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VARIATION IN EQUISETUM VARIEGATUM
(EQUISETACEAE: PTERIDOPHYTA)
GAVIN STARK
Woodlands Cottage, Summerbridge, Harrogate,
North Yorkshire, HG3 4BT, England
ABSTRACT
Past authors have recognized a number of forms of Equisetum variegatum. This article
highlights the large amount of variation within populations of this horsetail resulting
from local environmental factors. It is suggested that stem cross-sections are a useful
means of distinguishing ecotypes of this species.
INTRODUCTION, METHODS, RESULTS

The statement, "Horsetails are known to be plants of notoriously plastic morphology"
Page ( 1 97 1 ), will probably prompt a nod of agreement from any botanists who have been
involved in their taxonomy. It is reiterated by Hauke ( 1 963) who further notes that this
"is especially the case for Equisetum of sub-genus Hippochaete. Equisetum variegatum
Schleich. ex Weber & Mohr is one of the two (three including Equisetum ramosissimum)
British examples of this sub-genus, and certainly a case in point. Various forms of the
species have been recorded by authors such as Newman, Milde, Hulten and most recently
Page ( 1982), who in his 'Ferns of Britain and Ireland' distinguishes three British and Irish
ecotypes.
The term ecotype was originally coined by Turesson to describe locally distinct races
of plants growing in the appropriate habitat. He considered that an ecotype would be
produced many times over in circumstances where the same stimuli were acting and thus
would not be reliant on colonization of new areas by dispersal only. The principle argument
against ecotypes was put forward by authors like Langlet, who suggested that gradual changes
in a species should be observed with continuously varying environmental factors. In the
case of widespread species this is true; but as Briggs & Waiters (1984) point out, "in populations
inhabitating two or more very different types of habitat, the pattern of variation in the
wild is more likely to be that of distinct ecotypes" . In the 'Atlas of Ferns' (1978), Jermy
describes the distribution of Equisetum variegatum as "A northern-montane species of wet
alpine ledges yet also characteristic of sand-dune populations in the west". Thus one might
well expect to find an ecotype along the lines of var. arenarium (often recorded in older
county Floras and on herbarium sheets) as it is a form restricted to the coast. A widespread
coastal form is unlikely to have spread through dispersal, but could be an ecotype which
has arisen several times over through matching stimuli.
In a small project on variation in Equisetum variegatum I visited sites representing
four potential ecotypes; these were, sand dunes, inland Irish, upland Northern English and
mountain populations in Austria. Data were recorded on the habitat which Equisetum
variegatum was growing in and the form of the plants.
The great flexibility of form which a single rhizome can produce, so emphasized in
Hauke's monograph, was encountered many times over in the field. Take for example a
small colony of Equisetum variegatum, growing on a well established gravel-bank, about
9m from the edge of the River Tees. The whole bank (an area of some 25m2) was occupied
by a dense colony of Equisetum variegatum; but whereas around the edge of the bank
stems were upright, on top of the bank, in open stony hollows, stems were decumbent.
This marked change in growth form was not an isolated observation: Equisetum variegatum
stems ·growing in the base of a dry-stone wall at Malham differed strikingly from those
growing nearby, but in the open. The stems in the wall were long, upright, thin and yellow,
compared with the short, decumbent shoots found amongst a sparse turf. On the dune
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Figure I. Tramvcrse stem sections of Equisctum varicgatum from three sites: A) Tyrella Dunes,
8) Huben, C) Caher River.
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slack floor at Tyrella there were dense patches of prostrate, short, thin Equisetum variegatum
shoots from which virtually all other species were excluded, gradating into grass dominated
sward with occasional upright horsetail shoots. Along the banks of the rivers Rotmoosache
and Caber erosion had caused chunks of clayey soil to break off and very often upright
tufts of Equisetum variegatum grew vigorously from these. This was in contrast to the
short, flattened plants growing amongst the closely cropped turf on top of the bank.
It would be ridiculous to call such localized variation ecotype development as these
are differences on the microscale. In most cases local environmental factors: trampling,
grazing, shading, density of other vegetation, moisture, substrate, base richness and others,
can be identified and in one combination or other provide a reasonable explanation for
the observed variations. Perhaps the most important effect encountered at the sites visited
was the initiation of secondary branching. When a main stem is damaged, two or three
secondary branches grow out from the base of the original stem. This was especially the
case in dune-slack populations where there was often prolific,secondary branching. However,
taking on board the great morphological plasticity of Equisetum variegatum in response
to these factors, the question remains whether definite ecotypes can be distinguished at
a wider geographical scale.
Varieties of Equisetum variegatum have been described by various authors. An early
work is that of Milde (1867) and he recognized some thirteen varieties in Europe, including
the coastal form var. arenarium and Newman's var. wilsonii. The early British pteridologist
Edward Newman recognized nine unbranched forms of Equisetum which in addition to
his var. wilsonii included upright and prostrate forms of Equisetum variegatum. For both
these authors morphological characters were the basis of their definitions: growth habit,
dimensions, texture of stems. In the case of both growth habit and stem dimensions the
discussion so far has concentrated on the great flexibility of Equisetum variegatum rhizomes
and the significance of stimuli such as trampling on plants. Var. wilsonii is a plant known
only from sparse records and a few sites in southwest Ireland but is said to be very distinct,
and I think it is significant that the smoothness of the stem is its principle distinguishing
feature. In a discussion of two forms of Equisetum variegatum at Braunton Burrows, Crabbe
et al. ( 1965) drew parallels between var. wilsonii and an upright, robust, smooth stemmed
form they found and suggested that microscopic features of the stem epidermis were good
diagnostic characters of these plants.
Stem sections were collected and pickled at six of the sites visited but unfortunately
when it came to viewing them under the scanning electron microscope the results were
disappointing. The epidermis had a very u nnatural appearance and neither the stomata
nor surface patterning of silica rich materials could be picked out. The epidermis had become
damaged at some point; Page ( 197 1) comments that fresh material proved infinitely superior
for this work, so it may be the material was stored for too long.
Transverse sections of the stems however showed no sign of damage to the surface
or of having dried out. Two or three stems were sampled from each site and the results
proved to be interesting. Sections from the two Austrian sites although very different in
the field were surprisingly similar in their cross-sections and distinguishable from the British
and Irish sites. Stems from the Caber River site were also distinct but those from the
Northern England and Northern Ireland sites were not. Put in simple geographical terms
the evidence from the six sites sampled suggests distinct European, British and Irish forms.
Figure I shows some drawings of these stem sections; the number of ridges, their prominence
and degree to which they are biangulate (ie. indented) are features to note.
SUMMARY

On the basis of the sites visited (see Table I) I would conclude that the morphological
grounds for separating ecotypes of Equisetum variegatum were slim. On the other hand
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i t would seem a s though cross sections and possibly microscopic characters could b e used,
at least to aid taxonomists where local environmental influences are strong.

TABLE I
Details of sites visited. First the site name and location is given, then the source from which the
site was discovered.
Aberffraw, V.C. 52, Anglesea, North Wales. 'Atlas of Ferns'. Visited on the 18th June 1 990.
Caher River, V.C. H9, County Clare, Ireland. Herbarium sheets, British Museum (Natural History),
1935 and 1936. 'Sandy bank of Cahir River, near the Bridge, Near Formoyle'.
Visited 22nd August 1989.
Huben. Near Langenfeld, Otztal, Austria. Luck. Visited 3rd July 1989.
Malham, Great Close Mire. V.C. 64, North Yorkshire, England (905663). Suggested l·y Bouckley JH,
Chairman, Leeds and District Fern Group. Visited 9th SeptemL r 1989.
Muckross Lake. V.C. H2, 6km south of Killarney town, County Kerry, Ireland. Herbarium sheet,
Edinburgh Botanic Garden, 1 98 1 . Specimen of Equisetum variegatum var.
majus from south side of lake; though, after long search, this not refound.
Equisetum x trachyodon on north lake shore and on peninsula. Visited 27th
August 1 989.
Rosses Point. V.C. H28, County Sligo, Ireland. Herbarium sheet, Edinburgh Botanic Garden. Visited
9th August 1 989.
Ross Links. V.C. 68, Northumberland, England ( 1 338). Suggested by Page C.N., Edinburgh Botanic
Garden. Visited 2nd December 1 989.
Rotmoostal Valley. Near Obergurgl, Otztal, Austria. Found by Huntley B., Botany Dept., Durham,
during fieldwork. Visited I I th July 1 989.
Teesdale, V.C. 66, County Durham, England (903279). Graham G.G., 1988. 'Confined to the region
around Widdybank and down the Tees as far as Middleton. Winch Bridge,
1 892, Nowers J.E.' Visited 20th September 1989.
Tyrella Dunes. V.C. H38, County Down, Northern Ireland. Suggested by Hackney P., after his paper,
1 98 1 . Visited 3 1 st August 1 989.
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FERN RUSTS IN MID-WALES AND THE CONJUROR OF CHALGRAVE
RAYMOND G. WOODS
Tymaur Mill, Llanfihangel Brynpabuan, Builth Wells, Powys, Wales

Adrian Hick and Thomas Preece provided some fine scanning electron microscope
photographs in the Fern Gazette 13 (6) 1990 of fern rusts, yet information on their distribution
is sparse. Searching for them in mid Wales in recent years suggests some species are widespread,
even turning up on ferns grown in the garden.
Fortunately the damage they cause seems to be minimal and at worst produces somewhat
premature brown patches on fronds in the autumn.
Most rust species appear to be commonest in damp and shady sites. It may, however,
be that spores are produced more abundantly under these conditions and since it is the
tiny white ribbons of spores on the back of fronds, looking like toothpaste squeezed out
of a tube, which provides the most obvious evidence of the rust, they are easier to see
in damp sites. Covering a Common Polypody offset with a polythene bag to encourage
rooting can produce spectacular results if it happens to be infected with Milesina dieteliana.
The whole of the back of the frond can appear as if sprinkled with icing sugar after a
few weeks in the bag. Planted out in the garden new young growth seems unaffected and
small brown patches which develop as the fronds reach old age may alone betray the presence
of a rust to the casual observer. This species is widespread, if not common, in Brecknock
and Radnor.
The commonest rust is M. kriegeriana on Common Buckler Fern. Search old, but just
living, fronds in any damp woodland or hedge bank where this fern is abundant in the
spring and the rust should be found. It is widespread in Cardiganshire, Carmarthenshire,
Brecknock, Radnor and Montgomeryshire. It also infects the Male Fern, but is far less
common. On the Scaley Male Fern it is very rare and I have only seen it in Devon. This
varying abundance may well be related to the degree of winter evergreenness of the fronds.
Could deciduousness have developed as a way of thwarting rust fungi?
Soft Shield Fern in mid Wales occasionally sports the rust M. whitei. This also attacks,
but very rarely, Hard Shield Fern. Until this last summer I had come to think that this
rust might be useful to help separate those forms intermediate between Hard and Soft
Shield Fern as most infected plants, even if superficially looking like Hard Shield, on close
inspection turned out to have some Soft Shield Fern characters. A large population of
both species together with intermediate forms in Erwood Dingle, near Builth Wells closely
examined this summer showed all to be infected.
Most spectacular of all the fern rusts is Hyalopsora polypodii. It is frequent in mid
Wales, where it turns the back of Brittle Bladder Fern fronds a bright orange-brown. Also
common and conspicuous is M. scolopendrii on Hart's Tongue Fern. It produces large
circular brown patches with, on the underside of the frond, the tell-tale white ribbons of
spores. Less obvious, but equally widespread is M. blechni on Hard Fern. It, like nearly
all fern rusts, seems to prefer damp places. Still to find are the rarer species on Wall Rue,
Beech and Oak Fern.
The budding pteridologist might also, to spare a blush, keep an eye open for the result
of the Rust Tranzschelia anemones; this has long been known as The Conjuror of Chalgrave's
Fern; there is a picture (Fig. 1 ) in Ray's Synopsis, ed. 3, 1724, and the story goes farther
back to Hoffmann ( 1 662) and Thalius ( 1 585); J. Ramsbottom (Trans.Brit.Myc.Soc. 4, 19 1 3)
gives a detailed summary of the story. It attacks Wood Anemone, and in the process elongates
the leaves into a very fern-like state and completes the delusion with a crop of dark brown,
sorus-like clusters of spores on the underside of the leaves (Fig. 1 ).

6

FERN GAZETTE: VOLUME 14 PART

I ( 1 99 1 )

Figure I . The Conjuror o f Chalgrave's Fern Tranzschelia anemones o n Anemone nemorosa, from
Ray, Synopsis Methodica Stirpium Brilannicarum, ed. 3, 1724, Tab. Ill, fig. I.
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DRYOPTERIS x FURADENSIS
(DRYOPTERIDACEAE: PTERIDOPHYTA)
A NEW ENDEMIC FERN HYBRID FROM MADEIRA
H. WILFRIED BENNERT
Spezielle Botanik, Ruhr-Universitiit Bochum, Universitiitsstrasse 150,
D-4630 Bochum 1, Germany
HELGA RASBACH & KURT RASBACH
DiitscherstraGe 23, D-7804 Glottertal, Germany

&

RONALD L.L. VIANE
Leerstoel voor Morfologie, Systematiek en Ecologie van de Planten,
Rijksuniversiteit Gent, K.L. Ledeganckstraat 35,
B-9000 Gent, Belgium
ABSTRACT
A new Dryopteris hybrid from Madeira is described as D. x furadensis. We report on
its cytology and on several micromorphological characters that were investigated in order
to establish its putative parents. Most probably the endemic species Dryopteris aitoniana
Pichi Serm. and D. maderensis (Milde) Alston were involved in the origin of the new
hybrid.
INTRODUCTION

As in other groups of pteridophytyes, hybridization is not uncommon in the genus

Dryopteris

(see the listing of Knobloch 1976). Hybrids are known to occur not only between more
common and widespread

Dryopteris species but also between rare or even locally endemic

taxa. For the fern flora of the Macaronesian Islands which is especially rich in endemic

Dryopteris species (see Hansen & Sunding 1985) it has been shown that hybridization not
only gives rise to single sterile hybrid individuals but may also act as an efficient promotor
of speciation (Gibby 1983, 1985; Gibby et al. 1977, 1978). This has been demonstrated
for the origin of the allotetraploid species Dryopteris guanchica Gibby et Jermy and D.
crispifolia Rasbach, Reichstein et Vida. Whereas in the Canary Islands and especially in
the Azores a number of Dryopteris hybrids were discovered and described (Fraser-Jenkins
1981, 1982; Gibby & Widen 1983; Gibby & Fraser-Jenkins 1985) none were previously
known from the Island of Madeira (see Manton et al. 1986). In the following we describe
a new endemic diploid

Dryopteris

x

Dryopteris hybrid from this island for which we propose the name
furadensis; it was discovered during an excursion to Madeira in the summer

of 1988 (see below).
In Madeira four
widespread:

Dryopteris species occur, two of which are endemic and two more
Dryopteris aemula (Aiton) Kuntze has a distinct Atlantic distribution, extending

to all major groups of the Macaronesian Islands except the Cape Verde Islands (Jalas
& Suominen 1972, Hansen & Sunding 1985). The apomictic species

D. affinis (Lowe) Fraser
affinis is present.

Jenkins is widely distributed in Europe; in Madeira only the diploid subsp.

D. aitoniana Pichi Serm. is endemic to Madeira; it is a relatively isolated species of which
no close relatives are known. According to its gross morphology, it is closer to D. filix
mas and the D. villarii group than to the other Dryopteris species occurring in Madeira;
its phytochemistry (phloroglucinol composition) is in spite of some similarities quite distinct
from that found in

D. filix-mas (von Euw et al. 1985). If it is accepted as a distinct species,
D. maderensis (Milde) Alston is also endemic. D. maderensis, D. azorica (Christ) Alston
from the Ar,;ores, and D. intermedia (Mi.ihl.) A. Gray from North America differ slightly
in their morphology, but their genomes are homologous; therefore these three taxa are
to be regarded as very closely related (Gibby & Walker 1977). Because of the corresponding

/
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morphology, Fraser-Jenkins reduced D. maderensis to a subspecies of D. intermedia but
keeping D. azorica as a separate species (Fraser-Jenkins 1981, 1982). We follow the older
taxonomy and treat

D. maderensis as a species.
MATERIALS AND METHODS

Spores were examined using a small portable microscope. This method (Bennert et al. 1990)
allows identification of hybrid plants in the field by their aborted spores. The single hybrid
plant discovered (see below) was collected living and has been cultivated since then in the
greenhouse of the Botanical Garden at Bochum for further investigations.
For cytological analyses premature sporangia were fixed using a mixture of acetic acid and
ethanol (1:3). Preparations were made following the classical method of Manton (1950:
293).
The method for obtaining epidermis preparations suitable for studying leaf micromorphology
and the terminology applied for describing glands and multicellular hairs were expounded
by Viane (1986, 1990).
Generally, cell dimensions in (allo-)polyploid taxa are not exactly medial between the
corresponding values of their ancestral taxa as Barrington et al. (1986) and Viane (1986)
have independently shown. A "polyploidy factor P" has to be used in these cases (Viane
1988; Rasbach et al. 1989; Viane 1990), a procedure that may often help in checking putative
ancestry. However, on a theoretical basis and departing from the general formula that
has to be applied in allopolyploid taxa (for details see Viane 1990), cell dimensions in
diploid hybrids are, with some restrictions, medial between those of their diploid ancestors.
If we assume the P factor to be the same (or nearly so) in the two diploid species with
the genome formulas AA and BB, then the cell dimensions (indicated as IABI) of the hybrid
AB (no polyploidisation has occurred!) can be simply calculated according to the following
equation:
IABI
As

Dryopteris

=

x

IAAI + IBBI
2

furadensis is a diploid hybrid (see below), this formula can be applied

if we assume the P factors of the parents involved to be equal. As three different Madeiran
diploids

(Dryopteris aemula [Ae), D. aitoniana [Ai], and D. maderensis [Ma), see below)

are to be taken into consideration as parent species, three hybrid combinations are theoretically
possible: AeAi, AeMa, and AiMa. The dimensions of several micromorphological characters
(uniserate multicellular hairs, glands and stomata) were analyzed for all three diploid species
and for the hybrid

D. x furadensis. On the basis of these measurements and applying

the formula given above, the expected mean cell dimensions were calculated for the three
possible hybrid combinations quite simply as the means of the values of the possible ancestral
species. These predicted values were compared with those actually measured in D.

x furadensis.

There was no obvious congruency between the actual hybrid and one hybrid combination
with respect to the whole set of data studied. Therefore a number of multivariate cluster
analyses (distance: l-Pearson Correlation Coefficient, unweighted pair-group method using
arithmetic averages or UPGMA) were applied and tree diagrams generated. This method
is appropriate for estimating phenetic relationship and taxonomic resemblance; details are
documented and discussed by Sneath & Sokal (1973).

RESULTS AND DISCUSSION
During an excursion to Madeira made in July and August 1988 by three of us (W.B.,
H.R. and K.R.) selected areas were carefully studied for ferns. Several new finds were made,
among them first records of two taxa
for Madeira (see Rasbach et al. 1990).

(Asplenium adiantum-nigrum and A. x ticinense)
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Figure I. Silhouettes of fronds and pinnae of Dryopteris x furadensis and its parent species. A: Dryopteris aitoniana (WB SP 70/88, above Levada do
Furado, Madeira, 30.7.1988), B: Dryopteris x furadensis (WB 7 1 188, above Levada do Furado, Madeira, 30.7. 1988), C: Dryopteris maderensis (WB 1 66/
88, above Levada do Furado, Madeira, 16.8.1988).
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On 30 July 1 988 the vicinity of Ribeiro Frio was explored, a place that is famous for
its wealth of fern species and the luxuriant growth plants show in suitable stations (see
Ben! 1 97 1 ). Our special interest was attracted by the laurel forest vegetation of which relatively
well-preserved areas are present above the Levada do Furado, especially in small ravines
that are kept moist even in summertime by continuously running or at least dripping water.
In such a favourable place all four Madeiran Dryopteris species (D. aemula, D. aflinis,
D. aitoniana, and D. maderensis) were found growing together in abundance. A careful
search revealed the presence of a hybrid plant that in its gross morphology was intermediate
between D. aitoniana and D. maderensis (Fig. 1).
Diagnosis

Dryopteris x furadensis Bennert,

Rasbach, Rasbach & Viane hybr. nov�
Planta hybrida, morphologia inter parentes praesumptos intermedia. Lamina fere
triangularis ad ovata, usque 45 cm longa. Stipes squamis brunneis sparse vestitus,
usque 35 cm longus. Pinnae illis Dryopteridis maderensis similes, sed angustiores
et longiores, pinnulae minus profunde incisae et minus acute dentatae. Indusium
tholiforme, subcoriaceum, illi Dryoptcridis aitonianae simile, sed minus firmum et
modo sparse glanduligerum. Sporae abortivae. Planta diploidea, meiosi paribus 0
vel 1 et univalentibus 80-82.
Holotypus: Madeira, steep slope of a ravine above the Levada do Furado w of Ribeiro
Frio, c. 920 m alt., coil. H.W. Bennert, C. Bennert, H. Rasbach & K. Rasbach,
30 July 1988. BM. Isotypes: B, COl, M and Z.
Hybrid plant intermediate in its morphology between its putative parents. The lamina
is subtriangular to ovate and up to 45 cm long. The stipe is sparsely clothed with
brown scales and up to 35 cm long. The pinnae are similar to those of Dryopteris
maderensis but smaller and longer, with less deeply cut and less acutely toothed pinnules.
Indusium dome-shaped, somewhat coriaceous, similar to that of Dryopteris aitoniana,
being, however, less firm and bearing only scattered glands. Spores abortive. Diploid
plant with 0 to I pairs and 80-82 univalents at meiosis.
The plant is named after the "Levada do Furado" in whose vicinity it was found.

Cytology

As usual in fern hybrids, meiosis is disturbed and leads to completely irregular tetrads
with several unevenly sized nuclei (Fig. 2). The meiotic pairing behaviour of chromosomes
is shown in Fig. 3. 82 univalents are visible, bivalents are lacking. In another cell studied
1 pair and 80 univalents were found. Thus it becomes clear that the hybrid is diploid
and must have originated from a cross between two likewise diploid and unrelated species.
This result is comparable to the cytology found in another diploid Dryopteris hybrid, namely
Dryopteris x vidae ( D. pallida subsp. pallida x D. villarii subsp. villaril) (Fraser-Jenkins
& Gibby 1 980). It also shows exclusively univalents or only few chromosome pairs (up
to 4).
For the Ishnd of Madeira 4 Dryopteris species, all diploid, are recorded (see Introduction):
D. aemula, D. affinis, D. aitoniana, and D. maderensis (Hansen & Sunding 1 985). As
D. aflinis is an apomictic species, any hybrid derived from it should be triploid. For this
reason D. affinis can be safely ruled out as a parent of D. x furadensis. Unfortunately,
no further conclusions as to the origin of D. x furadensis can be drawn from the cytological
result. All other hybrid combinations would also yield diploids and would most likely show
a very similar pairing behaviour at meiosis. The interpretation of the parentage is therefore
based on morphological characters only (see the following paragraph).
=

DRYOPTERIS

x

11

FURADENSIS NEW FROM MADEIRA

'1o�m

Figure 2. Cytology of Dryopteris x furadensis (WB SP 43/88). After the second meiotic devision a
completely irregular tetrad with several unevenly sized nuclei is formed. Consequently, only aborted
spores develop. (Preparation and photograph by H. R.).
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Figure 3. Cytology of Dryopteris x furadensis (WB SP 43/88). Spore mother cell in meiosis showing
n 821 (only univalents). a: photograph, a': explanatory diagram (det. H.R.).
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Micromorphology

In all taxa investigated, uniseriate multicellular hairs are present. There is a considerable
variation between species of all characters measured (Table 1). In Table 2 the predicted
mean hair dimensions for the three hypothetical hybrid combinations are compared with
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the data obtained for D. x furadensis. It is evident that there is no hybrid combination
whose complete data set would conform to that of D. x furadensis. Numerical analysis
(tree diagram not shown) reveals, however, that the hairs of D. x furadensis are twice
as similar to those predicted for the hybrid between D. aitoniana and D. maderensis as
to those of the two other hybrid combinations.
TABLE 1
Dimensions of uniseriate multicellular hairs (mean ± standard deviation in J.Im). Lt overall
hair length, N
number of cells per hair, Le
length of upper cells, We
width of
upper cells.
=

=

=

Taxon

D.
D.
D.
D.

aemula
aitoniana
maderensis
x furadensis

N

Lt

7-1 0- 1 3
6- 8- 10
9-1 2- 1 5
7 - 9- 1 1

2 10-360-5 10
243-321-400
369-462-556
2 1 4-35 1-488

=

Le

29-39-49
39-49-59
34-44-54
36-45-54

We

1 8-23-28
30-37-45
39-46-53
3 1-37-43

Le/We

1 .3-1 .7-2. 1
1 .0-1.4- 1 . 7
0.7- 1 .0- 1 .2
0.9- 1.2- 1 . 5

TABLE 2
Predicted mean dimensions (llm) of uniseriate multicellular hairs for three hypothetical hybrid
combinations and measured values for D. x furadensis (abbreviations see Table 1 ); Ae
1 genome of D. aemula; Ai 1 genome of D. aitoniana; Ma 1 genome of D. maderensis.
=

=

Genome
combination/

Lt

=

N

Le

We

9
10
11
9

44.0
46.5
41.5
45.0

30.0
41.5
34.5
37.0

Le/We

taxon

AeAi
AiMa
AeMa
D. x furadensis

340.5
391.5
4 1 1 .0
35 1 .0

1 .46
1 . 12
1 .20
1 .2 1

Table 3 summarises the data obtained for the length o f the laminar glands. Again,
there is considerable variation between species, especially for total length. In Table 4 the
predicted mean gland dimensions for three hypothetical hybrid combinations are compared
with the values of D. x furadensis. As for the hair data, it is not possible to designate
a certain hybrid combination in which the whole set of data would conform with that
found in D. x furadensis. Again, the method of cluster analysis was applied (cluster tfee
not shown). It shows that the unicellular glands of D. x furadensis are most similar to
those predicted for the hybrid between D. aitoniana and D. maderensis. Mean gland length
(IT), and consequently also mean length of the stalk (IS), are smaller than expected (Table
4); perhaps the expression of the character "laminar glands" by the genome of D. maderensis
is poor. Apparently, both dA and the shape descriptors dA/IS and dA/dB are in this
case better indicators of affinity.
TABLE 3
Dimensions of laminar glands ( unicellular hairs) (mean ± standard deviation in urn);
IT
total length, dA
diameter of the apex, dB
diameter of the base, IS
length
of the stalk.
=

=

=

Taxon

D.
D.
D.
D.

aemula
aitoniana
maderensis
x furadensis

IT

46-53-57
52-62-72
109- 1 24- 1 39
70-78-86

=

dA

40-43-46
22-25-27
24-3 1-38
23-27-30

dB

IS

1 3- 1 5- 1 7
1 1- 1 4- 1 6
1 7-22-27
1 4- 1 5- 1 7

8-1 3- 1 7
28-37-46
79-93-107
44-5 1-59

dAIJS

2.5
0.1
0.3
0.5

dA/dB

2.9
1 .8
1.4
1 .8
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TABLE 4
Predicted mean dimensions (urn) of laminar glands for three hypothetical hybrid combinations
and measured values for D. x furadensis (abbreviations see Table 3); Ae
I genome of
D. aemula; Ai I genome of D. aitoniana; Ma I genome of D. maderensis.
=

=

=

Genome
combination/

IT

dA

dB

IS

34
28
37
27

14.5
1 8.0
18.5
1 5.0

25.0
65.0
53.0
5 1 .0

dA/lS

dA/dB

taxon

AeAi
57.5
AiMa
93.0
AeMa
88.5
D. x furadensis 78

2.3
1 .6
2.0
1.8

1 .36
0.43
0.69
0.52

TABLE 5
Stomata length (urn), as well as sporangia! and indusia! indument.
Taxon

D.
D.
D.
D.

aemula
aitoniana
maderensis
x furadensis

Stomata

Glands on sporangium stalk

lndument of indusium edge

39-44-49
38-41 -44
36-40-43
30-34-38

uni- or multicellular
mostly unicellular
absent
absent

glands and hairs
glands
glands
glands

TABLE 6
Predicted mean of stomata length (urn), and expected sporangia! and indusia! indument
for three hypothetical hybrid combinations and data for D. x furadensis; Ae
l genome
of D. aemula; Ai 1 genoine of D. aitoniana; Ma l genome of D. maderensis.
=

=

=

Genome
Stomata

Glands on sporangium stalk

Indument of indusium edge

AeAi
AiMa
AeMa

42.5
40.5
42.0

glands and hairs
glands
glands and hairs

D. x furadensis

34.0

uni- or multicellular
some unicellular or none
some uni- and multicellular
or none
none

combination/
taxon

glands

1 In all taxa the stomata are uniformly polocytic. Other characters studied are length
of the guard cells as well as indument of the sporangium stalk and of the indusium margin
(Table 5). Table 6 shows the predicted ·tomata size and the expected indumcnt for three
hybrid combinations in comparison with the cha ract e rs of D. x furadcnsis. The guard cell
ize of the new hybrid is much smaller than expected. The absence of uniseriatc hairs on
the margin of the indusium may indicate that no genome of D. aemula is present in the
hybrid (otherwise the character must be suppressed).
Finally, all micromorphological data were analysed simultaneously in a single cluster
analysis (distance: 1-Pearson Correlation Coefficient, UPGMA) (Fig. 4). Evidently, this
analysis confirms the previous results and shows the closer relationship (distance 0.546)
between the indument characters of the new Madeiran hybrid and those predicted for a
hybrid between D. aitoniana and D. maderensis. When all taxa are analysed together with
the predicted hybrid, a tree results (Fig. 5) that again confirms the proposed ancestry.
=
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DISTANCES
AeAi

1.582'

AeMa

1.185

AiMa

0.546

x

D.

fu r.

Figure 4. Phenogram (on the basis of all micromorphological characters analysed) showing the similarity
between Dryopteris x furadensis and the three theoretically possible hybrid combinations. Distance
metric is 1-Pearson Correlation Coefficient. Ae
I genome of D. aemula; Ai
I genome of D.
aitoniana; Ma I genome of D. maderensis (computed by R.V.).
=

=

=

DISTANCES
D. aemula

0.159

AeAi

0.889

D. aitoniana

1.506

D. maderensis

0.201

AiMa
D.

x

0.613

fur.

0.948

AeMa

Figure 5. Phenogram (on the basis of all micromorphological characters analysed) showing the similarity
between Dryopteris x furadensis, the three Madeiran diploids, and the three theoretically possible hybrid
combinations. Distance metric is 1 -Pearson Correlation Coefficient. Ae
I genome of D. aemu/a;
Ai I genome of D. aitoniana; Ma I genome of D. maderensis (computed by R.V.).
�

=

=
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CORRIGENDA
The following photographs and diagrams were inadvertently not up to standard in Gazette
13 (7) pages 375,386, 388 and 393. They are here repeated of better quality.
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ISOETES x HICKEYI (ISOETACEAE: PTERIDOPHYTA)
IN CANADA
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ABSTRACT
The recently describe d Isoetes x hickeyi is considered to be the hybrid betwee n /.
cchinospora and 1. macrospora. Despite the large �ympatric ranges of the putative parents
the hybrid has been reported only from the t ype locality in Wiseon in, U.S.A. This paper
reports six new populations from eastern and central Canada and provides .a dditional
ecological, morphologica l and distributional data. These support our expectation that
this taxon is likely rare but regularly occurring across a wide range in northern North
America.
INTRODUCTION

Recent studies of quillworts (Isoetes; Isoetaceae) in North America have disclosed that
hybridization is possible between many aquatic North American species under laboratory
conditions (Boom 1982; Luebke & Taylor 1985). Cytological and electrophoretic evidence
further suggests hybrids also occur in the wild as well where two or more species grow
together. Natural interspecific hybrids include I. x eatonii Dodge [I. echinospora Our. x
engelmannii A. Br.], I. x hickeyi Taylor & Luebke (I. echinospora x macrospora Our.],
I. x dodgei Eaton (I. echinospora x riparia Engelm.], I. x brittonii Brunton & Taylor (I.
engelmannii x riparia], and I. x jeffreyi Britton & Brunton [I. macrospora x riparia] (Taylor
& Luebke 1985; Taylor & Luebke 1988; Britton & Brunton 1989; Brunton & Taylor 1990;
Britton & Brunton 199 1 , respectively).
Isoetes x eatonii is the best known of these hybrids, occurring in many sites across
northeastern North America (Kott & Bobbette 1980 pers. obs.). Experimental results suggest
that these hybrids produce sterile spores (Boom 1982, Taylor & Luebke 1985). Some hybrids
such as Isoetes x eatonii and Isoetes x dodgeii, however, are found in populations numbering
into the thousands of plants (Varga 1988 pers. obs.). Isoetes x hickeyi is the only one
of this group known from only a single population. It is reported from a site in northern
Wisconsin where it grows with its putative lJarents, I. echinospora and I. macrospora (I.
Jacustris L, pro parte) (Taylor & Luebke 1988). Accordingly, limited ecological, morphological
and distributional data have been described for this taxon. Given the wide zone of overlap
of the putative parents (across the Canadian Shield of Canada from eastern Manitoba
to the Atlantic coast and through much of New England in the United States - cf. Kott
and Britton 1983; Cody & Britton 1 989) we expected it to be found in a number of other
sites in the United States and Canada.
Reports of hybrids are becoming more common in North America (Taylor & Luebke
1985; Taylor & Luebke 1988, Britton & Brunton 1989; Brunton & Taylor 1 990; Britton
& Brunton 1991) and it seems reasonable to expect that reports from elsewhere ir. the
world will soon appear. In Great Britain, for example, Isoetes echinopora and I. Jacustris
grow together and are suspected of producing sterile hybrids (C. Jermy, pers. comm.).
If one accepts the view that I. macrospora is the North American synonym for I. Jacustris
then the product of such hybridization would be I. x hickeyi.
This paper reports the results of our search for additional North American locations
for I. x hickeyi and provides new morphological, site ecology and distributional information
for that taxon.
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MATERIALS AND METHODS

Recent studies of Isoetes herbarium specimens in OAC, ACAD, NYS, TRT, NSPM, PSU,
DAO, CAN and Brunton's personal herbarium (DFB) revealed a number of suspected
hybrid specimens which were identified by their irregularly formed megaspores (Figure 1).
Mixed populations of I. echinospora and I. macrospora were also surveyed for hybrids
in 1 5 locations in southern Ontario and southern Quebec during the summers of 1 9881 990.
Spore samples of a number of the suspected hybrids were air dried and attached to
the 16 SEM stubs with double-sided scotch tape, sputter coated with gold palladium and
examined with a JEOL 35C Scanning Electron Microscope (SEM).
Sizes were calculated from the SEM photographs and from tracings of SEM projections
for a selection of spores. SEM distorts these images to some degree and so the resulting
size data are taken as approximations.
Chromosome counts of the hybrid were made from root tip squashes of the Buttermilk
Falls, Haliburton County and Island 397, Regional Municipality of Muskoka, Ontario
populations [Brunton 9327A; Brunton 9327B; M.J. Sharp, s.n.]. Plants were grown at Guelph
in distilled water in a growth cabinet. The developing root tips were excised and pretreated
in saturated aqueous paradichlorobenzene (PDB) at room temperature for 4 hours. They
were then washed in distilled water, fixed in acetic alcohol (three parts absolute ethyl alcohol
to one part glacial acetic acid), hydrolysed in Warmke's solution (one part concentrated
HCL to one part absolute ethyl alcohol) for 7- 10 minutes, and stained in leucobasic fuchsin
(Feulgen) for two hours. The meristems were squashed under a coverglass in 45% acetocarmine
stain and examined.
RESULTS
Status and habitat

Six new populations of I. x hickeyi, all from Canada, are identified in this study (Figure
1). They are as follows:
Manitoba
Seal River, west of Great Island, [ea. 58° North, 96° West], 8 July 1956, J. C. Ritchie
s.n. (TRT 23687 1) - five plants with two I. macrospora; 3 July 1956, J. C. Ritchie
1868 (TRT 236868) - one plant with two /. macrospora.
Nova Scotia
Colchester County, North end of Economy Lake at tiny island at UTM 327368 (National
Topographic Series map 1 1 E/5), 3 September 1 990, D.F. Brunton and K.L. Mclntosh
10,1 37B (OAC, DFB) - three plants with I. macrospora and I. prototypus).
Ontario
Haliburton County, Stanhope Township, north end of Boschkung Lake at Buttermilk
Falls, Kennisis River, 10 August 1989, D.F. Brunton 9200A (OAC, DFB) - 5 plants;
24 August 1 989, D.F. Brunton 9327A (OAC, DFB) - three plants with one I.
echinospora; 24 August 1 989, D.F. Brunton 9327B (OAC, DFB) - one plant with
numerous I. macrospora; [Guilford Township], Gull River at the picnic area on the
west side of West Guildford [sic], 13 September 1989, P.M. Catling and J. Norris
10039 (DAO 582 1 74k); 1 3 September 1 990, D.F. Brunton 10,2 15B (OAC, DFB) 
one plant with I. echinospora and I. engelmannii; Regional Municipality of Muskoka,
Georgian Bay Township, in Twelve Mile Bay, southeast shore of Island 397, Georgian
Bay Islands National Park UTM NV 736932, 3 1 July 1990, M.J. Sharp, D. Hart
& V. Sahanatien, s.n. (OAC) - one plant with I. echinospora and I. macrospora.
Quebec
Pontiac County, Onslow Township, north shore of Ottawa River 3 km southeast
of Beech Grove, 10 September 1987, B. Di Labia s.n., (OAC, DFB) - two plants
with four I. macrospora.
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Twenty-three plants o f I. x hickeyi have been identified in these collections, usually
found with plants of I. macrospora and/or I. echinospora. All but the Quebec plants were
found in submerged sites, usually in running, cold, oligotrophic, slightly acidic water in
clean sand or gravel substrates with only sparse associated bottom vegetation. Most plants
were from disturbed waterways (e.g. those in Haliburton County) or in back eddy areas
below faster water (e.g. the Pontiac County, Quebec site and at the Buttermilk Falls,
Haliburton County, Ontario locality). The majority of plants were found growing in water
between 0.4 and 1 .5m deep, although the plant in Pontiac County, Quebec was emergent
(Brunton & Di Labio 1 989) and those at the Seal River, Manitoba station included individuals
growing at 2.0m depth.
Gross morphology

The gross morphology of particular Isoetes species is notoriously variable depending on
subtle changes in environmental and site conoitions (Eaton 1990; Britton & Kott 1983).
Accordingly, it is difficult to be categorical about gross morphological characteristics.
Comparisons between hybrids and their parent species are possible on a site-by-site basis,
however. Hybrid vigour, resulting in larger, more robust individuals, is common in many
hybrids (cf. Britton & Brunton 1989). This was evident at most of these newly reported
I. x hickeyi stations. Individuals of the parent species were clearly smaller in stature in
the Pontiac County, Quebec, and the Ontario stations (except at the West Guilford, Haliburton
County site). Many of the hybrid plants also support significantly more leaves than the
plants of the accompanying parent species. A sampling of plants at the hybrid locations
provided the following average numbers of leaves: 1 8 . 1 for I. x hickeyi (n
16), 16.0
for I. macrospora (n 16) and 9.9 for I. echinospora (n 15).
=

=

=

Spore morphology

The plants identified as I. x hickeyi all demonstrated spore morphology that is intermediate
between that of I. echinospora and I. macrospora (Figures 2, 3, 4). Most match the illustrations
of the type specimen in Taylor & Luebke ( 1 988) very closely viz. , polymorphic, frequently
aborted and sterile megaspores of intermediate size with a dense pattern of high, convoluted
ridges and spines on the triradial hemisphere, a narrow band of papillae below the equatorial
suture and a dense pattern on convoluted, high-walled ridges ("brain coral") on the distal
hemisphere (Figures 2 and 3).
The Buttermilk Falls, Ontario population also contained plants which showed strong
tendencies towards the spore morphology of one or the other parent. Some of the Buttermilk
Falls plants have megaspore sizes averaging larger than most I. x hickeyi megaspores and
also exhibit an open pattern of shorter ridges and a more distinct equatorial band of papillae
that is strongly suggestive of I. macrospora. Others at Buttermilk Falls contained smaller
than average spores and a disproportionate number of single spines and columns, virtually
no equatorial band of papillae and fewer, shorter convoluted, high-walled ridges. These
plants indicate their hybrid nature by an abundance of polymorphic, aborted spores of
variable size.

Microspores examined from several of the collections (Figure 4) also exhibited intermediate
characteristics between the putative parents. Microspores from the Seal River, Manitoba
and Beech Grove, Quebec sites averaged 35.3 urn (n 80), intermediate between the mean
of 42 urn for I. macrospora and 26 urn for I. echinospora (Kott & Britton, 1983) and
similar to the microspore size (34 urn) determined at the type locality (Taylor & Luebke
1988).
=
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FIGURE I : Megaspores o f I. x hickeyi (Brunton 9327A (OAC), Bar = )lm). Note variable size, distorted
shape and irregular surface ornamentation typical of Isoetes hybrids.

FIGURE 2: SEM photomicrograph of triradial hemisphere of Isoetes
9327A (OAC), Bar = lOO .urn).

x

hickeyi megaspore (Bruntor
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FIGURE 3 : SEM photomicrograph o f distal hemisphere of lsoetes x hickeyi megaspore (Brunton
9327 A (OAC), Bar � lOO urn). Note narrow band of papillae by the equator.

FIGURE 4: SEM photomicrograph of microspore of Isoetes
� 1 1 JJm).

x

hickeyi (Di Labio, s.n. (OAC), Bar
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Cytology
Chromosome counts were undertaken for a number of plants from the Buttermilk Falls
and Island 397, Ontario location. Plants with 'typical' intermediate I. x hickeyi spore
morphology, as well as those with echinospora-like and macrospora-like megaspore
morphology were examined and found to be 2n 66, as is expected for a hybrid between
I. macrospora (2n
1 10) and I. echinospora (2n
22) (Kott & Britton 1 983). Vouchers
for these are preserved as OAC.
=

=

=

DISCUSSION

lsoetes x hickeyi would appear to be a regularly occurring but rare hybrid throughout
the sympatric range of its putative parents, I. echinospora and I. macrospora. Although
the degree of spore abortion is not as great as that in other lsoetes hybrids such as I.
x dodgei"or I. x jcffreyi (Britton & Brunton 1 989, Britton & Brunton 199 1 ) thus suggesting
a higher possible level of fertility, it is found mostly in small populations of one to a
few plants in large populations of either or both of the putative parents. Most hybrids
occur at sites where substrate disturbance by wave action, accelerated current, high rate
of sedimentation, etc. is atypically great. This presumably increases the concentration of
free-floating spores and enlarges the potential for physical contact between microspores
and megaspores of different species.
Taylor & Luebke ( 1 988) recorded no germination in their laboratory trials of I. echinospora
x I. macrospora. At the Buttermilk Falls, Ontario and (possibly) Seal River, Manitoba
stations, however, I. x hickeyi plants are thought to be numerous. This suggests locally
efficient reproduction in some manner, perhaps occurring by apomixis. To date, however,
apomixis has not been detected in North American lsoetes (W.C. Taylor, J. Hickey, pers.
comm.).
While a consistent intermediate megaspore morphology appears to be typical of most
plants, megaspore morphologies strongly reflecting that of one or the other putative parents
are found. This morphological variation may result from differing combinations of parental
spores, viz. , male I. macrospora and female I. echinospora and vice versa.
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S YMPOSI UM

ON

& K. U. Kramer. 330 pp.

1 989. ISBN 7-5046-0151-9/Q.5. China Science and Technology Press, Beijing.

This is the published papers of the Symposium held in Beijing on 5- 1 0 September 1 988,
nicely presented as a hard-bound volume. It has been edited with care and attention to
detail by Kramer and Shing. The original idea for a Symposium in China was born in
1978 when the reviewer was able to visit Professor R.C. Ching, eminent pteridologist and
'grand old man' of Chinese botany. The timing of the meeting was to celebrate Ching's
90th birthday, but alas he passed away in July 1 986. As preparations were well advanced
the Symposium commemorated his life and work and this volume opens with a review
of Ching's contribution by another nonagenarian, R.E. Holttum; and K.H. Shing, long
time student of Ching and his successor in Beijing, reviews pteridological research in China
- past and present.
The 50 papers that follow are grouped into General, Biosystematics, Geography, Ecology
and floristics. Morphology and anatomy, Chemistry and medicine, and Palaeobotany. I t
would be invidious t o select any individual papers for comment; authors from 1 1 countries
have contributed and it is good to see the work of over 40 Chinese pteridologists getting
into print. A volume reprinting 12 of the more substantial papers, with a full bibliography
of all of Ching's work was published by the Academia Sinica, Beijing (ISBN 7-03-007530/Q 1 2 1 ) in 1 988 to link with the Symposium.
A.C. JERMY
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CORRIGENDA
continued from page 1 6

5b
FIGURE 5:
a) Metaphase I in two cells of G. retroflexa, x 1000.
b) Explanatory diagrams showing 34 bivalents in each cell.
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Figure. 2. Cytology (spore mother cells in meiosis) of some Madeiran ferns. a) and b) Asplenium
adiantum-nigrum (Ras-660), a) photograph, b) explanatory diagram showing 72 bivalents; c) and d)
A. x ticinense (WB SP-27/88), c) photograph, d) explanatory diagram showing 36 univalents and
36 bivalents, pairs black, univalents outlined; e) and f) Cheilanthes tinaei (Ras-652), e) photograph,
f) explanatory diagram showing 60 bivalents.
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DIVERSITY, ECOLOGY AND DISTRIBUTION OF HIGH-ELEVATION
PTERIDOPHYTES WITHIN RIO ABISEO NATIONAL PARK,
NORTH-CENTRAL PERU
2
2
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Department of Geography University of Colorado,
2
Boulder, CO 80309, U.S.A.; and Museo de Historia Natural,
Av. Arenales 1256, Apartado 14-0434, Lima 14, Peru
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ABSTRACT
The upper elevations (2300-4200m) of a national park located on the eastern slopes of
the northern Peruvian Andes were surveyed for their pteridophyte flora. A total of 1 74
species in 43 genera were found. The most diverse ecological zone was the montaine
rain forest zone located from 3 1 00m upwards to timberline, which contained 109
pteridophyte species. This was high species richness compared to adjacent ecological zones:
tropical alpine, 65 species; montane wet forest, 61 species. We suggest that reasons for
this were a high and constant humidity, the abundance of speciose genera such as
Elaphoglossum, and the sharing of species with both of the adjacent zones.
INTRODUCTION

Peru has a rich pteridophyte flora estimated at about 1 000 species (Tryon & Stolze 1989a).
Country-wide flora treatments now appearing (Tryon & Stolze 1989a, 1 989b) will soon
provide a uniform base for evaluating the regional distribution of pteridophyte taxa and
diversity.
As a complement to regional studies, landscape-scale studies carried out over a restricted
area of hectares to tens of square kilometers in size are also important as it is possible
therein to examine the relationship of pteridophyte diversity to both habitat diversity in
the landscape and habitat preferences shown by the pteridophytes. Only two such studies
have so far been completed in Peru: one done by Le6n & Valencia ( 1 988) in montane
vegetation on the western slopes of the Andes, and another by Young & Le6n (1989) in
lowland forests of the Amazon basin. In this article, we report on the pteridophytes of
the high-elevation vegetation types of a site located on the eastern side of the Peruvian
Andes. We documented species diversity in a number of ecological zones, examined habitat
diversity within each zone, and looked for possible explanations for the presence of differing
pteridophyte growth forms in each zone.
STUDY AREA AND METHODS

Rio Abiseo National Park is located in the Department of San Martin on the Eastern
Cordillera of the Andes of northern Peru (Fig. 1 ). The Park contains elevations from 7004200m, and thus protects a diverse range of vegetation types from lowland rain forest to
tropical alpine vegetation (Leo and Ortiz 1982; Young & Le6n 1988).
Beginning in 1985, the Park has been the object of intensive plant collecting at altitudes
greater than 2300m. Young & Le6n ( 1990a) recently summarized this information, listing
full or tentative identifications, and giving complete documentation of voucher herbarium
specimens and elevational ranges for each taxon within the Park.
For the present study, we analyzed the pteridophyte flora in terms of four ecological
zones, established on the basis of differences in vegetation physiognomy, elevation, and
climate (see also Young & Le6n 1988, 1 990a). Note that we here subdivide the "montane
forest zone" of Figure 1 into three altitudinally distinct zones. We have surveyed relatively
large tracts of each of the four zones discussed here: the tropical alpine zone, �25 km2;
the montane rain forest zone, � 5 km2; the montane wet forest zone, � 20 km2; and the
lower montane wet forest zone, �5 km2•
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THE PTERIDOPHYTES

A total of 1 74 pteridophyte species in 43 genera have been found in the Park (Tables
1-4). The two most speciose genera were Elaphoglossum with 28 species and Grammitis
s. l . with 23. Other diverse groups included the lycopods, particularly Huperzia, 1 7 species;
Asplenium, 10 species; Hymenophy/Jum, 9 species; and The/ypteris, 8 species.
Most of the species were recorded as terrestrial herbs (95 species, 55%) or epiphytes
(36 species, 21 %), or else were found in some situations growing terrestrially and in others
epiphytically (30 species, 17%). Other growth form categories represented were tree ferns
(5, 3%), climbers (2, 1 %), aquatics ( 1 , < 1%), or "not recorded" (4, 2%).
PTERIDOPHYTE HABITATS AND GROWTH FORMS
Tropical alpine zone

Approximately 22% of the area of Rio Abiseo National Park falls within the tropical alpine
zone, known locally as "jalca" or "paramo" (Figures I and 2) and present from 32004200m. By far the most common vegetation type consisted of tussock grasslands dominated
by species of Ca/amogrostis, Cortaderia, Festuca and Stipa. Within the matrix created by
these tussocks grew approximately 250 species of vascular plants, including growth forms
that ranged from cushion plants and acaulescent forbs to low-growing shrubs. Sixty-five
pteridophyte species known from the upper elevations of the Park occurred here (Table
1). Twenty-three of these species were found only in this zone.
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FIGURE L Map of Rio Abiseo National Park in north-central Peru.

Fire is not a natural disturbance in this zone: lightning occurs at the height of the
rainy season and is almost always associated with heavy rainstorms. However, the grasslands
have long been burned in order to improve grazing for cattle. When full control of the
boundaries of this national park is achieved, it is expected that the cattle will be removed
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FIGURE 2. Photograph of tussock grasslands in the tropical alpine zone.

and burning will cease. Many of the pteridophytes most common in the grasslands appeared
to be preadapted to fire by virtue of having subterranean rhizomes and the ability to resprout
following defoliation. These included Gleichenia simplex, Jamesonia alstonii, J. peruviana,
and Lycopodium magcllanicum. Other possibilities included those used by Ophioglossum
crotalophoroides, which resprouted from its underground tuber, and Blechnum loxense,
which was protected by and resprouted from its thick stem.
A grassland habitat important for pteridophytes, but easily overlooked by pteridologists,
was that doughnut-shaped zone between the base of a tussock grass and the outer
circumference of its leaves. This shaded microenvironment is protected from climatic extremes,
although probably not from severe fires. Species present included several ferns only found
here (Hymenophyllum multialatum, Grammitis rostrata, and two as yet unidentified species
of Grammitis) and several others that are also present as epiphytes ( Grammitis sp.) or
herbs (Eriosorus rufescens) in the forest.
The lycopods were conspicuous, although never dominant members of the tussock
grasslands. It was possible to associate different ecological roles with each of the three
genera present (Fig. 3; 0llgaard 1979, 1987). The two species of Lycopodiella were open
space occupiers, covering small areas of bare soil between tussocks with numerous, short
branching axes adpressed to the soil surface. Their fertile stems arose vertically from the
axes, reaching 1 5cm in height. Few other plants could grow within the 25- 100cm2 areas
occupied by a Lycopodiella alopecuroides clone; other plants present with similar tendencies
were cushion plants: Azorella spp., Plantago tubulosa, Xyris subulata. In dense stands of
tussock grasses, or in areas that have not burned recently, Lycopodiella alopecuroides was
less frequent, presumably because it was not particularly shade tolerant.
The Lycopodium species were resilient opportunists, running distances of 2-3m with
long, often partly buried axes. They resprout following fire, and send up vertical fertile
stems often as tall as the surrounding graminoids. Of the three common species, Lycopodium
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magellanicum had the smallest fertile stems (5- ! Scm tall), with L. c/avatum and L. thyoides
both reaching 2Scm heights, or more if they should clamber up the base of a tall tussock
grass.
The seven species of Huperzia were harder to classify, except perhaps as more conservative
in their growth patterns. All had a relatively short main axis ( 1 - l Ocm long) pressed flat
against the ground. The proximal portion of each axis was found dried and decomposing,
while the distal portion, besides advancing horizontally along the ground, supported the
several vertical or clambering fertile stems, which were l 0-40cm long. Huperzia ?macbridei
macbridei, H. weberbaueri, and H. tetragona were all common, with the last mentioned
being a relatively short, erect species, while the former two species were longer and clambered
up or grew amidst the graminoids.
Equisetum bogotense was frequently present in poorly drained areas of the grasslands.
Also present, although inconspicuous, was a squat Isoetes sp.
Two other Isoetes species were present in the zone. These were aquatic or semiaquatic
plants, apparently allopatric in distribution within the Park. For example, a lake at 3300m
elevation (in Chochos valley) was dominated by a large, robust Isoetes sp. , while the nearest
other lake, SOOm away and 50m higher in elevation, was dominated by a small, quite distinct
Isoetes sp. Presumably chemical difference between the lakes might explain this distribution,
although competitive exclusion is an interesting alternative.
A significant habitat for ferns was that provided by large boulders that are found isolated
in the grasslands or in boulder fields under cliffs. These rocks offered a shaded
microenvironment with protection from frost and wind. Equally or more significant perhaps
was the fact that plants growing under the lips of boulders or in crevices around them
were protected from fire, as there was little fuel there to carry the flame. Eleven fern species
were restricted to this habitat, and several others were present there and also in other
protected microsites (Table 1 ). None of these ferns displayed obvious morphological
adaptations to climatic extremes. However, few other species of vascular plants were present,
s�gesting that shade tolerance and great diaspore mobility were adaptations that allowed
ferns to preferentially exploit this habitat.
The four epipetric species (Table 1) were present on exposed surfaces of the boulders.
These ferns had obvious morphological adaptations: reduced leaf size and coverings of
hairs and/or scales.
Species found both out in the grasslands and inside the timberline forest showed a
marked difference in size, with smaller, but thicker, leaves and pinnules in exposed individuals.
Examples include Lophosoria quadripinnata, Polystichum montevidense and Thelypteris
caucaensis. Eight of the nine Elaphoglossum species found to date in the tropical alpine
zone (the exception being E. engclit) were also present inside the nearby timberline forest.
Fertile grassland plants of these species were 50-75% smaller in size than those within the
forest, often taking on sizes and shapes that resulted in the plants being sheltered under
or near grass tussocks or boulders.
Montane rain forest zone

The uppermost belt of forest, located above 3 100m elevation and reaching 3700m, consisted
of montane rain forest, also known as mossy forest due to an abundance of epiphytic
mosses, hepatics, and filmy ferns (Fig. 4). Much of the precipitation arrived in the form
of mist, and fog was present 3 to 24 hours each day. Forest-interior trees generally reached
7-20m in height, and the understories were often dominated by one of several climbing
bamboo species of the genus Chusquea (Young 1 990). This zone harbored 1 09 of the species
of pteridophytes (Table 2); 49 species were found only here, including 14 species of
Elaphoglossum, and five each of Huperzia, Hymenophyllum and Grammitis s.!.
The boundary between the high elevation grasslands and the timberline portion of the
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montane rain forest was usually narrow and well defined. It had apparently been originally
determined, and was currently maintained, by occasional fires that run through the grasses
only to be stopped by continually moist conditions within the forest. Because of the resprouting
of shrubby species and the exuberant growth of herbaceous and woody vines, this forest
edge habitat was dense and low. Pteridophytes found here included some species more
typically encountered out in the grasslands (Blechnum loxense, Eriosorus cheilanthoides,
E. rufescens, Jamesonia imbricata, Lycopodium clavatum, L. tllyoides, Polystichum
montevidense) and others that were essentially forest species (Table 2). Hypolepis obtusata
appeared to be the only species restricted to this ecotone.

FIGURE 4. Photograph of the interior of the montane rain forest at 3450m.

A striking number ( 1 9 or 1 7%) of forest-interior pteridophyte species were found both
as terrestrial herbs and as epiphytes (Table 2; includes two as-yet-undetermined Elaphoglossum
spp.). In some cases these were herbs that had fortuitously germinated in the dense epiphytic
mats covering large tree trunks and limbs; in others, normally epiphytic taxa had fallen
to the forest floor and continued growth there.
The three common species of Hymenophyllum were generally epiphytes and occasionally
could be found growing intertwined on the same tree. H. fucoides was a semi-erect filmy
fern reaching 1 5cm in height and common from 3550m down to 3 1 00m. Both H. myriocarpum
and H. plumieri were pendent species 20-30cm long; the former was most abundant above
3400m, while the latter only occurred below that altitude.
Campyloneurum amphostenon and C. ensifolium were common, often sympatric, species
growing on organic material on the forest floor, or else as epiphytes. The four Polypodium
species in this zone were usually epiphytic, although P. buchtienii and especially P. cf.
eurybasis could be found growing on the ground with some frequency. Four of the 1 7
Grammitis species (Table 2 ) were sometimes terrestrial but, b y and large, species o f this
genus were epiphytes.
The most diverse genus in this zone, Elaphoglossum with 24 species, was largely composed
of epiphytes, with an occasional individual found growing on the ground. Dimorphy between
sterile and fertile leaves was frequent within this group. Three species (E. minutum, E.
ruficomus, and an Elaphoglossum �p.), which occurred out in the grasslands, but also grew
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less commonly as epiphytes i n the forest, had a particular form of dimorphy whereby the
petiole of the fertile leaf was two or three times longer than those of the sterile leaves;
the result was that spore production and release take place from an elevated position. However,
the remaining forest species known from fertile material displayed a type of dimorphy perhaps
more suited to spore presentation and release by an epiphyte: the fertile leafs surface area
was always smaller and its petiole often shorter than those of the sterile leaves. Moran
( 1 987) also found that terrestrial species of Polybotrya had fertile-leaf petioles longer than
sterile-leaf petioles and the epiphytic species had the reverse, although in all his examples
the fertile leaf's surface area was smaller than the sterile leaf's.
The most impressive epiphytes were the relatively coarse Huperzia molongensis and
the delicate H. tenuis, both of which reached l m in length as they hung pendent from
the undersides of large branches. Neither was common and individual plants grew on widely
separated trees.
Three epipetric species have been observed here on boulders or rock exposures (Table
2), but none were common.
Wholly terrestrial pteridophytes in the forest interior were mostly components of the
dense understory. Certain of these species had creeping rhizomes or flexible stems and
could scramble up to a limited height or else can grow out from under fallen branches:
Blechnum kunthiana, Gleichenia rubiginosa, Histiopteris incisa, Huperzia hippuridea, H.
rosenstockiana, Thelypteris bra usei, T. caucaensis. Others were likely to be fixed in one
place, but had comparatively thick, erect stems that, besides in themselves providing some
stature and protection to the plants, might serve for the storage of starches, thus allowing
for the regrowth and replacement of damaged leaves; these species were Athyrium dombeyi,
Blechnum buchtienii, B. cordatum, Dryopteris wallichiana, Lophosoria quadripinnata and
Plagiogyri11 semicordata.
The three species of true tree ferns (Table 2) had massive stems that allowed them
to reach well up into the subcanopy at 4-6m height. In some places more than a quarter
of all plant stems � 2.5cm diameter were of tree ferns (Young 1990).
Montane wet forest zone

Fog usually formed above 3 100m; the zone of montane forest beneath this elevation still
received plentiful precipitation, but almost always in the form of heavy rainstorms and
with several weeks of dry season, usually in July and/or August. We recognize this as
the montane wet forest zone with a lower elevational limit at about 2700m. This zone
contained 6 1 species of pteridophytes (Table 3), 30 of which were only found here. This
was a complex zone ecologically as it included rock outcrops and cliffs, extensive areas
of steep (60-80°) slopes with numerous landslides, some forested areas with trees to 35m
tall on gentler slopes, and a narrow but geomorphically active riverine zone (Fig. 5). Epiphytes
were much less abundant than in the montane rain forest. Understories were always dense,
dominated by the bamboo, Chusquea scandens Kunth, and shrubs of the genera Miconia,
Palicourea, Piper and Psychotria.
Among the pteridophyte species recorded for this zone, 36% (22) were epiphytes or
occasionally epiphytes, and many (68%) of these were uncommon (Table 3). The relative
scarcity of Hymenophyllum spp. was symptomatic of being in a more seasonal environment.
Only two pteridophyte species were observed growing epipetrically (Table 3).
Characteristic pteridophytes for this zone were instead the terrestrial species. In narrow
elevational belts (from higher to lower elevation) the following species were conspicuous
in the understory: Cyrtomium dubium, Diplazium spp., Dennstaedtia globulifera, Selaginella
asplundii, Pteris spp. and Elaphoglossum huacsaro. Also present were four species of tree
ferns (Table 3), although these were not as abundant as in the montane rain forest.
Asplenium was well represented here with seven species, four of which were commonly
encountered (Table 3).
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FIGURE 5. Photograph o f the montane wet forest zone o f Rio Abiseo National Park.

Two climbing ferns were present: Blechnum kunthiana, which was commonly seen,
especially at approximately 3000m elevation, as an erect terrestrial herb and also as a trunk
climber, reaching heights of 2-3m; and Blechnum schomburgkii, whose robust rhizome was
observed once 2m up a tree trunk at 2700m.
The riverine vegetation shared numerous plant species with that found on recent landslides.
Pteridophytes occupying these exposed sites were relatively few and inconspicuous: Niphidium
crassifolium, Pityrogramma calomelanos and P. tartarea.
Lower montane wet forest zone

The transition from montane to lower montane forest at about 2700m was marked by
the disappearance of the tree ferns and the common bamboo species, Chusquea scandens,
and the appearance of palms (Chamaedorea poeppigiana Willd. and Prestoea acuminata
(Willd.) Moore) and cyclanths (Asplundia moritziana (Klotsch) Hart., Sphaeradenia
steyermarkii Hart.). Only 1 2 pteridophyte species have been recorded to date for this zone
(Table 4), because of limited collecting. Five of these species have been found only in this
zone.
ECOLOGICAL ZONATION

Similarity indices were used to compare the species lists of each ecological zone (Table
5). In general, these indices were low because relatively few species were shared between
zones. Larger index values were always found between adjacent zones. The largest calculated
were between the tropical alpine and montane rain forest zones, which shared 36 species,
and between the montane rain forest and montane wet forest zones, which shared 28 species.
Genera found both in the tropical alpine zone and the spatially interdigited, montane
rain forest zone were Adiantum, Asplenium, Blechnum, Campyloneurum, Cystopteris,
Elpahoglossum, Equisetum, Eriosorus, Gleichenia, Grammitis s . l . , Huperzia,
Hymenophyllum, Hypolepis, Jamesonia, Lophosoria, Lycopodium, Niphidium, Plagiogyria,
Polypodium, Polystichum and Thelypteris.
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Genera found both in the montane rain forest zone and in the adjacent, but lower
montane wet forest zone were An trophyum, Asplenium, A tllyrium, Blechnum,
Campyloneurum, Cyathea, Cyrtomium, Dryopteris, Elaphoglossum, Grammitis s. l . ,
Huperzia, Hymenophyllum, Lophosoria, Lycopodium, Niphidium, Polypodium, Thelypteris,
Trichipteris and Trichomanes.
Most of the pteridophytes had narrow elevational ranges in the study area. Average
elevational range for all 174 species was 264m (SD
274). Relatively small elevational
amplitude could be due to ecological specialization, but could also be a sampling artifact
due to limited collecting of naturally sparse species. Thirteen species were represented by
at least five separate collections, yet still showed elevational ranges of � 200m. Of these,
those that were limited to <:; 1 50m ranges were Blechnum Joxense, Elaphoglossum rimbachii,
Polystichum orbiculatum, Huperzia sp., Grammitis atllyrioides and Jamesonia scalaris.
In contrast, 16 species had elevational ranges > 700m. These were mostly montane
forest species, sometimes crossing over into the tropical alpine zone or also growing in
the lower montane forest. Three species (Niphidium crassifolium s. l . , Polypodium buchtienii,
and Thelypteris caucaensis) were present in all four zones. The largest elevational ranges
were those of Polypodium buchtienii ( l300m), Thelypteris concinna ( l 300m), Thelypteris
caucaensis ( 1250m) and Polypodium cf. eurybasis ( l050m).
The average elevational range for all of the species found in each zone increased as
altitude decreased: tropical alpine zone (258m (SD 27 1 )), montane rain forest (342m (SD
300)), montane wet forest (425m (SD
361)), lower montane wet forest (650m (SD
527)). However, the only zones significantly different (at p < 0.05; paired Wilcoxon signed
rank tests) in mean elevational range were the tropical alpine and montane wet forest zones
(p < 0.00 1).
=

=

=

=

=

TABLE 1 :
Pteridophytes of the tropical alpine zone.
Species

Adiantum poiretii Wikstr.
Adiantum raddianum C. Presl
Asplenium monanthes L.
Asplenium triphyllum C. Presl
Blechnum buchtienii Rosenst.
Blechnum cordatum (Desv.) Hieron.
Blechnum loxense (HBK) Hieron.
Botrychium schaffneri Underw.
Campyloneurum amphostenon (Klotzsch) Fi:e
Campyloneurum ensifolium (Willd.) Fi:e
Cystopteris fragilis (L.) Bern h.
Elaphoglossum engclii (Karsten) Christ
Elaphoglossum melancholicum Vareschi
Elaphoglossum minutum (Fi:e) Moore
Elaphoglossum odontolepis Mickel; nom. ined.
Elaphoglossum petiolosum (Desv.) Moore
Elaphoglossum rimbachii (Sodiro) Christ
Elaphoglossum ruficomus Mickel, nom. ined.
Elaphoglossum spp.
Equisetum bogotense HBK
Eriosorus cheilanthoides (Sw.) A. Tryon
Eriosorus rufescens (Fee) A. Tryon
Gleichenia revoluta HBK
Gleichenia rubiginosa Mett.
Gleichenia simplex (Desv.) Hook.
Grammitis moniliformis (Lag. ex Sw.) Proctor
Grammitis rostrata (Hook.) R. Tryon & A. Tryon

Observations

only near boulders
only near boulders
only near boulders
only near boulders
only on forest edges
only on forest edges
usually near forest edges
uncommon
uncommon, only near boulders
near boulders or epipetric
only near boulders
sometimes near boulders
uncommon
uncommon, only near boulders
only near boulders
uncommon
sometimes epipetric
two species

only near grass tussocks

sometimes epipetric
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Grammitis spp.
Huperzia columnaris B. 011g. vel sp. aff.
Huperzia ?macbridei (Herter) B. 011g.
Huperzia tetragona (Hook. & Grev.) Trevisan
Huperzia weberba ueri (Nessel) Holub
Huperzia spp.
Hymenophyllum multialatum C. Morton
Hymenophyllum myriocarpum Hook.
Hypolepis obtusata (C. Presl) Hieron.
Isoetes spp.
Jamesonia alstonii A. Tryon
Jamesonia imbricata (Sw.) Hook. & Grev.
Jamesonia peruviana A. Tryon
Jamesonia aff. peruviana A. Tryon
Jamesonia scalaris Kunze
Lophosoria quadripinnata (Gmel.) C. Chr.
Lycopodiella alopecuroides (L.) Cranfill s. l .
Lycopodiella caroliniana L . s.l.
Lycopodium cla vatum L.
Lycopodium jussiaei Poiret
Lycopodium magellanicum (Palisot) Sw.
Lycopodium thyoides Willd.
Lycopodium vestitum Poiret
Niphidium crassifolium (L.) Lellinger s. l .
Ophioglossum crotalophoroides Wait.
Plagiogyria semicordata (C. Presl) Christ
Polypodium buchtienii Christ & Rosenst.
Polystichum montevidense (Spreng.) Rosenst.
Polystichum orbiculatum (Desv.) Remy & Fee
Thelypteris caucaensis (Hieron.) Alston

four species

three species
only near grass tussocks
only near tussocks or boulders
only on forest edges
three species
sometimes near boulders
sometimes near boulders or epipetric
uncommon

uncommon
uncommon

uncommon, only on forest edges
uncommon, only near boulders
only near boulders
only near bou lders
only near boulders
near boulders or in other protected microsites

TABLE 2.
Pteridophytes of the montane rain forest zone
Species

Adiantum poiretii Wikstr.
Antrophyum linea tum (Sw.) Kaulf.
Asplenium cristatum Lam.
Asplenium cuspida tum Lam.
Asplenium harpeodes Kunze
Asplenium monanthes L.
Asplenium serra Langsd. & Fisch.
Asplenium sessilifolium Desv.
A thyrium dombeyi Desv.
Blechnum buchtienii Rosenst.
Blechnum corda tum (Desv.) Hieron.
Blechnum kunthianum C. Chr.
Blechnum loxense (HBK) Hieron.
Botrychium virginianum (L.) Sw.
Campyloneurum amphostenon (Klotzsch) Fee
Campyloneurum ensifolium (Willd.) He
Culcita coniifolia (Hook.) Maxon
Cya thea pallescens (Sodiro) Domin
Cyrtomium dubium (Karsten) R. Tryon & A . Tryon
Cystopteris fragilis (L.) Bernh.
Dryopteris wallichiana (Spreng.) Hyl.
Elaphoglossum albescens (Sodiro) Christ
E/aphoglossum atrosquamatum Mickel
Elaphoglossum barbatum (Karsten) Hieron.
E/aphoglossum camptolepis Mickel, nom. ined.

Observations

uncommon, terrestrial
uncommon, epiphyte
uncommon, terrestrial
terrestrial
epiph ytic or terrestrial
usually terrestrial
terrestrial
usually terrestrial
terrestrial, sometimes on forest edges
terrestrial, sometimes on forest edges
terrestrial, sometimes on forest edges
uncommon, terrestrial
terrestrial, on forest edges
uncommon, terrestrial
epiphytic or terrestrial
epiphytic or terrestrial
uncommon, terrestrial
tree fern
terrestrial
uncommon, terrestrial
terrestrial
epiphytic or terrestrial
uncommon
uncommon, epiphytic
uncommon, terrestrial
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Ehlphoglossum castaneum (Baker) Diels
Elaphoglossum dichroum Mickel, nom. ined.
Elaphoglossum erinaceum (Fee) Moore
Elaphoglossum glossophyllum Hieron.
Eluphoglossum laxisquama Mickel, nom. ined.
Elaphoglossum me/ancholicum Vareschi
Elaphoglossum minutum (Fee) Moore
Eluphoglossum odontolepis Mickel, nom. ined.
Eluphoglossum oxyglossum Mickel, nom. ined.
Elaphoglossum pachyphyllum (Kunze) C. Chr.
Elaphoglossum paleaceum (Hook. & Grev.) Sledge
Elaphoglossum petiolosum (Desv.) Moore
Elaphoglossum pilosius Mickel
Elaphoglossum rimbachii (Sodiro) Christ
Elaphoglossum ruficomus Mickel, nom. ined.
Elaphoglossum squamipes (Hook.) Moore
Elaphoglossum vulcanicum Christ
Elaphog/ossum spp.
Equisetum bogotense HBK
Eriosorus accrescens A. Tryon
Eriosorus chei/anthoides (Sw.) A. Tryon
Eriosorus rufescens (Fee) A. Tryon
G/eichenia rubiginosa Mett.
Grammitis amy/acea (Copel.) C. Morton
Grammitis a thyrioides (Hook.) C. Morton
Grammitis ?cultrata (Willd.) Proctor
Grammitis ?firma (J. Sm.) C. Morton
Grammitis /anigera (Desv.) C. Morton
Grammitis pseudonutans (Christ & Rosenst.)
C. Morton

uncommon
uncommon, epiphytic
epiphytic
uncommon
epiphytic or terrestrial
often epiphytic
terrestrial
epiphytic
epiphytic
epiphytic or terrestrial
epiphytic
epiphytic or terrestrial
uncommon
epiphytic or terrestrial
epiphytic
epiphytic or terrestrial
epiphytic
3 species
terrestrial
terrestrial, usually on forest edges
terrestrial, usually on forest edges
epiphytic or terrestrial
uncommon, terrestrial
uncommon, epiphytic
pendent epiphyte
uncommon, pendent epiphyte
epiphytic or terrestrial
pendent epiphyte, rarely terrestrial
epiphytic

Grammitis rigescens (Bory ex Willd.) Lell. vel sp. aff.
epiphytic, occasionally terrestrial
epiphytic
Grammitis semihirsuta (Kiotzsch) C. Morton
uncommon, epiphytic
Grammitis serrrulata (Sw.) Sw.
Grammitis spp.
eight species, five uncommon; all epiphytic with
one occasionally terrestrial
Histiopteris incisa (Thunb.) J. Sm.
uncommon, terrestrial
Huperzia arcuata B. 011g.
uncommon, terrestrial
Huperzia eversa (Poiret) B. 011g.
uncommon, terrestrial, on forest edges
Huperzia hippuridea (Christ) Holub
terrestrial
Huperzia molongensis (Herter) Holub
pendent epiphyte
Huperzia rosenstockiana (Herter) Holub
usually terrestrial
Huperzia subulata (Poiret) Holub
uncommon,. epipetric
Huperzia tenuis (Willd.) Trevisan
pendent epiphyte
Huperzia weberbaueri (Nessel) Holub
uncommon, terrestrial
Hymenophyllum amabile C. Morton
uncommon, pendent epiphyte
Hymenophyllum e/egantulum Bosch
uncommon, epipetric
Hymenophyllum fragile (Hedwig) C. Morton
uncommon, epiphytic
Hymenophyllum fucoides (Sw.) Sw.
epiphytic or terrestrial
Hymenophyllum myriocarpum Hook.
pendent epiphyte or terrestrial
Hymenophyllum plumieri Hook. & Grev.
pendent epiphyte or terrestrial
Hymenophyllum trichophyllum HBK
uncommon, terrestrial
Hypolepis obtusata (C. Presl) Hieron.
terrestrial, only on forest edges
Jamesonia imbricata (Sw.) Hook. & Grev.
terrestrial, often on forest edges
Lophosoria quadripinnata (Gmel.) C. Chr.
terrestrial, sometimes on forest edges
Lycopodium c/a vatum L.
terrestrial, usually on forest edges
Lycopodium jussiaei Poiret
terrestrial, usually on forest edges
Lycopodium thyoides Willd.
terrestrial, usually on forest edges
Lycopodium vestitum Poiret
terrestrial, only on forest edges
Niphidium crassifolium (L.) Lellinger s. l .
uncom mon, epiphytic or terrestrial
Plagiogyria semicordata (C. Presl) Christ
terrestrial, sometimes on forest edges
Polypodium buchtienii Christ & Rosenst.
epiphytic or terrestrial
Polypodium cf. eurybasis C. Chr.
epiphytic or terrestrial
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Polypodium spp.
Polystichum montevidense (Spreng.) Rosenst.
Polystichum orbiculatum (Desv.) Remy & He
Pteris deflexa Link
Selaginella ?calosticha Spring
Sphaeropteris atahuallpa R. Tryon
Thelypteris brachypus (Sod.) A.R. Smith
Thelypteris brausei (Hieron.) Alston
Thelypteris caucaensis (Hieron.) Alston
Thelypteris concinna (Willd.) Ching
Thelypteris funckii (Mett.) Alston
Trichipteris frigida (Karsten) R. Tryon
Trichomanes lucens Sw.
Vittaria ruiziana Fi:e

two uncommon species, both epiphytic
terrestrial, often on forest edges
terrestrial, only on forest edges
uncommon, terrestrial
uncommon, epiphytic or terrestrial
tree fern
uncommon, terrestrial
terrestrial, occasionally on forest edges
terrestrial, often on forest edges
uncommon, terrestrial
uncommon, terrestrial
tree fern
uncommon, pendent epiphyte
epiphytic, epipetric

TABLE 3.
Ptcridophytes of the montane wet forest zone
Species

Antrophyum lineatum (Sw.) Kaulf.
Arachniodes denticula ta (Sw.) Ching
Asplenium cuspidatum Lam.
Asplenium harpeodes Kunze
Asplenium hastatum Kunze
Asplenium serra Langsd. & Fisch.
Asplenium se ifolium Desv.
Asplenium squamosum L.
Athyrium dombeyi Desv.
Blechnum cordatum (Desv.) Hieron.
Blechnum kunthianum C. Chr.
Blechnum schomburgkii (Kiotzsch) C. Chr.
Campyloneurum amphostenon (Klotzsch) Fi:e
Campyloneurum angustifolium (Sw.) Fi:e
Cyathea caracasana (Kiotzsch) Domin
Cyathea pa/Jescens (Sodiro) Domin
Cyathea sp.
Cyrtomium dubium (Karsten) R. Tryon & A. Tryon
Dennstaedtia globullgcru (Poiret) Hieron.
Diplazium hians Klotzsch
Diplazium remotum He
Dryopteris wallichiana (Spreng.) Hyl.
Elaphoglossum barbatum (Karsten) Hieron.
Elaphoglossum concinnum Mickel, nom. ined.
Elaphoglossum huacsaro (Ruiz Lopez) Christ
Elaphoglossum pachyphyllum (Kunze) C. Chr.
Elaphoglossum papillosum (Baker) Christ
Equisetum giganteum L.
Grammitis ?cultrata (Will<,!.) Proctor
Grammitis pseudonutans (Christ & Rosenst.)
C. Morton
Grammitis semihirsuta (Klotzsch) C. Morton
Grammitis sp.
Huperzia arcuata B. Bllg.
Huperzia cuneifolia (Hieron.) Holub
Huperzia rosenstockiana (Herter) Holub
Huperzia wilsonii (Underw. & Lloyd) B. 0llg.
Huperzia sp.
Hymenophyl/um plu.miere Hook & Grev.
Hymenophyllum polyanthos (Sw.) Sw.
Lophosoria quadripinnata (Gmel.) C. Chr.
Lycopodiel/a glaucescens (C. Press!) B. 01lg.

Observations

uncommon, epiphytic
uncommon, terrestrial
epiphytic or terrestrial
epiphytic or terrestrial
terrestrial
terrestrial
uncommon, terrestrial
uncommon, terrestrial
uncommon, terrestrial
uncommon, terrestrial
terrestrial or climbing
uncommon, climbing
terrestrial
uncommon, epiphytic
tree fern
tree fern
uncommon, tree fern
terrestrial
terrestrial
terrestrial
terrestrial
uncommon, terrestrial
uncommon, epiphytic or terrestrial
uncommon, epiphytic
terrestrial
epiphytic or terrestrial
uncommon, terrestrial
uncommon, terrestrial
epiphytic
uncommon, epiphytic
uncommon, epiphytic
uncommon, epipetric
uncommon, terrestrial
uncommon, pendent epiphyte
uncommon, terrestrial
uncommon, terrestrial
uncommon, pendent epiphyte
uncommon, pendent epiphyte
uncommon, epiphyte
uncommon, terrestrial
uncommon, terrestrial
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uncommon, terrestrial

Lycopodium thyoides Willd.
Megalastrum pulverulentum (Poiret)
A.R. Smith & Moran
Niphidium crassifolium (L.) Lell. s. l .
Pityrogramma calomelanos (L.) Link
Pityrogramma tartarea (Cav.) Maxon
Polypodium buchtienii Christ & Rosenst.
Polypodium cf. eurybasis C. Chr.
Polypodium fraxinifolium Jacq.
Polypodium sp.
Pteris muricata Hook.
Pteris podophylla Sw.
Selaginella asplundii Crabbe & Jermy
Thelypteris caucaensis (Hieron.) Alston
Thelypteris concinna (Willd.) Ching
Thelypteris (subgenus Steiropteris) sp.
Thelypteris sp.
Trichipteris frigidn (Karsten) R. Tryon
Trichomanes diaphanum HBK
Trichomanes lucens Sw.
Vittaria gardneriana Fee

terrestrial
epiphytic or terrestrial, in open sites
uncommon, on landslides
uncommon, on river cobble
epiphytic or terrestrial
uncommon, terrestrial
uncommon, epiphytic
epiphytic
terrestrial
terrestrial
terrestrial
uncommon, terrestrial
terrestrial
uncommon, terrestrial
uncommon, terrestrial
tree fern
uncommon, epiphytic
uncommon, pendent epiphyte or epipetric
uncommon, epiphytic

TABLE 4.
Pteridophytes of the lower montane wet forest zone
Species

Observations

terrestrial
epiphytic or terrestrial
terrestrial
terrestrial
epiphytic
terrestrial
uncommon, epiphytic or terrestrial
uncom mon, terrestrial
uncommon, terrestrial
uncommon, terrestrial
terrestrial
terrestrial

Asplenium extensum Fee
Asplenium harpeodes Kunze
Asplenium hastatum Kunze
Campyloneurum pascoense R. Tryon & A. Tryon
Campyloneurum repens (Aublet) C. Presl
Dennstaedtia dissecta (Sw.) T. Moore
Niphidium crassifolium (L.) Lellinger s. l .
Polypodium buchtienii Christ & Rosenst.
Polypodium cf. eurybasis C. Chr.
Thelypteris caucaensis (Hieron.) Alston
Thelypteris concinna (Willd.) Ching
Thelypteris sp.

TABLE 5.
Similarity indices among the four ecological zones of the study area. Sorenson's Index
(2a/(2a +
b + c)) x 100; Jaccard's Index
(a/(a + b + c)) x 100; where a
number of species shared between
two zones, b and c nu mber of unique species in each respective zone; Mueller-Dombois and Ellenberg
1 974.
=

=

=

=

Sorenson's

montane rain
montane wet
lower montane

tropical alpine
41
11
8

montane rain
35
10

montane wet
19

Jaccard's

montane rain
montane wet
lower montane

tropical alpine
26
6
4

montane rain
21
5

montane wet
11
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CONCLUSIONS

Important pteridophyte habitat types for the tropical alpine zone included ameliorated
microenvironments created by structural features such as boulders and grass tussocks.
Pteridophytes might have advantages in colonizing (and recolonizing) such sites because
of the relatively high dispersability of spores. In addition, the size, spatial patterning, and
composition of the tussock grasslands and their pteridophyte flora, were affected by
topography, drainage and fire history (Young & Le6n, unpublished data). Generally,
pteridophytes in the grasslands either resprouted following fire, or were unaffected by it
because they grew in protected microsites. We suggest that the role of fire must be considered
for virtually all high-elevation, tropical Andean grasslands, even those in which fire would
not occur without human assistance.
The forest zones were not as easily subdivided into discrete pteridophyte habitat types
and those we noted mostly paralleled the growth form categories used. Near timberline,
in the highest elevation forest, here called montane rain forest, there was a blurring of
distinctions between epiphytic and terrestrial pteridophytes because of the presence of 520cm of organic matter on the forest floor (Young & Le6n 1 990b) and the formation of
0.5-3cm of soil underneath the exuberant plant growth on the tree trunks and major limbs
(described also by Gill ( 1 969) for Puerto Rican montane forests). Terrestrial pteridophytes
appeared to recover from small-scale forest disturbances caused by tree-and branchfall by
either resisting such disturbance with thick stems and the replacement of damaged leaves,
or by recovery using a creeping or climbing stem. Cliffs, boulders, or other rock exposures
did offer a specialized habitat to a small number of pteridophytes. In the montane wet
forest zone, landslides and a dynamic riverine habitat shared many plant species, including
a depauperate pteridophyte flora.
There was great individuality among pteridophyte species in elevational ranges and
ecological zonation. Stevens ( 1 989) developed a proposal by Rapaport ( 1 982) into a
generalization he called "Rapaport's rule" whereby there is a simple positive correlation
between the latitudinal extent of the distribution of species plotted against latitude. We
found some evidence in this study that for pteridophytes this relationship may be reversed
when elevational rather than latitudinal ranges are considered. That is, the mean elevational
amplitude of pteridophyte species tended to increase at successively lower zones in the Park.
The tropical alpine pteridophytes, on average, showed less elevationa1 amplitude than those
composing the montane wet forest pteridophyte flora.
The montane rain forest zone, located at 3 100-3700m, was by far the most species
rich zone, even though size of area sampled was one of the smallest. This is at odds with
one of the major generalizations of Gentry ( 1 982, 1 988) that plant species diversity decreases
with increases in altitude from 1 500 to 3000m in the Andes; this demonstrates the importance
of considering pteridophytes in assessments of plant diversity gradients. Le6n & Valencia
( 1 988) found 87% of their 23 pteridophyte species in the highest ecological zone sampled,
a montane moist forest at 2700-3200m in the Peruvian Andes.
Why were there so many pteridophyte species near timberline in our study area? It
apparently was not a sampling artifact because much larger areas were surveyed in the
tropical alpine and montane wet forest zones, although further exploration needs to be
done, especially in the ecologically diverse and often inaccessible montane wet forest zone
from 2700-3 100m. One reason for the high diversity is clearly that the montane rain forest
zone shares many species respectively with both of its neighbouring ecological zones. The
timberline forest has a low and occasionally open canopy that in some sites allows much
light to reach the forest floor, but probably still provides a more moderated climatic regime
than would be expected out in the grasslands. Another explanation might center on the
fact that in the montane rain forest zone both substrate and humidity conditions allow
normally terrestrial or epiphytic species to grow in the opposite state. Yet another reason
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would be the notable diversity present of certain pteridophyte groups, especially
Elaphoglossum, in cool, continuously humid Andean forests. Because of the similar findings
of Le6n & Valencia ( 1 988), we suggest that for these reasons high elevation cloud forests
in the Andes are likely to have the most pteridophyte species.
Human impact in the upper part of Rio Abiseo National Park is mostly limited to
occasional burning of the tussock grasslands. If this area were traversed by a road, it is
likely that our data on habitat and elevational amplitudes would have been very different.
A road that goes from high to low elevations in tropical montane areas creates a corridor
for the upward and downward movements of forest-edge species, road-cut species, and
of those growing in successional vegetation in logged forests or on abandoned agricultural
fields. For example, at the elevations sampled in this study, but along a road or highway,
we would expect bracken fern, Pteridium aquilinum (L.) Kuhn, to be present, if not dominant.
Studies based on roadside collections of pteridophytes would probably demonstrate greater
relative abundance of epipetric species, of scrambling growth forms, and of those spreading
aggressively by rhizome. Such studies also probably would document much greater elevational
ranges for a less speciose pteridophyte flora. For these reasons, it is important that data
also be considered from large intact wilderness areas where plants appear to be growing
under conditions similar to those in which they evolved.
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