr s lopes. Very few pteridophytc spccies are 
found below 900m altitudc in the surround ing savanna areas. Some specics from earlier 
collections, e.g. 1896 (Whyte), 1967 (Berrie), have not been seen recently from 1980-
86 and may no Ionger be present in the Zamba area. 

INTRODUCTION 

The earliest European exploration of Central Africa by the Livingstone Expedition passed 
through the Zomba area in September 1859 (Baker 1959, Jackson 1959). The plants collected 
then included a small number of pteridophytes ( 12  species in 10 genera) among the very 
many numbers of other plant groups (Burkill 1 897, 1898 & 1906). Later collectors in specia1 
expeditions also only included a few pteridophytes e.g. the Brass collections of the Vernay 
Nyasaland Expedition of 1946, with 33 pteridophyte numbers (27 species in 17 genera) 
out of the 288 numbers of all plant groups from the Zomba area (Ballard 1953, Brass 
1953). Schelpe ( 1970) in Flora Zambesiaca listed only 2 1  species, in 14 genera, for this 
area. The most recent checklist of the pteridophytes of Zomba Mt. (Berrie 1984) included 
93 species in 43 genera. 

The present paper discusses the distribution of 95 pteridophyte species in 45 genera 
presently or previously recorded for the Zomba area. 

STUDY AREA 

Location 
Zomba mountain lies east of the Great Rift Valley of Central Africa, in the Southern 
Region of Malawi. At latitude 15° 10'  - 23'S and longitude 35" 1 5 '  - 23'E it is the highest 
part and the most northern inselberg of the Shire Highlands. This ridge of highlands runs 
NE - SW between Lake Chilwa to the east and the Shire River to the west (Figure 1 a). 

The Zomba mountain massif consists of two plateau areas separated by the Domasi 
River, flowing almost due east between the northern Malosa Plateau and the Southern 
Zomba Plateau (Figure 1 b ). Both plateaux are forest reserves. Zomba Plateau is 8km N
S and 1 2km E-W, with a narrow road on the southern scarp from Zomba town at its 
base. There are many small roads around and through the conifer plantations on Zomba 
Plateau, interconnected by narrow footpaths. Malosa Plateau is !arger, 14km N-S and 10km 
E-W, with no road up its very steep scarp, no regularly used pathways over or around 
it, and only a few trial plots of exotic conifers planted there. Due to its inaccessible nature 
and the Iimitation on time available for fieldwork the Malosa Plateau was not included 
in the present study. Reference to Zomba Mt. in the text thus includes Zamba Plateau, 
the south-west and south-eastern slopes, Zomba town area at the southern base of the 
mountain, and Zomba District the area around the mountain massif. 

* First submitted September 1 987. 
t Present address: Biology Dept., National University, P.O. Roma 1 80, Lesotho, Southern 
Africa. 
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General vegetation 
Malawi is within the floristic region or phytochorion known as the Zambesian Region 
in High Africa (White 1983). On the "Vegetation Map of Africa" (UNESCO/AETFAT/ 
UNSO, White 1 983) Zomba mountain is shown as a tiny is1and of 'undifferentiated montane 
vegetation, (a) Afromontane', No. 19 in the series Forest Transitions and Mosaics (No. 
1 1-24). This small area, 19a, is surrounded by 'wetter Zambesian miombo woodland 
(dominated by Brachystegia, Julbernaldia, and Isoberlinia)', No. 25 in the Woodland Series 
(No. 25-30). 
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Zomba Plateau has a number of vegetation types including small areas of montane 
grassland, a few isolated patches of montane forest, and riverine forest along the main 
Mulunguzi River valley and a few streams. The largest areas of conifer plantations are 
Pinus patula Schlecht. & Cham. with other older trial plots of exotics, mainly conifers, 
and a few of the indigenous conifer Widdringtonia nodiflora (L.) Powrie (Mulanje Cedar). 

The Afromontane vegetation of Zomba Plateau lncludes grassland along the western 
rocky ridges from about 1800-2085m. The rough grassland with small shrubs and scattered 
herbs has species of Protea, Xerophyta (Vellozia), Vernonia, Senecio, Helichrysum, and 
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FIGURE 2. Diagrammatic representarion of Zamba Mt. showing t_l)e altitudinal areas of Zamba Plateau 
(ZP), Zoimba slopes (ZS), Zamba town (ZT), and Zamba Distriel (ZD). (Abbreviations: Peaks 
on Zamba Plateau: R = Radiomast and Malumbe Peak (2085m); C = Chiradzulu Peak (2050m); 
F = Nawimbe Firetower ( 1 800m); M = Mulunguzi Peak (1 769m). Lockouts: Q = Queen's View; 
E = Emperor's View. TP = Traut Ponds. CHF = Chingwe's Hole Forest. CV = Chivunde 
valley. In Zamba town, FR = Forestry Research Institute of Malawi (F.R.I.M.); M = The National 
Herbarium of Malawi (MAL). CC = Chancellor College, University of Malawi. 
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Plectranthus. The tussocky grasses are dominated by species of Andropogon and Exotheca, 
while the forest/grassland marginal areas have tall plants of Hypericum sp. and shrubs 
of Philippia benguelensis with Bracken, Pteridium aquilinum, dominant in this transitional 
zone. The northern and eastern rims of the high plateau are almost completely planted 
with Pinus patula, except for remnants of riverine forest in strips along the smaller Mulunguzi 
tributaries. A very narrow fringing plantation of Eucalpytus sp. is along the southern rim, 
almost at the cliff-edge, around Mulunguzi peak (1769m) near the Lookout area, about 
750m above Zomba town (Figure 2). 

The remnants of Afromontane forest on Zomba Plateau are found at the heads of 
small valleys, banging at the cliff-edges, with small streams falling to the main valleys below, 
as at Chingwe's Hole Forest ( 1900 alt.) facing NNW. The stream het"e forms the headwaters 
of the Namitembo River, flowing westwards to the Shire River. Similar remnant forest 
is found where the Chivunde stream begins, flowing due north to join the Domasi River 
in the valley below. 

Chingwe's Hole (montane) Forest, Figure 3, includes very many tree species evenly 
spread throughout a very small area with phorophytes ('host trees') for epiphytic ferns 
including Podocarpus Jatifolius, Myrica sa/icifolia, Nuxia congesta, Cassipourea congoensis, 
Diospyros whyteana, Ilex mitis and Xymalos monospora. A few genera of trees found 
here (Halleria, Ilex and Nuxia), have the same species along the river but one genus, Syzygium, 
has one species in the montane forest (S. guineense subsp. afromontanum) and another 
(S. cordatum) in the river forest. Halleria lucida is found usually at the montane forest 
margins and occasionally in small clumps on the nearby grassland, but along the river 
it is very abundant and bears the greatest number of epiphytic ferns, of most species, in 
the riverine forest. 

Riverine forest occurs along the Mulunguzi River and its smaller tributaries on Zomba 
Plateau, and extends downriver from the Mulunguzi Dam at the plateau rim, about 1450m 
alt., into the deeply cut valley below as far as the top of the gorge, at approximately 1380m. 
Even on the Plateau the riverine forest is mostly a fringing forest. There are a few dense 
forest patches where Ilex mitis and Rauvolfia caffra bear filmy ferns and other epiphytes, 
but along the river banks there are smaller trees, of Halleria lucida and Syzygium cordatum 
bearing many epiphytes on the trunks and branches, but not the filrn.Y fern masses of the 
closed forest. 

The very steep slopes above the Gorge and the exposed rocky edges of the Plateau 
have a rather open woodland of Brachystegialmixed species. Qnly a few epiphytic ferns 
occur here on trees of Julbernaldia globiflora, Hetermorpha arborescens, Parinari 
curatcllifolia and Brachystegia spp. The very occasional trees of, Fig. 4, Acacia sieberana 
scattered on the upper mountain slopes carry a very heavy Ioad of fern epiphytes. The 
cliff-faces on the southern scarp stand out above the very stunted woodland at their Iower 
edges, about l 300m alt. The same tree species are here very small, sometimes only 2-3m 
in height, and rarely with any epiphytic ferns though they sometimes have an occasional 
orchid present. The conifer plantations, Fig. 5, of the lower slopes are mostly Pinus patula, 
with a small amount of Cupressus sp., stretching from the town boundary at lOOOm up 
to the stunted woodland at the cliff-base. Below the l OOOm Ievel, within and around Zomba 
town, the land is highly cultivated with Maize and other crops except along the streams 
and the Mulunguzi River. Remnants of riverine forest include some !arge forest trees like 
Khaya nyasica and Filicium decipiens even in the town area. Away from permanent streams 
there are not many places where pteridophytes can survive. Some of the very dry rocky 
outcrops on the lower slopes of the mountain and at some distance from its base have 
poikilohydrous, xerophytic ferns only seen easily during the wet season. The open savanna 
areas surrounding the mountain have very little uncultivated land. Only streamsides and 
water channels support any vegetation in which pteridophytes may be found. The Mulunguzi 
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FIGURE 3. Montane epiphytes in Chingwe's Hole Forest (altitude 1900m) on Zomba Plateau. On 
Myrica salicifolia, 1Y2 - 2m from ground Ievel, there are small narrow pendant fronds of Asplenium 
sal'dersonii (centre and lower branch) with proliferating frond tips, and the !arger spreading 
fronds of Arthropteris monocarpa projecting from long creeping rhizomes closely attached to 
the tree trunk. (photo: G.K. Berrie) 



FIGURE 4. Woodland on upper slopes of Zomba Mt. (altitude 14S0m). Epiphytes on the spreading branches of Acacia sieberana, many ferns 
and a few orchids. Dominant ferns are Pleopeltis excavata and P. macrocarpa with scattered plants of Asplenium aethiopicum and A. 
theciferum. 
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R. is permanent but many of the smaller streams dry up completely during some part 
of the year. Thus the vegetation of Zomba Mt. while going through severe conditions during 
the dry season appears always green, but below the 1000m Ievel, months of dry season 
change the appearance of the land araund the mountain, each year. 

Climate 
The climate of Malawi is the Tropical Summer Rain, type II, of Walter ( 1971 ), with the 
wet summer season of the southern hemisphere from November to April and the dry season 
from May to October. 

However, the dry season can be divided into the cool, early dry season months and 
the later, hot to very hot, months. In Zomba the coirlest months are usually June/July 
(minimum 6°C) while the hottest months are Sept./October (maximum 34°C). Frosts have 
not been recorded for Zamba town, or at Chancellor College (CC) where meteorological 
records have been taken since 1972, but frost darnage to tree ferns (Cyathea sp.) has been 
seen on Zomba Plateau (ZP), at l 500m and l 800m, on a number of occasions during 
late June/early July in recent years between 1980-86. 

Continuous temperature records are not available for Zomba Plateau but some data 
(F.R.I.M.) for 1978-80 can be compared with that for Chancellor College (CC.: Geog. 
Dept.), as follows (in °C): 

ZP. ( 1900m) dry season: 
C.C. (900m) dry season: 

Abs. Abs. 
max. min. 

28 4 
34 6 

Range 
24 
28 

wet season: 
wet season: 

Abs. Abs. 
max. min. 

27 1 1  
33 1 1  

Range 
1 6  
22 

Rainfall data for both places for the ten year period 1976-86 gives a mean annual total 
for ZP as 2244mm and for CC as 1464mm. If a dry month is one with less than 25mm 
then the dry season may be given as 5 months (May - Sept.) or 6 months (May - Oct.) 
since October rainfall varies from 0 - 1 32mm on ZP and from 0 - 72mm at CC in different 
years. 

An additional factor in climate is the frequent mist and cloud-eover on the mountains. 
The cloud base may extend down to the IOOOm Ievel at the base of the mountain, araund 
the edge of Zamba Town. During some wet season months (Jan. - March) there may 
be 10- 13  complete days like this; in dry season months (June - Sept.) there may be 6-
8 days per month like this, or for most of the morning only. Looking up to Zamba Mt. 
from Chancellor College in the dry season (Aug.) the very early morning sky (5.30-6.30 
am) may be clear all araund the mountain, but low heavy clouds come across from the 
eastern end, from over Lake Chilwa, so by 7 am the Plateau is enveloped in thick cloud. 
Th1s may remain to 10 am or midday. This 'condensation cloud' must add considerably 
to available water, especially for the epiphytes on the Plateau and upper slopes, at a time 
when measured rainfall is zero or nearly so. Cloud cover can also change very rapidly 
during the wet season, giving heavy isolated local rain, e.g. on the lower slopes near the 
Herbarium but none in Zomba town centre about 1km away, or at Chancellor College 
1 .5km lower down the slope. 

This pattern means that the climate controls the seasons but the local weather conditions 
control the rainfall, so the weather as much as the climate affects the plant distribution. 



FIGURE 5. Marginal habitat: edge of Pinus patula plantation on Zomba Plateau (altitude 1550m). Ground flora dominated by Nephrolepis undulata 
with occasional Dzyopteris inaequalis var. inaequalis ( centre ), Arthropteris monocarpa in more shaded parts spreading up the lichen-encrusted 
trunks of Pinus. (photo: A. Berrie). 
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OBSERVATIONS ON THE DISTRIBUTION OF THE PTERIDOPHYTES 

Habitat 
Most pteridophyte species are not restricted to one vegetation type, i.e. to montane grassland, 
montane forest, riverine forest, woodland or the plantations described. Instead they occur 
in similar habitats within and around these areas. Here I have grouped the pteridophytes 
by habitat, from wet to dry; from the permanently wet, closed forest type (montane), the 
permanently moist, closed forest (riverine), to the remnant riverine forest, and the woodland 
habitats. These are listed as Forest/woodland species in Habitats I - VI (Table 1). Other 
permanently wet, non-forest habitats include riversides, marshlands and swamps (Habitat 
VII). The seasonally very wet habitats are VIII: seasonal pools, and IX: seasonal flush 
areas on rocky outcrops. The remaining habitats are not particularly wet and are without 
closed tree-cover, but may be found at edges of various forest types and in mQre open 
places. These are X: marginal habitats, XI: sheltered habitats, and XII; exposed habitats. 

Attitude 
Table l lists the distribution of the pteridophytes in these Habitats, I-XII, in each altitudinal 
area, with details of habit and habitat of each species. The whole area was divided into 
four altitudinal zones as follows: 
I .  Zomba Plateau (ZP), all above 1500m alt. up to 2085m; and the area around the Mulunguzi 

Dam, at approximately 1450-1500m; 
2. Zomba slopes (ZS), the mountain slopes from 1000-1500m; 
�- Zomba town (ZT), the inner town area, approximately 900-IOOOm; 
4. Zomba District (ZD), the lower slopes and surrounding area within the administrative 

boundary of Zomba District, down to 650m alt. 
Some species are restricted to each of these four areas, to ZP, ZS, ZT, or ZD. Others 

have wider distribution, so combinations ofthese areas give continuous distribution of species 
in ZP,ZS,ZT,ZD; ZP,ZS,ZT; ZP,ZS; ZS,ZT,ZD; ZS,ZT; and ZT,ZD; while discontinuous 
distribution occurs in ZP,ZS,ZD; ZP,ZT,ZD; and ZP,ZT. 

This altitude zonation is used in the distribution diagrams showing combinations of 
Habitats and altitude in Figure 6. 
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FIGURE 6 .  Distribution of pteridophyte species in  Habitats 1-Xii in  altitudinal zones (ZP, ZS, ZT, 
ZD) showing restricted, continuous and discontinuous patterns: a) forest/woodland species 
(Habitat 1-VI); b) same in different forest types; c) non-forest, permanently wet, riversides (Habitat 
VII); seasonal pools (VIII); and seasonal flush (IX); d) marginal (X); and seasonally extreme, 
sheltered (XI) and exposed (XII); e) species in all habitats. 
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TABLE 1 

Distribution of the pteridophytes by habitat and altitude. The altitudinal areas in each Habitat are 
separated by a dotted line; the Habitats are separated from each other by a solid line. See text for 
abbreviations. Taxa not seen during this study (1980-1986) are marked with an asterisk* 

Nomenclature follows Flora Zambesiaca (Schelpe 1970) except for the family Thelypteridaceae which 
follows Holtturn (1974) in the recognition of more genera. 

( 1 )  (2) (3) 
Habitats Local distribution 

I-XII habit 
Area, and and Plant habit 

species Regional distrib. and habitat 

1: montane forest only (ZP only: 5 spp. including 1 var.) 
ZP only = 5 spp. 

Asplenium boltonii 

A. drcgc.1num 

Elaphoglossum 
acrostichoides 

A. lobatum 

Dryopteris 
inaequalis 
var. atropaleacea 
(see Habitat X for other 
var.) 

f : T/E 
Za.Zb. 

r :  T/E 
�a.Zb.M.SA 

r :  E 
Zb.L.M.SA. 

r :  T 
Zb.M.S.SA. 

r :  T 
Za. 

Terrestrial in deep shade or low Ievel epiphyte, to I m  
on tree trunks. 

Terrestrial, or epiphyte on tree bases. 

Epiphyte, on upper surface of branches, 
2-3m from ground Ievel. 

Terrestrial, in deep shade near stream. One 
location only 

Large erect terrestrial, like a small tree fern, 
in deep shade; few scattered plants, one 
location only. 

II : montane and riverine forest, and cliff-edge forest (ZP only) 
ZP only = 3 spp. 

Elaphoglossum 
spathulatum 

Hymenophyllum 
polyanthos 
var. kuhnii 

Oleandra 
distenta 

r :  E/L 
Za.Zb.L.M.S.SA. 

a :  E/L 
Zb.M.SA. 

o to a :  E/T/L 
Za.Zb.M.S.SA. 

Epiphyte in montane and cliff-edge forest; 
lithophyte in riverine forest. 

Pendant epiphyte, massed on tree trunks up to 
3m, on vertical and horizontal surfaces; 
lithophyte near waterfalls; usually in deep shade. 

Epiphyte, becoming terrestrial from rooting of 
pendant rhizomes. Old erect rhizomes covered by 
Iichens growing at cliff-edge; lithophyte at riverside. 

111 : montane and riverine forest (ZP and ZS = 5 spp.) 
ZP only = 4 spp. 

Asplenium 
mannii 

A. megalura 

A. sandersonii 

Trichomanes 
borbonicum 

a : E  
Za.Zb.M. 

o : E  
Za. 

a : E  
Zb.M.SA. 
o : E  
Zb.M.SA. 

Small creeping epiphyte; ground Ievel to 4m, 
on !arge and small trees and lianes; often with A. 
sandersonii. 

Tufted epiphytes; small fronds (10- 15  cm) at 
1-3m from ground but much !arger (to 40cm) at 6m 
and in higher branches. 

Spreading, low Ievel epiphyte; I-2m from ground. 

Tiny semi-erect filmy fern, low Ievel epiphyte 
1-2m from ground; usually with Hymenophyllum 
polyanthos. 
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III : montane forest (ZP) and riverine forest (ZP, ZS). 
ZP, ZS = I sp. 

Be/chnum 
giganteuro 

f :  T 
Za.Zb.L.M.S.SA 

IV : riverine and cliff-edge forest (ZP only) 
ZP only = I sp 

Blechnum 
tabulare 

o : T  
Za.Zb.L.M.S.SA. 

Large erect terrestrial; on open riverbanks 
and deeply shaded streams. 

Erect terrestrial; in forest/woodland at oliff-edges 
and along streams. 

V : riverine forest only (ZP, ZS, ZT and ZD = 12 spp.) 
ZP only = 9 spp. 

Blechnum attenuatum f to a :  E 
Za.Zb. 

Lycopodium o : E  

Erect epiphyte on tree ferns (Cyathea spp.)
" 

ground Ievel up to 2.5m. 

Epiphyte, on horizontal branches and tree 
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verticillatum Za.Zb.L.M.SA. trunks at angles up to 70° but not on vertical trunks; 
young plants erect, later bending; mature plants 
pendant. 

Blotiella 
natalensis 

Elaphoglossum 
hybridum 

* Asplenium erectum 

*A. linckii 

* A. monanthes 

* A. pseudoauricu/atum 

* Polypodium 
polypodioides 
subsp. eck/onii 

V :  as above 
ZD : I spp 

* Pteris vittata 

V :  as above 
ZP, ZS = I sp. 

Selaginella 
kraussiana 

r :  T 
Za.Zb.M.SA. 

r :  T 
Zb.M.SA. 

s* 
Za.Zb.M.S.SA. 

s* 
Zb. 

s* 
Zb.L.M.SA. 

s* 
Zb.M.SA. 

s* 
Zb.M.S.SA. 

Large terrestrial, like a small tree fern, 
in deep shade, swampy area in wet season. 

Tufted terrestrial; on vertical earthbank 
at riverside, in deep shade. 

21-7-62, Mwanza 25 12  (MAL*), 
"on rocky riverbank". 

1896, Whyte (K*) "Zomba Rock" 

1-4-80, Blackmore 1 166 (MAL*), 
"streamside in dense forest" 

28-5-46, Brass 16059 (K*, NY), 
"occasional on rocks in riverine forest" 

21-1-67, Berrie 30 (K*), 
"epiphyte on tree branch aver-hanging river". 

s* 5-4-80, Blackmore 1 193 (K, MAL*), 
Za.Zb.L.M.N.S.SA. "by roadside in riverine forest dominated by Khaya 

nyasica". 

a : T  
Zb.M.S.SA. 

Creeping terrestrial, along riverbanks and 
masses in ground flora of forest. 
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V :  as above 
ZT, ZD = I sp 

• Asplenium formosum s • 

s • 

Za.Zb.M. 
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(ZT):S-7-62, Mwanza (MAL*), "rocky surface near 
River" 
(ZD): 1 1-4-80, Blackmore and Morris 1223 
(MAL*), "riverbank in Khaya forest" 

VI : montane forest (ZP), riverine forest (ZP, ZS), remnant riverine forest (ZP, ZS, ZT), and woodlands 
(ZS). (all areas = 8 spp) 
ZP, ZS, ZT = 4 spp. 

Asplenium theciferum 
var. concinnum 

Pleopeltis 
macrocarpa 

Loxogmmme 
Janceo/ata 

Asplenium 
aethiopicum 

VI : as above 
ZP, ZS = 4 spp. 

Pleopeltis 
excavata 

Pyrrosia 
rhodesiana 

Arthropteris 
monocarpa 

Asp/enium 
anisophyllum 

a : E  
Za.Zb.M.SA. 

f to a :  E/L 
Za.Zb.L.M.S.SA. 

f :  E/L 
Za.lb.M.SA. 

f :  E/T/L 
Za.Zb.L.M.S.SA. 

a :  E/L 
Za.Zb.M.SA. 

o :  E/L 
Zb.M. 

a :  T/E 
Za.Zb.M.SA. 

f :  T 
Zb.M.S.SA. 

Epiphyte, low and high Ievels, trunks and 
branches; in shade of forest, in open and closed 
woodland, occasionally on road-side trees (ZT). 

Epiphyte, usually on upper surface and 
sides of branches, occasionally on tree trunks; 
lithophyte near river at lower altitudes (ZS, ZT). 

Low Ievel epiphyte in deeply shaded montane 
forest (ZP), and near river (ZP); lithophyte by river at 
lower altitudes (ZS, ZT). 

Epiphyte on mid to high branches from 4-IOm, 
in forest (ZP, ZS) and at riverside (ZP, ZS); on tree 
ferns (Cyathea, ZP), and cycad trunks 
(Encephalartos, ZT). T /L on ZS, ZT. 

Epiphyte, on medium to high Ievel branches on 
ZP, lower Ievels in woodlands (ZS); rarely lithophyte 
at lower altitudes (ZS). 

High Ievel epiphyte in montane forest (ZP), 
lower Ievel epiphyte or lithophyte at lower altitudes, 
near ri vers. 

Terrestrial, becoming epiphytic; in shade of 
forest (ZP) and in open woodland (ZS), and outer 
parts of conifer plantations (ZP, ZS). 

Terrestrial, tufted but spreading; in general 
ground flora of montane forest (ZP), on steep banks 
of riverine forest (ZP), on rocky slopes of closed 
woodland (ZS). 

VII : riversides, streambanks, marshlands and swamps (all areas = 20 spp.) 
ZP only = I sp. 

Lycopodium 
carolinianum 
(var. affine/tuberosum?) 

VII : as above 
ZS only = 3 spp. 

Vittaria volkensii 

a :  T 
Za.Zb.M. 

r (s) : E 
Zb.M. 

Creeping terrestrial; montane grassland 
streamside, very marshy, with Sphagnum sp. 
(bog moss). Same plants with tubers. 

Mid-level epiphyte, 3-4m from ground,  on trunk 
and !arge branch ( crown base) of Parinari tree near 
waterfall. First collection for Zamba: 28-5-85, Berrie 
636 (MAL). 
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Cheilanthes 
farinosa 

* Pteris dentata 

VII : as above 
ZT only = I sp 

Equisetum 
ramosissimum 

VII : as above 
ZP, ZS, ZT = 2 spp. 

Cyathea drcgai 

Tectaria 
gemmifera 

VII : as above 
ZP, ZS, ZD = I sp. 

Osmunda regalis 

VII : as above 
ZP, ZT, ZD = I sp. 

Cyclosorus 
interruptus 

VII : as above 
ZP, ZS, = 5 spp. 

Cyathea thomsonii 

Pneumatopteris 
unita 

Diplazium 
zanzibaricum 

Marattia fraxinea 

r (s) : T 
Za.Zb.B. 

s* 
Za.Zb.L.M.SA. 

f to a :  T 
Za.Zb.L.M.SA. 

a to r: T/A 
Za.Zb.L.M.S.SA. 

f to a :  T 
Za.Zb.M.SA. 

a :  T/L/A/E 
Za.Zb.L.M.S.SA. 

a : T/A 
Za.Zb.B.M.N.SA. 

o : T  
Za.Zb.M. 

r :  T 
Za.Zb.M.SA. 

r : T/A 
Za.Zb.M.SA. 

a : T/A 
Za.Zb.M.SA. 
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Small terrestrial, in rock crevice at edge of 
woodland, 3m from river. First collection for Zomba: 
28-5-85, Berrie 637 (MAL). 

31-12-8 1 ,  Chapman & Pate1 6029 
(MAL*), "along streamside, close to water" 

Terrestrial with spreading, deep undergwund 
rhizomes; along streambanks of lower mountain 
slopes; always in moist shady positions. 

Tree fern; terrestrial, but may stand in water at 
riverside; always very close to water; few by montane 
grassland stream, abundant by river (ZP); not in 
montane forest; rare on lower mountain slopes, one 
by river, ZT. 

Large tufted terrestrial with very spreading 
fronds; along river-side paths (ZP), streambanks (ZS, 
ZT); always in moist shady places. 

Usually terrestrial by river (ZP), semi-aquatic 
between rocks, lower parts submerged in wet season; 
in slow moving water, not in rocky rapids; 
occasionally epiphytic on riverside tree ferns 
(Cyathea, ZP). 

Creeping terrestrial; underwater in wet season; 
riverside swamp (ZP), marshy stream on lower slopes 
(ZT), silted streamside (ZD). 

Tree fern; terrestrial, usually in shade at 
water's edge. 

Terrestrial; on extreme edge of riverbank, 
extending over the water. 

Terrestrial, like a small tree fern; in deep 
shade by river (ZP); by stream between conifer 
plantation on mountain slopes, just in water in wet 
season. 

Terrestrial, extremely large, spreading; 
almost in water at riverside, usually never more tha'l 
Sm from water's edge. 
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Tbelyprgcris 
confluens 

VII : as above 
ZP, ZT = 1 sp 

Amauropelta 
bergiana 

VII : as above 
ZS, ZT, ZD = 2 spp 

Christella 
dentata 

Pteris friesii 

VII : as above 
ZS, ZT, = 3 spp. 

Asplenium 
pumilum 

Microlcpia 
speluncae 

Pellaea 
doniana 
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o to a : T/ A Terrestrial to semi-aquatic; in river source 
Za.Zb.B.L.M.N.S.SA. (Mulunguzi Marsh), edges of Dams (ZP); at river

side (ZS), swampy in wet season. In slight shade or 
exposed positions. 

r :  T 
Za.Zb.M.S.SA. 

f :  T 
Za.Zb.B.M.SA. 

o to f :  T 
Za.Zb.M.SA. 

o : T  
Za.Zb. 

r :  T 
Za.Zb.B.M.N.SA 

f :  T 
Za.Zb.M. 

Terrestrial at riverside (ZP), by stream (ZT} 

Terrestrial at streamside; in slight shade or 
sheltered positions. 

Terrestrial; in deep shade in riverine 
areas, at bases of rocks, at edge of old Cupressus 
plantation. 

Usually terrestrial, in deep shade; on moist 
earthbank, at riverside; by small stream; on 
stonework of river bridge, in moss layer. 

Terrestrial; rocky area near river, in sheltered 
positions at base of !arge rock. 

Terrestrial, in deep shade on riverside bank; 
occasionally in shelter of rocks on woodland slopes. 

VIII : seasonal pools (ZD only) 
ZD only = 2 spp. 

* Ceratopteris 
thalictroides 

* Marsilea sp: 

s* 10-8-7 1 ,  Howard-Williams 229 (MAL*}. 
Za.Zb.B.M.S.SA. "growing in mud . . .  partly submerged" 

s* 3-2-55. Jackson 1453A (MAL*), 
Za.Zb.B.M.N.SA. "growing in water of rice gardens" 

IX : seasonal flush (all areas = 7 spp.} 
ZP only = I sp. 

Ophioglossum 
polyphyllum 

IX : as above 
ZT only = 2 spp. 

Actiniopteris 
radiata 

Isoetes 
abyssinica 

r :  T 
Zb.B.M.N.SA. 

r :  T 
Za.Zb.B.N.S.SA. 

r :  T/A 

Terrestrial, on rocky outcrop; at margin 
of montane grassland and montane forest. 

Terrestrial; rocky area with slight shade. 

Terrestrial; on Ievel top of rocky outcrop; 
in shallow soil; water-logged in wet season. 
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IX : as above 
ZP, ZS, ZT, ZD = I sp. 

Ophioglossum 
gomezianum 

IX : as above 
ZS, ZT, ZD = I sp. 

Actiniopteris 
dimorpha 

IX : as above 
ZS, ZT = 2 spp. 

Ophioglc>ssum 
costatum 

Sr:laginella 
njam-njamensis 

a : T  
Za.Zb. 

a : T  
Za.Zb.B.M.N.SA. 

f : T/A 
Za.Zb. 

a : T/L 
Za. 

Terrestrial; in shallow soil on slopes and tops 
of rocky out-crops; may be water-logged in wet 
season. 
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Terrestrial; in outcrop areas, at edges of big 
boulders and in rock crevices; on rocky slopes below 
flush areas and on rocky roadside banks. 

Terrestrial; on flat top of rocky outcrop, in 
shallow soil layer; usually water-logged in wet season; 
with Isoetes sp. 

Terrestrial; edges of flush area; in small pockets 
of soil on rocky outcrop, extending growth over 
surrounding bare rock surface. 

X :  marginal habitals (all areas = 14 spp. including I var.) 
ZP only = 2 spp. 

Athyrium 
schimperi 

Cheilanthes 
inaequalis 

X :  as above 
ZS only = I sp. 

Christella 
chaseana 

X :  as above 
ZP, ZS, ZT, ZD = 2 spp. 

Nephrolcpis 
undulata 

Ophioglossum 
reticulatum 

X :  as above 

o : T  
Za.Zb.L.SA. 

o : T  
Za.Zb.B.M.SA. 

r ? :  T 
Za.Zb.N.SA. 

a :  T 
Za.Zb.M. 

a :  T 
Za.Zb.L.N.SA. 

Terrestrial; edges of forest and grassland 
and at cliff--top, often !arge plants; occasionally at 
riverside similar; very small plants under rock ledges 
on montane grassland and on roadside banks (ZP). 

Terrestrial; forest margins and edges of conifer 
plantations; in partly shaded positions. 

Terrestrial; edges of Pinus plantation. 

Terrestrial ; edges of forest and plantations 
(ZP, ZS); in grassy areas of open woodland (ZS, ZT, 
ZD). 

Terrestrial; widespreading by underground 
stolons; at edges of forest and conifer plantations 
(ZP, ZS), woodlands (ZS), and in gardens, on Golf 
Course and lawns of the Botanic Garden, (ZT). 

ZP, ZS, ZT (4 spp. including I var. of a sp. in Habitat I). 

Dryopteris 
athamantica 

f to r :  T 
Za.Zb.L.M.S.SA. 

Erect terrestrial; frequent at roadside on 
montane grassland; occasional at montane 
grassland/forest margins; rare on lower slopes. 
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D. inaequalis 
var. inaequalis 
(see Habitat I 
for other var.) 

Pteridium 
aquilinum 
subsp. aquilinum 

Se/,1ginella 
abyssinica 

X :  as above 
ZP, ZS = 5 spp. 

Asplenium 
buettneri 

Cheilanthes 
multifida 

Hypolepis 
sparsisora 

Pel/aea 
quadripinnata 

Pteris 
catoptera 

a : T  
Za.Zb.L.M.SA. 

a to r :  T 
Za.Zb.L.M.SA. 

a : T  
Za.Zb.M. 

r :  T 
Za.M. 

a :  T/L 
Za.Zb.L.M.N.SA. 

f to a :  T 
Zb.M.S.SA. 

a : T  
Zb.L.M.N.S.SA. 

a to f :  T 
Za.Zb.M.SA. 
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Tufted terrestrial with spreading fronds; 
in moist shady margins of forest and plantations 
(ZP, ZS), woodlands (ZS), and between river 
and cultivated areas (ZS, ZT). 

Terrestrial; abundant at montane forest/ 
grassland margins, along forest paths, in 
clearings and at plantation margins (ZP, ZS); in open 
woodlands (ZS); rarely below l OOOm (ZT), at eJges 
of cultivation. 

Terrestrial; usually upright but sometimes 
pendant on vertical earthbanks; at woodland edges 
and plantation margins (ZP, ZS), roadside banks 
(ZS, ZT). In slight shade or open areas. 

Tufted terrestrial; in deep shade; thicket at 
edge of montane forest (ZP); edge of Pinus 
plantation (ZS). 

Erect terrestrial; in most exposed margins of 
Plateau, edges of forest, plantations, cliff-edges; 
lithophyte of montane grassland/forest margins 
(ZP,ZS). 

Erect but spreading terrestrial; in wet partially 
shaded marginal areas; edges of riverine forest, 
stream edges of Pinus plantations; similar habit to 
Pteridium and often mixed with it, but only in moist 
places. 

Large erect terrestrial; on rocky montane 
grassland edges, cliff-edges (ZP); conifer plantations 
margins (ZP, ZS). In open or slight shade. 

Terrestrial; spreading fronds, very variable size; 
!arge plants inside edges of plantations (ZP, ZS), 
small along margins. 

XI : sheltered habitats (all areas = I I  spp. inciuding I var. of a sp. in Habitat XII). 
ZT only = 4 spp. 

Platycerium 
elephantotis 

Adiantum 
raddianum 

Aspidotis 
schimperi 

Ophioglossum 
vulgatum 

XI : as above 
ZP, ZS, ZT, ZD = I sp. 

Pellaea 
ca/omelanos 
var. swynnertoniana 

r (s) : E 
Za.M. 

o : T  
Zb.M.SA. 

r (s) : T 
Za.Zb 

f :  T 
Za.Zb.SA. 

f :  T 
Zb.M. 

Epiphyte, in crown-base of old Jacaranda tree; 
one location. 

Terrestrial; on rocky roadside banks and in 
water channels, in slighty shady positions. 

Tufted terrestrial; at edge of brick-built 
roadside ditch; in shade of trees. First collection for 
Zomba: 5-2-85, Berrie 600 (MAL). 

Terrestrial, spreading by under-ground stolons; 
in shaded grassy area ("lawn"). 

Erect, tufted, terrestrial; edges of rocky 
outcrops, in rock crevices; on rocky roadside 
banks; usually slightly sheltered by trees or shrubs. 
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XI : as abovc 
ZP, ZS, ZT = 2 spp. 

Adiantum 
philippense 

A. poiretii 
var. poiretii 

XI : as above 
ZP, ZS c I sp. 

Selaginella 
mittenii 

XI : as above 

a to r :  T 
Za.Zb.M.SA. 

o : T  
Za.Zb.B.L.S.SA. 

f :  T 
Za.Zb.L.S.SA. 
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Pendant terrestrial; on vertical earthbanks of 
forest roads (ZP, ZS); on rocky roadsides and bridges 
(ZS, ZT); in roadside dit..:hes (ZT); usually in slightly 
shaded places. Rare on Plateau, abundant on Iower 
mountain slopes. 

Terrestrial, may be mixed with A. philippense, 
in similar habitals but usually more shaded positions. 

Creeping terrestrial; in sheltered rock crevices; 
in moist shade below overhanging rocks. 

ZS, ZT, ZD = I sp. (var. of this sp. in Habitat XII) 

Doryopteris 
concolor 
var. kirkii 

f :  T 
Za.Zb.M.N.SA. 

(see Habitat XII for other var.) 

XI : as above 
ZS, ZT = 2 spp. 

Adiantum 
lnCJSUm 

Pyrrosia 
schimperiana 

r :  T 
Za.Zb.M.N.SA. 

a :  E/L 
Za,Zb.M.SA. 

Erect, tufted terrestrial; in shallow soil of rocky 
places; rock crevices; on bases of trees; roadside 
banks; usually in slight shade. 

Tufted terrestrial; in rock crevices, at edge of 
woodland (ZS); between stones of roadside wall, in 
heavy shade of trees (ZT). 

Creeping epiphyte; on upper trunk and main 
branches 3-6m from ground, on all sides and 
surfaces, pendant or erect fronds; on trees of upper 
and lower mountain slopes and ZT; lithophyte of 
lower slopes and ZT. Most common epiphyte of drier 
places araund Zomba Mt. 

XII : exposed habitals (all areas = 8 spp. + I var. = 9 spp.) 
ZP only = I sp. 

* Mohria lepigera 

XII : as above 

s* 
s* 

s* 
Za.Zb.M. 

Sept. 1 859 Kirk (K*), "Dzomba, Zambesia 6-7000ft". 
20-5-82, Salubeni 3238 (MAL*), "on rocks in 
montane grassland" 
7-4-84, Brummitt 17 1 30 (K, MAL*), 
"steep rocky slope" 

ZT only = I sp. (var. of this sp. also in Habitat XI). 

Doryopteris 
concolor 
* var. nicklesii s* 

Za.Zb. 
25-3-50, Sturgeon F2 (MAL*), 
"fully exposed rocky area" ( cf. var. kirkii in Habitat 
XI.) 
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XII : as above 
ZD only = l sp. 

*Pe/laea 
longipilosa 

XII : as above 

ZP, ZS, ZT � 2 spp. 

Pe/laea dura 

P. viridis 

XII : as above 
ZP, ZS, = 4 spp. 

Arthropteris 
orientalis 

Lycopodium 
cernuum 

L. clavatum 

Mohria 
caffrorum 

s* 
Za.Zb. 

f :  T 
Za.Zb.SA. 

f :  T 
Za.Zb.L.M.N.SA. 

r :  T/L 
Za.Zb.M. 

r :  T 
Za.Zb.M.SA. 

a to r :  T 
Za.Zb.L.M.SA. 

a :  T/L 
Za.Zb.L.M.SA. 

Local and Regional distribution 
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14-3-77, Brummitt 14865 (K, MAL*), 
"rocky outcrop 2K E. of Zomba 

Small tufted terrestrial; in Öare rocky places, 
open woodland and roadside banks; very exposed, 
extremely dry positions. 

Terrestrial, tufted but spreading fronds; on 
rocky slopes of open woodland, and roadside banks; 
sometimes mixed with P. dura but not often 
extremely exposed. 

Creeping terrestrial; on rocky open slopes; 
on top of rocky outcrop, in moss/thin soil layer. 

Creeping and upright, spreading terrestrial; 
on steep earthbank at roadside; open grassy bank 
near Dam; sometimes in slight shade. 

Wide-creeping terrestrial; in wet to very dry 
places; open streamside edge of Pinus plantation, 
marshy source of river, dry edges of Eucalyptus 
plantation, dry rocky roadside bank; can occasionally 
dominate the ground flora, especially after tree
felling. 

Erect tufted terrestrial; on very exposed cliff-top 
grassland (ZP) and cliff-edges (ZP), and vertical 
rocky roadside (ZS). 

Local distribution of species is given (a = abundant, f = frequent, o = occasional; r = 

rare; and s = single collection) for each species in each Habitat area. Some taxa have not 
been seen during the present study 1980-86. These are marked with an asterisk and local 
distribution is not given. Previous collections of these species are listed with their location 
in herbaria, using standard abbreviations (Stafleu, et al 198 1). An asterisk there, e.g. K*, 
indicates that particular specimen was seen by me at that herbarium in Sept. 1986. 

Regional distribution of each species is given for the whole of Southern Africa, taken 
from the most recent available Iiterature as follows, (abbreviations for each country in 
brackets): Zambia (Za) Komas 1979; Zimbabwe (Zb), Burrows 1983; and all others from 
Jacobsen 1983, Botswana (B), Lesotho (L), Mozambique (M), Namibia (N), Swaziland (S) 
and South Africa (SA). 

Plant habit 
The terms epiphyte (E), lithophyte (L), terrestrial (T), and aquatic (A), are used to describe 
plant habit, with further detailed descriptions of each species. Alternative habits showing 
the most usual habit as first Ietter, include E/L, E/T/L, T/E, T/L, T/A and T/LIA/ 
E. 
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TABLE 2 
Plant habit. Number of species of each plant habit type in Habitats I-XI I .  (Abbreviations: E = epiphytic, 
T = terrestrial, L = lithophylic, A = aquatic; wilh alternative habil the first Ietter indicates the most 
usual habit. An asterisk * marks a species or variety not seen in the p�esent study, these are not 
included in the final % totals ). 

Habitat, PLANT HABIT 
and number of 
species in each E EIL E/f!L T/E T//L T/L/AIE T/A T L A 

1: 5 spp. I 2 I +  
(incl. I sp/v I sp/v 
in Habitat X) 

II: 3 spp. 2 I 

III: 5 spp. 4 I 

IV: I sp. I 

V: 12 spp. 2 3 
+ I * I '  + 2* 3* 

VI 8 spp. I 4 I I I 

VII: 20 spp. I I 5 1 2  
+ I* 

VIII: 2 spp. 2* 

IX: 7 spp. I 2 4 

X: 14 spp. I 1 2 + 
( 13  + I sp/v I sp/v 
in Habitat I) 

XI: I I  spp. I I 8 +  
(incl. I sp/v I sp/v 
in Habitat XII) 

XII: 9 spp. 2 4 
(8 + I sp/v + I *  I *+ 
in Habitat XI) I sp/v* 

total 95 SQQ· 83 = 10 +7 +2 +3 +4 + I  +7 +49 0 0 
+ 12 spp.* = I *  +2* +3* +4spp* +2spp* 

(+ I sp/v*) & 
lsp/v* 

% of total: 10.5 7.4 2.1  3.2 4.2 I 7.4 5 1 .6 0 0 

E = 20% (+ 1%*) T = 67.4% (+5.3%*) L = O  A = 0  
(+4.2%*) (+2.1%*) 

In some rocky habitats it is difficult to distinguish between terrestrial and lithophytic 
habit but any plant rooted in soil of more than lern depth is listed as T. The lithophytes 
may be in a moss layer on rock or very shallow soil layer, but they are never on a completely 
bare rock surface. 

ECOLOGY 

Montane forest pteridophytes occur in Habitats I, II, III, and VI showing that there are 
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a number of microhabitats or niches within montane forest in which groups of pteridophyte 
species are found tagether (Figure 6). 

Habitat I includes the darkest, wettest part of montane forest and only five species 
are here. There is very little ground flora other than scattered ferns. Dryopteris inaequalis var. 
atropaleacea is in very deep shade near the edge ofthe forest, inside the thicket of Philippia and 
Hypericum. The cantrast in light intensity from the open grassland outside the forest into 
this thicket is extreme. Similarly in the deepest part of the forest, near the small stream, 
it is dark due to the dense canopy of the continuous tree-cover. The other four species 
are in this darkest part, Asplenium lobatum in one small dark area of ground, with 
A.boltonii and A.dregeanum either terrestrial or very low Ievel epiph)tes on tree bases and 
rotting tree stumps. Elaphoglossum acrostichoides is also only in one site, like A. lobatum, 
in the darkest part. It is an epiphyte on a small tree with an extremely thick canopy. 
All these species are weil away from the more open pathways going through the forest. 

Habitat II and III include those parts where just a little bit more light penetrates the 
forest, whether in montane, riverine or cliff-edge forest. In the montane forest where the 
canopy is somewhat open because of fallen tree branches, or near pathways where tree 
saplings bave been cut to keep the path open, there are many fern species which also 
occur in riverine forest since the microhabitat is similar. Much of the montane forest is 
like this, with deep moist leaf litter and permanently wet soil. The air is moist at all times 
and epiphytic ferns are most luxuriant. The filmy ferns cover tree bases and tree trunks 
up to 2 or 3cm from the ground with Asplenium mannii and A.sandersonii occurring with 
them at 1- l .Sm. The maximum number and abundance of species occurs at about 2-3m 
Ievel where the whole surface of tree trunks is wet and dripping and covered with ferns. 

Above this Ievel the epiphytes are more spread out on the branches, these are the species 
included in Habitat VI. The conditions on the mid to upper parts of the tree crowns of 
the montane forest are very similar to those found on trunks and crown bases in riverine 
and remnant riverine forest at lower altitudes on the mountain; they are also similar to 
some parts of the closed woodland on tl:e mountain slopes, so the eight species in Habitat 
VI Iist are the most widespread of tht forest/woodland pteridophyte species. In different 
locations some of these ferns occupy similar niches e.g. Pleopeltis excavata, P. macrocarpa, 
Loxogramme lanceolata and Pyrrosia rhodesiana are all epiphytes in montane and riverine 
forest, but at lower altitudes (ZS) may be lithophytes in remnant riverine forest. The position 
of the epiphytes on thre trees depends on the amount of light penetrating the canopy and 
the available water, either run-offwith most at the tree base or high humidity and condensation 
in the crown-base. The filmy ferns thrive in the optimum conditions of the montane forest, 
but only survive in a few places of the riverine forest and cliff-edge forest thicket, and 
are completely absent from remnant riverine forest (ZP, ZS) and the woodlands (ZS). 

Similarly in riverine forest only (Habitat V), there are some species e.g. Selaginella 
kraussiana and Blechnum attenuatum, which thrive in the continuously moist habitat but 
require some tree-cover. They can withstand some shading but not continuous exposure. 
One small part of the riverine forest where Blotiella natalensis occurs has a very dense 
ground flora of S. kraussiana, and a nearby !arge tree (Rauvolfia sp.) has a complete covering 
of filmy ferns from ground Ievel to 2m, tagether with Asplenium mannii, A. sandersonii and 
L. Janceolata, and Iooks very like the tree bases in the montane forest. But here the riverine 
forest canopy is higher and more light penetrates, although there is deep shade in some 
parts, so S. kraussiana flourishes because of the very wet soil conditions. Araund the plants 
of B. natalensis the water table is almost at the surface in the dry seasons and some of 
that area is flooded during the wet season. 

Six of the species listed in Habitat V, riverine forest only, have not been seen recently 
( 1980-86) and may no Ionger be present on Zamba Mt. The felling of Pinus patula on 
some of the sloping ground near the river has sometimes severely damaged trees closer 
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to the river, so these have had to be felled also. In some places along the river there has 
been very little regeneration of the riverine forest due to the slashing (cuttiug back of ground 
flora) to keep riverside paths clear for the tourists and trout-fishermen. This means that 
when old trees, e.g. of Halleria Jucida, lose branches, fall to pieces gradually, and eventually 
rot away then the particular epiphytes on that tree may be lost, perhaps permanently from 
that area. The tree gap opens up the canopy and if no young saplings take the place of 
the old tree then what was riverine forest becomes more open remnant forest, in which 
some of the terrestrial or lithophytic ferns also cannot survive. Certainly this has happened 
with Polypodium polypodioides, an epiphytic fern, frequent to occasional in distribution 
in 1967. There are now very few trees with long, low overhanging branches Stretching out 
over the water as there were then, in that part of the Mulunguzi River just below the 
Trout Ponds. The river is wider now from erosion, the undermining of the riverbank is 
partly due to slashing very close to the edge so that young ferns (Cyathea spp. and Marattia) 
are not able to get established easily by the water. 

Much of the riverside 'Vegetation between the plantations is no Ionger forest or even 
remnant forest. lt is just a very wet habitat, sometimes partly shaded by nearby trees in 
the Pinus plantations, so the pteridophytes along the river and streams have been listed 
in Habitat VII. These species are often standing in water during the wet season. They 
may be exposed to full sunshine, though proximity to open water usually gives a high 
air humidity. Where there was forest or remnant forest twenty years ago there is now 
in some parts just a line of tree ferns. Cyathea dregei is the most abundant and is rarely 
far from the water's edge. C. thomsonii is more scattered along the river, growing with 
C.drcgei. Marattia fraxinea is the most conspicuous of the !arge ferns, usually rooted only 
a few metres from the water, with fronds 3-4m long spreading out almost into the conifer 
plantations alongside. Marattia is usually on the silted side of the river while the opposite 
banks have masses of Osmunda regalis, rooted between !arge rocks where little silting has 
occurred. All these species are in shallow water where the river is slow moving. None 
are found where the river is narrow and rapid flowing. The bed of the river changes greatly 
within short distances, from rapids to meanders, to waterfalls and narrow mini-gorges between 
!arge boulders, and back to wider meanders with small sandy patches on one side. 

The pteridophyte species distribution reflects these changes in different parts of the 
Mulunguzi River from the narrow source below Mulunguzi Marsh, downstream as far as 
Mulunguzi Dam. Below the Dam there is remnant riverine forest in parts, almost to the 
top of the Gorge. Here the river goes over a high waterfall through narrow cliffs. Below 
the falls there is more open rocky banks with scattered trees along the river. In the spray 
of the falls is a single Jocation for Vittaria volkensii, a mid-level epiphyte, and close-by 
among rocks a few plants of Cheilanthes farinosa. Ten to 15m from the river, as by small 
streams on the lower slopes, are scattered small plants of Asplenium pumilum, and the 
rarer but !arger Microlepia speluncae. Both are short-lived, not surviving long after the 
rains stop, because at this altitude (c. l lOOm), away from the tree cover, dry conditions 
soon take over. 

Away from the river and streams, at edges of forest/woodland or forest/grassland are 
some pteridophyte species with a wide distribution on many parts of the mountain. These 
are marginal habitat species (Habitat X). The most prominent is Pteridium aquilinum 
(bracken), which can survive and spread even in poor rocky soil. In many parts of the 
Plateau it is dormant in the Pinus plantations. In years 1-3 after planting Pinus seedlings, 
bracken is cut between the young trees but after that does not grow up again due to heavy 
shading. It remains along pathways and edges of plantations, but at clear-felling 25-30 
years later it sprouts up again alt over the newly felled area. Pteris catoptera also has 
a tendency to re-appear further into the felted conifer areas, but may be re-colonising rather 
than remaining dormant in the soil like the Pteridium. 
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In wet marginal areas Pteridium is often mixed with Hypolepis sparsisora. With similar 
growth habit they can be confused from a distance but the delicate paler green of the 
Hypolepis can be picked out in the wetter parts of this habitat on the Plateau and the 
slopes. At lower altitudes, ZT and ZD, Nephrolepis undulata is the most widespread marginal 
species in grassy/woodland areas while at higher latitudes along cliff-edges are Pellaea 
quadripinnata, Cheilanthes multifida and C. inaequalis. All these species in marginal habitats 
get some shelter from nearby trees, but can be exposed to very dry conditions at some 
time of year. Most die back during the dry season to some extent on the Plateau, some 
die back completely at lower Ievels, but by looking for more sheltered "favourable" marginal 
habitats it is usually possible to find some plants of these species at almost any time of 
year on some part of the mountain. 

The remaining habitats (VIII: seasonal pools, IX: seasonal flush, XI: sheltered, and 
XII: exposed) have much more extreme conditions from wet to dry seasons. There are 
no seasonal pools on Zomba Mt. but in low lying parts of Zomba District some water 
ferns may be found. Two genera (Ceratopteris and Marsilea) have been recorded, though 
I have not seen any recently, 1980-86, in the Zomba area *. Seasonal flush habitats are 
more common araund the lower slopes of Zomba Mt. where rocky outcrops are found. 
These areas have smooth, rounded, granite domes with flattened tops, or small flat ledges 
on some part of the slope. Small pockets of soil on the rock quickly become soaked in 
the first rain of the season and then water-logged as seepage continues from deeper soil 
higher up the slope. The whole rock surface may then have a thin water flow over it 
for many weeks of the wet season. A short dry spell with no rain, e.g. 2 or 3 weeks in 
early December, can cause complete drying out and curling up of the soil pocket, so conditions 
can be extreme even during the wet season. 

In such places Ophioglossum spp. appear each year. O.costatum is first with the early 
flowering monocots (Platycorine, Dipcadi and Lapeirousia spp.) in the wettest parts low 
on the outcrop. Higher up the granite slope and on the flat top with deeper peaty soil 
come later species, O.gomezianum being abundant and widely distributed, and O.polyphyllum 
much rarer only in one location. In the wettest parts the later (Jan-Feb.) arrival of Isoetes 
sp. completes the O.costatum community. Another outcrop area, not so wet, has Isoetes 
with O.gomezianum and patches of Sc/agiJJella njam-njamensis. At the edges of seasonal 
flush areas clumps of Actiniopteris spp. occur. 

The seasonal flush habitat grades into the sheltered (XI) and the exposed (XII) habitats 
particularly on poorer stony soil. The terrestrial ferns Adiantum spp., Pellaea spp., Doryopteris 
concolor and Mohria spp. are all in these very dry habitats with varying amounts of shade 
or exposure. The only epiphyte which is abundant in drier places is Pyrrosia schimperiana. 

The only fern found recently in Zomba and not listed in Table 1 in Habitats I-XII 
is one which appeared amongst other ftrns in trays in the greenhouse. Some samples of 
Ophioglossum reticulatum were collected with a !arge amount of soil on 23-3-84 from margins 
of a Pinus patula plantation on Naisi Spur (ZS). They were planted in that soil in trays 
in the Biology Dept. greenhause at Chancellor College, Zomba (ZD). Sametime later, in 
June, small sporelings of Pityrogramma calomelanos (L.) Link var. calomelanos appeared 
in the tray with the Ophioglossum. P. calomelanos is not previously recorded for Zomba 
and I have not found it in the wild, nor seen it in cultivation here. The specimen in MAL. 
is Berrie 422B, 7-6-84, 'weed in tray of Ophioglossum reticulatum in Biology Dept. greenhouse, 
CC.' It is only included here to complete the listing of all known pteridophytes from the 
Zomba area, thus the total pteridophyte taxa for Zomba, including this weed species, are 
96 species in 46 genera of 22 families, but P. calomelanos is not included in Table 1 .  

*My collection closest to Zomba is M. subterranea Lepr. from Mangochi District, 100km north of 
Zomba, Berrie 3 16  (BM, MAL), 8-4-82; the most southern record for this species (Launert, pers. comm. 
1984). 



PTERIDOPHYTES OF ZOMBA MOUNTAIN 3 1 5  

DISCUSSION 

The 95 species listed in Table I include 45 genera in 22 families of pteridophytes. This 
is a relatively high number for Africa since a total of 55 species is the estimate for the 
whole of tropical Africa (Parris 1985). Thus Zomba Mt. has 19% of this total in an area 
of approx. 8 x 12km. This compares with the Zambia records (Komas I 979) where the 
highest number of pteridophyte species in a one degree square ( I  0lat x I 0long., approximately 
lOOkm x IOOkm) is 56 species or I I% of the total for Africa. The Lusaka District at 
approximately the same latitude as Zomba, but 800km due"west at longitude 28-29°E, has 
31 species, only 6.2%. Lusaka, the Zambian capital, at !278m altitude has only 835mm 
mean annual rainfall compared to Zomba (alt. 900m) with 1464mm, and Zomba Plateau 
(alt. 1900m) with 2244mm mean annual rainfalL This big difference in rainfall is probably 
the main cause of the big difference in number of pteridophyte species between Lusaka 
and Zomba. 

Similarly on Zomba Mt. the differences between the Plateau rainfall and the Town 
rainfall is reflected in the .plant distribution and particularly in the distribution of the 
pteridophyte species. The montane forest is only on Zomba Plateau and most of the riverine 
forest is also on the Plateau. The pteridophyte numbers in these forests are 2 1  spp. in 
montane and 29 spp. in riverine, with I6 spp. common to both (Figure 6b). Of the 68 
spp. in all habitats (Fig. 6e) on Zomba Plateau there are 32 forest/woodland species with 
22 of these restricted to ZP. (Fig. 6a & b). The number of forest/woodland species, like 
the rainfall, decreases with altitude from ZP, 32; ZS, IO; ZT, 5 and ZD, 2 spp. The marginal 
habitat species follow the same pattern with ZP, 13 ;  ZS, 12;  ZT, 6 and ZD, 2 spp. The 
riverside non-forest (VII) habitat has a slightly different pattern with ZP, I I ;  ZS, 16;  ZT, 
10 and ZD, 4 spp. and has discontinuous distribution (3 spp.) also, not found in the other 
habitats. This reflects the particular microhabitat required by these three species rather 
than being relateci to altitude or rainfalL This is shown by Osmunda regalis on ZP, ZS 
and in ZD. The Mulunguzi River in ZT has rapid flowing water, mostly a narrow riverbed 
with huge rocks and boulders at each side. Osmunda grows on sandy, silted banks or 
between small rocks in slower water so it is not found in ZT. Osmunda is also only by 
the main river, not by small streams which dry out completely in the dry season. Cyclosorus 
interruptus is similar with swampy riverine area (ZP), muddy streamside (ZT) and silted, 
swampy stream (ZD) being the microhabitats in three areas, but no suitable places occur 
on ZS for it. Amauropelta bergiana (ZP and ZT) may be undercollected, since the genera 
of Thelypteridaceae, being very alike, need further investigation ecologically. Christella 
chaseana (Habitat X: marginal, ZS) in the same family is also queried (?r) in distribution, 
needing further collection. 

The flush habitat (IX) and sheltered habitat (XI) have similiar patterns with more species 
on the mid-mountain slopes and township area (ZS, ZT), while the exposed habitat (XIII) 
reverts to the pattern of Habitats I-VI. Taking these all tagether (Fig. 6e) gives a clear 
picture of greater numbers of species at higher altitudes, ZP 68 spp. (72% of total spp.), 
ZS 55 spp. (58%), ZT 39 spp. (41%) and ZD 15 spp. ( 16%). The factors affecting this 
distribution due to altitude are the increased rainfall at higher altitudes; greater tree-cover 
i.e. thicker forest on the higher land; riverine and remnant riverine on ZP and ZS; woodland 
on upper and lower slopes; and the amount of condensation-cloud on the Plateau and 
upper slopes especially during the dry season. The higher temperature at lower altitudes, 
with the very strong dry winds of mid-dry season (Aug.), will also combine with the Iack 
of tree-cover, in ZD, to give a smaller number of species. Only in streamside habitat can 
they survive the dry season, if the stream is a permanent one. 

An analysis of the plant habit of species in the different habitats (Table 2) shows 20% 
of the 95 species are usually epiphytic though 9.5% may occasionally be lithophytic or 
terrestriaL 5 1 .6% of the total are always terrestrial while 7 spp. (7.4%) are so close to 
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water as to be sometimes actually in it, classed as TI A. Only 2 spp. (2. 1 %) are true aquatic 
ferns. 

Habitat V (riverine forest only) has suffered the most since the 1960's if the species 
marked are not any Ionger present on Zomba Mt. These species are 3 lithophytic, 2 terrestrial, 
1 T/L, and 1 epiphyte all previousiy recorded from riverine areas. During the 1 980-86 
period I have made observations on the pteridophyte flora of most parts of Zomba Mt. 
I know all these species from other parts of Malawi and it is possible they may be on 
the mountain, in some place where I have not seen them, if so I would regard them as 
threatened species. 
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PRELIMINARY REPORT OF CHROMOSOME COUNTS IN THE 
GENUS AZOLLA (PTERIDOPHYTA) 
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Portsmouth PO l 2DY, Hampshire, England 

ABSTRACT 
Contrary to previous reports, study ofchromosome numbers in the genus Azolla establishes 
the occurrence of 2n=44 in all species except A. ni/otica which has 2n=52. In addition, 
triploid clones (2n=66) were found in some species and a single tetraploid clone of A. 
pinnata (2n=88) is recorded for the first time in the genus. 

INTRODUCTION 
Azolla Lam. is a genus of heterosporous aquatic ferns with a world-wide distribution in 
tropical to temperate regions. Five species are currently recognised within section Azo1Ja 
: A. filicu!oides Lam., A. rubra R.Br., A. caroliniana Willd. ,  A. mexicana Presl and A. 
microphylla Kaulf.; and two species in section Rhizosperma (Mey.) Mett. : A. nilotica Decne. 
ex Mett. and A. pinnata R. Br. Chromosome numbers are recorded for most species but 
show Contradietory results, and are often based on a single clone (Litardiere 1921 ,  Tschermak
Woess & Dolezal-Janisch 1959, Loyal 1958, Loyal, Gollen & Ratra 1982, Thanh 1983, 
Singh, Patra & Nayak 1984, Lin & Sleep 1988). 

MATERIALS AND METHODS 

Extensive investigation of somatic chromosome numbers in Azolla is in progress at 
Portsmouth Polytechnic. Approximately eighty clones of all species from widely separate 
regions within the geographical range of the genus have been studied (Table 1). It should 
be mentioned, however, that only two clones of A. nilotica were obtained, and more material 
will need to be examined. The !arge nurober and small size of chromosomes in Azolla 
indicate that meiotic rather than somatic material would be easier to examine. Vegetative 
material was used, however, because it is generally considered more appropriate in establishing 
reliable chromosome numbers in unknown taxa. Shoot tips were pretreated in 0 . 1% colchicine 
for 5 hours and transferred to 3: 1 absolute alcohol: glacial acetic acid for at least 24 hours. 
The material was then hydrolysed in l M HCl at 60°C for 7 mins., stained with Feulgen 
for 1 hour and squashed in acetocarmine. Voucher herbarium specimens will be deposited 
at the British Museum (Natural History). 

Species 

A. filiculoides 

A. rubra 

A. caroliniana 

A. mexicana 

A. micropilylla 
A. nilotica 

A. pinnata 

TABLE I 

Number of clones of species studied and their distribution range. 

Clones Geographical distribution (* species introduced) 

13  Europe * ;  North, Central & South America; East Asia * .  

2 Australasia. 

16 Europe *; Central Africa *; North, Central & South America. 

9 North & South America; East Asia *. 

13 Central & South America. 

2 East Africa. 

26 West, East, Central & South Africa; India; Southeast Asia; East Asia; 
Australasia. 
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FIGURE I. Mitotic metaphases (Scale bar = 3 rm). 
a) A. filicu/oides showing 2n";44. (Portsmouth Po1ytechnic Coll. No. 103, UK) 
b) A. caroliniana showing 2n=44. (IRRI Coll. No. 3002, USA) 
c) A microphy/Ja showing 2n=44. (IRRI Coll. No. 4018, Paraguay) 
d) Triploid A. pinnata showing 2n=66. (IRRI Coll. No. 5, Thailand) 
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RESUL TS AND DISCUSSION 

Despite previous reports to the contrary, the results indicate that the chromosome number 
is invariable and will provide little information useful for taxonomic separation, particularly 
in section Azolla. With the exception of A. nilotica, which was found to be 2n=52, counts 
of 2n=44 were recorded from clones of all the other species (Fig. la ,  b and c). Most species 
in section Azolla appear to have similar chromosome size. Although A. pinnata (section 
Rhizosperma) has the same chromosome number as species of section Azolla, it has distinctly 
smaller chromosomes. Triploid counts (2n=66) were recorde� in both sections of the genus. 
In section Azolla, triploidy was found in only one clone of A. filiculoides (from Bolivia) 
and A. microphylla (from Mexico), and in two clones of A. caroliniana (from Brazil and 
Mexico ). In section Rhizosperma triploids appear to be more frequent, being found in five 
clones of A. pinnata from Nigeria, Sri Lanka, Thailand, China and Australia (Fig. l d). 
The incidence of tetraploidy (2n=88) was low, being found in only a single clone of A. 
pinnata from Bangkok. Further investigations aim to clarify whether the triploid clones 
have resulted from hybridisation between tetraploid and diploid clones, or are produced 
by the occasional function of unreduced gametes. Functional unreduced gametes are usually 
derived from interspecific hybrids, but can also be produced from species clones under 
certain environmental conditions. Further meiotic or electrophoretic studies of these triploids 
may establish whether they are auto- or allotriploids, and could provide evidence for their 
origin. lt remains to be discovered whether the clone of A. pinnata represents a tetraploid 
population or is simply a unique clone, and if tetraploid populations occur. 
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