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1. INTRODUCTION, SUNNARY, AND ACKNOWLED6E"ENTS 

The present monograph deals with the phylogenetic systematics of the 
subfamily Drynarioideae of the Polypodiaceae. It includes the recognition 
and description of evolutionary species and emphasizes the reconstruction of 
their phylogeny. The study is carried out in the framework of the 
international project on the Systematics of Polypodiaceae. 

Phylogenetic systematic studies start with the selection of an inferred 
holophyletic group. Within the context of systematic research on a large­
sized taxon, it is the best heuristic to start with the recognition of 
relatively small and obvious groups as a first approximation of the 
taxonomie structure. Later on, the monographic work should be extended to 
higher hierarchical levels, including groups that are "disputed" and less 
obviously characterized. 

The hOlophyly of the drynarioid ferns is undisputed since the forties 
(e.g. Copeland, 1947), although it has been given formal taxonomie rank 
only recently (Crabbe et al., 1975: subfamily Drynarioideae; Ching, 1978: 
family Drynariaceae). In all recent, conflicting and much disputed taxonomie 
systems of PolYPodiaceae, the drynarioids are uniformly recognized as a 
natural group. This has been the main reason for selecting this group. On 
the other hand, all other systematic questions as regards the drynarioids, 
are highly controversial. For instanee, the generic delimitation has always 
been disputed and no consensus has been attained as yet, a situation 
prevalent within the Polypodiaceae in particular (Hennipman, 1984), although 
the situation in this family is representative for the numerous systematic 
controversies in general. 

The (scientifically) most important cause of these controversies is in 
the author's opinion due to insufficiently and/or only vaguely defined 
methodologies used. The author has a strong belief that the clear 
formulation of starting points and aims, followed by the selection of 
adequate (repeatable) methodologies, would greatly add to the further 
development of systematics as the central discipline in evolutionary and 
comparative biological research. Therefore, the purpose of the present 
monograph is twofold: 

A) The explication of the author's point of view on the scientific inquiry 
of systematics and to outline an adequate comparative (cladistic) 
methodology. This has already been done before in a summarized way 
(Hennipman & Roos, 1983), but the present outline is more elaborated, 
comprising a few alterations that are aimed at elucidating problems which at 
the time remained. The methodology presently applied is also different from 
that used in the study of Platycerium (Hennipman & Roos, 1982). The main 
difference concerns the establishment of transformation series. 

In the Platycerium monograph, transformation series were established in 
advance, using the sister group Pyrrosia as the first outgroup in outgroup 
comparison. In case the outgroup comparison could not be applied, 
transformation series have been established using ontogenetic data. Thus, 
the phylogeny reconstruction in Platycerium was based on a priori indicated 
apomorphies. In this publication, transformation series are established a 
posteriori being read off from the cladograms that are constructed using 
character state distributions in the data matrix only. 

A second important difference pertains to the way the outgroup rule is 
applied. In the study of Platycerium, all transformation series have been 
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estabLished disregarding the hierarchicaL LeveL within the genus, using 
Pyrrosia for outgroup comparison. In other words, the outgroup ruLe was 
appLied in a gLobaL sense. PresentLy, the outgroup ruLe has been used in the 
strict, LocaL sense (Zandee, 1984). This means that at each hierarchicaL 
LeveL, the ingroup, sistergroup, and outgroup are unambiguousLy defined. The 
ingroup is potentiaLLy hoLophyLetic in case it possesses common simiLarities 
that are absent in both the sister- and the outgroup. These simiLarities are 
apomorphic by definition. This interpretation of the outgroup ruLe is 
consistent with the non-absoLute concept of apomorphy (and, consequentLy, of 
hoLophyLy and homoLogy). 

PhyLogenetic reLationships between the drynarioid species recognized were 
traced using a cLadistic methodoLogy. Under the covering idea of evoLution 
as 'descent with modification', its starting points and purposes as 
deLineated by Hennig (1966) and WiLey (1981) are superior to the other 
methodologies proposed by different systematic schooLs. Existing methods of 
cLadistic anaLysis have been studied by the author. The method seLected and 
its computer impLementation (aLgorithm) is deveLoped by Zandee (1985) with 
empiricaL feedback by the present author. This 4-step procedure has the 
foLLowing advantages: 

1) transformation series are not a priori estabLished, 2) an integration of 
compatibiLity and parsimony methods is achieved, 3) no data are initiaLLy 
discarded or weighted otherwise a priori, 4) aLL possibLe cLadogenetic 
reLationships are unambiguousLy defined and presented, and 5) the 
systematist gets the opportunity to evaLuate aLL possibLe hypotheses 
according to severaL kinds of auxiLiary criteria. 

Furthermore, this procedure can handLe the present 31 by 557 data matrix 
enumerating the observations made at as many structuraL integration LeveLs 
as possibLe. 

Before the procedure can be appLied, terminaL cLada must be deLimitated, 
and character anaLyses have to be carried out. A cLadon (plural: cLada) is a 
general term for a cLadogenetic entity (either or not with a formaL 
taxonomic name) that serves as a buiLding bLock for cLadogram construction. 
TerminaL cLada are the smallest buiLding bLocks used (e.g. species). 

The observations are summarized in a binary data matrix (step 1). 
SeLected patterns are read off from this matrix, i.e. partiaLLy monothetic 
sets (step 2). These sets are sets of terminaL cLada defined by a set of 
unique character states sufficient for their characterization, and 
constitute cLada aLso. Among the sets themseLves, three types of reLations 
exist: incLusion, excLusion, and overLap. 

SubsequentLy, cLiques are formed comprising partiaLLy monothetic sets 
that aLL mutuaLLy in- or excLude each other (step 3). The search procedure 
is for the Largest cLiques. The maximum cLique size is 2N-1, by which N is 
the number of terminaL cLada with N-1 internaL incLusion reLations. 

The Largest cLiques found are transformed into cLadograms (step 4). These 
cLadograms are judged according to their respective representation of the 
originaL data matrix. At first, this is done by caLcuLating their vaLues of 
'contradiction minus support'. Support is the number of character states of 
which the distribution can be expLained by assuming a singLe origin or 
reversal. Contradiction is the totaL number of orlglns and reversals 
necessary to expLain the distribution patterns of the remaining character 
states. The supporting character states are onLy reLevant when they 
represent apomorphies, which is estabLished using outgroup comparison. 

SeveraL cLadograms might show comparabLe Low vaLues of contradiction 
minus support with aLL cLada being supported by apomorphies. EventuaLLy, one 
of these is chosen as the hypothesis of cLadogenetic reLationships among the 
terminaL cLada that is regarded bioLogicaLLy most pLausibLe. This cLadogram 
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serves as the basis for further phyLogenetic and evoLutionary anaLyses. 

B) The reconstruction of the phyLogeny of the Drynarioideae using the 
principLes and methods set forth in A, and to compare the resuLts with those 
of previous authors. PresentLy, 30 evoLutionary species are recognized. In 
aLL recentLy proposed cLassifications, 16 of these are accommodated in the 
genus Drynaria. The remaining 14 species are variousLy cLassified. In 
CopeLand's (1947) cLassification, which is wideLy accepted, these species 
are accommodated in seven genera: AgLaomorpha (5 spec.), Merinthosorus, and 
Thayeria (both 2 spec.), Drynariopsis, HoLostachyum, Photinopteris, and 
Pseudodrynaria (aLL monotypic). The phyLogenetic reLationships among these 
genera were iLL-defined. Thus, transformation series couLd not be 
estabLished. NevertheLess, Pichi SermoLLi (1977) defended the monotypic 
genera as representing distinct stages of the reaLization and combination of 
phyLogenetic trends in frond dimorphism and sori shape. Chandra (1982b) 
proposed two tribes. This subdivision is here inferred to be based on 
character weighting, as it is confLicting with the data he provided. 
Furthermore, it cannot be based on phyLogenetic considerations, because the 
phyLetic scheme presented in the same pubLication is incongruent with this 
subdivision. 

These exampLes show the general ambiguity as far as the recognition of 
supraspecific taxa within the Drynarioideae is concerned. This confusion is 
further iLLustrated by a remark of Copeland (1947, p. 202), stating that 
nearLy aLL AgLaomorpha (sensu Lato) species have been proposed as the type 
of a genus. CopeLand tried to expLain the controversies by assuming that 
this is reLated to the reLative recency and extreme pLasticity of the group. 
But, he did not provide any evidence for these postuLations, which are here 
refuted. 

The present monograph aLso deaLs with the question which of the previous 
(generic) dissections reaLLy refLect the phyLogeny, or whether they are 
based on phenetic groups. 

The first cLadistic anaLysis of aLL 31 terminaL cLada initiaLLy 
recognized, resuLted in cLadograms showing many poLytomies. Interpretation 
of these cLadograms and their supporting character states Led to the 
recognition of two main hoLophyLetic groups. It appeared that the 14 
(formerLy variousLy cLassified) species comprise a hoLophyLetic group which 
is the sister group of Drynaria. Therefore, the present author proposes a 
cLassification of the Drynarioideae comprising two genera, i.e. AgLaomorpha 
and Drynaria, incLuding the rejection of aLL other genera (aLso of the 
generally accepted Photinopteris). A phenetic anaLysis of the same data 
matrix yieLded the same two groups. It further showed Larger dissimiLarities 
among Drynaria species than among A~Laomorpha species, which is 
contradictory to what existing cLassificatlons might suggest. 

For each of these two genera, a separate cLadistic anaLysis was carried 
out. These anaLyses resuLted in the selection of a number of cLadograms. The 
cLadograms of Drynaria were aLL compLeteLy dichotomous. Those of AgLaomorpha 
showed a trichotomy of two groups of three species and a singLe terminaL 
cLadon. The Latter is a hybride Next, each of these cLadograms of 
AgLaomorpha was combined with each one of Drynaria, foLLowed by a choice for 
cLadogram 7.43 representing the best hypothesis of cLadogenetic 
reLationships among the drynarioid cLada. The transformation series in frond 
dimorphism and sori shape, read off from this cLadogram, contradict those 
proposed by Pichi SermoLLi (1977). 

A subsequent historicaL biogeographic anaLysis, based on the chosen 
cLadogram, was carried out according to the method of component anaLysis as 

9 



described by Nelson & Platnick (1981). Starting from the distribution 
patterns of the drynarioid (and Platycerium) species, areas of endemism were 
distinguished. In the (species)cladogram, the species were replaced by the 
areas of endemism they inhabit respectively, yielding an area-cladogram. 
From this area-cladogram a general areagram was derived presenting cladistic 
relationships among the different areas of endemism. It appeared that Taiwan 
is more related to continental Asia than to Malesia, that the areas of 
continental Asia are mutually more related to each other than to those of 
Malesia, and that Borneo and the Philippines are mutually more related to 
each other than to the other areas of Malesia. The relations of Celebes 
remained uncertain. 

Eventually, all data of intrinsic and extrinsic characters we re used to 
postulate a scenario of the drynarioid ferns. According to the phylogeny 
hypothesized, the drynarioids show trends leading from (internal) dimorphism 
towards monomorphism, and from predominantly epiphytic towards more 
epilithic or terrestrial growth habits, Furthermore, drynarioids with a 
northern distribution in continental Asia are supposed to have been migrated 
towards high altitudes. 

The present study has been published before as a thesis, fulfilling the 
requirements for a PhD degree in the faculty of Science, University of 
Utrecht. 

A great many people took an active interest in my work and it is my 
pleasure to express my gratitude to all of them. 

I tender my sincere thanks to Prof. Dr. E. Hennipman and to Dr. M. Zandee 
for their cooperation, stimulation, and critical comments. 

Constructive critical remarks have been received from Prof. Dr. E.O. 
Wiley, and Dr. C.H. Humphries. 

I received much help and technical assistence, which is greatly 
appreciated. I am much indebted to Drs. W.L.A. Hetterscheid, mrs. G.P. 
Verduyn, mr. J. Jansen, and mr. D. Tolsma. I am grateful to Drs. L.V.Th. 
Westra, Drs. R.Ch. Kruyt, Drs. G. van Uffelen, mr. H. Rypkema, mr. T. 
Schipper, mr. P. Wartenaar, miss M. Teeuwen, the staff of the botanical 
gardens at Utrecht and Leiden, and the other members of the staff of the 
Institute for Systematic Botany, University of Utrecht. 

I am indebted to the directors and staff of the herbaria who put 
collections at my disposal; to mr. A.C. Jermy, miss J. Camus, Dr. B. 
Croxall, mr. P. Edwards, and the di rectors and staff of the British Museum 
(Natural History) and the Royal Botanic Gardens and Herbarium, Kew, for 
their help and hospitality; to Prof. Dr. W. Greuter and Dr. B. Zimmer of the 
Berlin Herbarium for their help and hospitality and for the permission to 
publish the photograph of A. speciosa (Willd. herb.); to the di rectors and 
staff of the botanic gardens who put living collections at my disposal. 

I am grateful to Prof. Dr. R.C. Ching, Dr. S.K. Shing, Prof. Dr. Zhang 
Mu, and the di rectors and staff of the herbaria of the Academia Sinica in 
Beijing and Kunming, for their cooperation and hospitality I received during 
my visit to China. 

Fieldwork in Papua New Guinea was possible due to invaluable cooperation 
of mr. J. Croft, Dr. R.J. Johns, and the staff of the Lae herbarium and the 
Papua New Guinea University of Technology, Lae. 
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10 



2. MATER lAL AND TECHNIQUES 

2.1. Raterial 

Dried specimens of + 2500 different collection numbers (part 
with many duplicates) have been studied from the following 
(abbreviations follow the Index Herbariorum): 

A Arnold Arboretum, Harvard University, Cambridge, Mass. 

of which 
herbaria 

B Botanischer Garten und Botanisches Museum Berlin-Dahlem, Berlin. 
BKF The Forest Herbarium, Royal Forest Dept., Bangkok. 
BM British Museum (Natural History), London. 
BO Herbarium Bogoriense, Bogor. 
BR Jardin botanique national de Belgique, Meise. 
BRI Queensland Herbarium, Brisbane. 
C Botanical Museum and Herbarium, Copenhagen. 
F Field Museum of Natural History, [John G. Searle Herbariuml, Chicago. 
G Conservatoire et Jardin botanique, Genève. 
GH Gray Herbarium of Harvard University, Cambridge, Mass. 
K The Herbarium and Library, Royal Botanic Gardens, Kew. 
KUN Kunming Station of the Botanical Institute, Academia Sinica, Kunming. 
L Rijksherbarium, Leiden. 
LAE Division of Botany, Dept. of Forests, Lae. 
M Botanische Staatssammlung, MUnchen. 
MICH Herbarium of the University of Michigan, Ann Arbor, Michigan. 
NSW National Herbarium of New South Wales, Royal Botanic Gardens, Sydney. 
P Mus!um National d'Histoire Naturelle, Laboratoire de Phan!rogamie, 

Paris. 
PE Institute of Botany, Academia Sinica, Peking. 
PNH Philippine National Herbarium, National Museum, Manila. 
S Section for Botany, Swedish Museum of Natural History (Naturhistoriska 

riksmuseet), Stockholm. 
U Institute for Systematic Botany, Utrecht. 
UC Herbarium of the University of California, Dept. of Botany, Berkeley. 
US U.S. National Herbarium, (Dept. of Botany) Smithsonian Institution, 

Washington D.C. 
W Naturhistorisches Museum, Wien. 
WU Botanisches Institut und Botanischer Garten der Universität Wien, Wien. 
YUKU Herbarium, Yunnan University, Kunming. 
Z Botanischer Garten und Institut fUr Systematische Botanik der 

Universität ZUrich, ZUrich. 

Living specimens have been studied from the following botanic gardens: 

Berlin-Dahlem, Botanischer Garten und Botanisches Museum. 
Brussels (Meise), Jardin botanique National de Belgique. 
Kew, Royal Botanic Gardens. 
Leiden, Botanic Garden of the University. 
LAE, Dept. of Forests, Division of Botany. 
Peking, Peking Botanical Garden. 
Utrecht, Botanical Gardens. 

Living plants were further obtained trough exchange of spore material 
and living plants via the Botanical Gardens, Utrecht. Further, the author 
got the opportunity to make fieldt rips in Papua New Guinea (Roos, 1984), 
whereas his promotor Hennipman supplied him with material from Sulawesi 
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(1979) and MaLaya and QueensLand (1981). Therefore, it was possibLe to study 
more than two-third of the species aLive. 

2.2. Techn;ques 

Rhizome and petioLe/costa 
For anatomicaL studies, pieces of rhizome and petioLe/costa of herbarium 

material have been softened by boiLing them in a soLution of gLycerine in 
water, whereas Living material has been preserved in F.A.P.A. (Hennipman, 
1977). The material has been sectioned with a sLide microtome. Sections have 
been stained with astrabLue foLLowed by saffranine foLLowing standard 
procedures, and embedded in canada balsam. Of each species, at Least three 
different coLLections have been studied (when avaiLabLe). 

ScaLes 
ScaLes situated near the rhizome apex and on the fronds have been brushed 

with a soLution of a detergent in water (Kramer, 1957), and embedded in 
gLycerine jeLLy (Hennipman, 1977). Of each species, at Least 50 scaLes have 
been studied of more than five different coLLections. 

Venation pattern 
To study the venation pattern, pieces of fronds from the middLe and 

apicaL parts of pinnae have been cLeared foLLowing Hennipman (1977), and by 
boiLing them in a soLution of 5--10X KOH in water foLLowed by bLeaching in 
fuLL strength househoLd bLeach and subsequent preservation in F.A.P.A. 
(O'Brien & McCuLLy, 1981). The cLeared parts have been put in a jar 
(Hennipman, 1977) and projection photographies have been taken with a 
standard magnification of two times. Of each species, at Least two different 
coLLections have been photographed, foLLowed by further investigations of 
uncLeared material. 

Lamina 
For anatomicaL studies, pieces of Lamina of herbarium material have been 

boiLed in water, whereas such treatment is unnecesary for Living material. 
Sections of the middLe part of pinnae, made with a sLide micrtome, have been 
stained with astrabLue and saffranine, and embedded in canada balsam. Of 
each species, at Least two different coLLections have been studied. 

Laminar 'indument and stomata 
To study the Laminar indument and stomata, pieces of the abaxiaL 

epidermis have been pulled off using a fine pair of tweezers. The unstained 
material has been embedded in water and encLosed by naiLpoLish. Three or 
more different coLLections of each species have been studied. At Least 25 
measurements have been made of each specimen. 

ReceptacuLar paraphyses 
The receptacuLar paraphyses (and deviating sporangia) have been studied 

using suites of hand made sections of sori. The unstained sections have been 
embedded in water and encLosed by naiLpoLish. Three or more different 
coLLections have been studied, and at Least 10 paraphyses of each specimen 
have been measured. 

Sporangia 
Sporangia have been brushed with a soLution of a detergent in water, and 

embedded in gLycerine jeLLy. Of each species, three or more coLLections have 
been studied. At Least 25 measurements and counts have been made of each 
specimen. 
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Spores 
Spores have been tapped off, and embedded in gLycerine jeLLy for Light 

microscopicaL studies. For S.E.M. studies, they have been fixed to a 
standard aLuminium specimen stub with doubLe-stick tape of which the edges 
have been covered by si Lver-gLue. S.E.M. studies are based on at Least two 
different coLLections of each species. 
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3. TAXONOMIe HISTORY OF THE DRYNARIOIDEAE 

3.1. Introduct;on 

The taxonomic history of the drynarioids is complex. Species and generic 
delimitations have caused many taxonomic conflicts, although the 
delimitation of the drynarioids as a group has not been disputed in recent 
decades. Many different classifications have been constructed. Most of the 
(Aglaomorpha) species have been proposed as the type of a genus as already 
remarked by Copeland (1947). 

3.2. Drynar;a 

Drynaria species are known for a long time. For example, Clusius 
(Exoticorum libri ••• , 1605) and Dodonaeus (Cruydt Boeck, 1644) described a 
Polypodium indicum, which is probably D. quercifolia or D. sparsisora. P. 
quercifolium L (1753; = D. quercifolia) was the first -Drynaria species 
published. Swartz (1801) published the next species (P. rigidulum, = D. 
rigidula), a name that was overlooked for some time7 Some years later, 
Brown (1810) described the same taxon as P. diversifolium, which has been 
widely used. Desvaux (1811) published p7 sparsisorum (= D. sparsisora), 
which was also ignored for some time. -

Drynaria, the first supraspecific drynarioid taxon recognized, was first 
described as Polypodium subgenus Drynaria by Bory (1825). Bory accommodated 
four species in it, Polypodium linnei (= Drynaria sparsisora), P. schkuhrii 
(= D. quercifolia), P. gaudich~(= D. rigidula5, and P. wiTldenowii (= 
D. -willdenowii5. obvTously, he did not study the specimen described by 
Linneaus as P. quercifolium. Knowing Linneaus' description only (whichs pays 
mainly attention to the frond dimorphism), Bory found different plants which 
he considered to belong to separate species fitting into Linneaus' 
description. He did not accept Linneaus name. He regarded P. linnei 
conspecific with the plant described by Linneaus. However, thTs was a 
misinterpretation, which caused much confusion in the following years. 

Presl (1836) listed Drynaria (comprising 15 species) as a subgroup 
without taxonomic rank in phymatodes. A number of the species he accomodated 
in Drynaria are now regarded to belong to several other genera of the 
POlypodiaceae. Presl was followed by Hooker & Bauer (1842). 

Smith (1841), treating the collections of Cuming from Malacca and the 
Philippines, formally raised Drynaria to generic rank, Gaudichaud's (1826) 
being illigitimate. Smith accepted more than 20 species in Drynaria, divided 
over 3 subgroups/sections. The Drynaria species were classified in the 
subgroups/sections Phymatodes and Dipteris. He mentioned two of Bory's 
species (D. quercifolia and D. ri9idula). In 1842, he revised this 
subdivision classifying all drynarloids in Drynaria subgroup Drynaria, 
adding a third Drynaria species (D. propinqua) as a nomen nudum. This 
classification also proved heterogeneous, comprising species that are now 
regarded to belong to different genera. 

F6e (1850-'52) emended the concept of Drynaria, incorporating, amongst 
others, American species now referred to Pleopeltis. He was followed by 
Brackenri dge (1854) and Hooker (1857) as well as, at the subgeneric level, 
by Mettenius (1857). Not all pteridologists followed Smith in giving 
Drynaria generic rank, e.g. Mettenius (1856, 1866), Hooker (1864), Baker 
(1868), Christ (1897, 1898), and Raciborski (1898). 

In the second half of the 19th century, the number of Drynaria species 
recognized gradually increased. Moore (1862) listed five species (adding !. 
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fortunei, but omitting D. propinqua) and Baker (1868) seven (the new one 
being D. mollis). Bakër did not accept!. pleuridioides described by 
Mettenius (1866). In 1876, Beddome added D. parishii to the eight species 
just mentioned. Until the beginning of this-century Aglaomorpha heraclea, A. 
coronans, and Microsorium musaefolium (a microsorioid fern, considered by 
e.g. Copeland, 1947, to be closely related to the drynarioids because of its 
dilated frond base), were of ten incorporated in Drynaria, which however 
remained controversial. 

In the first decade of the present century, subdivisions with two (Diels, 
1902) or three (van Alderwerelt van Rosenburgh, 1908, 1917) 
subgroups/sections have been proposed. Diels divided Drynaria into 
Eudrynaria and Poronema, the first comprising all pinnatifid species, the 
latter D. rigidula with pinnate fronds. Van Alderwerelt van Rosenburgh 
added a -third subgroup Thayeria, which had been given generic rank by 
Copeland (1906). At the same time, the number of species recognized 
increased, including two species of mainland Africa, and a number of Chinese 
and Malesian endemics. Recently, Cufodontis (1969) and Ching & Wu (1983) 
added one African respectively two Tibetan endemics to these, which are here 
regarded synonymous with existing species. 

3.3. Aglao.orpha 

Contrar~ to the delimitation of Drynaria, the generic delimitation of the 
other drynarioids has been confusing up till now. The first drynarioid taxon 
described at generic rank, was the monotypic genus Aglaomorpha (Schott, 1835 
or '36). Shortly af ter, Presl (1836) described the same taxon as Psygmium 
elegans. The recognition of Aglaomorpha as a distinct genus separate from 
Polypodium and Drynaria was widely accepted. Exceptions are Hooker (1864), 
Baker (1868), and Christ (1897), who all regarded it part of Polypodium 
subgenus Drynaria. Van Alderwerelt van Rosenburgh (1909) proposed 
Aglaomorpha as a subgroup of Pleopeltis. 

Smith created Dryostachyum and Photinopteris, in which he accommodated 
two species each. Regarding Photinopteris, Presl (1849) increased the number 
of species up to 5. All these taxa are here considered to be conspecific (= 
Aglaomorpha speciosa; the nomenclature of which has been elucidated by 
Hennipman, 1974). Because of its striking characteristics (e.g. pinnate 
fronds), this genus has almost never been disputed. Only Hooker (1864), 
followed by Baker (1868), ranked it as a subgenus to Acrostichum, adding a 
second, pinnatifid species A. drynarioides (= Aglaomorpha drynarioides). 
Mettenius (1856) added to -the confusion by putting A. speciosa in 
Lomariopsis, but he was not followed. Kuhn (1869) placed the two species in 
Dryostachyum. 

Hooker (1864) and Baker (1868) did not accept the genus Dryostachyum 
separate from Polypodium, whereas Beddome (1883) incorporated the species 
referred to Dryostachyum in Drynaria. Most other pteridologists treated it 
as a separate genus until it was incorporated in Aglaomorpha (Copeland, 
1911). 

The concept of Aglaomorpha changed early in this century, as a new 
species (A. brooksii) was described and Dryostachyum became incorporated 
(Copeland,- 1911). Based on differences in the fertile frond parts, Copeland 
subdivided Aglaomorpha into three different subgroups/sections (Psygmium, 
Hemistachyum, and Dryostachyum), to which he added a fourth in 1914 
(Holostachyum). 

The monomorphic Aglaomorpha 
classified, being accommodated in 
first species, Copeland (1911) 

heraclea and A. coronans were variously 
POlypodium as-well as in Drynaria. For the 
tried to solve this problem by creating 

16 



Polypodium subgenus Drynariopsis. He also described Merinthosorus in which 
he accommodated M. drynarioides to separate this species from A. 

~ (Photinopteris) speciosa. In 1914, he placed a second species 1n 
Merinthosorus, i.e. M. hieronymi, because of its linear acrostichoid fertile 
pinnae. The criterTa tor the classification (ranking) of the drynarioids 
used by Copeland, were mainly based on the gross morphology of the frond and 
the shape and position of the sori. 

Copeland (1929) recognized five drynarioid genera (Aglaomorpha, Drynaria, 
Merinthosorus, Photinopteris, and Thayeria). He divided Aglaomorpha into six 
subgenera: Drynariopsis, Psygmium, Dryostachyum, Hemistachyum, Holostachyum, 
as well as an unnamed one which was later named Pseudodrynaria by 
Christensen (1934). In 1938, Christensen raised Pseudodrynaria and 
Drynariopsis to generic rank. He regarded both genera monotypic, but did not 
make the new species combinations. This was done by Ching (1940). 
Christensen (1938) furthermore listed Aglaomorpha, Dryostachyum, 
HOlostachyum, Merinthosorus, Photinopteris, and Drynaria. Ching (1940) 
llsted one more genus, 1.e. Hemistachyum. 

The majority of the genera thus proposed were monotypic or comprised two 
species only. Copeland (1947) made a classification that is still widely 
accepted. He recognized eight genera, of which four are monotypic 
(Drynariopsis, Holostachyum, Photinopteris, Pseudodrynaria) and two comprise 
only two species (Merinthosorus, Thayeria), apart from Aglaomorpha 
(including Dryostachyum and Hemistachyum; comprising about five species) and 
Drynaria (about 20 species). According to him, the drynarioids constitute a 
conspicuous and natural group. Holttum (1954) followed Copeland's systematic 
arrangement and his ideas about the phylogenetic interrelations with other 
Polypodiaceae. 

Regarding the interrelationships of the drynarioid ferns to other 
Polypodiaceae, there is still no consensus. The different concepts, 
suggested in the last century, of Drynaria and Pleopeltis as well as 
Drynaria and Phymatodes, can be interpreted as suggestions of relationship. 
These suggestions have been accepted by others, e.g. van Alderwerelt van 
Rosenburgh (1908: Pleopeltis and the drynarioids). 

Christensen (1938) placed the drynarioids in the tribe Pleopeltideae of 
his subfamily Polypodioideae, regarding the Aglaomorpha species intermediate 
between Drynaria and Phymatodes. Ching (1940) included it in the tribe 
Phymatodeae of the subfamily Pleopeltioideae in his treatment of the 
Polypodiaceae. Many authors amalgamated these subdivisions, and regarded the 
group closer to Microsorium, which was formalized by Nayar (1970) when he 
created a subfamily Microsorioideae including the drynarioids. In contrast 
to his 'clear-cut' classification is his multi-interpretable scheme of 
interrelationships. 

Only as recent as 1975, Crabbe et al. classified the species here 
referred to as the drynarioid ferns in a distinct subfamily Drynarioideae of 
the Polypodiaceae. Crabbe et al. recognized five genera: Drynaria, 
Merinthosorus, Photinopteris, Thayeria, and Aglaomorpha. They divided the 
latter into subgenera: Drynariopsis, Dryostachyum, Holostachyum, and 
Pseudodrynaria. 

Pichi Sermolli (1977) proposed a finer generic dissection, recognizing 
nine genera, i.e. those proposed by Copeland (1947) and adding Dryostachyum. 
In his op1n10n, the grouping of polypodiaceous genera into tribes and 
subfamilies presents serious difficulties because of uncertainties about 
relationships between the various genera. Nevertheless, he construed 14 
groups, one of which includes the drynarioid genera. Furthermore, he 
indicated a sister group relation between the drynarioids and the 
microsorioid ferns. Within the drynarioids, Pichi Sermolli recognized two 
main phyletic trends, resulting in 9 genera, which according to him are all 
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sharply distinct and represent different stages of the realization and 
combination of these trends. He concluded that although most of the genera 
are monotypic or very small, they should be regarded as distinct. 

Ching (1978) proposed the family Drynariaceae. He accepted the generic 
dissection of Copeland (1947). Chandra (1980a, bi 1982a-d), who studied the 
morphology of about 15 out of the 30 drynarioid species representing the 
various drynarioid genera delimitated by others, followed the classification 
as proposed by Crabbe et al. (1975), also recognizing Holostachyum without 
explication. He (1982b) concludes that Photinopteris (- Aglaomorpha 
speciosa) is closest to Drynaria, which is however not reflected by his 
phyletic scheme. He formaLized two tribes: Drynarieae (including Drynaria 
and Photinopteris) and Aglaomorpheae (including the other four genera 
accepted by him). 
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4. CORPARATIVE EVOLUTIONARY BIOlOGY: A RESEARCH PROGRAR 

4.1. Introduction 

4.1.1. Position and Objectives of systeaatics 

For the purpose of method, the study of evolution can be divided into 
comparative evolutionary biology (character analysis of the patterns and 
diversity of extant and extinct living organismsi phylogeny reconstruction) 
and general evolutionary biology (the analysis of mechanisms of evolution, 
process bioLogy of the patterns recognizedi e.g. biosystematics). Regarded 
this way, comparative studies include traditional systematics, paleontology, 
biogeography, and the comparative aspects of ontogenylembryology (cf. Nelson 
& Platnick, 1981). Pattern analysis and process biology together comprise 
systematics in the broad sense. 

The subject of comparative evolutionary biology is the diversity of 
extant and extinct life-cycles, among which patterns of similarities and 
differences in character stat es are studied using various techniques of 
character analysis. The aim of comparative evolutionary biology is to 
recognize and reconstruct the underlying order to these patterns using 
techniques of cladistic (phylogp."etic) analysis. The reconstruction of 
phylogenetic order (and not genetics sensu lato) is a prerequisite for 
explanations of the origin of this order. Comparative evolutionary biology 
supplies the evolutionary biologist with empirical data that can be 
indispensable to the evaluation of test implications from hypotheses 
concerning evolutionary processes (see also Roos, 1986). 

Botanical systematic research can be artificially divided into local 
floristics, reV1Slons, and monographic treatments. It is traditionally 
concerned with the delimitation of species as well as the ordering of 
species into groups of higher taxonomic rank. The absence of a unambiguous 
methodology to achieve these goals has led to elitism and is one of the 
reasons for the variety of conflicting classifications which are 
continuously published (cf. the general systems of angiosperms: Hutchinson, 
1959; Takhtajan, 1969; Dahlgren, 1975; Thorpe, 1976; Carlquist, 1981). Many 
people regard systematics as an inventory or descriptive research, because 
they do not perceive systematics as a discipline contributing to the 
development of theories (i.e. a synthesis of form, time, and space). 
Floristics and revisions deal with groups of species selected (partly) on 
geographical grounds, an artificial criterion in an evolutionary context. 
Only monographics contribute to comparative evolutionary biology, because in 
principle they deal with groups of species selected on presumed phylogenetic 
relationships. 

Furthermore, scientific inquiry should not be primarily evaluated 
according to their results, but according to the new questions arising as a 
corollary; questions relevant within the chosen starting-points and the 
covering theory (Roos, 1986). In this respect also, monographic treatments 
are superior to flora's and revisions. As Van Peursen (1980) put it: In 
sciences is the practice inferior to and only a support of the methode What 
comes first are perceptions, which become observations within a scientific 
context. Therefore, true observations are not the starting- but the end­
point of scientific inquiry, being the result of methodological tracing out. 
The rationale operations are of main interest. 

The central axiom of comparative evolutionary biology is that observed 
diversity is the result of historical (evolutionary) processes that have led 
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to des cent with modification. No further assumptions need to be made 
concerning evolutionary processes. Consequently, systematic research can 
contribute to evolutionary theory, but by using an adequate methodology. In 
the following account, a comparative research program (describing 
assumptions and methods) is presented illustrated by the present 
monographic study of the drynarioid Polypodiaceae. Of importance is the 
concept that at every stage of the study the data, the criteria applied, and 
the decisions are explicit presented. Contrary to prior traditional work, 
such a research program leads to reproducable and quantitative results that 
are necessary for testing hypotheses of phylogenetic relationships. These 
hypotheses about patterns in turn can serve to search for correlations 
necessary in testing hypotheses concerning causal evolutionary processes. 
This reasoning can be summarized by means of the following sequence of 
procedural steps taken in phylogenetic systematics (see Fig. 4.2 for a more 
extensive scheme): 

character analyses --~ pattern analyses --~ ordering (cladogram) --~ testing 
implications of phylogenetic relations --~ correlations (e.g. 
biogeographical patterns) --~ testing implications of causal evolutionary 
connections 

It is in the author's oplnlon that the lack of an adequate comparative 
methodology is one of the reasons that the general validity of the neo­
darwinistic theory of evolution is of ten taken for granted as a starting­
point of general evolutionary biology. And, evolutionary process research 
runs the risk of becoming reduced to the study of infraspecific phenomena. 
However, from several disciplines alternative theoretical (sub)models are 
proposed, e.g. molecular drive (Dover,1982), punctuated equlibrium (Eldredge 
& Gould, 1972), nonequilibrium evolution (Wiley & Brooks, 1982). Whatever 
their value, they are all dependant on accurate pattern analyses and 
reconstructions of phylogenetic order. 

4.1.2. HistoricaL survey 

The idea of order within the biotic world has been accepted from time 
immemorial to the present day (cf. the use of 'birds', 'worms', 'flowering 
plants' in common spoken language). Linneaus proposed a formal hierarchical 
system to represent the order of living organisms (cf. his Species 
plantarum, 1753) which is still used. He defined species and genera using as 
many characters as were necessary to him. However, his arguments to unite 
genera into taxa of higher rank was pragmatic and based on a few a priori 
weighted characters (his sexual system). His resulting classification was 
therefore soon regarded to be unnatural, and the conviction grew that all 
hierarchical levels of classifications should be based on a large number of 
(i.e. all) characters (cf. Adanson, Familles des Plantes, 1763). 

Darwin's publication of the Origin of Species (1859) and the introduction 
of his idea of evolution did not really affect existing classifications. 
However, the concept of 'natural' changed. Before that time, postulated 
order was interpreted in an idealistic morphological way within a 
creationist background. Idealistic morphological arguments are still present 
in the process of delimitating species and character(-state)s. Since 1859, 
observed patterns have been mainly interpreted in an evolutionary sense. 
However, until the 1960s, starting-points, rules, and methodologies of 
systematic research remained ambiguous. 

Af ter the Second World War, three main schools of systematic thought 
developed. The first was the evolutionary school, of which Mayr and Simpson 
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are the main representatives. This is the more or less traditional school 
which aims at representing both aspects of evolution in the classification, 
i.e. descent as well as modification serve as criteria for ordering. Order 
is estimated by some measure (gained by studying morphology) of overall 
genetic similarity. The second, the numerical taxonomy school (instigated by 
Michener, Sokal, and Sneath), developed simultaneously with the development 
of computer techniques and algorithms. lts aim was drafting objective 
algorithms to produce classifications based on overall phenetic similarity. 
The third school is phylogenetic systematics, which is accepted by the 
present author as representing the most suitable way of systematic thought 
presently available for (comparative) evolutionary biology. It is aimed at 
producing classifications on the basis of genealogy. 

The ideas of the German entomologist Hennig (1950, 1965, 1966) are 
generally considered the start of phylogenetic systematics as presently 
applied by an increasing number of systematists. Hennig convincingly 
demonstrated that only relative recency of common ancestry ('descent') can 
be unequivocally used as the criterion for reconstructing the order in the 
biotic world. Consequently, classifications should reflect the relative 
recency of common ancestry. At the same time, Hennig showed that there we re 
limitations of the concept of overall (genetic or phenetic) similarity. He 
recognized how to deal with similarity (viz. convergences, parallellisms, 
and synapomorphies), by showing that phylogeny implies similarity but that 
similarity does not imply phylogeny. His basic principles of phylogenetic 
analysis have been widely accepted, even by certain prominent 
representatives of other taxonomic schools (e.g. Mayr, 1974, 1982). The 
translation of his principles into a consistent methodology has led to 
dispute and controversy, which are unsurpassed in biology in the past 
decades. However, the discussions have been successful: viz. criteria, 
methods, and objectives for the recognition and ordering of patterns that 
have since developed (e.g. Eldredge & Cracraft, 1980; Wiley, 1981; Nelson & 
Platnick, 1981). 

These discussions so far have been mainly conducted by zoologists. 
Botanists were, and of ten still are (see Briggs & Walters, 1984), very 
SUSplC10US about, or even opposed to, phylogenetics as they considered 
pattern recognition in plants is hampered to much by hybridization. But, 
initiated by Wagner (1961, 1980), Koponen (1968), and especially Bremer & 
Wanntorp (1978) and Humphries (1981, 1982, 1983) a.o., botanists also become 
more and more interested in pattern analyses of intrinsic respectively 
extrinsic characters for testing phylogenetic hypotheses, as much as 
possible eliminating the role of a priori notions about processes governing 
evolutionary change (scenario elements), or other predisposition of whatever 
kind. 

4.1.4. Present state of affa;rs 

In an earlier work (Hennipman & Roos, 1982), it is tried to apply the 
phylogenetic methods in a strictly Hennigian manner, using a priori 
established transformation series. More recently, the authors' ideas about 
the basic tenets and the translation of the lat ter into an adequate 
methodology, implying transformations of characters to be less ad hoc, have 
changed. As initiated by Zandee (unpubl. ms.), the conviction grew on the 
authors that outgroup comparison needs a more precise definition. 
Transformation series are dictated by the cladogram a posteriori. Further, 
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it became clear that the current parsimony 
reconstructing phylogenies show a number 
culminated in the method developed by Zandee 
time here in its present state. An earlier 
(1984). 

and compatibility methods for 
of disadvantages. This has 

(1985), applied for the first 
version was applied in Geesink 

Character compatibility analysis (e.g. Meacham, 1981), one of the two 
different strategies for phylogeny reconstruction, appears very useful to 
systematists because it bases the construction of cladograms, and thus the 
recognition of taxa, on unique character states (i.e. on support only). 
However, it has been seriously and rightly criticized (e.g. Farris, 1983). 
The criticisms mainly pertain to the selection of characters by means of 
cliques in order to construct trees, while as a consequence, all other 
(incompatible) characters are ignored. 

Parsimony methods are advocated to generate hypotheses that minimize 
requirements for ad hoc hypotheses of homoplasy (Farris, 1983). The main 
disadvantage is the (practical) necessity to establish transformation series 
in advance. Moreover, as supporting character states are not of special 
relevance in generating and selecting cladograms, the different groups of 
taxa in the resulting cladograms are not necessarily defined by unique 
character states. The attitude towards unambiguous supporting character 
states, however, is dualistic, as support is still regarded relevant to 
judge the corroboration of cladograms (Riggins & Farris, 1983, p. 99). 

To overcome these disadvantages a method that is regarded an integration 
of both strategies mentioned is applied in the present study. It is based on 
the recognition of groups of taxa using unique character stat es, while all 
characters are used to select optimal cladograms from all those generated. 

The following account is a general outline of the basic tenets, 
assumptions, and operations of this method. Of particular importance is the 
fact that phylogeny reconstruction requires more characters in the analysis 
(at all structurally integratedion levels) than those necessary for the 
delimitation of species only. Furthermore, it is stressed that comparative 
evolutionary biology is aimed at evaluating general patterns of 
similarities, as only these may point to common historical developments. 
Apart from presenting an application of a new method for phylogeny 
reconstruction, this monograph is also meant to add to the discussions about 
the explicit role of comparative biology (and especially its central 
discipline: systematics) in the general development of theories about 
evolution. 

4.2. Ai.s of ca.parative evolutionary biology 

4.2.1. General 

The central paurpose of comparative evolutionary biology is the 
reconstruction of the historical development of the diversity in life-cycles 
(phylogeny) through the recognition of order in the observed character state 
patterns, leading to a classification reflecting phylogeny. Contrary to the 
view of Kalkman (1982), classification is not regarded here to be one of the 
two main systematic objectives, but it is regarded only as a corollary of 
the single objective of comparative evolutionary biology: the reconstruction 
of phylogeny. 

Logical starting-points and methods for comparing and ordering are 
fundamental to the ultimate aim of evolutionary biology, a synthesis in 
which all biological knowledge is placed in a hierarchy which reflects 
evolution. This synthesis (summarized in the scheme given in Fig. 4.2) 
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comprises the following phases: 

1. Form, Time, and Space: pattern analysis of intrinsic and extrinsic 
characters. This idea is developed by Croizat (1962) and formalized by 
Nelson & Platnick (1981). 
Form= by discontinuities separated groups of organisms with all their 
features throughout their life-cycle; morphology sensu lato. 
Time= the geological time scale 
Space= the ecological and geographical distribution 

2. the Dynamics of Form in Time and Space: process analysis of the patterns 
recognized. 
Process= the (cause of) dynamics and changes of Form in Space in 
ecological time 

3. Form and Function (Structure and Organization) in Time and Spa ce, 
related to fundamental biological and geographicall geological 
processes: pattern analysis of the intrinsic and extrinsic biotic and 
geophysical processes recognized. 
Function= the interaction of Form with the (internal and external) 
environment 

These three phases can be made into a scenario that integrates the 
biological, chemical, physical, and geological levels. Integration of 
correlated transformation series of intrinsic characters and trends of 
extrinsic characters may lead to the recognition of evolutionary strategies. 

4. the explanation of the scenario using thermodynamics, systems theory, 
and informatics. Regarded this way, biological entities are (parts of) 
semi-closed non-equilibrium systems in which irreversible energy and 
information streams exist (Bloch, 1984; Brooks & Wiley, 1986; Jantsch, 
1981; Prigogine & Stengers, 1984; Varela, 1979; Wiley & Brooks, 1982). 

4.2.2. Practice 

In practice, comparative evolutionary research mainly pays attention to 
phases 1 and 3 as circumscribed above. Wh en it is not aimed at contributing 
to phase 3, systematic research remains what it was (and still is for many 
biologists only familiar with flora's): a descriptive inventory. However, 
systematic research being independent of any detailed preconceived idea of 
evolution, should be the major premise for the derivation of test 
implications for postulated evolutionary processes. In other words, 
phylogeny reconstruction should proceed without a priori incorporation of 
scenariolike ideas. As such, it can provide for each postulated actual 
cladogenetic or anagenetic event (correlations in) patterns of intrinsic and 
extrinsic characters and processes that are necessary for testing which 
specific process actually took place. A description of the main research 
issues (which will be dealt with in detail in 4.4) is given below: 

Phase 1: 

-Intrinsic features 
Form 

The recognition of hierarchical patterns of similarities (the 
construction of cladograms) followed by the reconstruction of the phylogeny. 
The latter is based on selected patterns of special similarities supposed to 
indicate genealogical relations (cladogram selection; the search for and 
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evaLuation of general patterns in character state distributions). 

-Extrinsic features 
Form and Space 

The reconstruction of the history of 
distribution patterns of species based on 
construction of area- and eco-cLadograms. 

the present geographicaL 
seLected cLadograms by the 

Form and Time 
The anaLysis of the reLation between transformation 

consequences of the seLected cLadogram, and data invoLving a 
i.e. the ontogeny and stratigraphy. 

Form in Space · and Time 

series as 
time-factor, 

A synthesis of the foregoing three items, Leading to a phyLogenetic tree. 

Phase 3: 
Ihe search for an expLanation of the postuLated phyLogeny 

resuLt of evoLutionary and bioLogicaL processes in spa ce and 
intrinsic and extrinsic processes). 

4.3.1. Covering theory 

being the 
time (both 

EvoLutionary bioLogy concerns itseLf with unique entities (individuals at 
the species and organismic LeveLs) as weLL as unique events (speciations). 
In order to be abLe to reconstruct the phyLogeny it is necessary and 
sufficient to start from evoLution in the broadest sense, with a general 
rather than specific theory of des cent with modification (PLatnick, 1979; 
WiLey, 1975, 1981). Speciations are unique historicaL events that can be 
recognized and reconstructed if they are coup Led with observabLe and 
inheritabLe modifications (apomorphies or evoLutionary noveLties), or if the 
evoLution of apomorphies proceeds at a faster rate than speciations. These 
unique modifications coup Led with cLadogenesis resuLt in patterns of 
hierarchicaL order. In principLe (aLthough hybridization may cause 
disturbances), these patterns aLways suppLy the investigator with a means of 
reconstructing the phyLogeny, i.e. the historicaL sequence of speciations 
and character modifications, irrespective of when, how, and why these events 
have taken pLace (e.g. WiLey, L.c.). 

4.3.2. Rethod of ca.parison 

As (bioLogicaL) simiLarities and evoLutionary reLationships are non­
absoLute, systematic comparisons (incLuding the LeveLs of character 
anaLysis, evoLutionary processes, and aLL other phenomena) shouLd be 
threefoLd: it is onLy posibLe to make a statement about (1) A in comparison 
with (2) B with regard to (3) C within a system (A, B, C). At the same time 
assumptions are necessariLy made about A + B in comparison with C, and about 
A + B + C. The same hoLds for a statement about B in comparison with A with 
regard to C. In case both statements are vaLid within the chosen domain, it 
is possibLe to make a statement about the assumption on the next higher 
LeveL: A + B in comparison with C with regard to D. At the same time new 
assumptions are made: about A + B + C in comparison with D, and about A + B 
+ C + D. 

This is the reason why hypotheses about phyLogenetic reLationships can 
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only be relevant if they have the following formulation: cladon A is more 
related to cladon B then either of them is related to cladon C (with regard 
to cladon D; Fig. 4.1). In case of three clada, three of such 
(dichotomous) statements are possible. Each of these is called a 3-cladon­
statement. Together with the recognition of terminal clada, these statements 
are the basic units of phylogeny reconstruction (see e.g. Wiley, 1981) All 
problems regarding the reconstruction of phylogenetic relationships between 
species at each hierarchical level can be reduced to (the selection of the 
correct) 3-cladon-statements. When the statement that A and Bare mutually 
more related than one of them is to C cannot be rejected, A + B is a 
potentially holophyletic cladon at the next higher hierarchical level. It is 
noted that holophyly is inherently asymptotic. It is approached by rejecting 
non-holophyly, but it never can be ruled out that not all terminal taxa are 
known or involved. 

A cladon is a cladogenetic unit, which serves as a building block for 
cladogram construction. Clada and taxa have no particular rank assigned to 
them, but contrary to taxa, clada bear no name. As long as (name-bearing) 
taxa are involved in the analytical stage of cladogram construction, they 
also will be referred to as clada. When the cladistic analysis terminates 
with the selection of a phylogenetic tree and the stage of transcription of 
the tree into a classification is reached, some clada may turn up as taxa as 
they will have a rank assigned, and a name attached to them. Most of them, 
however, will only 'exist' in the analysis during the stage of cladogenesis 
reconstruction (Zandee, 1984). 

base 1 eve 1 
= ingroup (node) 

_ test 

A B c D 

= sistergroup (node) __________________ _ 
CJ next level I 

_ test 
{

base 1 evel • • assumption 

= outgroup (node) __________ _ 
CJ next-next 1 eve 1 1 
.. assumption 

(next level 0 1 assumption .. 

'---....... -~ 
(next-next 1 eve 10 -------t assumption. 

Triad A, B, C Triad A+B, C, D 

Two three-cladon-statements Fig. 4.1 

4.3.3. Test;ng hypotheses 

In both the cladistic and the biogeographic analyses as well as in the 
analyses at the level of speciations and constraints (i.e. the constraints 
in possibilities of originating evolutionary novelties due to the genotype, 
its morphological expression and the superimposed morphological 
integration), hypotheses should be tested by common, general patterns 
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(congruences: correlations) as only these may point to common causes. 
Essential to this activity is the search for and the judgement of 

similarities; differences being irrelevant. Only similarities (shared 
character states) can indicate common ancestry; differences cannot either 
contribute to or refute possible relationships. 

4.3.4. Outgroup ca.parison 

The assumption of holophyly for a cladon implies that some characters 
shared among its members are apomorphous. In order to be apomorphous, 
character states must follow the outgroup rule. In principle, every node 
in the hierarchy constitutes a sister group relation (adelpho taxa: Ax, 
1984) among clada. Every sequential pair of nodes constitutes a 3-cladon­
statement involving a sister group relation and its outgroup. Within each of 
all such 3-cladon-statements in the hierarchy, the outgroup rule applies. In 
other words, at each hierarchical level there is a clearly defined ingroup, 
sister group ('closest outgroup'), and outgroup ('next-closest outgroup'). 
Outgroup comparison has tobe applied in this local sense, i.e. confined to 
one 3-cladon-statement only, in order to preserve the notion of relativity 
in concepts such as apomorphy, holophyly, and homology. The outgroup of a 
particular 3-cladon-statement only serves to test the apomorphy of the 
character states present in all taxa of the ingroup, i.e. the states present 
in the basal node of the 'subtree' of the ingroup (Fig. 4.1). Applied in a 
global sense, the outgroup is also (mis)used to establish transformation 
series at lower hierarchical levels within the ingroup (to denote polarity 
of character states present in the terminal clada). In the latter sense, the 
notion of relativity in the concept of apomorphy is destroyed as it no 
longer applies to a single level of universality (unless the structure of 
the ingroup remains unsolved). As presently defined, a supporting character 
state of the ingroup represents an apomorphy, in case it is absent in both 
the sister- and the outgroup (see Chapter 6.4). 

4.3.5. Reciprocal illu.ination 

Character analyses for all ontogenetic stages lead to statements about 
similarities in character states, i.e. hypotheses about homologies 
(synapomorphies) based on morphological criteria (Wiley, 1981: p. 130). 
However, there is a discrepancy between the phylogenetic definition of 
homology and the morphological (sensu lato) recognition of homology. This 
leads to homology problems, which can only be solved by reciprocal 
illumination. Reciprocal illumination is the continuous and careful 
switching between subsequent phases of the research in order to improve both 
the data (hypotheses about homologies based on character analyses) af ter 
contradictory patterns in the preliminary results have been found, as well 
as the results (hypotheses about hierarchical patterns of special 
similarities) using the revised data. 

4.4. Research in general 

4.4.1. For. 

4.4.1.1. Character analyses of intrinsic characters 

Systematic results should in principle be based on character analyses 
carried out at all structurally integrated levels without a priori weighting 
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of characters. In practice this is difficult to achieve. In the present 
monograph, character analyses have been carried out at macroscopic, 
microscopic, and submicroscopic levels. The scope of the present study did 
not permit an analysis of characters at the molecular level. 

4.4.1.2. Cladograms 

The reconstruction of holophyletic groups (sensu Ashlock, see Holmes, 
1981) at each hierarchical level, characterized by the presence of unique 
common character states, is the basic principle of phylogenetic systematics 
(Hennig, 1965, 1966; Wiley, 1981; etc.). The reconstruction of the phylogeny 
starts with the construction of all possible patterns of hierarchical orders 
(cladograms) based on the given character state distributions in the data 
matrix. Only one of these cladograms can be the right one. The cladogram is 
the hypothesis about relative recency of common ancestry; from which 
homologies and transformation series can be read off, and the nature and 
historical sequence of the possible actual speciations can be interpreted. 

4.4.2. For. ;n Space 

Historical biogeography starts with the recognition of areas of endemism 
based on the distribution patterns of the species. This is followed by the 
transformation of postulated (species)cladograms into a diagram showing the 
cladistic relationships bet ween the distribution areas involved (described 
in terms of relevant areas of endemism; area-cladograms). Af ter comparison 
of large numbers of such area-cladograms, consensus trees can be drafted. 
These consensus trees are areagrams showing the common, identical parts (in 
parts) of the original area-cladograms. These congruencies, common 
distribution patterns, are regarded as the probable results of common 
(a)biotic causes (e.g. vicariance events are one possible explanation; 
Nelson & Platnick, 1981). The results should be interpreted using 
geographical and geological data leading to a synthesis with the earth 
sciences. Incongruencies point to unique biotic causes (e.g. dispersal), 
only relevant for the group of organisms involved. 

A further refinement of the historical biogeographical analysis seems 
possible to the author by comparative ecological research. In this case, 
ecological areas of endemism are to be recognized, and the 
(species)cladogram transformed into a eco-cladogram, showing the cladistic 
relations between the habitats involved. The assimilation of the data is 
similar to that of the area-cladograms. 

This view implies a hierarchical order in ecological systems. This is 
concordant with the views expressed in recent, general treatments of the 
hierarchical nature of the living world (Brooks, 1985; Salthe, 1985; 
Eldredge, 1985). 

Although a cladogram is a hierarchical classification of data upon which 
no (absolute) time factor is incorporated, it shows the sequences of 
character state modifications (i.e. a very specific relative time factor). A 
comparison of these transformation series with ontogenetic and stratigraphic 
series leads to the relation between ontogeny, paleontology, and phylogeny. 
This subject has not received much attention in botany. Especially regarding 
ferns, it should be mentioned that there is a great difference between the 
development of a frond or other organ and the development of an individual. 
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The first is called ontogeny and is a more or less continuous process. The 
second might be called heteroblastogeny, as it of ten shows conspicuous 
morphological discontinuities. This is especially manifest during the 
development of fern sporophytes in which the subsequent developed fronds are 
different. Therefore, regarding the development of ferns, the ideas of Von 
Baer seem more suitable than Haeckel's biogenetic law, as was concluded by 
Hennipman (1977). Furthermore, Hennipman dealt in detail with one of the 
most interesting phenomena in this respect, i.e. the significance of 
paedomorphosis for the orlgln of the enormous variation of forms and 
structures. Paedomorphosis comprises the three processes (neoteny, 
progenesis, and post-displacement) that lead to adult morphologies in 
descendants similar to juvenile morphologies in ancestors (Fink, 1982). 
Postulated phylogenetic relations implying incongruencies between 
transformation- and ontogenetic series, could be indicators of such 
processes. 

4.4.4. For. in Spa ce and Ti.e 

Synthesis of Form in Spa ce and Time (the foregoing items) is necessary 
to construct a phylogenetic tree, which ultimately might differ from a 
cladogram as follows: 

an absolute time scale is indicated; 
by definition situated horizontally 
the di stances between the subsequent 
be uniform throughout. 

therefore, not all terminal taxa are 
in one row at the top of the tree and 
branching points (nodes) need not to 

- ancestor-descendant relations are indicated; therefore, not all taxa are 
by definition situated terminallyon the branches; this means that the 
number of branching points will be reduced to the actual number of 
speciations (at least the number of recent species minus one). 

- it is also possible to indicate divergence; therefore, the angle between 
two branches of a branching point is not by definition uniform. 

In other words, the internal branches of a cladogram represent the 
hierarchical sequence of common possession of unique character states of 
terminal taxa and the branching points mark distinction between them; the 
terminal taxa do not necessarily represent species. On the other hand, the 
branches of a phylogenetic tree represent evolutionary species (see Chapter 
8) and the branching points denote actual speciations. 

The highest degree of resolution for hierarchical systems consists of 
dichotomies at all levels. However, it is possible that polytomies cannot be 
unambiguously resolved because of reticulate patterns of character state 
distributions. Such reticulate patterns might be interpreted as caused by 
hybridization. When polytomies remain due to a lack of supporting character 
states, this can be explained by multiple speciations or by the presence of 
ancestors. 

Correlations between common patterns allows for the formulation of 
speciation models. For example, common geographic patterns in sistergroup 
relations are useful to postulate geographic speciation models (Wiley, 
1981). 

4.4.5. Phase 3 

The cladogram shows the phylogenetic importance of character states at 
all integration levels (e.g. high and low burden characters: Riedl, 1978). 
The phylogenetic tree allows for the formulation of test implications for 
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specific speciation modeLs based on (onto)genetic processes. A 
the phyLogenetic tree information with (onto)genetic data may 
deveLopment of new speciation modeLs. Based on postuLated 
reLations, the historicaL deveLopment of the present 
distributions and habitats can be reconstructed. 

synthesis of 
Lead to the 
phyLogenetic 

patterns in 

The resuLts can be refined and extended by making comparative studies of 
the autecoLogylecophysioLogy of the species of seLected 3-taxon-statements. 
EcophysioLogy and autecoLogy are concerned with phenomena that exist at the 
interface of intrinsic and extrinsic characters/processes respectiveLy, i.e. 
they are the turning point between intrinsic and extrinsic features (Like 
species are the crux in another context, i.e. (macro)evoLution and 
microevoLution, evoLution and ecoLogy, comparative and general bioLogy, 
etc.) Such research gives the opportunity to indicate the reLation between 
form and function, in other words, the reLation between patterns and 
transformation series of intrinsic characters, and differences and 
simiLarities of extrinsic characters. As aresult, ecoLogicaL strategies and 
changes in habitat may be reLated to phyLogenetic events, Leading to the 
formuLation of test impLications for hypotheses about competition, 
selection, adaptation, and constraints. Synthesis of the resuLts, and 
genetic and popuLation bioLogicaL processes may Lead to the formuLation of 
new hypotheses of speciation processes. 

4.5. Sche.e 

It is stated here that scientific inquiry proceeds according to the 
foLLowing sequence (for simpLicity's sake, the steps comprising starting 
points and reciprocaL iLLumination are omitted): 

observations--~ pattern recognition--~ ordering--~ time-factor--~ cause 
Based on seLected observations, patterns can be recognized. SeLected 
patterns suppLy a means of ordering the observed phenomena. This order is 
interpreted as having deveLoped in time. We may then expLore the mechanisms 
that cause these patterns. This hoLds for the reconstruction of phyLogenies 
as weLL as for anaLyses of bioLogicaL processes. 

Fig. 4.2 provides a scheme of evoLutionary bioLogy, summarlslng the 
research program as set forth in this chapter. Some important feedbacks are 
incLuded. Starting from observations on individuaL organisms, which are then 
ordered into de mes and species, patterns within intrinsic and extrinsic 
characters are searched. These patterns can be ordered according to their 
distribution in a hoLophyLetic group (--~ cLadogram), or according to their 
distribution in time in one individuaL organism, deme, or species (--~ 
process). The processes in turn are characters to be incorporated in the 
data matrix used for the construction of cLadograms. Via reciprocaL 
iLLumination, these patterns and processes are necessary to test the 
preLiminary species hypotheses. 

Observations on extrinsic characters, are used either to describe 
ecoLogicaL, stratigraphicaL, or biogeographicaL distributions, or to search 
for patterns that are ordered in time to postuLate (aut)ecoLogicaL 
processes. The postuLated phyLogenetic reLationships are necessary to search 
for patterns in the distribution of extrinsic characters, Leading to a 
phyLogenetic tree. The phyLogenetic tree can provide eLements for test 
impLications of both extrinsic and intrinsic (evoLutionary) processes (or 
restrictions for the processes to be investigated). The integration of the 
phyLogenetic tree with intrinsic and extrinsic processes, incorporating 
information of, for exampLe, the earth sciences, Leads to the postuLation of 
a scenario. General patterns in scenario's might be the resuLt of 
strategies, and integration with thermodynamics, and systems and information 
theory wiLL eventuaLLy Lead to an overaLL theory of evoLution. 
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5. INTRINSIC CHARACTERS OF THE DRYNARIOIDEAE 

5.1. Introduction 

Character anaLyses were carried out af ter terminaL cLada were recognized. 
As much as possibLe, these anaLyses continued without a priori knowLedge 
concerning the present knowLedge of the group regarding systematics, 
morphoLogy, anatomy, etc., in order to avoid prejudice. Afterwards, 
information from Literature was incorporated and compared to the data 
coLLected. Starting from this point, the characters were seLected for the 
anaLyses af ter screening and comparing the terminaL cLada. UnLike 
traditionaL routine, the different character states (and their 
distribution), and not the species, have been described first. 

The character anaLyses resuLted in the recognition of 557 character 
states distributed over 176 characters (Appendix 1). The distribution of the 
different states over the terminaL cLada is given in Appendix 2. For each 
character state, the absence or presence in each species is encoded as a '0' 
or a '1' respectiveLy. Characters with a continuous range are arbitrariLy 
divided into separate states so as to represent optimaLLy the observed dis­
continuities within the group. In case of characters with a meristic range, 
each vaLue is usuaLLy treated as a separate character state. Sometimes, the 
combination of two vaLues is regarded to represent a different character 
state (e.g. state no. 38). QuaLitative and quantitative characters showing 
onLy two states are of course easiLy transcribed into a 1/0 representation 
with both stat es represented separateLy. The same has been done in case a 
character (state) is either present or absent within a terminaL cLadon. When 
a species shows variation as to a character, i.e. more states are found in 
one species, the presence of each state is coded separateLy. Of ten, 
character states have been deLimitated because of the extremes being 
distinct; confusing intermediates are scored for both extremes. When the 
state present in a species is unknown, aLL states regarded reLevant are 
scored (i.e. those of the presumed cLosest reLatives). 

In the present pubLication there is a hierarchicaL difference onLy 
between character and character state. Various expressions of a certain 
character are called character states. Within these states, again various 
expressions can exist. In this case, the character state is a character at 
the next Lower LeveL and the various expressions are character states (see 
ELdredge & Cracraft, 1980; for a different opinion see Jardine, 1969, and 
CoLLess, 1985). 

The characters seLected for extensive study pertain mainLy to mature 
sporophytes. These are the rhizome, incLuding anatomy; the rhizome scaLes; 
the fronds, incLuding venation and sori; the indument of the frond incLuding 
scaLes, hairs, paraphyses, sporangiasters, and sporangiaL trichomes; the 
anatomy of rhachis/costa and of fertiLe and steriLe pinnae, incLuding 
nectaries and abcission Layers; the sporangia; and the uLtrastructure of the 
spores. 

The different states recognized are described below. The numbers of the 
terminaL cLada refer to the numbers given in TabLe 5.1. Their sequence has 
been estabLished according to preLiminary intuitive ideas about possibLe 
groups earLy during the study. The numbers of the character states refers to 
the numbers of Appendices 1 and 2. Appendix 1 Lists the character states, 
and Appendix 2 provides the compLete data matrix (the originaL data matrix 
on which the cLadistic anaLysis is based). The sequence of the character 
states in these two tables is more or Less ad hoc, whereas the present 
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chapter follows the traditional descriptive sequence. 
Transformation series are presented for each character. It should be 

noted that these series are read off from the chosen cladogram (Fig. 7.43) 
using local outgroup comparison. Thus, we find in this chapter a combination 
of the a priori ('neutral') delimitation of character stat es and the a 
posteriori established transformation series (which are the result of the 
cladistic analysis as described in full detail in Chapter 7). For each 
character state, when regarded apomorphous, the number of homoplasies 
implied by cladogram 7.43 is given in Table 7.5. Table 7.4 shows the most 
important apomorphies as read off from the cladogram. The transformation 
series given are generalized, i.e. reversals and deviating autapomorphies 
are usually omitted. Plausible sister groups are groups of Polypodiaceae 
that are eligible to represent the sister group of the drynarioids according 
to character state distributions known so far within the family (see Chapter 
8.4). Character state and condition are used as synonyms. 

---------------------------------------------------------------
Terminal clada 

1. Drynaria sparsisora 17. Aglaomorpha x leporella 
2. D. quercifolia 18. A. brooksii 
3. D. boni i 19. A. splendens 
4. D. involuta 20. A. novoguineensis Gibbs 5970 
5. D. descensa 21. A. novoguineensis 
6. D. laurentii 22. A. cornucopia 
7. D. volkensii 23. A. coronans 
8. D. willdenowii 24. A. heraclea 
9. D. pleuridioides 25. A. meyeniana 
10. D. rigidula 26. A. drynarioides 
11. D. propinqua 27. A. speciosa 
12. D. parishii 28. A. latipinna 
13. D. delavayi 29. A. pilosa 
14. D. sinica 30. A. hieronymi 
15. D. moll i s 31. A. parkinsonii 
16. D. fortunei 32. A. nectarifera 

Table 5.1 
1---------------------------------------------------------------

5.2. RhizOlie 

The rhizome is stout, long-creeping, more or less frequently branched, 
cylindrical or rarely dorsoventrally flattened (species no. 1), densely set 
with conspicuous orange to dark-brown persistent scales. Two species (i.e. 
nos 10 and 27), have scales that break off relatively easy, associated with 
the rhizome being covered with a distinct whitish wax layer. The fronds are 
always inserted in two alternating rows situated dorsallyon the rhizome. 
Chandra (1982a) stat es that the fronds of Aglaomorpha except for species no. 
27 are arranged in one row, which is not confirmed here. 

The ground tissue of the rhizome in the drynarioids is parenchymatous 
with a relatively complex perforated dictyostele comprising 10 to up to ca. 
100 vascular bundles, which are bicollateral and mesarch, either surrounded 
by a bundle sheath or not so. Specialized structures in the ground tissue 
are generally lacking; two species show sclerenchymatous strands. 
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5.2.1. ~rphoLogy 

Diameter (character state nos. 374--377) 
The diameter of the rhizome when living is usually greater than when 

dried. Measurements are taken from living plants when available, otherwise 
measurements of dried specimens are extrapolated. The drynarioid species 
strikingly differ as regards rhizome diameter. In spite of overlap, four 
different stat es are recognized. The majority of the species have rhizome 
diameters of 1--2 cm (state no. 375), though many of them have a wider 
range. Especially species nos. 1, 2, and 6 show much variation, the 
rhizomes sometimes being more than 3 cm across. Therefore, in Drynaria no 
disjunction is present. In Aglaomorpha, the rhizomes of species nos. 27--31 
never exceed 2 cm across, whereas species nos. 21 and 22 usually vary around 
2--2.5 cm. Species nos. 17--19 and 23--26 are deviating, their rhizomes 
being usually 3--4 cm (or more) across. Only juveniles and ill-developed 
specimens may show thinner rhizomes. 

Transformation series: 375 + 376---~377 
\--~374 

The two apomorphous states show two parallellisms each. 

Growth habit (character state nos. 416--420) 
Based on observations on several species in the wild (Roos, 1984: Fig. 1) 

and on cultivated plants in the botanic gardens at Utrecht, five different 
types of growth habits are recognized. The growth habits are clear cut, 
which makes it (usually) possible to include additional data (literature, 
photographs taken from the wild). Data concerning species nos. 9 and 18 only 
are lacking. 

The majority of the species either climbs vertical-spirally up the bole 
of the host tree, or creeps horizontally over long di stances on rocks (state 
no. 417). Within Aglaomorpha, this character state is subdivided into two 
different types. One type concerns plants loosely attached to the substratum 
having a more winding appearance (state no. 419). The other concerns plants 
regularly spirally climbing, firmly attached to the bark (state no. 420), 
the shell-shaped dilated frond bases forming individual humus collecting 
baskets (character state no. 431). Eventually, this condition is regarded 
structurally similar to state no. 417. A specimen of species no. 2, 
cultivated at the botanic gardens, Utrecht, showed base fronds with a 
similar growth habit as the fronds of species no. 21. 

The rhizome of the other Aglaomorpha species (i.e. species nos. 17--19 
and 23--26) encircles the bole of the host tree horizontally only once 
(rarely twice), firmly attached to the bark. The dilated frond bases are 
overlapping, together forming a closed ring-shaped basket around the trunk 
(state no. 418); inferred in species no. 18 in view of its similar overall 
morphology compared to these large-sized Aglaomorpha species. 

Within Drynaria two different growth habits occur. Most species show 
state no. 417, two species (nos. 8 and 10) are unique in possessing state 
no. 416. Their rhizomes encircle the bole of its host tree many times 
+horizontally (only the first few times adpressed to the substratum), 
forming a hu ge cluster of rhizomes, or she creeps on rocks, branched many 
times and forming a kind of crust. Species no. 6 is observed to show some 
variation. It usually climbs spirally (state no. 417; e.g. Johansson, 1974: 
Fig. 88), but sometimes it tends to encircle the tree trunk horizontally 
several times (Johansson, 1974: Fig. 73) giving it the appearance of state 
no. 416. Species no. 9 is scored for both states nos. 416 and 417 as no data 
are available and no auxiliary argumentation is plausible to infer its 
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growth habit. 

Transformation series 
1---(420)--~ 419 

417---~ 416 
\--~ 418 

State no. 416 shows two parallellisms. 

PhyLLopodia (character state nos. 425, 426) - PLate 8 
The presence of weLL-deveLoped phyLLopodia is an characteristic feature 

of species no. 22 ( and no. 32). The phyLLopodia are stout side branches of 
the rhizome, bearing a frond at its apex. MorphoLogicaL and anatomicaL, they 
are simiLar to the rhizome, except for the vascuLar bundLes being arranged 
in a compLete circLe without protrusions or invaginations. A juveniLe pLant 
of species no. 22 cuLtivated in the botanic gardens at Utrecht, shows fronds 
inserted in two rows dorsallyon the rhizome, the phyLLopodia graduaLLy 
increasing in size during the ontogeny (cf. GoebeL, 1928, note to p. 122). 

Transformation series: 426---~ 425 

Insertion of fronds (character state nos. 421, 422) 
The greater part of the species have persistent (foLiage and/or base) 

fronds inserted Less than 10 cm apart. The compLementary condition is fronds 
inserted more than (10--)15 cm apart, in AgLaomorpha species usuaLLy more 
than 25 cm. Species no. 12 is unique in Drynaria, showing state no. 422 and 
the fronds being 10--18 cm apart. Other Drynaria species show a number of 
fronds inserted cLose to each other onLy near the rhizome apex, most fronds 
on oLder parts of the rhizome having decayed (e.g. species no. 11). 

Transformation series: 421---~ 422 

Treated separateLy, the transformation series of AgLaomorpha and Drynaria 
are conflicting. In the first series state no. 421 ;s apomorphous and ;n the 
Latter state no. 422. Outgroup comparison with a number of possibLe sister 
groups of the drynarioids, shows that state no. 422 is apomorphous within 
the subfamiLy. This stiLL Leads to two equaLLy parsimonious hypotheses 
(impLying 3 homopLasies). Either state no. 422 deveLoped three times 
independentLy (in species no. 12, nos 20--22, and nos. 27--31), or it 
deveLoped two times (in species no. 12 and in AgLaomorpha) foLLowed by a 
reversaL (in species nos. 17--19 and 23--26). The presence of state no. 422 
in species no. 12 is correLated with the absence of base fronds. 

Position of base fronds (character state nos. 427--429) 
This character pertains to Drynaria onLy. Three different character 

stat es are recognized, aLthough the species show variation. Contiguous base 
fronds are erect, usuaLLy adpressed to the substratum. Spreading base fronds 
are obLiqueLy erect, Leaving open space bet ween the adaxiaL side and the 
substratum (when growing epiphytic). In case adjacent base fronds are 
overLapping and + adpressed to each other, they are called imbricate. The 
compLete transformation series couLd not be estabLished, but it shouLd 
comprise combinations of two or three states. The poLarity of state no. 427 
is undetermined, whereas state nos. 428 and 429 are pLesiomorphous. 

Position of fronds with diLated bases (character state nos. 430, 431) 
The two character stat es are cLearLy distinct, which is correLated to 

differences in e.g. growth habit. 

Transformation series: 430---~431 
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When Aglaomorpha is taken as a closed system (Wiley, 1981), both states have 
to be regarded apomorphous. However, the imbricate basal parts are regarded 
homologous to imbricate base fronds in Drynaria (state no. 429) and 
therefore regarded plesiomorphous. 

Persistent, glabrous rhachises (character state nos. 423, 424) 
When fronds die, the articulated pinnae may fall off. This phenomenon has 

been mainly observed in a number of Drynaria species, and is a striking 
feature in the pinnate species no. 10, and also in the pinnatipartite 
species no. 8. This state is rarely reported from Aglaomorpha species. The 
present author observed it only once in species no. 21. However, in species 
with a well-developed internal dimorphism the entire fertile part of the 
fronds breaks off, as a rule. 

Transformation series: 424---~ 423 

5.2.2. Anato.y 

A general outline of the anatomy of Polypodiaceae is given by Ogura 
(1972), whereas Chandra (1982b) provides a detailed though not very accurate 
study of the rhizome anatomy of the Drynarioideae. 

Stele (character state nos. 385--389) - Fig. 5.1 
~ve different states of the stele are recognized. The common condition 
found is the perforated dictyostele (Ogura, 1972, p. 390; Schmid, 1982, p. 
863; state no. 385), rounded or slightly elliptical in cross-section. Dorso­
laterally, they show a more or less conspicuous protrusion, leading to a 
leaf trace. Such protrusions are not found in the species illustrated by 
Ogura (1972, Fig. 438) and only occasionally in other species of the 
Polypodiaceae (Hoek, pers. comm.). This state is already present in juvenile 
plants. It is retained in mature plants of the majority of the species 
except in species nos. 17--19 and 23--26 and in species nos. 21 and 22 p.p. 
In the latter, large-sized Aglaomorpha species the perforated dictyostele 
transforms into the 'drynariopsis' stele type (Ogura, 1972, p. 390, Fig. 
68, 440; = polycyclic dictyostele, Schmid, 1982, p. 864) during ontogeny. 
The 'drynariopsis' stele type (state no. 387) is very complex, comprising 
numerous vascular bundles. These vascular bundles form a conspicuous dorsal 
protrusion at both sides marked by pronounced invaginations. These 
invaginations may increase in size, reaching each ot her, which results in a 
dorsal circle and ventrolateral anchor-like ring. The latter may produce 
extensions surrounding the dorsal circle (state no. 388). The position of 
the dorsal protrusions at both lateral sides of the medial axis, indicate 
that the fronds are inserted in two rows, which confirms the observations on 
living plants. 

In relatively thick rhizomes of e.g. species nos. 1, 2, 27, and 28, the 
dorsal protrusion might be enclosed by a ring of vascular bundles This 
condition, especially well-developed in species nos 1 and 2, represents a 
polycyclic dictyostele according to Schmid (1982) However, it is presently 
regarded a different character state (no. 386). 

Species no. 25 shows variation as to the stele. The most common state is 
no. 387, but fertile specimens rarely posses a different state (no. 389) 
with almost ad random distributed vascular bundles. 

Transformation series: 385 + 386---~ 387 + 388 
\--~ 389 

The combination of state nos. 387 and 388 is apomorphous and of nos. 385 and 
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386 plesiomorphous. 

Number of vascular bundles in cross-section (character state nos. 378--382) 
This metrical character has been divided into five states, which are 

recognized for convenience. The rhizomes of mature drynarioids contain more 
than 10 vascular bundles. Species with relatively slender rhizomes, 
generally have 10--20 (rarely more) bundles. Large-sized rhizomes of species 
nos. 1 and 2 have more than 40 vascular bundles, whereas those of the giant 
Aglaomorpha species of ten contain up to 100 vascular bundles. 

Transformation series: 380---~ 381---~ 382 
\--~ 379---~ 378 

The transformation series is rather difficult to establish, several 
homoplasies have to be assumed. For example, no. 378 is parallel developed 
in species no. 11 and nos. 30 + 31; no. 380 is homoplasic in species no. 15 
via reversal of no. 379. 

Auxiliary vascular bundles (character state nos. 383, 384) 
Apart from the vascular bundles comprising the stele, a number of species 

show a relatively vast number of auxiliary vascular (root?) bundles in the 
cortex around the stele. They are found scattered throughout the cortex, or 
mainly dorsally (no. 383), or exclusively ventrally (no. 384). These states 
are not regarded mutually structurally different, possibly related to the 
position of the cross-section and the size of the rhizome. 

Transformation series: 383---~ 384 

Relative size of vascular bundles (character state nos. 414, 415) 
In most species the vascular bundles comprising the stele are all + 

equally sized. However, in a number of species the + 4 vascular bundles 
forming the dorsal protrusion are larger than the others. The two states are 
usually quite distinct, although sometimes intermediates are found. 

Transformation series: 415---~ 414 (Aglaomorpha) 

414---~ 415 (Drynaria) 

Local outgroup comparison leads to conflicting transformation series in the 
two genera. State no. 415 is assumed to represent the plesiomorphous 
condition in the Polypodiaceae (using global outgroup comparison: Hennipman, 
pers. comm.). Therefore, the transformation series in the Drynarioideae 
might be conform to the one given for Aglaomorpha, implying a reversal in 
Drynaria. However, a definitive transformation series can be established 
using local outgroup comparison. 

Bundle sheath (character state nos. 390--392) - Fig. 5.2 
The vascular bundles might be enclosed by bundle sheaths, which consist 

of surrounding parenchyma cells with deposits (of phlobaphene, a substance 
derived by the composition of tannin; Chandra, 1982b) on the inner 
tangential and the radial cell walls. The inner tangential wall becomes 
thickened first, followed by the radial walls. 

In the greater part of the species, bundle sheaths are absent from the 
rhizome or only ill-developed (in the inner tangential wall). Theyare a 
striking feature of species nos. 27--31, the deposits of ten filling almost 
the whole cell lumen. 
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Transformation series: 390---~ 391---~ 392 
\-----~-----I 

The number of homoplasies implied is high, four for state no. 392, and five 
for no. 391. 

Colour of bundle sheath (character state nos. 393--395) 
The bundle sheath is usually blue-, sometimes red-coloured af ter 

staining. This differnece is empirical. Most strikingly in well-developed 
bundle sheaths, the blue colour gradually turns to dark brownish during 
maturation. 

Transformation series: 393---~ 394 
\--~ 395 

Shape of the epidermal cells (character state nos. 396--398) - Fig. 5.2 
As regards the shape of the epidermis cells, three different states are 

recognized, using length/width ratios. Although the extremes are distinct, 
species show variation and intermediates are of ten found. Therefore, the 
states are not regarded to be structurally different. 

Transformation series: 397---~ 396 
\--~ 398 

Both apomorphous states show many homoplasies. 

Number of epidermis cells per adjacent cortex cell (character state nos. 
399--402) 

This character is correlated with the shape of the epidermal cells. The 
species show much variation. A transformation series cannot be established. 

Cuticle (character state nos. 410--413) 
A cuticle is generally almost absent or inconspicuous. 

a more distinct cuticle. As a rule, it is hyaline, but it 
red-coloured when stained. Due to intermediate conditions 
variation, this character is very difficult to interpret. 
series cannot be established. 

Some species show 
might be slightly 
and infraspecific 

A transformation 

Sclerenchyma strands (character state nos. 407--408) - Fig. 5.2 
Generally, the ground tissue of the rhizome parenchymatous throughout. 

Two species (nos. 8 and 10) are unique, possessing numerous conspicuous 
sclerenchymatous strands scattered throughout the ground tissue. These 
strands comprise 2--~10 cells, the cell walls of which are extremely 
thickened and dark brown-coloured, almost filling the whole cell lumen. Few 
species have sclerenchymatous cells medially in the basal part of roots. 

Transformation series: 409---~ 407 
\--~ 408 

Insertion of scales (character state nos. 403, 404) 
Most species have the rhizome scales inserted in small, cup-shaped 

invaginations. Three species are unique, having the scales inserted on small 
protrusions of the rhizome instead. 

Transformation series: 403---~ 404 
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5.3. Rh;zoae scales 

The rhizome scales of the drynarioid species show much variation as to 
shape, attachment, morphology, and marginal indument. In general, the scales 
are very densely set throughout the rhizome, at least being persistent 
although apical and marginal parts might break off. Species nos. 10 and 27 
seem to have more or less deciduous scales. The scales are shortly stalked, 
the stalk being funnel-shaped, 1 or more cel led. They are opaque, with a one 
cell-layer thick marginal zone and an of ten several cell-layers thick medial 
zone. During ontogeny, the scales start with being hyaline, then the cell 
walls become lignified, turning the scales to opaque. 

Exposition (character state nos. 541--543) - Plate 10 
Around the point of attachment, the scales are + adpressed to the 

rhizome. In most species, the upper part is irregularTy oblique spreading. 
Species nos. 1 + 3--5 are unique, the upper part of the scales being spread 
perpendicular to the rhizome. In other species, the entire scale is 
adpressed to the rhizome, most conspicuously in species nos. 11 + 12, and 
nos 28--31. 

Transformation series: 542---~ 541 
\--~ 543 

Shape (character state nos. 513--517) - Fig. 5.2 
---r1ve different stat es are delineated as regards the shape of the rhizome 
scales.. Rounded scales are found in species 1 + 3--5 (and no. 32). Species 
no. 22 also shows scales rounded in outline, but these are unique, being 
cone-shaped (state no. 517). Apart from rounded scales, species nos. 1 + 
3--5 have spathulate scales also, the broad basal part of which is rounded, 
the apical part spine-like. This state is also present in species no. 7, 
whereas it is ill-developed in species nos. 24 and 17. Triangular-ovate 
scales are present in all species (probably except species no. 32). In many 
of these species, also elongated, linear-filiform scales occur. 

I--~ 513 
Transformation series: 514 + 515---~ 514 

I\--~ 516 
\--~ 517 

States nos. 514 and 515 are both plesiomorphous in the drynarioids. However, 
the sole occurrence of no. 514 is an apomorphy showing 4 homoplasies. 

Dimorphism (character state nos. 552, 553) 
Although the scales of all species show variation as to the shape, they 

are usually of one kind only. Species nos. 1 + 3--5 are characterized by two 
kinds of scales, distinctly shaped. They show rounded scales adpressed to 
the rhizome (rarely with a short triangular apical part), covered by 
spathulate scales of which the basal part is adpressed. 

Transformation series: 552---~ 553 

Attachment (character state nos. 509--512) - Fig. 5.2 
Four different types of attachment are distinguished. The difference 

between state nos. 509 and 510 pertains to the auricles which are 
overlapping in state no. 510, or separated or absent in state no. 509. These 
states are common in Aglaomorpha. Pseudopeltate scales with long auricles 
are characteristic for species nos. 27--30. Typically peltate scales are 
found in one Aglaomorpha species only (no. 31), whereas it is the commonest 
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state in Drynaria. 

�-----~-----\ 
Transformation series: 512---~ 511---~ 510---~ 509 

\-----------~--------I 

511---~ 510---~ 509 (AgLaomorpha) 
\-----~-----I 

512---~ 509 + 510 (Drynaria) 
\--~ 509 

Treating the drynarioids as a cLosed system, the transformation series of 
both genera apart cannot be combined. However, as aLL pLausibLe sister 
groups have peLtate scaLes (state no. 512), the apomorphy of the first 
branch within the Drynarioideae is the presence of state no. 511 and the 
compLete transformat;on can be series estabLished. Species no. 31 shows a 
reversal. 

Length (character state nos. 518--520) 
~aiLed measurements of the Length of the rhizome scaLes Led to the 
recognition of three different states, aLthough the species show variation 
and overLap in this character. Generally, the scaLes measure up to 14 mm in 
Length. ScaLes not (or onLy rareLy) exceeding 7 mm in Length, occur in 
species nos. 4 + 5, 11 + 12, and 28--31. Large-sized species Like e.g. nos. 
2, 8, and 18 + 19 + 24 have Long scaLes, up to 22 mm or more. 

Transformation series: 518 + 519---~ 518 
\--~ 519 + 520 

Both state nos. 518 and 519 are pLesiomorphous, whereas the soLe presence of 
no. 518 is an apomorphy. The Latter condition is paraLLeL deveLoped in 
species nos. 11 + 12, nos. 4 + 5, no. 22, and nos. 28--31. 

Index (character state nos. 521--524) 
---rhe majority of the species shows scaLes with an index up to 10. Some 
species are characterized by the presence of reLativeLy broad scaLes, i.e. 
index up to 4, e.g. species nos. 4, 11 + 12, and 22 (+ 32). The index of the 
scaLes of species no. 29 rareLy exceeds 4, whereas that of species species 
nos. 3, 4, 28, and 30 + 31 ranges up to 6 (rareLy 7). Linear or fiLiform 
scaLes, index ~16 (up to 40), are common in Large-sized drynarioids, e.g. 
species nos. 2, 8, and 23--26. 

As regards species no. 8, the few herbarium coLLections avaiLabLe may 
indicate that specimens from Madagascar have reLativeLy short and broad 
scaLes (Length: 4--8 mm, index: 3--6), whereas the specimens of the Comores 
and Mascarenes show Long and narrow scaLes (Length: 7--22 mm, index: 7--25). 

Transformation series: 523 + 522---~ 521 
\--~ 524 

The transformation series is difficuLt to estabLish, numerous homoplasies 
being implied. For exampLe, state no. 524, shows 8 homoplasies incLuding 3 
reversals. 

CoLour (character state nos. 405, 406) 
~ rhizome scaLes show differences in coLour when stained, 
either bLue (characteristic for species nos 8 + 9, and 13--15) or 
This difference is empericaL, but possibLy correLated to the age 
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scaLes. 

Transformation series: 405---. 406 

Margin (character state nos. 527--530) - Fig. 5.2; PLate 6 
----I-n- one species (no. 21), the mediaL part of the scaLes are 
characteristicaLLy dark-coLoured, usuaLLy conspicuousLy contrasting with the 
Light-coLoured marginaL zone. The narrow marginaL zone consists of ceLLs 
with + hyaLine pericLinaL ceLL waLLs and somewhat thickened and brownish 
anticLTnaL waLLs, giving it a sLightLy cLathrate appearance. In oLd scaLes, 
the pericLinaL ceLL waLLs turn brownish. This retainment of hyaLine ceLL 
waLLs is an autapomorphy of this species. 

The Largest diversity is found in the marginaL indument, incLuding 
protrusions and gLanduLar trichomes. Apart from the gLanduLar trichomes 
deaLt with below, three distinct states of protrusions of the apicaL and/or 
basaL tip of marginaL ceLLs have been deLimitated. State no. 528 represents 
teeth which are short, having a stiff appearance. The other two states 
represent eLongated and sLender protuberances, either being somewhat (no. 
529) or far (no. 530) Longer than the marginaL ceLLs. 

In the greater part of the species, the margin of the scaLe is toothed. 
Short protuberances are present in a number of species, whereas Long 
protuberances are characteristic for species nos. 10--12 and nos. 28--30. 
Species no. 22 is unique, Lacking distinct marginaL protrusions associated 
with the deviating 3-dimensionaL scaLe morphoLogy. 

Transformation series: 528---. 530---. 529 
\-----.-----1 

The expected transformation of 528---. 529---. 530 is not confirmed by the 
cLadogram. 

MarginaL protrusions (character state nos. 531, 532) - Fig. 5.2; PLate 6 
The teeth and protuberances can be either uniseriate, formed by 

protrusions of the apicaL tip of marginaL ceLLs, or biseriate, formed by 
protrusions of the apicaL and basaL tips of adjacent marginaL ceLLs. The 
biseriate condition is found in most of the species, the uniseriate 
condition being characteristic for species nos. 6 (teeth) and 10--12 (Long 
protuberances). 

Transformation series: 532---. 531 

Apex of marginaL protrusions (character state nos. 533, 534) 
The apex of the marginaL protrusions is either rounded or T-shaped. In 

case the protrusions are uniseriate, the apices are aLways rounded. When 
they are biseriate, the apex is rounded when the two composing ceLLs are 
united up to the tip. If not, the apex is T-shaped. For exampLe, Long 
biseriate protuberances are onLy united near the base and the apex shows the 
Latter state. 

Transformation series: 533---. 534 

Length in ceLLs of marginaL protrusions (character state nos. 539, 540) 
In aLmost aLL species, the teeth or protuberances are one ceLL Long onLy. 

In a few species (especiaLLy species no. 6) the protuberances are of ten two 
or more ceLLs Long. 

Transformation series: 539---. 540 

42 



GLanduLar indument (character state nos. 535, 536) 
GLanduLar trichomes aLong the scaLe margin are observed in aLmost aLL 

species except two. However, within the drynarioids the difference bet ween 
absence and presence of gLanduLar marginaL trichomes in fuLL-grown scaLes is 
not that absoLute as it Looks Like. This character depends on the age of the 
scaLe. In young deveLoping scaLes of species nos. 24 and 26, numerous 
gLanduLar trichomes are present, whereas in fuLL grown scaLes they are onLy 
occasionaLLy found. Furthermore, infraspecific differences are observed, 
gLanduLar hairs being aLmost absent to denseLy set. 

Transformation series: 536---~ 535 

Position of gLanduLar indument (character state nos. 537, 538) 
Intermediates are present between the two states recognized. In general, 

gLanduLar trichomes can be found scattered aLL over the scaLe margin, though 
most denseLy set in the basaL part. 

Transformation series: 538---~ 537 

Length in ceLLs of gLanduLar trichomes (character state nos. 544--546) 
CommonLy,the trichomes are 1 or 2 ceLLs Long. Few species occasionaLLy 

show trichomes that are 3 or more ceLLs in Length. 

Transformation series: 544 + 545---~ 546 

ApicaL gLanduLar trichome (character state nos. 525, 526) 
The scaLes of species nos. 27--31 have a denseLy hairy apex. They are 

unique in Lacking a distinct apicaL gLanduLar trichome, present in aLL other 
drynarioids and its pLausibLe sister groups. 

Transformation series: 525---~ 526 

Insertion of scaLe indument (character state nos. 547, 548) 
Teeth, protuberances, and gLanduLar trichomes are marginaLLy inserted in 

aLL species. However, few species have the indument inserted on the abaxiaL 
scaLe side as weLL. This condition is best-deveLoped in species no. 1, but 
aLso characteristic for species nos. 18 + 19 + 24. 

Transformation series: 547---~ 548 

Lignified ceLL waLLs (character state nos. 549--551) -PLate8, 10 
During maturation, the ceLL waLLs in the scaLe become graduaLLy 

impregnated with Lignine, turning it from hyaLine to brownish. The 
anticLinaL waLLs may be the first to be impregnated, giving the scaLe a 
cLathrate appearance (e.g. species no. 26). They turn to opaque Later on. 

In mature scaLes, three different types of Lignification are recognized. 
The waLLs of aLL ceLLs may be equaLLy Lignified, the scaLes being 
membraneous and curLed, and mediaLLy for the greater part onLy 1 ceLL Layer 
thick (e.g. species no. 26). State no. 550 represents scaLes with the ceLLs 
around the point of attachment being cLearLy more Lignified than ceLLs 
eLsewhere, the scaLes being soft and mediaLLy for the greater part more than 
1 ceLL Layer thick. State no. 551 represents scaLes characterized by the 
mediaLLy situated ceLLs showing conspicuous dark-coLoured Lignified ceLL 
waLLs forming a midrib, the scaLes being + stiff. This condition is 
especiaLLy weLL-deveLoped in species no. 21 (and cLadon no. 20). 

Transformation series: 550---~ 551---~ 549 
\-----~-----I 
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species no. 26 (xO,1) 
state nos 91, 115, 119 

- - - obscission vein 
oreole loyering-----

Vs---

11-_C0510 
:< i--obscission loyer 

species no. 2 (xO,1) 
state nos 93, 114, 117 

- - ------rhochis 

Venation pattern: explanation of terminology Fig. 5.3 



Apex (character state nos. 554--557) 
----Four types of scale apices are distinguished, but the species show much 
variation and overlap. State no. 554 represents a gradually narrowing apex, 
terminated by a more than 6-celled glandular trichome. State no. 555 differs 
from the previous mainly by the terminal hair(s) being 1--5 cel led. State 
no. 556 shows a more or less abruptly narrowing apex, either or not 
terminated by a distinct glandular hair. Rounded apices occur in + elongated 
scales, but most conspicuously in the rounded scales of species nos. 1 + 4 + 
5. In the latter type of scale~, the apex can be detected by the presence of 
a relatively well-developed glandular trichome. 

Transformation series: 555 + 556---~ 554 
\--~ 557 

5.4. Fronds 

The fronds of the drynarioids show an impressive variation as to shape 
and morphology. These eye-catching differences have hitherto played an 
important role in the taxonomy and systematics of the group. The fronds of 
all drynarioid ferns are characterized by articulated segments (pinnae), the 
presence of nectaries, and the regular, complex areole layering. The 
terminology used for descriptions of the venation follows Hetterscheid & 
Hennipman (1985). 

Dimorphism (character state nos. 116--120) - Fig. 5.3; Plate 1, 2, 9 
Two types of frond dimorphism are recognized: base fronds 

(humuscollecting, relatively small-sized, lobate, brownescent; unique for 
Drynaria species except species no. 12) and foliage fronds (assimilating, 
elongated, pinnatifid or pinnate, green); and sterile and fertile foliage 
fronds (the pinnae of the fertile fronds being contracted; unique for 
species no. 31). 

Drynaria species no. 12 and Aglaomorpha species nos. 23 and 24 are 
monomorphic . It are especially the other 11 Aglaomorpha species that show 
the amazing variation concerning internal dimorphism between sterile and 
fertile frond parts. Cladon no. 17 has of ten only slightly contracted 
fertile pinnae, a condition sometimes found in the Drynaria species nos. 8 
and 9 (and rarely 14). 

Transformation series: 117---~ 116 (Drynaria) 
\--~ 118 

I--~ 116 
119---~ 118 (Aglaomorpha) 

\--~ 120 

Character states no. 117 is unique for Drynaria, and no. 119 is unique for 
Aglaomorpha. Therefore, the two transformation series cannot be combi ned. As 
all plausible sister groups and outgroups have monomorphic fronds, it is 
plausible that monomorphic fronds represent the plesiomorphic condition for 
the drynarioid ferns. The cladogram implies one reversal in Drynaria and two 
in Aglaomorpha, which is contradictory to general accepted intuitive ideas. 
For example, the condition present in species no. 24 is regarded to be 
plesiomorphous by a.o. Copeland (1947) and Holttum (1954). 
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5.5. Base fronds 

5.5.1. RorphoLogy 

Base fronds are unique for Drynaria. They are ~ sessiLe, sheLL-shaped, 
short and broad, Lobate, and usuaLLy steriLe, the base being auricuLate. It 
is assumed that they have a humus coLLecting function. SeveraL species (e.g. 
nos. 1, 2, 10, and 11) rareLy show otherwise normal base fronds bearing sori 
(aLso reported by Zamore & Vargas, 1973c). 

Base fronds are deveLoped rather Late during the bLastogeny. ALthough 
they are of ten preceded by some iLL-deveLoped fronds very aLike base fronds, 
or intermediates between foLiage and base fronds (see character state nos. 
91--95). As a ruLe, base fronds do not show obvious heterobLastic changes. 

Shape (character state nos. 266--269) - PLate 11--16 
---rhe overaLL shape of the base fronds has been divided into four different 
states. The common condition is ovate base fronds, which are widest near the 
base, whereas rounded base fronds are widest near the middLe. In both 
states, base fronds might be somewhat Longer than wide. The eLLipticaL 
condition is unique to species nos. 13--15, the greatest width being 
situated around the middLe. ELongated base fronds are widest near the base. 
In both Latter states, base fronds are much Longer than wide. 

/--~ 266 
Transformation series: 267---~ 268 

\--~ 269 

State nos. 266 and 269 show 3 respectiveLy 2 parallellisms. 

Index (character state nos. 270, 271) 
---rhe indices of base fronds of the species shows a disjunction between 
Less than 1.5 and more than 1.5. OnLy species no. 9 shows the intermediate 
condition. 

Transformation series: 271---~ 270 

Using outgroup comparison, it is not possibLe to estabLish the 
transformation series. However, for reasons of parsimony the transformation 
series given above is preferred over the alternative (impLying 3 vs. 4 
homopLasies). 

Lobation (character state nos. 255--259) - PLate 11--16 
The base fronds show considerabLe variation as to the depth of the 

incisions. A number of species (e.g. no. 11, nos. 13--15) are characterized 
by pronounced incisions, up to more than 2/3 of the width. Species nos. 3--5 
are unique, having (almost) entire base fronds. In the other species, 
intermediates of ten occur. 

/--~ 255 
Transformation series: 257---~ 256 

+ 
258---~ 259 

Using outgroup comparison, onLy the transformation series of 258---~ 259 is 
estabLished, the poLarity of the other states being undetermined. For 
reasons of parsimony, the combination of state nos. 257 and 258 is regarded 
pLesiomorphous. 
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Margin (character state nos. 260--262) 
~ire margins and denticulate margins are clearly distinct. The 
difference between denticulate margins, showing equally sized minute 
inclslons near the Vs, and denticulate margins, showing unequally sized 
incisions at irregular intervals, is subtle. 

Transformation series: 262---~ 261---~ 260 
\-----~-----/ 

Using outgroup comparison, 
transformation series, but 
regarded plesiomorphous. 

it is not possible to establish the complete 
for reasons of parsimony, state no. 262 is 

Apex of lobes (charater state nos. 263--265) - Plate 14 
Unique, acuminate lobe apices are found in species no. 16. The other two 

states more or less depend on the lobation, well-developed lobes being 
usually acute, less-developed lobes and sinuses being rounded. 

Transformation series: 265---~ 263 
\--~ 264 

5.5.2. Venation 

The characters studied pertain to the venation of the lobes and sinuses 
somewhat above the middle. In case of entire base fronds, the venation 
around the Vp near the margin is regarded homologous to that of lobes and 
sinuses of other fronds (Plate 11--16). 

Secondary veins (Vs; character state nos. 211--213) 
All species show base fronds with the Vs running + straight, many of them 

possess Vs running regularly zigzagging. The latter state represents Vs with 
regular and alternating angles. The third state recognized, represents Vs 
running irregularly zigzagging, i.e. with irregular angles at unequal 
di stances. Contrary to that of the foliage fronds, in base fronds this 
character is regarded not of structural significance. 

Transformation series: 211---~ 212---~ 213 

Tertiary veins (Vt; character state nos. 214--216) 
The recognition of the states delineated is of ten difficult, observations 

of ten being ambiguous due to intermediates. Further research including 
blastogenetic series is needed. As yet, the majority of the species shows 
the Vt branching from the Vtc running excurrent and recurrent. 

Transformation series: 216---~ 214 
\--~ 215 

Free veins (character state nos. 217--219) 
The free ending veinlets in the Asec show variation as to their 

direction. Usually they are excurrent and recurrent, showing a tendency 
towards pointing to all directions. In two species, excurrent free included 
veins might prevail. 

Transformation series: 218 + 219---~ 217 + 218 
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Costal areole (A1c: along the Vp; character state nos. 220, 221) 
Primary costal areoles are commonly divided into A1c and the 

However, in a number of species the Vtc is not (always) 
developed, the costal areole not being divided. 

Transformation series: 220---~ 221 

first A1. 
completely 

The transformation series is difficult to establish. Outgroup comparison 
does not provide an unambiguous polarity. The transformation series given 
above is postulated for reasons of parsimony (implying 5 homoplasies). 

Shape of A1c (character state nos. 222, 223) 
Generally, the A1c in base fronds show variation. In some species regular 

A1c are found throughout. 

Transformation series: 223---~ 222 

Branching points of tertiary connective vein (Vtc; character state nos. 
224--226) 

The A1c is enclosed by the Vp, the basal and apical Vs, and the Vtc. The 
Vtc might branch off from the Vs at a clear di stance from the Vp. However, 
either at the apical Vt or the basal Vt, the Vtc might be branching off 
close to or at the Vp. 

The species showing regularly shaped A1c are not varying as to this 
character. The other species show considerable variation, either within one 
state or showing two or more states. As yet, it is impossible to establish a 
transformation series. 

Included venation of A1c (character state nos. 227--229) 
The A1c might be lacking included veins. More commonly, the A1c contains 

one included vein. Two (rarely three) included veins comprise the third 
state. The species show much variation and overlap. A transformation series 
cannot be established. 

Relative amount of A1c with included venation (character state nos. 230, 
231) 

A number of species are characterized by largely empty A1c. 

Transformation series: 230---~ 231 

Branching of included veins in A1c (character state nos. 232--234) 
The commonest conditions are veins simple and once forked. Some species 

show no variation, e.g. species nos. 13, 14, and 16. In others (e.g. nos. 1, 
2), all states recognized are found. 

Transformation series: 232 + 233 + 234---~ 232 
\--~ 232 + 233 

According to the outgroup rule, the combination of all three states is 
plesiomorphous within the subfamily. State no. 232, and the combination of 
232 and 233 are independent apomorphies. 

Complexity of included veins in A1c (character state nos. 235, 236) 
In all species showing included venation in the A1c, the included veins 

are free. Many species however, possess anastomosing included veins also. 

Transformation series: 235 + 236---~ 235 
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The transformation series of characters pertaining to the A1c all are 
directed towards simplification. 

A1c along costa (character state nos. 240--244) - PLate 11--16 
Five different types of A1c along the costa of base fronds are 

distinguished. In species nos. 6--9 a traceable A1c is lacking. Other 
species show only ill-developed A1c, irregularly shaped and sometimes partly 
reduced or difficult to trace. These two states are regarded structurally 
similar. Species nos. 10 + 11 + 13--16 are unique in having conspicuous, 
well-developed trapezium-shaped A1c along the costa, with or without 
included free veins. In large-sized base fronds of species no. 10, the A1c 
is of ten ill-developed. 

Transformation series: 242 + 244---. (241=)243---. 240 

Shape of first order areole (A1; character state nos. 249, 250) 
The greater part of the species have irregularly shaped A1, i.e. 

throughout the base frond, the A1 show variation as to the shape. Few 
species show regularly shaped A1 showing no considerable variation in shape. 

Transformation series: 250---~ 249 

Bordering venation of A1 (character state nos. 247, 248) 
The bordering venation of A1 is almost always prominent. A few specimens 

of species no. 10 are observed in which the bordering venation shows some 
irregularities. However, this is presently regarded insignificant. 

Division of A1 (character state nos. 237--239) 
The states recognized are distinct, but the species show much variation. 

Transformation series: 238 + 239---. 237 

Number of A1 in layering (character state nos. 245, 246) 
This character is rather difficult to interpret in case of entire or 

sinusoid fronds. 

Transformation series: 246---. 245 

Included venation of second order areole 
251--254) 

(Asec; character state nos. 

State no. 251 represents species which lack included venation. The other 
states recognized represent the predominant condition present, although some 
species may show some variation. 

1-----.-----\ 
Transformation series: 252 + 253---. 251---. 252 

5.6. Foliage fronds 

5.6.1. Morphology 

\--. 254 

The foliage fronds of the drynarioids are not functionally articulated to 
the rhizome, they are characterized by the pinnae articulated to the 
rhachis/costa instead. The drynarioids share the presence of nectaries and a 
unique venation type. The foliage fronds are stalked or sessile, elongated 
compared to the base fronds, pinnatifid or pinnate, the terminal pinnae 

49 



either or not aborted. The margin of the pinnae is usually + flat except in 
species no. 5 which is characterized by pronounced coarsely undulating 
margins (although other species may show slightly undulated margins as 
well). Pinnatifid and pinnate are used in the traditional sense, but pinnae 
is used for the segments of pinnate as well as pinnatifid fronds. 

During blastogeny, the first ten or more fronds formed are entire, 
(shortly) stalked, the lamina being short spatulate to elliptical with 
notched margin in Drynaria and species nos. 23, gradually increasing in 
length up to + 10 cm. Fronds formed subsequently, are increasingly lobate 
starting from- the base, soon followed by the development of abscission 
layers (articulation of the pinnae). Species no. 10 almost immediately 
becomes distinctly pinnatifid, the costa showing a narrow wing only. 
Subsequent fronds are pinnate. 

Shape (character state nos. 91--95) - Fig. 5.3; Plate 1, 3 
---pandurate foliage fronds have a dilated base, being narrowed just above 
the base and widest at or above the middle. This state is unique to the 
large-sized Aglaomorpha species. The dilated frond base has a humus 
collecting function (Roos, 1984), and the fronds thus show an internal 
functional dimorphy. Therefore, the species showing both a dilated frond 
base as well as internal sterile/fertile dimorphy, can be called internally 
trimorph. Aberrant fronds of Drynaria species might be + pandurate as well. 
Such exceptional fronds and intermediates between base-and foliage fronds 
are only observed in juvenile and immature plants of species nos. 1, 5, and 
6 cultivated in the botanic gardens at Utrecht. It has been reported in 
literature for species nos. 2 and 10 (Zamora & Vargas, 1973a). 

In triangular fronds, the lamina is widest at the base, the margin being 
convex in outline. Quadrangular fronds are widest near the middle, the base 
as well as the apex of the lamina being + truncate in outline. Ovate laminas 
are widest bet ween the base and the middTe, gradually tapering towards the 
(rounded) apex. Elliptic laminas are widest near the middle, gradually 
tapering towards both the (blunt or acute) apex and base. 

/--~ 91 
Transformation series: 93 + 95---~ 92 

\--~ 94 

The transformation series is contradictory to the oplnlon of e.g. Copeland 
(1947), Holttum (1954), and Zamora & Vargas (1973a), who all regard state 
no. 91 to represent the plesiomorphous condition in the subfamily. Zamora & 
Vargas (1973a) summarize the blastogeny of Drynaria, recognlzlng juvenile 
(foliage) fronds being simple and stalked, intermediate (foliage) fronds 
being lobed and stalked, and adult foliage and base fronds. They observed 
also the aberrant fronds mentioned above, which they call transitional 
fronds, being intermediate between base fronds and juvenile, intermediate, 
or adult foliage fronds. They implicitly interpret these transitional fronds 
not to represent blastogenetic stages, which is agreed up on here. However, 
they do base their transformation series on these observations without a 
preceding reconstruction of the phylogeny. It is here argued that the 
transitional fronds can only serve as additional evidence for the homology 
of the two types of fronds of Drynaria and those of Aglaomorpha without any 
indication of polarity. 

Lobation (character state nos. 96, 97) - Plate 1--4, 42, 43 
Pinnate fronds possess pinnae that are inconspicuously stalked, the 

lamina tapering towards the base and the abscission layer being shortly 
elliptical. Pinnatifid fronds have sessile pinnae, the lamina of which 
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widenes towards the base. The abscission layer is elongated, situated along 
the costa at the transition of the lamina. In between two pinnae, it bends 
perpendicular to the costa ('abscission layer'). The lamina in between 
conspicuously contracted fertile pinnae is reduced to a narrow wing, the 
fertile part being pinnate in appearance. 

Transformation series: 96---~ 97 

Frond base and petiole (character state nos. 98--103) - Fig. 6.3; Plate 1, 
3, 5 

Character states pertaining to the wing of the petiole are difficult to 
interpret and regarded not structurally different. The eye-catching dilated 
frond base can be either + flat and adpressed to the substratum forming a 
collective (joint) basket (species nos. 17--19 + 23--26), or pronounced 
shell-shaped forming individual humuscollecting baskets (species nos. 21 and 
22). Occasionally, they may be ill-developed, sometimes being just a 
broadened wing with consequently a narrowly dilated base. This is observed 
in species nos. 23 and 25. Dilated frond bases are sinusoid, gradually 
becoming lobate and then pinnatifid towards the middle part of the frond. 
Quadrangular extensions bearing nectaries are unique for species no. 27. 

Transformation series: (99--102)---~ 98 
\--~ 103 

State nos. 99--102 together represent the plesiomorphous condition. 

Pinna shape (character state nos. 104, 105) 
Some species always or of ten show pinnae widest near the middle, and 

clearly contracted just above the base. This is characteristic for species 
nos. 3--5 in particular. The majority of the species shows (also) pinnae 
equally wide throughout. 

Transformation series: 104---~ 105 

~C~o~n~t~ra~c~t~,~·o~n~o~f-7f~e~r~t~i~le~p~i~n~n~a~e (character state nos. 106, 107) - Fig. 
Plate 1, 2, 9, 17--29 

In species showing (internal) fertile/sterile frond dimorphism, 
fertile pinnae are conspicuously narrower than the sterile pinnae. 

Transformation series: 107---~ 106 

6.3; 

the 

When treated as a closed system, the transformation series in Aglaomorpha is 
108---~ 107. Outgroup comparison with plausible sister groups shows that 
state no. 107 in Aglaomorpha is developed via two reversals. 

Relative size of pinnae (character state nos. 108--110) 
The species showing (almost) no differentiation between sterile and 

fertile pinnae, still may show differences in size between apically and 
basally situated pinnae, the pinnae gradually decreasing in size towards the 
apex. The alternative state is fronds with all pinnae equally wide. The 
latter is the sole condition found in species nos. 1--5, 7 and 12. 

Transformation series: 108 + 109---~ 110 

Apical pinna (character state nos. 114, 115) - Fig. 5.3; Plate 1, 3 
The usual condition found in pinnate and pinnatifid Polypodiaceae, is 

fronds terminated by a distinct apical pinna, i.e. the Vp of the terminal 
pinna is the prolongation of the costa/rhachis. This condition is found in 

51 



juvenile fronds of all drynarioids and in adult fronds of all Aglaomorpha 
and a few Drynaria species. The majority of the Drynaria species however, lS 

unique in having the apical pinna always or usually aborted, i.e. the 
costa/rhachis is abruptly terminated by a very small, 'bud'-like protrusion 
(the aborted top meristem), from which to one side an abscission layer 
originates and from the other side (characterized by a kink) the Vp of the 
most apically situated lateral pinna, which is obliquely bended towards the 
apex. 

Transformation series: 115---~ 114 

Reversals of state no. 115 have to be assumed in species nos. 9 (rarely), 14 
(occasionaLly), and 15 and 16 (always). During blastogeny, the first frond 
formed showing the apical pinna aborted, is also the first to show 
abscission layers. These fronds are formed soon af ter the first lobate 
fronds. 

Depth of inc1s10ns (character state nos. 136--141) 
The differences between the species are arranged 

states, that are however more or less artificial. 
species and the overlap among them is considerable. 
could not be established. 

in a number of character 
The variation within the 

A transformation series 

Margin of pinnae (character state nos. 126--128) - Plate 33, 34, 42 
The greater part of the species have mature (sterile) pinnae with entire 

margins. A number of Drynaria species are unique in retaining serrate 
margins, the inc1s10ns being situated near the Vs. As far as could be 
studied, such serrate margins are present in juvenile plants of all species. 
Two species are furthermore unique, having incisions in between subsequent 
Vs aLso. 

Transformation series: 128---~ 126---~ 127 

Two reversals are implied by the cladogram. 

Apex of pinnae (character state nos. 111--113) 
Acuminate pinnae are found in almost all Aglaomorpha and a few Drynaria 

species, being well-developed in species no. 27. Obtuse pinnae are found in 
Drynaria species only. However, most species show variation. 

Transformation series: 111 + 113 ---~ 112 

Mareinal strand (character state nos. 129, 130) 
ur1ng the analyses of venation patterns, marginal strands became 

visible. Almost all species show conspicuous marginal strands, aLthough many 
of them sometimes lack these. In species nos. 14 and 15, no clear marginal 
strands have been observed. 

Transformation series: 129---~ 130 

Shape of contracted fertile pinnae (character state nos. 121--123) 
Eye-catching contracted fertile pinnae are those of species nos. 22 and 

25 (and 32) being 'string-of-beads'-like, i.e. the lamina is reduced to 
small, semi-circular sinuses each bearing asoral patch, the lamina in 
between being reduced to an aLmost invisible wing. In the other species 
showing extremely contracted fertile pinnae, the lamina might be reduced to 
a narrow linear wing, either with the margin entire or with slightly 
developed sinuses in between subsequent soral patches. 
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Transformation series: 122---~ 121 
\--~ 123 

The two monomorphic Aglaomorpha species also have state no. 122. State no. 
121 shows two homoplasies. 

Position of nectaries (character state nos. 124, 125) - Plate 4, 7, 18, 43 
Nectaries of a number of drynarioid species have been studied by Zamora & 

Vargas (1973b). Nectaries are characteristic for the Drynarioideae, 
identifiable as translucent spots in living fronds, or as dark brownish and 
blackish spots in herbarium specimens. Of ten nectaries are situated in 
groups of 2--6 together. They are usually absent in the dilated frond base 
or in base fronds, but of ten present in the lobes of petiolar wings. They 
mostly occur close to the junction of the costa/rhachis. In many species 
they are also situated in pinnae close to junctions of Vp and Vs, where they 
are however almost impossible to detect from herbarium specimens. In species 
no. 27, they are situated on specialized quadrangular extensions (state no. 
103). Nectaries do not show differentiation as regards morphology and 
anatomy. 

Holttum (1954) not es that nectaries are only active in young fronds, 
which could be confirmed by observation of developing adult fronds of 
species no. 27 cultivated in the Royal Botanic Gardens, Kew, and species no. 
5 kept in the laboratory, Utrecht, from which considerable drips of fluid 
poured from the nectaries. However, Koptur et al. (1982) report that in 
species no. 10 nectaries are active in both young and full-grown fronds, and 
that in species no. 2, they are mainly active in full-grown fronds only. 
These authors also analyzed the nectar of a.o. species nos. 2 and 10. The 
nectar contains sucrose, fructose, glucose, small amounts of a few other 
sugars, and a variety of amino acids in low concentrations. According to 
them, the nectaries of ferns might have a similar function as those of 
flowering plants, e.g. to attract especially ants (which are always present 
in the humus collected by drynarioid plants; e.g. Paterson, 1982), because 
the contents of the nectar argues against an excretion function of wastes 
and excess. However, they might indeed serve to exude surplus metabolic 
byproducts with a mini mal discharge of water, because as high-epiphytes 
these species are subxerophytic. 

As regards the position of the nectaries, they are either situated 
acroscopic or basiscopic of the Vp (resp. Vs). State no. 125 is the most 
common one, wheras no. 124 is confined to a number of Drynaria species. 
Species no. 6 usually shows acroscopic as well as basiscopic nectaries near 
one Vp. Zamora & Vargas (1973b) distinguished the latter condition as a 
separate character state, as it is sometimes observed in other species also. 

Transformation series: 125---~ 124 

This transformation series is contradictory to the one presented by Zamora & 
Vargas (1973b), who regarded both stat es apomorphous, the combination of the 
two states representing the plesiomorphy. Their transformation series is not 
based on postulated phylogenetic relations and could not be confirmed. 

5.6.2. Venation pattern 

The venation pattern of the foliage fronds of the drynarioid ferns shows 
much and interesting variation on a characteristic "groundplan" (venetio 
drynarii: Holttum, 1954). The data collected pertain to samples of mature 
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Ontogenetic series of frond shape and venation pattern (x 2) 
species no. 1 

(x 7,5) 

Fig. 5.4 



fronds taken from the middle and apical part of well-developed fertile and 
sterile pinnae. The venation in the apical part of the pinnae is simple, 
gradually becoming more complex towards the middle, the transition possibly 
reflects blastogenetic stages (Hetterscheid, pers. comm.). 

Chandra (1980b), who studied several characters of the venation of 15 
drynarioid species, mentioned a number of differences between Aglaomorpha 
("the Aglaomorpha Group and Photinopteris") and Drynaria (a.o. pertaining to 
included venation and presence of hydathodes). Nevertheless, he concluded 
(p. 182) 'that the venation pattern is remarkably constant in both groups of 
the drynarioid ferns (i.e. his two tribes, see Chapter 8.2), and that 
venation does not seem to be helpful in providing character difference ••• '. 
These conclusions (contradicted by the present study) obviously result from 
the impression that characters of the venation pattern do not support his 
subdivision of the Drynarioideae into two tribes (Chandra, 1982b). 
Therefore, they are ad hoc, exemplifying the need of an adequate systematic 
methodology. 

Mitsuta (1984; in press) studied venation patterns of heteroblastic 
fronds of Polypodiaceae, including species nos. 1, 2, 10, 11, 23, 25, and 
27. Of several other species (e.g. nos. 16, 22, 24, and 31), he studied the 
mature fronds only. He concludes that early blastogenetic stages do not show 
considerable discontinuities among the species, but that there are 
remarkable differences in venation patterns of mature fronds among the 
drynarioids. However, he did not work out the latter in further detail, 
except for the remark that species no. 27 exhibits avenation pattern unique 
within the drynarioids. This could not be confirmed in the present study. 

Generally, the venation pattern of sterile pinnae of mature fronds of 
drynarioid ferns is complex and anastomosing, showing a regular type of 
areole-layering (Fig. 5.3). At regular intervals, distinct Vs branch off 
from the prominent Vp, reaching almost up to the margin. Distinct Vtc branch 
off the Vs at regular intervals too. The A1 show anastomosed included veins 
(Vt) forming Asec. The lat ter are more or less regularly arranged, either or 
not containing free veins. 

During blastogeny (Fig. 5.4), the first frond formed possesses a main 
vein which is a few times branched, all veins being free. Subsequent fronds 
show more elaborate branching, soon forming anastomoses along the main vein 
(primary costal areoles), at first near the base. At the distal side of 
these areoles, excurrent veins branch off which become anastomosed too and 
thus form the initiation of areole-layering. The primary costal areoles, at 
the same time become divided into A1c and A1 by a recurrent veinlet from the 
distal side, or an excurrent vein from the basal side. Asec are developed by 
both excurrent and recurrent veinlets. 

Secondary vein (Vs; character state nos. 1--5) - Plate 17--19, 22, 30--44 
The secondary veins in the greater part of the species are running more 

or less straight, although of ten some slight and irregular zigzagging can be 
observed especially at the branching point of the first Vtc. Within 
Drynaria, species nos 9 and 16 are unique, showing conspicuously zigzagging 
Vs, a condition (though of ten somewhat less developed) commonly found among 
Aglaomorpha. Five species of Aglaomorpha, i.e. nos. 27--31, are unique 
showing the Vs running in a distinctly regular zigzagging way. Vs running 
irregular (especially in the proximal part) are occasionally present in some 
Drynaria species. 

Transformation series: 1 + 2---~ 4---~ 3 
\--~ 5 
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Vt branching from Vtc (character state nos. 6--8) 
This character is probLematicaL to study from mature fronds, aLthough 

pinna apices are vaLuabLe. Further research incLuding bLastogenetic stages 
of aLL species is needed. As yet, of ten prodominentLy excurrent Vt are found 
in the three Drynaria species nos. 11, (cf. Mitsuta in press), 12, and 14. 
In most other species, the Vt are observed to be mainLy recurrent (reported 
by Mitsuta for species nos. 1, 2, 10, and 27). A number of species show both 
recurrent and excurrent Vt, a condition that Mitsuta reports to be present 
in species no. 23 and 25 which couLd not be confirmed. This character state 
is observed to be present in species no. 24, for which Mitsuta mentioned the 
presence of a distinct state presentLy not recognized, i.e. the Vt being 
distinctLy reduced or simpLified 

Transformation series: 7---~ 8---~ 6 

Free veinLets (character state nos. 9--12) - Fig. 5.2; PLate 17--19, 39--44 
Free 1ncLuded veinLets predominantLy running excurrent are found in one 

species (no. 15) onLy, and occasionaLLy in species no. 12. In Drynaria and a 
number of AgLaomorpha species, the free veinLets are aLways or of ten 
diffuseLy directed. However, in aLmost aLL AgLaomorpha species, the free 
veinLets are (aLso) characteristicaLLy excurrent and recurrent, which is 
weLL-deveLoped in species nos. 27--31. Species nos. 9 and 16 are unique as 
the incLuded veins in A1 of ten deveLop Loops. 

Transformation series: 11~-?-~10---~ 9 
\--~ 12 

The transformation series cannot be completed. The poLarity of state nos. 10 
and 11 is undetermined as the state present in pLausibLe sister groups is 
unknown. 

Hydathodes (character state nos. 13--15) 
Hydathodes are aLways situated at the adaxiaL surface, terminaL on free 

veins. These structures have a water excretion function (Ogura, 1972). In 
cross-section the distal end of free veinLets bends upwards, graduaLLy 
approaching the adaxiaL surface of the Lamina. In surface view, the 
hydathodes are drupe-Like, with + concentric ceLL arrangements (cf. Ogura, 
1972, Fig. 125; Chandra, 1979, PLate I: Fig. 12). 

Hydathodes are present on aLL free veins of AgLaomorpha species. This 
state is aLso present in species nos. 9 and 16, that are deviating within 
Drynaria as regards many characters of the venation pattern. A number of 
Drynaria species have a varying but Low number of free ending veinLets 
terminated by hydathodes, in other species hydathodes are absent. Many 
juveniLe and some mature fronds of species nos. 27--31 show the hydathodes 
covered with "Lime-scaLes", the fronds being white punctate. 

Transformation series: 15---~ 13 (Drynaria) 
\--~ 14 

The state present in pLausibLe sister groups is uncertain, and therfore the 
compLete transformation series (incLuding the state present in AgLaomorpha) 
cannot be estabLished. 

Costal areoLe (A1c; character state nos. 16, 17) - PLate 39--42 
A1c are encLosed by the Vp, two adjacent Vs, and the first Vtc. The 

Latter differ from the other Vtc, Like A1c are different from A1. The A1c 
comprises characters that are of importance for the interpretation of the 
venation patterns of the PoLypodiaceae in general (e.g. Mitsuta, 1984; 
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Hetterscheid & Hennipman, 1985). However, the A1c in mature fronds are of ten 
difficult to interpret, and detailed analyses of blastogenetic sequences are 
necessary. A1c are almost always present in mature fronds, although 
sometimes being clearly reduced. Exceptions are found in species nos. 24 and 
26 (and cladon no. 17), in which A1c occasionally cannot be traced. 

Transformation series: 16---~ 17 

Shape of A1c (character state nos. 18--20) 
The shape of A1c is either regular (+ equally troughout) 

(varying considerably). Species nos. 10--16 are unique, 
regularly, ~ trapezium-shaped A1c. 

Transformation series: 20 (+ 18)---~ 19 

The polarity of no. 18 is uncertain. 

Branching points of Vtc and Vs (character state nos. 21--25) 

or irregular 
having always 

Almost all species have both branching points of the Vtc and the basal 
resp. apical Vs clearly distant from the Vp. However, most species show 
variation, even those that have regularly shaped A1c only. The basal and/or 
the apical branching point of the Vtc might be situated close to or even on 
the Vp. A transformation series cannot be established. 

Included venation of A1c (character state nos. 26--30) 
The incLuded venation of the A1c is a complex of characters difficult to 

interpret, the species showing much variation. The included venation can be 
either absent or present varying in complexity. In a number of Drynaria 
species and only one Aglaomorpha species (no. 23), many empty A1c are found. 
However, most of these species (except no. 12) show A1c containing one (or 
two) include veins also. The most common condition found in the drynarioids 
is two included veins, being the sole condition present in a number of 
relatively large-sized species. 

Transformation series: 28---~ 27---~ 26---~ 30 
\--~ 29 

Relative amount of A1c with included venation (character state nos. 50, 51) 
Species nos. 11 + 12, 14, and 15 which do not possess extensively 

branched included veins, predominantly show empty A1c. In all other species, 
the A1c usually have included venation. 

Transformantion series: 50---~ 51 

Branching of included veins in A1c (character state nos. 31--33) 
Both s;mpLe and once d;chotomous veins are usually present in almost all 

species (notable exceptions are species no. 12 lacking included venation, 
and no. 16 showing relatively complex included veins). Some species 
occasionally (e.g. nos. 29 and 30) or of ten (e.g. nos. 9 and 16) develop 
more extensively (twice or more) branched included veins. 

Transformation series: 31 + 32---~ 33 

Many homoplasies have to be assumed. 

Complexity of included veins in A1c (character state nos. 34, 35) 
Six Drynaria species (nos. 10--15) are characterized by almost all 

included veins being free (and usually simple). All other species of ten show 
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anastomosed included veins. 

Transformation series: 35---~ 34 

Subdivision of first order areoles (A1; character state nos. 36--39) - Plate 
38, 44 

A1 are ususally complex, containing anastomosed venation that forms 
higher order areoles. Almost all species show A1 divided into three or four 
Asec, many of them (mainly large-sized species) showing more extensively 
subdivided A1 also. Further subdivision of the latter state is not useful. 
Relatively simple A1 might be found in a number of rather small-sized 
species and notably, in species no. 23. Simple (occasionally even undivided) 
A1 are characteristic for species no. 15 in particular. It is noted that in 
species no. 16 the A1 are of ten divided in two Asec only, whereas it 
otherwise shows relatively complex character stat es as to the venation. 

Transformation series: 38---~ 37---~ 36 
\--~ 39 

State no. 39 shows a number of homoplasies. 

Number of A1 in areole-layering (character state nos. 40, 41, and nos. 42--
49) 

The areole-layering is developed by A1. All species have three or more 
A1 present bet ween two adjacent Vs, only few species of ten show two layered 
A1 only. 

In case of a detailed dissection of this character, the variation within 
the species is considerable. In general, the number of A1 in areole-layering 
is related to the width of the pinnae, which is obvious in Aglaomorpha and 
the group of species nos. 1--5. 

Transformation series: 41---~ 40 

(44, 45, 46)---~ 43---~ 42 
\--~ 47---~ 48---~ 49 

The mutual polarity of state nos. 44--46 is uncertain. 

Bordering venation of A1 (character state nos. 52, 53) 
The bordering veins of A1 (i.e. the Vs and Vtc) are generally prominent, 

i.e. conspicuously distinct from the Vt. However, especially in species nos. 
11 + 12, 14 and 15, the bordering veins are not always that distinct from 
the Vt. 

Transformation series: 52---~ 53 

Shape of A1 (character state nos. 54, 55) 
Compared to the condition found in other Polypodiaceae, the areoles of 

the drynarioids are regularly shaped throughout. However, within the 
Drynarioideae a few species show A1 being slightly variable in shaped. 

Transformation series: 54---~ 55 

Included venation of second order areole (Asec; character state nos. 56--59) 
- Fig. 5.3; Plate 17--22, 30--44 

Empty Asec are mainly found in Drynaria (especially species nos. and 
2), and only rarely in Aglaomorpha (species no. 23). Asec containing simple 
veins is the common condition found in all drynarioids. More complex, i.e. 
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once or more branched, incLuded veins are found in AgLaomorpha and in some 
Drynaria species. In AgLaomorpha species, the incLuded veins form a 
characteristic pattern (see character state nos. 9--12). In the Drynaria, 
the expression of this state is different, being weLL-deveLoped in species 
nos. 9 and 16. 

Transformation series: 57---~ 56 
\--~ 58---~ 59 

Venation of fertiLe pinnae (character state nos. 60--64) - PLate 21, 25--34, 
37, 38, 40 

In Drynaria and species nos. 23 and 24, the venation of the fertiLe frond 
parts is aLways (+) simiLar to that of the steriLe parts, being occasionaLLy 
sLightLy Less deveLoped in species nos. 8 + 9 and 14. In aLL other 
AgLaomorpha species, the supporting venation of the sori or soraL patches is 
dipLodesmic (i.e. fineLy anastomosed forming a compLex ramification). The 
venation in the surrounding Lamina is then usuaLLy strongLy reduced with 
significantLy Less free veins compared to the steriLe pinnae. 

Transformation series: 60 + 64---~ 61 + 62 + 63 

A number of (independent) reversals have to be assumed for the three 
apomorphous states. 

5.6.3. Sori 

Characters of the sori have been studied pertaining to number, shape and 
size, position on the frond and in reLation to the venation. Since Hooker, 
the characters of the sori have been regarded very important for the 
systematics of the drynarioids, resuLting in a number of smaLL or monotypic 
genera (e.g. CopeLand, 1947). 

Shape (character state nos. 143--150) 
----A-LL Drynaria species and species nos. 24 and 31, have (reLativeLy smaLL­
sized) rounded sori, the commonest condition found in the PoLypodiaceae. The 
other AgLaomorpha species show variousLy shaped soraL patches. Sori cover 
onLy smaLL parts of A1, whereas soraL patches can become Large-sized, 
covering (parts of) severaL A1, or in case of extremeLy contracted fertiLe 
pinnae, covering (almost) the whoLe remaining Lamina. 

In species nos. 16 and 31, sometimes two (or more) rounded sori are fused 
forming eLLipticaL sori extending over two (or more) A1. ELLiptic sori (one 
per A1) are the common condition found in species no. 23 (which shows 
structuraL irreguLarities as to their size; of ten specimens were found with 
-almost compLeteLy- fused sori forming Linear coenosori aLong the Vs). 
Linear, + acrostichoid soraL patches are found in species nos. 26, 27, and 
30. SpecTmens of these three species are found with part of the soraL 
patches divided into rows of separate eLLipticaL coenosori, a condition 
being most evident in the Lower fertiLe pinnae. It is commonLy present in 
species no. 30, Less so in the other two. 

QuadranguLar soraL patches are present in species nos. 18, 19, 28, and 
29, whereas the soraL patches are rounded species nos, 21, 22, and 25 (and 
no. 32). In species no. 18, the soraL patches are irreguLarLy shaped, i.e. 
being + fragmented. This condition is aLso present in cLadon no. 17, and in 
some aberrant fronds of species no. 19 cuLtivated in the botanic gardens at 
Utrecht as weLL as in the RoyaL Botanic Gardens, Kew. 
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Transformation series: I--~ 144 I--~ 144 
143---~ 146---~ 145 + 149 

I\--~ 148 
\--~ 150---~ 147 

Two reversals of 146---~ 143 are implied by the cladogram. 

Size (character state nos. 151--155) 
----As regards the size of the sori, the species show variation and overlap. 
Nevertheless, convenient states are recognized. 

I-----~-----\ 
Transformation series: 151 + 152---~ 153---~ 154 + 155 

Several reversals have to be assumed. 

Sori situated in A1c (character state nos. 65, 66) 
In a few species (showing small round sori and relatively broad pinnae), 

occasionally sori are observed situated in A1c, a condition absent in all 
other species. 

Transformation series: 66---~ 65 

Distribution relative to the frond surface (character state nos. 67, 68)­
Fig. 5.3; Plate 1--3, 9 

In Aglaomorpha except for species nos. 23, 24, and 31, the fertile 
pinnae are restricted to the (specialized) upper part of the fronds. In all 
other species, the sori occur all over the abaxial frond surface. A specimen 
of species no. 24 cultivated in the Royal Botanic Gardens, Kew, is observed 
having sori situated in the dilated basal part almost down to the base. 

Transformation series: 67---~ 68 

Differentiation of sori distribution relative to the pinna surface from the 
basal towards the apical fert;le p;nnae <character state nos. 69--71) 

The drynarioid species show differences as regards the distribution of 
sori relative to the surface of the basally and apically situated fertile 
pinnae. A number of species of ten have the sori of the basal fertile pinnae 
situated near the costa (basal part of the pinnae) only. Subsequent pinnae 
towards the frond apex show more numerous sori, distributed more and more 
towards the apex of the pinna (well-developed in species nos. 11 + 12, and 
16). This condition is restricted to Drynaria. The second state recognized, 
represents sori being mainly distributed in the apical part of the basal 
fertile pinnae. Subsequent pinnae become entirely fertile. This state is 
present in a number of Drynaria species and in A~laomorpha. It might be 
difficult to detect in species showing internal d1morphism, which usually 
show entirely fertile pinnae. However, these species all show sometimes 
aberrant fertile pinnae with the basal part being broadened, sterile, and 
foliage-like, the apical part being contracted and fertile. Many Drynaria 
species are indifferent as to the two states recognized, i.e. they show both 
states as well as basal pinnae being fertile around the middle, the apical 
pinnae becoming fertile towards the base as well as the apex. 

Transformation series: 70---~ 71---~ 69 

Main distribution pattern (character state nos. 77--80) 
D;stinct states are recognized as regards the distribution of 

relation to the main veins. The state present in the internally 
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Aglaomorpha species is unsure, as their large-sized soral patches cover 
several areoles (e.g. species nos. 18, 19, 29), or the lamina is extremely 
reduced and the venation pattern cannot be traced anymore (species no. 22 
and 25, mistake in Appendix 2). Regarding the most common condition, i.e. 
sori arranged in one row on each side parallel to the Vp, the sori are 
distributed in the A1 closest to the Vp only. In all other states, 
essentially each A1 is soriferous. All four states are apomorphous according 
to the outgroup rule. 

Distribution relative to the A1 (character state nos. 81--84) 
In the species exhibiting sori situated near the Vs, the sori are 

arranged in one or in two rows. The latter condition is present in species 
no. 2 (showing regular rows) and in nos. 1 + 3--5 (showing irregularities: 
the sori may sometimes be distributed almost ad random over the A1 
surface). In the internally dimorph Aglaomorpha species, this character 
cannot be studied. The complete transformation series could not be 
established. The apomorphous conditions are: nos. 82 + 81, nos. 83 + 81, and 
no. 84. 

Distribution relative to the veins (character state nos. 72--76) 
Sori are variously inserted on tertiary order veins. The species of ten 

show considerable variation. Generally, the supporting veins form a complex 
arrangement, but in Drynaria species, simple structured states may be 
present. In the Aglaomorpha species exhibiting state no. 76, this state is 
usually much more complex than that found in Drynaria. 

Transformation series: 76---~ 75---~ 74---~ 73(---~ 72) 

This is another transformation regarding a character of the venation pattern 
running from complex to simple. 

Number relative to the areoles (character state nos. 85--87) FIG 
Most drynarioids have one sorus per A1. Two sori per A1 is found in 

species no. 2 and nos. 1 + 3--5, the latter of ten have three (or more) sori 
per A1 also. Species no. 24 represents an extreme, showing 8--16 sori per 
A1. In species with contracted fertile pinnae, this character cannot be 
traced due to reduction of lamina and venation, and fusion of sori. All 
three states recognized are regarded apomorphous, the plesiomorphous state 
of the group being unknown. 

Relation sori-lamina (character state nos. 88--90) 
Rechecking the character analyses, the supposed discontinuities between 

pustulate sori and slightly pustulate sori disappeared, many intermediates 
being found. Therefore, these two states are regarded structurally similar, 
the pustulation possibly being correlated to the size of the sori. The 
condition found in species nos. 13--16 is different, any pustulation being 
absent and the position of the sori cannot be traced at the adaxial surface. 

Transformation series: 89 + 90---~ 88 

5.6.4. Anata.y 

Cross-sections have been made of a number of structures of both fertile 
and sterile (parts of) foliage fronds including the pinna, receptacle, 
petiole, costa, nectary, and abscission layer. Material of the petiole and 
costa is sampled just above the base, and of the costa and rhachis from the 
middle part of the fronds (in internally dimorphic species, just below the 
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fertile part). Samples are taken from the middle part of pinnae. 

5.6.4.1. Petiole, costa, and rhachis 

The petiole of stalked foliage fronds and the costa of sessile foliage 
fronds show considerable variation in si ze. On the one hand, the gi.nt 
species no. 24 represents an extreme, the costa reaching up to 2.5 cm 
across. On the other hand, the petioles of small-sized species like e.g. no. 
15 reach up to a few millimeters across only. However, This character has 
not been incorporated because of the large infraspecific variation. 

Cross-section of petiole/costa (character state nos. 487--489) 
Generally, the petiole/costa near the base is rounded in cross-section. 

However, in a number of species, it is broadly elliptic, whereas a slight 
dorsal invagination is of ten present. Abscission layers are absent. 

Transformation series; 487---~ 488 
\--~ 489 

Number of vascular bundles (character state nos. 490--494) 
Correlated to the size of the cross-section, but showing less variation, 

is the number of vascular bundles. 

Transformation series: 490 + 491---~ 494---~ 492 (Drynaria) 
\--~ 493 

494---~ 492 + 493---~ 491 (species nos. 17--26) 

It is not possible to combine these two transformation series, as the 
conditions present in plausible sister groups are uncertain. 

Rhachis/costa in cross-section (character state nos. 495--497) 
The rhachis/costa is usually rounded. However, some species (especially 

nos. 21 and 22) show + angular costae. The rhachis/costa might show a slight 
dorsal invagination -similar to that found in the previous character. In 
pinnatifid species, the lamina is dorso-laterally attached to the costa, the 
transitional zone being characterized by an abscission layer. 

Transformation series: 495---~ 496 
\--~ 497 

Number of vascular bundles (character state nos. 498--503) 
The species show much variation as to this character, possibly related to 

the frond size. 

Transformation series: 501 + 502---~ 499 + 500---~ 498 (Aglaomorpha) 
\--~ 503 

The transformation series could be established for Aglaomorpha only. Both 
combinations of two character states have been made because they usually 
occur together. Otherwise, it is impossible to establish a complete 
transformation series. 

Bundle sheath (character state nos. 504--508; see also character state nos. 
457--461) 

All vascular bundles are generally surrounded by blue and/or brown bundle 
sheathes af ter staining. bundle sheaths are rarely red-coloured, or absent. 
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Transformation series: (SOS=) S04 + S08---~ S06 
\--~ S07 

S.6.4.2. Lamina 

Size of stomata (character state nos. 131--13S) 
Sen & Hennipman (1981) studied stomata of Polypodiaceae in detail. Their 

results are generally confirmed in the present study. All drynarioid ferns 
show the commonest types of stomata present in the Polypodiaceae, i.e. 
polo-, copolo-, and anomocytic. The frequency of these three types does not 
differentiate between the species. Usually, stomata are surrounded by three 
to four guard cells, which are sinusoid at the distal side, + similar to 
unspecialized epidermal cells. Stomata occur only on the abaxial surface of 
the lamina, rarely over the veins also. Chandra (1979) mentioned differences 
in density of stomata bet ween drynarioid species. Presently, this character 
has not been studied, as the data of Chandra show it to be correlated to the 
stomata size. The size of the stomata has been measured using a grid (one 
point of the grid being equivalent to 60 lum2). Generally, the stomata of 
Aglaomorpha species are relatively small sized, Drynaria species may show 
rather large-sized stomata. 

Transformation series: (131, 132, 133)---~ 134---~ 13S 

The transformation series cannot be completely established. The mutual 
polarity of state nos. 131--133 is unsure as te condition present in 
plausible sister groups is unknown as yet. 

Unspecialized epidermal cells 
Unspecialized epidermal cells of the lamina are irregularly isodiametric. 

The anticlinal cellwalls are prominently sinusoid in surface view. Chandra 
(1979) observed interspecific differentiations in shape and size. In the 
present study however, the infraspecific variation made it impossible to 
recognize different character states of the shape, whereas the size is 
correlated to the size of stomata. Epidermal cells situated over the veins 
are conspicuously elongated in the direction of the vein, and only slightly 
sinusoid. The cuticle is hardly developed, the reason why macerations 
usually failed. The cuticles found were very thin, plain and smooth, lacking 
any ornamentation. 

Hypodermis (adaxially: character state nos. 432, 433 
abaxially: character state nos. 434, 43S) 

All Aglaomorpha species and a few Drynaria species are characterized by 
the presence of a single layer of deviating cells between upper epidermis 
and mesophyll. Such a layer is present in the majority of Aglaomorpha 
species between mesophyll and lower epidermis also, but lacking in Drynaria. 
It comprises conspicuously larger-sized, rectangular bulb-shaped cells 
compared to the epidermis, and is here interpreted to represent a hypodermis 
(and not a second epidermis layer). However, ontogenetic studies are 
necessary to make a definite descision. Ogura (1972) does not mention the 
possibility of a 2-layered epidermis within the Pteridophyta. According to 
him, a hypodermis is a type of mechanical tissue situated below the 
epidermis, comprlslng thick-walled cells. The lat ter could not be confirmed 
in the present study. 

Transformation series: 433---~ 432 
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As the state present in plausible sister groups is unknown, the second 
transformation series cannot be established. 

Colour of epidermis (character state nos. 436, 437) 
The species of the drynarioid ferns differ regarding the colour of the 

epidermis cells af ter staining. In Aglaomorpha and in the group comprising 
species nos. 1--5, the epidermis is usually red-coloured (although sometimes 
it might be mainly blue-coloured or with scattered blueish cells). In the 
other Drynaria species it is generally blue-coloured. 

Transformation series: 437---~ 436 

Differences in hypodermis and epidermis bet ween sterile and fertile pinnae 
(character state nos. 438--442) 

As would be expected, Drynaria species and species nos. 23 and 24 do not 
show striking anatomical differences bet ween fertile and sterile fronds (in 
species no. 7, occasionally the hypodermis is absent at the adaxial side of 
the sterile lamina, possibly in less-developed pinnae only). In Aglaomorpha 
species, the morpho(ogical differences between fertile and sterile frond 
parts are generally correlated to various anatomical differences. 

Mesophyll 
The mesophyll is similar in all species, being uniformely spongy 

throughout. This is not conform the remark of Ogura (1972, p. 127), stating 
that in thicker fronds (like the greater part of the drynarioid species 
have) the mesophyll would show differentiation. Mesophyll cells are rounded 
with intercellular contacts situated on cylindrical cell extensions. As a 
consequence, there are large intercellular spaces, which are enlarged near 
stomata. 

When fronds are injured, injury-tissue for protection against desiccation 
is developed, comprising cells with brown cork-like thickened cell walls. 
The same tissue is developed in old receptacles of which all sporangia are 
shed. 

Marginal sclerenchymatous strand (character state nos. 443--445) 
ALL species have a more or Less conspicuous strand of sclerenchymatous 

cells. A number of Drynaria species (mainly belonging to the group 
comprising species nos. 6--16) show ill-developed (up to 5--7, rarely 10 
cells) or moderately developed (10--20 cells in cross-section) marginal 
strands. The remaining four Drynaria species and the species of Aglaomorpha 
are characterized by the presence of pronounced and well-developed marginal 
strands (usually more than 25 cells, sometimes up to 50i species no. 30 
showing some variation). 

Transformation series: 445---~ 444---~ 443 

Differences in development of marginal strands in fertile vs. sterile pinnae 
(character state nos. 446--448) 

In almost all Drynaria species and some Aglaomorpha species, the 
marginal strands in sterile and fertile pinnae are equally developed. 
Species nos. 8 + 9 show ill-developed strands in slightly contracted fertile 
pinnae. Species of Aglaomorpha commonly show differences in development of 
marginal strands between fertile and sterile pinnae, being most evident in 
species with strongly reduced fertile pinnae (nos. 22, 25, and 26). Some 
infraspecific variation occurs. 

Transformation series: 446---~ 448---~ 447 

64 



Vp in cross-section (character state nos. 449, 450) 
The Vp protrudes on both sides, on the upper side usually more pronounced 

though narrower than on the lower side. Generally, these protrusions are 
rounded. In some species (nos. 21 and 22 in particular) however, the Vp is 
angular in outline. 

Transformation series: 449---~ 450 

Vein sheath (character state nos. 451, 452) 
Just below the epidermis of the Vp, a + cylindrical tissue of 

sclerenchyma cells ('vein sheath': representing a hypodermis according to 
Ogura, 1972), is always present. It is either continuous or laterally (near 
the insertion of the lamina) interrupted. However, intermediate conditions 
are found. The vein sheath of ten contacts the vascular bundle. The 
establishment of the transformation series is impossible, due to the many 
homoplasies implied. 

Development of vein sheath (character state no. 453, 454) 
The cells of the vein sheath, especially those immediately below the 

(upper) epidermis, have conspicuously thickened walls and only a small 
lumen. The cell walls are usually brightly red-coloured. Species no. 16 is 
unique, the cells of the vein sheath possessing extremely thickened orange­
coloured walls, the cell lumen almost lacking. This character state is ill­
developed in a few other species. 

Transformation series: 454---~ 453 

Cortex (characterstate nos. 455, 456) 
~ ground tissue of the Vp is usually blue, parenchymatous. In well­
developed (old) fronds of a number of species, the cell walls of the ground 
tissue are somewhat thickened and the colour changes from blue via purplish 
to reddish when stained. Eventually, the cortex of the Vp may develop the 
appearance of asolid vein sheath (especially characteristic for species no. 
16). 

Transformation series: 455---~ 456 

Bundle sheath (character state nos. 457--461) 
The vascular bundle in the Vp is always surrounded by one (rarely two, 

the second being irregular and interrupted) cell-layer(s) of specialized 
cells, i.e. the bundle sheath. In the greater part of the species, the cells 
of the bundle sheath have strikingly thickened, blue (rarely red-coloured or 
greenish) cell walls, of ten nearly filling the whole cell lumen. These cell 
wall deposits are in many species gradually replaced by dark brown (cork­
like) material (similar to that found in bundle sheaths of the rhizome, 
character state nos. 390--395). Six Aglaomorpha species are unique, showing 
the bundle sheath containing (at least p.p.) large-sized, red-coloured 
sclerenchyma cells (having a large cell lumen, being distinct from the 
cortex cells by thicker walls). Such bundle sheath cells are at least 
present at the lateral sides of the vascular bundle where higher order veins 
may branch off. 

Transformation series: 458 + 459 + 461---~ 457 
\--~ 460 

Number of vascular bundles in Vp (character states nos. 462, 463) 
ALL species show a single vascular bundle situated somewhat dorsally of 

the central axis of the Vp. In species nos. 18 + 19 + 24, all being large-
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sized with huge pinnae, the basal part of the Vp of ten shows two + equally­
sized vascular bundles situated in one horizontal plane. Of ten, small 
vascular bundles are present which are side branches leading to higher 
order veins. 

Transformation series: 462---~ 463 

Arrangement of xylem (character state nos. 464--466) 
The most common condition within the drynarioid ferns are xylem vessels 

arranged in a T-shape. This character state was found in the sterile pinnae 
of almost all Drynaria species (except no. 15) and a number of Aglaomorpha 
species. The large-sized Aglaomorpha species showing a dilated frond base 
(usually) have xylem vessels arranged in V-shape, of ten also present in the 
Drynaria species nos. 1, 3, and (to alesser extent) 5. Few species show a 
th;rd condition, i.e. elliptic or flat U-shaped arrangements. In species 
nos. 18 + 19 + 24, the xylem vessels of the two vascular bundles together 
are arranged in an U-shape. Sometimes intermediates are found, probably 
correlated to the pinna size. The V-shaped arrangement is explained by the 
development of a vertical invagination medially in the T-shaped arrangement 
when vascular bundles enlarge, culminating in two bundles. The vascular 
bundles of the petiole, costa, and rhachis show essentially the same 
arrangement. 

Transformation series: 464---~ 465 
\--~ 466 

Sclerenchymatous strands in vascular bundle (character state nos. 467, 468) 
The vascular bundles are amph;phlo;c, being uniformely organized in all 

species of the group. Both the pericycle and the endodermis usually consist 
of a single cell-layer. The phloem is dark blue-coloured af ter staining, 
intermingled with some parenchymatous elements. Species no. 11 is 
characterized by conspicuous sclerenchymatous strands between phloem and 
xylem, situated at the dorsal side and in the lateral angles of the T-shaped 
xylem. Species nos. 19, 29 (usually), and 31 (sometimes) show some 
sclerenchymatous elements scattered around the xylem. 

Transformation series: 468---~ 467 

Vp of fertile vs. sterile pinnae (character state nos. 469--475) 
The species of Drynar;a and species nos. 23 and 24 do not show obvious 

differences between the Vp of fertile and of sterile pinnae. Aglaomorpha 
species showing (internal) dimorphism exhibit varying anatomical differences 
bet ween the Vp of fertile and of sterile pinnae. Generally, anatomical 
structures are less-developed in fertile compared to sterile pinnae. A 
transformation series cannot be established. 

Sclerenchymatous sheath of secondary and higher order veins (character state 
nos. 476--478) 

Small (secondary and higher order) veins are identically organized 
throughout. Generally, they are surrounded by a conspicuous red-coloured 
sclerenchymatous sheath, which is continuous from the lower to the upper 
epidermis, the hypodermis being interrupted. These vein sheaths are almost 
uniform in all species. In a few species some irregularities are observed, 
the sheath not being completely developed. Species no. 16 is deviating from 
all other species in having orange-coloured, extremely developed 
sclerenchymatous vein sheaths. 
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Transformation series: 476---~ 477 
\--~ 478 

Shape of receptacLe ceLLs (character state nos. 479, 480) 
Two species are deviating, the ceLLs of the strikingLy buLb-shaped 

receptacLe being eLongated, perpendicuLar to the surface. 

Transformation series: 480---~ 479 

Number of supporting veins in cross-section per sorus (character state nos. 
481--483) 

The number of supporting veins in cross-section is reLated to the width 
of the sori or soraL patches. Generally, AgLaomorpha species show high 
numbers and Drynaria species Low numbers (usuaLLy one, occasionaLLy two) of 
supporting velns, except for species nos. 8 + 9 which have reLativeLy high 
numbers within Drynaria. 

Transformation series: 482---~ 481 
\--~ 483 

(AgLaomorpha) 

481---~ 482---~ 483 (Drynaria) 

PresentLy, the two transformation series cannot be combined, the state 
present in pLausibLe sister groups being unknown. 

ScLerenchymatous sheath of supporting veins (character state nos. 484--486) 
A number of species show the sheath of supporting veins equaLLy deveLoped 

and red-coLoured as those of other higher order veins. However, in many 
species the sheath is onLy iLL-deveLoped and vagueLy red-coLoured, or 
absent. 

/-----~-----\ 
Transformation series: 484---~ 485---~ 486 

As regards AgLaomorpha, 
estabLished. 

no unambiguous transformation series can be 

5.7. Frond indu.ent 

The frond indument studied incLudes scaLes and trichomes on the Lamina 
and veins at the abaxiaL surface, as weLL as steriLe structures on the 
receptacle and sporangia. Extensive measurements have been made resuLting in 
the recognition of many quantitative character states. Baaijen & Hennipman 
(in prep.) give an extensive survey of paraphyses and frond indument of 
Polypdiaceae, their terminology being followed here. 

5.7.1. La.inar glandular tricho.es 

Laminar glandular trichomes (character state nos. 272, 273) - Fig. - 5.5 
Glandular trichomes with a narrow base cell, and ovoid, orange-coloured 

glandular top cell(s), are found in almost all species. In one species (no. 
8), such trichomes on lamina and veins are lacking (on mature fronds). For 
this species, no information is available on the occurrence of trichomes in 
early blastogenetic stages. Species no. 10 shows (almost) no glandular 
trichomes on mature fronds, but early blastogenetic stages show trichomes 
simiLar to that found in other species. Generally, glandular trichomes are 
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most densely set on the lamina of young fronds, especially meristimatic 
frond parts, and only rarelyon veins. In mature fronds, the trichomes occur 
in varying densities, being very densely set in species no. 15. 

Transformation series: 272---~ 273 

Branching (character state nos. 274--278) 
The species show differentiation as to the ratio bet ween branched and 

unbranched glandular trichomes. In the greater part of the species, branched 
hairs are almost completely lacking. A number of species show the ratio 
varying between 10 and 45%. Distinct from the other Aglaomorpha species are 
nos. 29--31 which show + 2/3 of the laminar glanduLar trichomes being 
branched. The same condition is present in species no. 16 which is deviating 
in Drynaria. 

/--~ 275 
Transformation series: 274---~ 278---~ 276 

\--~ 277 

Length in cells (character state nos. 286--288, and 299, 300) 
ALmost aLL species show (more than 1/4 of their) laminar glandular 

trichomes being two cells long. A number of species show usually (no. 12), 
of ten (>25%: nos. 12, 14, 21, and 26), or occasionally trichomes of three 
cells in length. Longer trichomes are found in a few species only, but 
rarely. 

Transformation series: 286---~ 287---~ 288 

299---~ 300 

Total number of cells (character state nos. 289--291, and 301--303) 
The greater part of the species show more than 10% (although of ten not 

exceeding 25%) of the laminar glandular trichomes being three celled. Some 
species, including the group of species nos. 1--5, possess (almost) solely 
two celled trichomes. Species no. 12 is unique in showing more than 25% four 
cel led trichomes. 

Transformation series: 290---~ 289 
\--~ 291 

301---~ 302---~ 303 

5.7.2. Acicular la.inar tricha.es 

Acicular laminar trichomes (character state nos. 318, 319) - Fig. 5.5 
AcicuLar trichomes, found in a limited number of genera of the 

Polypodiaceae only, are present in more than half of the drynarioid species. 
They are absent in Aglaomorpha species no. 23 and in Drynaria species nos. 
1--10. 

Transformation series: 319---~ 318 (Aglaomorpha) 

318---~ 319 (Drynaria) 

Acicular trichomes are found in a number of Goniophlebium and Microsorium 
species (Baai jen & Hennipman, in prep.). In case the sister group of the 
drynarioids belongs to these groups, the transformation series is the first 
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mentioned above. However, when crypsinoid ferns rep re sent the sister group, 
which lack acicular trichomes, the transformation series is the second 
mentioned above. In both cases, reversals have to be assumed. 

Position (character state nos. 320, 321) 
Commonly, acicular trichomes are set throughout, mainly inserted on 

and in tufts apically on 'abscission veins'. A number of species 
acicular indument in tufts apically on abcission veins only. 

veins 
show 

Transformation series: 320--~ 321 (species nos. 17--26) 

The transformation series cannot be completed. 

Density (character state nos. 322, 323) 
The density shows considerable (also infraspecific) variation. 

acicular trichomes inconspicuous, being scattered to densely set. 
nos. 27--31 are unique in (usually) having very densely set 
trichomes, the fronds being tomentose. However, species nos. 27 and 
show almost glabrous fronds, a phenomenon probably correlated with 
conditions (Chapter 9). 

Transformation series: 323---~ 322 

Length in cells (character state nos. 324--327) 

Usually, 
Species 

acicular 
31 of ten 
habitat 

The common condition is one or two celled acicular trichomes, but many 
species show three celled trichomes also. Species nos. 27--30 are 
characterized by conspicuously elongated acicular trichomes, up to 22 cells 
long in species nos. 27. 

I--~ 324 
Transformation series: 324 + 325---~ 326---~ 327 

'Type 11 laminar glandular trichomes' (character state nos. 328, 329) - Fig. 
5.5 

A second type of glandular trichomes is observed, in species nos. 14, 15, 
and 26 densely set throughout, in other species situated in tufts apically 
on the abscission veins only. They are usually inserted intermingled with 
acicular hairs, except in species no. 6 which lacks acicular hairs. They 
differ from normal glandular hairs by the + hyaline, pear-shaped top cell, 
and the large-sized, thick-walled basal-(and intercalary) cell(s). The 
lat ter have the appearance of cells of acicular hairs. 

Transformation series: 329---~ 328 

5.7.3. Frond scales 

Position (character state nos. 344--346) - Plate 6 
Three different states as regards the distribution of scales on the 

frond are recognized. All Aglaomorpha species have scales scattered on or 
near the costa/rhachis (and the basal part of the Vp), decreasing in 
density, width, and eventually in size, towards the middle part of the 
fonds, being almost absent in the apical part. The scales are similar to 
those of the rhizome. This condition is best developed in species nos. 21 + 
22 and 30. It is present in the Drynaria species nos. 9 and 10. The first 
also shows receptacular scales, the latter has morphologically different 
scales on the lamina. 

Species nos. 11--16 show frond scales scattered along the costa, of ten 
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the most denseLy near the Vp, inserted cLose to the abscission Layer. As a 
ruLe, the scaLes are + uniform throughout the frond as to size and density. 
Compared to rhizome scaLes, the frond scaLes are short. Species nos. 11 + 12 
aLso have some scaLes scattered on the Lamina, mainLy inserted on the Vs and 
higher order veins. The Latter state is weLL-deveLoped ., the other Drynaria 
species. UsuaLLy, the Laminar scaLes are morphoLogicaL fferent compared to 
those on the rhizome, which is most obvious in species no. 10. 

Transformation series: 344---. 345 (Drynaria) 
\--. 346 

The poLarity of the state present in AgLaomorpha is undetermined, as the 
state present in pLausibLe sister groups is uncertain. 

Attachment (character state nos. 347--350) 
Variation in type of attachment is correLated with variation in si ze. 

Large-sized scaLes are generally pseudo-peLtate or peLtate, smaLLe-sized 
ones being basifix. 

Transformation series: 347 + 348---. 349 (AgLaomorpha) 

347 + 350---. 348 (Drynaria) 

Shape (character state nos. 351--353) 
~und frond scaLes is the common condition found in species no. 10. 
Species nos. 1--5 have trianguLar to ovate scaLes onLy. The other species 
mostLy show Linear to fiLiform frond scaLes, aLso present on the petioLe of 
species no. 10. 

1--. 351 
Transformation series: 352 + 353---. 352 

\--. 353 

The soLe presence of no. 353 (in species nos. 1--5) and of no. 352 (e.g. in 
species nos. 23 + 25 + 26) are both apomorphous. 

MarginaL protuberances (character state nos. 354, 355) 
ALL frond scaLes are toothed, but in some species Longer marginaL 

protuberances are present aLso. This character state is weLL-deveLoped in 
species nos. 6 and 10--12 in Drynaria, Less so in the AgLaomorpha species 
nos. 29 and 31. State no. 354 and nos. 354 + 355 are apomorphous. 

MarginaL protrusions (character state nos. 356, 357) 
ALmost aLL species show biseriate marginaL protrusions. Many of them show 

uniseriate protrusions aLso, a character state predominant in the species 
possessing protuberances (cf. the absence of no. 357 in species nos. 6 and 
10). A transformation series cannot be estabLished. 

MarginaL gLanduLar trichomes (character state nos. 358, 359) 
The note concerning gLanduLar indument on the rhizome scaLes is aLso 

reLevant for the frond scaLes. A distinct apicaL trichome is aLways present. 

Transformation series: 359---. 358 (AgLaomorpha) 

358---. 359 (Drynaria) 
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Position of glandular indument (character state nos. 360, 361) 
As regards the frond scales, this character is more difficult to 

interpret than in rhizome scales. A transformation series cannot be 
established. 

Length in cells of marginal glandular trichomes (character state nos. 362--
364) 

The marginal glandular trichomes are almost always one or two cells long. 
In species no. 3 rarely more cel led trichomes are rarely found, which is an 
autapomorphy. 

Insertion of marginal indument (character state nos. 365, 366) 
The indument of the frond scales is always marginally inserted, but in 

species no. 18 occasionally and in species no. 3 of ten, the indument is 
abaxially inserted also •• 

Transformation series: 365---~ 366 

Lignified cell walls (character state nos. 367--369) 
Generally, the frond scales do not show conspicuous lignification of cell 

walls. A few species might show some slightly lignified cell walls, whereas 
this is the common condition in species nos. 1, 18--21 (forming a midrib), 
and 31 (around the point of attachment). 

Transformation series: 367---~ 368 
\--~ 369 

Apex (character state nos. 370--373) 
----The apices of frond scales generally vary from sharp acute to filiform, 
intermediates being of ten present. 

Transformation series: 371 + 372---~ 370 
\--~ 373 

5.7.4. Receptacular ha;ry paraphyses 

All drynarioid species show glandular trichomes inserted on the 
receptacle (Fig. 5.6), interpreted as receptacular paraphyses (Baai jen & 
Hennipman, in prep.). As to the morphology, receptacular paraphyses show 
more variation compared to the laminar glandular indument. The basal cell 
may be strikingly larger-sized than the intercalary cells. This condition is 
well-developed in species no. 19, but observed in almost all other species 
also. 

Branching (character state nos. 279--283) 
The majority of the species show 90% or more of their receptacular 

paraphyses to be unbranched. Other species show higher percentages of 
branched paraphyses, best developed in species nos. 10--12, 16, and 31 which 
show the majority of paraphyses being branched. However, no sharp 
disjunction is present within the group as a whole. 

I--~ 280 
Transformation series: 279---~ 283---~ 281 

\--~ 282 
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Number of glandular cells (character state nos. 284, 285) 
All branches of the receptacular paraphyses are terminated by a glandular 

cello Mostly one (unbranched) or two (once branched) glandular cells are 
present. However, some species show more extensively branched paraphyses 
bearing three or four glandular cells, a condition characteristic for 
species no. 12. 

Transformation series: 284---~ 285 

Length in cells (character state nos. 292--296, 297, 298, and 302--307) 
Receptacular paraphyses being two cells long are present in the majority 

of drynarioid species, many of them species showing a significant part of 
their paraphyses being three cells in length. Species nos. 10--12 in 
Drynaria and no. 19 in Aglaomorpha are unique in having numerous long 
paraphyses, which are only rareLy found in four other Aglaomorpha species. 

/--~ 292 
Transformation series: 293 + 294---~ 296---~ 295 

297---~ 298 

304 +305---~ 306---~ 307 

Number of cells (character state nos. 308--311) 
Commonly, the species have two or three celled receptacular paraphyses. 

Species nos. 10--12 and 18 are unique as they usually have more than 30X of 
the paraphyses with five or more cells. 

Transformation series: 308 + 309---~ 310---~ 311 

Differences between laminar trichomes and receptacular paraphyses regarding 
the length in cells (character state nos. 312--3145 

Generally, the species have paraphyses that are equally long or only one 
cell longer than the laminar trichomes. some species show the paraphyses to 
be two cells longer, which is best developed in species nos. 10--12 and 18. 

Transformation series: 312 + 313---~ 314 (Aglaomorpha) 

312---~ 313---~ 314 (Drynaria) 

The transformation series in Drynaria conforms to what is expected, in view 
of the idea that receptacular paraphyses are homologous to laminar 
trichomes, whereas that of Aglaomorpha shows some ambiguity. The state 
present in plausible sister groups is unknown as yet. 

Differences in length between laminar trichomes and receptacular paraphyses 
(character state nos. 315--3175 

Usually, the receptacular paraphyses are equally long or (clearly) longer 
than the laminar trichomes. However, in four species the paraphyses are 
somewhat shorter than the trichomes. 

Transformation series: 315 + 317---~ 316 (Aglaomorpha) 
\--~ 317 

315---~ 316 
\--~ 317 
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In Aglaomorpha, the sole presence of state no. 317 is regarded apomorphous 
in species nos. 29--31. The transformation series cannot be combined. 

5.7.5. Receptacular scaly paraphyses 

Receptacular scaly paraphyses (character state nos. 338, 339) - Fig. 5.5, 
5.6 

Receptacular scaly paraphyses are present in species nos. 6--11. In 
species nos. 10 and 11, numerous scaly paraphyses are inserted among the 
paraphyses throughout the receptacle. In species nos. 6--9, a number of 
scaly paraphyses are mainly inserted along the edge of the sorus. 

Transformation series: 339---~ 338 

State no. 
12), or it 
no. 12). 
morphology 

339 either developed twice (followed by a reversal in species no. 
arose once, followed by a reversal in species nos. 13--16 (and in 

The first hypothesis is preferred, in view of differences in 
and insertion. 

Complexity of receptacular scaly paraphyses (character state nos. 340--343) 
Species nos. 10 and 11 show long hairy paraphyses, long stalked simple 

scaly paraphyses, and all intermediates in between (with variously 
pronounced and varying numbers of protrusions of the apically situated 
cells). Species nos. 6--9 show striking differences between the hairy 
paraphyses and the relatively complex, shortly stalked scaly paraphyses. 
Species no. 7 shows some variation as to the complexity of its receptacular 
scales. 

Transformation series: 343---~ 341 
\--~ 342 

State no. 340 is apomorphous. 

5.7.6. Deviating sporangia 

Deviating sporangia (character state nos. 330, 331) - Fig. 5.7 
Receptacu[ar paraphyses are always uniseriate, whereas the stalks of 

sporangia are bi- and triseriate. Therefore, the paraphyses are regarded 
homologous with laminar trichomes, whereas sterile bi- and triseriate 
receptacular structures are inferred to represent derivations of sporangia. 

Although there exists much individual variation, all species of the 
Drynarioideae show few to many sterile (aborted) sporangia of which the 
capsule is ill-developed. Still, the initiation of the capsule is easily 
recognized as the apical part is bulb-shaped, showing a number of indurated 
annulus cells. However, in some species derivations of sporangia are found, 
which are phallus-shaped, without any visible initiation of the capsule. 
Transformation series: 331---~330 

5.7.7. Sporangial paraphyses 

Glandular sporangial paraphyses (character state nos. 332, 333) - Fig. 5.7 
A unique character state is present in species no. 13, i.e. the presence 

of 2-celled glandular trichomes on both sides of the sporangium capsule in 
almost all upper layer (i.e. the first developing) sporangia. However, this 
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character state is absent in + 15% of the specimens examined. RareLy, 
species no. 14 shows a few identicaL sporangiaL trichomes. Apart from these 
unique sporangiaL trichomes, species no. 15 is furthermore characterized by 
sinusoid capsuLe ceLLs, simiLarLy shaped as unspeciaLized epidermal ceLLs. 
ALL other drynarioids Lack gLanduLar sporangiaL indument, and have + entire 
capsuLe ceLLs. 

Transformation series: 333---. 332 

AcicuLar sporangiaL paraphyses (character state nos. 334, 335, and 336, 337) 
- Fig. 5.7 

Three species are unique, sharing the presence of brown one- or two­
ceL Led acicuLar trichomes on the sporangium capsuLe. This character state 
is most conspicuousLy deveLoped in species no. 29, which has (1--)3--6 
trichomes situated on both sides of the capsuLe of aLmost aLL upper Layer 
sporangia. These hairs have mature size (+ 125 ~m) when the sporangia are 
young (i.e. when the differentiation betwëen annuLus- and capsuLe-ceLLs is 
onLy initiated). In species nos. 30 + 31, 1-3 trichomes are situated on one 
side of the capsuLe onLy. The first species shows Less deveLoped acicuLar 
trichomes, which are 50--75 lum Long, usuaLLy not reaching beyond the 
indurated annuLus ceLLs. The sporangiaL indument is onLy fairLy common, 
being present in sLightLy more than haLf of the specimens examined in + 50% 
of the upper Layer sporangia, the reason why they are easiLy over Looked. 
As regards the second species, the greater part of the specimens studied 
shows ~ 200 lum Long trichomes in + 75% of the upper Layer sporangia. 

Transformation series: 335---. 334---. 336 
\--. 337 

Both state nos. 336 and 337 are apomorphous according to the outgroup ruLe. 

5.8. Sporangia 

Characters pertaining to the sporangia have aLways been regarded of 
importance to characterize the major groups of pteridophytes (cf. Jarrett, 
1981). On Lower hierarchicaL LeveLs however, this charactercompLex is 
usuaLLy regarded too variabLe to be of use. NevertheLess, in the monograph 
of PLatycerium (Hennipman & Roos, 1982) character states of the sporangium 
are used to recognise hoLophyLetic groups at Low hierarchicaL LeveLs. 
Therefore, the present study deaLs in detaiL with characters pertaining to 
the annuLus and capsuLe ceLLs (apart from the sporangiaL indument, see 
character state nos. 332--337). 

The annuLus is here defined according to WiLson (1959), being the whoLe 
ring of ceLLs + horizontaLLy encircLing the capsuLe and interrupted at the 
point of attaëhment. It can be divided into the indurated annuLus ceLLs 
(with conspicuousLy thickened inner ceLLwaLLs; they pLay the most important 
roLe in the opening mechanism of the sporangium), the epistomium (thin 
walled ceLLs between the indurated ceLLs and the stomium), the stomium (the, 
usuaLLy two, somewhat thicker waL Led ceLLs, being Linear in the horizontal 
pLane and characteristicaLLy hyaLine; they have a function for the 
initiation of the dehiscence by seperation from eachother), and the 
hypostomium (thin walled ceLLs situated bet ween the stomium and the staLk). 
Observations have aLways been made from the proximaL side of the capsuLe. In 
accordance with WiLson (1959, p. 106) character states present in at Least 
10% of the sporangia counted are aLL represented in the tabLe. The stomium 
comprises aLmost aLways two ceLLs (very rareLy three), and has therefore 
been ignored. The number of annuLus ceLLs shows much variation, both within 
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the species as well as among the species. This problem was also encountered 
in the study of PLatycerium (Hennipman & Roos, 1982), in which only the non­
overlapping ranges we re used for the phylogeny reconstruction. The 
drynarioids do not show disjunctions in numbers of annulus cells. However, 
at lower hierarchical levels disjunction might be present. Therefore, each 
number is regarded to represent a different character state. 

Number of indurated cells (character state nos. 156--160) 
The most common conditions found are 13 and 14 indurated annulus cells. 

Generally, Aglaomorpha species show somewhat lower numbers compared to 
Drynaria species. The variation in species nos. 13 and 28 is considerable. 

Transformation series: 158 + 159---~ 157---~ 156 
\--~ 160 

Number of epistomium cells (character state nos. 161--164) 
Species no. 13 is deviating, lacking the condition of three epistomium 

cells which is present in all other species. The number of epistomium cells 
per species is usually rather constant, although e.g. species nos. 27 and 28 
of ten show the two-celled condition. 

I--~ 161 
Transformation series: 162---~ 163---~ 164 

Number of hypostomium cells (character state nos. 165--168) 
The most common condition found is three-celled hypostomiums, most 

species being remarkably constant. Few species are characterized by a 
considerable number of sporangia with two hypostomium cells only whereas 
others (nos. 13 and 18 + 19 + 24 in particular) might show four or five 
hypostomium cells. 

I--~ 165 
Transformation series: 166---~ 167---~ 168 

The transformation series pertaining to the epistomium and the hypostomium 
are ~ congruent. 

Total number of annulus cells (character state nos. 169--176) 
As regards the total number of annulus cells, the drynarioid species show 

much variation and overlap. Species nos. 25, 27, and 31 show considerably 
low numbers, whereas species nos. 6, 13, 19, and 25 have high numbers. The 
most common states are 21--23 annulus cells. 

I--~ 170---~ 169 
Transformation series:(171 + 172)---~ 173---~ 174---~ 175---~ 176 

The mutual polarity of nos. 171 and 172 is unsure. 

Length of capsule (character state nos. 177--183) 
The length of the sporangium capsules is divided into a number of 

convenient states af ter extensive measurements. States nos. 180 and 181 are 
the most common, but the species show much variation (e.g. species no. 1). 
Some species show relatively long capsules (e.g. nos. 11, 14, 19, and 21), 
whereas one species is characterized by short capsules (no. 9). 

Transformation series: 180 + 181---~ 179---~ 178---~ 177 
\--~ 182---~ 183 
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The state present in plausible sister groups is uncertain, but the series 
given is the most parsimonious. 

Width of capsule (character state nos. 184--189) 
Species no. 9, showing short capsules, is also deviating as regards the 

width, its capsules being distinctly narrow. Generally, the distribution 
patterns of the different states are congruent with those of the previous 
character. 

Transformation series: 187 + 188---~ 186---~ 185---~ 184 
\--~ 189 

5.9. Spores 

The spores of the Drynarioideae are monolete and planoconvex, like those 
of all Polypodiaceae. Chandra & Zamora (1979) studied the spores of a number 
of drynarioid ferns, but their scenario-like conclusions could not be 
confirmed. Hennipman & Sen (in prep.) will provide an extensive survey of 
the spores of Polypodiaceae. Their terminology is followed here, and the 
character states recognized accord with their studies. Due to incomplete 
knowledge of character states present in plausible sister groups, the of ten 
conflicting transformation series of Aglaomorpha and Drynaria treated 
separately could not always be combi ned. Furthermore, to explain the 
distribution pattern of the majority of character states of the spores, it 
is necessary to assume many homoplasies. Further interpretation of these 
conflicting character state distributions and transformation series will be 
dealt with in a forthcoming paper by Hennipman & Roos. 

Peri spore (character state nos. 190, 191) - Plate 48, 56 
The peri spore in Aglaomorpha species is generally smooth, whereas 

Drynaria species usually show a verrucate peri spore. 

Transformation series: 190---~ 191 (Aglaomorpha) 

191---~ 190 (Drynaria) 

Ultrastructure of peri spore (character state nos. 192, 193) 
As a ruLe, the uLtrastructure of the peri spore is smooth. However, a few 

Aglaomorpha species of ten show it to be somewhat verruculate. 

Transformation series: 192---~ 193 

Basal layer of peri spore (character state nos. 194--196) 
The peri spore is usually differentiated into ornamental structures (e.g. 

spines) and a basal layer surrounding the exospore. In almost all 
Aglaomorpha species, the basal layer is inconspicuous, ex cept species no. 25 
showing a thick basal layer, and no. 22 showing it to be thin. This latter 
condition is usually found in Drynaria, except species nos. 7, 9, and 14 in 
which the basal layer is inconspicuous. Generally, thin or thick basal 
layers occur in species showing spines or baculae. 

Transformation series: 194---~ 195 (Aglaomorpha) 
\--~ 196 

195---~ 194 (Drynaria) 
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Spines (character state nos. 197, 198) - Plate 45--47, 51, 52, 55, 56 
~nes are present in most Drynaria species, whereas they are generally 
lacking in Aglaomorpha. 

Transformation series: 198---~ 197 (Aglaomorpha) 

197---~ 198 (Drynaria) 

Shape of spines (character state nos. 199, 200) - Plate 45, 47 
Spines are either sharply pointed or show a clear apical constriction, 

of ten occurring intermingled in one spore. 

Transformation series: 200---~ 199 (+ 200) 

The two states found in Aglaomorpha are both autapomorphies. 

Baculae (character state nos. 201, 202) - Plate 53, 54 
Baculae are found in some Drynaria species (nos. 10--12 in particular) 

and in one Aglaomorpha species only (no. 25). 

Transformation series: 202---~ 201 

Globules (character state nos. 203, 204) - Plate 48, 50 
Contrary to spines, globules are common in Aglaomorpha and rare in 

Drynaria. 

Transformation series: 203---~ 204 (Aglaomorpha 

204---~ 203 (Drynaria) 

Exospore (character state nos. 205--207) - Plate 49 
The exospore is usually smooth or shows globular excrescences. Three 

species (nos. 9 and 13 + 14) are strikingly deviating showing the exospore 
to be verrucate, similar in appearance to spores of Polypodium species 
(Hennipman, pers. comm.). Such exospores are also present in abortive spores 
of drynarioids otherwise showing the common types of exospore (e.g. species 
nos. 2 and 21). 

Transformation series: 206---~ 207 

The polarity of state no. 205 is undetermined. 

Spore types (character state nos. 208--210) 
The characters of the spores studied resulted in the recognition of three 

different spore types. The most common type in the group (the quercifolia­
type) shows variation as to the peri spore ornamentation (spines, globules), 
but it is + uniform as regards the other characters of exo- and peri spore. 
The meyeniina-type is unique to species no. 25, characterized by a 
conspicuously verrucate peri spore and thick basal layer, and baculae present 
on top of the verrucae. The pleuridioides-type in unique to three Drynaria 
species (nos. 9 and 13 + 14), characterized by a verrucate exospore. 

Transformation series: 210---~ 208 
\--~ 209 
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6. METHODOl06Y OF CLADISTIC ANALYSIS (Co-author: M. ZANDEE) 

6.1. Introduction 

The method here used for phylogeny reconstruction is that as developed by 
Zandee (1985). It is a four-step cladistic analysis representing an 
integration bet ween parsimony and compatibility methods. No data are 
discarded or otherwise weighted a priori, no transformation series are to be 
established in advance, and a manageable number of alternatives can be 
selected allowing a judgement according to different criteria. The four 
steps include: 

data matrix --~ sets --~ cliques --~ cladograms 

In the data matrix the observations are compiled. The sets are a 
transcription of the data to facilitate the elucidation of patterns. Cliques 
comprise groups of sets representing patterns for (alternative) orders which 
are visualized in cladograms. Cladograms need to be interpreted as 
representing a historical development for which causes can be postulated. As 
it is assumed that only one phylogenetic order exists, one cladogram will 
ultimately present the evolutionary history. 

The cladistic analysis is logically independent from both character 
analyses (the determination which characters and character states are 
present) and the recognition of the terminal (basic) taxa, which are special 
activities of the practising systematist. However, the results of the 
cladistic analysis fully depend on the results of this systematic work. In 
other words, the quality of the character analyses and of the taxon 
delimitation is arestriction for the quality of the results of the 
cladistic analysis. The cladistic analysis cannot (directly) improve the 
results of this analytical phase, although reciprocal illumination bet ween 
these two phases plays an extremely important role (viz. Chapter 4.3.5). 

The search is for groups of terminal taxa sharing one or more unique 
character states. This is based on the idea that groups of taxa are possibly 
holophyletic (comprising the most recent common ancestor and all its 
descendants; for terminology see Holmes, 1981), if they share one or more 
unique character states, unless other groups are regarded to represent a 
better reconstruction of the phylogeny. As a consequence, these so-called 
special similarities are possible synapomorphies (i.e. they originated once 
in the common ancestor of all species exhibiting this character state) 
unless it is better (i.e. more parsimonious) to explain it otherwise. The 
selection of groups which share unique character stat es and the set of rules 
for judging these special similarities to reconstruct the phylogeny include 
the following steps. 

6.2. Step 1: data aatrix 

The first step is the transcription of the data resulting from the 
character analyses (i.e. the character states recognized and their 
respective distribution over the terminal taxa) into a binary 1/0 data 
matrix. All character states recognized are treated as separate items. For 
each character state, the absence or presence in each species is encoded as 
a '0' or a '1' respectively. 

It must be stressed that the coding used does not indicate any a priori 
established transformation series or order in character states (unlike a.o. 
Mickevich, 1982). So, unlike the usual situation, a '1' in the data matrix 
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onLy means that that particuLar character state is present in that 
particuLar taxon. NecessariLy, the 2 or more character stat es of one 
character (at a higher LeveL) comprise the set of interdependent 
(compLementary) character states. 

6.3. Step 2: sets 

The second step is manipuLating the data matrix to expose the information 
in terms of groups of taxa sharing common character states (sets of -unique­
character states in sets of taxa). To achieve this the data matrix is 
transcribed into a List of 50 called 'partiaLLy' monothetic sets. 

A character state shared by a number of taxa defines this set of taxa. 
Other character states may show an identicaL distribution pattern over the 
taxa of the group under study. ConsequentLy, a set of taxa can be defined by 
a set of unique character states. Character states showing the same 
distribution amongst the taxa represent a 'character type' (sensu NeLson & 
PLatnick, 1981). Sets of taxa defined in this way are called 'partiaLLy' 
monothetic (Zandee, 1984) as the originaL definition of monothetic sets 
(monotypic sensu Beckner, 1959) is onLy partLy appLied. For cLarity, these 
monothetic sets (monotypic sensu Beckner, 1959) are here called 'strictLy' 
monothetic sets. StrictLy foLLowing the definition of monothetic sets, sets 
of character states must be both necessary and sufficient for defining sets 
of taxa. PartiaLLy monothetic sets of taxa are onLy defined by a set of 
unique character states sufficient for their characterization. For exampLe, 
the angiosperms are sufficientLy characterized by the presence of flowers. 
However, they are necessariLy aLso characterized by general features of 
(vascuLar) pLants. In other words, strictLy monothetic sets are defined by 
an unique combination of character states. Each character state of the 
defining set can be present in other sets of taxa as weLL, but never in the 
same combination, nor need any of the separate states to be unique aLthough 
one or some of them might be 50. PartiaLLy monothetic sets are onLy defined 
by a unique distribution of one or more character states, the defining 
character stat es being absent outside the set. It shouLd be stressed that a 
Listing of (partiaLLy) monothetic sets is nothing more than a re­
representation of the originaL data. It has no assumptions of its own. 

TabLe 6.1 shows a data matrix comprising four terminaL taxa and 12 
characters. In tabLe 6.2 the different strictLy as weLL as partiaLLy 

1-------------11-----------------------------------------------
I ABC ollSets StrictLy monothetic PartiaLLy monothetic 
-------------11 

111 0 0 OliA 
210 1 0 OliB 
310 0 1 Ollc 
410001110 
511 1 0 0 lAB 
610 0 1 1 IAO 
711 0 0 1 lBC 
811 1 1 0 lBO 
910 1 1 1 I CO 

10 11 1 0 1 I ABC 
1111 1 1 0 lABO 
1211 1 1 1 IBCO 

IABCO 
I 

1,5,7,8,10,11,12 
2,5,8,9,10,11,12 
3,6,8,9,11,12 
4,6,7,9,10,12 
5,8,10,11,12 
7,10,12 
8,9,11,12 
9,10,12 
6,9,12 
8,11,12 
10,12 
9,12 
12 

1 
2 
3 
4 
5 
7 

6 
8,11 
10 
9 
12 

TabLe 6.1 I TabLe 6.2 
1------------- 1-----------------------------------------------
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monothetic sets and their defining characters present in the data matrix are 
shown. The sets are groups of taxa (clada), the numbers refer to the 
character states they have in common following each of the two definitions. 
Sets BC and BD do not represent partially monothetic sets. Obviously, the 
total number of sets partially defined is smaller than the total number of 
strictly monothetic sets. The total number of polythetic sets (Beckner, 
1959) will be far greater. The choice for partially monothetic sets implies 
a preliminary selection of cladograms as it precludes all those cladograms 
featuring groups not supported by unique character states. 

6.4. Step 3: cliques 

The third step is the formation of cliques of sets of taxa. Among the 
members of a partially monothetic set of taxa there is only one type of 
relation, i.e. the shared possession of one or more unique character states. 
Among the sets themselves, three types of relations can be recognized: a) 
inclusion, e.g. {A} in {A,B} in {A,B,C}; b) exclusion, e.g. {A,B} and {C,D} 
in {A,B,C,D}; and c) overlap, e.g. {A,B,C} and {C,D} in {A,B,C,D}. For 
systematics and phylogeny reconstruction, inclusion and exclusion relations 
are of first importance, overlap between sets of taxa requiring additional 
explanations. When two states of one character (transformation series) show 
overlapping distribution patterns, this might be interpreted as resulting 
from an incomplete divergence (fixation, polymorphy). However, in case of 
overlap between sets defined by states of different characters 
(transformation series), this interpretation is impossible. 

In the present study, pairs of sets of taxa that exclude or include each 
other are called compatible. Cliques are defined as sets of sets of taxa all 
mutually compatible. This interpretation of compatibility is different from 
that of e.g. Meacham (1981). In his concept, compatibility analysis is a 
search for compatible characters, and not for compatible groups of taxa, 
although in case of partially monothetic sets as groups of taxa and 
character types instead of characters, the concepts coincide. Most important 
is the exclusion from compatability of overlapping character state 
distributions; for example, the two character state distributions 00001111 
and 11111000 are compatible as characters according to Meacham's concept, 
but they will not result in compatible sets of taxa and are therefore 
excluded from the concept of group-compatability. In the present study the 
search is for the most resolved cladograms, whereas traditionally character 
compatibility analyses will yield cladograms with the largest number of 
unequivocally supporting character states. Meacham (1984) however, stat es 
that (p. 154) "two undirected binary characters are compatible if and only 
if their smaller states are disjoint or one is a subset of the other". This 
concept of character compatibility is analogous to the concept of group 
compatibility as used in the present paper. 

The search for cliques is a NP-complete problem. This means that it is 
impossible to construct an efficient algorithm for this procedure. As a 
consequence, a priori constraints are imposed in order to make the analysis 
feasible within the limits of available CPU time. This is done by using 
partially monothetic sets only. Only the largest cliques are selected. For N 
terminal taxa, a fully resolved, i.e. dichotomous, cladogram has N-1 
internal nodes (sets of taxa) and N terminal nodes (taxa). Thus the maximum 
clique size is 2N-1. In case the largest cliques comprise less than 2N-1 
sets, the resulting cladograms will include polytomies. 
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6.5. Step 4: cladogra.s 

6.5.1. Introduct;on 

The fourth step is the transformation of cliques into cladograms. Each 
clique yields only one particular cladogram free from taxonomic conflicts by 
definition. Cladograms based on different cliques are different, thus 
conflicting. Sy interpreting the resulting cladograms a judgement can be 
made of their respective representation of the original data matrix. This 
should be followed by a choice for one or only a few of them. The selection 
procedure of this step is the most difficult and complex one. It is executed 
in two phases, a purely cladistic phase and one including auxiliary 
biological inferences. At this stage, evolution is introduced to interpret 
the cladograms. 

6.5.2. Clad;st;c phase 

In the cladistic phase, two different judgements are made: 

1) the measurement of the lowest value of contradiction minus support, i.e. 
the mlnlmum of the number of character state changes necessary to explain 
the distribution of character stat es over the cladogram combined with the 
number of fitting character states; 
2) the application of the local outgroup comparison to establish which 
defining character state represents a synapomorphy. 

6.5.2.1. Contradiction minus support 

6.5.2.1.1. Introduction 

A character state fits a cladogram if its presence can be explained by 
assuming a single origin in one branch (or node) of the cladogram and thus 
in one cladon. The more character states that unequivocally fit the 
cladogram, the better supported the cladogram. However, this is only one 
part of the judgement. Fit is used here in a cladogenetic context and 
cladograms are interpreted as schemes denoting the sequence of origin of new 
character states (evolutionary novelties) in clada. This sequence, being an 
aspect of des cent with modification (evolution), reflects (a particular) 
cladogenesis, or in other words, it implies a rejection of alternative 
cladogenetic events. Transformation series (reflecting anagenesis; 
cladogenesis + anagenesis = phylogeny) can be read off from the hypothesis 
of phylogenetic relationships (= chosen cladogram). 

Character state distributions conflicting with the initial relations 
depicted in a particular cladogram, are (in first instance) interpreted as 
homoplasies. Homoplasies are character states of which the distribution can 
only be explained by assuming a multiple origin and/or by assuming one or 
more reversals. As they are ad hoc hypotheses, they can also act as a 
measure for the quality of a cladogram. Cladograms showing the smallest 
number of homoplasies are then to be preferred. 

The number of fitting character state distributions and the number of 
homoplasies can be combined to achieve an overall judgement of the quality 
of equally resolved cladograms, assuming that all different character states 
are equivalent (commensurate) in this respect. This leads to a choice for 
the most supported and the least contradicted cladogram. 
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6.5.2.1.2. Procedure 

Given a cLadogram, the totaL number of homoplasies is caLcuLated as 
foLLows. Character states fitting the cLadogram receive the vaLue '0'. For 
confLicting character states, the minimum number of independent origins and 
reversals to expLain their distribution over the species is caLcuLated. 
Character stat es present from the basaL node of the cLadogram onwards and 
showing one reversaL in an higher branch receive the vaLue'1'. This 
situation is called 'fit via reversal' and incorporated in the caLcuLation 
of the amount of support. Wh en the one compLementary character state aLso 
fits, it is called a 'pseudo-fit' and not caLcuLated for the amount of 
support. Character states present in a 'subtree' of the cLadogram showing a 
singLe reversal, character states showing homopLaseous or1g1ns in the 
'roots' of two separate subtrees, as weLL as characters present in the root 
of the cLadogram showing two reversals are given the vaLue '2'; and so 
forth. So far, this is essentiaLLy simiLar to the procedure of Farris 
(1970). But the number of homoplasies here is the number of times the 
character state is required to originate independentLy, whereas in Farris' 
procedure it is one Less. Moreover, and unLike Farris' cLadogram 
optimization procedure, in the present method for evaLuating the number of 
homoplasies the state of a character once reversed is retained. This puts 
Limits to the degree of character reversibiLity, aLthough this obviousLy may 
resuLt in not necessariLy most parsimonious soLutions. For exampLe, starting 
from presence ('1'), one reversaL is possibLe (1--~0), but the state cannot 
be gained again; starting from absence ('0'), the state can be acquired, and 
Lost, but not be regained (0--~1--~0). 

In case of poLytomies, each branch is treated separateLy and the 
homopLasy vaLue of character states present in two or more branches is equaL 
to the number of branches in which it occurs. This is necessary because 
otherwise character states present in two or more branches of the poLytomy 
are united for the moment and their homopLasy vaLue wouLd aLways be '1'. The 
resuLt wiLL be a cLadogram with one node and a N-poLytomy, the branches 
Leading separateLy to the N-terminaL taxa. Such a cLadogram wiLL then show 
the smallest number of homopLasies. 

The amount of fit of a cLadogram is the number of fitting character 
states pLus the number of character states showing fit via reversaL 
(excepting pseudo-fit). There is one other exception. One of the character 
states of a compLementary set must be pLesiomorphous to aLL others. This 
state is irreLevant for the amount of homopLasies, and shouLd not be 
incorporated in the caLcuLation. Therefore, when aLL compLementary character 
stat es show zero homopLasies, the amount of fit is one Less than the number 
of states. 

The amount of homopLasy is caLcuLated Likewise. For each compLementary 
set of character states, the state showing the highest number of homoplasies 
is regarded to represent the pLesiomorphous condition as a first guess and 
of reasons of economy. The Latter condition is not incorporated in the 
caLcuLation for the totaL number of homoplasies over the whoLe cLadogram. 
The remaining homopLasy vaLues are enumerated, presenting the totaL amount 
of contradiction of the cLadogram as a whoLe. An alternative heuristic 
(presentLy not appLied) is to count per state the number of deveLopments 
necessary to expLain its distribution pattern in the cLadogram, ignoring the 
reversals implied. The overaLL homopLasy vaLue of the cLadogram is then the 
sum of the counts of aLL states. This can be done because reversaL (presence 
--~ absence) of one state coincides with the acquirement of (one of) its 
compLement(s). As yet, it stiLL has to be ascertained whether these two ways 
of caLcuLation of homoplasies are conceptuaLLy different. 
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The third selection procedure is in favour of cladograms showing the 
lowest values regarding contradiction minus fit. Generally, this will still 
lead to a number of possibilities. In the present study, the values for the 
subsequent cladograms are rather high (around 1300--1400), and the 
differences between the 'best' cladograms not very significant. As a 
consequence, the limit for cladograms still to be selected for further 
interpretation is more or less artificial. A diagram depicting the frequency 
of values of contradiction minus support will be helpful to find a 
(statistical) suitable limit (Fig. 6.11). Notice that these frequency 
diagrams do not show normal distributions. 

6.5.2.2. Outgroup comparison 

Within the context of the chosen starting points, branches (nodes) of the 
cladograms are only relevant when they represent synapomorphies and thus 
define holophyletic groups. This is established using outgroup comparison. A 
3-cladon-statement comprises an ingroup (A), a sistergroup (B) and an 
outgroup (C). According to the outgroup rule as interpreted here, A is 
holophyletic when it possesses character stat es that are absent in both B 
and C. Such character stat es are consequently apomorphous. As the (initial) 
clada are all partially monothetic sets characterized by unique 
characterstates, these defining states are absent in both the sister- and 
outgroup, and therefore apomorphous by definition. 

6.5.3. Exa~le of cladogra. construction 

To illustrate the construction of cladograms, the data matrix given in 
Table 6.1 is used. Notice that all sets of complementary characters have 
only one complement. First, the matrix is transcribed into a list of 
partially monothetic sets (Table 6.2), followed by a search for in- and 
exclusion relations among these sets (group-compatibility). 

1-----------------------------------------------------
I 1 2 3 4 5 6 7 8 9 10 11 
I ---------------------------------------------
IA 11 0 1 1 1 1 1 1 1 1 1 1 
IB 21 1 0 1 1 1 1 1 1 1 1 1 
Ic 31 1 1 0 1 1 1 1 1 1 1 1 
I D 41 1 1 1 0 1 1 1 1 1 1 1 
lAB 51 1 1 1 1 0 0 1 1 1 0 1 
IAD 61 1 1 1 1 0 0 0 0 1 0 1 
lCD 71 1 1 1 1 1 0 0 0 0 1 1 
IABC 81 1 1 1 1 1 0 0 0 0 0 1 
IABD 91 1 1 1 1 1 1 0 0 0 0 1 
IBCD 101 1 1 1 1 0 0 1 0 0 0 1 
IABCD 111 1 1 1 1 1 1 1 1 1 1 0 
I Table 6.3 
1-----------------------------------------------------

These in- and exclusion relations among (partially) monothetic sets can 
be pictured in a symmetrical binary table with zero entries in the diagonal 
(Table 6.3), the group-compatibility matrix. This table can also be 
considered to represent the connectivity matrix of a graph, in which the 
monothetic sets act as edges (nodes) and their compatibility relations as 
vertices (lines). The search for all maximally resolved cladograms is then 
equivalent to a search for all maximal complete subgraphs (cliques) of 
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maximum size, i.e. aLL maximal sets of mutuaLLy compatibLe monothetic sets. 
The branch and bound aLgorithm used to accompLish the search is that of Bron 
& Kerbosch (1973). In this particuLar exampLe five of such cLiques can be 
found, each comprising aLL terminaL cLada (A, B, C, D), the unique beginner 
(A + B + C + D), and two internaL cLada (TabLe 6.4). These cLiques can be 
presented as five cLadograms (Fig. 6.1--5). 

1------------------------------------------------------------1 
I 1. (A+B) [ch. no. 5]\ I 
I + + (A+B+C+D) [ch. no. 12] I 
I (C+D) [ch. no. 6]/ I 
I 2. (A+B) [ch. no. 5] + (A+B+C) [ch. no. 8, 11] + (A+B+C+D) I 
I 3. (A+B) [ch. no. 5] + (A+B+D) [ch. no. 10] + (A+B+C+D) I 
I 4. (A+D) [ch. no. 7] + (A+B+D) [ch. no. 10] + (A+B+C+D) I 
I 5. (C+D) [ch. no. 6] + (B+C+D) [ch. no. 9] + (A+B+C+D) I 
I TabLe 6.4 I 
1------------------------------------------------------------1 

1--------------------------------------- -------------------------1 
I ABC DAB CDA B DCA D B CCD B A I 
11 I I I I I I I I I I I I I I I I I I 11 
I I I I I I I I 11 
I I I I I I I I 11 
I I I I I I 
I I I I I I 
I I 
I I I I I 
I Fig. 6.1 Fig. 6.2 Fig. 6.3 Fig. 6.4 Fig. 6.5 I 
1----------------------------------------------------------------1 

TabLe 6.5 presents the number of homoplasies per character (nos. 1--12) 
for each tree (nos. 1--5). It is obvious that states present in one species 
onLy (state nos. 1--4) aLways fit the cLadograms (homopLasy vaLue = 0). 
Furthermore, in cLadogram 1 character nos. 5, 6, and (of course) 12 fit the 
cLadogram as their distribution can be expLained by a singLe origin in 
cLadon (A + B) and (C + D) respectiveLy. The distribution of character no. 7 
in cLadogram no. 1 can be expLained assuming either two independent origins 
in species A and D, or by two reversals in species Band C. In both cases, 
its homopLasy vaLue is two. Character no. 8 in cLadogram 1 can be expLained 
by assuming one reversaL in species D. therefore, this character state has 
the homopLasy vaLue 1 and is counted as a fit-via-reversaL. The next 
paragraph deaLs in more detaiL with the caLcuLation of homopLasies. 

TabLe 6.6 presents for each cLadogram the overaLL vaLues of amount of 
homoplasies (1), fit (2), fit-via-reversaL (3), and pseudo-fit (4). As the 
characters are not arranged in compLementary sets, no pseudo-fit is present. 
The Last row presents the overaLL vaLues of contradiction minus support 
[(homoplasies + pseudo-fit) - (fit + fit-via-reversaL)]. CLadograms 1, 2, 3, 

1----------------------------------------1 
I 1 2 3 4 5 6 7 8 9 10 11 12 I 
1----------------------------------------1 
111 0 0 0 0 0 0 2 1 1 1 1 0 I 
121 0 0 0 0 0 1 2 0 1 1 0 0 I 
131 0 0 0 0 0 1 2 1 1 0 1 0 I 
141 0 0 0 0 2 2 0 1 1 0 1 0 I 
151 0 0 0 0 1 0 2 1 0 1 1 0 I 
I TabLe 6.5 I 
1----------------------------------------1 
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1-------------------1 
I 1 234 5 I 
1-------------------1 
111 2 2 2 4 2 I 
121 7 8 7 7 7 I 
131 4 3 4 3 4 I 
141 0 0 0 0 0 I 
1-------------------1 
I -9 -9 -9 -6 -9 I 
I TabLe 6.6 I 
1-------------------1 



and 5 are according to this criterion aLL equaLLy pLausibLe (vaLue -9). 
CLadogram 4 shows a higher vaLue (-6) and is therefore regarded Less 
pLausibLe. TabLe 6.7 shows the cLada of cLadogram 6.2 with their respective 
sister- and outgroups, and the evaLuation of their supporting character 
states (denotation of apomorphies) according to LocaL outgroup comparison. 
For the Lower two cLada, in the present anaLysis no outgroup is avaiLabLe. 
Therefore, no outgroup comparison can be appLied and their supporting 
character states cannot be indicated to represent apomorphies. For these 
higher hierarchicaL branches of the cLadogram, (each of) the presumed sister 
group(s) of the group under study has (have) to be used for outgroup 
comparison. 

CLadogram 
CLadon 
A 
B 
(A+B) 
C 

(A+B+C) 
D 

6.2 
Apomorphies 
1, 7 
2 
5 
1, 2 

Support 
8, 11 
4 

Sister 
B 
A 
C 
(A+B) 

D 
(A+B+C) 

group Outgroup 
C 
C 
D 
D 

TabLe 6.7 
1-----------------------------------------------1 

Af ter evaLuation of the supporting characters of the cLadograms (which 
are seLected on the basis of the vaLue of contradiction minus support), it 
is the systematist's task to make a choice in favour of one or a few 
hypotheses regarded most pLausibLe. 

6.5.4. Exa~le of ha.oplasy calculation 

The foLLowing account iLLustrates more compLex cases of the caLcuLation 
of contradiction minus support. Fig. 6.6 shows a putative cLadogram of the 
taxa A--J and TabLe 6.8 is part of the data matrix on which the cLadogram is 
based, showing the distribution of a number of character states (Ch.st). The 
distribution pattern of character state no. 1 is expLained by assuming a 
singLe origin (o--~ 1) in branch c. This state fits the cLadogram and its 
homopLasy vaLue (H) is O. lts compLement, state no. 2, can be expLained by 
assuming five independent origins (in branch d, h, j, k, and q). But, it is 
more parsimonious to assume it to be aLready present at the base in branch 
r foLLowed by a reversaL (1--~ 0) in branch c. lts homopLasy vaLue is then 
1, representing a fit-via-reversaL. However, as its compLement is aLready 
counted as fit, it is therefore a pseudo-fit. The homopLasy vaLue of this 
set of compLements (V) is 0, the highest vaLue being ignored as it is 
regarded to mark the pLesiomorphy for reasons of economy. This is confirmed 
by appLying the outgroup ruLe. 

State no. 3 fits the cLadogram, assuming a singLe orlgln in branch a. The 
homopLasy vaLue of state no. 4 is 2. lts distribution is either expLained by 
a singLe origin in branch e foLLowed by a reversaL in branch a, or by two 
independent orlglns in branches band d. A choice between these two 
possibiLities is possibLe using outgroup comparison. The distribution 
pattern of character state no. Sis most parsimoniousLy expLained by 
assuming it to be present in branch r foLLowed by a reversaL in branch e. 
The homopLasy vaLue of this state is 1 and it represents a fit-via-reversaL 
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----------------------------------------------------------------
Ch.st V H A B C D E F G H I J 

1 0 1 1 0 0 0 0 0 0 0 0 
2 1 0 0 1 1 1 1 1 1 1 1 

0 
3 0 1 0 0 0 0 0 0 0 0 0 
4 2 0 1 1 0 0 0 0 0 0 0 
5 1 0 0 0 1 1 1 1 1 1 1 

0 
6 2 0 1 1 1 1 1 1 0 0 0 
7 3 1 0 0 0 1 0 0 0 0 1 
8 0 0 0 0 0 0 0 0 1 1 0 

2 
9 0 0 1 0 0 0 0 0 0 0 0 

10 3 1 0 1 1 1 1 0 0 0 0 
11 2 0 0 0 0 0 0 1 1 1 1 

2 
12 2 1 1 0 0 0 0 0 1 1 0 
13 2 0 0 1 1 1 1 1 0 0 1 

2 
Table 6.8 

----------------------------------------------------------------
A B C D E F G H I J 
I I I I I I I I I I 

al bi dl fl gl jI kl mi nl pi 
I I I I 

I I I I I I I 
cl I hl I I ol I 
-------- I I I --------

I I I I I 
el I I I ql 
----------- I I I 

I I I I 
ij I I I 
------------------- I 

I I 
II I 
---------------------

I 
rl 

Fig. 6.6 
1----------------------------------------------------------------

as none of its complements is counted as a fit of the supposed reversa l. The 
homoplasy value of th i s set of complements, however, is 0, because the 
value of no. 4 is ignored as it is the highest of the three. Following the 
reasoning that the highest value marks the plesiomorphy, the transformation 
series would be 3 ~--4--~ 5. However, using the outgroup rule this has to be 
changed into 5--~ 4--~ 3. 

As regards character states nos. 6--8 (species E is polymorphic, showing 
both states nos. 6 and 7), state no. 6 is most parsimoniously explained by 
either its presence in branch r followed by two reversals, one in branch q 
and the other in branch a, or by assuming its origin in branch l followed by 
a reversal in a. In both cases, its homoplasy value is 2. To explain the 
distribution of state no. 7, three independent origins have to be 
postulated, in branches a, g, and p (homoplasy value 3). Character state no. 
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8 fits the cladogram. The homoplasy value of this set of complements is 2, 
and the transformation series would be 6 ~--7--~ 8. Outgroup comparison 
shows that it should be 6--~ 7 (in group A--G) and 7--~ 8 (in group H--J). 

Character state no. 9 fits the cladogram. The distribution of state no. 
10 can be explained in three different ways. Either it arose in branch l 
followed by reversals in branch band k, or it arose in branch i and j and 
reversed in branch b, or it was present in branch ralready followed by 
three reversals. In all cases, the homoplasy value is 3. The cladogram 
implies two independent origins for the distribution of state no. 11, in 
branch k and q. The homoplasy value of this state is 2, and the 
transformation series is 9 ~--10--~ 11. Following the outgroup rule, state 
no. 10 is plesiomorphous to state no. 9. This means that the group of 
species A--F is characterized by the presence of state no. 10, although it 
initially could not be defined as a partially monothetic set (by this 
state, which is missing in B). Permutations of the clada A--E, F, and G will 
lead to species A--F being grouped together, species G representing the 
sister group and species H--J the outgroup. According to the outgroup rule, 
state no. 10 is then apomorphous to state no. 11, and the transformation 
series is 11--~ 10--~ 9. This reasoning leads to a resolution of the 
trichotomy of species G, F. and A--E. It results in two dichotomies via the 
group of species A--E with F. 

Such reasoning can only be made starting from a cladogram. The main 
difficulty is to find groups (that are, by definition, not partially 
monothetic) and character states that suit this situation, i.e. one of the 
ultimate branches lacking a character state present in all other terminal 
taxa of the 'subtree' and in at the most n-2 other 'subtrees' of an N­
polytomy (the latter may of course also show a reversal in one of the 
ultimate branches, making it more complex) and absent in the sister group. 
In case of fully dichotomous '(sub)trees', this reasoning serves to increase 
the support in terms of transformation series. In 'subtrees' that are at 
least a sister- and outgroup node separated from each other, this character 
state further supports at least one of the 'subtrees'. For instance, 
character states nos. 12 and 13 both show a homoplasy value of 2, and based 
up on these values no transformation series can be established. Local 
outgroup comparison shows that state no. 12 is synapomorphous in species A 
and B, as well as in species Hand I independently. 

As regards the character stat es presented in the data matrix, the given 
cladogram shows a homoplasy value of 6. The amount of fit is 4, of fit-via­
reversal 1, and of pseudo-fit also 1. Thus, the value of contradiction minus 
support is (6+1)-(4+1)=2. 

6.5.4. Biological inferences 

At this stage it is still possible that several cladograms are of equal 
quality (i.e. + similar, low values of contradiction minus fit). At this 
stage, the problem returns to the systematist. Using biological knowledge 
and inferences, he/she might be able to make a choice in favour of one or 
only a few of the resulting cladograms. This decision can be based either on 
the biological quality of the supporting characterstates (as regards the 
infra-taxic variation and compared to discontinuities with complementary 
character states; character weighting), or on the denotion of the sets of 
data present in all or the greater part of the different cladograms (robust 
'subtrees'), firmly supported so as to be undisputed. If necessary, such 
intuitive perception of 'natural' groups, and of biogeographical patterns, 
as well as assumptions of ecological, genetic, or evolutionary processes 
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might provide auxiLiary motives to make an uLtimate decision. 

6.6. Discussion 

Two strategies are possibLe to proceed from character anaLyses to the 
uLtimate choice of a cLadogram. On the one hand, starting from a data matrix 
comprising the 'hard-core' character stat es onLy, the procedure proposed can 
be foLLowed. In the case of poLytomies in ~he eventuaL cLadograms, a higher 
resoLution might be acquired using 'weaker' character states for a LocaL 
anaLysis. On the other hand, as has been done in the present study, starting 
from the compLete data matrix, the uLtimate cLadograms are given. They are 
judged according to the groups they depict as weLL as to the supporting 
character states. A higher resoLution can be obtained, using a combination 
of LocaL-outgroup-comparison and 3-cLadon-permutations. In the Latter case, 
characters are weighted a posteriori. Criteria to judge the strength of 
character states are: 1) variation within species; 2) differentiation among 
species; and 3) morphoLogicaL reguLarity and structuraL compLexity. 

Farris, the main proponent of parsimony methods, has argued severaL times 
against the method of character compatibiLity (Farris, 1983; KLuge & Farris, 
1979). The criticisms mainLy pertain to the selection of characters on which 
the resuLting cLadogram is based. In Farris' (1983) words, character 
compatibiLty anaLyses are techniques that (p. 11) " ••• 'resoLve' character 
conflicts by discarding as many characters as necessary ••• ", "At the most 
it might be said that the seLected characters seem to suggest no geneaLogy 
other than the obvious one.", (p. 13) "CLiques are ususaLLy chosen to 
comprise as many mutuaLLy congruent characters as possibLe and any 
characters that must be discarded to achieve this are simpLy counted as 
excLuded.", and excLuding a character implies that aLL points of 
simiLarity in that character are homopLasies." 

Apart from wh at is wrong with obvious geneaLogies, it must be noticed 
that the anaLysis as presentLy appLied is not reaLLy affected by these 
criticisms. The search procedure is for compatibLe sets of terminaL taxa, 
not for compatibLe characters. The cLadograms are constructed using the 
Largest cLiques of compatibLe sets of taxa. More important, no character 
states have been discarded. Apart from the degree of fit, cLadogram 
selection is based on the number of homopLasies. Therefore, the anaLysis 
appLied in this thesis shouLd be regarded as an integration of parsimony and 
compatibiLity procedures. 

The present cLadistic method wiLL not onLy Lead to 'obvious' geneaLogies, 
but aLso provides numerous alternatives. This gives the systematist the 
opportunity to compare different hypotheses according to the degree of fit 
and implied number of homopLasies. This is partLy achieved by avoiding a 
priori character selection or ordering. The resuLts of the character 
anaLyses are not regarded as absoLute and have been judged according to the 
distribution of character states in the resuLting cLadograms (apart from 
reciprocaL iLLumination). 

ALthough usuaLLy not made expLicit, parsimony procedures start with the 
indication of order in character stat es or even the estabLishment of 
transformation series using gLobaL outgroup comparison. This been put most 
straight foreward by Brooks et aL. (1984) in simpLifying this matter to 
expLain it to students. Mickevich expresses it as foLLows (1982, p. 462): 
"The resuLts of a taxonomic study depend upon prior hypotheses of character 
evoLution. Demonstrating trends ••••• begin ••••• with the anaLysis of 
character patterns bet ween the taxa on a cLadogram". Apart from what is 
exactLy meant by character evoLution and trends, and taxonomic resuLts, this 
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reasoning is circular. On the one hand, transformation series are necessary 
to obtain a cladogram (obviously, this has been given priority). On the 
other hand, the cladogram is necessary to establish transformation series. 
The same attitude is present in Farris' treatment of reversals. Because of 
the establishment of transformation series in advance, it is also known 
which reversals appear. Therefore, the criticisms of the (strict) monothetic 
group method (Farris et al., 1982) are rather peculiar, besides of being 
outright unjustified. Much confusion might be caused by the usual meaning 
and interpretation of a '0' and a '1' in the data matrix as the presence of 
a plesiomorphy and apomorphy respectively. It is stressed here, that, in the 
present study, a '0' only means that the character state is absent, and a 
'1' that the character state is present. 

Mickevich also argues that (1982, p. 462) "specifications of polarity or 
direction are simply hypotheses of plesiomorphy". This looks similar to the 
definition of the outgroup rule as given by De Jong (1980): "If a character 
occurs in more than one state in a monophyletic group, the state that occurs 
also outside the group is likely to be the plesiomorphic state." 
(monophyletic = holophyletic). This definition emphasizes the denotation of 
plesiomorphous states. However, the definition should stress the denotation 
of hypotheses of apomorphies. Therefore, the outgroup rule is here 
reformulated as: a character state is not rejected to represent a putative 
apomorphy in case it is present in the ingroup and absent in the sister- and 
outgroup. Consequently, the ingroup is potentially holophyletic. Following 
De Jong's definition, the states present in the sister- and outgroup should 
be similar, whereas when they are different no decision can be made. 
However, in my opinion this is too restrictive. For example, in the case 
when the ingroup (A), the sistergroup (B), and the outgroup (C) show three 
different states of a character. The state present in C is also present in 
the outgroup at the node one level higher (D). At the level of {(A+B)CJD), 
the state present in C is absent in the sister group but present in the 
outgroup, and therefore rejected as a representation of an apomorphy. As a 
consequence, it is regarded a plesiomorphy. Initially, there is no reason to 
reject the hypotheses of the stat es present in A and B as being apomorphous. 
One of these hypotheses eventually might be falsified at that particular 
level in the case when this character state is present also in the other 
group. 

The construction of transformation series using the outgroup rule in its 
local sense will lead to a lower limit with respect to the number of 
apomorphies, and consequently to a upper limit as to the number of 
homoplasies. Only those character states are denoted to represent 
apomorphies, that are present in the entire ingroup and absent in all 
constituent terminal clada of both the sister- and the outgroup. Farris 
optimization method on the other hand, estimates the character states 
present at the nodes of the cladogram in order to achieve a most 
parsimonious solution with respect to the number of homoplasies. Using these 
estimates, the outgroup rule can be applied, which will lead to a larger set 
of apomorphies. 

A choice bet ween the strategies for establishing transformation series, 
which lead to different sets of apomorphies, can only be based on biological 
grounds, i.e. it will be ad hoc depending on the taxa and characters 
involved. It is here argued that cladistic analysis cannot lead to 
unambiguous and definitive results, but that it only can elucidate the 
limits of the set of possible or relevant solutions. 

Therefore, methods that do not yield a set of possible alternative 
cladograms, are regarded insufficient. In this context, it is stressed that 
it is important to examine the differences in number of fitting character 
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Fig. 6.7. Histogram of support CAgLaomorpha cLadograms); 
horizontaLLy: degree of support;verticaLLy: number of cLadograms 

Fig. 6.8. Histogram of fit-via-reversaL CAgLaomorpha cLadograms); 
horizontaLLy: degree of fit-via-reversaL; 
verticaLLy: number of cLadograms 
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Fig. 6.9. 

Histogram of homoplasies 
(Aglaomorpha cladograms); 
horizontally: degree of 
homoplasy; verically: 
number of cladograms 

Fig. 6.10. 

Histogram of pseudo-fit (Aglaomorpha cladograms); 
horizontally: degree of pseudo-fit; 
vertically: number of cladograms 
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Fig. 6.11. 

Histogram of contradiction 
minus support (Aglaomorpha 
cladograms); horizontally: 
value of contradiction 
minus support; vertically: 
number of cladograms 



states and homoplasies of the possibLe cLadograms in reLation to the overaLL 
variation. The histogram (of the vaLue of contradiction minus support) of 
the distribution of cLadograms generated for AgLaomorpha (Fig. 6.11) do not 
depict a reguLar distribution pattern, but the differences in vaLue between 
the best trees are insignificant in view of the overaLL range. Therefore, a 
definitive choice cannot be based on this quantitative criterion onLy. This 
probLematicaL item has aLso been discussed by Fitch (1984). 

It is necessary to question whether hypotheses of homopLasy and fit are 
of equaL vaLue for judging alternative cLadograms. In other words, is a 
cLadogram showing no (or LittLe) fit and a Low number of homopLasies, to be 
preferred over a cLadogram with many fitting character stat es and a high 
number of homopLasies? Two basic tenets for cLadistics are the search for 
general patterns of simiLarities and an evaLuation of those simiLarities to 
see whether they represent apomorphies. As a consequence, Zandee (1985) 
proposes to judge cLadograms according to both the degree of fit and number 
of homoplasies (i.e. those cLadograms with the most support and the Least 
contradiction). In this respect, it is interesting to quote Riggins & Farris 
(1983): (p. 96) "The effect of the parsimony criterion is that a suite of 
taxa sharing distinctive traits wiLL, in the absence of contrary evidence, 
be united into a singLe group and wiLL not be distributed to disparate parts 
of the putative geneaLogy. Without such a requirement, there need be no 
correspondence bet ween groups and characters, and the features of taxa wouLd 
be irreLevant to classification", and (p. 99) " ••• the groups of the tree are 
not weLL corroborated, most being distinguished by one or two features - and 
even those occur sporadicaLLy in other groups. These data thus do not 
provide strong evidence on geneaLogy." ObviousLy, proponents of the 
parsimony methods aLso try to judge the resuLting cLadogram in terms of 
supporting character states. Therefore, the present method proceeds from 
mere character distribution patterns to the construction of cLadograms that 
are at first evaLuated according to their fit and implied homopLasies. 
Parsimony methods proceed from the estabLishment of transformation series to 
the construction of cLadograms that need to have unique supporting character 
stat es for corroboration and acceptation. The procedures are different, but 
the uLtimate aims are the same. 

UnLike most versions of Wagner tree methods, the present method wiLL 
automaticaLLy Lead to rooted cLadograms. The supporting character states of 
the basaL node onLy have to be compared with those present in the sister 
group. The root is a consequence of the incLusion and excLusion reLations, 
which are basicaLLy the same as the concept of LeveLs of universaLity. 

As poLarities determined from the counting of homoplasies might 
contradict those resuLting from outgroup comparisons, it seems that a finaL 
resuLt can be determined with a 3-cLadon-permutation/outgroup-comparison 
aLgorithm. The main advantage is that it wiLL optimize the caLcuLation of 
the totaL amount of homoplasies per cLadogram. 

6.7. Post scriptu.: Present state of affairs in the .ethodology applied 

6.7.1. Introduction 

In the time-span bet ween the anaLysis as initiaLLy appLied and presented 
in the thesis edition, and the pubLication of this monograph severaL aspects 
of the method we re updated. These updates refer to the coding possibiLities 
for character states in the data matrix, the derivation of cLada, and the 
two-stage evaLuation of cLadograms. 

Updates were needed, on the one hand because of justified criticism 
especiaLLy with regard to cLadogram evaLuation. On the other hand, they 
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resulted from the continuous struggle between what is theoretically required 
and practically feasible. This topic is inherent in each heuristic for the 
solution of intractable (NP-complete) problems, a category to which some of 
aspects of phylogeny reconstruction belong. We will now give a brief 
introduction to these updates. 

6.7.2. Ad step 1: data aatrix 

We use the term character as a synonym for a transformation series of 
homologues. Each homologue corresponds to a character state. Each character 
state has its own column in the data matrix. Absence or presence is scored 
by means of the parameters 0 or 1, respectively. Neutral, or unordered, 
coding is applied in order to fulfil an initial condition of the method, 
i.e. avoidance of apriori sm. 

In the first step of the analysis an option is included to amend the 
coding for states in polymorphic taxa. Normally, polymorphism in taxa is 
scored as a presence for two or more states in a character (see e.g. 
character state nos. 13--15 and taxon no. 16 in Appendix 2). Af ter amending, 
every polymorphism will be indicated in a new column added to the data 
matrix af ter the columns for the separate states, and the original codings 
(of the polymorphic taxa) for the separate states are replaced by zeros. 
This option pertains to the possibility discussed in the next section (step 
2: sets) to derive all additive binary codings for each character on the 
basis of neutral coding. 

6.7.3. Ad step 2: sets 

In our method the volume of the results, i.e. the number of cladograms 
found, and its quality, i.e. how well the cladograms represent the empirical 
data base, both depend on the number of building blocks (clada) used in 
cladogram construction, and on the combinatorial complexity of the 
relationships (in- and exclusion) among clada. The characterization of clada 
has an important theoretical component; i t has to do with the problematical 
relation between taxa (and groups of taxa) and character states. The 
combinatorial complexity constitutes the practical component of the problem 
and pertains to an item that is much less problematical from a theoretical 
point of view, i.e. the dictum of the structure of the Linnean hierarchy. 
This dictum is unescapable if mutual consistency for cladogram, phylogenetic 
tree, and classification is to be maintained. 

This dilemma between what is theoretically accurate and practically 
feasible is most urgently felt in the second step of the analysis. If we 
adhere to a very stringent relation bet ween character stat es and 
cladogenetic units, e.g. by application of a partially monothetic definition 
of clada, the combinatorial possibilities for in- and exclusion relations 
among these clada will be less numerous than when a strictly monothetic 
definition or, even worse, a polythetic definition is applied, irrespective 
of the (homoplaseous) complexity of the data. The lat ter aspect contributes 
independently to the combinatorial possibilities for in- and exclusion. The 
more contradictory distributions of character states, the more complex and 
numerous these possibilities are. Somewhere we have to strike a balance in 
order not to be overwhelmed by computational burden. The possibility of a 
huge computational load of the problem is caused by the fact that the search 
for sets of mutually in- or excluding clada is intractable (the clique 
problem in graph-theory is NP-complete), just like other approaches to 
phylogeny reconstruction are (e.g. the Steiner point problem in graph-
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theory). 
The balance can only be struck right if the available possibilities for 

clada recognition present enough gradations. In order to fill the gap 
between a partially and a strictly monothetic definition of clada with 
respect to their number and combinatorial possibilities, an option is 
included to enhance the data matrix with all additive binary codings 
possible for each character on the basis of neutral coding. Inclusion of all 
possible additive codings precludes the dominance of a particular order in-ä 
transformation series. In this way, one of the initial conditions of the 
method (avoidance of apriori sm) is maintained, although from the point of 
view of the present implementation of algorithms, the analysis can also very 
well be performed on a fully or mi xed aprioristic data base. 

6.7.4. Ad step 4: cLadogra.s 

One of the updates in this section concerns the implementation of 
cladogram optimization according to Farris (1970). This was done to achieve 
full comparability of results of our method with results as published in the 
literature. 

Another update refers to the way homoplasies are counted within a block 
of homologues. So far, the state showing the highest number of homoplasies 
was discarded because it was considered plesiomorphous as a first guess. 
This handling is considered premature and inappropriate, and is now omitted 
and replaced by two different options. 

In the first option, the number of parameter changes (O--~ 1; 1--~ 0) are 
counted as if the states are independent. The sum of these parameter changes 
for each state is then a record of the number of steps needed to explain the 
distribution of states in the cladogram. In the second option, the states 
are considered as interdependent within each block of homologues 
(character). As a consequence, reversals (O--~ 1--~ 0; 1--~ 0---1) occurring 
in one column of a block are no longer considered as they appear as one-step 
gains or losses on other columns in the same block and are recorded there as 
a regular parameter change. In this way the sum of the number of parameter 
changes occurring in each block corresponds with the number of evolutionary 
steps among homologues. 

These two options with their different interpretations are both 
implemented because the character stat es included in the data matrix may 
comprise a mixture of plesiomorphous and apomorphous ones. If only 
apomorphous states (resulting from a global outgroup comparison) are 
included, or if apomorphous stat es are strictly coded as and 
plesiomorphous ones as 0, the first option would suffice to calculate all 
steps leading to the apomorphous states, as they will correspond to all 
steps needed to explain the distribution of states in the cladogram. In such 
a case, the size of the blocks with homologues is always 1. 

The last update now included in the method concerns the implementation of 
an algorithm for 3-cladon-statement permutations conjoining local outgroup 
comparisons. Local outgroup comparisons (i.e. comparisons at all levels of 
universality in the cladogram) are preferred over one global comparison 
(i.e. a comparison restricted to one or more putative sister groups of the 
taxon under analysis), because the lat ter can be deceiving in case of 
characters with more than two states. 

The algorithm evaluates for each cladogram all character states as to 
their possible synapomorphous status, including those with multiple origins 
(events of homoplasy by definition). The results are used to optimize the 
criterion value of contradiction (multiple origins and/or reversals) minus 
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support (single origins). 
In the original formulation of the algorithm (Zandee, 1984), it was 

applied in an exhaustive search for all valid 3-cladon-statements in terms 
of synapomorphies, using all clada as input. In the present computationally 
more efficient implementation, it is used to check the validity of all 3-
cladon-statements in each cladogram found, i.e. per cladogram only the clada 
for that cladogram are used as input. 
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7. CLADISTIC ANALYSIS OF THE DRYNARIOIDEAE (Co-author: M. ZANDEE) 

7.1. Data.atr;x 

The in;tial taxonomic work followed by character analyses resulted;n a 
data matrix compr;sing 31 terminal clada and 557 different character states 
(Table 5.1; Appendix 1, 2). Eventually, two of the terminal clada (nos. 17 
and 20) have not been accepted as evolutionary species. The different states 
recognized are not to be considered of equal biological weight, although 
within the domain of cladistic analysis they are treated as on equal 
footing. There are differences among the characters studied regarding 
structural complexity, and the different states are not all equally 
distinct. However, no character(state)s have been discarded or weighted 
otherwise a priori; they we re judged according to their position in the 
hierarchical order. Therefore, (almost) all observations and morphological 
details are incorporated in the data matrix. 

From the data matrix, 501 partially monothetic sets can be read off. The 
far greater number of these sets are characterized by one character state. 
The species of relatively few sets share 2--4 states (Appendix 3). This 
result indicates many conflicting character state distributions. 

It is possible to decrease the amount of conflicts, and thus of possible 
phylogenetic relationships, by a priori character weighting. This has not 
been done for two reasons. First, the supporting character state(s) of each 
group should be judged according to its position in the hierarchical 
pattern. Second, it is now possible to find unexpected groups in the 
resulting cladograms that otherwise would have been discarded from the 
beginning. Especially when these groups are supported by several, instead of 
one, 'weak' character stat es, they must be taken into consideration. 
Moreover, these 'weak' character states could possibly serve to solve 
polytomies for which otherwise no solution can be found. However, many 
partially monothetic sets are defined by only a single unique character 
state. Thus, the character states regarded to be rather weak also show 
conflicting distribution patterns. 

The maximum cliques comprise 23 internal nodes and 9 terminal taxa. Only 
9 of the 31 terminal taxa can be partially monothetically defined. Most of 
them are characterized by unique combinations of character states (i.e. as 
strictly monothetic sets) instead of by unique separate character states. 
The search procedure for cliques is NP-complete. Therefore, the search was 
stopped when it was expected that at least all relevant cliques were found, 
i.e. when 416 different cliques of the maximum size were discovered. As the 
maximum clique size found (32) is less than the necessary number of internal 
nodes (N-1 = 30) together with the number of partially monothetically 
defined terminal taxa available (9), the resulting cladograms show several 
polytomies. Cladograms have been selected according to their degree of 
support and contradiction followed by an evaluation of their respective 
biological implications, i.e. a judgement of their supporting character 
states and implied homoplasies. The cladograms selected are interpreted, and 
the result serves as a framework for a continued cladistic analysis at lower 
hierarchical levels. 

It needs to be stressed that this evaluation is necessary to obtain a 
biological interpretation and judgement of all hierarchical levels of the 
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alternative cladograms. It is not a search for the confirmation of groups 
determined a priori and intuitively perceived. For example, the grouping of 
the two monomorphic Aglaomorpha species (nos. 23 and 24) with the group of 
species nos. 1--5 is surprising and interesting. Nevertheless, they are 
rejected because of their weak support, and the homoplaseous developments 
they imply for structurally very complex character states pertaining to the 
rhizome anatomy, growth habit, etc. It is also important to note that the 
judgement of cladograms according to their value of contradiction minus 
support is in principle only possible when cladograms with an equal number 
of internal nodes are compared. 

As regards the cladograms based on these 416 cliques, the number of 
fitting character states varies from 65--74, the amount of fit via reversal 
from 7--13, the number of homoplaseous developments from 1373--1480, and the 
amount of pseudo-fit from 4--8. This leads to overall values of 
contradiction (homoplasies and pseudo-fit) minus support (fit and fit via 
reversal) varying from 1300--1409. So, there exists considerable variation 
among the different cladograms. Each of the low values 1300, 1301, and 1302, 
is found for only one cladogram. As such small differences cannot be 
considered to be significant when compared to the overall variation trees 
with a value less than 1310 have been selected for further investigation. 
Anyway, it is not possible to evaluate all possible cladograms. 

The selected cladograms all share the group of species nos. 1--5, of 
species nos. 20--22, and of species nos. 27--31. Species nos. 6--10 is 
present as a group in all but one cladogram. None of these groups have been 
recognized or given taxonomic rank by pteridologists in the past. These four 
groups are regarded as indisputable. A judgement of their respective 
supporting character states does not give a reason for their rejection from 
a biological point of view. This topic will be discussed later on. 

Other groups which are regularly found include species nos. 11--16, nos. 
20--22 + 25, 17 + 18, 1--5 + 23 (all present in the greater part of the 
cladograms, missing from 3 to 8 of the + 50 cladograms selected), and 
species nos. 1--5 + 23 + 24, nos. 1--16 + 23 + 24, and nos. 17--22 + 25--31 
(all present in 20--25 of the cladograms). 

In the following steps, the cladograms selected in the second term are 
evaluated. This is done by testing the supporting character states using 
outgroup comparison as well as applying biological criteria. In the 
cladogram showing the lowest value (1300; Fig. 7.1), the group of species 
no. 24 with species nos. 1--5 + 23 is based on character state no. 89, i.e. 
the sori being slightly pustulate. However, re-checking the outcomes of the 
character analyses, there appeared to be no structural difference between 
pustulate sori and slightly pustulate sori. Therefore, the group of species 
nos. 1--5 + 23 + 24 is rejected, resulting in a polytomy of species nos. 1--
5 + 23, nos. 6--10, nos. 11--16, and no. 24 (Fig. 7.2). The basal node is 
defined by the character states no. 60 (species nos. 1--16 + 23 + 24) and 
nos. 11, 62, and 106 (species nos. 17--22 + 25--31) respectively. The stat es 
nos. 60 and 62, each defining a different branch of the node are considered 
complements. Outgroup comparison with other Polypodiaceae shows that state 
no. 60 is plesiomorphous. Therefore, the group compr;sing species nos. 1--16 
+ 23 + 24 is rejected, creating a polytomy. The other group is still 
supported by three character states of which nos. 62 and 106 are 
structurally dependant. The breakdown of the basal dichotomies leads to a 
basal polytomy comprising the groups of species nos. 1--5 + 23, nos. 6--10, 
nos. 11--16, no.24, and nos. 17--22 + 25--31 (Fig. 7.3). 
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The sole defining character state of the group of species nos. 1--5 + 23 
is the position of sori being situated relatively close to the Vs (state no. 
82). However, this similarity is a doubtful hypoth~sis of homology in view 
of differences in correlated characters (i.e. number 'of sori per A1, number 
of rows of sori parallel to each Vs, shape of so~il and venation pattern of 
fertile pinnae). Therefore, this g~oup seems only weakly supported and is at 
first instance rejected. This rejection is plausible also in view of the 
otherwise implied homoplaseous developments of other, structurally more 
complex characters (e.g. rhizome anatomy). This results in a basal polytomy 
of six groups, of which the supporting character states are indisputable 
(Fig. 7.4). 

Similar reasonings can be given for the other cladograms, e.g. the second 
and third best cladograms (Fig. 7.5 and 7.6; values 1301 resp. 1302), which 
are different regarding the configuration of the 'subtree' of species nos. 
11--16. Essentially different from these cladograms is the one given in Fig. 
7.7 (value 1309). The basal dichotomy is here defined by the mutually 
independent character states nos. 3, 322, 419, and 526 (species nos. 27--
31), and nos. 2 and 525 (species nos. 1--26). States nos. 2 and 525 are 
considered complements of nos. 3 and 526 respectively. Outgroup comparison 
with other Polypodiaceae shows that the lat ter two character states should 
be interpreted as apomorphous and the first two as plesiomorphous. As a 
consequence, the basal dichotomy is brok en down and a polytomy of four 
groups remains. These four groups are as yet indisputed. 

Neither Drynaria nor Aglaomorpha (as presently understood) represent a 
partially monothetic set. Therefore, they are absent in the evaluated 
cladograms. This is, for example, due to the absence of base fronds in 
species no. 12 (allother Drynaria species show frond dimorphism of base and 
foliage fronds), and the absence of (internal) fertile/sterile dimorphism in 
species nos. 23 and 24 or the absence of a dilated frond base in species 
nos. 27--31. 
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Species no. 12 is in all cladograms grouped together with species no. 11, 
and nearly always in a group of species nos. 11--16, thus with Drynaria 
species. Using outgroup comparison, the absence of base fronds must be 
interpreted as an apomorphy. As a consequence, species nos. 1--16 share the 
presence of base fronds (including a reduction in no. 12). Outgroup 
comparison with other groups of Polypodiaceae shows that the base fronds are 
a unique feature and thus regarded to represent a synapomorphy for these 
species. 

The situation regarding Aglaomorpha is more complex. The most common 
group, species 17--22 + 25--31, is characterized by the fertile-sterile 
dimorphism (state no. 119). Species nos. 17--19, 25, and 26, exhibit a very 
characteristic growth habit (state no. 418( that they share with species 
nos. 23 and 24. Furthermore, these seven species share with species nos. 
20--22) a complex and distinct rhizome anatomy (state no. 387) and the 
presence of a dilated frond base (state no. 98. The first two character 
states are absent in other Polypodiaceae. Therefore, these character states 
define two compatible partiaLLy monothetic sets (i.e. species nos. 17--19 + 
23--26 respectively nos. 17--26) and consequently, they represent two 
apomorphies. However, these sets are overlapping with the set of species 
nos. 17--22 + 25--31 defined by state no. 119. Homoplaseous development for 
state no. 119 is considered more probable than homoplaseous developments of 
both the state nos. 387 and 418. Therefore, species nos. 17--31 are regarded 
holophyletic, supported by state no. 119 assuming reversals in species nos. 
23 and 24. 

The absence of fronds with a dilated base in species nos. 27--31 is an 
apomorphy according to the cladogram. Consequently, a dilated frond base 
(present in the species nos. 17--26) is a similarity of and possibly a 
synapomorphy for all species of the genus. However, outgroup comparison with 
other Polypodiaceae shows that in case Microsorium species (e.g. M. 
musifolium) represent the sister group of the drynarioids, the dilated frond 
base is a symplesiomorphy for Aglaomorpha. The sister group relation between 
the microsorioids and the drynarioids has been proposed by several authors 
(e.g. Copeland, 1947; Holttum, 1954; Pichi Sermolli, 1977) just because of 
the dilated frond base. However, analyses of amongst other things (see 
Chapter 9) the venation pattern of polypodiaceous ferns (Mitsuta, in press; 
Hetterscheid, pers. comm.) may point to other groups of Polypodiaceae 
representing the sister group (e.g. Crypsinus species, Goniophlebium 
species). In these cases, the dilated frond base is to be regarded a 
synapomorphy of the Aglaomorpha species and homoplaseous to the dilated 
base in Microsorium species. On the other hand, base fronds of Drynaria are 
usually similar in structure and shape to the dilated basal parts of the 
fronds of Aglaomorpha. Furthermore, juvenile plants of e.g. species nos. 1, 
6, and 8 cultivated in the botanic gardens at Utrecht, sometimes show 
sessile foliage fronds with a dilated base similar to that found in juvenile 
plants of e.g. species no. 25. Similar phenomena have been described by 
Zamora & Vargas (1973a) for species nos. 2 and 10. Also, sterile (and 
juvenile?) fronds of herbarium specimens of species nos. 24, 25, and 26 have 
the appearance of an elongated base frond similar to Drynaria species. For 
these reasons, the hypothesis that the dilated fronds base might represent a 
plesiomorphy within the drynarioids is suggested. 

The holophyly of Aglaomorpha is probably further supported by, for 
example, the presence of hydathodes (state no. 13), implying a homoplaseous 
development in two Drynaria species (nos. 9 and 16) according to the 
cladogram. 

Following this reasoning and incorporating biological inferences, the 
drynarioids comprise two holophyletic groups, i.e. Aglaomorpha and Drynaria. 
It appears that a great many character states can be found in species of one 
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of these two groups only. Many of the character states unique for Drynaria 
species pertain to the base fronds. But apart from the base fronds, both 
groups have about an equal number of 'unique' character states. For both 
groups, a large part of the latter pertain to the venation pattern and frond 
shape, whereas Aglaomorpha has a relatively large number of unique states in 
the sori and the frond anatomy and Drynaria of the indument. 

7.3. Cladist;c analys;s of Aglao.orpha 

At this stage, the cladograms comprising all 31 species still show a 
number of polytomies. To get an higher degree of resolution, the cladistic 
analysis has been repeated separately for the two genera. When both genera 
are treated separately, new partially monothetic groups of terminal taxa 
appear which are not present in the overall analysis. This is due to the 
fact that for a character state to be called unique, it now suffices to be 
unique for one of the two genera only, instead of for both genera taken 
together. 

Apart from the set of all 15 terminal taxa, the analysis of Aglaomorpha 
resulted in 262 partially monothetic sets (Appendix 4). Compared to the 
overall analysis, many sets are now defined by 2 or more character states, 
the maximum being 9. For these 262 sets, a total of 1128 cliques comprising 
28 nodes have been discovered, i.e. 14 internal nodes, and 14 terminal 
clada. Only one terminal cladon (i.e. no. 20) cannot be defined partially 
monothetically. 

The resulting cladograms are all resolved dichotomously. The number of 
supporting character states varies from 199--218 (Fig. 6.7), the amount of 
fit via reversal from 12--27 (Fig. 6.8), the number of homoplasies from 
467--533 (Fig. 6.9), and the amount of pseudo-fit from 6--12 (Fig. 6.10). 
The overall measurements of contradiction minus support varies from 241--316 
(Fig. 6.11). It was decided to select cladograms with values less than 258. 

A perusal of the about 50 selected cladograms, judging their supporting 
character states, led to three biologically well-based groups comprising the 
species nos. 27--31, nos. 18 + 19 + 24, and nos. 20--22 respectively. A 
fourth group, comprising species nos. 23 + 25 + 26, is based on only one 
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Fig. 7.28 

weak character. However, alternative groups of these species found in the 
trees are aLso weakLy based, apart from the confLicting impLications they 
have for the three weLL-based groups. 

A number of different possibiLities are presented in Fig. 7.8--7.28. 
CLadogram 7.8 has the Lowest vaLue (241). The supporting character states of 
the groups of species nos. 19 + 21 (no. 175), 19 + 21 + 24 (no. 174), 19 + 
21 + 24 + 26 (no. 183), and 19 + 21--26 (no. 188) aLL pertain to 
measurements of the sporangia. In view of the variation and overLap in these 
characters, and the Lack of any further support, these groups have been 
rejected and, because other cLadograms are supported by structuraLLy more 
compLex characters. The same reasoning hoLds for the group of species nos. 
17 + 27--31 regarding its supporting character state based on the Length of 
the sporangia (no. 179). This group is aLso supported by the presence of 
Lignified ceLLs around the point of attachment of the rhizome scaLes (no. 
550). However, in cLadon 17 this condition is onLy found rareLy and is not 
different structuraLLy from state 549. 

CLadogram 7.9 (for which the vaLue - 250 - is rather high), is 
essentiaLLy simiLar to the foLLowing cLadograms, except for the position of 
species nos. 27 and 28. The group of species nos. 17--28 is characterized by 
the absence of a sporangiaL indument (state no. 335), whereas the group of 
species nos. 29--31 is defined by the compLementary state (no. 334: the 
presence of an acicuLar sporangiaL indument). Outgroup comparison Leads to 
the rejection of the group of species nos. 17--28 as it is based on a 
pLesiomorphy. Species nos. 17--27 are grouped together by the presence of 
spreading scaLes (no. 542). FoLLowing the same reasoning this group is 
rejected. Most of the other seLected cLadograms have been rejected Likewise. 
These two cases simpLy exempLify the way in which the cLadograms have been 
judged and evaLuated in a comparative way. 

CLadograms 7.10--7.14 are simiLar to each other, except for the internaL 
nodes of the subtree comprising species nos. 27--31. Of these, cLadogram 
7.14 shows the Lowest vaLue (245). This is one factor to favour this 
cLadogram. An evaLuation of the supporting character states of the severaL 
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possibLe subtrees makes its superiority even cLearer. The support of species 
nos. 30 and 31 is based upon the sporangiaL indument being one-sided (state 
no. 336), 10--15 meristeLes in the rhizome as shown in cross-section (no. 
378), and the gLanduLar indument of the rhizome scaLes being present near 
the base onLy (no. 537). The Latter two conditions are of doubtfuL quaLity 
because they are based on a subdivision of a character into states, that 
eventuaLLy appeared not to be structuraLLy different. However, the former 
state is cLear-cut and quaLitative. The putative sister group (species no. 
29) shows a two-sided sporangiaL indument (state no. 337), whereas aLL other 
A~LaomorPha species Lack sporangiaL indument. Using the outgroup ruLe shows 
t at both the states 336 and 337 are to be regarded as apomorphous. Species 
29--31 share a reLativeLy high number of branched Laminar hairs (state no. 
277) and the presence of an acicuLar sporangiaL indument (no. 334). ALthough 
the first state seems to be based on a rather artificiaL subdivision, it is 
quite distinct in these three species. The Latter state is a cLear and 
unique feature. Of the supporting character states of species nos. 28--31, 
no. 100, (102), and no. 139 are bioLogicaLLy not significant. However, state 
no. 530, with eLongated protuberances aLong the margin of rhizome scaLes, is 
very distinct. Therefore, there is no reason to reject this subtree. 

In cLadogram 7.10, the group of species nos. 27 + 28 is supported by the 
(occasional) presence of 2 epistomium ceLLs (state no. 161), and the 
presence of gLanduLar hairs on the Laminar scaLes near the base onLy (no. 
360). Both states are insignificant, either because of variation and 
overLap, or Lack of a reaL structuraL difference. 

In cLadogram 7.11, the group of species nos. 28 + 30 is defined onLy by 
character state no. 140, i.e. frond incisions up to the costa. This 
condition does not differ from state no. 139. Based on character state no. 
354 (short marginaL protuberances aLong the margin of Laminar scaLes), 
species nos. 29 + 31 form a set, aLso present in cLadogram 7.13. In these 
two species, this state is poorLy deveLoped and therefore regarded 
insignificant compared to the supporting character states of cLadogram 7.14. 

Judging the supporting character states of cLadogram 7.12, it appears 
that state no. 406 (the rhizome scaLes coLouring bLue when stained) defines 
the set of species nos. 28 and 31. This simiLarity is probabLy correLated 
with the age of the scaLes and as yet regarded as onLy weak support. Re­
checking the outcomes of the character anaLyses, the supporting character 
state of the group of species nos. 28 + 29 + 31 (no. 102) was found in 
species no. 30 aLso. As a consequence, the 'subtree' for species nos. 27--31 
as present in cLadogram 7.14 is preferred. 

The evaLuation of the possibLe cLadograms for AgLaomorpha as exempLified 
above, eventuaLLy gives three contenders (Fig. 7.14--7.16, vaLues 245, 247, 
and 247 respectiveLy). These cLadograms aLL share the groups of species nos. 
18 + 19 + 24, 23 + 25 + 26, 20--22, and 27--31. They differ regarding the 
position of species nos. 20--22. In tree 7.14, this group is the sister 
group of species nos. 17--19 + 23--26, sharing the character states nos. 1, 
2, 10, 91, 98, 376, 465, 510, 525, and 387. Species 27--31 comprise the 
sister group of aLL these species, defined by states nos. 3, 95, 322, 379, 
419, and 526. Among these, 1 + 2 + 3, 91 + 95, and 525 + 526 are considered 
compLements, of which 1 + 2, 95, and 525 are pLesiomorphies when appLying 
the outgroup ruLe (Drynaria being the outgroup). The same hoLds for state 
no. 10, whereas nos. 91 and 98 are aLready deaLt with in detaiL. Character 
state nos. 376 and 379 are subdivisions of a continuous and a metric 
character. Due to variation within this group and overLap with other 
AgLaomorpha species, it is insignificant evidence. For simiLar reasons, 
states nos. 465 and 510 are ignored at this LeveL. Character state no. 387 
(see expLanation in Chapter 6) is distinct and unique, and is regarded as 
significant. In concLusion, the subdivision presented in this cLadogram, 
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based on character states nos. 91, 98, and 387 on the one hand, and nos. 3, 
322, and 526 on the other hand, is regarded biologically relevant. The same 
holds for cladogram 7.16. 

The group of species nos. 17--19 + 23--26 is supported by character 
states nos. 377, 418, 421, and 430. Also, state no. 377 represents a 
category of the same continuous character (cross-section of the rhizome) as 
does no. 376 (see above). However, in this case the state is quite distinct 
representing an extreme almost without overlap, and therefore regarded as 
good evidence. State no. 418 is unique within the Polypodiaceae and 
biologically significant. Regarding the states nos. 421 and 430, see the 
discussion above of the holophyly of Aglaomorpha. Moreover, species nos. 
20--22 share state no. 431, the complement of no. 430. The first state is 
apomorphous. 

In cladogram 7.16, species nos. 20--22 and species nos. 18 + 19 + 24 are 
adelpho taxa, sharing character state no. 551, i.e. the presence of a midrib 
in the rhizome scales. This is a clear qualitative condition, and the 
cladogram is accepted for the time being. 

Cladogram 7.15 presents species nos. 27--31 and nos. 20--22 as adelpho 
taxa, the outgroup comprising species nos. 17--19 + 23--26. This node is 
supported by character states nos. 375, 385, 417, 422, and 457, respectively 
nos. 377, 418, 421, and 430. Regarding the complements 375 and 377, only the 
latter is really distinct. No. 375 however, is usually present in species 
showing variation. Of the complementary states nos. 417 and 418, the 
uniqueness of no. 418 has just been discussed. States nos. 421 and 422 are 
more difficult to interpret, although outgroup comparison with Drynaria 
shows that no. 422 is apomorphous. The group comprising species nos. 20--22 
+ 27--31 is further supported by state nos. 385 (a condition found in 
Drynaria species also) and 457 (a unique condition within the drynarioids). 
The group of species nos. 17--19 + 23--26 is further supported by state no. 
430, a condition present in the base fronds of all Drynaria species. In 
conclusion, the relevant support of this basal node consists of character 
state nos. 422 and 457 respectively nos. 377 and 418, and this cladogram is 
accepted. 

The analysis of Aglaomorpha results in a choice for three cladogram 
possibilities, all apparently biologically significant. However, a final 
check of these cladograms led to two alterations. First, the supporting 
character state of species nos. 18 + 24 within the group of species nos. 18 
+ 19 + 24 (i.e. based on state no. 463) appeared to be present in species 
no. 19 also. On the one hand, this further supports the set comprising these 
three species. On the other hand, it reduces the two dichotomies to a 
trichotomy. For further investigations, all four possible hypotheses for 
this 3-cladon-problem have been taken into account, as the data matrix does 
not include supporting character state distributions allowing a 3-cladon­
statement. The second alteration regards cladon no. 17. In cladogram 7.14 
and 7.15 it is the sister group of species nos. 18 + 19 + 23--26. The latter 
group is characterized by state no. 509, which is eventually not considered 
structurally different from no. 510 and consequently irrelevant. The same 
holds for the node in cladogram 7.16 based on state no. 382, dividing cladon 
no. 17 from species nos. 18--26. In these two different 3-cladon-problems 
also, the four possible hypotheses have been taken into consideration. 
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The analysis of Drynaria resulted i~ the recognition of 361 partially 
monothetic sets (Appendix 5), of which quite a number of subgroups are 
characterized by 2--5 character states. These partially monothetic sets have 
been orde red into 3062 maximum cliques. However, the search procedure has 
not been completed and thus not all possible cliques have been examined as 
yet. Nevertheless, it was not regarded useful at this stage to make a more 
exhaustive search. The cladograms presenting the cliques already show all 
possible permutations among the main groups (i.e. species nos. 1--5, nos. 
6--9, nos. 11 + 12, and nos. 13--15). The species within the groups 
compr1s1ng species nos. 6--9 and nos. 13--15, as well as of nos. 10 and 16 
also show all possible permutations in the cladograms, given the 
possibilities determined by a partially monothetic definition of groups. 
Within the group of species nos. 1--5, three relevant hypotheses are 
possible of which only one is present in the 3062 cliques. Generating all 
possible cliques, including the different permutations among species nos. 
1--5, would multiply the total number of cliques by a factor 3 or more, not 
to mention the necessary computer time. This is because each configuration 
of species nos. 1--5 has to be incorporated in all 3062 cliques found so far 
and each will yield 3062 slightly different cliques. This is regarded as 
unnecessary, because the relative sequence and differences in value between 
the three relevant permutations of species nos. 1--5 remain the same in the 
possible cladograms of the main groups. Therefore, in the cladograms 
selected out of the 3062 cliques found to be showing the lowest value of 
contradiction minus supp~rt as well as the biologically most significant 
support, the relevant permutations of species nos. 1--5 have been 
incorporated by hand. The number of fitting character stat es varies from 
138--156, the amount of fit via reversal 14--27, the number of homoplaseous 
developments from 600--721, and the amount of pseudo-fit from 8--13. This 
leads to overall values of 426--574, those with less than 441 being 
selected. 

A perusal of the about 50 selected cladograms, shows that only a number 
of groups are biologically significant, i.e. species nos. 1--5 (also present 
in the overall analysis), nos. 6--9, nos. 13--15, and nos. 10--12. Species 
no. 16 assumes several different positions in these cladograms, also as the 
sister group of species no. 15 within the group of species nos. 13--16, 
which contradicts the group of species nos. 13--15. 

The cladogram with the lowest value (426) is given in Fig. 7.29. This 
cladogram is nearly identical with cladogram 7.30 (with a value of 430), 
ex cept for the internal nodes of species nos. 13--15. The group comprising 
species nos. 14 + 15 is supported by character state no. 240, a state not 
really different from state no. 241, and more or less correlated with small­
sized base fronds. The support of species group 13 + 14 consists of 
character states nos. 127 and 288. The first one is clear, distinct and 
unique. The latter is a metric character, difficult to interpret because of 
overlap and variation. Nevertheless, the species pair nos. 13 + 14 is 
regarded better supported than the alternative species pair nos. 14 + 15. 

The supporting character states of the other internal nodes of these two 
cladograms are all biologically significant. The sets of species nos. 1--5 
and nos. 6--16 are characterized by states nos. 79, 82, 86, 89, and 298, and 
nos. 77, 84, 85, 297, and 436 respectively. States nos 79 and 77 are 
complements (no. 77 showing one exception in species no. 16 which possesses 
no. 78, a clear autapomorphy). Both states are absent in the outgroup 
Aglaomorpha. At this time, there is no reason to reject one of the two 
states as being apomorphous and thus, both are accepted. Character states 
nos. 82 + 86 and 84 + 85 also pertain to the sorus position, and the same 
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reasoning can be made here as for no. 82 above. Character state 89 has been 
dealt with already, and of the complements nos. 297 and 298 it is difficult 
to establish a transformation series at this stage. In conclusion, the two 
groups are both well-based so faro 

Within the group of species nos. 6--16, the first node divides species 
6--9 from nos. 10--16 based on character states nos. 244 and 343, and no. 19 
respectively. The latter is a clear and obvious, unique state. State 244 
pertaining to the venation of the base fronds is difficult to interpret and 
af ter checking it appeared that there is no clear distinction from state no. 
242. But state no. 343 is a unique, qualitative condition and therefore, 
these two groups are both well characterized. The species nos. 10--12 are 
characterized by very peculiar, long, and slender paraphyses (character 
states nos. 295, 296, 307, 311, and 314), whereas really superficial sori 
(state no. 88) characterize species nos. 13--16. 

Within the group of species nos. 6--9, two different configurations are 
supported, i.e. a sister species relation between nos. 8 and 9 (cladogram 
7.30), or between nos. 6 and 9 (cladogram 7.31). The first pair is supported 
by two character states, nos. 448 and 483. The second species pair is 
supported by character state no. 256 which is regarded as only weak support. 
State no. 483 is also regarded weak evidence, but state no. 448 indicates a 
structural similarity related to the tendency of the fertile pinnae being 
slightly contracted compared to the sterile pinnae. Species nos. 8 and 9 may 
also show a similar growth habit (state no. 416; see Chapter 6), which would 
further support this sister group relation (all cladograms generated imply a 
homoplasy for this character state in species no. 10). Therefore, the pair 
of species nos. 8 and 9 is preferred compared with the alternative group of 
species nos. 6 and 9. 

Cladogram 7.32 shows another alternative for species nos. 13--16, i.e. 
nos. 15 and 16 as adelpho taxa. The set of these two species is defined by 
character states nos. 217 and 453. In view of the variation, no. 217 is 
rejected as a relevant supporting character state. As regards state no. 453, 
the supposed similarity appeared to be absent when checked. Therefore, this 
possibility is rejected in favour of the group of species nos. 13--15 
defined by states nos. 268, 404, and 549. The first state pertains to an 
unique shape of the base fronds (although species no. 13 shows some 

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

Fig. 7.29 Fig. 7.30 
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variation in small-sized base fronds). The second one indicates the peculiar 
attachment of the rhizome scales on small triangular protrusions instead of 
the stalk being inserted in clear invaginations on the rhizome (state no. 
403). The last state (absence of lignified cells in the rhizome scales) is 
apomorphous according to the outgroup rule, although it is present in a few 
Aglaomorpha species as parallellism. 

Cladogram 7.32 further shows the group of species nos. 1--5 together with 
species nos. 6--9, supported by state no. 20. lts complement no. 19 defines 
the other main group of species nos. 10--16. Outgroup comparison shows that 
no. 20 represents the plesiomorphous condition and the group of species nos. 
1--9 is thus rejected. 

Most of the alternative cladograms of Drynaria mutually differ in the 
position of species no. 16 and of nos. 6--9. In Fig. 7.33, species no. 16 is 
grouped with species nos. 10--12. This is based on character state no. 282 
(relatively many branched receptacular paraphyses). However, the structural 
differences bet ween the paraphyses of species nos. 10--12 and those of 
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species no. 16 are Large (see for instance state no. 340), and it is doubted 
on morphoLogicaL grounds whether they couLd represent a synapomorphy. 

Species nos. 10--15 form a set in cLadogram 7.34 defined by character 
state no. 34. This state is unique and distinct within the drynarioids, and 
therefore this cLadogram is aLso seLected for further investigation. 

In cLadogram 7.35, species no. 16 is the sister species of species nos. 
1--15. The Latter group is defined by character state no. 476 which is aLso 
present in aLL AgLaomorpha species. Therefore, it represents a pLesiomorphy 
and this basaL node is rejected. Another possibiLity turned out to be 
species nos. 1--5 + 10--16 and nos. 6--9 representing adeLpho taxa 
(cLadogram 7.36). The supporting character states of the first group are 
nos. 481 and 556, i.e. the sori with 1--2 supporting veins in cross-section 
and the apex of the rhizome scaLes being acute respectiveLy. However, for 
both characters the distinction between the severaL compLements is 
considered not to be of structuraL significance. Therefore, compared to 
cLadograms 7.30 and 7.34, this cLadogram is irreLevant. 

Three different reLevant hypotheses of species nos. 1--5, are presented 
in cLadograms 7.30, 7.37, and 7.38. CLadograms with the second topoLogy, 
i.e. species no. 1 and nos. 3--5 representing adeLpho taxa, aLways show the 
Lowest vaLues. Furthermore, the supporting character states of this 
hypothesis are regarded bioLogicaLLy more significant compared to those of 
the other hypotheses which are aLso intuitiveLy pLausibLe. The support of 
the second pertains to a state of the sorus (no. 87) and to (conspicuousLy 
distinct) states of the rhizome scaLes, whereas the support of the first 
pertains to the size of the rhizome for which species no. 1 and 2 show much 
variation. The third is supported by on state onLy no. 557), for which 
species no. 3 is however not structuraLLy different~ This reasoning resuLts 
in the choice of cLadograms 7.30, 7.34, 7.37, and 7.39 for further 
investigation. 

7.5. Choice of the cladogra. of the Drynarioideae 

To the cLadograms seLected in the previous anaLyses of each of the two 
recognized genera, one cLadogram is added for each of the two genera (i.e. 
Fig. 7.28 and 7.40). These Latter cLadograms present the intuitive 
impression of phyLogenetic reLations perceived during character anaLysis. 
SurprisingLy, the 'intuitive' cLadogram of AgLaomopha (7.28) has a vaLue 
that is 10 Lower than that of the 'best' cLadogram (7.19) resuLting from the 
cLadistic anaLysis. It is not present in the set of cLadisticaLLy 
constructed cLadograms as for the two internaL nodes no support is present 
in the data matrix. CLadogram 7.40 presents intuitive ideas about the most 
LikeLy phyLogeny of Drynaria. The situation in Drynaria was found to be more 
compLex than that in AgLaomorpha, in that severaL cladograms seemed equaLLy 
pLausibLe. This is aLso expressed by the Large difference in the number of 
cLadograms of the two genera. SimiLarLy, by the fact that most of the 
intuitive cLadograms of Drynaria are present in the generated cLiques, i.e 
unLike AgLaomorpha for aLmost aLL possibLe nodes there is some support in 
the data matrix. None of the intuitive cLadograms were present in the 
seLected cLadograms as they aLL show a vaLue higher than 441. 

ALL combinations of cLadograms of the two genera have been made, and 
their respective vaLue of contradiction minus support was caLcuLated. Notice 
that the vaLue of the generic cLadograms treated separateLy, has to be 
treated as an indication onLy. It appears that the reLative sequence in 
'parsimony' of the subtrees might be different from the reLative sequence in 
'~arsimony" of the overaLL cLadograms incLuding these 'subtrees' (EngeLmann 
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& Wiley, 1977). This is illustrated with the data in Table 7.3. Cladogram 
7.25 shows a higher value than cladogram 7.28, but the combinations of 
Drynaria cladograms and 7.25 show lower values than those with 7.28. This 
leads to one of the problems needing further study. The sequence in value of 
the different subtrees does not by definition lead to a parallel sequence of 
overall cladograms. In other words, combining the two cladograms with the 
lowest values is not a garantuee that the overall cladogram will also show 
the lowest value. However, the value of contradiction minus support is not 
the sole selection criterion. 

1----------------------------------1 
1 7.30/7.20 2x trio 1228 1 
1 7.30/7.19 1x trio, 18 + 19 1216 1 
1 7.30/7.18 1x trio, 18 + 24 1226 1 
1 7.30/7.17 1x trio, 19 + 24 1213 1 
1 Table 7.1 1 
1----------------------------------1 

As regards the four alternative hypotheses of species nos. 18 + 19 + 24, 
neither of the three dichotomous possibilities has supporting character 
state distributions in the data matrix. Table 7.1 shows their (relative) 
values taken from the cladogram of the drynarioids combining cladograms 
7.17--7.20 (Aglaomorpha) and cladogram 7.30 (Drynaria). These values are a 
clear illustration of the general influence of these respective cladograms 
on the overall cladograms of the drynarioids. The two possibilities with 
species nos. 18 + 19 and nos. 19 + 24 as adelpho taxa always show a striking 
lower value than the other two. The difference in value of contradiction 
minus support between the former two, is regarded not significant to base an 
unequivocal choice upon it. Intuitively, the present author tends to prefer 
the possibility with species nos. 18 and 19 to represent sister species. 
Moreover, for this species pair a supporting character state is found in the 
second term, i.e. the (either regular or irregular) quadrangular soral 
patches. 

1---------------------------------------------------------------1 
17.30/7.19 18 + 19, 17/18 + 19 + 24/23 + 25 + 26 in trio 1216 1 
17.30/7.21 18 + 19, 17/23 + 25 + 26 in duo 1213 1 
17.30/7.22 18 + 19, 17/18 + 19 + 24 in duo 1214 1 
17.30/7.23 18 + 19, 18 + 19 + 24/23 + 25 + 26 in duo 1213 1 
1 Table 7.2 1 
1---------------------------------------------------------------1 

As regards the position of cladon no. 17, the values presented in Table 
7.2 are combinations of cladograms 7.30, and 7.19 + 7.21--7.23, as an 
example for other relevant combinations. All four possible hypotheses of the 
3-cladon-problem 17/18 + 19 + 24/23 + 25 + 26 are presented. Their values do 
not show significant differences. Moreover, there are no biological reasons 
for choosing any of the three dichotomous alternatives. For these reasons, 
no definite choice can be made. Therefore, in the final cladogram the 
trichotomy is presented. 

Table 7.3 shows the values of a number of combinations for Aglaomorpha 
and Drynaria subtrees. The best cladograms are those having a value of less 
than 1217. The others are quantitatively less likely. Cladogram 7.28, 
showing the lowest value of the Aglaomorpha cladograms when treated 
separately, has more significant values than other Aglaomorpha cladograms 
when combined with Drynaria cladograms. Cladogram 7.41 is an improbable 
solution in terms of its value and in view of the absence of supporting 
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1---------------------------------------------------------I I AGLAOMORPHA I 
I 7.19 7.17 7.25 7.24 7.28 7.27 7.26 XXX I 
ID 242 231 244 233 232 253 240 I 
IR 7.29 426 1207 1204 1216 1212 1224 1218 1220 12371(7.41) 
Iv 7.30 430 1212 1209 1221 1217 1229 1224 1220 12431 
IN 7.34 441 1219 1215 1228 1223 1238 1231 1226 I 
IA 7.37 438 1216 1213 1226 1222 1233 1227 1224 12471 
IR 7.39 438 1220 1216 1230 1225 1244 1233 1228 I 
11 7.40458 1222 1219 1231 1228 1241 1234 1230 12511 
IA I 
I PHENOGRAM (7.42) 1244 I 
I Table 7.3 I 
1---------------------------------------------------------I 

character states for one cladon, but it is used because it incorporates 
previous ideas about the position of the two monomorphic Aglaomorpha species 
nos. 23 and 24 appearing near the root of the cladogram (XXX in Table 7.3). 

Cladogram 7.29/7.17 showing the lowest value (1204), was not chosen 
finally because of the position of species nos. 13--15 and of nos. 18 + 19 + 
24. Biologically, it is less plausible than cladogram 7.30/7.19 (value 1212) 
for reasons outlined above. All other possible cladograms were rejected for 
the same reasons. The ultimate choice was cladogram 7.30/7.19 (Fig. 7.43). 
Based on the cladogram, a phylogenetic tree (Fig. 7.44) is postulated of 
which the most important apomorphies are listed in Table 7.4. 

A phenogram (Fig. 7.42), based on mean character di stances as a measure 
of overall similarity among the terminal clada and on UPGMA as a cluster 
criterion (Sneath & Sokal, 1973), was also included for comparison. This was 
done in trying to trace the criteria used by previous authors for their 
classifications (see p. 157, 199). Regarding its rather high value (1244), 
the phenogram compares unfavourably with the selected cladograms. The main 
agreement with the cladograms is with respect to the delimitation of 
Drynaria and Aglaomorpha. 

Several of the cladograms present in Table 7.3 are plausible. Intuition 
and biological inference need a great deal of caution (see for example the 
difference between the cladogram 7.17/7.29 with the lowest value and the 
intuitive cladogram 7.41). It is of ten possible to favour one cladogram over 
others. In other words, the quantitative criterion using a strict and 
repeatable search procedure is necessary to be able to select a managable 
number of cladograms out of the numerous possibilities. The supporting 
character states of the selected trees are then tested using the local 
outgroup comparison. Eventually, the support of the remaining cladograms are 
judged according to their inferred biological strength. In the last phase, 
subjective criteria might prevail, but the set of possibilities is then 
clearly defined. Probably, the quantitative criteria and those derived from 
biological theory belong to different domains, and are as yet 
incommensurable. In this thesis, it is aimed to achieve a practical 
consensus bet ween the three criteria for judging cladograms, i.e. parsimony, 
outgroup comparison, and biological inference. It is important to make clear 
when and why these criteria are applicable. In summary, the search has not 
been merely for the cladogram showing the lowest value of contradiction 
minus support, but for one or more cladograms showing low values that are 
regarded biologically significant. 
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Table 7.4. Most important apomorphies of the holophyletic groups depicted in 
phylogenetic tree 7.44 

bold numbers refer to the species (see Taxonomie Part) 
other numbers refer to the character states (see Appendix 1) 
numbers bet ween brackets refer to character states showing one or 
a few homoplasies 

13 + 14 
127, 174 (135, 160, 167, 168, 190, 207, 209, 252, 287, 288, 291, 488) 

13 + 14 + 15 
374 (255, 264, 268, 346, 406, 443, 510, 549) 

13-16 
88 (94, 232, 245, 251, 255, 524) 

11 + 12 
92 (6, 30, 51, 287, 314, 348, 443, 450, 514, 518, 521, 540, 541) 

10-12 
282 (105, 201, 232 + 233, 295, 296, 306, 307, 338, 340, 354, 355, 391, 

530, 531, 533, 537) 
10-16 

19 (8, 14, 24, 26, 34, 37, 53, 74, 130, 134, 231, 241, 278, 310, 319, 
346, 379, 477) 

8 + 9 
118 (235, 359, 391, 406, 407, 416, 483, 537) 

6 + 8 + 9 
281, 342 

6-9 
343 (153, 269, 338, 398, 482, 494, 497, 554) 

6-16 
77 (69, 84, 85, 126, 163, 173, 283, 313, 423, 432, 436, 444) 

4 + 5 
(58, 252, 316, 496, 518) 

3-5 
(26, 73, 237, 251, 259) 

1 + 3-5 
87, 543, 553 (65, 74, 81, 105, 112, 245, 513, 514, 516, 521, 551, 557) 

1-5 
79 (82, 86, 89, 110, 124, 179, 213, 260, 266, 270, 289, 352) 

1-16 
(56, 71, 75, 114, 117, 189) 

18 + 19 
(123, 150, 154, 155, 287, 296, 306, 310, 314, 369, 395, 483, 531, 534) 

18 + 19 + 24 
384 (168, 175, 176, 324, 463, 489, 503, 548) 

23 + 26 
(280, 283, 534) 

23 + 26 + 25 
394 (204, 278, 289, 328, 353, 447, 549) 

18 + 19 + 23-26 
377, 418, 430 (59, 189, 391, 481, 509, 520, 524, 554) 

22 + 32 
425 

21 + 22 (+ 32) 
(123, 130, 148, 163, 298, 302, 330, 358, 369, 398, 420, 422, 431, 450, 
486, 489, 496, 497, 521, 541) 

18-26 (+ 32) 
91, 98, 382, 387, 465 (167, 173, 182, 551) 

30 + 31 
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336 (130, 378) 
29--31 

334 (277, 302) 
28--31 

(154, 155, 310, 483, 514, 518, 521, 541) 
27--31 

3, 322, 419, 526 (33, 157, 170, 179, 186, 278, 326, 327, 370, 379, 392, 
395, 422, 477, 492 + 493, 498--500, 530, 531, 534) 

18--31 (+ 32) 
(13, 58, 61, 62, 63, 68, 106, 112, 119, 146, 153, 448, 457, 485, 511) 

Table 7.4 conto 

Table 7.5. Homoplasy values of each character state according to cladogram 
7.43. 

Horizontally: singles 
Vertically: tens 

a 3 4 I 6 7 a ,to 

o 5 0 7 6 244 0 2 
3 2 3 455 5 7 0 1 

2 a 2 4 10 12 4 9 3 8 3 
3 2 3 7 2 204 1 8 3 
4 0 3 6 11 9 5 7 4 3 2 
5 3 040 360 773 
6 432 1 444 4 4 5 
750 2 7 5 6 4 3 0 0 
8 420 230 3 0 3 4 
9 0 0 9 2 4 2 2 0 5 8 

10 4 2 0 3 8 3 6 5 5 3 
11 10 4 6 3 4 3 2 3 4 0 
12 2 5 5 3 2 3 0 4 2 8 
13 7 10 7 4 3 4 6 7 6 6 
14 7 5 3 3 3 4 2 2 3 4 
15 4 6 7 4 4 3 7 9 5 9 
16 3 1 9 2 3 3 7 5 3 8 
17 8 9 9 6 4 2 0 3 6 10 
18 7 10 7 0 3 9 6 7 11 6 
19 7 0 3 6 5 0 6 7 6 6 
20 4 5 4 7 7 9 2 0 2 3 
21 2 5 4 2 2 5 2 2 4 6 
22 6 4 6 5 5 4 3 5 6 4 
23 4 5 4 4 3 5 3 5 5 2 
24 3 3 5 0 5 6 2 0 4 6 
25 3 7 4 0 3 2 4 4 0 3 
26 3 4 0 4 7 3 6 0 2 3 
27 4 1 0 8 2 5 2 7 8 3 

a 3 4 I 6 7 • '10 

28 2 3 7 0 4 2 a 3 6 7 
29 5 4 6 10 2 5 5 5 2 4 
30 3 8 0 8 8 7 2 9 7 7 
31 2 a 7 4 8 3 11 4 4 5 
32 6 0 3 5 9 3 2 9 9 5 
33 5 0 1 0 1 0 0 3 3 2 
34 0 0 0 3 2 2 3 11 0 5 
35 2 6 2 4 2 9 2 9 7 5 
36 6 6 6 0 1 2 5 0 7 8 
37 8 9 2 2 3 4 2 2 5 7 
38 4 3 5 0 1 7 3 5 0 7 
39 7 4 10 0 3 10 8 4 7 8 
40 12 0 1 0 4 4 2 2 3 7 
41 11 8 5 9 9 2 3 0 0 0 
42 3 3 4 4 0 1 3 3 3 0 
43 0 3 4 3 3 5 3 7 0 5 
44 6 0 2 5 2 7 4 6 1 2 
45 12 11 4 4 3 12 2 6 1 3 
46 7 0 2 5 3 4 4 4 5 0 
47 0 2 5 0 6 1 8 0 2 2 
48 4 9 4 9 8 9 6 7 11 5 
49 6 8 5 5 3 6 7 9 7 8 
50 7 5 4 7 0 2 4 6 6 3 
51 4 5 3 0 7 5 0 7 5 5 
52 6 11 6 9 0 0 4 5 3 
53 6 4 4 6 2 2 5 4 2 3 
54 4 4 2 7 2 2 3 3 4 7 
55 5 2 2 5 8 3 2 
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8. DELIMITATION OF SPECIES AND GENERA OF THE DRYNARIOIDEAE; THE SYSTERATIC 
POSITION OF THE SUBFAMILY 

8.1. Species deli.itation and account for the species recognized 

8.1.1. Introduction 

The species concept adopted here is that of the evolutionary species as 
defined by Wiley (1981, p. 25): a single lineage of ancestor-descendant 
populations which maintains its identity from other such lineages and which 
has its own evolutionary tendencies and historical fate. It accepts that 
reproductive continuity (gene flow) between populations within species as 
well as reproductive isolation from populations outside a species are 
important components of species coherence, i.e. mechanisms to maintain 
identity. Species coherence is regarded as the result of genealogy. 

The testing of species hypotheses is necessarily preceeded by 
delimitating species using auxiliary (e.g. morphological) evidence. The 
evolutionary species concept places all criteria used to delimitate species 
(e.g. morphological disjunctions, genetic isolation) in an evolutionary 
context, therefore being superior to any other concept, including the 
biological species concept favoured by biosystematists. These criteria are 
used in a non-absolute sense (cf. biological species as regards the rigid 
use of reproductive isolation). Furthermore, it allows for species not being 
holophyletic by definition. 

The testing of a hypothesis that a particular group of individuals 
comprises a species and thus represents a separate lineage evolving 
independently from other such lineages, is very difficult for theoretical 
and practical reasons. Therefore, a distinction ought to be made between the 
theoretical implications of a species concept which is an approach to 
understand the biological reality, and its implementation in practice which 
is an attempt to describe the reality, i.e. the postulation of species 
hypotheses based on, for example, morphological evidence, implies the 
prediction that they will stand possible tests of their evolutionary 
identity. 

The initial species hypotheses are independent from the cladistic 
analysis, but an essential starting-point for phylogenetic research. For 
cladistic analyses, the terminal clada do not have to be necessarily 
evolutionary species. However, for the interpretation of the resulting 
cladogram, i.e. the transformation of it into a phylogenetic tree, the 
terminal taxa need to be interpreted as evolutionary lineages as a time­
factor is introduced (cf. Wiley, 1981). 

The species as deliniated in the present study (cf. Table 5.1) are mainly 
based on morphological evidence, i.e. on discontinuities in intrinsic 
features. To facilitate identification, I looked for unique gross­
morphological distinguishing character states of both reproductive and 
vegetative parts of the mature sporophyte, that could define partially 
monothetic sets. However, the species recognized could of ten be defined only 
as strictly monothetic sets. In some cases species differ only in characters 
of the fertile structures. Hybrids were identified using the criteria 
enumerated by Hennipman (1977, p. 93), i.e. aborted spores, morphological 
instability and intermediacy, and structural irregularity. The species 
hypotheses were not further tested as data on isolating mechanisms were 
inavailable. 

Species delimitation within the drynarioids using the evolutionary 
species concept differs strikingly from concepts of previous authors (cf. 
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GoebeL, 1928; Ching, 1983), aLthough in practice the recognized species 
of ten coincide. In this respect, it is important to note that species 
deLimitation shouLd be based on a study of the hoLophyLetic group to which 
they belong. Coincident species hypotheses using different concepts might be 
due to the material examined which was mainLy herbarium material. This is a 
Limiting factor for aLL systematic research of (tropicaL) pLants. 
FortunateLy, there are increasing possibiLities to study Living specimens as 
weLL. The PoLypodiaceae are especiaLLy weLL suited for cuLtivation in green 
houses. However, there are usuaLLy not enough specimens in cuLtivation from 
the range of any singLe species to represent its genotypic and phenotypic 
variation. 

Below, a number of the most probLematicaL species hypotheses are 
discussed. 

8.1.2. Ten.inal clada rejected as evolutionary species 

CLadon no. 17 
This terminaL cLadon, A. x LeporeLLa GoebeL, is a spontaneous hybrid 

bet ween cuLtivated pLants at the botanic gardens of Munich. The pLant has 
been distributed to other botanic gardens (e.g. BerLin, Utrecht) through 
vegetative propagation. It is an inferred hybrid because of its irreguLar 
morphoLogy, the formation of aberrant spores (of ten very thick-waLLed and 
Lacking cytopLasm, an obvious resuLt of incompLete meioses). It has never 
been reported from the wiLd. lts rhizome scaLes are simiLar to those found 
in the species nos. 23, 25, and 26, whereas its fertiLe structures show 
resembLance to those of species nos. 18 and 19. Therefore, this cLadon 
presumabLy resuLted from accidentaL hybridization of two species out of the 
two groups just mentioned, kept in cuLtivation. This is confirmed by the 
phyLogenetic reLationships as presented in the cLadogram. Species nos. 19 
and 23 are regarded LikeLy parents, as the shape of the sori of cLadon no. 
17 is interpreted as intermediate between that found in these two species, 
whereas the internaL dimorphy is inconspicuous. 

CLadon no. 20 
At first, this cLadon (based on one coLLection: Gibbs Leg., Arfak 

mountains, New Guinea) was considered morphoLogicaLLy distinct from species 
nos. 19 and 21. In fact, it is a smaLL-sized specimen of species no. 21 
coLLected at the periphery of its distribution at a much higher eLevation 
than most other coLLections. It is presumed to be an autotripLoid, because 
of the Larger-sized stomata (compared with typicaL specimens of species no. 
21), and the high amount of aborted spore mother ceLLs and aberrant spores, 
as compared with its structuraL reguLarity. 

These two terminaL cLada aLthough rejected as evoLutionary species, have 
nontheLess been incLuded in the cLadistic anaLyses in an effort to trace the 
identity of its parent species. 

8.1.3. Clada accepted as evolutionary species 

8.1.3.1. AgLaomorpha 

ALL remaining 13 terminaL cLada of 
AgLaomorpha are accepted as evoLutionary species. For reasons outLined 

below, another species (no. 32) is added. 
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Species no. 18 
The unique irregular shaped sori of this species suggeste of hybridity. 

However, the spores and stomata of all collections are perfectly normal in 
shape and size. Although known from only a few collections, it is considered 
to be a distinct species. 

Species nos. 28 and 29 
These two species are phenetically very similar. Their main difference 

concerns the sporangial indument. This is absent in species no. 28, whereas 
it is manifest in species no. 29. This morphological disjunction is 
correlated to an allopatric distribution pattern (Celebes vs. Philippines). 

Species no. 32 
Species no. 32 is accepted as a distinct species because of its unique 

frond dimorphism and rhizome scales. However, it could not be investigated 
in much detail as the sole record is a type specimen of Beccari. It could 
only be studied from the original description (including the plate), and 
from a few rhizome scales. Thus it could not be incorporated in the 
cladistic analyses. The few character states that could be analyzed show 
that it shares with species no. 22 unique well-developed phyllopodia and 
less uniquely shaped fertile pinnae, the dilated frond base, and the complex 
rhizome anatomy. In the cladogram, the presence of conspicuous (and 
apomorphic) phyllopodia defines species no. 22. In view of the absence of 
conflicting evidence, a sister group relation between these two species is 
postulated, a view already earlier expressed by Copeland (1947) when he 
placed these two species in Thayeria. 

8.1.3.2. Drynaria 

The 16 initially recognized terminal clada in Drynaria are all accepted 
as species. 

Species nos. 1 and 3--5 (Table 8.1) 
The recognition of species within this group is rather difficult as all 

of them are very similar. The differences bet ween species nos. 3 and 4 are 
rather subtle, mainly pertaining to the venation pattern and the anatomy of 
the lamina. Species no. 1 is distinct from the other three because of the 
shape and size . of the base fronds as well as the occasional large number of 
sori per primary areole (A1). Species no. 5 is recognized by its narrow 
pinnae with undulated margin. 

The phenotypic plasticity of species no.obscures specific 
morphological differences. This is illustrated by the following 
observations. Specimens of species no. 1 collected in the vicinity of Port 
Moresby (Papua New Guinea) and from Australia show relatively narrow pinnae, 
a condition resembling that of species no. 5 (except for the entire margin). 
However, these eastern and southern specimens are not morphologically 
disjunct from specimens of western Malesia and continental Asia, showing the 
typically larger sized base fronds. However, specimens of species no. 5 
cultivated in the botanic gardens at Utrecht, form relatively large-sized 
and clearly sinusoid base fronds which are more elongated than those of 
species no. 1. 

The evidence shows ambiguity. Nevertheless, the detected differences are 
qualitatively useful, allowing the recognition of different species. Such 
decisions are part of the research that necessitates the delimitation of 
species (the same holds for character states) entirely or mainly based on 
herbarium material. To claim that this process is objective would be 
premature. 
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1---------------------------------------------------------------1 1 Species no. 1 3 4 5 1 
1---------------------------------------------------------------
1 Character 
1 
Ibase fronds 
1 
1 
Ipinnae:width 
1 
1 margin 
1 
1 venation 
1 
IhYPodermis 

large 
sinusoid 

narrow­
broad 

entire 

simple 

1 above present 
1 
1 
1 

sori/A1 2--7 

small 
entire 

broad 

entire 

simple 

absent 

2--4 

Ibundle sheath absent usually 
Irhizome vasc. present 

small small 
entire entire-sinusoid 

broad narrow 

entire undulated 

complex simple-complex 

present absent 

2,3 2,3 

absent absent 

1 bundles 1 
1 Table 8.1 1 

1---------------------------------------------------------------1 
Species nos. 6--1G (Table 8.2) 

Some difficulties may occur when trying to discriminate bet ween species 
pairs nos. 6 and 7, nos. 6 and 8, and nos. 8 and 9. In the sympatric species 
pair nos. 6 and 7, the rhizome scales show very striking and constant 
differences, whereas the fronds are almost identical. The differences 
between species nos. 6 and 9 pertain mainly to the frond shape and growth 
habit. However, the fronds of both species show some overlapping variation. 
Data regarding growth habit are rather scarce as this feature cannot be 
studied in herbarium specimens. 

Species no. 8 is distributed in Madagascar, the Comores and the 
Mascarenes. All specimens are similar in detailed morphology, including 
submicroscopic characters of the spores. Nevertheless, the few available 
complete herbarium collections suggest a statistical difference in size of 
rhizome scales and sporangium capsules bet ween specimens of Madagascar and 
those from the Comores and the Mascarenes. As yet, the scanty evidence is 
insufficient to recognize different species. Further study is required. 
Species nos. 8 and 9 have of ten been confused in the past because of gross 
similarities in habit. Apart from being obviously allopatric taxa, they are 
also morphologically different, e.g. in the venation pattern and rhizome 
anatomy (sclerenchymatic strands present in species no. 9). 

Cufodontis (1969) separated D. saccardi from species no. 7 by the absence 
of base fronds. However, this character states is of ten reported in other 
Drynaria species. Specimens kept under certain conditions (e.g. terrestrial 
growth) do not always develop base fronds. For example, J. Croft (pers. 
comm.) observed that species no. 1 growing in terrestrial conditions near 
Port Moresby (Papua New Guinea) had almost no base fronds. Hennipman (pers. 
comm.) observed the same phenomenon in Sulawesi for species no. 2. However, 
it was observed at the botanic gardens of Leiden and Utrecht, that young 
plants of several Drynaria species grow vigourously without forming base 
fronds (e.g. nos. 1, 5, and 6). D. saccardi is here considered synonymous to 
species no. 7. 
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1---------------------------------------------------------------1 
1 Species nos. 6 7 8 9 1 
1---------------------------------------------------------------1 
Icharacter 1 1 
1 1 1 
Irhiz. scales 1 1 
1 1 1 
1 texture 1 soft stiff soft soft 1 
1 colourlbrown dark redbrown brown brown 1 
1 1 1 
Ipinnae lall equal all equal decreasing decreasingl 
1 1 sized sized in size in sizel 
1 1 1 
Igrowth habit Ispirally spirally encircling encirclingl 
1 1 1 
Isclerenchyma labsent absent absent present 1 
Istrands rhiz.1 1 
1 1 1 
Ivenation 1 1 
1 loops/A21absent absent absent absent 1 
1 free veinslsimple simple simple complex 1 
1 1 
1 Table 8.2 1 
1---------------------------------------------------------------1 

Species nos. 11 and 12 
These two species are distinct as regards differences in frond size and 

paraphyses, apart from the (unique) structural absence of base fronds in 
species no. 12. 

Species nos. 13--15 (Table 8.3) 
In terms of frond morphology, species no. 15 differs from species nos. 13 

and 14. The recognition of the latter two as different species was 
problematical. The gross morphology of the fronds in species no. 14 is 
somewhat intermediate between species nos. 13 and 15. Some of the specimens 
have an apical pinna (like species no. 13), others have an aborted apical 
pinna (like species no. 15). The majority of specimens are recognized by the 
relatively slender fronds, which are different from those of species no. 
15, but less different to species no. 13. The general absence of a glandular 
sporangial indument makes species no. 14 distinct from no. 13. However, a 
number of collections considered to belong to species no. 13 lacked the 
sporangial indument. On the other hand, a few specimens had the general 
appearance of species no. 14, but possessed a glandular sporangial indument. 
These intermediate and confusing specimens are a minority in the material 
studied. Species nos. 13 and 14 are considered to represent independent 
taxa. Hybridization between them may occur; the confusing specimens are 
interpreted as hybrids. This might be plausible also in terms of the 
biogeographical evidence. Species nos. 13 and 14 are partially sympatric, 
their distributions showing some overlap in Szechuan and Yunnan. They show a 
similar altitudinal range. Many of the intermediates were collected in 
Szechuan, which coincides with the area in which both species occur. The 
variability of these species is emphasized by Ching & Wu's (1983) 
descriptions of several new taxa within this species complex; none of which 
are accepted here. 
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1---------------------------------------------------------------1 1 species no. 13 14 15 1 
1------------- -------------------------------------------------1 
Icharacters 1 
1 1 
Ifrond morph. coarse rather fine fine and thin 1 
1 shape broad s lender + broad 1 
1 e II i pt i ca l e II i pt i ca l e II i pt i ca l 1 
1 apex round round acute 1 
1 1 
1 pi nna shape broad s lende r + broad 1 
1 1 
lapical pinna (almost always) usually aborted present 1 
1 aborted rarely present 1 
1 1 
Isporangial usually present usually absent absent 1 
1 indument sometimes absent rarely present 1 
1 1 
1 Table 8.3 1 

1---------------------------------------------------------------1 

8.2. The deli.itation of the genera 

Taxonomic decisions above the species level are just a matter of 
'chopping the tree' into holophyletic groupings. The cladogram here proposed 
has several possibilities for division. For example, species nos. 13--16 can 
be regarded to comprise a genus. As a consequence, species nos. 10--12 also 
comprise a genus. This will lead to several genera within the drynarioids, 
none of which has been recognized in the past. 

Apart from the criterion of holophyly, classifications should preferably 
include groups of practical use. Therefore, the search is for subdivisions 
characterized by distinctive character states. The present author has 
considered the basal node of the cladogram (Fig. 7.43) as the most suitable 
place to chop the tree, resulting in two groups of generic rank. Ignoring a 
few reversals, these two groups are easily recognized by the frond 
dimorphism (Drynaria) and the contraction of the fertile pinnae 
(Aglaomorpha). The author has refrained from subdividing the two genera into 
taxa of lower rank because they are only of moderate size making a further 
taxonomic subdivision unnecessary. 

The emendation of Aglaomorpha is contradictory to common usage and all 
earlier classifications. The differences between some examples of the latter 
and the present classification are summarized in Table 8.4. The older 
classifications are mainly based on differences instead of similarities. The 
reverse id true for Drynaria. This interesting coincidence means that the 
character state(s) group;ng species nos. 1--16 as used by previous authors 
to deliniate Drynaria turn(s) out to be synapomorphic. This is an additional 
argument in favour of the present generic delimitation as it implies 
taxonomic stability based on inferred phylogenetic evidence. 

The sister group of Drynaria should have the same rank. Therefore, the 
genus Aglaomorpha has to be emended. This genus was traditionally divided 
into four (Crabbe et al., 1975), seven (Copeland, 1947), or eight (Pichi 
Sermolli, 1977) genera (Table 8.4), most of them monotypic. These genera are 
mainly based on obvious differences in macroscopic characters of the sori 
(e.g. Merinthosorus: with linear coenosori), and on uniquely dissected 
pinnate fronds (PhotinoPteris). The generic status of the latter has never 
been disputed because of ;ts characteristic frond morphology. However, its 
monotypic recognition is here rejected as its recognition would imply the 
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1---------------------------------------------------------------1 
ISpec.no 1-16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 I 
I 1------------------------------------------------------
IRoos, 851D A A A A A A A A A A A A A A A A 
I Cop I D A A A A A T Ps Ds A rol Ph rol A rol H T 
ICrab ID A A A A A T A A A rol Ph rol A rol A T 
lp. S • I D A A Dm A A T Ps D s A rol Ph rol Dm rol H T 
IChan IDry Ag Ag Ag Ag Ag Ag Ag Ag Ag Ag Dry Ag Ag Ag Ag Ag 
I 
Icop = Copeland (1947); Crab = Crabbe et al (1975); 
lp. S. = Pichi Sermolli (1977); Chan = Chandra (1982b). 
I 
IA = Aglaomorpha; Ag = Aglaomorpheae; D = Drynaria; 
IDm = Dryostachyum; Dry = Drynarieae; Ds = Drynariopsis 
IH = Holostachyum; rol = Merinthosorus; Ph = Photinopteris 
Ips = Pseudodrynaria; T = Thayeria. 
I Table 8.4 

1---------------------------------------------------------------
recognition of many other genera and this does not help our understanding of 
the evolutionary history of the group. 

A subdivision of the Drynarioideae into two other groups has already been 
proposed by Chandra (1982b), who recognized the tribes Drynarieae (including 
the genus Drynaria and Aglaomorpha speciosa) and Aglaomorpheae (including 
all species of Aglaomorpha except A. speciosa). This subdivision is not 
upheld by the present study. roloreover, class;fying Drynaria together with 
Aglaomorpha speciosa is surprising even when considering Chandra's own data. 
He Lists 15 "distinguishing features of the two groups of drynarioid ferns." 
For six of these, A. speciosa is mentioned to represent a exception within 
the Drynarieae, showing similar conditions as found in the other tribe: nest 
fronds, hydathodes, hypodermis, venation pattern, leaf shape, soral shape, 
and distribution. Four are not very useful as they represent continuous 
morphometric characters showing overlap (the measurements of Photinopteris -
A. speciosa - are not indicated): stomatal size and frequency, sporangial 
and spore size. Two characters we re said to be different for the two groups 
which could not be confirmed (paleae structure and frond arrangement), one 
showed exceptions in the Aglaomorpheae that had a similar condition as found 
in the Drynarieae (foliage Leaves), and one qualitative character showed 
overlap (nectary type). One character coded epidermal cell size, did 
actually support his division. However, the two stat es of the latter were 
indicated as "large" vs. "smaller". For all of that, should his data be 
used, they show stronger evidence for grouping of A. speciosa with the 
Aglaomorpheae rather than with Drynaria. 

None of the previous classifications could be confirmed, either in the 
present cladistic analysis, nor in the additional phenetic analysis. For 
example, the two species formerly included in rolerinthosorus (nos. 26 and 30) 
do not constitute a holophyletic group (Fig. 7.43). They are not placed 
together in the phenogram (Fig. 7.42) either. Furthermore, the five species 
of Aglaomorpha sensu Copeland (1947; i.e. nos. 18, 19, 20, 25, and 28) are 
scattered in different groups on the cladogram (Fig. 7.43). The same holds 
for the phenogram, where they are spread over several groups. 

Pichi Sermolli (1977) proposed one of the most extensively dissected 
generic classifications. He recognizes two main phyletic lines within the 
drynarioids as defined by Copeland (1947). One line is based on an 
increasing dimorphism among and within fronds. The other line is based on an 
inferred trend from distinct round sori via interrupted coenosori to entire 
coenosori and to square patches. According to Pichi Sermolli this should 
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result in nine genera, all sharply distinct and all representing (1977, p. 
379) "different stages of the realization and combination of these 
tendencies". He concludes that, although most drynarioid genera are 
monotypic or very small, they should be regarded as distinct. Either of 
these phyletic trends are confirmed by the strict transformation series 
established in this study, nor any justification of basing taxa on 
intermediate stages of transformation series. 

8.3. The del;.;tat;on of the Drynar;o;deae 

The delimitation of the Drynarioideae has not been the main subject of 
the present study. In other words, it was cons;dered at the beginning that 
the drynarioid ferns constitute a holophylet;c group. Th;s assumption is 
made because of unique similarities of the species. The group has been 
generally accepted since Copeland (1911) mentioned the 'Drynaria Group' for 
the first time (1911, p. 139: 'There is probably no group of organisms known 
which are more distinct in appearance but more evidently homogenetic than 
these are.'). 

Copeland (1947) more extensively discussed the delimitation of the group. 
According to him, the drynarioids constitute aeonspicuous and natural 
group, eharacterized by the fact that the fronds are never functionally 
articulated to the rhizome, the pinnae are articulated to the costa/rachis, 
the fronds have a firm texture, with aconspicuous venation and distinct 
venation pattern, and possess foliar glands. Holttum (1946, 1954) also 
comments on the drynarioids, listing almost similar characteristic features: 
the rhizome (thick and fleshy), the venation (venatio drynarii), the 
nectaries, and the abcission layer at the basa of the pinnae, apart from 
remarks about the sori and the hydathodes. 

Only recently have the drynarioids been given formal taxonomie rank by 
Crabbe et al. (1975), who created the subfamily Drynarioideae. The present 
author aceepts this subfamily, but its holophyly eventually must be tested 
in a cladistic analysis of the entire family, followed by a descision 
concerning its rank. Ching (1978) recognized the family Drynariaceae. 
According to Chandra (1982b), the recognition of a holophyletic group occurs 
only when it is presented as a formal taxon (p. 226: "Thus for the first 
time the drynarioid group was recognized as a conspicuous natural group of 
epiphytes.", pointing to the erection of the subfamily by Crabbe et al., 
1975). This is simply incorrect, as e.g. Copeland (1947) made a special 
comment on the "Drynaria Group", regarding it as a conspicuous and natural 
group. He did not give it a formal taxonomie rank, but this is totally 
irrelevant. 

Furthermore, Chandra (1982b) presents a phyletic scheme which is 
congruent neither with his above remark nor with his classification. The 
relationship of species no. 27 ('Photinopteris') is not indicated, whereas 
he classifies it with Drynaria. More str,k,ngly, the scheme denotes the 
drynarioids to be at least biphyletic, i.e. Aglaomorpha and Drynaria evolved 
independently from Microsorium. This implies that the Drynarioideae do not 
comprise a natural group. 

The systematic position of the Drynarioideae within the 
also not been the subject of this study. The present state 
systematics of Polypodiaceae (Hennipman, 1984) allows for 
suggestions only, as the phylogenetic relations of the 
other groupings of the Polypodiaceae are still uncertain. 
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Up till now, the drynarioids are most commonly regarded to constitute the 
sister group of Microsorium and allies. Such a statement has already been 
made by Copeland (1911, 1947), and has been accepted by Holttum (1946, 1949, 
1954). Both authors regard D. heraclea the species most like the ancestral 
species of the drynarioids because it has a dilated humus-collecting frond­
base like Microsorium musifolium. They regard Microsorium as most 
'primitive'. 

This idea was formalized by Nayar (1970) in diagnosing the subfamily 
Microsorioideae to include the drynarioids. His classification includes 
paraphyletic groups as can be inferred from his scheme of interrelations. A 
similar view has been expressed by Pichi Sermolli (1977). On the one hand, 
he remarks that grouping the polypodiaceous genera into tribes and 
subfamilies presents serious difficulties because of uncertainties about 
relationships between the various genera. On the other hand, he proposes 14 
groups (one of which includes the drynarioid genera) using transformation 
series established a priori. His phyletic scheme (1977, Fig. 6, p. 370) 
clearly indicates a sistergroup relation between the microsorioid and the 
drynarioid ferns, although his comment that "they are certainly related to 
the previous group" (p. 379) is an uninformative statement. The crypsinoid 
genera are placed as the outgroup. According to him, the microsorioids (e.g. 
M. lingueaforme, M. musifolium) are ancestral to the drynarioids. 
- Different opinTons were expressed by Christensen (1938) and Ching (1940), 
who both apparently do not accept the holophyly of the drynarioids. They 
regard the species of Aglaomorpha (sensu lato) as intermediate between 
Drynaria and Phymatodes. 

A somewhat different hypothesis was proposed by Ching (1978) for his 
family Drynariaceae. He regards the family as very natural and distinct, and 
closely related (in venation type) to the Dipteridaceae on the one hand, and 
to the Polypodiaceae, especially to Microsorium (e.g. M. musifolium) on the 
other. With the latter, the family was further related by Ching because of 
the dilated frond base. He stated that the drynarioid species have always 
been considered as a highly specialized group because of their similarities 
in frond shape and venation with M. musifolium. But, according to him, 
(p. 16) "these similarities may perhaps be the result of convergent 
evolution or indicate ancestry, for Drynariaceae differs from the 
Polypodiaceae in many important characters and aLso, no doubt, is much more 
primitive and yet more specialized in life-form than the Polypodiaceae." 
Unfortunately, he does not explain the phrase "much more primitive and yet 
more specialized in life-form". 

Ching makes the very original suggestion that in Pichi Sermolli's group 
of the Polypodiales: "the existence of a fairly continuous phyletic line of 
des cent starting from the Dipteridaceae ••• through the Cheiropleuriaceae and 
the Drynariaceae to the Polypodiaceae of today can be recognized". 
Unfortunately, he does not provide the argumentation on which the basic 
trends of his phylogenetic ideas are based. 

Unfortunately, these different opinions are based on ambiguous reasonings 
in which the data used and the methodology applied are not made explicit. 
Also, the character analyses presently executed in the Polypodiaceae project 
show that many other possibilities have to be taken into consideration. 
Similarities in venation pattern (pers. comm. Hetterscheid), in the ultra 
structure of the spore wall (pers. comm. Hennipman), and the presence of 
opaque rhizome scales (Veldhoen, pers. comm.) may indicate a sister group 
relation with crypsinoid ferns. The similarities in venation pattern between 
microsorioid and drynarioid ferns are less obvious (Mitsuta, in press) than 
is supposed by Nayar (1961) and Chandra (1980b). Also, the drynarioid ferns 
share with the crypsinoid genus Arthromeris (and with Schellolepis) the 
presence of nectaries and abscission layers. Decisions at these higher 
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taxonomie levels ean only be made based on a eladistie analysis of the 
enti re family. 
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9. ANALYSIS OF EXTRINSIC CHARACTERS OF THE DRYNARIOIDEAE 

9.1. Introduction 

9.1.1. 6eneral 

This chapter deals with the geographical distribution and ecology of the 
drynarioid species and the historical development of the patterns. It is 
aimed at postulating, amongst other things, an areagram for further 
phylogenetic considerations of the group. The geographical distribution and 
habitat information have been obtained through the labels and fieldnotes of 
herbarium specimens, as well as personal observations made in Indonesia and 
Papua New Guinea and on personal communication by several col leagues who 
observed drynarioids in the field. Reliable data from the literature are 
also incorporated. 

9.1.2. Data 

The data as regards the geographical distribution of the species are 
presented in Appendix 6 (summarized in Table 9.5), whereas Appendix 7 
provides histograms of their altitudinal range. Table 9.4 shows for all 
species the percentage of specimens recorded to grow epiphytic, epilithic, 
and terrestrially. 

The climatic conditions of the areas inhabited by the respective 
drynaioid ferns have been analyzed using the survey (including climatic 
maps) of Mueller (1982). According to him, two main systems of 
classifications are proposed, i.e. by K6ppen and Geiger, and by Troll and 
Paffen. The catogories of both systems relevant for the present study are 
enumerated in Table 9.1 (af ter K6ppen and Geiger) and in Table 9.2 (af ter 
Troll and Paffen). Table 9.3 enumerates for all species the climatic 
conditions of the distribution areas. 

1---------------------------------------------------------------1 
lAFTER K6PPEN/GEIGER I 
lAf tropical rain forest climate I 
IAw = tropical savannah climate I 
ICw = warm temperate rainy climate with dry winter I 
ICf temperate rainy climate, moist in all seasons I 
IBs = steppe climate I 
IBsk = cold steppe climate I 
IDw = cold snowy forest climate with dry winter I 
IE = ice climates I 
I Table 9.1 I 
1---------------------------------------------------------------1 
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1--------------------------------------------------------------------------
lAFTER TROLL/PAFFEN 
IV1 =tropical rainy climates I 
IV2 =tropical humid-summer climates I 
IV3 =wet and dry tropical climates I tropical zone 
IV4 =tropical dry climates I 
IIV4 =dry-winter climates with long summer humidity Iwarm-temp.subtrop.z. 
IIV7 =permanently humid climates with hot summer I 
11117 =humid-and-warm summer climates Icool-temp. zone 
IIII11=humid-summer steppe climates with cold winters I 
I Table 9.2 
1--------------------------------------------------------------------------

1---------------------------------------------------------------
Ispec. 
no. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 

15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 

24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 

climates (left: according to K6ppen/Geiger, 
right: according to Troll/Paffen) 

Af, Aw 
Af, Aw (Cw) 
Aw, Cw (Af) 
Af 
Af 
Aw, Af 
Cw, adjacent 
Af, adjacent 
Af, Aw 
Af, Cf, Aw 

Cw 
Aw, adjacent 
Cw, Ss (E) 
Ss, Ssk, Dw, 
Cw (E) 
Cw (E) 
Cw, 

Af 
Af 

Cf, 
Af 
Cw, 
Cf) 
Af, 
Af, 
Cf, 
Af, 
Af 
Af 
Cf, 
Cf, 
Af 

Cf, (Aw, 

Af 

adjacent 

adjacent 
Cf 
Af 
adjacent 

Af 
Af 

Aw 
Cw 

Cw, Af 

adjacent 

Dw, Af) 

Aw (Af, 

Aw (Cf) 

Aw 

V1, V2 (V3) 
V1, V2, V3 
V2, V3 (V1) 
V1 
V2 (V1) 
V1, V2 
V2 'montane' 
V1 (V2) 
V1, V2 
V1, V1'montane', 
V2, V3 (IV4, IV7) 
V3, V2, IV4 (IV7, V1) 
V2, V1 (V3) 
IV4, IIl7 
11111, 1117 'montane' 

V1--V4 'montane' 
IV7, IV4, V2 (1117) 

V1 
V2, V1 

V1 'montane' 
V2 (V1) 
V2, adjacent V1, adj. 
V3, adj. IV4 (IV7) 
V1, adjacent V2 
V1, V2 
V1, V1 'montane' 
V1, adjacent V2 
V1 
V1, V2 
V1 'mont ane ' 
V1 'montane' 
V1 I 

I 
Table 9.3 I 

1---------------------------------------------------------------1 

134 



spec. no. epiphytic epilithic terrestrial nos. of collo 
X X X with relevant 

records 
1. 72 16 12 180 
2. 72 22 6 145 
3. 29 63 8 73 
4. 100 3 
5. 57 14 29 7 
6. 96 4 47 
7. 96 4 103 
8. 100 8 
9. 100 15 
10. 72 25 3 245 
11 • 51 45 4 110 
12. 86 14 22 
13. 42 58 88 
14. 8 81 11 38 
15. 79 21 28 
16. 31 67 2 195 
17. 
18. 100 3 
19. 86 14 7 
20. 
21. 86 7 7 14 
22. 67 33 3 
23. 66 30 4 96 
24. 92 5 3 60 
25. 88 12 8 
26. 78 18 4 46 
27. 57 39 4 44 
28. 60 40 5 
29. 75 25 4 
30. 78 22 18 
31. 58 7 35 30 

Table 9.4 
1---------------------------------------------------------

9.2. Sister ~roup patterns 

9.2.1. Introduction 

The sister group nodes based on patterns of intrinsic character states 
presented in the cladogram are regarded to document possible speciation 
processes. One might expect that these relationships are correlated with 
differences and similarities in extrinsic characters and that similarities 
may show general patterns. Therefore, descriptions of extrinsic features are 
given for all species arranged according to the cladogram. 

9.2.2. AGLAOfIIORPHA 

9.2.2.1. Species nos. 27--31 

Species nos. 30 and 31 
These two sister species both show a limited distribution in eastern 

Malesia, species no. 30 is endemie to New Guinea, and no. 31 occurs in the 
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MoLuccas, New Guinea, and on the SoLomon IsLands. Species no. 30 shows a 
somewhat smaLLer aLtitudinaL ampLitude and tends to grow at higher 
eLevations than does species no. 31. However, fieLd observations by the 
present author shows that both species in Papua New Guinea (Morobe Province) 
grow together on the same host tree (Roos, 1984). The cLimatic conditions 
are simiLar in the sites where these species are found. Regarding their 
habits, species no. 31 mostLy tends to grow terrestriaLLy or epiLithicaLLy, 
occasionaLLy being a dominant herb on the forest fLoor. This feature has 
never been reported for species no. 30. In general, these two species have 
many extrinsic characters in common, but show sLightLy different tendencies 
concerning aLtitude and habit. 

Species nos. 29 and 30 + 31 
Species no. 29, the aLLopatric adeLpho species of the species pair nos. 

30 + 31, occurs onLy in the Philippines. Data about habit and aLtitude are 
very scarce. It has been reported to grow epiphyticaLLy and terrestriaLLy at 
200--600 m eLevation. Regarding its habit, it is simiLar to species no. 30, 
but it grows at Lower eLevations that faLL within the range of species no. 
31. 

Species nos. 28 and 29 and 30 + 31 
Species no. 28 is the sister species of the three species just mentioned. 

The data of this species are very scarce. Compared to the data given above, 
the reLative high amount of epiLithism might point to a different habit, but 
this is based on but five records. It might grow at higher aLtitudes than 
species no. 29, but it does not tend to grow in (sub)montane sites. The 
terrestrial habit of species no. 31 is unique. 

Species nos. 27 and 28 and 29 + 30 + 31 
The next sister species is no. 27, wideLy distributed in western Malesia, 

aLthough absent from the Lesser Sunda Is Lands, being sympatric with species 
nos. 28 and 29, and aLLopatric with species pair nos. 30 + 31. It is mainLy 
distributed in constantLy wet areas, but it grows aLso in somewhat dryer 
conditions unLike the four previous species. A significant part of the 
specimens is epiLithic. 

Species nos. 27--31 
These five species share a uniqueLy tomentose frond indument, which is a 

striking feature in view of their occurrence in wet areas. However, species 
nos. 27 and 31 show variation in this character. The author observed 
specimens of species no. 31 growing terrestriaLLy in the shade that we re 
aLmost gLabrous, whereas specimens growing on adjacent, exposed sites we re 
tomentose. 

9.2.2.2. Species nos. 18--26 

Species nos. 18 + 19 and 24 
The sister species nos. 18 and 19 are aLLopatric, the first one occurring 

in N.E.Borneo, the second throughout the Philippines. The distribution area 
of species no. 24 comprises the whoLe of MaLesia incLuding Borneo and the 
Philippines. As regards the aLtitudinaL range, the avaiLabLe data suggests 
that species no. 18 grows at higher eLevations than no. 19. Species no. 24 
is more wide ranging, overLapping both former species. The species do not 
differ in cLimatic requirements. 
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Species nos. 23 and 26 
Species no. 26 is usually an epiphytic fern of lower and middle 

elevations. lt is found in two disjunct regions of Malesia, one comprlslng 
Malacca, Sumatra, and Borneo, the other the Moluccas, New Guinea, the 
Solomon lslands, and Fiji. There is a remarkeble gap in between these two 
areas, as this species is absent from the Philippines, Celebes, Java, and 
the Lesser Sunda lslands. This pattern suggests that it occurs only in wet 
areas. Furthermore, its distribution pattern follows mountain ranges (e.g. 
Barisan Range, Sumatra; Crocker Ra~ge, Borneo). 

Species no. 23 is of ten an epilithic fern, and occurs on continental S. 
E. Asia. lts distribution shows conspicuous differences in climatic 
conditions compared to that of the previous species, as it grows in dryer 
areas. Although the two species show a similar altitudinal range, they 
differ in pattern, i.e. species no. 26 is of ten found below 400 mand 
species no. 23 is only occasionally found at such low elevations. 

Species nos. 25 and 23 + 26 
Species no. 25, distributed in the northern part of the Philippines and 

on Taiwan, is allopatric with species no. 26, and sympatric with species no. 
23 in Taiwan. lts habitat is similar to that of species no. 26, although its 
altitudinal range might be more restricted. 

Species nos. 18 + 19 + 24 and 23 + 25 + 26 
Among these six species, species no. 23 is unique in its habitat and 

climatic conditions. The data do not show other disjunctions. 

Species no. 21 and 22 (+ 32) 
The data of species no. 32 are almost absent, ex cept that it was once 

collected in the Arfak mountains (Vogelkop, New Guinea), where species no. 
21 (endemic to New Guinea) is also found. Species nos. 22 is allopatric with 
these two species, occurring in the Philippines. Other extrinsic characters 
are not different according to the scanty labels associated with herbarium 
specimens available. 

9.2.2.3. Species nos. 18--31 (+32): Aglaomorpha 

Almost all species of Aglaomorpha are confined to the Malesia, the main 
exception being species no. 23 wh;ch occurs in China, on Taiwan, and on the 
Ryukyu lslands. They show smaller amplitudes in geographical and ecological 
parameters compared to Drynaria, rarely exceeding 2000 m altitude, usually 
inhabiting the everwet trop;cs, and are found only occasionally occurring in 
subtropical and somewhat dryer areas. They are usually epiphytes inhabiting 
several types of forests (e.g. primary -, secondary -, araucaria forests, 
plantations). Some species mayalso grow as dominant herbs in the 
undergrowth. 

9.2.3. DRYNARIA 

9.2.3.1. Species nos. 10--16 

Species nos. 13 and 14 
These two species are largely confined to China. Their distributions show 

some overlap in Szechuan and Yunnan. They inhabit sites that differ as 
regards climatic conditions (according to the system of K6ppen/Geiger), but 
they show a similar altitudinal range. Both species are mainly epilithic 
taxa, the latter species is reported occasionally as an epiphyte. 
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Species nos. 13 + 14 and 15 
The next adelpho cladon, species no. 15, is largely allopatric to both 

previous species. It shows a similar altitudinal range and inhabits areas 
with more or less similar climates. Species no. 15 is usually growing 
as an epiphyte; a unique feature within this group. 

Species 13--15 and 16 
Species nos. 13--15 are largely allopatric to species no. 16 which is 

widely distributed in China. Moreover, there is a clear altitudinal 
allopatric pattern between these adelpho clada, nos. 13--15 growing at high 
altitudes, no. 16 at much lower elevations. Therefore, they show differences 
in climatic requirements. Species no. 16 is very of ten found growing on 
rocks. 

Species nos. 11 and 12 
These species are sympatric for the greater part of their distribution. 

Species no. 11 is confined to tropical areas, whereas species no. 12 grows 
in more subtropical as well as tropical areas. It can be suggested from the 
labels at hand that the two species tend to show different altitudinal 
ranges, species no. 12 generally grows around 1000 m elevation and no. 11 
generally around 1600 m. Most striking is their difference in habit. Species 
no. 12 is usually found growing as an epiphyte, whereas about half of the 
records of species no. 11 report that it grows epilithically. 

Species nos. 10 and 11 + 12 
Species no. 10 has a wide distribution, reaching from mainland Asia into 

the Pacific up to Samoa. In Australia it extends beyond the tropic of 
Capricorn to the south. This distribution area subsumes species no. 12 
completely. It is partially sympatric with species no. 11. Associated with 
its widespread distribution, species no. 10 inhabits a variety of climates 
with a preference for wet conditions (viz. its absence in the Lesser Sunda 
Islands). It shows a wide altitudinal range, although most specimens were 
collected below an elevation of 1200 m. In New Guinea its altitudinal 
amplitude is largest, from sea level up to more than 2000 m, of ten above 
1500 m. In continental S. E. Asia, where it is sympatric with both species 
nos. 11 and 12, most records are from 500 to 1500 m. Therefore, it does not 
show an altitudinal allopatric pattern with the latter two species. As 
regards the ratio bet ween epiphytic and epilithic habits, this species is 
more or less intermediate between the two species of its sister group. There 
is no evidence that the epilithic or epiphytic habit is correlated with 
altitude. 

Species nos. 10--16 
The two adelpho groups comprising species nos. 10--12 and nos. 13--16 

respectively, are largely allopatric, their distribution only slightly 
overlapping in S. China. As species nos. 13--16 occur more to the north, 
they show different climatic requirements compared to species nos. 10--12. 
In general, the former group occurs at different elevations with a larger 
percentage of epilithism. 

9.2.3.2. Species nos. 6--9 

Species nos. 8 and 9 
These two species are obviously allopatric. They are similar in habit, 

being always reported as epiphytes (although the records are very scarce). 
The climatic conditions of the areas which they inhabit are similar, but 
they differ slightly in their altitudinal range. 
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Species nos. 6 and 8 + 9 
Species no. 6 is aLLopatric with both nos. 8 and 9. In habit and cLimatic 

preferences, the three species show but LittLe differences from one another 
as regards aLtitudinaL ranges. 

Species nos. 7 and 6 + 8 + 9 
Species no. 7 is obviousLy aLLopatric with nos. 8 and 9. It is wideLy 

distributed on mainLand Africa, Like species no. 7 is. However, the two 
species show different distribution patterns.7 For species no. 7 two 
disjunct areas are recognized, i.e. (Mount) Cameroun and Fernando Poo in the 
west, and the central African vuLcano range and Ethiopia in the east. 
Species no. 6 shows a continuous range from west to east Africa. The first 
pattern points to a montane habitat, which is confirmed by the much higher 
eLevations of species no. 7 compared to species no. 6 (and nos. 8 and 9). 
This is aLso refLected in its cLimatic preferences. Species nos. 6 and 7 
thus show aLtitudinaL allopatry. ALL four species are simiLar regarding 
their habit, they are (almost) aLways reported as epiphytes. 

Species nos. 6--16 
Except for species no. 8, the two groups, comprlslng species nos. 6--9 

and nos. 10--16 respectiveLy, are aLLopatric. Species no. 8 is sympatric 
with species no. 10 in Malesia. Species no. 6--9 are aLmost aLways 
epiphytes, whereas their putative sister group shows significant percentages 
of epiLithism. 

9.2.3.3. Species nos. 1--5 

Species nos. 4 and 5 
These two species are aLLopatric, occurring in areas showing sLightLy 

different cLimatic conditions. ALthough the records are very scarce, the two 
species probabLy show different preferences regarding aLtitude. Species no. 
5 probabLy grows more frequentLy in terrestrial or epiLithic habitats. 

Species nos. 3 and 4 + 5 
Species no. 3 is aLLopatric with both species nos. 4 and 5. It shows a 

much Larger aLtitudinaL range and growing under different cLimatic 
circumstances. This species is mainLy epiLithicaL, which is a unique feature 
within this group. 

Species nos. 1 and 3--5 
Species no. 1 is wide-spread from CeyLon and continentaL S.E. Asia, 

through Malesia, into Australia. It is absent from the Lesser Sunda IsLands. 
This range encLoses that of species nos. 4 and 5 compLeteLy, but onLy partLy 
that of species no. 3. The data at hand suggest species no. 1 to be typicaL 
for everwet tropicaL LowLands, and is usuaLLy found beLow 400 m. lts 
ecoLogy does not differ from those of species no. 4 and onLy sLightLy from 
those of species no. 5 which probabLy grows at higher altitudes. Species 
nos. 1 and 3 have different cLimatic preferences. 

Species nos. 2 and 1 + 3--5 
Species no. 2 is wideLy distributed from CeyLon, India, and continentaL 

S.E. Asia, through Malesia, up to N.AustraLia. For the greater part, it is 
sympatric with species no. 1. This species is present in the Lesser Sunda 
Is Lands, but found onLy LocaLLy in eastern Malesia. The avaiLabLe 
information suggests that it grows in sLightLy dryer areas as compared to 
species no. 1, aLso mainLy growing at Low altitudes. 
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9.2.3.4. Species nos. 1--16: Drynaria 

The species of Drynaria are widespread in the paleotropics (Africa, 
Madagascar, continental Asia, Malesia, Pacific islands), but also present in 
the subtropics of China, Taiwan, and Australia, and absent from the Ryukyu 
Islands. Mainly, they inhabit areas with wet tropical climates, but also 
areas with seasonal climates and subtropical montane zones. The species show 
much altitudinal variation. They grow at sea level up to 4000 m. 

Many of them are epiphytes, whereas others are of ten recorded as 
epilithic or terrestrial taxa. Species of Drynaria are found everywhere: in 
all types of tropical and subtropical forests and shrubby vegetations (e.g. 
primary -, secondary -, swamp -, deciduous -, gymnosperm -, gallery forests, 
plantation, shrubby grasslands). 

9.2.4. Species nos. 1--32: Drynarioideae 

Species of drynarioid ferns are distributed throughout the paleotropics 
and extend into the subtropics of China and Australia. The range of Drynaria 
is much wider than, and almost entirely enclosing the area of Aglaomorpha 
(except for the Ryukyu Islands). Aglaomorpha is most diversified 1n Malesla, 
whereas Drynaria is most diversified in Africa and mainland Asia. All 
species are recorded as epiphytes, most of them as epilithic or terrestrial 
taxa. They inhabit a variety of habitats and altitudinal zones in a variety 
of climatic conditions. 

Historical (cladistic) biogeography is principally concerned with the 
spatial distribution of life through time. It is assumed that there might 
exist a correspondence between species-relationships and area-relationships. 
Therefore, comparisons between the cladistic relationships within various 
groups of organisms occurring in a certain region might elucidate general 
patterns which can be used to develop hypotheses on the historical relations 
of biotas (Humphries, 1982; Humphries & Parenti, 1986; Nelson & Platnick, 
1981; Rosen, 1976, 1978). 

Essential to such a historical biogeographic analysis is the delimitation 
of areas of endemism, an activity comparable to the designation of 
characters (series of homologous states) in the original cladistic analysis. 
Like some species, some areas of endemism are obvious; of ten associated with 
natural barriers, e.g. the islands of Malesia. In other cases they are very 
difficult to define. 

Several drynarioid species have a very restricted distribution, whilst 
others are widespread. An evaluation of the species distributions revealed 
nine areas of endemism (Table 9.5), to which four miscellaneous areas are 
added (Table 9.6). 

The situation on mainland Asia is admittedly complex due to the absence 
of conspicuous natural barriers and distribution patterns. Starting with 
China, species nos. 13 and 14 show distribution patterns that overlap in 
Szechuan and Yunnan. Species no. 16 shows a different distribution pattern, 
but narrow overlapping zones are present with both previous species in 
Yunnan and Szechuan. There is a slight overlap with the distributions of 
species in S.E. continental Asia. It is decided that China constitutes an 
area of endemism. The same holds for S.E. continental Asia, compr1s1ng 
Assam, Burma, Thailand, and Indo-China, as based on the distribution 
patterns of species nos. 3 and 12. Species nos. 11 and 23 are wide-spread. 
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1----------------------------------------1 Af 
1 Ma 
1 N 
1 C 
1 As 
1 P 
1 B 
1 S 
1 NG 

Africa 
Madagascar and adjacent isLands 
NepaL, Bhutan, and N.India 
China 
S.E. continentaL Asia 
PhiLippines 
Borneo 
SuLawesi 
New Guinea and adjacent isLands 

1 TabLe 9.5 
1----------------------------------------

1-----------------------------------------------------1 
1 T Taiwan 1 
1 M MaLacca, Sumatra, Java, Lesser Sunda IsLands 1 
1 I India and CeyLon 1 
1 Au AustraLia and Pacific isLands 1 
1 TabLe 9.6 1 

1-----------------------------------------------------1 
In spite of the existence of obvious naturaL barriers, the deLimitation 

of some areas of endemism in MaLesia is probLematicaL. Species nos. 4 and 18 
are restricted to two smaLL disjunct regions of Borneo. Species no. 5 occurs 
onLy in Luzon, whereas species nos. 9, 22, and 29 are distributed throughout 
the Philippines. To avoid irreLevant detaiL, Borneo as weLL as the 
PhiLippines are treated as areas of ende~ism without further subdivision. 

As regards New Guinea and its adjacent isLands, species nos. 21, 30, and 
32 are confined to New Guinea, but species no. 31 occurs aLso on the 
MoLuccas, Bismarck archipeLago, and SoLomon IsLands. It is more efficient to 
treat New Guinea together with the Latter areas as one area of endemism. 
These areas, for the greater part conform to those areas of endemism 
recognized for PLatycerium by Hennipman & Roos (1982). 

Taiwan is treated as a separate area of endemism, aLthough it is not 
inhabited by endemic drynarioid species. It has been recognized because it 
comprises part of the range of the species nos. 16 and 23 which occur aLso 
on mainLand Asia and of the range of species no. 25 which occurs aLso in the 
Philippines. 

The remaining areas of MaLesia are inhabited onLy by widespread species. 
They comprise MaLacca, Sumatra, Java, and the Lesser Sunda Is Lands, and are 
here taken together as one misceLLaneous area. The same hoLds for AustraLia 
and the Pacific isLands (incLuding New CaLedonia), and for India and CeyLon. 

9.4. Clad;st;c b;ogeograph;c analys;s 

In terms of the areas of endemism thus defined, 19 out of the 30 species 
occur in one area, 3 in two areas, 2 in three areas, and 6 species show a 
wider distribution (TabLe 9.7). The resuLting (reduced) area-cLadograms of 
the subsequent parts of the phyLogenetic tree (Fig . 7.44) are presented in 
Fig. 9.2--6 (i.e. redundant branches are united; numbers to the arrows refer 
to the figures in NeLson & PLatnick, 1981). 

As stated by Humphries (1983, p. 445), cLadistic biogeography is the 
pursuit of a method which encompasses a code comparabLe to cLadistics. By 
changing species to areas of endemism and homologies to sister groups, 
cLadistic biogeography interprets the geographicaL distribution of sister 
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1. I, As, M, B, P, S, NG, Au 18. B 
2. I, N, As, M, B, P, S, NG, Au 19. P 
3. As 21. NG 
4. B 22. P 
5. P 23. N, C, As, T 
6. Af 24. M, B, P, S, NG 
7. Af 25. P, T 
8. Ma 26. M, B, NG 
9. M, S 27. M, B, P, S 
10. As, M, B, P, S, NG, Au 28. S 
11. N, C, As 29. P 
12. As 30. NG 
13. C 31. NG 
14. C 32. NG 
15. N 
16. C, T 

Table 9.7 

1-------------------------------------------------------
groups parsimoniously. Two main approaches can be recognized, i.e. Rosen 
(1976, 1978) and Nelson & Platnick (1981). Rosen's method is designed to 
find common patterns for areas of different groups of taxa by eliminating 
unique or incongruent elements from the individual groups. This leads to 
reduced area-cladograms; reduced having a different meaning as it is used 
above. However, this procedure leads to a loss of information by removing 
areas from the analysis and is more restrictive than the one applied in the 
present study. 

In order to trace correspondence between species-relationships and area­
relationships, the reduced area-cladograms are here analysed using the 
method of component analysis as described by Nelson & Platnick (1981; 
summarized by Humphries, 1983, and Humphries & Parenti, 1986). The rema1n1ng 
problematical point of these general treatments is not so much the discovery 
of components, but the construction of areagrams. This problem can be solved 
by using group compatibility and the clique concept as presently applied. 

Analogous to the search for similarities in homologies to find components 
(character types) defining sets of terminal taxa (clada) for phylogeny 
reconstruction, similarities in geographical distribution in sister groups 
(cf. clada) can be searched for to find biogeographical components. And, 
analogous to the search for cliques to find internested sets of taxa, 
cliques of biogeographical components can be searched for to elucidate the 
interrelationships of areas of endemism based on unique distribution 
patterns. 

This biogeographic analysis is exemplified in Fig. 9.1 and Table 9.8--10. 
It will be dealt with in more detail in a forthcoming paper (Roos & Zandee, 
in prep.). 

Areagram I (= clique I; cf. Fig. 9.1.1) is distinctly more likely than 
the others as it shows the most support and the least contradiction. 
Accepting areagram I, the following incongruencies need explanation: 
- the absence of the holophyletic groups presented in cladograms 2, 3, 4, 

and 5 in area D 
the absence of the holophyletic group presented in cladogram 8 in area B 
the absence of the holophyletic group presented in cladogram 7 in area C 

- the complete inversed relations in cladogram 9 
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A B C 0 A B C C A B B C A A B C 
1 2 3 4 5 6 7 8 9 10 11 12 13141516 

1 1 1 1 1 1 
---- 1 ---- 1 

1 1 1 1 

2 3 4 

- - - - - - - - - - - - - - - - - - - - - - - - - - -
A B C A B C 0 A B 0 A C 0 0 C B A 
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 

1 1 1 1 1 1 1 1 1 
---- 1 ---- 1 ---- 1 

1 1 1 1 1 1 

5 6 7 8 9 

Fig. 9.1 
1--------------------------------------------------------

1--------------------------------------------------------I 
1 Areas of endemism: 1 
1 A: terminal clada 1, 5, 9, 13, 14, 17, 20, 24, 27, 33 1 
1 B: " ,,2, 6, 10, 11, 15, 18, 21, 25, 28, 32 1 
1 C: " ,,3, 7, 8, 12, 16, 19, 22, 28, 31 1 
1 0: " ,,4, 23, 26, 29, 30 1 
1 Table 9.8 1 

1--------------------------------------------------------I 

Components: 
(numbers between brackets refer to supporting area-cladograms, Fig. 9.1) 
A+B: clada 1+2 (1), 5+6 (2), 9--11 (3), 13--15 (4), 17+18 (5), 20+21 

(6), 24+25 (7) 

A+B+C: " 1--3 (1), 5--8 (2), 9--12 (3), 13--16 (4), 17--19 (5), 

B+C+O: 
A+B+O: 
A+C: 
A+C+O: 
C+O: 
B+C+O: 

20--22 (6) 
" 1--4 (1), 20--23 (6), 30--33 (9) 
" 24--26 (7) 
" 27+28 (8) 
" 27--29 (8) 
" 32+33 (9) 
" 31-33 (9) 

Table 9.9 
1--------------------------------------------------------------------------
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1------------------------------------------------------------------------1 1 cliques: 1 
1 I. {A+B}+{A+B+C}+{A+B+C+D}: 13 supporting and 4 contradicting clada 1 
1 11. {A+B}+{A+B+D}+{A+B+C+D}: 8 " ,,10 " ,,1 
1 111. {A+B}+{C+D}+{A+B+C+D} 8 " ,,10 " ,,1 
1 IV. {A+C}+{A+C+D}+{A+B+C+D}: 2 " ,,16 " ,,1 
1 V. {C+D}+{B+C+D}+{A+B+C+D}: 2 " ,,16 " ,,1 
1 multiple causation = contradiction (dispersalor extinction) 1 
1 single causation = support 1 
1 Table 9.10 1 

1------------------------------------------------------------------------1 
At each hierarchical level, components represent the areas inhabited by 

the two adelpho taxa. Because of subsequent sister group relations 
increasing the group size, the areal components basically form internested 
sets of areas. When all species involved occur in only one area of endemism 
each, the components are obvious. But, when (some of) the species occur in 
two or more areas of endemism, or when holophyletic groups are lacking in 
some of these areas, the components are less obvious. In those cases, the 
analysis is carried under the assumption (Nelson & Platnick, 1981: 
Assumption 2) that the occurrences of species in different endemic areas 
might in the future be distinguished as separate taxa, then whatever is true 
of the one occurrence might not be true of the other occurrence. This 
assumption is less restrictive than its alternative (Nelson & Platnick, 
1981, Assumption 1), which says that if the occurrence of species in 
different areas of endemism will never be distinguished as separate species, 
whatever is true for the one occurrence is also true for the other 
occurrence. The difference between assumption 1 and 2 becomes clear by 
supposing that future taxonomic research reveals that the populations of 
e.g. species no. 25 on Taiwan and the Philippines, respectively, actually 
represent two different species. Under assumption 1, it is presupposed that 
the species occurring in Taiwan and The Philippines (here confused with each 
other) are actually adelpho taxa or branch off the cladogram sequentially. 
Under assumption 2, no such presupposition exists, and both the identity and 
the interrelationships of one of the species are allowed to have been 
misconstrued (Platnick, 1982). 

According to Nelson & Platnick (1981), assumption 2 is the most realistic 
in cases of taxonomic error and in cases where widespread species are the 
result of the failure of a species to speciate in response to one or more 
vicariance events, as well as of a species having expanded its range due to 
dispersal. 

Starting from (sub)cladogram I (Fig. 7.44, 9.2), one area component (no. 
1) can be found combining areas N and C. 'Subtree' 11 (Fig. 9.2) yields a 
second component (no. 2) combining N + C with As. 'Subtree' 111 (Fig. 9.2) 
leads to an equivocal component no. 3 (Ma with M or S), and cladogram IV 
(Fig. 9.3) immediately reveals component no. 4 (B + P). Further analysis 
reveals component no. 5. 

Cladogram V (Fig. 9.4) immediately leads to component no. 7 (NG + P), 
but further analyses is complex as more than 4 areas and 4 taxa are 
involved. Therefore, species nos. 30 + 31 and no. 29 are combined, which 
is justified in view of the assumption made. The number of endemic areas is 
reduced by uniting P with M + B. This is done using the area-cladogram of 
Platycerium (Hennipman & Roos, 1982) of which the cladogram of the species 
of the P. bifurcatum-group yields component no. 9 (Fig. 9.6a). Using this 
component the combination is made since the alternative component (S + P) 
does not exist. Following this reasoning, cladogram V eventually reveals 
component no. 8. In cladogram VI (Fig. 9.5) component no. 4 is also present. 

144 



A.T t.t, '.$ AM AM .S . Au 

y - y AM AM + S At.AM.5 AM AI 

--
M. M.5 AI AI.Am .$ 

-III 

B A. M. I .$. 
A. NG.AU 

-
IV 

Fig. 9.3 

145 



v 

NG 

---+ 

M+B.P+ 
B S.NG B M.S.NG 

VI ---+ -

As.T Mal Mal + T As Mal 

VII --7 . 67:21 

As.Mal M Aa 

-
M 8+P Au+NG As 

Fig. 9.6A 

146 

-----+ 
7. 67:21 

NG 

M.B 

B.P M+S .. NG y-

M 

S 

Fig. 9.4 

Mal 

I 
t -As.Mal 

Y 
Mal 

Fig. 9.5 

P Au Na 

Fig. 9.68 



The cladogram of the Platycerium grande-group (Hennipman & Roos, 1982) shows 
component nos. 10 and 11 (Fig. 9.6b). 

Cladogram VII (Fig. 9.5) is also complex, due to the large number of 
areas involved. Because of component no. 8, NG + M + Pare grouped together 
to form Mal(esia), whereas component no. 2 is an argument in favour of the 
combination of N + C + As (A). Further reasoning yields component no. 6. The 
components found are summarized in Table 9.11. 

1------------------------------------------------------I 
1 1 = C + N 6 = A + Ma l 1 
1 2 = C + N + As 7 = NG + P 1 
1 3 = Ma + (M + S) 8 NG + P + (M + B) 1 
1 4 = B + P 9 M + (B + P) 1 
1 5 = B + P + As 10= As + P 1 
1 11= As + P + Au 1 
1 1 
1 Table 9.11 1 

1------------------------------------------------------I 
Further analysis reveals two more components, i.e. nos. 12 and 13 for 

respectively As + Tand As + M + B + P + NG + S. The first one is found by 
combining cladograms VI and VII, land 11, the second by combining I, 11, 
and lIl. 

Af C N As Au NG til 

Fig. 9.7 

Of the possible components, none can be regarded more general than the 
others. Three components (nos. 4, 7, and 12) have been found twice, of which 
the first two conflict with one another. As components are essentially 
analogous to character types, they define partially monothetic sets of 
areas. Therefore, they are used to form cliques following the same procedure 
as applied in the cladistic analysis, i.e. searching for inclusion 
relations. The largest clique consists of 8 internal nodes and is presented 
in an areagram (Fig. 9.7). 

The areagram depicts that S.E. continental Asia is biogeographically more 
closely related to China and Nepal sensu lato than to Malesia, that Taiwan 
is more closely related to continental Asia than to Malesia, and that the 
Philippines and Borneo are more related to one another than either is to any 
other malesian area. The present data does not elucidate the relationships 
of S and Au with respect to continental Asia, and to western and eastern 
Malesia. 
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10. A SCENARIO OF THE PHYL06ENY OF THE DRYNARIOIDEAE 

Kr~usel (1932) described a fossil of the Neogene from Palembang Province, 
Sumatra, probably from the Upper Miocene (ca. 10 m.y. ago). Almost certainly 
this is a drynarioid Polypodiaceae. The present author ag rees with Kr~usel 
that probably it is a basal pinna of a fertile frond. Kr~usel identified it 
as Drynaria quercifolia, but according to the present author it is a 
specimen of Aglaomorpha heraclea (species no. 24). From the position of this 
species in the cladogram, the only conclusion that can be drawn is the 
mlnlmum age of the group; in fact, one of the extant drynarioids existed at 
least 10 m.y. ago, and the common ancestor of the drynarioids almost 
certainly existed in a much earlier geological epoch. 

10.2. Phylogeny 

10.2.1. Introduction 

Several authors have ventured on speculations concerning the phylogeny of 
the drynarioid ferns, although usually in general terms. Ching (1978) 
following Copeland (1947) thought that the process of evolution within the 
group is still very active, "as illustrated by the probable newness and the 
extreme plasticity of members of the group with a marked tendency towards 
dimorphism". He considered Drynaria the most 'advanced' genus of the group, 
and Aglaomorpha heraclea the 'parent' species. Similar ideas have been 
earlier expressed by Copeland (1911, 1947) and Holttum (1954). Holttum 
(1946) regarded the Drynaria group "astonishingly diversified and remarkably 
adapted to epiphytic life. Vet the series M. CMicrosoriumJ musifolium to 
Aglaomorpha heraclea and thence, separately to Drynaria and Merinthosorus 
CAglaomorpha p.p.] has no serious gaps in it. Photinopteris [Aglaomorpha 
p.p.] is more specialized." 

None of the speculative ideas proposed by pteridologists like Copeland 
(1947), Holttum (1954), Pichi Sermolli (1977), and Ching (1978), concerning 
the evolution of the drynarioids, are confirmed by the present study. The 
classifications until now are based on intuitive, untested statements about 
primitive and advanced taxa and the idea that recent species can be 
descendants of other recent species. the idea that taxa are primitive or 
advanced is meaningless in a phylogenetic context. 1t is only possible to 
denote polarity to character states. 1f we try to understand what they 
actually meant, we should take 'most advanced' in the sense of exhibiting 
the largest number of apomorphies. Even then, Ching's conclusion that 
Drynaria is the most advanced of the group is incorrect as Aglaomorpha shows 
more apomorphic character states than Drynaria. The probable newness of the 
group is contradicted by fossil evidence. Also, the marked tendency towards 
dimorphism is not confirmed by the cladogram (Fig. 7.43), which on the 
contrary shows transformations towards monomorphism. 

Similar reasons can be given to reject the ideas of other authors. For 
example, Chandra (1980b), af ter studying the morphology of about 15 out of 
the 30 species recognized, followed these authors in regarding Microsorium 
as ancestral to the drynarioids. However, he proposed a biphyletic origin 
for the group, i.e. Aglaomorpha (but excluding species no. 27) originated 
independently from Drynaria. Unlike the suggestion made in his 
classification, his phyletic scheme did not depict the origin or 
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relationships of species no. 27. Chandra's treatment of Drynaria is too 
incomplete to be of significance, dealing with only three species. He 
regarded species no. 24 ancestral to Aglaomorpha which then gives rise to 
three groups, i.e. species no. 23, species no. 26, and a group comprising 
species nos. 18 + 22 + 25 + 29 + 31. Within the last group, he regards 
species no. 18 ancestral to species no. 25 (which in turn is ancestral to 
species no. 22), species no. 29, as well as to species no. 31. His scheme 
was based on general character trends which were postulated without any 
argumentation. 

The next paragraphs are aimed to illustrate the integration of the 
foregoing analyses of intrinsic and extrinsic characters, as suggested in 
Chapter 4. To avoid digression, development in time and space is described 
only for two small-sized holophyletic groups; one from each genus. 

10.2.2. 6eneral patterns 

Generally, the ultimate branches of the cladogram represent allopatric 
sister groups (species) with two notable exceptions, species pairs nos. 11 + 
12 and nos. 30 + 31 (Table 10.1). This suggests that allopatric speciation 
is the major speciation mechanism. However, higher order branches usually 
represent sympatric sister groups (Table 10.1). This raises the question of 
whether allopatric speciation has been the predominant mechanism in the past 
also and the patterns we see today are due to dispersal, or whether 
sympatric speciation has played a role. For example, the allopatric species 
pair nos. 18 and 19 are sympatric to their sister species no. 24. Based on 
their present distribution pattern, the speciation of species no. 24 and the 
ancestor of species nos. 18 + 19 might have been a sympatric event. On the 
other hand, it is also possible that this speciation event has been 
allopatric followed by dispersal of species no. 24 to the Philippines and 
Borneo. Further ecological research is needed, and the results must be 
compared with predictions of models concerning ecology of epiphytism (e.g. 
Benzing, 1983) and concerning (non-gradual) speciation (e.g. Eldredge & 
Gould, 1972). 

---------------------------------------------------------------
Sympatric Allopatric 

1- -16 <> 18--32 3 <> 4 + 5 
1--5 <> 6--16 4 <> 5 

2 <> 1 + 3--5 6 <> 8 + 9 
10 <> 11 + 12 8 <> 9 
11 <> 12 10--12 <> 13--16 

27--31 <> 18--26 16 <> 13--15 
27 <> 28--31 15 <> 13 + 14 
31 <> 30 28 <> 29--31 
24 <> 18 + 19 29 <> 30 + 31 

21 + 22 + 32 <> 18 + 19 + 23--26 21 <> 22 + 32 
23 + 26 + 25 <> 18 + 19 + 24 22 <> 32 

18 <> 19 
? 1 <> 3--5 25 <> 23 + 26 
? 7 <> 6 + 8 + 9 26 <> 23 

? 14 <> 13 
? 6--9 <> 10--16 

Table 10.1 
1---------------------------------------------------------------1 
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In view of the higher order branchings being sympatric and accepting 
allopatry as the predominant speciation mechanism, the drynarioids show that 
dispersal might be a slow, long term process, although fern spores possibly 
have a long di stance dispersal capability. This points to dispersal 
depending mainly on ecological factors, and not on dispersal capabilities. 
If this is true, then this would contradict the ideas of Benzing (1983), who 
regards the establishment of epiphytes mainly due to chance, i.e. the first 
to occupy the niche will survive. 

Biogeographically, Taiwan is more closely related to (Indo-)China than to 
the Philippines. As a consequence, one could take the view that species no. 
25 dispersed to Taiwan from the Philippines. As regards the group of species 
nos. 23 + 26 + 25, the first speciation event could have been sympatric 
implying extinction of species no. 25 in almost the whole malesian area 
ex cept the Phillipines and in mainland Asia. It is regarded more plausible 
that this speciation event was allopatric, i.e. the Philippines vs. the rest 
of Malesia and mainland Asia plus Taiwan, followed by dispersal to Taiwan. 
The speciation of the two species nos. 23 and 26 might be the result of a 
vicariance event. Another possibility is that species no. 23 lost internal 
frond dimorphism as a corollary of dispersal to subtropical areas (an 
extrinsic character state unique in Aglaomorpha). 

Generally, the species branching from the first node in the holophyletic 
groups of the drynarioids are the most widespread. This is contradictory to 
one of the main assumptions of evolutionary biogeography (see Wiley, 1981: 
p. 285, tenet 2). The area-cladograms show some patterns conforming to the 
progression rule, i.e. species nos. 3--5 and 6--9. 

Aglaomorpha shows much diversification in Malesia, the species living in 
relatively uniform ecological conditions. Drynaria is most diversified in 
mainland Asia and in Africa, showing much variation as to geography, 
habitat, and altitude. Species inhabiting drier and/or subtropical climates 
on mainland Asia, usually show simplification of venation pattern, more 
epilithism, and of ten a loss of humus collecting capability. These phenomena 
represent general trends in Drynaria (e.g. species no. 3, 5, 12, 14, and 
15). Furthermore, it appears that northern species occur at higher 
altitudes. 

If the drynarioids are a geologically old group, the speciation event 
leading to the ancestor of the groups of species nos. 10--16 and of nos. 
6--9 might be the result of a vicariance event, followed by dispersal to 
Malesia by species no. 9. 

'ZI 28 30+31 ........., .--. 
s M S NG 
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10.3. A scenario of species nos. 27--31 

According to the present distribution pattern, it can be inferred that 
the evolution of this group took place in Malesia. The first speciation 
might have been coupled with obvious morphological diversification (e.g. 
pinnate fronds, separate nectary lobes in species no. 27 vs. scale 
exposition in the ancestor of species nos. 28--31). As far as could be 
established, the recent descendants of this speciation event do not show 
differences in characters concerning climate, habitat, and altitude. 
Therefore, this speciation was possibly not coup led with ecological 
diversification. 

The area-cladogram for these five species (Fig.10.1) is not fully 
congruent with the generalized areagram (Fig. 9.7). This can be explained 
in several ways: 

- the first speciation has been sympatric, followed by extinction of species 
no. 27 in New Guinea, and of (the ancestor of) species nos. 28--31 in Java, 
Sumatra, Borneo, and Malaya. This would be in accordance with the areagram. 
- speciation could have been allopatric in West Malesia and Sulawesi (no. 
27) and New Guinea sens u lato (nos. 28--31), followed by subsequent 
dispersals to Sulawesi and to the Philippines. 
- a sympatric speciation in Sulawesi and the Philippines (before New Guinea 
reached the malesian region?) followed by dispersal to New Guinea. As yet, 
no obvious general track could be detected. 

The speciation of species no. 28 and the ancestor of nos. 29--31, and of 
no. 29 and the ancestor of nos. 30 + 31 are allopatric in terms of the 
present distribution patterns, either by vicariance events or by dispersal. 
Species nos. 30 and 31 are sympatric, of ten growing intermingled with one 
another, showing more or less similar patterns, although species no. 31 has 
a somewhat larger distribution area, exhibiting more variation as to 
altitude and habitat. The present data suggest that they are the result of a 
sympatric speciation process. 
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10.4. A scenario of species nos. 10--16 

The ancestor of this group had a relatively simple venation pattern and a 
long frond indument. Subsequent allopatric speciation events (area-cladogram 
Fig. 10.2, based on areagram Fig. 9.7) was coup led on the one hand with 
elaborations of the indument on the receptacle and the scales (ancestor of 
species nos. 10--12), on the other hand with further simplification of the 
venation pattern (nos. 13--16). The probably predominantly epilithic 
ancestor of species nos. 13--16 divided into a lowland species (no. 16) and 
the ancestor of species nos. 13--15 growing at high altitudes; the base 
fronds more or less lost the humus collecting as inferred from their rather 
foliage-like appearance and shape (cf. Diels, 1902). In view of the position 
in the cladogram of these mountainous asiatic species in relation to the 
more common tropical species growing at lower altitudes, high altitudes 
might have been reached via dispersal. Subsequent (allopatric?) speciation 
events led to species no. 15 (secondarily mainly epiphytic) and species nos. 
13 and 14. 

The speciation of the ancestor of species nos. 10--12 was probably 
allopatric (implying an independent dispersal of species nos. 10 to S.E. 
continental Asia) coup led with diversification in growth habit. The 
speciation of species nos. 11 and 12 has been sympatric as regards 
geography, but probably allopatric as regards ecology. 
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11. CONCLUSIONS 

11.1. RethodologY 

Systematic discussions shouLd first focus on the foLLowing items: 
1) The methodoLogYi The resuLts of systematic research fuLLy dep end on and 

are a LogicaL coroLLary of the method appLiedi It is stressed that onLy 
methods can be discussed, and that resuLts foLLowing from different 
methods can onLy be compared. SecondLy, it is usefuL to pay attention to 
subjects speciaL for the group under study. 

2) The aimsi Comparative evoLutionary bioLogy shouLd aim at contributing to 
the general understanding of evoLutioni based on an adequate methodoLogy, 
its resuLts are a prerequisite for anaLyses of processes. 

3) The techniques for character anaLyses and observationsi Techniques 
deveLoped in general bioLogy shouLd be appLied in comparative bioLogicaL 
research as a routine as much as possibLe. 

The present study is based on anaLyses of as much characters at aLL 
structuraLLy integrated LeveLs as possibLe. Such a Large data matrix, 
avoiding a priori character weighting, suppLies much information, Leading to 
thorough morphoLogicaL interpretations at each hierarchicaL LeveL (e.g. more 
character state distribution patterns). Furthermore, the postuLated 
phyLogeny wiLL have a greater reLiabiLity in terms of stabiLity (standing up 
against 'new' character state distributions that are possibLy confLicting), 
and it allows for comparisons between the different structuraLLy integrated 
LeveLs. The study of Living pLants in the fieLd enabLed important 
contributions to the character anaLyses, as is iLLustrated by the different 
growth habits recognized which pLay an evident roLe in the cLadograms 
generated. 

The data matrix (Appendix 2) shows much confLicting character state 
distributions. Disregarding the + 35 autapomorphies of singLe species, of 
the 176 transformation series estabLished, an amount of + 50 fit the 
cLadogram chosen. Other character states suppLy additionaL support. About 
15 transformation series show fit via r.eversaL, and + 40 show two or three 
homoplasies supporting two or three 'subtrees'. EventuaLLy, Less then 40 
transformation series, pertaining to characters at aLL structuraL 
integration LeveLs, show too much homoplasies and are discarded. 

In the aLgorithm appLied, there can be conspicuous differences between 
the first approximation of poLarity among character states resuLting from 
the estimation of the number of homoplasies in sets of (compLementary) 
character stat es on the one hand, and the denotation of poLarity based on 
LocaL outgroup comparison (evaLuation of supporting character states) on the 
other hand. ALthough this might be avoided using the second heuristic 
mentioned (Chapter 6.5.2.1.2), the computer program shouLd be extended with 
a 3-cLadon-permutation/LocaL-outgroup-comparison aLgorithm to improve the 
caLcuLation of the totaL amount of homoplasies per cLadogram. 

The 'best' cLadograms resuLting from the cLadistic anaLyses dictate the 
same transformation series for (almost) aLL characters, differing in the 
(unambiguous) fit of a few character states onLy. They aLL comprise 
partiaLLy monothetic sets defined by character states at aLL structuraLLy 
integrated LeveLs studied. The cLadograms resuLting from separate anaLyses 
of each structuraLLy integrated LeveL are aLL mutuaLLy conflicting. 
Therefore, it can be predicted that characters at the molecular LeveL in 
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turn wouLd provide simiLar contributions to the construction of cLadograms 
as do characters of other structuraLLy integrated LeveLs. It is here stated 
that phyLogeny reconstruction shouLd not be based on a selection of one 
(e.g. genetic) or a Limited number of structuraLLy integrated LeveLs, but 
on characters from aLL LeveLs. FirstLy, because it is not possibLe to 
predict the fitting character states. SecondLy, because it is necessary to 
evaLuate fitting character states in reLation to the distribution of other 
character states. ThirdLy, because evoLutionary mechanisms in principLe 
affect (groups of) organisms, not soLeLy characters. 

PhyLogeny reconstruction is a means to integrate character anaLyses 
covering aLL structuraLLy integrated LeveLs (incLuding processes), enabLing 
the investigation of the roLe that different bioLogicaL (evoLutionary) 
mechanisms pLay at each LeveL in each particuLar evoLutionary event. At each 
hierarchicaL LeveL of the cLadogram, the supporting characters have to be 
evaLuated. It shouLd not be the reverse, i.e. the evaLuation of characters 
foLLowed by a selection of support and a search for the most suitabLe Level. 
Therefore, so-calLed evoLutionary or general trends are not of use in 
reconstructing phyLogeny. 

Accepting evoLutionary species as welL as the phenomenon of cLadogenesis, 
species cannot be orde red into transformation series. Consequently, species 
cannot be denoted as 'advanced' or 'primitive'. 

Intuition and bioLogicaL inferences need a great deaL of caution (e.g. 
the difference in vaLue of contradiction minus support of the cladograms 
7.29 and 7.40), as it is of ten possibLe to suppLy an eLoquent narrative 
account as regards the pLausibiLity of a certain cLadogram from a general 
bioLogicaL point of view. In other words, the quantitative criterion using a 
strict and repeatabLe search procedure is necessary to be able to select a 
cLearly defined and managabLe number of cLadograms out of the numerous 
possibiLities. As the differences between the cLadograms that show the 
Lowest values are statisticaLLy insignificant, the search is not mereLy for 
the cLadogram showing the lowest vaLue, but for one or more cladograms 
showing Low values that are regarded bioLogicaLLy the most pLausibLe. 
However, the quantitative and the bioLogicaL criteria beLong to different 
domains of reasoning, each with its own set of assumptions (Logical Limits), 
and are as such not directLy comparabLe without a detaiLed account as 
regards their rules of correspondence. PresentLy, it is aimed to achieve a 
practical consensus between the three criteria for judging trees and their 
support, i.e. parsimony, outgroup comparison, and bioLogicaL inferences. 
Important is to make cLear wh en and why these criteria appLy. 

The intuitive cLadogram of AgLaomorpha is one of the cLadograms of this 
genus showing the Lowest va Lues of contradiction minus support, wheras 
combinations of this cLadogram with Drynaria cLadograms show reLativeLy high 
vaLues. It is possibLe that for smalL-sized ingroups with a reLatively Low 
number of possibiLities, intuitive ideas might approach parsimony criteria. 
For Drynaria being more compLex (viz. the number of cLique possibiLities), 
intuition did not yieLd a parsimonious cLadogram. In case of the entire 
subfamiLy, the situation is far too compLex to reLy on intuition (viz. 
cLadogram 7.41). 

11.2. Syste.atics 

The phyLogenetic cLassification proposed is based on the cLadogram chosen 
(Fig. 7.43) and contradicts aLL previousLy suggested cLassifications. The 
Latter couLd not be confirmed by a phenetic anaLysis of the same data matrix 
either. Furthermore, the phenetic analysis shows that the dissimiLarity 
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among the Drynaria species is larger than among the Aglaomorpha species, 
which contradicts what previous classifications might suggest. Hence, 
these classifications must be based on a priori character weighting. 

Aglaomorpha in the sense as of ten used before, and Merinthosorus do not 
constitute a holophyletic group. The large number of monotypic genera 
traditionally recognized does not reflect phylogeny nor any other 
evolutionary aspect. Monotypic genera are usually non-informative as they do 
not indicate any relation and they are generally based on the search for and 
intuitive evaluation of differences only. Consequently, obvious 
morphologically distinct taxa above the species level are equally disputable 
as all other taxa, e.g. Photinopteris. 

The transformation series traditionally accepted within the drynarioids 
(see Copeland, 1947; Zamora & Vargas, 1973; Pichi Sermolli, 1977), 
regarding, for example, the internal fertile/sterile dimorphism, are all 
contradicted by the transformation series deduced from the chosen cladogram. 
In other words, the states present in species no. 24, generally regarded 
plesiomorphous, are presently inferred to be apomorphous. It is not refuted 
that similar states might indeed be plesiomorphous for the drynarioids, as 
it is likely that in the Polypodiaceae in general (internal) dimorphy is 
apomorphous (e.g. Aglaomorpha, Drynaria), but within the group they are 
apomorphous. General trends of use at high hierarchical levels, do not 
necessarily meet transformation series at the species level, and cannot be 
directly extrapolated as is of ten done. 

Neither Aglaomorpha nor Drynaria can be partially monothetically defined; 
they constitute strictly monothetic or polythetic groups. In other words, 
these genera can only be understood using inferred character evolution. 
Thus, for the delimitation of taxa above the species level it is irrelevant 
to provide general rules in terms of the size of the set of defining 
characters. 

Although the geographical analysis is 
areagram shows that the areas of Malesia 
of them is to areas of continental S. 
closely related to the latter areas than 

based on a few area-cladograms, the 
are mutually more related than one 
E. Asia, and that Taiwan is more 
to the first. 

Within Drynaria a probable strategy is one that leads towards epilithical 
growth habits (viz. species no. 3 and 13, 14, 16), whereas in Aglaomorpha 
this might be towards terrestrials (viz. species 31). These strategies 
contradict the remark of Holttum (1949), stating that the drynarioids are 
one of the most highly evolved groups of epiphytes. The same holds for the 
general trend towards monomorphism in both Drynaria and Aglamorpha, which 
has never been postulated before. 

phylogenetic relations provide the possibilities and 
for research on processes. For example, the cladogram 7.43 

Postulated 
restrictions 
allows for the study of the processes how~. heraclea became secondarily 
monomorphic. According to the cladogram, it is meaningless to study the 
processes how Aglaomorpha species became internally dimorphic starting from 
A. heraclea. 

The present study mainly deals with phase 1 and with phase 3 (see Chapter 
4). Future research on the drynarioids should first focus on the following 
items: 
a- autecological research of, for example, species nos. 27--31, with special 

reference to the sympatric adelpho species nos. 30 and 31, followed by 
the construction of eco-cladograms. 
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b- character anaLyses at the molecular LeveL, incLuding intrinsic processes. 
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EXPLANATION OF THE PLATES 

Pag. 167 
1. A. pilosa (Cuming 90, BM). Fertile frond, x1/2. The stalked frond is 

Tnternally dimorphic with the soral patches restricted to the upper part 
of the frond. The apical pinna is present. 

2. A. splendens (Cuming 87, BM). Upper part of fertile frond, x1/4. The 
quadrangular soral patches are restricted to the upper part of the 
frond. The lower fertile pinnae are foliage-like in the basal part. 

3. D. parishii (Eberhardt 79, BM). Fertile frond, x1/4. The sori are round, 
situated in one row parallel to the primary vein. The apical pinna is 
aborted. 

4. A. speciosa (Herb. Willdenow 19539, B). Basal part of sterile pinna, x1. 
lne nectary is situated on a basiscopic quadrangular extension of the 
stalk near the insertion of the pinna. 

5. D. volkensii (Volkens 735, K). Basal part of base frond, x1/4. The basal 
part of the base frond is auriculate similar to the dilated frond-base 
of Aglaomorpha species. 

Page 168 
6. D. quercifolia (Hennipman 6359, U). Frond scale, x100. The frond scale 

Ts peltate with a toothed margin and scattered marginal glandular 
indument. A distinct apical glandular trichome is present. 

7. A. heraclea (cult. hort. bot. Utrecht). Nectary, x2. The nectary is a 
translucent spot basiscopic of the branching point of the costa and the 
primary vein. A perpendicularly directed 'abscission vein' separates 
adjacent pinnae. 

8. A. cornucopia (idem). Rhizome, x1. Minute scales with a midrib are 
densely set on the rhizome. The young circinnate frond is inserted on a 
conspicuous phyllopodium. 

9. A. cornucopia (idem). Upper part of foliage frond, x1/3. The frond is 
Tnternally dimorphic. The soral patches are pustulate. 

10.~. sparsisora (idem). Rhizome, x1. The basal part of the rhizome scales 
lS adpressed to the rhizome. The apical part is spine-like and 
perpendicularly spreading. The midrib is well-developed. 

Page 169 
11. D. propinqua (Garrett 812, K). Base frond, x3/2. The base frond is 

rounded and conspicuously lobate, the incisions reaching up to 2/3 or 
more of the width. 

12. D. bonii (Hennipman 3118, L). 
roun~nd entire. 

Page 170 

Base frond, x3/2. The base frond is 

13. D. willdenowii (Humblot 341, K). Base frond, x3/2. The base frond is 
Tobate. the lobes are blunt. Costa areoles along costa are absent. 

14. D. fortunei (Steward 2661, C). Base frond, x3/2. The base frond is 
rounded, sinusoid in the basal part and lobate in the upper part. The 
apical lobes are acuminate. Conspicuous costal areoles along costa are 
present. 

15. D. pleuridioides (Rosenstock Fil. Jav. Orient. Exsicc. 2, L). Base 
trond, x3/2. The base frond is lobate, the incisions reaching up to 
about 1/2 of the width. The lobes are blunt. Costal areoles along costa 
are occasionally present, but inconspicuous. 

16. D. mollis (Ghose 5, P). Base frond, x3/2. The base frond is elliptic and 
lobate, the incisions reaching up to 2/3 or more of the width. The lobes 
are blunt to acute. Costal areoles along costa are conspicuous and 
regularly shaped. 
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17. A. spLendens (Jacobs 7967, L). SteriLe pinna, x2. The secondary veins 

are more or Less straight, occasionaLLy irreguLarLy zigzagging. The 
hydathodes are smaLL sweLLings, apicaL on free veins. The costa areoLe 
is irreguLarLy shaped, sometimes aLmost absent. 

18. A. Latipinna (Kaudern 52, S). SteriLe pinna, x2. The nectary is situated 
basiscopic of the branching of the primary vein from the costa. The 
incLuded free veins are characteristicaLLy ex- and recurrent. The 
secondary veins are reguLarLy zigzagging. 

19. A. novoguineensis (HoogLand & PuLLen 6257, L). SteriLe pinna, x2. The 
costal areoLes are obvious, showing some variation in shape. The second 
order areoLes are reLativeLy Large-sized. 

20. A. coronans (Faurie 197, G). SteriLe pinna, x2. The first order 
are reLativeLy Less divided than in other AgLaomorpha species. 
the second order areoLes do not incLude free velns, which are 
dichotomous, when present. 

areoLes 
Of ten, 
rareLy 

21. A. coronans (Taam 1861, NV). FertiLe pinna, x2. The fertiLe and steriLe 
(PLate 20) pinnae are aLmost simiLar. The receptacLes are Long-eLLiptic, 
showing structuraL irreguLarities in size. They form one row paraLLeL to 
the secondary veins. 

22. A. speciosa (LBrzing 14149, L). SteriLe pinna, x2. An extensive areoLe­
Tayering is present. The secondary veins are reguLarLy zigzagging. 

23. A. novoguineensis (HoogLand & PuLLen 6257, L). Pinna apex, x2. The 
venation pattern becomes more and more simpLified towards the pinna 
apex. 

24. A. novoguineensis (idem). FertiLe pinna, x2. The contracted fertiLe 
pinna possesses rounded soraL patches. The venation pattern is 
dipLodesmic, but remnant areoLe-Layers can be recognized. 

25. A. spLendens (Jacobs 7967, L). FertiLe pinna, x2. The soraL patches are 
Targe-s;zed and quadranguLar. AreoLe-Layering is stiLL apparent. 

26. A. brooksii (CLemens 32122, GH). FertiLe pinna, x2. The soraL patches 
are of ten broken up within one Layer of areoLes. Sometimes, they are 
entire and quadranguLar. The margin of the fertiLe pinna is sinusoid, 
the sinusses situated in between the soraL patches. 

27. A. Latipinna (Kaudern 52, S). FertiLe pinna, x2. The venation of the 
soraL patches is dipLodesmic. First order areoLes are inconspicuous. 

28. A. cornucopia (CopeLand, P.P.E. 200, M). FertiLe pinnae, x2. The fertiLe 
pinna is 'string of beads'-Like with the soraL patches situated on the 
sinusses. The venation is conspicuousLy reduced. 

29. A. hieronymi (Croft 32A, L). FertiLe pinna, x2. The soraL patches are 
Tinear with the Lamina and venation pattern extremeLy reduced. 
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30. D. invoLuta (Anderson 8529, L). FertiLe pinna, x2. The sori are arranged · 

in two irreguLar rows aLong the secondary veins. Each first order areoLe 
contains 2--4 sori. 

31. D. propinqua (Garrett 812, K). FertiLe pinna, x2. The sori are arranged 
in one row paraLLeL to the primary vein. The margin is serrate. 

32. D. fortunei (Henry 3704, US). FertiLe pinna, x2. The sori are arranged 
Tn one row paraLlel to the secondary vein. 

33. D. deLavayi (Rock 10534, NV). FertiLe pinna, x2. The margin is serrate 
with incisions near and in between subsequent secondary veins. 

34. D. sinica (VU 13239, BM). FertiLe pinna, x2. The venation pattern is 
reLativeLy simpLe. 

35. D. pLeuridioides (BUnnemeyer 3728, L). SteriLe pinna, x2. The secondary 
veins are zigzagging. The incLuded free veins are extensiveLy branched 
and of ten terminated by a hydathode. 
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36. D. willdenowii (Humblot 341, K). Sterile pinna. The secondary veins are 
more or less straight. Included free veins are usually absent. 

37. D. pleuridioides (BUnnemeyer 3728, L). Fertile pinna. The fertile pinna 
Ts somewhat contracted if compared with the sterile pinna (35). 

38. D. willdenowii (Humblot 341, K). Fertile pinna, x2. The fertile and the 
sterile (36) pinna are almost similar. 

39. D. fortunei (Balansa 140, G). Sterile pinna, x2. The secondary veins are 
zigzagging. The included free veins are extensively branched and of ten 
terminated by a hydathode. They occasionally form loops in first order 
areoles. Costal areoles, when present, contain extensively branched free 
veins. 

40. D. parishii (Garrett 1393, K). Fertile pinna, x2. Included free veins 
are rare. The costal areoles are regularly shaped and empty. First order 
areoles are usually divided into three or four second order areoles. 

41. D. mollis (Ghose 5, P). Sterile pinna, x2. The costal areoles are 
regularly shaped and empty. First order areoles are of ten divided into 
two second order areoles which are either empty or include one recurrent 
free vein. 

42. D. rigidula (Dockrill 148, L). Base of sterile pinna, x2. The costal 
areoles are regularly shaped, usually with one included vein. The pinna 
is shortly stalked. 

43.~. quercifolia (Iwatsuki et al. S262, L). Base of sterile pinna, x2. An 
hydathode is present in the acroscopic angle of the costa and the 
primary vein. Abscission vein separates two adjacent pinnae. The pinna 
is loosened from the costa along the abscission layer. 

44. D. quercifolia (Iwatsuki et al. S262, L). Sterile pinna, x2. The first 
order areoles are extensively divided into higher order areoles. 
Included free veins are almost absent. The costal areoles are 
irregularly shaped and of ten almost absent. 

Page 173 
45, 46. D. bonii (Hennipman 3333, L). Spore, x6000 resp. x600. The peri spore 

shows sharp spines. 
47. D. sparsisora (cult. hort. bot. Leiden). Spore, x1200. The spines of ten 

show an apical constriction. 
48, 50. D. heraclea (Brass 13645, L). Spore, x2000. The perispore shows 

scattered globules. 
49. ~. volkensii (Mooney 9168, S). Spore, x1200. The exospore shows globular 

excrescences. 
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51, 52. D. delavayi (Rock 10534, NV). Spore, x1200 resp. x6000. The exospore 

is verrucate. 
53, 54. A. meyeniana (Hennipman 4151, L). Spore, x10,000 resp. x1200. The 

perispore is verruculate with baculae. 
55, 56. D. mollis (De Haas 2632, U). Spore, x1200 resp. x6000. The perispore 

is verrucate. 
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13. PRESENTATION OF DATA 

In the taxonomic part, the species are orde red in two alphabetically 
arranged genera. Within each genus, the species are presented in the same 
artificial sequence as in the General Part (see Chapter 5: Table 5.1). For 
each taxon the synonymy is listed in full. Basionyms and homotypic synonyms 
are listed together in chronological order, as are the heterotypic synonyms. 
Relevant literature is included. The names of the authors have been 
abbreviated as much as possible according to the Kew Index of Author 
Abbreviations. The greater part of the type collections have been studied; 
those not seen by the author are designated 'not traced' or 'n.v.' (not 
seen). Herbaria are abbreviated according to the Index Herbariorum. When 
necessary, the syntype the closest to the original description or the most 
complete syntype is chosen as the lectotype. Nomina nuda and illegitimate 
names are indicated. 

The descriptions of the species pertain to character states present in 
adult sporophytes. When necessary additional data are presented in Notes. 
Apart from herbarium collections, additional living complete material of the 
greater part of the species (wild and cultivated) contributed essentially to 
the work. Numerous (>100) herbarium collections were available of species 
nos. 1, 2, 3, 6, 7, 10, 11, 13, 16, 23, 24, and 27. Small numbers «25) of 
herbarium collections were present of species nos. 4, 5, 8, 9, (17), 18, 22, 
28, and 32 (the latter represented by 1 collection only). Living plants of 
species nos. 1, 2, 3, 5, 6, 8, 10, 11, (15), 16, 17, 19, 21--31 are 
cultivated at the botanic gardens, Utrecht, 

The descriptions are based on the data given in Appendix 
are arranged according to the sequence in character(state)s 
Chapter 5. This chapter further presents explanations of 
states recognized and the terminology used. 

1 and 2. They 
as treated in 
the character 

The distributions given follow political bounderies. Large countries have 
been subdivided. The frequency of distribution of each species throughout 
its geographical range can be inferred from the distribution maps (Appendix 
6). The maps have been compiled from herbarium collections with precise 
localities. Although several atlasses, indices, and miscellaneous 
information regarding localities and itineraries were consulted, it was not 
possible to spot all the localities. 

The habitat is described using the -of ten scanty- information on the 
herbarium labels; a number of species have been studied in the field. 
Histograms of altitudinal ranges are presented in Appendix 7. 

Notes are added to all species, including various kinds of additional 
information. 

The keys are mainly based on the data given in Appendix and 2. 
Additional distinguishing character states used are presented in the notes 
to the species involved. Discussions on species problematical to distinguish 
are presented in Chapter 8. 
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14. KEYS TO GENERA AND SPECIES 

14.1. Key to the genera 

a. At Least part of the fronds pinnate ••••••••••••••••••••••••••••••••• 2 
b. ALL fronds pinnatifid to Lobate ••••••••••••••••••••••••••••••••••••• 3 

2 a. FertiLe and steriLe pinnae simiLar, Linear-ovate, <3 cm wide, sori 
round, apicaL Lobe aborted, base fronds present ••••••••••••• DRYNARIA 

b. SteriLe pinnae ovate, »3.5 cm wide, fertiLe pinnae Linear, 0.4--0.7 
cm wide, acrostichoid, apicaL Lobe present, base fronds absent •••••••• 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• AGLAORORPHA 

3 a. Fronds dimorphous or internaLLy dimorphous •••••••••••••••• •••••••••• 4 
b. Fronds monomorphous ••••••••••••••••••••••••••••••••••••••••••••••••• 6 

4 a. Fronds dimorphous, internaLLy monomorphous •••••••••••••••••••••••••• 5 
b. Fronds monomorphous, internaLLy dimorphous, fertiLe frondparts cLearLy 

contracted •••••••••••••••••••••••••••••••••••••••••••••••• AGLAORORPHA 

5 a. StaLked foLiage and sessiLe base fronds present •••••••••••••• DRYNARIA 
b. StaLked fertiLe and staLked steriLe foLiage fronds present •••••••••••• 

AGLAORORPHA 

6 a. Fronds staLked •••••••••••••••••••••••••••••••••••••••••••••••••••••• 7 
b. Fronds sessiLe ••••••••••••••••••••••••••••••••••••••••••••••••••••• 10 

7 a. ApicaL pinna aborted, frond apex asymmetricaL ••••••••••••••••• DRYNARIA 
b. ApicaL pinna present, frond apex symmetricaL ••••••••••••••••••••••••• 8 

8 a. Fronds tomentose, hairs up to 3 mm •••••••••••••••••••••••• AGLAORORPHA 
b. Fronds nearLy gLabrous to hairy, hairs Less than 0.5 mm ••••••••••••• 9 

9 a. Sori round ••••••••••••••••••••••••••••••••••••••••••••••••••• DRYNARIA 
b. Sori quadranguLar patches or Linear ••••••••••••••••••••••• AGLAORORPHA 

10a. Fronds ovate to eLLiptic, entire to ovate, <40 cm Long ••••••• DRYNARIA 
b. Fronds eLongated, pinnatifid and Lobate, »40 cm Long ••••• AGLAORORPHA 

14.2. Key to the species of Aglaa.orpha 

a. Fronds pinnate, pinnae shortLy staLked, nectaries on smaLL quadranguLar 
Lobe-Like extensions at pinna bases ••••••••••••••••••• 27. A. speciosa 

b. Fronds Lobate to pinnatifid, pinnae sessiLe, nectaries immersed in 
widening pinna base ••••••••••••••••••••••••••••••••••••••••••••••••• 2 
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2 a. Frond stalked, pinnatifid, base not dilated, rhizome scales adpressed, 
flattened, lignified cells present around the point of attachment only, 
margin with slender, fibril-like protuberances, fronds of ten tomentose, 
hairs usually 0.5--1.0(--3.0) mm long, juvenile fronds of ten with lime-
scales •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 3 

b. Fronds sessile, lobate and pinnatifid, base dilated, +cup-shaped, 
rhizome scales spreading, either curled, midrib absent,- or stiff, 
midrib present, margin toothed or with short, pustulate protuberances, 
fronds inconspicuously hairy, hairs <0.25 mm long, lime-scales absent 
•• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• 6 

3 a. Fronds dimorphic, sori round, in 1 row parallel to each Vs, spread 
over entire frond surface, rhizome scales peltate •• 31. A. parkinsonii 

b. Fronds monomorphic, internally dimorphic, fertile pinnae restricted to 
the apical part, soral patches quadrangular or linear, in 1 row 
parallel to Vp, rhizome scales pseudo-peltate ••••••••••••••••••••••• 4 

4 a. Soral patches linear, sometimes elliptic, acicular sporangial indument 
usually present, short and of ten inconspicuous, not reaching beyond 
annulus, one-sided •••••••••••••••••••••••••••••••••• 30. A. hierony.i 

b. Soral patches quadrangular, acicular sporangial indument absent, or if 
present, conspicuous, reaching far beyond the annulus, two-sided ••• 5 

5 a. Sporangial indument absent. Sulawesi •••••••••••••••••• 28.A. latipinna 
b. Sporangial indument present. Philippines •••••••••••••••• 29. A. pilosa 

6 a. Sterile and fertile pinnae similar, sori + spread over the entire frond 
surface ••••••••••••••••••••••••••••••••• 7 ........................... 7 

b. Fertile pinnae contracted, typically restricted to apical part of frond 
only •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 8 

7 a. Sori round, in 1--2 (irregular) rows parallel to each Vtc, usually »8 
per A1, rhizome scales stiff, midrib present •••••••••• 24. A. heraclea 

b. Sori elliptic, in 1 row parallel to each Vs, 1 per A1, scales soft, 
curled, midrib absent ••••••••••••••••••••••••••••••••• 23. A. coronans 

8 a. Fertile 
circular 
forming 

b. Fertile 

pinnae 'string of beads'-like, sori situated on small half­
laminar extensions, lamina in between the sori contracted 

narrow, inconspicuous wing along Vp ••••••••••••••••••••••••• 9 
pinnae entire, not contracted in bet ween the sori •••••••••• 10 

9 a. Rhizome glabrous-looking, scales minute, inconspicuous, «5 mm long, 
conspicuous rhizome-like phyllopodia present, fronds >20 cm apart ••••• 
••••••••••••••••••••••••••••••••••••••••••••••••••••• 22. A. cornucopia 

b. Rhizome wooly, scales conspicuous, >6 mm long, phyllopodia absent, 
fronds <10 cm apart •••••••••••••••••••••••••••••••••• 25. A • .eyeniana 

10a. Sori round patches, rhizome scales + adpressed, stiff, midrib black, 
margin hyaline, fronds >20 cm apart,-rhizome 1--3 cm 0 ••••••••.••••••. 
••••••••••••••••••••••••••••••••••••••••••••••••• 21. A. novoguineensis 

b. Sori quadrangular patches or linear, + acrostichoid, rhizome scales 
spreading, stiff, midrib brown, margTn light-brown, or soft, curled, 
midrib absent, orange-brown, fronds <10 cm apart, rhizome 2--5 cm 0 ••• 
•• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • •• 11 

11a. Rhizome scales soft, midrib absent ••••••••••• • ••••••••••••••••••••• 12 
b. Rhizome scales stiff, midrib present ••••••••••••••••••••••••••••••• 13 
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12a. Sori irregular +quadrangular patches, of ten broken up, fertile pinnae 
moderately contracted •••••••••••••••••••••••••••••• 17. A. x leporalla 

b. Sori linear, fertile pinnae clearly contracted •••• 26. A. drynarioides 

13a. Sori regular quadrangular patches. Phillippines •••••• 19. A. splendens 
b. Sori irregular quadrangular patches, broken up. Borneo •••••••••••••••• 

••••••••••••••••••••••••••••••••••••••••••••••••••••••• 18. A. brooksii 

14.3. Key to the species of Drynaria 

a. Foliage fronds once pinnate, pinnae shortly stalked, base acute ••••••• 
....................................................... 10. D. rigidula 

b. Foliage fronds pinnatifid, pinnae widening to longitudinal attachment 
with costa, adjacent pinnae reaching each other ••••••••••••••••••••• 2 

2 a. Base fronds with in apical part sinus apices acuminate, sori in 1 row 
parallel to each Vs ••••••••••••••••••••••••••••••••••• 16. D. fortunei 

b. Base fronds entire or with all sinus- or lobe apices rounded (to 
acute), sori in 1 row parallel to each Vp or in 2 rows parallel to Vs 
• • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• 3 

3 a. Sori in 2 rows parallel to each Vs •••••••••••••••••••••••••••••••••• 4 
b. Sori in 1 row parallel to each Vp ••••••••••••••••••••••••••••••••••• 8 

4 a. Sori in 2 regular rows parallel to each Vs, 2 per A1, rhizome scales 
basifix to peltate, linear-triangular, spreading, brown •••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••• 2. D. quercifoliu. 

b. Sori in 2 irregular rows parallel to each Vs, 2 or more per A1, scales 
peltate, basal part rounded, adpressed, apical part usually developed, 
spine-like, perpendicular, red-brown to black ••••••••••••••••••••••• 5 

5 a. Base fronds sinusoid to undeeply lobate, (10--)15--35 cm long, 2--7 
sori per A1 •••••••••••••••••••••••••••••••••••••••••• 1. D. sparsisora 

b. Base fronds entire to slightly sinusoid, up to 10(--12) cm long, 2,3(4) 
sori per A1 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 6 

6 a. Foliage pinnae 1--2.5 cm wide, 
constriction, margin undulate, apex 

b. Foliage pinnae 2.5--4.5 cm wide, 
margin ~ flat, apex (obtuse--)acute 

with or without a slight basal 
abtuse ••••••••••••• 5. D. descensa 
with a clear basal constriction, 

to acuminate •••••••••••••••••••• 7 

7 a. Foliage fronds with A2 empty or with 1 simple vein, rhizome scales 
without midrib, hypodermis absent in foliage lamina, meristeles in 
rhizome with bundle sheath. Continental S.E. Asia •••••••• 3. D. bonii 

b. Foliage fronds with 1 simple or once dichotomous vein, rhizome scales 
with midrib, hypodermis present under upper epidermis of foliage 
lamina, meristeles in rhizome without bundle sheath. Borneo ••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••• 4. D. involuta 

8 a. Rhizome scales adpressed, index 2.5--4.5, base fronds absent or rounded 
(to ovate), index 1--1.4, lobate up to 2/3 or more of the width ••••• 9 

b. Rhizome scales + spreading, index >5 for all scales or at least for the 
greater part, -base fronds present, either ovate to elongate, index 
>1.3, usually >1.5, lobate up to 1/2 of the width, or elliptical, index 
>1.5, lobate to 2/3 or more of the width ••••••••••••••••••••••••••• 10 
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9 a. FoLiage fronds with 5--7(--8) pairs of pinnae, base fronds absent, 
paraphyses Long gLanduLar hairs onLy .. . . . . . . . . . . . . . . . . 12. D • parishH 

b. FoL i age fronds with 7--15 pairs of pinnae, base fronds present, 
paraphyses Long gLanduLar hairs and simpLe scaLes . . . 11 • D • propinqua 

10a. ReceptacuLar scaLy paraphyses present, frond scaLes scattered 
throughout, apicaL Lobe of foLiage fronds (almost always) aborted, base 
fronds eLongated to ovate, >15 cm Long, Lobate up to 1/3 or 1/2 of the 
width •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 11 

b. ReceptacuLar scaLy paraphyses absent, frond scales situated especiaLly 
Laterally against costa, apical Lobe of foLiage fronds aborted or 
present, base fronds eLLiptic(--ovate), <15 cm Long, Lobate up to 2/3 
of the width ••••••••••••••••••••••••••••••••••••••••••••••••••••••• 14 

11a. FoLiage fronds with Vs reguLarLy zigzagging, Vt occasionaLly deveLoping 
Loops, hydathods aLways present, numerous, A2 containing once, twice, 
or more dichotomousLy branched veins, pinna margin entire, rhizome with 
scLerenchymatous strands. MaLesia •••••••••••••••• 9. D. pleuridioides 

b. FoLiage fronds with Vs running straight, Vt not deveLoping loops, 
hydathods absent or occasionalLy present, few, A2 empty or containing 
simpLe veins, pinnae serrate, rhizome without scLerenchymatous strands. 
Africa and Madagascar •••••••••••••••••••••••••••••••••••••••••••••• 12 

12a. Rhizome scales gLossy, dark red-brown to bLackish, basifix, spores 
smooth •••••••••••••••••••••••••••••••••••••••••••••••• 7. D. volkensii 

b. Rhizome scales dulL, brown, peLtate, spores verrucate with spines or 
baculae •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 13 

13a. Pinnae cLearly decreasing in size towards apex, fertiLe pinnae of ten 
sLightLy contracted, nectaries basiscopic onLy, Laminar gLanduLar hairs 
absent in mature pLants, rhizome scaLes toothed, rhizome encircLing 
boLe many times horizontaLly •••••••••••••••••••••••• 8. D. willdenowii 

b. Pinnae + equaLLy sized aLL over, fertiLe and steriLe pinnae similar, 
nectaries basiscopic and acroscopic, Laminar glandular hairs present, 
rhizome scaLes with sLender protuberances, rhizome + spi ralLy cLimbing 
.................................................... 7 .. 6. D. laurentii 

14a. ApicaL lobe present 
b. ApicaL Lobe aborted 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• 15 
16 

15a. Fronds denseLy hairy, all pinnae straight, + perpendicular to the 
costa, margin entire, fertiLe and sterile pinnae simiLar •••••••••••••• 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 15. D. IIOllis 

b. Fronds inconspicuousLy hairy, upper pinnae cLearLy bended to the apex, 
margin serrate, fertiLe pinnae of ten somewhat contracted •••••••••••••• 
•••••••••••••••••••..•••••••••••••••••••••••••••••••••••• 14. D. sinica 

16a. Sporangial indument usuaLLy absent, fronds 7--12 cm wide, pinnae 0.5--
1.2 cm wide, sori midway on anastomosing veins or on branching points 
3--4 veins •••••••••••••••••••••••••••••••••••••••••••••• 14. D. sinica 

b. SporangiaL indument usuaLLy present, fronds 12--20 cm wide, pinnae 
1.2--2 cm wide, sori on branching points of 4 or more veins ••••••••••• 
••••••••••••••••••••••••••••••••••••••••••••••••••••••• 13. D. delavayi 
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15. A6LAOMORPHA 

AgLaa.orpha Schott 

Aglaomorpha Schott, Gen. Fil. (1835 or '36) ad tab. 19; Kunze, Farnkr. 
(1840-'47) 191; J. Smith, Hook. J. Bot. 3 (1841) 398; Hook. J. Bot. 4 (1842) 
62; Hook. & Bauer, Gen. Fil. (1842) t. 91; F~e, M~m. Foug. 5, Gen. Fil. 
(1850-'52) 266; Brackenridge, U. S. Expl. Exp. 16 (1854) 56; Mett., Fil. HB. 
Lips (1856) 38; T. Moore, Ind. Fil. (1862) 42; J. Smith, Hist. Fil. (1875) 
109; Copel., Phil. J. Sci. [Bot.] 6, 3 (1911) 140; v. A. v. R., Mal. Ferns 
Suppl. (1917) 418; C. Chr., Ind. Fil. Suppl. 2 (1917) 3; Copel., Univ. 
Calif. Publs Bot. 16, 2 (1929) 116; Backer & Posthumus, Varenfl. Java (1939) 
231; Ching, Sunyatsenia 5, 4 (1940) 262; Tardieu & C. Chr. in L~comte, Fl. 
g~n. Indo-Chine 7, 2 (1941) 488; Copel., Gen. Fil. (1947) 201; Holttum, Fl. 
Mal. 2, Ferns (1954) 185; Copel., Fern Fl. Philippe 3 (1960) 493; De Vol in 
H. L. Li et al., Fl. Taiwan 1 [Pterid.] (1975) 211; Pichi Sermolli, Webbia 
31, 2 (1977) 379. --- Polypodium # Pleopeltis c. Chrysopteris **** 
Aglaomorpha (Schott) v. A. v. R., Mal. Ferns (1908) 671. ---Pleopeltis # 
Eupleopeltis c. Chrysopteris **** Aglaomorpha (Schott) v. A. v. R., Bull. 
D~p. Agric. Indes n~erl. 27 (1909) 11. --- Type: A. meyeniana Schott. 

Psygmium Presl, Tent. Pterid. (oct. 1836) 199.-=-- Aglaomorpha # Psygmium 
(Presl) Copel., Phil. J. Sci. [Bot.] 6, 3 (1911) 140; C. Chr., Ind. Fil. 
suppl. 2 (1917) 3; Univ. Calif. Publs Bot. 16, 2 (1929) 117. --- Type: P. 
elegans. -

Dryostachyum J. Smith, Hook. J. Bot. 3 (1841) 399; 4 (1842) 62; Hook. & 
Bauer, Gen. Fil. (1842) t. 95; Kunze, Farnkr. (1840-'47) 139; F~e, M~m. 
Foug. 5, Gen. Fil. (1850-'52) 275 [Dryostachyon]; Mettenius, Fil. HB. Lips 
(1856) 20; T. Moore, Ind. Fil. (1862) 349; J. Smith, Hist. Fil. (1875) 108; 
Christ, Farnkr. (1897) 121; Diels in E&P, Nat. Pfl. Fam. 1, 4 (1902) 328; 
Copel., Dep. int. Bur. Govern. 28 (1905) 134; C. Chr., Ind. Fil. (1906) 301; 
v. A. v. R., Mal. Ferns Suppl. (1917) 417; Ching, Sunyatsenia 5, 4 (1940) 
261; Pichi Sermolli, Webbia 31, 2 (1977) 417. --- Polypodium # Dryostachyum 
(J. Smith) Christ, Farnkr. (1897) 121. --- Aglaomorpha # Dryostachyum (J. 
Smith) Copel., Phil. J. Sci. [Bot.] 6, 3 (1911) 140; 9, 1 (1914) 8; C. Chr., 
Ind. Fil. suppl. 2 (1917) 3; Copel., Univ. Calif. Publs Bot. 16, 2 (1929) 
117; Gen. Fil. (1947) 201; Fern Fl. Philippe 3 (1960) 493. --- Type: D. 
splendens. -

photinopteris J. Smith, Hook. J. Bot. 3 (1841) 403; 4 (1842) 155; Hook. & 
Bauer, Gen. Fil. (1842) T. 9 2; F~e, M~m. Foug. 2, Acrost. (1844-'45) 24, 
102; C. Presl, Epim. Bot. (1849) 190; F~e, M~m. Foug. 5, Gen. Fil. (1850-
'52) 61; Bedd., Ferns br. Ind. (1866) T. 211; Diels in E&P, Nat. Pfl. Fam. 
1, 4 (1902) 328; Copel., Dep. int. Bur. Govern. 28 (1905) 134; Copel., Phil. 
J. Sci. [Bot.] 6, 3 (1911) 140; Univ. Calif. Publs Bot. 16, 2 (1929) 122; 
Backer & Posthumus, Varenfl. Java (1939) 234; Ching, Sunyatsenia 5, 4 (1940) 
262; Tardieu & C. Chr. in Lecomte, Fl. g~n. Indo-Chine 7, 2 (1941) 502; 
Holttum, Fl. Mal. 2, Ferns (1954) 187; Copel., Fern Fl. Philippe 3 (1960) 
495; Pichi Sermolli, Webbia 31, 2 (1977) 379. --- Lomariopsis # Drynaria 
Mett., Fil. HB. Lips (1856) 22. --- Acrostichum # Photinopteris (J. Smith) 
Hook. Sp. Fil. 5 (1864) 281; Baker in Hook. & Baker, Syn. Fil. (1868) 424. 
--- Lectotype: P. horsfieldii J. Smith. 

Polypodium # Drynariopsis Copel., Dep. int. Bur. Govern. 28 (1905) 133; C. 
Chr., Ind. Fil. (1906) 663; Copel., Philippe J. Sci. [Bot.] 6, 3 (1911) 140; 
Sarawak Mus. J. 2, 3 (1917) 407. --- Polypodium # Pleopeltis c. Chrysopteris 
*** Drynariopsis (Copel.) v. A. v. R., Mal. Ferns (1908) 670. --- Pleopeltis 
# Eupleopeltis c. Chrysopteris *** Drynariopsis (Copel.) v. A. v. R., Bull. 
D~p. Agric. Indes nierl. 27 (1909) 11. --- Aglaomorpha subgen. Drynariopsis 
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(Copel.) CopeL., Univ. CaLif. PubLs Bot. 16, 2 (1929) 117. --- Drynariopsis 
(Copel.) C. Chr. in Verdoorn, ManuaL Pterid. (1938) 548; Ching, Sunyatsenla 
5 (1940) 262; CopeL., Gen. FiL. (1947) 200; Fern FL. PhiLipp. 3 (1960) 492; 
C. Chr., Ind. FiL. suppL. 4 (1965) 106; Pichi SermoLLi, Webbia 31, 2 (1977) 
379. --- Type: P. heracLeum Kunze. 

Thayeria CopeT., PhiLipp. J. Sci. 1, suppL. 2 (1906) 165; PhiL. J. Sci. 
[Bot.] 6, 3 (1911) 140; 7, 1 (1912) 41; v. A. v. R., MaL. Ferns SuppL. 
(1917) 416; CopeL., Univ. CaLif. PubLs Bot. 16, 2 (1929) 121; Gen. FiL. 
(1947) 202; Fern FL. PhiLipp. 3 (1960) 495; Pichi SermoLLi, Webbia 31, 2 
(1977) 379. --- Drynaria # Thayeria (Copel.) v. A. v. R., MaL. Ferns (1908) 
700. --- Type: T. cornucopia CopeL. 

Merinthosorus-CopeL., PhiL. J. Sci. [Bot.] 6, 2 (1911) 92; C. Chr., Ind. 
FiL. suppL. 2 (1917) 50; CopeL., Univ. CaLif. PubLs Bot. 16, 2 (1929) 122; 
C. Chr., Gen. FiL. suppL. 3 (1934) 127; Ching, Sunyatsenia 5 (1940) 262; 
CopeL., Gen. FiL. (1947) 202; HoLttum, FL. MaL. 2, Ferns (1954) 186; Pichi 
SermoLLi, Webbia 31, 2 (1977) 379. --- Type: M. drynarioides (Hook.) CopeL. 

AgLaomorpha # Hemistachyum CopeL., PhiL. J. Sc;. [Bot.] 6, 3 (1911) 140; 
C. Chr., Ind. FiL. suppL. 2 (1917) 3; CopeL., Univ. CaLif. PubLs Bot. 16, 2 
(1929) 117; C. Chr., Ind. FiL. suppL. 3 (1934) 110; CopeL., Gen. FiL. (1947) 
201. --- Hemistachyum (Copel.) Ching, Sunyatsenia 5 (1940) 262; C. Chr. Ind. 
FiL. suppL. 4 (1965) 154. --- Type: A. brooksii CopeL. 

AgLaomorpha subgen. HoLostachyum CopeL., PhiL. J. Sci. [Bot.] 9, 1 (1914) 
8; C. Chr., Ind. FiL. suppL. 2 (1917) 3; CopeL., Univ. CaLif. PubLs Bot. 16, 
2 (1929) 117. --- HoLostachyum (Copel.) Ching, Sunyatsenia 5 (1940) 262; 
CopeL., Gen. FiL. (1947) 202; C. Chr., Ind. FiL. suppL. 4 (1965) 156; Pichi 
SermoLLi, Webbia 31, 2 (1977) 379. --- Type: A. buchananii CopeL. 

AgLaomorpha subgen. Pseudodrynaria C. Chr.~ Ind. FiL. suppL. 3 (1934) 13. 
--- Pseudodrynaria (C. Chr.) C. Chr. in Verdoorn, ManuaL Pterid. (1938) 548; 
Ching, Sunyatsenia 5, 4 (1940) 262; 6 (1941) 10; CopeL., Gen. FiL. (1947) 
201; B. K. Nayar, BuLL. natn. bot. Gdns Lucknow (1961) 17; C. Chr., Ind. 
FiL. suppL. 4 (1965) 258; Nakaike, Enum. Pterid. Jap. (1975) 350; De VoL in 
Li et aL., FL. Taiwan 1 [Pterid.] (1975) 214, PL. 75; E. WaLker, FL. 
Okinawa & S. Ryukyu (1976) 121; Pichi SermoLLi, Webbia 31, 2 (1977) 379; 
Ching & S. K. Wu in C. Y. Wu, FL. Xizang. (1983) 348. --- Type: A. coronans 
(WaLLich ex Mett.) CopeL. 

UsuaLLy epiphytic, forming ring-shaped circuLar basket around boles, or 
spirally or verticaLLy cLimbing, of ten epiLithic, occasionaLLy terrestrial, 
forming ring-shaped basket or LinearLy creeping.--- Rhizome (1--)2--5 cm 0, 
phyLLopodia usuaLLy absent, sometimes present, fronds <10 or >20 cm apart, 
rhachises not persistent, 20--100 vascuLar bundLes, arranged in 1 or 2 
(p.p.) eLLipticaL rows with a dorsaL protrusion or in 1 or 2 (p.p.) with 
conspicuous dorsaL invaginations and sometimes encLosed circLe, scaLe 
attachment more or Less sunken, scLerenchyma strands absent.--­
Rhizome scaLes adpressed or obLiqueLy spreading, monomorphic, usuaLLy 
basifix or pseudo-peLtate, sometimes peLtate, margin toothed or with 
protuberances, gLanduLar top ceLL present, midrib present or absent.--­
Fronds usuaLLy internaLLy dimorphic, sometimes monomorphic or dimorphic, 
usuaLLy Lobate and/or pinnatifid, sometimes pinnate, sessiLe, base diLated, 
or staLked, petioLe usuaLLy winged, sometimes unwinged, pinnae usuaLLy 
equaLLy wide throughout, sometimes with a basaL constriction, decreasing in 
size towards the apex, margin entire, apex acute to acuminate, apicaL 
pinna present, nectaries situated in the Lower angLe between costa and Vp 
(or Vp and Vs).--- Venation of steriLe pinnae: Vs running more or Less 
straight or reguLar zigzagging, Asec usuaLLy containing simpLe and once 
dichotomous, occasionaLLy more dichotomous incLuded veins, free vein endings 
of ten running diffuse, usuaLLy excurrent and recurrent, aLL terminated by a 
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hYdathode, A1c irregular. --- Fertile frond (parts) sometimes + similar to 
sterile frond parts, usually clearly contracted, then usually linear 
triangular, sometimes "string of beads"-like shaped, Vs and Vt reduced, 
venation diplodesmic. --- Sori sometimes present, round or elliptic, 
distributed all over the abax~frond surface, in rows parallel to Vt or in 
1 row parallel to Vs, usually soral patches present, round, quadrangular, 
elliptic, or linear, distinctly restricted to the apical two-third or less 
of the frond, arranged in 1 row parallel to the Vp. --- Anatomy: epidermis 
usually red-, sometimes blue-coloured, hypodermis in sterile pinnae usually 
present ad- and abaxially, sometimes absent abaxially, xylem without 
sclerenchymatous strands. Indument: laminar trichomes present, 
glandular, usually acicular also, not densily set or tomentose, laminar 
scales scattered around costa only; receptacular hairy paraphyses present, 
with 1 or 2 glandular cells, receptacular scaly paraphyses absent; 
deviating sporangia usually present, occasionally present, sporangial 
paraphyses usually absent, sometimes present, acicular.--- Spores usually of 
quercifolium-type, sometimes of meyeniana-type. ------

17. Aglaa.orpha x leporella (Goebel) C. Chr. 

Aglaomorpha x leporella (Goebel) C. Chr., 
--- Drynaria leporella Goebel, Ann. Jard. 
15, 18; Copel., Univ. Calif. Publs Bot. 
Alston 11305, origin botanic gardens Munich 

Ind. Fil. suppl. 3 (1934) 197. 
bot. Buitenz. 39 (1928) 145, T. 

16, 2 (1929) 117. --- Lectotype: 
(BM). 

Forming ring-shaped circular basket.--- Rhizome 2-->3 cm 0, phyllopodia 
absent, fronds <10 cm apart, dilated frond bases imbricate, rhachises not 
persistent, 30--40 vascular bundles, all + equally-sized, bundle sheath 
absent, epidermis cells flattened or isodiametric, scale attachment more 
or less sunken, sclerenchyma strands absent.--- Rhizome scales obliquely 
spreading, pseudo-peltate, with short or long auricules, triangular/ovate 
to linear/filiform, index 4--8, 12--28 by 2--3 mm, margin toothed, teeth 
biseriate, 1-celled, top united, apex long filiform to short 
filiform/narrowacuminate, glandular top cell present, glandular indument 
present throughout, 1- or 2-celled, indument inserted marginally only, 
lignified cells absent, sometimes present around the point of attachment 
only.--- Fronds internally dimorphic, pandurate, lobate and pinnatifid, 
sessile, index + 3, 75--120 by 25--40 cm, base dilated, sterile pinnae 
equally wide throughout or sometimes with a clear basal constriction, index 
4.5--5.5, 12--20 by 2.5--4 cm, incisions up to >0.2 cm from the costa, 
increasing towards the base, margin entire, apex acuminate, apical pinna 
present, nectaries situated in the lower angle bet ween costa and Vp (or Vp 
and Vs).--- Venation of sterile pinnae: Vs running more or less straight or 
regular zigzagging, Vt branching from Vtc basically recurrent, free vein 
endings running diffuse or largely running excurrent and recurrent, all 
terminated by a hydathode; A1c sometimes absent, usually present, 
irregularly shaped, bordering part of basal and of apical Vs shortened, all 
containing 1, 2, or more included veins, simple, once dichotomous, at 
partly anastomosed; A1 divided into 3 or 4 Asec, areole layering comprising 
5 or 6 A1, distinct, regularly shaped throughout, Asec sometimes empty or 
largely containing simple veins.--- Fertile frond parts + contracted, pinna 
index 5--10, 10--15 by 1--3 cm, Vs and Vt reduced, dTplodesmic, areole 
layering still present, free ending veins shortened Vt directed to the 
nearby sorus, A1c not soriferous.--- Soral patches irregularly 
quadrangular, 2-->4 mm 0, distinctly restricted to the apical two-third or 
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Less of the frond, in the basaL fertiLe pinnae sometimes in the apicaL part 
onLy, arranged in one row paraLLeL to the Vs, on branching points of more 
than 4 veins, pustuLate.--- Anatomy: costa near the base rounded, >11 
vascuLar bundLes, costa in middLe part rounded, 1--3 vascuLar bundLes, 
bundLe sheath present, brown-coLoured; Lamina: stomata 1500--2100 lum2, 
epidermis red-coLoured, hypodermis present ad- and abaxiaLLy, marginaL 
scLerenchymatous strand with >25 ceLLs, in fertiLe pinnae somewhat Less 
deveLoped; Vp rounded, vein sheath continuous, in fertiLe pinnae iLL­
deveLoped, interrupted, cortex bLue- to red-coLoured, scLerenchymatous or 
firm parenchymatous, 1 vascuLar bundLe, bundLe sheath brown-coLoured, 
xyLem arrangement T- to V-shaped, scLerenchymatous strands absent, veinLet 
sheath extensions scLerenchymatous from epidermis to epidermis; receptacLe 
with more or Less isodiametric ceLL arrangement, 1--4 veinLets.--­
Indument: Laminar trichomes present, gLanduLar and acicuLar not densiLy set, 
glandular trichomes >95% unbranched, 2 ceLLs Long, 90--100 lum Long, type 
11 gLanduLar trichomes present, acicuLar trichomes in tuft on abcission 
vein onLy, 1--3 ceLLs Long, 200--280 lum Long; Laminar scaLes scattered 
around costa onLy, basifix, trianguLar/ovate to Linear/fiLiform, teeth 
biseriate, gLanduLar indument present throughout, 1- or 2-ceLLed, 
indument inserted marginaLLy onLy, Lignified ceLLs absent, apex 
fiLiform/narrowacuminate; receptacuLar hairy paraphyses >90% unbranched, 
1 or 2 gLanduLar ceLLs, 2 or 3 ceLLs Long, (80--)90--150(--180) lum Long, 
receptacuLar scaLy paraphyses absent; deviating sporangia absent, 
sporangiaL paraphyses absent.--- Sporangium 260--310 by 180--235 lum, 
annuLus with 11 or 12 indurated ceLLs, 3 or 4 epistomium ceLLs, 3 
hypostomium ceLLs, in totaL (19)20 ceLLs.--- Spores of quercifoLium-type, 
peri spore smooth sometimes foLded, uLtrastruc~smooth, basaL Layer 
inconspicuous, spines absent, bacuLae absent, gLobuLes present, exospore 
smooth. 

Note: hybrid; inferred parent species are nos. 19 and 23. 

18. Aglaa.orpha brooks;; Capel. 

AgLaomorpha brooksii CopeL., PhiL. J. Sci. [Bot.] 6, 3 (1911) 141, t. 25; 
v. A. v. R., Mal. Ferns SuppL. (1917) 418; C. Chr., Ind. FiL. suppL. 2 
(1917) 3; CopeL., Univ. CaLif. PubLs Bot. 16, 2 (1929) 117. --- PoLypodium 
brooksii (Copel.) C. Chr., Ind. FiL. suppL. 1 (1913) 58. - Hemistachyum 
brooksii (Copel.) Ching, Sunyatsenia 5 (1940) 262; C. Chr., Ind. FiL. suppL. 
4 (1965) 154. --- Type: Brooks 39, Borneo, Sarawak, Penrissan Mt. (hoLo: 
NV). 

Epiphytic, forming ring-shaped circuLar basket around boLes.---Rhizome 2-->3 
cm 0, phyLLopodia absent, fronds <10 cm apart, deLated frond bases 
imbricate, rhachises not persistent, >40 vascuLar bundLes, aLL vascuLar 
bundLes + equaLLy-sized, arranged in 2 rows (p.p.) with conspicuous 
invaginatTons and sometimes encLosed circLe, bundLe sheath weLL-deveLoped, 
brown-coLoured, epidermis ceLLs isodiametric, scaLe attachment more or 
Less sunken, scLerenchyma strands absent.--- Rhizome scaLes obLiqueLy 
spreading, basifix, pseudo-peLtate with short auricuLes, trianguLar/ovate 
to Linear/fiLiform, index 5--10, 7--26 by 1.2--3 mm, margin toothed and 
with short protuberances, teeth/protuberances uniseriate and biseriate, 1-
celled, top united or T-shaped, apex Long fiLiform to short 
fiLiform/narrowacuminate, gLanduLar top ceLL present, gLanduLar indument 
present throughout, 1- or 2-ceLLed, indument inserted marginaLLy and 
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abaxially, midrib present.--- Fronds internally dimorphic, pandurate, 
lobate and pinnatifid, sessile, index + 3, 80-->110 by 25--50, base 
dilated, sterile pinnae equally wide throughout or sometimes with a basal 
constriction, index 4.5--6.5, 16--30 by 2.5--5.5 cm, incisions up to >0.2 
cm from the costa, increasing towards the base, margin entire, apex acute 
to acuminate, apical pinna present, nectaries situated in the lower angle 
bet ween costa and Vp (or Vp and Vs).--- Venation of sterile pinnae: Vs 
running more or less straight, Vt branching from Vtc basically excurrent 
and recurrent, free vein endings running diffuse or largely running 
excurrent and recurrent, all terminated by a hydathode; A1c always 
present, irregularly shaped, both branching points of the Vtc and Vs 
equally distant from the Vp or bordering part of basal Vs shortened, all 
containing 2 or more included veins, simple, once dichotomous, partly 
anastomosed; A1 divided into 3-->4 Asec, areole layering comprising 6--8 
A1, distinct regularly shaped throughout, Asec containing simple or once 
dichotomous or twice or more dichotomous veins.--- Fertile frond parts 
clearly contracted, pinnae index (6--)10--16, up to 10--18 by 1--2 cm, Vs 
and Vt strongly reduced, diplodesmic, areole layering still present, free 
ending veins shortened or absent, Vt directed to the nearby sorus, A1c not 
soriferous.--- Soral patches irregularly quadrangular, 3--6 by 2--5 mm 0, 
distinctly restricted to the apical two-third or less of the frond, in the 
basal fertile pinnae sometimes in the apical part only, arranged in 1 row 
parallel to the Vp, on branching points of more than 4 veins, pustulate.--­
Anatomy: costa near the base rounded or invaginated, up to 1.5 cm 0, >11 
vascular bundles, costa in middle part rounded or angular or invaginated, 
>6 vascular bundles, bundle sheath blue- or brown-coloured; lamina: stomata 
1500--2100 /um2, epidermis blue-or red-coloured, hypodermis in sterile 
pinnae present ad- and abaxially, in fertile pinnae adaxially, marginal 
sclerenchymatous strand with >25 cells, in fertile pinnae somewhat less 
developed; Vp rounded, vein sheath continuous, in fertile pinnae 
interrupted, cortex blue-coloured, parenchymatous, 1--3 vascular bundles, 
bundle sheath blue- or brown-coloured, xylem arrangement V-shaped, 
sclerenchymatous strands absent, vein sheath interrupted, veinlet sheath 
extensions sclerenchymatous from epidermis to epidermis; receptacle with 
more or less isodiametric cell arrangement, 3--6 veinlets.--- Indument: 
laminar trichomes present, glandular and acicular, not densily set, 
glandular trichomes >95X unbranched, 2(3) cells long, (60--)70--120(--140) 
/um long, type 11 glandular trichomes absent, acicular trichomes in tuft on 
abcission vein only, 1 cell long, 65--150 lum long; laminar scales 
scattered around costa only, basifix, pseudo-peltate with short auricules, 
triangular/ovate to linear/filiform, teeth/protuberances uniseriate or 
biseriate, glandular indument present throughout, 1- or 2-celled, 
indument inserted marginally and sometimes abaxially, midrib present, apex 
filiform/narrow acuminate to apex acute (acuminate); receptacular hairy 
paraphyses >90% unbranched, 1 or 2 glandular cells, (2)3 or 4(5) cells 
long, (70--)80--180(--230) /um long, receptacular scaly paraphyses absent; 
deviating sporangia absent, sporangial paraphyses absent.--- Sporangium 
265--330 by 190--230 /um, annulus with 13(14) indurated cells, 3(4) 
epistomium cells, 3--5 hypostomium cells, in total (21)22 or 23(--25) 
cells.--- Spores of quercifolium-type, peri spore smooth sometimes folded, 
ultrastructure smooth, basal layer inconspicuous, spines absent, baculae 
absent, globules present, exospore smooth. 

Distribution: Borneo (Sarawak, Sabah). 

Habitat: Primary forest. Alt. 1000-1800 m. 
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19. AgLao.orpha spLendens (J. S.ith) CepeL. 

AgLaomorpha spLendens (J. Smith) CopeL., PhiL. J. Bot. (Bot.] 6, 3 (1911) 
141; v. A. v. R., MaL. Ferns SuppL. (1917) 417; C. Chr., Ind. FiL. suppL. 2 
(1917) 3; CopeL., Univ. CaLif. PubLs Bot. 16, 2 (1929) 117; Gen. FiL. (1947) 
202; Fern FL. Philippe 3 (1960) 494. --- Dryostachyum spLendens J. Smith, 
Hook. J. Bot. 3 (1841) 399; 4 (1842) 62; Hook. & Bauer, Gen. FiL. (1842) t. 
95; Kunze, Farnkr. (1840-'47) 141; F!e, M!m. Foug. 5, Gen. FiL. (1850-'52) 
275; Mett., FiL. HB. Lips (1856) 20; T. Moore, Ind. FiL. (1862) 350; J. 
Smith, Hist. FiL. (1875) 109; DieLs in E&P, Nat. PfL. Fam. 1, 4 (1902) 328, 
Fig. 170:A-C; CopeL., Dep. int. Bur. Govern. 28 (1905) 134; Philippe J. Sci. 
1, suppL. 2 (1906) 165, PL. 26, 27; C. Chr., Ind. FiL. (1906) 301; V. A. V. 
R., MaL. Ferns (1908) 701; Rosenstock, Nova Guinea 8 (1912) 729; C. Chr., 
Ind. FiL. suppL. 1 (1913) 4; V. A. V. R., MaL. Ferns SuppL. (1917) 417. --­
PoLypodium spLendens (J. Smith) Hook., Spec. FiL. 5 (1864) 95 (non p. 52] 
(nom. iLLeg.); Baker in Hook. & Baker, Syn. FiL. (1868) 367; Christ Farnkr. 
(1897) 121. --- Drynaria spLendens (J. Smith) Bedd., Ferns br. Ind. (1869) 
T. 316; SuppL. Ferns S. Ind. & Br. Ind. (1876) 23; Handb. Ferns Br. Ind. 
(1883) 339, Fig. 188. Type: Cuming 87, Philippines, Luzon, Tayabas 
(hoLo: BM; iso: B, GH, K, L, NY, S, US, W). 

UsuaLLy epiphytic, sometimes epiLithic, forming ring-shaped, circuLar basket 
(around boLes).--- Rhizome 2-->3 cm 0, phyLLopodia absent, fronds <10 cm 
apart, deLated frond bases imbricate, rhachises not persistent, >40 
vascuLar bundLes, aLL + equaLLy-sized, arranged in 1 row with a 
conspieuous dorsaL invagination, bundLe sheath iLL-deveLoped, bLue-or 
brown-coLoured, epidermis ceLLs fLattened, scaLe attachment more or Less 
sunken, scLerenchyma strands absent.--- Rhizome scaLes obLiqueLy spreading, 
basifix, pseudo-peLtate with short auricuLes, trianguLar/ovate to 
Linear/fiLiform, index 6--13, (7--)10--22 by 1--3 mm, margin toothed and 
with short protuberances, teeth/protuberances uniseriate or biseriate, 1-
celled, top united, rounded or T-shaped, apex Long fiLiform to short 
fiLiform/narrow acuminate, gLanduLar top ceLL present gLanduLar indument 
present throughout, 1- or 2-ceLLed, indument inserted marginaLLy and 
abaxiaLLy, midrib present.--- Fronds internaLLy dimorphic, pandurate, 
Lobate and pinnatifid, index 2.5--4, 75--200 by 25--50 cm, sessiLe, base 
diLated, steriLe pinnae equaLLy wide throughout, index 4--6.5, 10--35 by 
3--6.5 cm, incisions up to >0.5 cm from the costa, increasing towards the 
base, margin entire, apex acute to acuminate, apicaL pinna present, 
nectaries situated in the Lower angLe bet ween costa and Vp (or Vp and 
Vs).--- Venation of steriLe pinnae: Vs running more or Less straight, Vt 
branching from Vtc basicaLLy excurrent and recurrent, free vein endings 
running diffuse or LargeLy running excurrent and recurrent, aLL terminated 
by a hydathode; A1c sometimes absent, usuaLLy present, irreguLarLy shaped, 
bordering part of basaL Vs shortened and bordering part of apicaL Vs 
shortened, aLL containing 2 or more incLuded veins, simpLe, once 
dichotomous, partLy anastomosed; A1 divided into 3 or 4 or more Asec, 
areoLe Layering comprising 6--9 A1, distinct, reguLarLy shaped throughout, 
Asec containing simpLe, once or twice or more dichotomous veins.--­
FertiLe frond parts cLearLy contracted, pinnae index 15--20, 5--35 by 0.5--
2.5 cm, Vs and Vt strongLy reduced, dipLodesmic, areoLe Layering cLearLy 
present, free ending veins shortened ,Vt directed to the nearby sorus, A1c 
not soriferous.--- SoraL patches (rareLy irreguLarLy) quadranguLar, 3--10 by 
2--7 mm 0, distinctLy restricted to the apicaL two-third or Less of the 
frond, in the basaL fertiLe pinnae of ten in teh apicaL part onLy, arranged 
in 1 row paraLLeL to Vp, on branching points of more than 4 veins, 
pustuLate.--- Anatomy: costa near the base eLLipticaL or invaginated, up 
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to 1.5 cm 0, >11 vascular bundles, costa in middle part rounded, >6 
vascular bundles, bundle sheath blue- to brown-coloured; lamina: stomata 
1500<--2100/um2, epidermis red-coloured, in fertile pinnae blue-coloured, 
hypodermis in sterile pinnae present ad- and abaxially, in fertile pinnae 
adaxially, marginal sclerenchymatous strand with >25 cells, Vp rounded, 
vein sheath interrupted, cortex blue-coloured, parenchymatous, 1 vascular 
bundle, bundle sheath blue- or brown-coloured, xylem arrangement V-shaped, 
sclerenchymatous strands present, veinlet sheath extensions sclerenchymatous 
from epidermis to epidermis; with some irregularities; receptacle with more 
or less isodiametric cell arrangement, 3--6 veinlets.--- Indument: laminar 
trichomes present, glandular and acicular, not densily set, glandular 
trichomes >95% unbranched, 2 cells long, 105--120(--155) lum long, type 11 
glandular trichomes present, acicular trichomes more or less scattered 
throughout, (1)2(3) cells long, 105--165(--300) lum long; laminar scales 
scattered around costa only, basifix, pseudo-peltate, with short 
auricules, triangular/ovate to linear/filiform, teeth/protuberances 
uniseriate and biseriate, glandular indument present throughout, 1- or 2-
cel led, indument inserted marginally only, midrib present, apex 
filiform/narrow acuminate to acute (acuminate); receptacular hairy 
paraphyses >90% unbranched, 1 or 2 glandular cells, 4--7 cells long, 
(230--)300--630 lum long, receptacular scaly paraphyses absent; deviating 
sporangia present, sporangial paraphyses absent.--- Sporangium 305--360 by 
225--270 lum, annulus with (13)14 or 15 indurated cells, 3 or 4(5) 
epistomium cells, (3)4 or 5 hypostomium cells, in total (22)23--26(28) 
cells.--- Spores of quercifolium-type, peri spore smooth sometimes folded, 
ultrastruc~ smooth, ultrastructure verruculate, basal layer 
inconspicuous, spines absent, baculae absent, globules present, exospore 
smooth. 

Distribution: Philippines (Luzon, Negros, Mindanao). 

Habitat: Primary forest, usually high-epiphytic. Reported on Quercus spec., 
Ficus spec. Alt. 550--800(--1300) m. 

21. Aglaa.orpha novoguineensis (Brause) C. Chr. 

Aglaomorpha novoguineensis (Brause) C. Chr., Ind. Fil. suppl. 2 (1917) 3; 
Copel., Univ. Calif. Publs Bot. 16, 2 (1929) 117. --- Dryostachyum 
novoguineense Brause, Bot. Jb. 49, 1 (1912) 56, f. 3D; C. Chr., Ind. Fil. 
suppl. 1 (1913) 41; v. A. v. R., Mal. Ferns Suppl. (1917) 417. --- Type: 
Schlechter 18266, Papua New Guinea, "Kaiser Wilhelmsland", Kani Mts (holo: 
B). 

Usually epiphytic, spirally climbing, rarely epilthic or terrestrial.--­
Rhizome 1--3 cm 0, phyllopodia absent, fronds >20 cm apart, dilated frond 
bases separate, forming individual nests, rhachises not or rarely 
persistent, 20-->40 vascular bundles, dorsal + 4 large(r) sized, arranged 
in 1 or 2 (p.p.) elliptical rows with a dorsal protrusion or in 1 or 2 
(p.p.) rows with conspicuous dorsal invaginations and sometimes enclosed 
circle, bundle sheath absent, epidermis cells isodiametric or erect, scale 
attachment more or less sunken, sclerenchyma strands absent.--­
Rhizome scales adpressed to obliquely spreading, pseudo-peltate with short 
or long auricules, triangular/ovate to linear/filiform, index 4--10(--20), 
5--20 by 0.5--1.5 mm, margin clathrate, toothed, teeth biseriate, 1-
celled, top united, apex short filiform/narrow acuminate to acute 
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(acuminate), glandular top cell present, glandular indument present 
throughout, 2-celled, indument inserted marginally only, midrib 
present.--- Fronds internally dimorphic, pandurate to quadrangular, lobate 
and pinnatifid, index 2.5--3, 70--110 by 30--40 cm, sessile, base dilated, 
sterile pinnae equally wide throughout, index 5.5--6.5, 15--25 by 2.5--4 cm, 
incisions up to >0.2 cm from the costa, increasing towards the base, margin 
entire, apex acute to acuminate, apical pinna present, nectaries situated 
in the lower angle between costa and Vp (or Vp and Vs).--­
Venation of sterile pinnae: Vs running more or less straight or regular 
zigzagging, Vt branching from Vtc basically recurrent, free vein endings 
running diffuse or excurrent and recurrent, all terminated by a hydathode; 
A1c always present, (ir)regularly shaped throughout, bordering part of basal 
Vs shortened, all containing 1, 2, or more included veins, simple, once 
dichotomous or more extensively branched, partly anastomosed; A1 divided 
into 3 or 4 Asec, areole layering comprising 4 or 5 A1, distinct, regularly 
shaped throughout, Asec containing simple or once dichotomous veins.--­
Fertile frond parts clearly contracted, pinnae index >15, up to 10--20 by 
0.7--1.4 cm, Vs and Vt strongly reduced, diplodesmic, areole layering 
vaguely present, free ending veins shortened or absent, Vt directed to the 
nearby sorus, A1c not soriferous.--- Soral patches round, 2--4 mm 0 
distinctly restricted to the apical two-third or less of the frond, in the 
basal fertile pinnae sometimes in the apical part only, arranged in 1 row 
parallel to the Vp, on branching points of more than 4 veins, pustulate.--­
Anatomy: costa near the base rounded or invaginated, up to 0.8 cm 0, >11 
vascular bundles, costa in middle part rounded, angular or invaginated, 4 
vascular bundles, bundle sheath blue-, red- or brown-coloured or sometimes 
absent; lamina: stomata <1500 lum2, epidermis red-coloured, hypodermis in 
sterile pinnae present ad- and abaxially, in fertile pinnae adaxially, 
red-coloured, in fertile pinnae blue-coloured, marginal sclerenchymatous 
strand with >25 cells, in fertile pinnae sometimes somewhat less developed; 
Vp angular, in fertile pinnae rounded, vein sheath interrupted, cortex 
blue-coloured, parenchymatous, 1 vascular bundle, bundle sheath (at least 
p.p.) red-coloured, open sclerenchyma cells, otherwise blue-coloured, 
xylem arrangement T- to V-shaped, sclerenchymatous strands absent, in 
fertile pinnae rounded, veinlet sheath extensions sclerenchymatous from 
epidermis to epidermis; receptacle with more or less isodiametric cell 
arrangement, 3 or 4 veinlets.--- Indument: laminar trichomes present, 
glandular and acicular, not densily set, glandular trichomes >95% 
unbranched, 2 or 3(4) cells long, (80--)95--140(--200) lum long, type 11 
glandular trichomes absent, acicular trichomes in tuft on abcission vein 
only, 1--3 cells long, 120--220 lum long; laminar scales scattered around 
costa only, basifix, pseudo-peltate with short auricules, triangular/ovate 
to linear/filiform, teeth biseriate, glandular indument present 
throughout, 1- or 2-celled, indument inserted marginally only, midrib 
present, apex filiform/narrow acuminate to acute (acuminate); receptacular 
hairy paraphyses >90% unbranched, 1 or 2 glandular cells, (2)3 or 4(5) 
cells long, (70--)90--240(--420) lum long, receptacular scaly paraphyses 
absent; deviating sporangia present, sporangial paraphyses absent.--­
Sporangium 325--380 by 235--265 lum, annulus with (12--)14 or 15(16) 
indurated cells, (2)3 or 4 epistomium cells, 4 or 5 hypostomium cells, in 
total (22--)24 or 25(26) cells.--- Spores of quercifolium-type, perispore 
smooth sometimes folded, ultrastruc~mooth or verruculate, basal layer 
inconspicuous, spines absent, baculae absent, globules present, exospore 
smooth. 

Distribution: New Guinea (W. Irian, Papua) 
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Habitat: Forest (a.o. Dacrydium-), growing 0--20 m above the ground. Alt. 
1100--1800(--2300) m. 

Notes. 1. Vern. name: Moena (Kapaukoe lang., W. Irian). 
2. Terminal cladon no. 20 (based on Gibbs 5970, BM, from Arfak Mts, W. 
Irian) differs from the typical specimens of the present species as regards: 
rhizome scales with 1-celled glandular trichomes also, frond base only 
slightly dilated, included veins simple or once dichotomous only, soral 
patches 2--3 mm 0, costa in middle part rounded or invaginated, stomata 
2100--2700 lum2, Vp rounded, bundle sheath blue-coloured, acicular 
trichomes 1 or 2 cells long, 100--200 lum long, receptacular hairy 
paraphyses 2 or 3(4) cells long, (70--)100--300(--350) lum long, sporangium 
280--340 by 205--225 lum, 3 or 4 hypostomium cells, in total 22 or 23 
annulus cells. 

22. Aglaa.orpha cornucopia <Copel.> Roos 

Aglaomorpha cornucopia (Copel.) Roos, Blumea (1985). --- Thayeria 
cornucopia Copel., philipp. J. Sci. 1, suppl. 2 (1906) 165, T. 28; Phil. J. 
Sci. [Bot.] 6, 3 (1911> 140; 7, 1 (1912) 41, T. 1; v. A. v. R., Mal. Ferns 
Suppl. (1917) 416; Copel., Univ. Calif. Publs Bot. 16, 2 (1929) 121; Gen. 
Fil. (1947) 202; Fern Fl. Philipp. 3 (1960) 495. --- Drynaria cornucopia 
(Copel.) v. A. v. R., Bull. D~pt. agric. Ind. n~erl. 21 (1908) 8; Mal. Ferns 
(1908) 700; C. Chr., Ind. Fil. suppl. 1 (1913) 29. --- Type: Copeland 1770, 
Philippines, Mindanao, Zamboanga, Mt. Balabae, (holo: NY; iso: B, S). 

Usually epiphytic, spi rally climbing, sometimes (?) epilithic.---Rhizome 1--
3 cm 0, conspieuous phyllopodia present, fronds >20 cm apart, dilated 
frond bases separate, forming individual nests, rhachises not persistent, 
20-->40 vascular bundles, all + equally-sized, arranged in 1 elliptical 
row with a dorsal protrusion or in 1 row with conspieuous dorsal 
invaginations, bundle sheath absent, epidermis cells flattened, 
isodiametric, or erect, scale attachment more or less sunken, 
sclerenchyma strands absent.--- Rhizome scales obliquely spreading, 
pseudo-peltate with short and long auricules, rounded, triangular/ovate to 
umbonately cone-shaped, index 1.5--3, 2--5 by 1--3 mm, apex acute 
(acuminate), rounded, glandular top cell present, glandular indument 
present throughout, 1-celled, indument inserted marginally and abaxially, 
midrib present.--- Fronds internally dimorphic, pandurate to quadrangular, 
lobate and pinnatifi~essile, index 2--3, 50--80 by 25--30 cm, base 
dilated, sterile pinnae equally wide throughout, index 3.5--6, up to 7--15 
by 2--2.5 cm, incisions up to >0.5 cm from the costa, increasing towards 
the base, margin entire, apex acute to obtuse, apical pinna present, 
nectaries situated in the lower angle bet ween costa and Vp (or Vp and 
Vs).--- Venation of sterile pinnae: Vs running more or less straight, Vt 
branching from Vtc basically excurrent and recurrent, free vein endings 
running diffuse or excurrent and recurrent, all terminated by a hydathode; 
A1c always present, irregularly shaped, bordering part of basal Vs and of 
apical Vs shortened, all containing 1, 2, or more included veins, simple or 
once dichotomous, partly anastomosed; A1 divided into 3 or 4 or more Asec, 
areole layering comprising 5--7 A1, distinct, regularly shaped throughout, 
Asec containing simple or once dichotomous veins.--- Fertile frond parts 
clearly contracted, pinnae "string of beads"-like shaped, index >15, up to 
10--18 by 0.5--1 cm, Vs and Vt strongly reduced, diplodesmic, areole 
layering absent, free ending veins shortened or absent, Vt directed to the 
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nearby sorus, A1c not soriferous.--- SoraL patches round, 2--3 mm 0, 
distinctLy restricted to the apicaL two-third or Less of the frond, in the 
basaL fertiLe pinnae sometimes in the apicaL part onLy, arranged in one row 
paraLLeL to the Vp, on branching points of more than 4 veins, pustuLate.--­
Anatomy: costa near the base rounded, 5--8 vascuLar bundLes, costa in 
middLe part rounded or anguLar or invaginated, 1--3 vascuLar bundLes, 
bundLe sheath present, bLue- or brown-coLoured; Lamina: stomata 1500<--2100 
lum2, epidermis bLue- or red-coLoured, hypodermis in steriLe pinnae present 
ad- and abaxiaLLy, in fertiLe pinnae adaxiaLLy, marginaL scLerenchymatous 
strand with >25 ceLLs, in fertiLe pinnae somewhat Less deveLoped or (nearLy 
Lacking); Vp anguLar, in fertiLe pinnae rounded, vein sheath continuous, 
iLL-deveLoped and interrupted, cortex bLue-coLoured, parenchymatous, 1 
vascuLar bundLe, bundLe sheath (at Least p.p.) red-coLoured, open 
scLerenchyma ceLLs, otherwise bLue-coLoured, xyLem arrangement V-shaped, 
in fertiLe pinnae T-shaped, scLerenchymatous strands absent, veinLet sheath 
extensions scLerenchymatous from epidermis to epidermis; receptacLe with 
more or Less isodiametric ceLL arrangement, 3--6 veinLets.--- Indument: 
Laminar trichomes present, gLanduLar and acicuLar not densiLy set, 
gLanduLar trichomes 25-50X branched, 2 ceLLs Long, 65--95 lum Long, type 
11 gLanduLar trichomes absent, acicuLar trichomes in tuft on abcission vein 
onLy, 1--3 ceLLs Long, 80--190 lum Long; Laminar scaLes scattered around 
costa onLy, pseudo-peLtate with short auricuLes, trianguLar/ovate to 
Linear/fiLiform, teeth/protuberances uniseriate or biseriate, gLanduLar 
indument absent, rareLy present, throughout, 1- or 2-ceLLed, indument 
inserted marginaLLy onLy, Lignified ceLLs absent, apex acute (acuminate) 
to apex rounded; receptacuLar hairy paraphyses 5--10X branched, 1 or 2 
gLanduLar ceLLs, 2 ceLLs Long, 50--75 lum Long, receptacuLar scaLy 
paraphyses absent; deviating sporangia absent, sporangiaL paraphyses 
absent.--- Sporangium 265--295 by 225--245 lum, annuLus with (12)13 or 14 
indurated ceLLs, 3(4) epistomium ceLLs, 3 hypostomium ceLLs, in totaL 
20--22 ceLLs.--- Spores of quercifoLium-type, perispore verrucate, 
uLtrastructure smo~ basaL Layer thin, spines present, sharp and 
smooth, bacuLae absent, gLobuLes present, gLobuLes absent, exospore with 
gLobuLar excrescences. 

Distribution: PhiLippines (Luzon, Mindanao). 

Habitat: Primary forest and open vegetation. ALt. 1100--2200 m. 

23. Aglao.orpha coronans (Wallich ex Mett.) Copel. 

AgLaomorpha coronans (WaLLich ex Mett.) CopeL., Univ. CaLif. PubLs Bot. 
16, 2 (1929) 117; C. Chr., Ind. FiL. suppL. 3 (1934) 20; Tag., Acta 
phytotax. geobot. Kyoto 8, 4 (1939) 234; Tardieu & C. Chr. in L~comte, FL. 
g~n Indo-Chine 7, 2 (1941) 488, Fig. 57:3, 4; HoLttum, [FL. ThaiL. 1J Dansk. 
Bot. Ark. 20, 1 (1961) 21; Tag. in H. Hara, FL. E. HimaL. (1966) 489. --­
PoLypodium coronans WaLLich, List 288 (1828) (nomen nudum); Mett., Farngatt. 
1, PoLyp. (1857) 121, T. 3:f. 40, 41; Hook., FiL. Exot. (1859) PL. 91 
[exceLL.J; Spec. FiL. 5 (1864) 95; Ettingh., Farnkr. Jetztw. (1865) T. 
27:Fig. 8, T. 32:Fig. 3, 9, T. 34:Fig. 5; C. B. CLarke, Trans. Linn. Soc. 
Lond. ser. 2, 1 (1880) 557; Christ, Farnkr. (1897) 117, Fig. 333; DieLs in 
E&P, Nat. PfL. Fam. 1, 4 (1902) 319; C. Chr., Ind. FiL. (1906) 518; CopeL., 
PhiL. J. Sci. [Bot.J 6, 3 (1911) 140; Ching, BuLL. Fan Mem. Inst. BioL. 1 
(1930) 152. Phymatodes coronans WaLLich ex C. PresL, Tent. Pterid. 
(1836) 198 (nomen nudum). --- Drynaria coronans WaLLich ex J. Smith, Hook. 
J. Bot. 3 (1841) 399 (nomen nudum); 4 (1842) 61 (nomen nudum); Hook., Hook. 
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J. Bot. 9 (1857) 357 (nomen nudum); J. Smith, Cult. Ferns cat. (1857) 14 
(nomen nudum); in Seemann, bot. Voy. Herald [Fl. Hongkong] (1875) 426 (nomen 
nudum); T. Moore, Ind. Fil. (1862) 345, Pl. 63A; Bedd., Ferns br. Ind. 
(1865) T. 13; J. Smith, Ferns Br. & For. (1866) 103; Hist. Fil. (1875) 108; 
Bedd., Handb. Ferns Br. Ind. (1883) 338, Fig. 187; Christ, J. Bot. Paris, 
ser. 2, 1 (1908) 238. --- Pseudodrynaria coronans (Wallich ex Mett.) Ching, 
Sunyatsenia 5,4 (1940) 262; 6 (1941) 10; Copel., Gen. Fil. (1947) 201; B. K. 
Nayar & Kachroo, Phytomorph. 4 (1954) 379; B. K. Nayar, Bull. natn. bot. 
Gdns Lucknow (1961) 20, Fig. 5; C. Chr., Ind. Fil. suppl. 4 (1965) 258; 
Holttum, [Fl. Thail. 33] Dansk. Bot. Ark. 23, 2 (1965) 231; Iconogr. 
Cormoph. Sinic. 1 (1972) 273; Nakaike, Enum. Pterid. Jap. (1975) 350; E. 
Walker, Fl. Okinawa & S. Ryukyu (1976) 121; Ching & S. K. Wu in C. Y. Wu, 
Fl. Xizang. (1983) 348. --- Pleopeltis coronans (Wallich ex Mett.) v. A. v. 
R., Bull. D~p. Agric. Indes nêerl. 27 (1909) 11. --- Type: Wallich 288, 
Nepal, Nookete, Mt. Pandera (holo: B; iso: BM, BR, G, GH, K, L, P, US, W). 

Polypodium conjugatum Baker in Hook. & Baker, Syn. Fil. (1868) 366 [non 
poir., 1804; non Kaulf., 1827J (nom. illeg.). --- Drynaria conjugata Baker 
ex Bedd., Suppl. Ferns S. Ind. & Br. Ind. (1876) 23. --- Type: not traced. 

Drynaria esquirolii C. Chr., Bull. G~ogr. bot. 23 (1913) 139; Ind. Fil. 
suppl. 2 (1917) 13. Type: Esquirol 2569, China, Kouy-Tch~ou, Thouly 
(holo: BM). 

Usually epiphytic, of ten epilithic, forming ring-shaped circular basket 
(around boles).--- Rhizome 2-->3 cm 0, phyllopodia absent, fronds <10 cm 
apart, dilated frond bases imbricate, rhachises not persistent, >40 
vascular bundles, all + equally-sized, arranged in 1 or 2 p.p. rows with 
conspicuous dorsal invaginations and sometimes enclosed circle, bundle 
sheath ill-developed, blue- or red-coloured, epidermis cells isodiametric, 
scale attachment more or less sunken, sclerenchyma strands absent.--­
Rhizome scales obliquely spreading, basifix, pseudo-peltate with short 
auricules, triangular/ovate to linear/filiform, index (6--)10--25, 5--20 
by 0.5--1 mm, margin toothed, teeth biseriate, 1-celled, top united or 
top T-shaped, apex short filiform/narrow acuminate, glandular top cell 
present, glandular indument present throughout, 1- or 2-celled, indument 
inserted marginally only, lignified cells absent.--- Fronds monomorphic, 
pandurate, lobate and pinnatifid, index 3--6, 70--li'cIlSY 20--45 cm, 
sessile, base dilated, pinnae equally wide throughout, clearly decreasing 
in size towards apex or + equally wide all over, index 5--7(--10), up to 
15--35 by 1.5--5 cm, Tncisions up to >0.2 cm from the costa, increasing 
towards the base, margin entire, apex acute to apex acuminate, apical 
pinna present, nectaries situated in the lower angle between costa and Vp 
(or Vp and Vs).--- Venation of sterile pinnae: Vs running more or less 
straight ora regular zigzagging, Vt branching from Vtc basically recurrent, 
free vein endings running diffuse, all terminated by a hydathode; A1c 
always present, + regularly shaped throughout bordering part of basal Vs 
shortened, largely containing 1, 2, or more included veins, simple, once 
dichotomous, partly anastomosed; A1 divided into 2--4 Asec, areole 
layering comprising 4--8 A1, distinct, regularly shaped throughout, Asec 
empty or containing simple or once dichotomous veins.--­
Fertile frond parts + similar to sterile foliage frond parts, venation 
slightly less complex, free ending veins shortened, Vt directed to the 
nearby sorus, A1c not soriferous.--- Sori elliptic, 1--3 mm long, 
distributed all over the abaxial frond surface, in the basal pinnae usually 
in the apical part only, arranged in one row parallel to the Vs, one per 
A1, near the Vs margins, midway on anastomosed veins or on branching points 
of 2--4 veins, slightly pustulate.--- Anatomy: costa near the base 
rounded, up to 1(--1.5) cm 0, 7-->11 vascular bundles, costa in middle 
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part rounded, 4 or 5 vascular bundles, bundle sheath brown-coloured; 
lamina: stomata 2100--2700 lum2, epidermis red-coloured, hypodermis present 
ad- and abaxially, marginal sclerenchymatous strand with >25 cells, Vp 
rounded, vein sheath interrupted, conspicuously sclerenchymatic, cortex 
blue- to red-coloured, sclerenchymatous or firm parenchymatous, 1 vascular 
bundle, bundle sheath blue- to brown-coloured, xylem arrangement T- to V­
shaped, sclerenchymatous strands absent, veinlet sheath extensions 
sclerenchymatous from epidermis to epidermis; receptacle with more or less 
isodiametric cell arrangement, 1 or 2 veinlets.--- Indument: laminar 
trichomes present, glandular, not densily set, >95% unbranched, 2 cells 
long, 85--115 lum long, type 11 glandular trichomes absent, acicular 
trichomes absent, laminar scales scattered around costa only, basifix, 
linear/filiform, teeth biseriate, glandular indument absent, indument 
inserted marginally only, lignified cells absent, apex long filiform; 
receptacular hairy paraphyses 10--25% branched, 1 or 2 glandular cells, 
2--4 cells long, 85--150(--180) lum long, receptacular scaly paraphyses 
absent; deviating sporangia absent, sporangial paraphyses absent.--­
Sporangium 275--305 by 220--250 lum, annulus with (12--)14 or 15(--17) 
indurated cells, 3(4) epistomium cells, 3 or 4(5) hypostomium cells, in 
total (21)22 or 23(--25) cells.--- Spores of quercifolium-type, peri spore 
smooth sometimes folded, ultrastructure smooth, basal layer inconspicuous, 
spines present, sharp and smooth, with apical constriction, baculae 
absent, globules absent, exospore with globular excrescences. 

Distribution: Bangla-Desh, India (Uttar-Pradesh, Sikkim, Assam, Manipur), 
Nepal, Bhutan, China (Yunnan, Guangsu, Guizhou, Guangdong, Hainan), Taiwan, 
Ryukyu Isl., Birma, Thailand, Laos, Vietnam, Penang, Malay Peninsula. 

Habitat: Primary and secondary forest (a.o. evergreen-, mixed deciduous-, 
bamboo-), sometimes in more open vegetation. Usually growing in the shade, 
0--25 m above the ground. Reported on Quercus spec., Pinus spec. Alt. 100--
1800(--2000) m. 

Notes. 1. Vern. names: Gwu-on (Yunnan, China) 
Yan-zhe-ji (Ping-bien, China) 
Bai kut om (= enclosing; Laos) 

2. Koelz 10555 (US): 'grows in ring around tree' 
Kerr 9934 (K): 'usually forming a complete circle around bole of tree' 
Kingdom-Ward 20458 (BM, GH): 'base of leaf forms a cup or purse in which 

humus collects, the roots from rhizome grow into this' 
3. McClure 2170 (C.C.C. 8574; B): 'Rootstock used in chinese pharmacy' 
4. Dilated frond base sometimes ill-developed, resembling a wing. 
5. 2n = 72?, 74? (L~ve, L~ve, & Pichi Sermolli, 1977) 

24. Aglao.orpha heraclea (Kunze) Capel. 

Aglaomorpha heraclea (Kunze) Copel., Univ. Calif. Publs Bot. 16, 2 (1929) 
117; C. Chr., Ind. Fil. suppl. 3 (1934) 20; Backer & Posthumus, Varenfl. 
Java (1939) 232; Holttum, Fl. Mal. 2, Ferns (1954) 185; [Fl. Thail. 1] Dansk 
Bot. Ark. 20, 1 (1961) 21. Polypodium heracleum Kunze, Bot. Ztg 6, 7 
(1848) 117; Mett., Farngatt. 1, Polyp. (1857) 117, T. 3, 52; Hook., Gard. 
Ferns (1862) Pl. 1; Sp. Fil. 5 (1864) 93; Mett., Filices 2 (1866) 230 (21) ; 
Baker, in Hook. & Baker, Syn. Fil. (1868) 366; J. Linn. Soc. Lond. (Bot.) 15 
(1877) 110; Christ, Farnkr. (1897) 116; Racib., Pterid. Fl. Buitenzorg 
(1898) 116; Diels in E&P, Nat. Pfl. Fam. 1, 4 (1902) 319; Copel., Dep. int. 
Bur. Govern. 28 (1905) 133; C. Chr., Ind. Fil. (1906) 532; Copel., Philippe 
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J. Sci. [Bot.] 6, 3 (1911) 140; ·Sarawak Mus. J. 2, 3 (1917) 407; Brause, 
Bot. Jb. 56, 1 (1920) 204. --- Drynaria heracLea (Kunze) T. Moore, Ind. FiL. 
(1862) 346; J. Smith, Ferns Br. & For. (1866) 103; Hist. FiL. (1875) 108. 
--- PLeopeLtis heracLea (Kunze) v. A. v. R., BuLL. D!p. Agric. Indes n!erL. 
27 (1909) 11. --- Drynariopsis heracLea (Kunze) Ching, Sunyatsenia 5 (1940) 
262; CopeL., Gen. FiL. (1947) 201; HoLttum, FL. MaL. 2, Ferns (1954) 185; 
CopeL., Fern FL. PhiLipp. 3 (1960) 492; C. Chr., Ind. FiL. suppL. 4 (1965) 
106. --- Type: ZoLLinger 977, Java, Provo Bogor, Mt BaLang (B, n.v.). 

Drynaria morbiLLosa auct non C. PresL; J. Smith, Hook. J. Bot. 3 (1841) 
398 p.p.; CuLt. Ferns cat. (1857) 14. 

UsuaLLy epiphytic, forming ring-shaped circuLar basket around boles, rareLy 
epiLithic.--- Rhizome 2-->3 cm 0, phyLLopodia absent, fronds <10 cm apart, 
diLated frond bases imbricate, rhachises not persistent, >40 vascuLar 
bundLes, aLL + equaLLy-sized, arranged in 1 or 2 p.p. rows with 
conspicuous invaginations and sometimes encLosed circLe, bundLe sheath iLL­
deveLoped, bLue-coLoured, epidermis ceLLs fLattened, scaLe attachment 
more or Less sunken, scLerenchyma strands absent.--- Rhizome scaLes 
obLiqueLy spreading, basifix, pseudo-peLtate with short auricuLes, 
trianguLar/ovate, Linear/fiLiform, or spathulate, index 6--25(--35), 7--40 
by (0.6--)1--2.5 mm, margin toothed, teeth biseriate, 1-celled, top 
united, apex Long fiLiform, gLanduLar top ceLL present, gLanduLar indument 
present throughout, 1- or 2-ceLLed, indument inserted marginaLly and 
abaxiaLLy, midrib present.--- Fronds monomorphic, pandurate, Lobate and 
pinnatifid, sessile, index 3--7~-)100--200(--350) by 20--65(--100) cm, 
base di Lated, pinnae equaLLy wide throughout, cLearLy decreasing in size 
towards the apex, index 4--8, up to 15--65 by 3--14 cm, inclslons up to 
>0.5 cm from the costa, increasing towards the base, margin entire, apex 
acute to acuminate, apicaL pinna present, nectaries situated in the Lower 
angLe between costa and Vp (or Vp and Vs).--- Venation of sterile pinnae: Vs 
running more or Less straight, Vt branching from Vtc basicaLLy excurrent 
and recurrent, free vein endings running diffuse, aLL terminated by a 
hydathode; A1c sometimes absent, usuaLLy present, irreguLarLy shaped, 
bordering part of basaL Vs and of apicaL Vs shortened, aLL containing 1, 2, 
or more incLuded veins, simpLe or once dichotomous, partLy anastomosed; 
A1 divided into 3 or 4 or more Asec, areoLe Layering comprising 6--9 A1, 
distinct, reguLarLy shaped throughout the frond, Asec LargeLy containing 
simpLe veins.--- FertiLe frond parts + simiLar to steriLe frond parts, A1c 
sometimes soriferous.--- Sori round, - 1<--2 mm 0, distributed aLL over the 
abaxiaL frond surface, in the basaL pinnae usuaLly in the apicaL part onLy, 
arranged in 2 rows paraLLeL to the Vtc, many per A1, near the Vtc margins, 
terminaL and subterminal on free veins, midway on anastomosed veins, or on 
branching points of 2--4 veins, sLightLy pustuLate.--- Anatomy: costa near 
the base elLipticaL or invaginated, up to 2.5 cm 0, >11 vascuLar bundles, 
costa in middLe part rounded, >6 vascuLar bundLes, bundLe sheath bLue- or 
brown-coLoured; Lamina: stomata 1500<--2100 lum2, epidermis red-coLoured, 
hypodermis present adaxiaLLy, marginaL scLerenchymatous strand with >25 
ceLLs; Vp rounded, vein sheath interrupted, cortex bLue- to red-coLoured, 
scLerenchymatous or firm parenchymatous, 1--3 vascuLar bundLes, bundLe 
sheath bLue- or brown-coLoured, xyLem arrangement V-shaped, 
scLerenchymatous strands absent, veinlet sheath extensions scLerenchymatous 
from epidermis to epidermis; receptacLe with more or Less isodiametric ceLL 
arrangement, 1 or 2 veinLets.--- Indument: Laminar trichomes present, 
gLanduLar and acicuLar, not densiLy set, gLanduLar trichomes >95% 
unbranched, 2 or 3 ceLls Long, 85--120(--230) lum Long, type 11 gLandular 
trichomes absent, acicuLar trichomes more or Less scattered throughout, 
(1)2 celLs Long, 160--190 lum Long; Laminar scaLes scattered around costa 
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only, basifix, Linear/fiLiform, teeth biseriate, gLanduLar indument 
present throughout, 1- or 2-ceLLed, indument inserted marginaLLy onLy, 
Lignified ceLLs absent, apex Long fiLiform; receptacuLar hairy paraphyses 
>90% unbranched, >5% branched, 1 or 2(--4) glanduLar ceLLs, (2)3 or 4 
ceLLs Long, 135--215 lum Long, receptacuLar scaLy paraphyses absent; 
deviating sporangia absent, sporangiaL paraphyses absent.--- sporanïium 
280--365 by 220--280 lum, annulus with (12)13--15(--17) indurated ce Cs, 
3 epistomium ceLLs, 3--5 hypostomium celLs, in total (21)22--24(--27) 
celLs.--- Spores of quercifoLium-type, peri spore smooth sometimes foLded, 
ultrastruc~mooth, basaL Layer inconspicuous, spines absent, bacuLae 
absent, gLobuLes present, exospore smooth. 

Distribution: Sumatra, MaLay PeninsuLa, Bangka, BiLliton, Java, Sumba, 
Borneo (KaLimantan, Sabah), PhiLippines (Luzon, Mindoro, Panay, Leyte, 
Samar, Mindanao), CeLebes, MoLuccas, Waigeo, New Guinea (W. Irian, Papua), 
New Britain, New IreLand, Solomons. 

Habitat: Primary and secondary forest (a.o. dry evergreen-, Castanopsis-, 
mixed oak-). Growing in the shade, 0--25 m (rareLy higher) above the ground. 
Reported on Erythrine spec., Intsia bijuga. ALt. 0--1700 m. 

Notes. 1. Vern. names: Sarawkong (Davao, Mindanao, Philippines) 
Dopa dopa (Manobo; Agusan, Mindanao) 

2. Surbeck 1118 (L): 'in richtigen Rosetten am Boden.' 

25. AgLau.orpha .eyeniana Schott 

AgLaomorpha meyeniana Schott, Gen. FiL. (1835 or '36) ad tab. 19; Kunze, 
Farnkr. (1840-'47) 191, t. 81; J. Smith, Hook. J. Bot. 3 (1841) 398; 4 
(1842) 62; Hook. & Bauer, Gen. FiL. (1842) t. 91; F~e, M~m. Foug. 5, Gen. 
FiL. (1850-'52) 266; Brackenbridge, U. S. ExpL. Exp. 16 (1854) 56; Mett., 
Fil. HB. Lips (1856) 38; T. Moore, Ind. FiL. (1862) 42; Ettingh., Farnkr. 
Jetztw. (1865) 54, Fig. 23, 24, T. 38: Fig. 12 ["mayeniana"]; J. Smith, 
Hist. FiL. (1875) 110; CopeL., PhiL. J. Sci. [Bot.] 6, 3 (1911) 141; v. A. 
v. R., MaL. Ferns SuppL. (1917) 418; C. Chr., Ind. FiL. suppL. 2 (1917) 3; 
CopeL., Univ. CaLif. PubLs Bot. 16, 2 (1929) 117; Fern FL. Philippe 3 (1960) 
494; De VoL in H. L. Li et aL., FL. Taiwan 1 [Pterid.] (1975) 211, PL. 73. 
--- PoLypodium meyenianum (Schott) Hook., Spec. FiL. 5 (1864) 94; Baker in 
Hook. & Baker, Syn. FiL. (1868) 366; Christ, Farnkr. (1897) 117; BuLL. Herb. 
Boissier 6, 3 (1898) 202; DieLs in E&P, Nat. PfL. Fam. 1, 4 (1902) 319; 
Copel., Dep. int. Bur. Govern. 28 (1905) 133; C. Chr., Ind. FiL. (1906) 544. 
--- PLeopeLtis meyeniana (Schott) v. A. v. R., BuLL. D~p. Agric. Indes 
n~erL. 27 (1909) 11. Dryostachyum meyeniana (Schott) Brause, Bot. Jb. 
49, 1 (1912) 57. --- Type: Cuming 49, phiCippines, Luzon, Provo Laguna (iso: 
B, BM, K, L). 

Psygmium eLegans C. PresL, Tent. Pterid. (1836) 199. Type: Meyen herb 
s.n., Philippines, Luzon, Manila (holo: PRC, n.v.; iso: B). 

Epiphytic, forming ring-shaped circuLar basket around boLes sometimes 
epiLithic.--- Rhizome 2-->3 cm 0, phyLLopodia absent, fronds <10 cm apart, 
diLated frond bases imbricate, rhachises not persistent, >40 vascuLar 
bundles, aLL + equaLLy-sized, arranged in 2 p.p. eLlipticaL rows or in 1 
row with conspicuous dorsaL invaginations, bundLe sheath iLL- to weLL­
deveLoped, bLue- or red-coLoured, epidermis ceLLs isodiametric, scaLe 
attachment more or Less sunken, scLerenchyma strands absent.---
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Rhizome scales obliquely spreading, basifix, pseudo-peltate with short 
auricules, triangular/ovate to linear/filiform, index 12--20, 6--15 by 
0.4--1.0(--1.3) mm, margin toothed, teeth biseriate, 1-celled, top 
united, apex long filiform to short filiform/narrow acuminate, glandular 
top cell present, glandular indument present throughout, 2-celled, 
indument inserted marginally only, lignified cells absent.--- Fronds 
internally dimorphic, pandurate, lobate and pinnatifid, sessile, index 
2.5--4.5(--5.5), (35--)40--90(--105) by 15--30, base dilated, sterile 
pinnae equally wide throughout, index (2.5--)4--6(--7), up to 7.5--15 by 
1.5--3.5, incisions up to >0.2 cm from the costa, increasing towards the 
base, margin entire, apex acute to acuminate, apical pinna present, 
nectaries situated in the lower angle between costa and Vp (or Vp and 
Vs).--- Venation of sterile pinnae: Vs running more or less straight or 
regular zigzagging, Vt branching from Vtc basically recurrent, free vein 
endings running diffuse or excurrent and recurrent, all terminated by a 
hydathode; A1c always present, usually regularly shaped throughout, 
sometimes irregularly shaped, bordering part of basal Vs shortened, all 
containing 2 or more included veins, simple, once dichotomous, or more 
extensively branched, partly anastomosed; A1 divided into 3, 4, or more 
Asec, areole layering comprising 4--6 A1, distinct, regularly shaped 
throughout the frond, Asec containing simple, once dichotomous, or twice or 
more dichotomous veins.--- Fertile frond parts clearly contracted, pinnae 
"string of beads"-like shaped, index >15, up to 5--20(--30) by 0.4--0.8 cm, 
Vs and Vt strongly reduced, diplodesmic, areole layering absent, free 
ending veins shortened or absent, Vt directed to the nearby sorus, A1c not 
soriferous.--- Soral patches round, on small half-circular lobes, 1--3 mm 
0, distinctly restricted to the apical two-third or less of the frond, in 
the basal pinnae sometimes in the apical part only, arranged in 1 row 
parallel to the Vp, on branching points of more than 4 veins, pustulate.--­
Anatomy: costa near the base rounded, up to 0.7 cm 0, 7-->11 vascular 
bundles, costa in middle part rounded, 3--5 vascular bundles, bundle 
sheath blue- or brown-coloured; lamina: stomata <1500 /um2, in fertile 
pinnae epidermis red-coloured, hypodermis present ad- abaxially, marginal 
sclerenchymatous strand with >25 cells, in fertile pinnae epidermis blue­
coloured, hypodermis absent, marginal sclerenchymatous strand less 
developed to (nearly) lacking; Vp rounded, vein sheath continuous, in 
fertile pinnae interrupted, cortex blue-coloured, parenchymatous, 1 
vascular bundle, bundle sheath blue-coloured, xylem arrangement V-, in 
fertile pinnae T-shaped, sclerenchymatous strands absent, veinlet sheath 
extensions sclerenchymatous from epidermis to epidermis; receptacle with 
perpendicular cell arrangement, 1--4 veinlets.--- Indument: laminar 
trichomes present, glandular and acicular, not densily set, glandular 
trichomes >5X branched, 2 cells long, 75--110 /um long, type 11 glandular 
trichomes present, acicular trichomes in tuft on abcission vein only, 3 
cells long, 140--180 /um long; laminar scales scattered around costa only, 
basifix, linear/filiform, teeth biseriate, glandular indument present 
throughout, 1- or 2-celled, indument inserted marginally only, lignified 
cells absent, apex filiform/narrow acuminate; receptacular hairy 
paraphyses >90X unbranched, 1 or 2 glandular cells, 2 cells long, (50--) 
60--75(--100) /um long, receptacular scaly paraphyses absent; deviating 
sporangia absent, sporangial paraphyses absent.--- Sporangium 290--320 by 
240--270 /um, annulus with (11)12(--14) indurated cells, (2)3 epistomium 
cells, 2 or 3 hypostomium cells, in total (18)19 or 20(21) cells.--­
Spores of meyeniana-type, peri spore verrucate, ultrastructure smooth, 
basal layer thick, spines absent, baculae present, globules absent, 
exospore smooth. 

Distribution: Taiwan, Philippines (Luzon, Mindoro, Catanduanes, Cebu). 
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Habitat: Primary forest. Usually growing exposed. Alt. 450--800(--1600) m. 

26. Aglaa.orpha drynar;o;des (Hook.> Roos 

Aglaomorpha drynarioides (Hook.) Roos, Blumea (1985). --- Acrostichum 
drynarioides Hook., Sp. Fil. 5 (1864) 284; Baker in Hook. & Baker, Syn. Fil. 
(1868) 425. --- Photinopteris drynarioides (Hook.) Bedd., Ferns Br. Ind. 
(1869) T. 325; Handb. Ferns br. Ind. (1883) 442, Fig. 270). --- Dryostachyum 
drynarioides (Hook.) Kuhn, [Miq.] Annls Mus. Bot. Lug. -Bat. 4 (1869) 296; 
Diels in E&P, Nat. Pfl. Fam. 1, 4 (1902) 328; C. Chr., Ind. Fil. (1906) 301; 
suppl. 1 (1913) 50; Rech., Denkschr. Akad. Wiss. Wien 89 (1913) 480. --­
Polypodium drynarioides (Hook.) Christ [non Gris.], Farnkr. (1897) 117, nom. 
lLLeg. ---Merinthosorus drynarioides (Hook.) Copel., Phil. J. Sci. [Bot.] 6, 
2 (1911) 92; C. Chr., Ind. Fil. suppl. 2 (1917) 48; Copel., Univ. Calif. 
Publs Bot. 16, 2 (1929) 122; Gen. Fil. (1947) 202; Holttum, Fl. Mal. 2, 
Ferns (1954) 186; Brownlie, beih. Nova Hedw. 55 [Pterid. Fiji] (1977) 364. 
--- Lectotype: Norris s.n., s.d., Malayan Peninsula, penang (holo:K; iso: 
B). 

Acrostichum thomsoni Baker, J. Linn. Soc. Lond. (Bot.) 15 (1877) 111; 
Hook. f., Hook. Ic. Pl. ser. 3 (1887) Pl. 1694. --- Dryostachyum thomsoni 
(Bak.) Diels in E&P, Nat. Pfl. Fam. 1, 4 (1899) 328; C. Chr., Ind. Fil. 
(1906) 301; suppl. 2 (1917) 48 (added Photinopteris and Merinthosorus with 
question mark). --- Photinopteris thomsoni (Baker) C. Chr., Ind. Fil. suppl. 
2 (1917) 48 (with question mark). --- Merinthosorus thomsonii (Bak.) Copel., 
Univ. Calif. Publs Bot. 18, 10 (1942) 226; C. Chr., Ind. Fil. suppl. 4 
(1965) 194. --- Type: Moseley s. n., Admirality Islands (holo: K). 

Dryostachyum singulare Mett. ex Kuhn, [Miq.] Annls Mus. Bot. Lug. -Bat. 4 
(1869) 296 (nom. illeg.). --- Type: Korthals (?), Sumatra (holo: L). 

Usually epiphytic, forming ring-shaped circular basket around boles, 
sometimes epilithic or terrestrial.--- Rhizome 2-->3 cm 0, phyllopodia 
absent, fronds <10 cm apart, dilated frond bases imbricate, rhachises not 
persistent, >40 vascular bundles, all + equally-sized, arranged in 1 row 
with aconspicuous dorsal invagination, bundle sheath ill-developed, blue­
or red-coloured, epidermis cells flattened or isodiametric, scale 
attachment more or less sunken, sclerenchyma strands absent.--­
Rhizome scales obliquely spreading, basifix, pseudo-peltate with short 
auricules, triangular/ovate to linear/filiform, index 8--20, 10--21(--27) by 
0.7--1.5 mm, margin toothed, teeth biseriate, 1-celled, top united or 
T-shaped, apex long filiform to short filiform/narrow acuminate, glandular 
top cell present, glandular indument present throughout, 1- or 2-celled, 
indument inserted marginally only, lignified cells absent.--- Fronds 
internally dimorphic, pandurate, lobate and pinnatifid, sessile, index 
3--5.5, 50--175 by 15--45 cm, base dilated, sterile pinnae equally wide 
throughout or with a basal constriction, index 3.5--6.5, 9--26 by 2--5.5 cm, 
incisions up to >0.5 cm from the costa, increasing towards the base, margin 
ent;re, apex acute to acuminate, apical pinna present, nectaries situated 
in the lower angle between costa and Vp (or Vp and Vs).--- Venation of 
ster;le p;nnae: Vs running more or less straight or regular zigzagging, Vt 
branching from Vtc basically recurrent, free vein endings running diffuse 
or excurrent and recurrent,. all terminated by a hydathode; A1c sometimes 
absent, usually present, irregularly shaped, bordering part of basal Vs 
and of apical Vs shortened, all containing 2 or more included veins, simple 
or once dichotomous, partly anastomosed; A1 divided into 3, 4, or more 
Asec, areole layering comprising 6--8 A1, distinct, regularly shaped 
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throughout the frond, Asec containing simple, once dichotomous, or twice or 
more dichotomous veins.--- Fertile frond parts clearly contracted, pinnae 
index >30, up to 10--45 by 0.3--0.5 cm, Vs and Vt strongly reduced, 
diplodesmic, areole layering absent, free ending veins shortened or absent, 
Vt directed to the nearby sorus, A1c not soriferous.--- Soral patches 
linear, sometimes ellipt i c, distinctly restricted to the apical two-third 
or less of the frond, in the basal fertile pinnae sometimes in the apical 
part only, in 1 string/row parallel to the Vp, on branching points of more 
than four veins, pustulate.--- Anatomy: costa near the base rounded, up 
to 1--1.5 cm 0, 9-->11 vascular bundles, costa in middle part rounded, 4 
vascular bundles, bundle sheath brown-coloured; lamina: stomata 1500--2100 
/um2, epidermis red-coloured, hypodermis in sterile pinnae present ad- and 
abaxially, in fertile pinnae adaxially, red-coloured, in fertile pinnae 
blue-coloured, marginal sclerenchymatous strand with >25 cells, in fertile 
pinnae (nearly) lacking; Vp rounded, vein sheath interrupted, in fertile 
pinnae ill-developed, cortex blue-coloured, parenchymatous, 1 vascular 
bundle, bundle sheath present, in fertile pinnae thin, blue- or brown­
coloured, xylem arrangement T- to V-shaped, sclerenchymatous strands 
absent, veinlet sheath extensions sclerenchymatous from epidermis to 
epidermis; receptacle with more or less isodiametric cell arrangement, 1 or 
2 veinlets.--- Indument: laminar trichomes present, glandular and 
acicular, not densily set, glandular trichomes 25--50% branched, 2--4 
cells long, 110--180(--250) lum long, type 11 glandular trichomes present, 
acicular trichomes more or less scattered throughout, 2--4(--6) cells long, 
(150--)210--400 lum long; laminar scales scattered around costa only, 
basifix, pseudo-peltate with short auricules, linear/filiform, teeth bi­
seriate, glandular indument present throughout, 1- or 2-celled, indument 
inserted marginally only, lignified cells absent, apex filiforml narrow 
acuminate to acute (acuminate); receptacular hairy paraphyses 10--25% 
branched, 1 or 2(--4) glandular cells, 2--4(5) cells long, 160--390(--500) 
lum long, receptacular scaly paraphyses absent; deviating sporangia 
present, sporangial paraphyses absent.--- Sporangium 275--350 by 235--280 
lum, annulus with (12)13 or 14(15) indurated cells, 3 or 4(5) epistomium 
cells, 3 or 4(5) hypostomium cells, in total (21)22 or 23(--26) cells.--­
Spores of quercifolium-type, peri spore smooth sometimes folded, ultra­
~ure smooth, ultrastructure verruculate, basal layer inconspicuous, 
spines absent, baculae absent, globules present, exospore smooth. 

Distribution: Sumatra, Penang, Malay Peninsula, Riau Arch., Borneo (Sarawak, 
Sabah), Moluccas, New Guinea (W. Irian, Papua), New Britain, New Ireland, 
Solomon Isl., Louisiades. 

Habitat: Primaru and secondary forest (a.o. Dipterocarp-, mangrove-), open 
vegetations, and several kinds of plantations (cocnut-, coffee-, cacao-, 
rubber-). Usually growing rather exposed, (0--)5--30 m above the ground. 
Reported on Ayer mancior, Leucaena spec., Cocos nucifera, Cycas spec., 
Pandanus spec:-A1"t. 0--1800 m. --

Notes. 1. Vern. names: Kwara 'ae, Tataleoleo (St. Ysabel, Solomons) 
Kàh (Kerenci, Sumatra) 
Zalatay (Boana, Morobe Prov., Papua New Guinea) 
Lucka (Bougainville, Solomons) 
Tali nali (Kulumo lang., W. New Britain) 

2. Chromosomes: 2n = 72 (Ltlve, Ltlve, & Pichi Sermolli, 1977) 
3. LAE 66597 (LAE): (for epilithic specimen) 'forming dense circular clumps' 
4. Kajewski 2039 (A, BRI, MICH): 'Opossums sleep at the base of these 
clumps' (of plants of A. drynarioides). 
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27. Aglaa.orpha speciosa (Blu.e) Roos 

Aglaomorpha speciosa (Blume) Roos, Blumea (1985). --- Lomaria speciosa 
Blume, Enum. Pl. Javae Fil. (1828) 202. --- Photinopteris speciosa (Blume) 
Presl, Epim. Bot. (1849) 264; Diels in E&P, Nat. Pfl. Fam. 1, 4 (1902) 328, 
Fig. 170:D-F; Copel., Dep. int. Bur. Govern. 28 (1905) 134; C. Chr., Ind. 
Fil. (1906) 492; Christ, J. Bot. Paris, ser. 2, 1 (1908) 239; Gibbs, J. 
Linn. Soc. Bot. 42 (1914) 204; Copel., Univ. Calif. Publs Bot. 16, 2 (1929) 
122; Backer & Posthumus, Varenfl. Java (1939) 235, Fig. 55; Tardieu & C. 
Chr. in Lecomte, Fl. g~n. Indo-Chine 7, 2 (1941) 502; Copel., Gen. Fil. 
(1947) 203; Holttum, Fl. Mal. 2, Ferns (1954) 187; Copel., Fern Fl. Philipp. 
3 (1960) 496; Hennipman, Blumea 22, 1 (1974) 51. --- Dryostachyum speciosum 
(Blume) Kuhn, [Miq.J Annls Mus. Bot. Lug. -Bat. 4 (1869) 296. --- poLypodium 
speciosum (Blume) Christ [non Blume (1828) 132J, Farnkr. (1897) 121 (nom. 
,lleg.). - Type: Blume s.n., 1824, Java (holo: L). 

Acrostichum riiidum Wallich, List no. 27 (1828) nomen nudum; Hook., Sp. 
Fil. 5 (1864) 2 1; Baker in Hook. & Baker, Syn. Fil. (1868) 424. --­
Photinopteris rigida (Wallich ex Hook.) Bedd., Ferns br. Ind. (1866) T. 211; 
Handb. Ferns br. Ind. (1883) 442, Fig. 269. --- Type: Wallich 27, Singapor'e 
(holo: K). 

Photinopteris simplex J. Smith, Hook. J. Bot. 3 (1841) 403 (nomen nudum); 
4 (1842) 155; --- Type: Cuming 64, Philippines, Luzon (holo: BM; iso: B, GH, 
K). 

Photinopteris horsfieldii J. Smith, Ho,ok. J. Bot. 3 (1841) 403 (nomen 
nudum); 4 (1842) 155; Hook. & Bauer, Gen. Fil. (1842) 92; F~e, M~m. Foug. 2, 
Acrost. (1844-'45) 102; C. Presl, Epim. Bot. (1849) 191; F~e, M~m. Foug. 5, 
Gen. Fil. (1850-'52) 62; Brackenridge, U. S. Expl. Exp. 16 (1854) 88. --­
Lomariopsis horsfieldii (J. Smith) Mett., Fil. HB. Lips (1856) 22; Ettingh., 
Farnkr. Jetztwelt (1865) 15, T. 8: Fig. 4, T. 9: Fig. 8). --- Type: Cuming 
362, Philippines, Mindoro (holo: BM; iso: B, GH, K, L, MICH, US, W). 

Photinopteris cumingii Presl, Epim. Bot. (1849) 192. --- Type: Cuming 362 
p.p., Philippines, Mindoro (iso: B, BM, GH, K, L, MICH, US, W). 

Acrostichum acuminatum Willd., Spec. Plant. ed. 5, 5 (1810) 116, p.p. 
Photinopteris humboldtii Presl, Epim. Bot. (1849) 192. --- Photinopteris 
acuminata Morton, Contr. US Nat. Herb. 38 (1967) 31 (nom. illeg.). Type: 
Herb. Willdenowii 19539, Philippines (Peruvia is erroneous) (holo: B). 

Of ten epiphytic, spi rally or vertically climbing, of ten epilithic, linearly 
creeping.--- Rhizome 1--2 cm 0, phyllopodia absent, fronds >20 cm apart, 
rhachises not persistent, 15--30 vascular bundles, dorsal + 4 large(r) 
sized, arranged in 1 or 2 p.p. elliptical rows with a dorsal protrusion, 
bundle sheath rarely absent, usually well-developed, brown-coloured, 
epidermis cells isodiametric, scale attachment more or less sunken, 
sclerenchyma strands absent.--- Rhizome scales obliquely spreading, 
pseudo-peltate with long auricules, trianguLar/ovate, linear/filiform to 
spathulate, index 5--10, 3--7.5(--10) by 0.5--1.2 mm, margin with short 
protuberances, teeth/protuberances uniseriate and biseriate, 1-celled, 
top united, rounded, or T-shaped, apex short filiform/narrow acuminate, 
glandular top cell absent, glandular indument present throughout, 1- or 
2-celled, indument inserted marginally only, lignified cells absent or 
present around the point of attachment only.--- Fronds internally dimorphic, 
once pinnate, up to 40--115 cm long, stalked~iole up to 10--35 by 
0.4--0.7 cm, not winged; lamina quadrangular to ovate, index 2--4, (30--) 
45--90 by 15--30 cm, sterile pinnae with a clear basal constriction, ovate, 
index 2--3.5, 7--30 by 3.5--10 cm, margin entire, apex acuminate, apical 
pinna present, nectaries situated in the lower angle between costa and Vp, 
quadrangular.--- Venation of sterile pinnae: Vs running in a regular 
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zigzagging way, Vt branching from Vtc basically recurrent, free vein 
endings largely running excurrent and recurrent, all terminated by a 
hydathode; A1c always present, usually regularly shaped throughout, 
sometimes irregularly shaped, both branching points of the Vtc and Vs 
equally distant from the Vp or shortened, all containing 1, 2, or more 
included veins, simple, once dichotomous or more extensively branched, 
partly anastomosed; A1 divided into 3 or 4 Asec, areole layering comprising 
6--9 A1, distinct, regularly shaped throughout the frond, Asec containing 
simple and largely once and twice or more dichotomous veins.--- Fertile 
frond parts clearly contracted, index >25, up to 10--27 by 0.4--0.7 cm, Vs 
and Vt of fertile frond parts strongly reduced, diplodesmic, areole 
layering absent, free ending veins shortened or absent, Vt directed to the 
nearby sorus, A1c not soriferous.--- Soral patches linear, rarely 
elliptic, distinctly restricted to the apical two-third or less of the 
frond, in the basal fertile pinnae sometimes in the apical part only, 
sometimes in elliptical patches, on branching points of more than 4 veins, 
pustulate.--- Anatomy: petiole rounded or elliptical, 7--10 vascular 
bundles, rhachis rounded or invaginated, 3--5 vascular bundles, bundle 
sheath blue-coloured; lamina: stomata 2100--2700 /um2, epidermis blue- or 
red-coloured, fertile pinnae blue-coloured, hypodermis in sterile pinnae 
present ad- and abaxially, in fertile pinnae adaxially, marginal 
sclerenchymatous strand with >25 cells, in fertile pinnae somewhat less 
developed; Vp rounded, vein sheath continuous, in fertile pinnae 
interrupted, cortex blue- to red-coloured, sclerenchymatous or firm 
parenchymatous, vascular bundle, bundle sheath (at least p.p.) red­
coloured, open sclerenchyma cells, otherwise brown-coloured, in fertile 
pinnae blue, xylem arrangement T-shaped, sclerenchymatous strands absent, 
veinlet sheath extensions sclerenchymatous from epidermis to epidermis; with 
some irregularities; receptacle with more or less isodiametric cell 
arrangement, 3 or 4 veinlets.--- Indument: laminar trichomes present, 
glandular and acicular, tomentose, glandular trichomes >5% branched, 2 
cells long, 85--105(--120) /um long, type 11 glandular trichomes absent, 
acicular trichomes more or less scattered throughout, 1--3(--22) cells 
long, 100--3000 /um long; laminar scales scattered around rhachis only, 
basifix, pseudo-peltate with short auricules, linear/filiform, teeth/ 
protuberances uniseriate and biseriate, glandular indument present near 
the base only, 1- or 2-celled, indument inserted marginally only, 
lignified cells absent, apex long filiform; receptacular hairy paraphyses 
>90% unbranched, 1 or 2 glandular cells, 2 or 3 cells long, 80--150 
(--210) /um long, receptacular scaly paraphyses absent; deviating sporangia 
absent, sporangial paraphyses absent.--- Sporangium 245--285 by 205--240 
/um, annulus with 12 or 13 indurated cells, (1)2 or 3 epistomium cells, 2 
or 3 hypostomium cells, in total 18--20 cells.--- Spores of quercifolium­
type, peri spore smooth sometimes folded, ultras~re smooth, basal 
layer inconspicuous, spines absent, baculae absent, globules present, 
exospore with globular excrescences. 

Distribution: Thailand, Laos, 
Peninsula, Singapore, Bangka, 
Philippines (Luzon, Mindoro, 
Mindanao), Celebes. 

Vietnam, Mentawai Isl., Sumatra, Malay 
Java, Borneo (Kalimantan, Sarawak, Sabah), 

Catanduanes, Panay, Negros, Cebu, Leyte, 

Habitat: Primary and secondary forest (a.o. Dipterocarp-, pine-), epilithic 
on sand- and limestone. Growing exposed or shaded, 0--40 m above the ground. 
Reported on Ficus fistulosa, Gonystylus bancanus, Eleais guineensis, 
Anisoptera spec. Alt. 0--1600(--2300) m. 
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Notes. 1. Vern. names: Qeqapatpat di doplah, E apatpat di doplah, A patpat 
di batu (Ifugao, Luzon, Philippines) 
Locdo (Damaguete, Negros, Philippines) 
Libagod (Mt. Apo, Mindanao, Philippines) 
Paku topèng (Preangger, Java) 

2. Hennipman 4012 (L): 'Powder made from the rhizome is used when people are 
bitten by animals.' (Thailand) 
3. Hennipman 5704 (L): 'Fronds when young hairy, white spotted or not, some 
glabrous. Larger fronds hairless, rhizome whitish'. (Celebes) 
4. Pinnae are conspicuously acuminate. 
5. 2n = 72 (Ltlve, Ltlve, & Pichi Sermolli, 1977) 

28. Aglaa.orpha latipinna (C. Chr.) Roos 

Aglaomorpha latipinna (C. Chr.) Roos, Blumea (1985). --- Holostachyum 
hieronymi var. latipinna, C. Chr., Svensk Bot. Tids. 16 (1922) 96. --- Type: 
Kaudern 52, N. Celebes, Bolaang-Mongodou (holo: S). 

Epiphytic, spi rally or vertically climbing, or epilithic, linearly 
creeping.--- Rhizome 1--2 cm 0, phyllopodia absent, fronds >20 cm apart, 
rhachises not persistent, 15--30 vascular bundles, dorsal + 4 large(r) 
sized, arranged in 1 or 2 p.p. elliptical rows with a dorsaL protrusion, 
bundle sheath ill- to well-developed, blue- or brown-coloured, epidermis 
cells isodiametric, scale attachment more or less sunken, sclerenchyma 
strands absent.--- Rhizome scales adpressed, pseudo-peltate with long 
auricules, triangular/ovate, index 3--7, 4--8 by 0.8--1.8 mm, margin 
with elongated protuberances, protuberances uniseriate and biseriate, 1-
celled, top T-shaped, apex short filiform/narrow acuminate to acute 
(acuminate), glandular top cell absent, glandular indument present 
throughout, 2-celled, indument inserted marginally only, lignified cells 
present around the point of attachment only.--- Fronds internally 
dimorphic, pinnatifid, 50--100 cm long, stalked, petiole inconspicuously 
winged, wing sinusoid, lamina + ovate, index 2.5--4, 40--80 by 15--28 cm, 
sterile pinnae equally wide throughout, index 4--8, 8--16 by 1.5--3 cm, 
inclslons up to 0.0--<0.2 cm from the costa, margin entire, apex acuminate, 
apical pinna present, nectaries situated in the lower angle between costa 
and Vp (or Vp and Vs).--- Venation of sterile pinnae: Vs running in a 
regular zigzagging way, Vt branching from Vtc basically recurrent, free 
vein endings largely running excurrent and recurrent, all terminated by a 
hydathode; A1c always present, regularly shaped throughout, rarely 
irregularly shaped, bordering part of basal Vs shortened, all containing 
1, 2, or more included veins, simple, once dichotomous or more 
extensively branched, partly anastomosed; A1 divided into 3 or 4 Asec, 
areole layering comprising 5 or 6 A1, distinct regularly shaped throughout 
the frond, Asec containing simple and once dichotomous veins.--­
Fertile frond parts clearly contracted, index >18, 12--26 by 0.6--1 cm, Vs 
and Vt strongly reduced, diplodesmic, areole layering still + present, 
free ending veins shortened Vt directed to the nearby sorus; A1c not 
soriferous.--- Soral patches quadrangular, 3-->4 mm 0, distinctly restricted 
to the apical two-third or less of the frond, in the basal fertile pinnae 
of ten in the apical part only, arranged in 1 row parallel to the Vp, on 
branching points of more than 4 veins, pustulate.--- Anatomy: petiole 
rounded, 7--8 vascular bundles, costa in middle part rounded, 2 vascular 
bundles, bundle sheath blue-coloured; lamina: stomata 1500<--2100 lum2, 
epidermis blue- or red-coloured, in fertile pinnae blue-coloured, 
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hypodermis in sterile pinnae present ad- and abaxially, in fertile pinnae 
adaxially, marginal sclerenchymatous strand with >25 cells, in fertile 
pinnae somewhat less developed; Vp rounded, vein sheath continuous, in 
fertile pinnae interrupted, cortex blue-coloured, parenchymatous, 1 
vascular bundle, bundle sheath (at least p.p.) red-coloured, open 
sclerenchyma cells, xylem arrangement flattened V-shaped, sclerenchymatous 
strands absent, veinlet sheath extensions sclerenchymatous from epidermis to 
epidermis with some irregularities; receptacle with more or less 
isodiametric cell arrangement, 5 or 6 veinlets.--- Indument: laminar 
trichomes present, glandular and acicular, tomentose, glandular trichomes 
25-50% branched, 2 cells long, (75--)90--115 lum long, type 11 glandular 
trichomes present, acicular trichomes more or less scattered throughout, 1 
or 2(--7) cells long, 60--750 lum long; laminar scales scattered around 
costa only, basifix, pseudo-peltate with short auricules, linear/filiform, 
teeth biseriate, glandular indument present near the base only, 1- or 2-
celled, indument inserted marginally only, lignified cells absent, apex 
long filiform; receptacular hairy paraphyses >90% unbranched, 1 or 2 
glandular cells, (2)3 or 4(5) cells long, (70--)90--300(--390) lum long, 
receptacular scaly paraphyses absent; deviating sporangia absent, 
sporangial paraphyses absent.--- Sporangium 250--280 by 200--230 lum, 
annulus with (8)9--14(15) indurated cells, 2 or 3(4) epistomium cells, 
(1)2 or 3 hypostomium cells, in total (14--)20--22(23) cells.--- Spores of 
quercifolium-type, perispore smooth sometimes folded, ultrastructure 
smooth, basal layer inconspicuous, spines absent, baculae absent, 
globules present, exospore with globular excrescences. 

Distribution: Celebes. 

Habitat: Primary and secondary forest. Alt. 1000-1350 m. 

Note. 1. Hennipman 5590 (L, U): 'fronds with lime patches on hydathodes'. 

29. AgLaa.orpha p;Losa (J. S.;th) Capel. 

Aglaomorpha pilosa (J. Smith) Copel., Phil. J. Sci. [Bot.J 6, 3 (1911) 
141; C. Chr.~ Fil. suppl. 2 (1917) 3; Copel., Univ. Calif. Publs Bot. 
16, 2 (1929) 117; Gen. Fil. (1947) 202; Fern Fl. Philipp. 3 (1960) 493. 
Dryostachyum pilosum J. Smith, Hook. J. Bot. 3 (1841) 399; 4 (1842) 62; 
Hook. & Bauer, Gen. Fil. (1842) t. 95; Kunze, Farnkr. (1840-'47) 139, t. 61; 
F~e, M~m. Foug. 5, Gen. Fil. (1850-'52) 275; Mett., Fil. HB. Lips (1856) 20; 
T. Moore, Ind. Fil. (1862) 350; J. Smith, Hist. Fil. (1875) 109; Copel., 
Philipp. J. Sci. [Bot.J 1, suppl. 2 (1906) 165; Brause, Bot. Jb. 49, 1 
(1912) 55. --- Polypodium splendens var. pilosum (J. Smith) Hook., Spec. 
Fil. 5 (1864) 96. --- Polypodium pilosum (J. Smith) Salomon, Nomenclator 
(1883) 314. --- Dryostachyum splendens var. pilosum (J. Sm) C. Chr. Ind. 
Fil. (1906) 301; v. A. v. R., Mal. Ferns (1908) 701; C. Chr., Ind. Fil. 
suppl. 1 (1913) 4. --- Type: Cuming 90, Phillipines, Luzon (holo: BM; iso: 
B, F, GH, K, L, NV, US, W). 

Usually epiphytic, spi rally or vertically climbing, sometimes terrestrial, 
linearly creeping.--- Rhizome 1--2 cm 0, phyllopodia absent, fronds >20 cm 
apart, rhachises not persistent, 15--20 vascular bundles, dorsal + 4 
large(r) sized, arranged in 1 or 2 p.p. elliptical rows with a dorsal 
protrusion, bundle sheath well-developed, blue- or brown-coloured, 
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epidermis ceLLs isodiametric, scaLe attachment more or Less sunken, 
scLerenchyma strands absent.--- Rhizome scaLes adpressed, pseudo-peLtate 
with Long auricuLes, trianguLarlovate, index 2.5--5, 3--7 by 0.8--2.5 mm, 
margin with eLongated protuberances, protuberances uniseriate and 
biseriate, 1-ceLLed, top T-shaped, apex acute (acuminate), gLanduLar top 
ceLL absent, gLanduLar indument present throughout, 1- or 2-ceLLed, 
indument inserted marginaLLy onLy, Lignified ceLLs present around the point 
of attachment onLy.--- Fronds internaLLy dimorphic, 30--105 cm Long, 
pinnatifid, staLked, petioLe 3--16(--30) by 0.4--0.6 cm, inconspicuousLy 
winged, wing sinusoid; Lamina quadranguLar to ovate, index 1.7--3.5, 25--75 
by 8--30 cm, steriLe pinnae equaLLy wide throughout, index 3.5--6, 5--16 by 
1--3.5 cm, inclslons up to <0.2 cm from the costa, margin entire, apex 
acuminate, apicaL pinna present, nectaries situated in the Lower angLe 
between costa and Vp (or Vp and Vs).--- Venation of steriLe pinnae: Vs 
running in a reguLar zigzagging way, Vt branching from Vtc basicaLLy 
recurrent, free vein endings LargeLy running excurrent and recurrent, aLL 
terminated by a hydathode; A1c aLways present, reguLarLy shaped throughout 
the frond(part), sometimes irreguLarLy shaped, both branching points of 
the Vtc and Vs equaLLy distant from the Vp or shortened, aLL containing 1, 
2, or more incLuded veins, simpLe, once dichotomous or more extensiveLy 
branched, partLy anastomosed; A1 divided into 3 or 4 Asec, areoLe Layering 
comprising 4--6 A1, distinct reguLarLy shaped throughout the frond, Asec 
containing simpLe and once dichotomous veins.--- FertiLe frond parts cLearLy 
contracted, pinnae index (6.5--)9--20, up to 4--14(-- ) by 0.4--1 (--1.5)cm, 
Vs and Vt strongLy reduced, dipLodesmic, areoLe Layering stiLL (cLearLy) 
present, free ending veins shortened, Vt directed to the nearby sorus, A1c 
not soriferous.---SoraL patches quadranguLar, 3--5 by 2--4 mm 0, distinctLy 
restricted to the apicaL two-third or Less of the frond, in the basaL 
fertiLe pinnae sometimes in the apicaL part onLy, arranged in 1 row paraLLeL 
to the Vp, on branching points of more than 4 veins, pustuLate.--­
Anatomy: petioLe rounded or invaginated, 7--10 vascuLar bundLes, costa in 
middLe part rounded or invaginated, 1 or 2 vascuLar bundLes, bundLe sheath 
bLue-coLoured; Lamina: stomata <1500 lum2, epidermis red-coLoured, 
hypodermis present ad- and abaxiaLLy, marginaL scLerenchymatous strand with 
>25 ceLLs, in fertiLe pinnae somewhat Less deveLoped; Vp rounded, vein 
sheath continuous, in fertiLe pinnae iLL-deveLoped, interrupted, cortex 
bLue-coLoured, parenchymatous, 1 vascuLar bundLe, bundLe sheath (at Least 
p.p.) red-coLoured, open scLerenchyma ceLLs, bundLe sheath bLue-coLoured, 
xyLem arrangement T-shaped, scLerenchymatous strands present, veinLet 
sheath extensions scLerenchymatous from epidermis to epidermis; receptacLe 
with more or Less isodiametric ceLL arrangement, 5 or 6 veinLets.--­
Indument: Laminar trichomes present, gLanduLar and acicuLar, tomentose, 
gLanduLar trichomes >50% branched, 2 ceLLs Long, 60--90(--105) lum Long, 
type 11 gLanduLar trichomes absent, acicuLar trichomes more or Less 
scattered throughout, 1--4(--6) ceLLs Long, (60--)80--420(--630) lum Long; 
Laminar scaLes scattered around costa onLy, basifix, pseudo-peLtate with 
short auricuLes, trianguLarlovate to Linear/fiLiform, margin with short 
protuberances, protuberances uniseriate and biseriate, gLanduLar indument 
present throughout, 1- or 2-ceLLed, indument inserted marginaLLy onLy, 
Lignified ceLLs absent, apex fiLiform/narrow acuminate; receptacuLar 
hairy paraphyses 25--50% branched, 1 or 2(--4) gLanduLar ceLLs, 2 or 3(4) 
ceLLs Long, 80--180(--210) lum Long, receptacuLar scaLy paraphyses absent; 
deviating sporangia absent, acicuLar sporangiaL paraphyses present, 1--6 
trichomes, 1 or 2 ceLLs Long, 90--170 lum Long, two-sided; gLanduLar 
sporangiaL paraphyses absent.--- Sporangium 250--310 by 200--235 lum, 
annuLus with 12--14(15) indurated ceLLs, (2)3 epistomium ceLLs, (2)3(4) 
hypostomium ceLLs, in totaL (18--)21 or 22(23) ceLLs.--- Spores of 
quercifoLium-type, perispore smooth sometimes foLded, uLtrastructure 
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smooth, basaL 
gLobuLes present, 

Layer inconspicuous, 
exospore smooth. 

spines absent, 

Distribution: PhiLippines (Luzon, Negros, Mindanao). 

bacuLae absent, 

Habitat: ALmost no data avaiLabLe. UsuaLLy(?) growing high-epiphytic. ALt. 
200--550 m. 

30. AgLaa.orpha hierony.i (Brause) CopeL. 

AgLaomorpha hieronymi (Brause) CopeL., PhiLipp. J. Sci. (Bot.] 9, 1 (1914) 
9; C. Chr., Ind. FiL. suppL. 2 (1917) 3; CopeL., Univ. CaLif. PubLs Bot. 16, 
2 (1929) 417. Dryostachyum hieronymi Brause, Bot. Jb. 49, 1 (1912) 55; 
C. Chr., Ind. FiL. suppL. 1 (1913) 41; v. A. v. R., MaL. Ferns SuppL. (1917) 
417; CopeL., Univ. CaLif. PubLs Bot. 18, 10 (1942) 226 (with question mark); 
Gen. FiL. (1947) 203 (with question mark). --- Type: SchLechter 17850, Papua 
New Guinea, "Kaiser Wilhelmsland", Kani Mts (hoLo: B). 

Merinthosorus hieronymi CopeL., Univ. CaLif. PubLs Bot. 18, 10 (1942) 226; 
Gen. FiL. (1947) 203; C. Chr., Ind. FiL. suppL. 4 (1965) 194. --- Type: 
Brass 11700, New Guinea, Irian Jaya, BaLim River (hoLo: NV; iso: GH, L, BM). 

UsuaLLy epiphytic, spirally or verticaLLy cLimbing, sometimes terrestrial, 
LinearLy creeping.--- Rhizome 1--2 cm 0, phyLLopodia absent, fronds >20 cm 
apart, rhachises not persistent, 10-- 20 vascuLar bundLes, dorsaL + 4 
Large(r) sized, arranged in 1 eLLipticaL row with a dorsaL protrusion, 
bundLe sheath weLL-deveLoped, brown-coLoured, epidermis ceLLs 
isodiametric, scaLe attachment more or Less sunken, scLerenchyma strands 
absent.--- Rhizome scaLes adpressed, pseudo-peLtate withLong auricuLes, 
trianguLar/ovate, index 2.5--7, 2.5--7.5 by 0.8--1.6 mm, margin with 
eLongated protuberances, protuberances uniseriate and biseriate, 1-ceLLed, 
top united or rounded or T-shaped, apex short fiLiform/narrow acuminate to 
acute (acuminate), gLanduLar top ceLL absent, gLanduLar indument present 
near the base, 1-- 2-ceLLed, indument inserted marginaLLy onLy, Lignified 
ceLLs present around the point of attachment onLy.--- Fronds internaLLy 
dimorphic, pinnatifid, 55--115 cm Long, staLked, petioLe up to 8--25(--35) 
by 0.4--0.6 cm, inconspicuousLy winged, wing sinusoid; Lamina quadranguLar 
to ovate, index 2--5, 40--95 by 12--25 cm, steriLe pinnae equaLLy wide 
throughout, index 4--8, up to 6--16 by 1--3 cm, incisions up to 0.0--<0.2 
cm from the costa, margin entire, apex acuminate, apicaL pinna present, 
nectaries situated in the Lower angLe between costa and Vp (or Vp and 
Vs).--- Venation of steriLe pinnae: Vs running in a reguLar zigzagging way, 
Vt branching from Vtc basicaLLy recurrent, free vein endings LargeLy 
running excurrent and recurrent, aLL terminated by a hydathode; A1c aLways 
present, reguLarLy shaped throughout sometimes irreguLarLy shaped, both 
branching points of the Vtc and Vs equaLLy distant from the Vp or sometimes 
bordering part of apicaL Vs shortened, aLL containing 1, 2, or more incLuded 
veins, simpLe, once dichotomous or more extensiveLy branched, partLy 
anastomosed; A1 divided into 2-- 4 Asec, areoLe Layering comprising 3--5 
A1, distinct, reguLarLy shaped throughout the frond, Asec containing simpLe 
and once dichotomous veins.--- FertiLe frond parts cLearLy contracted, 
pinnae index >20, up to 10--27 by 0.3--1 cm, Vs and Vt strongLy reduced, 
dipLodesmic, areoLe Layering absent, free ending veins shortened or absent, 
Vt directed to the nearby sorus, A1c not soriferous.--- SoraL patches 
Linear, of ten eLLiptic, 3-->4 mm Long, distinctLy restricted to the apicaL 
two-third or Less of the frond, in the basaL fertiLe pinnae usuaLLy in the 
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apical part only, of ten in elliptic patches, arranged in 1 row parallel to 
the Vp, on branching points of more than 4 veins, pustulate.--- Anatomy: 
petiole elliptical or invaginated, 9--10 vascular bundles, costa in middle 
part rounded, 1 vascular bundles, bundle sheath blue-or brown-coloured; 
lamina: stomata <1500 /um2, epidermis red-coloured, in fertile pinnae blue­
coloured also, hypodermis present adaxially, marginal sclerenchymatous 
strand with 10-->25 cells, in fertile pinnae somewhat less developed; Vp 
rounded, vein sheath continuous, in fertile pinnae interrupted, 
conspicuously sclerenchymatic, cortex blue- to red-coloured, 
sclerenchymatous or firm parenchymatous, 1 vascular bundle, bundle sheath 
(at least p.p.) red-coloured, open sclerenchyma cells, otherwise blue­
coloured, xylem arrangement T-shaped, sclerenchymatous strands absent, 
veinlet sheath extensions sclerenchymatous from epidermis to epidermis; 
receptacle with perpendicular cell arrangement, 3--6 veinlets.--­
Indument: laminar trichomes present, glandular and acicular, tomentose, 
glandular trichomes >50X branched, 2 cells long, (70--)85--120 /um long, 
type 11 glandular trichomes absent, acicular trichomes more or less 
scattered throughout, 1--6(--9) cells long, 60--750(--900) /um long; 
laminar scales scattered around costa only, basifix, pseudo-peltate with 
short auricules, triangular/ovate to linear/filiform, teeth biseriate, 
glandular indument absent, indument inserted marginally only, lignified 
cells absent, apex long filiform; receptacular hairy paraphyses >90X 
unbranched, 1 or 2 glandular cells, 3 or 4 cells long, (110--)150--300(--
390) /um long, receptacular scaly paraphyses absent; deviating sporangia 
present, acicular sporangial paraphyses present, 1--3 trichomes, 1 or 2 
cells long, 30--130 /um long, one-sided; glandular sporangial paraphyses 
absent.--- Sporangium 255--285 by 205--230 /um, annulus with (11)12--14(15) 
indurated cells, 3(4) epistomium cells, 3 hypostomium cells, in total 
(19)20--22(23) cells.--- Spores of quercifolium-type, peri spore smooth 
sometimes folded, ultrastructure smooth, basal layer inconspicuous, 
spines absent, baculae absent, globules present, exospore with globular 
excrescences. 

Distribution: New Guinea (W. Irian, Papua). 

Habitat: In primary and secondary forest, epilithic on limestone. Growing 
0--15 m above the ground. Reported on Pandanus spec. Alt. 1000--1800 m. 

31. Aglaa.orpha parkinsoni (Baker) Croxall & Roos 

Aglaomorpha parkinsoni (Baker) Croxall & Roos, Blumea (1985). 
POlypodium parkinsoni Baker, Ann. Bot. 5 (1891) 480. --- Drynaria parkinsoni 
(Baker) Diels in Schum. & Laut., Fl. deut. SUdsee (1901) 143 [parkinsonii); 
C. Chr., Ind. Fil. (1906) 248; Brause in Engl., Bot. Jb. 56 (1920) 207. --­
Type: Parkinson (Herb. Von Mueller 377), New Britain (holo: K). 

Polypodium ludovicianum Baker, Ann. Bot. 8 (1894) 131. --- Type: MacGregor 
(Herb. Mueller 100 + 104), Louisiades, South-East Island (holo: K). 

Polypodium schlechteri Brause, Bot. Jb. 49, 1 (1912) 54, F. 3C; C. Chr., 
Ind. Fil. suppl. 1 (1913) 62. --- Aglaomorpha schlechteri (Brause) Copel., 
Phil. J. Sci. (Bot.] 9, 1 (1914) 9; C. Chr., Ind. Fil. suppl. 2 (1917) 3; 
Copel., Univ. Calif. Publs Bot. 16, 2 (1929) 117. --- Pleopeltis schlechteri 
(Brause) v. A. v. R., Mal. Ferns Suppl. (1917) 395. --- Type: Schlechter 
16614, Papua New Guinea, "Kaiser Wilhelmsland, Djamu Klamm" (holo: B; iso: 
US, K). 

Dryostachyum mollepilosum Rechinger, Denkschr. Akad. Wien 89 (1913) 480. 
--- Type: Rechinger 4443, Ins. Bougainville, Djup (holo: W). 

210 



Aglaomorpha buchananii Copel., Phil. J. Bot. [Bot.] 9, 1 (1914) 8; C. 
Chr., Ind. Fil. suppl. 2 (1917) 3; Copel., Univ. Calif. Publs Bot. 16, 2 
(1929) 117. --- Pleopeltis buchananii (Copel.) v. A. v. R., Mal. Ferns 
Suppl. (1917) 396. --- Holostachyum buchananii (Copel.) Ching, Sunyatsenia 5 
(1940) 262; Copel., Gen. Fil. (1947) 202; C. Chr., Ind. Fil. suppl. 4 (1965) 
156. --- Type: King 412, Papua New Guinea, Gewagewa, Tameta Creek (holo: NY; 
iso: MICH, NSW). 

Polypodium ledermannii Brause, Bot. Jb. 56, 1 (1920) 202, (nom. illeg.) 
--- Aglaomorpha ledermannii Brause ex C. Chr., Ind. Fil. suppl. 3 (1934) 20. 
--- Dryostachyum ledermannii (Brause ex C. Chr.) Copel., Gen. Fil. (1947) 
202. --- Lectotype: Ledermann 8373, Hunsteinspitze, New Guinea (holo: B). 

Drynaria amphilogos v. A. v. R., Nova Guinea 14 (1924) 16; C. Chr., Ind. 
Fil. suppl. 3 (1934) 79. --- Type: Lam 700, Irian Jaya, Mamberamo River near 
Pionier Bivak (holo: L). 

Of ten epiphytic, spirally or vertically climbing, of ten terrestrial or 
epilithic, linearly creeping.--- Rhizome 1--2 cm 0, phyllopodia absent, 
fronds >20 cm apart, rhachises not persistent, 10-- 20 vascular bundles, 
dorsal + 4 large(r) sized, arranged in 1 elliptical row with a dorsal 
protrusion, bundle sheath well-developed, brown-coloured, epidermis cells 
isodiametric, scale attachment more or less sunken, sclerenchyma strands 
absent.--- Rhizome scales adpressed, peltate, triangular/ovate, index 
2.5--7, 3--7 by 0.5--2.5 mm, margin with short and elongated protuberances, 
protuberances uniseriate and biseriate, 1-celled, top united or rounded 
or T-shaped, apex acute (acuminate), glandular top cell absent, glandular 
indument present near the base, 1- or 2-celled, indument inserted 
marginally only, lignified cells present around the point of attachment 
only.--- Fronds dimorphic, sterile and fertile; sterile fronds pinnatifid, 
30--75 cm~, stalked, petiole 3--17 by 0.3--0.6 cm, inconspicuously 
winged, wing sinusoid; lamina ovate, index 1.5--3, 25--65 by 12--25 cm, 
pinnae equally wide throughout or with a basal constriction, index 2--4, up 
to 7--15 by 2.5--4 cm, inclslons up to 0.2<--0.5 cm from the costa, margin 
entire, apex acute to acuminate, sometimes obtuse, apical pinna present, 
nectaries situated in the lower angle between costa and Vp (or Vp and 
Vs).--- Venation of sterile pinnae: Vs running in a regular zigzagging way, 
Vt branching from Vtc basically recurrent, free vein endings largely 
running excurrent and recurrent, all terminated by a hydathode; A1c always 
present, regularly shaped throughout, sometimes irregularly shaped, 
bordering part of basal Vs shortened, all containing 2 or more included 
veins, simple, once dichotomous, partly anastomosed; A1 divided into 3 
or 4 Asec, areole layering comprising 5--6 A1, distinct regularly shaped 
throughout the frond, Asec largely containing simple, once dichotomous and 
twice or more dichotomous veins.--- Fertile fronds contracted, ovate to 
quadrangular, + similar, 35--75 cm long, petiole 13--35 by 0.4--0.5 cm, 
lamina index T.5--3, 17.5--45 by 10--20(--25) cm, Vs and Vt slightly 
reduced and less complex, diplodesmic, free ending veins shortened, Vt 
directed to the nearby sorus, A1c not soriferous.--- Sori round, sometimes 
elliptic, 1--4 mm 0, distributed all over the abaxiar-frond surface, in 
the basal pinnae of ten in the apical part only, arranged in 1 row parallel 
to the Vs, 1 per A1, near or in the cent re, on branching points of more 
than 4 veins, pustulate.--- Anatomy: petiole rounded, 9--10 vascular 
bundles, costa in middle part rounded, 2 or 3 vascular bundles, bundle 
sheath blue- or brown-coloured; lamina: stomata 1500--2100 lum2, epidermis 
red-coloured, in fertile pinnae blue-coloured also, hypodermis present 
adaxially, marginal sclerenchymatous strand with >25 cells, in fertile 
pinnae somewhat less developed to (nearly) lacking; Vp rounded, vein 
sheath interrupted, in fertile pinnae ill-developed, cortex blue-coloured~ 
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parenchymatous, vascular bundle, bundle sheath (at least p.p.) red­
coloured, open sclerenchyma cells, brown-coloured, xylem arrangement T­
shaped, sclerenchymatous strands present, veinlet sheath extensions 
sclerenchymatous from epidermis to epidermis with some irregularities; 
receptacle with more or less isodiametric cell arrangement, 3--6 
veinlets.--- Indument: laminar trichomes present, glandular and acicular, 
tomentose, glandular trichomes >50% branched, 2 cells long, (75--) 
85--110(--120) lum long, type 11 glandular trichomes present, acicular 
trichomes more or less scattered throughout, 1 or 2 cells long, 95--450 lum 
long; laminar scales scattered around costa only, basifix, pseudo-peltate 
with long auricules, triangular/ovate to linear/filiform, margin with 
short protuberances, protuberances uniseriate and biseriate, glandular 
indument present throughout, 1- or 2-celled, indument inserted marginally 
only, lignified cells present around the point of attachment, apex filiforml 
narrow acuminate to acute (acuminate); receptacular hairy paraphyses >50% 
branched, 1 or 2 glanduLar cells, (2)3 cells long, 100--150(--180) lum 
long, receptacular scaly paraphyses absent; deviating sporangia absent, 
acicular sporangial paraphyses present, 1--3 trichomes, 1 or 2 cells long, 
110--240 lum long, one-sided; glandular sporangial paraphyses absent.--­
Sporangium 250--285 by 200--240 lum wide, annulus with (10)11--13(14) 
indurated cells, (2)3(4) epistomium cells, (2)3 hypostomium cells, in 
total (18)19--21(22) cells.--- Spores of quercifolium-type, perispore 
smooth sometimes folded, ultrastructure smooth, basal layer inconspicuous, 
spines absent, baculae absent, globules present, exospore with globular 
excrescences. 

Distribution: Moluccas, New Guinea (W. Irian, Papua), Manus Isl., New 
Britain, New Ireland, Solomon Isl., Louisiades. 

Habitat: 
limestone 
nucifera, 
0--1600 m. 

Primary and secondary forest (o.a. Araucaria), epilithic on 
or granite. Growing 0--30 m above the ground. Reported on Cocos 
Pandanus spec., Parartocarpus spec., Calophyllum spec. ~ 

Notes. 1. Vern. name: Kage (Hagen, Togoba, Eastern Highlands, Papua New 
Guinea) 

2. Nectaries are conspicuously present in sinuses of wing. 

32. Aglaa.orpha neetarifera (Baker in Beec.) Roos 

Aglaomorpha nectarifera (Baker in Becc.) Roos, Blumea (1985). 
PolYPodium nectariferum Baker in Becc., Malesia 2 (1886) 247, T. 65; Christ, 
Farnkr. (1897) 118. --- Drynaria nectarifera (Baker in Becc.) Diels in E&P, 
Nat. Pfl. Fam. 1, 4 (1902) 330; c. Chr., Ind. Fil. (1906) 248; v. A. v. R., 
Mal. Ferns (1908) 700; C. Chr., Ind. Fil. suppl. 1 (1913) 104; Brause in 
Engl., Bot. Jb. 56 (1920) 207. Thayeria nectarifera (Baker in Becc.) 
Copel., Philipp. J. Sci. 1, suppl. 2 (1906) 165; Phil. J. Sci. [Bot.] 6, 3 
(1911) 140; 7, 1 (1912) 41; v. A. v. R., Mal. Ferns Suppl. (1917) 416; 
Copel., Univ. Calif. Publs Bot. 16, 2 (1929) 121; Gen. Fil. (1947) 202. --­
Type: Beccari S.N., 1875, New Guinea, Vogelkop Peninsula, Mt. Arfak (a 
Putat) (holo: FI;iso: K). 

Rhizome with conspieuous phyllopodia.--- Rhizome scales adpresses, peltate, 
rounded, margin toothed, teeth uni- and biseriate, 1-celled, top united, 
apex round, glandular top cell present, glandular indument present 
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throughout, 1- or 2-celled, indument inserted marginally only, lignified 
cells present around the point of attachment only.--- Fronds dimorphic with 
sterile and fertile fronds.--- Sterile frond sessile, lobate, base dilated, 
lobe apex round.--- Fertile frond internally dimorphic, stalked, pinnatifid, 
sterile pinnae with basal constriction, index + 6, margin entire, apex 
acute, apical pinna present; fertile frond parts clearly contracted, pinnae 
"string of beads"-like shaped, index >15.--- Soral patches round, distinctly 
restricted to the apical two-third or less of the frond, arranged in 1 row 
parallel to the Vp. 

Distribution: W. Irian (Arfak Mts). 

Habitat: no dat available. 

Note. This species is collected only once, by Beccari. 

213 





16. DRYNARIA 

Drynaria (Bory) J. S.ith 

Drynaria (Bory) J. Smith, Hook. J. Bot. 3 (1841) 397 [nom. cons.: Pichi 
Sermolli, Taxon 21 (1972) 707J; [Gaud., Bot. Voy. Uranie & Physic. (1826) 
354 (invalid.)J; 4 (1842) 60; F~e, M~m. Foug. 5, Gen. Fil. (1850-'52) 269; 
Brackenridge, U. S. Expl. Exp. 16 (1854) 42; J. Smith, Cult. Ferns cat. 
(1857) 13; Bedd., Ferns S. Ind. (1863) 63; J. Smith, Ferns Br. & For. (1866) 
102; Hist. Fil. (1875) 107; Bedd., Handb. Ferns Br. Ind. (1883) 338; Diels 
Bot. Jb. 29, 1 (1900) 207; in E&P, Nat. Pfl. Fam. 1, 4 (1902) 328; Copel., 
Dep. int. Bur. Govern. 28 (1905) 135; C. Chr., Ind. Fil. (1906) 247; V. A. 
V. R., Mal. Ferns (1908) 696; Engl., [Vege Erde 9J Pfl. Welt Afr. 2 (1908) 
55; Copel., Phil. J. Sci. [Bot.J 6, 3 (1911) 140; C. Chr., Ind. Fil. suppl. 
1 (1913) 29; V. A. V. R., Mal. Ferns Suppl. (1917) 415; C. Chr., Ind. Fil. 
suppl. 2 (1917) 13; Blatter & d'Almeida, Ferns Bomb. (1922) 167; Copel., 
Univ. Calif. Publs Bot. 16, 2 (1929) 117; C. Chr., Ind. Fil. suppl. 3 (1934) 
79; Backer & Posthumus, Varenfl. Java (1939) 232; Ching, Sunyatsenia 5, 4 
(1940) 261; Tardieu & C. Chr. in Lecomte, Fl. G~n. Indo-Chine 7, 2 (1941) 
516; Copel., Gen Fil. (1947) 203; Holttum, Fl. Mal. 2, Ferns (1954) 182; 
Alston, Ferns W. Trop. Afr. [suppl.J (1959) 48; Copel., Fern Fl. Philippe 3 
(1960) 496; B. K. Nayar, Bull. natn. bot. Gdns Lucknow (1961) 2; Tind., 
Contr. NSW natn. Herb., Flora ser. 208-211 (1961) 29; C. Chr., Ind. Fil. 
suppl. 4 (1965) 106; Brownlie in Aubr~v., Fl. N. Caled. 3 (1969) 278; 
Morton, Taxon 19, 4 (1970) 647; Schelpe, Pterid. in Exell & Laundert, Fl. 
Zambo (1970) 149; Pichi Sermolli, Webbia 31, 2 (1977) 379; Schelpe & Diniz 
in Mendes, Fl. Mo~ amb., Pterid. (1979) 152; Ching & S. K. Wu in C. Y. Wu, 
Fl. Xizang. (1983) 342. --- Polypodium subgen. Drynaria Bory, Annls Sci. 
nat. 5 (1825) 464; Mett., Farngatt. 1, Polyp. (1857) 114; Hook., Gard. Ferns 
(1862) Pl. 1; Spec. Fil. 5 (1864) 93; Mett., Filices 2 (1866) 21, 230; Baker 
in Hook. & Baker, Syn. Fil. (1868) 366; C. B. Clarke, Trans. Linn. Soc. 
Lond. ser. 2, 1 (1880) 555; Christ, Farnkr. (1897) 116; Bull. Herb. Boissier 
6, 3 (1898) 202. --- Phymatodes # Drynaria (Bory) C. Presl, Tent. Pterid. 
(1836) 197; Hook. & Bauer, Gen. Fil. (1842) T. 21. --- Drynaria *** Drynaria 
(Bory) J. Smith, Hook. J. Bot. 4 (1842) 61. --- Drynaria secte Eudrynaria 
F~e, M~m. Foug. 5, Gen. Fil. (1850--'52) 170 (nom. inval.); 11 (1866) 72; 
Diels in E&P, Nat. Pfl. Fam. 1, 4 (1902) 329; V. A. V. R., Mal. Ferns (1908) 
697; Suppl. (1917) 415. --- Type: D. quercifolium (L.) J. Smith. 

Drynaria # Poronema J. Smith, Hist. Fil. (1875) 108; Diels in E&P, Nat. 
Pfl. Fam. 1, 4 (1902) 330; V. A. V. R., Mal. Ferns (1908) 679; Suppl. (1917) 
415; Copel., Gen. Fil. (1947) 204. Type: D. diversifolium (R. Brown) J. 
Smith. 

Usually epiphytic, spi rally climbing or encircling the bole many times, 
of ten epilithic, occasionally terrestrial, linearly creeping or forming 
crust.--- Rhizome 1<-->3 cm 0, phyllopodia absent, fronds usually <10 cm, 
sometimes 10--18 cm apart, rhachises of ten persistent, occasionally not so, 
15-->40 vascular bundles, arranged in 1 or 2 (p.p.) elliptical row(s) with a 
dorsal protrusion, scale attachment usually more or less sunken, 
occasionally protruding, sclerenchyma strands usually absent, sometimes 
present.--- Rhizome scales perpendicularly or obliquely spreading, or 
adpressed, usually monomorph, occasionally of two types, peltate or basifix, 
margin toothed and/or with protuberances, apex with distinct glandular top 
cell, midrib present or absent.--- Fronds usually dimorphic with base and 
foliage fronds, sometimes monomorphic~ Base fronds sessile, rounded, 
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ovate, eLongated/LanceoLate, or eLLipticaL, entire to Lobate, Lobes up to 
2/3 or more of the width, apex usuaLLy rounded to acute, sometimes 
acuminate; A1c aLong costa absent or present, either inconspicuous, 
irreguLar, or conspicuous, Large-sized, reguLar.--- FoLiage fronds usuaLLy 
internaLLy monomorphic, sometimes sLightLy internaLLy dimorphic, usuaLLy 
pinnatifid, sometimes pinnate, staLked, petioLe of ten winged, occasionaLLy 
unwinged; pinnae equaLLy wide throughout or with a basaL constriction, aLL + 
equaLLy-sized or decreasing in size towards tha apex, margin entire or 
serrate, apex acute, acuminate, or obtuse, apicaL pinna usuaLLy aborted, 
sometimes present, nectaries situated in the upper angLe between costa and 
Vp (and Vp and Vs).--- Venation of foLiage fronds: Vs usuaLLy running 
irreguLar or more or Less straight, sometimes zigzagging, hydathodes 
usuaLLy absent, occasionaLLy present, A1c irreguLar or reguLar, Asec usuaLLy 
empty or containing simpLe incLuded veins, of ten containing once 
dichotomous, and sometimes more dichotomous veins, rareLy forming Loops, 
free vein endings usuaLLy running diffuse, occasionaLLy excurrent, sometimes 
recurrent, venation fertiLe frond parts simiLar to steriLe frond parts. --­
Sori round, distributed aLL over the abaxiaL frond surface, arranged in 1 
row paraLLeL to Vp, or in 1 or 2 rows paraLLeL to the Vs. Anatomy: 
epidermis red- or bLue-coLoured, hypodermis usuaLLy absent, sometimes 
present adaxiaLLy, xyLem usuaLLy without, sometimes with scLerenchymatous 
strands. Indument: Laminar trichomes present, gLanduLar, occasionaLLy 
acicuLar aLso, not densiLy set, Laminar scaLes scattered throughout on 
Lamina, scattered around rhachis/costa, or especiaLLy against rhachis; 
receptacuLar hairy paraphyses present, usuaLLy with 1 or 2, sometimes aLso 3 
or 4 gLanduLar ceLLs, receptacuLar scaLy paraphyses absent or present; 
deviating sporangia absent, sporangiaL paraphyses usuaLLy absent, sometimes 
present, gLanduLar.--- Spores usuaLLy of quercifoLium-type, sometimes of 
pLeuridioides-type. ---

1. Drynaria sparsisora (Desv.) T. Noore 

Drynaria sparsisora (Desv.) T. Moore, Ind. FiL. (1862) 348; C. Chr., Ind. 
FiL. (1906) 249; v. A. v. R., MaL. Ferns (1908) 699; CopeL., PhiL. J. Sci. 
(Bot.] 6, 2 (1911) 91; C. Chr., BuLL. Geogr. bot. 23 (1913) 140;Brause in 
EngL., Bot. Jb. 56 (1920) 208; v. A. v. R., Nova Guinea 14 (1924) 15; 
CopeL., Univ. CaLif. PubLs Bot. 16, 2 (1929) 119; BuLL. Bernice P. Bishop 
Mus. 59 (1929) 96; C. Chr., & HoLttum, Gdns' BuLL. Straits Settl. 7, 3 
(1934) 315; CopeL., Gen. FiL. (1947) 204; HoLttum, FL. MaL. 2, Ferns (1954) 
183; CopeL., Fern FL. PhiLipp. 3 (1961) 497; B. K. Nayar, BuLL. natn. bot. 
Gdns Lucknow (1961) 13; Tind., Contr. NSW natn. Herb., FLora Ser. 208--211 
(1961) 29; HoLttum, (FL. ThaiL. 33] Dansk Bot. Ark. 23, 1 (1965) 231; Jones 
& CLemesha, Austr. ferns (1976) 182, Fig. 145. --- PoLypodium sparsisorum 
Desv., (Ges. Naturf. Fr.] BerL. Mag. 5 (1811) 315; Mem. Soc. Linn. Paris 6 
(Prodr. Foug.] (1827) 235. --- Type: not traced (S?). 

PoLypodium Linnei Bory, AnnLs Sci. nat. 5 (1825) 464 p.p., T. 12; Mett., 
Farngatt. 1, PoLyp. (1857) 122; FiLices 2 (1866) 231; Baker in Hook. & 
Baker, Syn. FiL. (1868) 368; C. B. CLarke, Trans. Linn. Soc. Lond. ser. 2, 1 
(1880) 556; Christ, Farnkr. (1897) 118; Racib., Pterid. FL. Buitenz. (1898) 
118. --- Drynaria Linnei (Bory) Bedd., Ferns br. Ind. (1869) PL. 315; Handb. 
Ferns Br. Ind. (~343; DieLs in E&P, Nat. PfL. Fam. 1, 4 (1902) 329; 
CopeL., Dep. int. Bur. Govern. 28 (1905) 135. --- Type: Gaudichaud s.n., 
s.d., Rawak near Java (P, n.v.). 

216 



Usually epiphytic, spirally climbing, occasionally epilithic or terrestrial, 
linearly creeping.--- Rhizome 1-->3 cm 0, phyllopodia absent, fronds <10 
cm apart, rhachises not or rarely persistent, base fronds contiguous, 
mainly imbricate; 20-->40 vascular bundles, all + equally-sized, arranged 
in 1 or 2 (p.p.) elliptical row(s) with a dorsal protrusion, bundle sheath 
absent, epidermis cells flattened or isodiametric, scale attachment more or 
less sunken, sclerenchyma strands absent.--- Rhizome scales 
perpendicularly spreading, of two types, peltate, rounded, 
triangular/ovate, spathulate, index 1--8.5, 1.5--11 by 1--2.5 mm, margin 
toothed; teeth biseriate, 1-celled, top united or rounded; apex acute 
(acuminate) to rounded, distinct glandular top cell present, glandular 
indument present throughout, 1- or 2-celled; indument inserted marginally 
and abaxially; midrib present.--- Fronds dimorphic with base and foliage 
fronds.--- Base fronds rounded to ov~index 1--1.5, (10--)15--35 by 
(10--)15--25 cm, (clearly) sinusoid to lobate, lobes up to 1/3 of the 
width, margin entire, apex rounded.--- Venation of base fronds: Vs running 
more or less straight or irregularly, Vt branching trom Vtc basically 
excurrent and recurrent, free vein endings running excurrent and recurrent 
or diffuse; A1c generally present, rarely absent, irregularly shaped, both 
branching points of the Vtc and Vs equally distant from Vp or shortened, 
all containing 1 or 2 (or more) veins, simple, once dichotomous, or more 
extensively branched, partly anastomosed; A1c along costa present, 
inconspicuous, irregularly shaped, or nearly absent; A1 divided into 2--4 
Asec, areole layering comprising 1--4 A1 ,distinct, irregularly shaped, 
Asec largely empty, containing simple veins.--- Foliage fronds 35--100 cm 
long, pinnatifid, stalked, petiole (5--)10--18 by 0.4--0.6 cm, conspicuously 
winged; lamina quadrangular to ovate, index 2--4, 30--80 by 15--30 cm, 
pinnae usually equally wide throughout, sometimes with a clear basal 
constriction, all equally-sized, index 3.5--6(--8), up to 10--20 by 1.5--3.5 
(--4.5)cm, incisions up to 0.2--0.5 cm from the costa, margin entire, 
apex acute, acuminate to obtuse, apical pinna aborted, nectaries situated 
in the upper angle between costa and Vp (and Vp and Vs).--- Venation of 
foliage fronds: Vs running more or less straight, Vt branching from Vtc 
basically recurrent, free vein endings running diffuse, hydathodes absent; 
A1c always present, irregularly shaped, both branching points of the Vtc 
and Vs equally distant from the Vp, or shortened, all or largely containing 
2 or more included veins, simple or once dichotomous, partly anastomosed; 
A1 divided into 3 or 4, or more Asec, areole layering comprising 4--6 A1, 
distinct, regularly shaped throughout the frond, Asec irregularly shaped, 
largely empty or largely containing simple veins; venation of fertile frond 
parts + similar to sterile foliage frond parts, Vt directed to the nearby 
sorus,- A1c sometimes soriferous.--- Sori round, 1<--2 mm 0, distributed 
all over the abaxial frond surface,--rn the basal pinnae usually in the 
apical part only or medially or indifferent, arranged in + 2 irregular rows 
parallel to the Vs, near the Vs margins, 2--7 per A1, midway on anastomosed 
veins, on branching points of 2--4 or more veins, slightly pustulate.--­
Anatomy: petiole elliptical, or invaginated, 3--8 vascular bundles; costa 
rounded, 1--3 vascular bundles, bundle sheath blue- or brown-coloured; 
sterile lamina: stomata 1500--2100 lum2, epidermis red-coloured, hypodermis 
present adaxially, marginal sclerenchymatous strand with >25 cells; Vp 
rounded, vein sheath interrupted, cortex blue-coloured, parenchymatous, 1 
vascular bundle, bundle sheath blue-, red-, or brown-coloured, xylem 
arrangement T- or V-shaped, sclerenchymatous strands absent, veinlet sheath 
extensions sclerenchymatous from epidermis to epidermis; receptacle with 
more or less isodiametric cells, 1 or 2 veinlets.--- Indument: laminar 
trichomes present, glandular, not densily set, >90% unbranched, 2 cells 
long, 75--80 lum long, laminar scales scattered throughout, pseudo-peltate 
to peltate, triangular/ovate, teeth biseriate, glandular indument absent, 
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indument inserted marginaLLy onLy, Lignified ceLLs present forming a 
midrib, apex fiLiform/narrow acuminate to acute; receptacuLar hairy 
paraphyses >90% unbranched, 1 or 2 gLanduLar ceLLs, 2 ceLLs Long, 70--
110 /um Long, receptacuLar scaLy paraphyses absent; deviating sporangia 
absent, sporangiaL paraphyses absent.--- Sporangium 245--345 by 220--300 
/um, annuLus with (12--)14(--17) indurated ceLLs, 3(4) epistomium ceLLs, 
3(4) hypostomium ceLLs, in totaL (20--)22(--24) ceLLs.--- Spores of 
quercifoLium-type, perispore verrucate, uLtrastructure smoot~asaL 
Layer thin, spines present, with apicaL constriction, bacuLae absent, 
exospore smooth. 

Distribution: [CeyLon?J, BangLa-Desh, [India: Assam?J, China (Yunnan), 
Birma, ThaiLand, Cambodja, Vietnam, Enggano, Sumatra, Penang, MaLay 
PeninsuLa, Singapore, Riau Arch., Bangka, Java, Borneo (KaLimantan, Sarawak, 
Sabah), Philippines, (Luzon, PaLawan, Negros, Leyte, Samar, BasiLan, 
Mindanao), CeLebes, MoLuccas, New Guinea (W. Irian, Papua), New Britain, New 
IreLand, Louisiades, SoLomon IsL., QueensLand. 

Habitat: SeveraL kinds of primary and secondary forest (a.o. swamp-, 
EucaLyptus-, heath-, MeLaLeuca-, dipterocarp-, evergreen-), savannah, 
shrub- (Dendrobium-), beach-, and Kerangas vegetation. Growing 0--35 m above 
the ground. Reported on Artocarpus heterophyLLum, GonystyLus bancanus, 
Cassia siamea, CaLophyLLum inophyLLum, Intsia bijuga, Elaeis gUineensis, 
Cocos nucifera, Parashorea spec. Pumeria spec., Quercus spec., Aromadendron 
spec. ALt. 0--1400(--1700) m. 

Notes. 1. Vern. names: Kangkoms (Biak. diaL., W. Irian) 
Kojang (Bangka) 
TaLinaLina (KuLumo Lang., W. New Britain) 
TaLwaLa (Orne Lang., WaLwaLi, Sepik, Papua New guinea) 
Kobkab (Tanbatto diaL., PaLawan, Philippines) 
Paku kadaka LangLajangan (Sundanese, Java) 
Simban kuraL, simban baneng (PaLembang, Sumatra) 
Apatpat di batu (Ifugao, Mt. Province, Luzon, Philippines) 
Kakayan (Serakau, Sematan, Sarawak, Borneo) 
GLemu (Zomboanga, Mindanao, Philippines) 
Kusi kusi (Ternata Lang., Halmahera, MoLuccas) 

2. JuveniLe foLiage fronds of ten have a (somewhat) di Lated frond base. 
3. Smith 9846 (L, BRI): 'oak-Leaf fronds deveLoped onLy where the rhizome 
emerges from the ground to cLimb on the base of taLL trunks.' 
4. Chromosomes: 2n = 74 (L6ve, L6ve, & Pichi SermoLLi, 1977). 
5. Brass 19243 (L, BRI): 'usuaLLy without steriLe shieLd Leaves.' 
6. Mamit S34593: 'The SaLakans bring this pLant whenever they intend to waLk 
past Ficus or insert the pLant near the base of the stem on the groun if 
they wanr-to feLL the Ficus. They beLieve that if they have the pLant with 
them the eviL spirits cannot see them.' 
7. PNH 37993 (A, L, PNH): 'medicine for eyes; roots appLied to snake-bite' 
8. PNH 78646 (A, L, PNH, US): 'used for rat scare-crow.' 

Drynaria quercifoLia (L.) J. Smith, Hook. J. Bot. 3 (1841) 398; 4 (1842) 
61; F~e, M~m. Foug. 5, Gen. FiL. (1950-'1852) 271; Brackenridge, US ExpL. 
Exp. 16 (1854) 55; Hook., Hook. J. Bot. 9 (1857) 357; J. Smith, CuLt. Ferns 
cat. (1857) 14; in Seemann, bot. Voy. HeraLd [FL. HongkongJ (1857) 426; T. 
Moore, Ind. FiL. (1862) 347; Bedd., Ferns S. Ind. (1863) 63, PL. 187; Mett., 
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Filices 2 (1866) 230 (21); J. Smith, Ferns Br. & For. (1866) 103; Hist. 
Fil. (1875) 108; Bedd., Suppl. Ferns S. Ind. & Br. Ind. (1876) 24; Handb. 
Ferns Br. Ind. (1883) 343, Fig. 191; Diels in E&P, Nat. Pfl. Fam. 1, 4 
(1902) 329; Copel., Dep. int. Bur. Govern. 28 (1905) 135; C. Chr., Ind. Fil. 
(1906) 249; Christ, J. Bot. Paris, ser. 2, 1 (1908) 238; v. A. v. R., Mal. 
Ferns (1908) 698; Copel., Phil. J. Sci. [Bot.J 6, 2 (1911) 91; v. A. v. R., 
Mal. Ferns Suppl. (1917) 415; Brause in Engl., Bot. Jb. 56 (1920) 208; 
Blatter & d'Almeida, Ferns Bomb. (1922) 167; Copel., Univ. Cal. Publs Bot. 
16, 2 (1929) 119; C. Chr. & Tardieu, Phan~rogamie 8, 4 (1939) 208; Tardieu & 
C. Chr. in Lecomte, Fl. g~n. Indo-Chine 7, 2 (1941) 518; Copel., Gen. Fil. 
(1947) 204; B. K. Nayar & Kachroo, Phytomorph. 3 (1953) 411; Holttum, Fl. 
Mal. 2, Ferns (1954) 182; Copel., Fern Fl. Philipp. 3 (1960) 496; Tind., 
Contr. NSW natn. Herb., Flora ser. 208-211 (1961) 29; B. K. Nayar, Bull. 
natn. bot. Gdns Lucknow (1961) 9, Fig. 2; Holttum, [Fl. Thail. 33J Dansk. 
Bot. Ark. 23, 2 (1965) 231; Tag. in H. Hara, Fl. E. Himal. (1966) 493; Jones 
& Clemesha, Austr. Ferns (1976) 180, Fig. 143, Pl. 10. --- Polypodium 
quercifolium L., Spec. Pl. (1753) 1087; Poir. in Lam., Encycl. Meth., Bot. 
5 (1804) 517; Sw., Syn. Fil. (1806) 32; R. Brown, Prod. Fl. N. Holl. (1810) 
147; Willd., Spec. Pl. 5 (1810) 170; Kaulf., Enum. Fil. (1824) 97; Bory, 
Annls Sci. nat. 5 (1825) 465; Gaud., Bot. Voy. Uranie & Physic. (1826) 353; 
Desv., Mem. Soc. Linn. Paris 6 [Prodr. Foug.J (1827) 235; Blume, Enum. Pl. 
Javae, Fil. (1828) 135; Fl. Javae, Fil. (1829) 153 (58) ; Mett., Fil. HB 
Lips (1856) 38; Farngatt. 1, Polyp. (1857) 122; Hook., Spec. Fil. 5 (1864) 
96; Ettingh., Farnkr. Jetztw. (1865) 51, T. 29:Fig. 4, T. 37:Fig. 11; F. 
Muell., Fragm. phytogr. Austr. 5 (1865-'66) 129; Mett., Filices 2 (1866) 230 
(21); Baker in Hook. & Baker, Syn. Fil. (1868) 367; Cesati, Atti R. Accad. 
Sci. F&M Napoli 7 (1876) 28; Benth., Fl. Austral. 7 (1878) 772; C. B. 
Clarke, Trans. Linn. Soc. Lond., ser. 2, 1 (1880) 555; F. M. Bailey, Syn. 
Gnsld Fl. (1883) 718; Becc., Malesia 2 (1884) 246; 3 (1886) 25; Christ, 
Farnkr. (1897) 118, Fig. 337; Bull. Herb. Boissier 6, 3 (1898) 202; Racib., 
Pterid. Fl. Buitenz. (1898) 118; F. M. Bailey, Gueensl. Fl. 4 (1902) 1987. 
--- Phymatodes quercifolia (L.) C. Presl, Tent. Pterid. (1836) 198; Hook. & 
Bauer, Gen. Fil. (1842) T. 21. Type: Herb. Linn~ (Microfiche no. 
1251.12). 

Polypodium sylvaticum Schkuhr, Kr. Gew. 1 (1809) 22, T. 8b. 
Phymatodes sylvatica (Schkuhr) C. Presl, Tent. Pterid. (1836) 198. --- Type: 
Schkuhr, Kr. Gew. (Fil.) 1 (1809) Pl. 8b. 

Polypodium schkuhrii Bory, Annls Sci. nat. 5 (1825) 467. --- Type: 
Schkuhr, Kr. Gew. (Fil.) 1 (1809) Pl. 13. 

Polypodium morbillosum C. Presl, Reliq. Haenk. 1 (1825) 22, T. 3, F. 3; 
Mett., Fil. HB Lips. (1856) 37, T. 20:9; Farngatt. 1, Polyp. (1857) 117. --­
Phymatodes morbillosa (C. Presl) C. Presl, Tent. Pterid. (1836) 198. --­
Drynaria morbillosa (C. Presl) J. Smith, J. Bot. 3 (1841) 398 p.p.; Cat. 
Cult. Ferns (1857) 14 p.p.; T. Moore, Ind. Fil. (1862) 347. --- Type: not 
traeed (PRC?). 

Polypodium brancaefol i um C. Presl, Rel. Haenk. 1 (1825) 22. --- Phymatodes 
brancaefolia (C. Presl) C. Presl, Tent. Pterid. (1836) 198. --- Type: not 
traeed (PRC?). 

Usually epiphytic, spi rally climbing, occasionally epilithic or terrestrial, 
linearly creeping.---- Rhizome 2-->3 cm 0, phyllopodia absent, fronds < 10 
cm apart, (many) persistent naked rhachises present, base fronds contiguous 
to spreading, mainly imbricate; 20-->40 vascular bundles, + equally­
sized, arranged in 1 or 2 (p.p.) elliptical row(s) with a dorsal-protrusion, 
bundle sheath absent, epidermis cells isodiametric, scale attachment more 
or less sunken, sclerenchyma strands absent.--- Rhizome scales obliquely 
spreading, basifix, pseudo-peltate or peltate, triangular/ovate to 
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Linear/fiLiform, index 10--25, 6--20 by 0.5--1 mm, margin toothed; 
teeth biseriate, 1-ceLLed, top united or rounded, apex acute 
(acuminate), distinct gLanduLar top ceLL present, gLanduLar indument 
present near the base, 1- or 2-ceLLed, indument inserted marginaLLy onLy, 
Lignified ceLLs present around the point of attachment onLy.--- Fronds 
dimorphic with base and foLiage fronds.--- Base fronds rounded to ovate, 
index 1--1.4, (10--)15--40 by 10--30 cm, (cLearLy) sinusoid, margin 
entire.--- Venation of base fronds: Vs running more or Less straight, or 
irreguLar zigzagging, Vt branching from Vtc basicaLLy excurrent and 
recurrent, free vein endings running excurrent and recurrent or diffuse; 
A1c aLways present, irreguLarLy shaped, both branching points of the Vtc 
and Vs equaLLy distant from Vp, shortened, aLL containing 2 or more 
incLuded veins, simpLe, once dichotomous or more extensiveLy branched, 
partLy anastomosed; A1c aLong costa present, inconspicuous, irreguLarLy 
shaped, or nearLy absent; A1 divided into (3--)4 or more Asec, areoLe 
Layering comprising 3--4(--6) A1, distinct, irreguLarLy shaped, Asec empty 
or containing simpLe veins.--- FoLiage fronds 55--130(--180) cm Long, 
pinnatifid, staLked, petioLe up to 15--30(--35) by 0.4--0.8 cm, 
inconspicuousLy or not winged; Lamina quadranguLar to ovate, index 2.5--4, 
40--100(--150) by 15--50 cm, pinnae equaLLy wide throughout, aLL equaLLy­
sized, index 4--6, up to 10--25(--30) by 2--4.5 cm, incisions up to 0.2<--
0.5 cm from the costa, margin entire, apex acute, apicaL pinna aborted, 
nectaries situated in the upper angLe between costa and Vp (and Vp and 
Vs).--- Venation of foLiage fronds: Vs running more or Less straight, Vt 
branching from Vtc basicaLLy recurrent, free vein endings running diffuse, 
hydathodes absent; A1c sometimes absent, usuaLLy present, irreguLarLy 
shaped, both branching points of the Vtc and Vs equaLLy distant from the Vp 
or shortened, aLL or LargeLy containing 2 or more incLuded veins, simpLe or 
once dichotomous, partLy anastomosed; A1 divided into to 3 to more than 4 
Asec, areoLe Layering comprising 5--8 A1, distinct, reguLarLy shaped 
throughout the frond, Asec empty or containing simpLe veins; venation of 
fertiLe frond parts + simiLar to steriLe foLiage frond parts, Vt directed 
to the nearby sorus, A1c not soriferous.--- Sori round, 1<--2 mm 0 
distributed aLL over the abaxiaL frond surface, ~he basaL pinnae usuaLLy 
in the apicaL part onLy or mediaLLy or indifferent, arranged in two reguLar 
rows paraLLeL to the Vs, near the Vs margins, two per A1, on branching 
points of 2--4 or more veins, sLightLy pustuLate.--- Anatomy: petioLe 
rounded, or invaginated, >11 vascuLar bundLes, costa rounded, or 
invaginated, 5-->6 vascuLar bundLes, bundLe sheath bLue- or brown­
coLoured; steriLe Lamina: stomata 1500--2700 /um2, epidermis red-coLoured, 
hypodermis present adaxiaLLy, marginaL scLerenchymatous strand with >25 
ceLLs, Vp rounded, vein sheath interrupted or continuous, cortex bLue­
coLoured, parenchymatous, 1 vascuLar bundLe, bundLe sheath bLue- or brown­
coLoured, xyLem arrangement T-shaped, scLerenchymatous strands absent, 
veinLet sheath extensions scLerenchymatous from epidermis to epidermis; 
receptacLe with more or Less isodiametric ceLL arrangement, 1 or 2 
veinLets.--- Indument: Laminar trichomes present, gLanduLar, not densiLy 
set, >90% unbranched, 2(3) ceLLs Long, 90--120(--135) /um Long, type 11 
gLanduLar trichomes absent, Laminar scaLes scattered throughout, peLtate, 
trianguLar/ovate, teeth biseriate, inserted marginaLLy onLy, gLanduLar 
indument absent, Lignified ceLLs ceLLs absent, apex fiLiform/narrow 
acuminate to acute; receptacuLar hairy paraphyses >90% unbranched, 1 or 2 
gLanduLar ceLLs, 2(3) ceLLs Long, 90--120 /um Long, receptacuLar scaLy 
paraphyses absent, deviating sporangia absent, sporangiaL paraphyses 
absent.--- Sporangium 260--330 by 225--270 /um, annuLus with (12)13--15 
(--18) indurated ceLLs, 3(4) epistomium ceLLs, (2)3 hypostomium ceLLs, in 
totaL 21--23(--26)ceLLs.--- Spores of quercifoLium-type, peri spore 
verrucate, uLtrastructure smo~basaL Layer thin, spines present, with 
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apicaL constriction, bacuLae absent, exospore smooth. 

Distribution: CeyLon, India (W. Ghats, Madras, W. Bengal, Sikkim, Assam), 
NepaL, Bhutan, BangLa-Desh, Birma, ThaiLand, Laos?, Cambodja, Vietnam, 
Andaman IsL., Nicobar IsL., SimueLue, Sumatra, Penang, MaLay PeninsuLa, 
Singapore, Anambas IsL., Riau Arch., Bangka, Java, Boerneo (KaLimantan, 
Sarawak, Sabah), SuLu IsL., PhiLippines (Luzon, Mindoro, PaLawan, Panay, 
Negros, Cebu, Leyte, Samar, BasiLan, Mindanao, Sarangani), CeLebes, Siau 
IsL., Butung, Lesser Sunda IsL. (Lombok, Sumba, Sumbawa, FLores, Timor), 
MoLuccas, Tanimbar IsL. Papua New Guinea, Northern Territory, QueensLand. 

Habitat: SeveraL kinds of primary and secondary forest (a.o. tidaL-, 
mangrove-, swamp-, gaLery-, open-, evergreen-, deciduous dipterocarp-, dry-, 
MeLaLeuca-, Tectona-), plantation (rubber-, coconut-), and savannah. Growing 
1--10 m (or more) above the ground, in shade or exposed. Reported on 
Artocarpus heterophyLLum, Acacia LeucophyLLa, Borassus fLabeLLifera, Cocos 
nucifera, Shorea robusta,~s media, ELaeis guineensis, Lagerbs~ 
spec., Vatica spec., Hevea spec., Ficus spec., Litsaea spec., Samanea spec. 
ALt. 0--1'"2öëiè=-1900) m-.-- ---

Notes. 1. Vern. names: Kabkab (Bic., ALbay, Luzon, Philippines) 
Pak pak Lawin tag (Mt. MaquiLing & Batangas, Luzon, PhiLLipines) 
PaLaypay buLadLad (Mang., Hanunuo, MansaLay, Mindoro, Philippines) 
YupaL mant eg (Sam., ZambaLes, Luzon, Philippines) 
Araucon (Todaya, Davao, Mindanao, Philippines) 
Banog banog (Cebuano, Davao, Mindanao, Philippines) 
Paipai-amo (Butuan, San Mateo, Tungao, Agusan, Philippines) 
KaLeo-keo (= kite; Tonsea, Minahassa, CeLebes) 
HaLu kut (Lang. Wanokaka, Sumba) 
Topèh <Timor) 
Pek baang (Loi, Hainan, China) 
Hujue (China) 
ThiL-ka-sen (Wakema, Birma) 
Kyaukpyu (Ramree IsL., Birma) 
Kra-pLog (Chantaburi, ThaiLand) 

2. Chromosomes: 2n = 74 (L8ve, L8ve, & Pichi SermoLLi, 1977) 
3. BoLster 117 (MO): 'Of ten kept as house pLant.' 
4. PNH 12588 (MICH): 'Medicine for stomach ache. Reduce stem into five 
pieces, soak in water. The Liquid is then taken.' 

3. Drynaria bonii Christ 

Drynaria bonii Christ, Phan~rogamie 1 (1909) 186; C. Chr., Ind. FiL. 
suppl. 1 (19~9; C. Chr. & Tardieu, Phan~rogamie 8, 4 (1939) 207; Tardieu 
& C. Chr. in Lecomte, FL. g~n. Indo-Chine 7, 2 (1941) 517; HoLttum, CFL. 
Thai L. 1) Dansk Bot. Ark. 20, 1 (1961) 20; C33] 23, 1 (1965) 231; Iconogr. 
Cormop. Sinic. 1 (1972) 272. --- Lectotype: Bon 3204, Bau Phêk Tonkin, 
Vietnam (P). 

Drynaria meeboLdii Rosenstock in Fedde, Repert. (1913). 
7058, Manipur, PhaLeng, Nagaberge (M, n.v.) 

Type: MeeboLd 

UsuaLLy epiLithic (or terrestrial), LinearLy creeping, of ten epiphytic, 
spi raLLy cLimbing.--- Rhizome 1--3 cm 0, phyLLopodia absent, fronds < 10 cm 
apart, rhachises not or rareLy persistent, base fronds contiguous, mainLy 
imbricate; 15--30 vascuLar bundLes, aLL + equaLLy-sized, arranged in 1 
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eLLipticaL row with a dorsaL protrusion, bundLe sheath absent, epidermis ' 
ceLLs fLattened, scaLe attachment more or Less sunken, scLerenchyma 
strands absent.--- Rhizome scaLes perpendicuLarLy spreading, of two types, 
peLtate, rounded, trianguLar/ovate or spathulate, index 1.5--6, 2--12 by 
1.5--3 mm, margin toothed, teeth biseriate, 1-ceLLed, top united, apex 
acute (acuminate), distinct gLanduLar top ceLL present, gLanduLar indument 
present throughout, 2-ceLLed; indument inserted marginaLLy onLy, Lignified 
ceLLs present around the point of attachment onLy.--- Fronds dimorphic 
with base and foLiage fronds.--- Base fronds rounded, index 1--1.3, 5--12 
by 5--10 cm, (nearLy) entire.--- Venation of base fronds: Vs running more 
or Less straight or irreguLarLy, Vt branching from Vtc basicaLLy excurrent 
and recurrent, free vein endings running excurrent and recurrent or 
diffuse; A1c sometimes absent, usuaLLy present, irreguLarLy shaped, both 
branching points of the Vtc and Vs equaLLy distant from Vp, LargeLy empty, 
rareLy containing 1 recurrent incLuded vein, simpLe, free; A1c aLong costa 
present, Large sized, conspicuous, somewhat irreguLarLy shaped, with 
incLuded free veins; A1 undivided or divided into 2 more or Less equaL 
Asec, areoLe Layering comprising 1 or 2 A1, distinct, irreguLarLy shaped, 
Asec aLways empty.--- FoLiage fronds 30--65 cm Long, pinnatifid, staLked, 
petioLe up to 15(--20) by 0.3--0.5 cm, conspicuousLy winged; Lamina 
quadranguLar to ovate, index 2--3, 25--50 by 15--25 cm, pinnae with a 
cLear basaL constriction, aLL equaLLy-sized, index 3--4, up to 7--15 by 
2.5--4.5 cm, incisions up to 0.2--0.5 cm from the costa margin entire, apex 
acute, acuminate, or obtuse, apicaL pinna aborted, nectaries situated in 
the upper angLe between costa and Vp (and Vp and Vs).--­
Venation of foLiage fronds: Vs running more or Less straight or irreguLarLy, 
Vt branching from Vtc basicaLLy recurrent, free vein endings running 
diffuse, hydathodes absent; A1c aLways present, irreguLarLy shaped, both 
branching points of the Vtc and Vs equaLLy distant from the Vp or shortened, 
LargeLy containing 1--2 or more recurrent incLuded veins, simpLe or once 
dichotomous, partLy anastomosed; A1 divided into 3 or 4 Asec, areoLe 
Layering comprising 4--7 A1, distinct, reguLarLy shaped throughout the 
frond, Asec LargeLy empty or containing simpLe veins; venation of fertiLe 
frond parts + simiLar to steriLe foLiage frond parts, Vt directed to the 
nearby sorus; A1c sometimes soriferous.--- Sori round, 1<--2 mm 0, 
distributed aLL over the abaxiaL frond surface,~the basaL pinnae mediaLLy 
or indifferent, arranged in 2 irreguLar rows paraLLeL to the Vs, 2--4 per 
A1, near the Vs margins, subterminal on free veins, midway on anastomosed 
veins, on branching points of 2--4 veins, sLightLy pustuLate.--- Anatomy: 
petioLe rounded ot invaginated, 3--6 vascuLar bundLes, costa rounded, 1 or 
2 vascuLar bundLes, bundLe sheath bLue- or brown-coLoured; steriLe Lamina: 
stomata 2700-->3300 lum2, epidermis red-coLoured, hypodermis absent, 
marginaL scLerenchymatous strand with >25 ceLLs; Vp rounded, vein sheath 
interrupted, cortex bLue- to red-coLoured, scLerenchymatous or firm 
parenchymatous, 1 vascuLar bundLe, bundLe sheath bLue-or brown-coLoured, 
xyLem arrangement T- to V-shaped, scLerenchymatous strands absent, veinLet 
sheath extensions scLerenchymatous from epidermis to epidermis with some 
irreguLarities; receptacLe with more or Less isodiametric ceLL arrangement, 
1 or 2 veinLets.--- Indument: Laminar trichomes present, gLanduLar, not 
densiLy set, >90X unbranched, 2 ceLLs Long, 90--120 lum Long, type 11 
gLanduLar trichomes absent, acicuLar trichomes absent, Laminar scaLes 
scattered throughout, basifix, pseudo-peLtate with short auricuLes to 
peLtate, trianguLar/ovate, teeth biseriate, gLanduLar indument present 
throughout, 1- or 2(3)-ceLLed, indument inserted marginaLLy and abaxiaLLy, 
Lignified ceLLs absent or midrib present, apex fiLiform/narrow acuminate to 
acute (acuminate); receptacuLar hairy paraphyses >90X unbranched, 1 or 2 
gLanduLar ceLLs, 2 or 3 ceLLs Long, 80--130 lum Long, receptacuLar scaLy 
paraphyses absent; deviating sporangia absent, sporangiaL paraphyses 
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absent.--- Sporangium 260--300 by 215--260 lum, annulus with (12--)14 or 
15(16) indurated cells, 2 or 3(4) epistomium cells, 3(4) hypostomium 
cells, in total (20)21--23(24) cells.--- Spores of quercifolium-type, 
peri spore verrucate, ultrastructure smooth,~al layer thin, spines 
present, sharp and smooth, baculae absent, globules absent, exospore 
smooth. 

Distribution: India (Assam), China (Yunnan, Guansi, Guangdong, Hainan), 
Thailand, Cambodja, Vietnam, Penang. 

Habitat: Several kinds of forest (a.o. open-, galery-, evergreen-, 
deciduous, dipterocarp-). Of ten growing on lime rocks, 0--10 m above the 
ground. Reported on Lithocarpus spec. Alt. 100--1300(--1700) m. 

Notes. 1. Vern. name: Jan hue (Hainan, China) 
Tuanye hujue (China) 

2. Ching 6751 (PE): 'fleshy rhizomes for medical use.' 
3. Incisions in between the pinnae are usually very broad, + quadrangular 
in outline. 

4. Drynar;a ;nvoLuta v. A. v. R. 

Drynaria involuta v. A. v. R., Bull. D!pt. agric. Ind. n!erl. 21 (1908) 8, 
T. 4; Mal. Ferns (1908) 700; C. Chr., Ind. Fil. suppl. 1 (1913) 29; v. A. v. 
R., Mal. Ferns Suppl. (1917) 415. --- Drynaria convoluta v. A. v. R., Bull. 
Jard. bot. Buitenz., ser. 2, 1 (1911) 6 (nomen illeg.). --- Lectotype: 
Teysmann 8577, Borneo, Sintang (holo: L). 

Epiphytic, spirally climbing.--- Rhizome <1 cm 0, phyllopodia absent, 
fronds < 10 cm apart, rhachises not or rarely persistent, base fronds 
contiguous, mainly imbricate; 15--20 vascular bundles, dorsal + 4 larger 
sized, arranged in 1 elliptical row with a dorsal protrusion, bundle 
sheath sometimes absent, sometimes well-developed, blue- or brown­
coloured, epidermis cells isodiametric, scale attachment more or less 
sunken, sclerenchyma strands absent.--- Rhizome scales perpendicularly 
spreading, of two types, peltate, rounded, triangular/ovate or spathulate, 
index 1--4, 1--8 by 0.5--2 mm, margin toothed, teeth biseriate, 1-
celled, top united, apex acute (acuminate) to rounded, distinct glandular 
top cell present, glandular indument present throughout, 1- or 2-celled, 
indument inserted marginally only, midrib present.--- Fronds dimorphic with 
base and foliage fronds.--- Base fronds rounded to ov~ index 1--1.4, 
5--10 by 4--8 cm, (nearly) entire to sinusoid.--- Venation of base fronds: 
Vs running more or less straight or irregularly, Vt branching from Vtc 
basically excurrent and recurrent, free vein endings running excurrent and 
recurrent or diffuse; A1c sometimes absent, usually present, irregularly 
shaped, both branching points of the Vtc and Vs equally distant from Vp or 
bordering part of basal Vs shortened, largely containing containing 1 or 2, 
or more included veins, simple, once dichotomous, or more extensively 
branched, partly anastomosed; A1c along costa present, inconspicuous, 
irregularly shaped, or nearly absent; A1 undivided orA1 divided into 2--4 
Asec, areole layering comprising 1--4 A1, distinct, irregularly shaped, 
Asec largely empty.--- Foliage fronds 25--55 cm long, pinnatifid, stalked, 
petiole up to 12 by 0.3--0.5 cm, inconspicuously winged, lamina 
quadrangular, index 2--3, 20--45 by 12--25 cm, pinnae with a clear basal 
constriction, all equally-sized, index 3--4, 7--15 by 2.5--4.5 cm, incisions 
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up to 0.0--<0.2 cm from the costa, margin entire, apex acute to acuminate, 
apical pinna aborted, nectaries situated in the upper angle between costa 
and Vp (and Vp and Vs).--- Venation of folia~e fronds: Vs running more or 
less straight, Vt branching from Vtc baslcally recurrent, free vein 
endings running diffuse, hydathodes absent; A1c always present, somewhat 
irregularly shaped, both branching points of the Vtc and Vs equally distant 
from the Vp or shortened, largely containing 1 or 2, or more included 
veins, simple, partly anastomosed; A1 divided into 3 or 4, or more Asec, 
areole layering comprising 5--7 A1, distinct, regularly shaped throughout 
the frond, Asec containing simple, or once dichotomous veins; venation of 
fertile frond parts + similar to sterile foliage frond parts, Vt directed 
to the nearby sorus, A1c not soriferous.--- Sori round, 1<--2 mm 0, 
distributed all over the abaxial frond surface, -rn-the basal pinnae usually 
in the apical part only, or medially or indifferent, arranged in 2 
irregular rows parallel to the Vs, 2 or 3 per A1, near the Vs margins, 
subterminal on free veins, midway on anastomosed veins, or on branching 
points of 2--4 veins, slightly pustulate.--- Anatomy: petiole rounded, 
5--6 vascular bundles, costa angular, 2 vascular bundles, bundle sheath 
present, brown-coloured; sterile lamina: stomata 1500--2700 lum2, epidermis 
red-coloured, hypodermis present adaxially, marginal sclerenchymous strand 
with >25 cells; Vp rounded, vein sheath interrupted, cortex blue-coloured, 
parenchymatous, 1 vascular bundle, bundle sheath brown-coloured, xylem 
arrangement r-shaped, sclerenchymatous strands absent, veinlet sheath 
extensions sclerenchymatous from epidermis to epidermis; receptacle with 
more or less isodiametric cell arrangement~ 1 or 2 veinlets.--- Indument: 
laminar trichomes present, glandular, not densily set, >90% unbranched, 2 
cells long, 80--95 lum long, type 11 glandular trichomes absent, acicular 
trichomes absent, laminar scales scattered throughout, basifix, 
triangular/ovate, teeth/protuberances uniseriate and biseriate, glandular 
indument absent, indument inserted marginally only, lignified cells 
absent, apex acute (acuminate); receptacular hairy paraphyses >90% 
unbranched, 1-2 glandular cells, 2 cells long, 60--75 lum long, 
receptacular scaly paraphyses absent; deviating sporangia absent, 
sporangial indument absent.--- Sporangium 235--270 by 190--220 lum, annulus 
with (12)13 or 14(--16) indurated cells, 3(--5) epistomium cells, (2)3(4) 
hypostomium cells, in total (20)21 or 22(--24) cells.--- Spores of 
quercifolium-type, perispore verrucate, ultrastructure smoot~asal 
layer thin, spines present, sharp and smooth or with apical constriction, 
baculae absent, globules absent, exospore smooth or with globular 
excrescences. 

Distribution: Borneo (Kalimantan, Sarawak). 

Habitat: Peat swamp forest. Growing 1--5 m above the ground. Reported on 
Dyospyros spec. Alt. sealevel. 

5. Drynaria descensa Capel. 

Drynaria descensa Copel., Philipp. J. Sci. (Bot.) 3, 1 (1908) 36; v. A. v. 
R., Mal. Ferns (1908) 698; C. Chr., Ind. Fil. suppl. 1 (1913) 29; Copel., 
Univ. Calif. Publs Bot. 16, 2 (1929) 119; Fern Fl. Philipp. 3 (1960) 497. 
--- Lectotype: Copeland 2061 (P. P. E. 42J, Philippines, Luzon, provo Nueva 
Ecija, Munos (B, BM, G, K, L, NV, S, NSW). 
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Usually epiphytic, spi rally climbing, of ten terrestrial or epilithic, 
linearly creeping.--- Rhizome 1--3 cm 0, phyllopodia absent, fronds < 10 cm 
apart, rhachises not or rarely persistent, base fronds contiguous, mainly 
imbricate; 20--30 vascular bundles, all equally-sized, arranged in 1 
elliptical row with a dorsal protrusion, bundle sheath absent, epidermis 
cells flattened, scale attachment more or less sunken, sclerenchyma 
strands absent.--- Rhizome scales perpendicularly spreading, of two types, 
peltate, rounded, triangular/ovate, or spathulate, index 1--5, 1--6 by 
1--2 mm long, margin toothed, teeth uniseriate or biseriate, 1-celled, 
top united, rounded or T-shaped, apex acute (acuminate) to rounded, 
distinct glandular top cell present, glandular indument present throughout, 
1- or 2-celled, indument inserted marginally only, midrib present.--­
Fronds dimorphic with base and foliage fronds.--- Base fronds rounded to 
~ index 1--1.4, 5--10 by 4--9 cm, (nearly) entire to sinusoid, 
margin irregularly denticulate.--- Venation of base fronds: Vs running more 
or less straight or irregularly, Vt branching from Vtc basically excurrent 
and recurrent, free vein endings running excurrent and recurrent or 
diffuse; A1c sometimes absent, usually present, irregularly shaped, both 
branching points of the Vtc and Vs equally distant from Vp or shortened, 
largely containing 1 recurrent included vein, simple or once dichotomous, 
free; A1c along costa present, inconspicuous, irregularly shaped, or nearly 
absent; A1 undivided or divided into 2 more or less equal Asec, areole 
layering comprising 1--4 A1, distinct, irregularly shaped, Asec largely 
empty.--- Foliage fronds 35--85 cm long, pinnatifid, stalked, petiole up to 
5--15 by 0.3--0.5 cm, conspicuously winged; lamina quadrangular to ovate, 
index 2--3.5, 30--70 by 12--25(--30) cm, pinnae with a + clear basal 
constriction, all equally-sized, index 5--8, up to 8--18 by 1--2.5 cm, 
incisions up to 0.2--0.5 cm from the costa margin entire, apex obtuse, 
apical pinna aborted, nectaries situated in the upper angle bet ween costa 
and Vp (and Vp and Vs).--- Venation of foliage fronds: Vs running more or 
less straight or irregularly, Vt branching from Vtc basically recurrent, 
free vein endings running diffuse, hydathodes absent; A1c always present, 
irregularly shaped, both branching points of the Vtc and Vs equally distant 
from the Vp or bordering part of apical Vs shortened, largely containing 1 
or 2, or more included veins, simple or once dichotomous, partly 
anastomosed; A1 divided into 3 or 4 Asec, areole layering comprising 4 A1, 
distinct, sometimes indistinct, (ir)regularly shaped throughout the frond, 
Asec largely empty or containing simple and once dichotomous veins; 
venation of fertile frond parts + similar to sterile foliage frond parts, 
Vt directed to the nearby sorus,- A1c sometimes soriferous.--- Sori round, 
1<--2 mm 0, distributed all over the abaxial frond surface, in-rnë basal 
pinnae usually in the apical part only or medially or indifferent, arranged 
in 2 irregular rows parallel to the Vs, 2 or 3 per A1, near the Vs margins, 
subterminal on free veins, midway on anastomosed veins, or on branching 
points of 2--4 veins, slightly pustulate.--- Anatomy: petiole rounded, 
3--6 vascular bundles, costa angular, 1 or 2 vascular bundles, bundle 
sheath blue-coloured; sterile lamina: stomata 2100--2700 lum2, epidermis 
red-coloured, hypodermis absent, marginal sclerenchymous strand with 10--20 
cells; Vp rounded, vein sheath continuous, cortex red-coloured, 
sclerenchymatous or firm parenchymatous, 1 vascular bundle, bundle sheath 
blue- or brown-coloured, xylem arrangement T-shaped, sclerenchymatous 
strands absent, veinlet sheath extensions sclerenchymatous from epidermis to 
epidermis; receptacle with more or less isodiametric cell arrangement, 1 or 
2 veinlets.--- Indument: laminar trichomes present, glandular, not densily 
set, >90% unbranched, 2(3) cells long, 85--110 lum long, type 11 glandular 
trichomes absent, acicular trichomes absent, laminar scales scattered 
throughout, basifix to peltate, triangular/ovate, teeth/protuberances 
uniseriate or biseriate, glandular indument present near the base only, 
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1--2-celled, indument inserted marginally only, lignified cells absent, 
apex acute (acuminate); receptacular hairy paraphyses >90% unbranched, >5% 
branched, 1 or 2 glandular cells, 2(3) cells long, 70--100 lum long, 
receptacular scaly paraphyses absent; deviating sporangia absent, 
sporangial paraphyses absent.--- Sporangium 295--330 by 255--285 lum, 
annulus with (11)12--14(15) indurated cells, (2)3 epistomium cells, (2)3 
hypostomium cells, in total (19)20--22(23) cells.--- Spores of 
quercifolium-type, peri spore verrucate, ultrastructure smooth, basal 
layer thin, spines present, sharp and smooth, baculae absent, globules 
absent, exospore smooth. 

Distribution: Philippines (Luzon). 

Habitat: Open forest. Reported on Elaeis guineensis. Alt. + 1600 m. 

6. Drynaria Laurentii (Christ ex De WiLd. & Durand) Hieron. 

Drynaria laurentii (Christ ex De Wild. & Durand) Hieron. in Engl., [Veg. 
Erde 9] Pfl. Welt Afr. 2 (1908) 57, Fig. 54; C. Chr., Ind. Fil. suppl. 1 
(1913) 29; Dansk Bot. Ark. 7 (1932) 162; Exell, Cat. Vasc. Pl. S. Tom~ 
(1944) 90; Tardieu, M~m. Inst. fr. Afr. noire 28 (1953) 216, Pl. XLIII: Fig. 
2, 3; Alston, Ferns W. Trop. Afr. [suppl.] (1959) 48, Fig. 11 ; Tardieu, in 
Aubr~v., Fl. Cameroun 3 (1964) 337, Pl. LIV: Fig. 2, 3; Fl. Gabon 8 (1964) 
199, Pl. XXXII: Fig. 2, 3; Schelpe, Contr. Bolus Herb. 1 (1969) 93; Consp. 
Fl. Angol. (1977) 115; Pichi Sermolli, Webbia 32, 1 (1977) 70; Benl, Acta 
bot. Barcin. 33 (1982) 10. --- Polypodium propinquum Wallich ex Mett. var. 
laurentii Christ ex De Wild. & Durand, Annls Mus. Congo [Bot.], ser. 2, 1 
(1899) 70; 5, 1 (1903) 6, T. 2. --- Lectotype: Laurent s.n., s.d., Zaire, 
Bas Congo, Inkisi (BR). 

Drynaria viridis Barter, Journ. Proc. Linn. Soc., Bot. IV (1860) 22 
(nomen nudum). 

Polypodium propinquum Wallich ex Mett. var. intermedium De Wild., Annls 
Mus. Congo [Bot.], ser. 5, 1 (1903) 6, T. 3. --- Lectotype: Gillet 1864, 
Zaire, Bas-Congo, Kisantu (BR). 

Polypodium willdenowii auct. non Bory p.p.; Baker in Henriq., Bol. Soc. 
Brot. 4 (1887) 155. 

Polypodium astrosorum Christ, Journ. Bot. 22 (1909) 22. --- Type: not 
traced. 

Generally epiphytic, spirally climbing, rarely epilithic, linearly 
creeping.--- Rhizome 1--3 cm 0, phyllopodia absent, fronds < 10 cm apart, 
many persistent naked rhachises present, base fronds spreading, mainly 
imbricate; 30--40 vascular bundles, all + equally-sized, arranged in 1 
elliptical row with a dorsal protrusion, bundle sheath absent, epidermis 
cells erect, scale attachment more or less sunken, sclerenchyma strands 
absent.--- Rhizome scales obliquely spreading, peltate, triangular/ovate 
to linear/filiform, index 6--15, 6--20 by 0.8--1.7 mm, margin with 
elongated protuberances, protuberances uniseriate, 1 to more-cel led, top 
rounded, apex long filiform, distinct glandular top cell present, 
glandular indument present throughout, 1- or 2-celled, indument inserted 
marginally only, lignified cells present around the point of attachment 
only.--- Fronds dimorphic with base and foliage fronds.--- Base fronds 
ovate to elongated/lanceolate, index 1.8--2.5, 15--30(--40) by 6--15(--20) 
cm, lobate, lobes up to 1/3--1/2 of the width, margin entire or 
irregularly denticulate, apex acute. --- Venation of base fronds: Vs 
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running more or less straight or regular zigzagging, Vt branching from Vtc 
basically excurrent and recurrent, free vein endings running excurrent and 
recurrent or diffuse; A1c sometimes absent, usually present, irregularly 
shaped, both branching points of the Vtc and Vs equally distant from Vp or 
shortened, all containing 2 or more included veins, simple, once 
dichotomous or more extensively branched, partly anastomosed; A1c along 
costa + absent; A1 divided into 3 or 4 Asec, areole layering comprising 3 
or 4 AT, distinct, irregularly shaped, Asec empty or containing simple 
veins.--- Foliage fronds 45--90(--125) cm long, pinnatifid, stalked, petiole 
up to 15(--25) by 0.5--0.6 cm, not winged; lamina quadrangular to ovate, 
(30--)40--70(--100) by 20--30(--50) cm, index 2--3, pinnae equally wide 
throughout, + equally-sized or decreasing in size towards the apex, index 
4.5--6(--7), -up to 12--20(--28) by 2--4 cm, incisions up to 0.2<--0.5 cm 
from the costa, margin serrate, incisions in bet ween the subsequent Vs, 
apex acute to obtuse, apical pinna aborted, nectaries situated in the 
upper and lower angle between costa and Vp (and Vp and Vs).--- Venation of 
foliage fronds: Vs running more or less straight, Vt branching from Vtc 
bas1cally recurrent, free vein endings running diffuse, hydathodes absent; 
A1c always present, irregularly shaped, both branching points of the Vtc 
and Vs equally distant from the Vp, bordering part of basal Vs shortened, 
all containing 1 or 2, or more included veins, simple or once dichotomous, 
partly anastomosed; A1 divided into 3 or 4, or more Asec, areole layering 
comprising 4--5 A1, distinct, regularly shaped throughout the frond, Asec 
empty or containing simple veins; venation of fertile frond parts + 
similar to sterile foliage frond parts, Vt directed to the nearby sorus, 
A1c not soriferous.--- Sori round, 1--3 mm 0, distributed all over the 
abaxial frond surface, in the basal pinnae medially or indifferent, arranged 
in 1 row parallel to the Vp, 1 per A1, near or in the cent re, on branching 
points of more than 4 veins, pustulate.--- Anatomy: petiole rounded, >11 
vascular bundles, costa rounded, 4 vascular bundles, bundle sheath blue­
or brown-coloured; sterile lamina: stomata 2100--2700 /um2, epidermis blue­
coloured, hypodermis of ten present adaxially, marginal sclerenchymous 
strand with 10--20 cells; Vp rounded, vein sheath interrupted or continuous, 
cortex red-coloured, sclerenchymatous or firm parenchymatous, 1 vascular 
bundle, bundle sheath blue- or brown-coloured, xylem arrangement T-shaped, 
sclerenchymatous strands absent, veinlet sheath extensions sclerenchymatous 
from epidermis to epidermis with some irregularities; receptacle with more 
or less isodiametric cell arrangement, 3 or 4 veinlets.--- Indument: 
laminar trichomes present, glandular, not densily set, >90% unbranched, 2 
cells long, (80--)90--120(--135) /um long, type 11 glandular trichomes 
present, acicular trichomes absent, laminar scales scattered throughout, 
basifix to peltate, round, triangular/ovate, or linear/filiform, margin 
with short and long protuberances, protuberances uniseriate, glandular 
indument absent, indument inserted marginally only, lignified cells 
absent, apex filiform/narrowacuminate; receptacular hairy paraphyses 
25--50% branched, 1 or 2 glandular cells, 2--4 cells long, 85--180 /um 
long, receptecular scaly paraphyses present, complex; deviating sporangia 
absent, sporangial paraphyses absent.--- Sporangium 300--335 by 210--250 
/um, annulus with 13--16(--18) indurated cells, 3 or 4(5)epistomium cells, 
3--6 hypostomium cells, in total (21)22--25(--27) cells.--- Spores of 
quercifolium-type,perispore verrucate, ultrastructure smooth, basal layer 
thin, spines absent, baculae present, globules absent, exospore with 
globular excrescences. 

Distribution: Guinea, Sierra Leone, Liberia, Ivory Coast, Ghana, Togo, 
Nigeria, Sao Tom~, Principe, Cameroun, Gabon, Zaire, Angola, Uganda, 
Burundi, Kenya, Tanzania. 
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Habitat: Primary rain forest (a.o. gallery-), tree savannah, and bush 
vegetation (a.o. Brachystegia microphylla-), sometimes in (coffee) 
plantation. Usually growing high epiphytically, 0--40 m above the ground. 
Reported on Parinari calaense, Brachystegia microphylla, Ceiba pentrandra, 
Mangifera indica, Dichristachys nutans, Elaeis guineensis~androphragma 
utile, Ma~a acuminata, Sco~oeu~heri, Jacaranda mimosifolia, 
Ficus spec., Albizzia spec., Baphia spec., Panisetum spec., Cassipourea 
spec., Bridelia spec., Uapace spec., Pycnanthus spec., Oxystigma spec. Alt. 
0--1450(--1800) m. 

Notes. 1. Vern. names: Ngalagala (Usambara, Tanzania) 
Pombe (Mobwase, Zaire) 
Bonkenkele (dial. Lokundu, Zaire) 
Liombombo, Lilele (dial. Turumbu, Zaire) 
Kinkunda-nkunda (Popokabaka, Zaire) 
Dilde-lele (Kizulu, Zaire) 
Moukir (Vaku, Zaire) 

2. Most obvious differences with species no.7 concern the rhizome 
scales (which are dull and brown in the present species) and the spores. 
3. Chromosomes: 2n = 74 (L8ve, L8ve, & Pichi Sermolli, 1977) 
4. Bos 2029 (Z): 'Plants dropped on the forest floor continue to grow.' 
5. Dawkins D864 (K): 'Growing in large masses, like Hedera helix in all 
directions irrespective gravity, ••• fertile, horizontal or pendulous leaves, 

Holst 8734 (B) & Volkens 62 (B): 'covers of ten the boles and trunks 
completely.' 

Newbould 811 (K): 'Rhizomes run longitudinally up and down trunk.' 
6. Faden et al. 70/683 (K): 'Of ten with Asplenium megalura.' 

7. Drynar;a volkens;; H;eron. ;n Engl. 

Drynaria volkensii Hieron. in Engl., [Veg. Erde 9] Pfl. Welt Afr. 2 (1908) 
57; Hieron., Bot. Jb. 46, 3 (1911) 393; C. Chr., Ind. Fil. suppl. 1 (1913) 
29; Dansk Bot. Ark. 7 (1932) 162; Tardieu, M~m. Inst. fr. Afr. noire 28 
(1953) 214; Alston, Ferns W. Tr. Afr. [suppl.] (1959) 48; Tardieu in 
Aubrev., Fl. Cameroun 3 (1964) 336, Pl. LIII, Fig. 4-6; Cuf., 
Senckenbergiana biol. 50, 3--4 (1969) 257; Schelpe, Contr. Bolus Herb. 1 
(1969) 93; Pterid. in Exell & Raunert, Fl. Zambo (1970) 149, T. 46:f. 1-4; 
Korna!, Pterid. Zambo (1979) 75; Schelpe & Diniz in Mendes, Fl. Mo~ amb., 
Pterid. (1979) 152; Benl, Acta bot. Barcin. 33 (1982) 11. --- Type: Volkens · 
735, Tanzania, Kilimanjaro (holo:B; iso: K). 

Drynaria volkensii var. macrosora Hieron., Bot. Jb. 46, 3 (1911) 394. --­
Lectotype: Mildbread 1288, Tanzania, "Deutsch Ostafrika", Ninagongo, 
Kissenge (B). 

Drynaria volkensii Hieron. in Engl. var. uondensis Fiori, Nuovo Gior. bot. 
ital. 47 (1940) 25. Type: Saccardo s.n., 1937, bet ween Uondo and 
Agheresalam, Ethiopia (FI, n.v.). 

Drynaria saccardi Cuf., Senckenbergiana Biol. 50, 3--4 (1969) 256, Fig. 
12. -Type: Kuls 215, Bera, Ethiopia (holo: FR). 

Generally epiphytic, spi rally climbing, rarely epilithic, linearly 
creeping.--- Rhizome 1--3 cm 0, phyllopodia absent, fronds < 10 cm apart, 
many persistent naked rhachises present, base fronds spreading, mainly 
imbricate; 20--30 vascular bundles, all + equally-sized, arranged in 
elliptical row with a dorsal protrusion, bundle sheath absent, epidermis 
cells erect, scale attachment more or less sunken, sclerenchyma strands 
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absent.--- Rhizome scaLes obLiqueLy spreadi 'lg, basifix, trianguLar/ovate to 
spathulate, index 2--8, 2--10 by 1--2 mm, margin toothed, teeth 
uniseriate, 1-ceLLed, top rounded, apex Long fiLiform, distinct 
gLanduLar top ceLL present, gLanduLar indument present throughout, 2-
ceL Led, indument inserted marginaLLy onLy, midrib present.--- Fronds 
dimorphic with base and foLiage fronds.--- Base fronds eLongated/Lanceolate, 
index 1.5--2, (10--)15--35(--40) by (5--)10--18(--23) cm, Lobate, Lobes 
up to 1/3 or more of the width, margin irreguLarLy denticuLate, apex 
bLunt.--- Venation of base fronds: Vs running more or Less straight or Vs 
reguLar zigzagging way, Vt branching from Vtc basicaLLy excurrent and 
recurrent, free vein endings running excurrent and recurrent or diffuse; 
A1c aLways present, reguLarLy shaped throughout the frond(part), bordering 
part of basaL Vs shortened, aLL containing one recurrent incLuded vein; 
incLuded vein(s) once dichotomous or more extensiveLy branched, partLy 
anastomosed; A1c aLong costa + absent; A1 divided into 2 more or Less 
equaL Asec, areoLe Layering comprising 3 or 4 A1, distinct, reguLarLy 
shaped throughout the frond, Asec LargeLy containing simpLe or once 
dichotomous veins.--- FoLiage fronds 40--100 cm Long, pinnatifid, staLked, 
petioLe up to 15(--20) by 0.5--0.6 cm, inconspicuousLy winged; Lamina 
quadranguLar to ovate, index 2--3, 35--80 by 15--35 cm, pinnae equaLLy 
wide throughout, aLL equaLLy-sized, index 4--7, 8--25 by 2--4 cm, incisions 
up to 0.2<--0.5 cm from the costa throughout, margin serrate, inclslons in 
bet ween the subsequent Vs, apex acute to obtuse, apicaL pinna aborted, 
nectaries situated in the Lower angLe between costa and Vp (and Vp and 
Vs).--- Venation of foLiage fronds: Vs running more or Less straight, or 
irreguLarLy, Vt branching from Vtc basicaLLy recurrent, free vein endings 
running diffuse, partLy terminated by a hydathode; A1c aLways present, 
irreguLarLy shaped, bordering part of basaL Vs shortened, aLL containing 
two or more incLuded veins, simpLe, once dichotomous, or more extensiveLy 
branched, partLy anastomosed; A1 divided into 3 or 4, or more Asec, areoLe 
Layering comprising 3 or 4 A1, distinct, reguLarLy shaped throughout the 
frond, Asec empty or containing simpLe veins; venation of fertiLe frond 
parts + simiLar to steriLe foLiage frond parts, Vt directed to the nearby 
sorus,- A1c not soriferous.--- Sori round, 1--3 mm 0, distributed aLL over 
the abaxiaL frond surface, in the basaL pinnae usuaLLy in the basaL part 
onLy, or mediaLLy or indifferent, arranged in one row paraLle,l ... cto the Vp, 1 
per A1, near or in the cent re, on branching points of more than four veins, 
pustuLate.--- Anatomy: petioLe eLLipticaL,or invaginated, 7--8 vascuLar 
bundLes; costa rounded or invaginated, 4 vascuLar bundLes, bundLe sheath 
bLue-or brown-coLoured; steriLe Lamina: stomata >3300 lum2, epidermis 
bLue-coLoured, hypodermis absent, marginaL scLerenchymous strand with 10--20 
ceLLs, Vp rounded, vein sheath continuous, cortex bLue-coLoured, 
parenchymatous, 1 vascuLar bundLe, bundLe sheath brown-coLoured, xyLem 
arrangement T-shaped, scLerenchymatous strands absent, veinLet sheath 
extensions scLerenchymatous from epidermis to epidermis; receptacLe with 
more or Less isodiametric ceLL arrangement, 3 or 4 veinLets.--- Indument: 
Laminar trichomes present, gLanduLar not densiLy set, >90% unbranched, 2 or 
3 ceLLs Long, 100--150(--180) lum Long, type 11 gLanduLar trichomes absent, 
acicuLar trichomes absent, Laminar scaLes scattered throughout, basifix, 
pseudo-peLtate, or peLtate, trianguLar/ovate, Linear/fiLiform, teeth uni­
seriate or biseriate, gLanduLar indument absent, indument inserted 
marginaLLy onLy, Lignified ceLLs of ten present forming a midrib, apex 
fiLiform/narrow acuminate to acute (acuminate); receptacuLar hairy 
paraphyses >90% unbranched, >5% branched, 1 or 2 gLanduLar ceLLs, 2--4 
ceLLs Long, (120--)145--180 lum Long, receptacuLar scaLy paraphyses present, 
simpLe and compLex, deviating sporangia absent, sporangiaL paraphyses 
absent.--- Sporangium 285--315 by 220--265 lum, annuLus with 13 or 14 
indurated ceLLs, (2)3--5 epistomium ceLLs, 3--5(6) hypostomium ceLLs, in 
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total (22)23 or 24(25) cells.--- Spores of quercifolium-type, peri spore 
smooth sometimes folded, ultrastructure smooth, basal layer inconspicuous, 
spines absent, baculae absent, globules present, exospore with globular 
excrescences. 

Distribution: Fernando Poo, Cameroun, Zaire, Sudan, Ethiopia, Uganda, 
Rwanda, Burundi, Kenya. 

Habitat: Several types of (sub)montane primary and secondary forest (a.o. 
galery-, evergreen cloud-, cola-, open-, dry evergreen-, Podocarpus-), 
sometimes in savannah or (coffee)plantation. Growing 2--10 m above the 
ground. Reported on Cussonia spicata, Teclea simplicifolia, T. nobilis, 
Ceasaeria engleri, Dombeye leucoderma, Olinia macrantha, peddeia volkensii, 
Juniperus procera, Erythrina abyssin~Ocatea usambarensis, Bersema 
abyss1n1ca, Olea africana, Acacia spec., Mu~c., Albizia spec., F1CUS 
spec., Cassipourea spec., Pod~s spec., syzygium spec., Mitrangina ~ 
Alt. (450--)1150--2750 m. 

Notes. 1. Vern. names: Mikossa (Uhehe, Zaire) 
Tsherera tshiragaga (Bashi, Zaire) 
Mbalalizi (Mashi, Zaire) 
Likang amnur, Mgaretue (Iringa, Tanzania) 
Lukeke leva nginda (Nuassa, Tanzania) 

2. Rhizome scales characteristically glossy and dark red-brown to blackish 
(cf. species no. 6). 
3. Migeod 72 (BM, K): 'Dries up in dry season.' 

Rankin 75 (MICH, K): 'Foliage fronds dry up and are lost during the dry 
season.' 
4. Tweedie 2799 (K): 'Growing spi rally on tree trunk.' 
5. Zogg et al. 275/1 (Z): 'Rhizome green in section.' 
6. St range 115 (U, K): 'Heavily infested with spiders.' 
7. Troll 5469 (B): 'Growing adjacent to ~latycerium spec.' 

Drynaria willdenowii (Bory) T. Moore, Synops. (1857) LXXIX; Ind. Fil. 
(1862) 348; J. Smith, Hist. Fil. (1875) 108; Diels in E&P, Nat. Pfl. Fam. 1, 
4 (1902) 330; C. Chr., Ind. Fil. (1906) 250; Engl., [Veg. Erde 9J Pfl. Welt 
Afr. 2 (1908) 57; Anonymous, Bolm. Soc. broteriana 27 (1917) 179; C. Chr., 
Dansk Bot. Ark. 7 (1932) 162; Tardieu, Polyp. 2 in Humbert, Fl. Madag. 
(1960) 100, Fig. 23:3-5. --- Polypodium willdenowii Bory, Annls Sci. nat. 5 
(1825) 468, t. 13; Desv., Mem. Soc. Linn. paris 6 [Prodr. Foug.J (1827) 235; 
Blume, Fl. Jav., Fil. (1829) 156 p.p.; Mett., Farngatt. 1, Polyp. (1857) 
120, T. 3:48, 49; Hook., Gard. Ferns (1862) Pl. 35 p.p.; Spec. Fil. 5 (1864) 
97; Kuhn, Filic. Afric. (1868) 154; Baker in Hook. & Baker, Syn. Fil. (1868) 
367; Fl. Maur. & Seych. (1877) 508; Jacob Cord., Fl. R!union (1895) 90. --­
Type: Bory?, Mt. Pouce, Ile de France (holo: P, n.v.). 

Phymatodes thouarsii Willd. ex C. Presl, Tent. Pterid. (1836) 198 (nomen 
nudum). --- Polypodium thouarsii Willd. ex Mett., Farngatt. 1, Polyp. (1857) 
120. --- Type: specim. Thouarsianum, Willdenow herb. 19643, Madagascar (B). 

Drynaria propinqua var. comorensis Hieron. ex Engl., [Veg. Erde 9J Pfl. 
Welt Afr. 2 (1908) 56 (nomen nudum). 

Epiphytic, encircling the bole many times.--- Rhizome 1--3 cm 0, phyllopodia 
absent, fronds < 10 cm apart, many persistent naked rhachises present, 
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base fronds spreading, mainLy imbricate; 20--30 vascuLar bundLes,dorsaL + 
4 Large(r) sized arranged in 1 eLLipticaL row with a dorsaL protrusion; 
sheath iLL-deveLoped, bLue-coLoured, epidermis ceLLs isodiametric to 
erect, scaLe attachment more or Less sunken, scLerenchyma strands in 
roots.--- Rhizome scaLes obLiqueLy spreading, peLtate, trianguLar/ovate to 
Linear/fiLiform, index 3--6, 4--8 by 1--1.5 mm, (Madagascar), index 7.5--25, 
7--22 by 0.7--1.2 mm, (Mascarenes), margin toothed, teeth biseriate, 1-
celled, top united apex Long fiLiform to short fiLiform/narrow acuminate, 
distinct gLanduLar top ceLL present, gLanduLar indument present near the 
base or throughout, 2 or 3 (or more) celled, indument inserted marginaLLy 
onLy, Lignified ceLLs present around the point of attachment onLy.--­
Fronds dimorphic with base and foLiage fronds.--- Base fronds ovate to 
eLongated/LanceoLate, index 1.7--2.2, 15--25 by 8--15 cm, Lobate, Lobes up 
to 1/3 of the width, margin irreguLarLy denticuLate, apex rounded.--­
Venation of base fronds: Vs running more or Less straight, or irreguLarLy, 
Vt branching from Vtc basicaLLy excurrent, free vein endings running 
excurrent and recurrent; or diffuse; A1c sometimes absent, usuaLLy present, 
irreguLarLy shaped, both branching points of the Vtc and Vs equaLLy distant 
from Vp or shortened, empty, containing one recurrent incLuded vein, once 
dichotomous, free; A1c aLong costa + absent; A1 divided into 2 more or 
Less equaL Asec, areoLe Layering -comprising 1 or 2 A1, distinct, 
irreguLarLy shaped, Asec empty or containing simpLe veins.--­
FoLiage fronds 40--100 cm Long, pinnatifid, staLked, petioLe 7--15 by 0.6 
cm, inconspicuousLy winged; Lamina ovate, index 2--4, 35--85 by 15--30 cm, 
pinnae equaLLy wide throughout, cLearLy decreasing in size towards the apex, 
index (5--)6--8, up to 8--18 by 1--3 cm, incisions up to <0.2 cm from the 
costa margin serrate, incisions in bet ween the subsequent Vs, apex obtuse, 
apicaL pinna aborted, nectaries situated in the Lower angLe between costa 
and Vp (and Vp and Vs).--- Venation of foLiage fronds: Vs running more or 
Less straight, or irreguLarLy, Vt branching from Vtc basicaLLy recurrent, 
free vein endings running diffuse, hydathodes absent; A1c aLways present, 
irreguLarLy shaped, both branching points of the Vtc and Vs equaLLy distant 
from the Vp, or shortened, aLL containing 1 or 2, or more incLuded veins, 
simpLe, once dichotomous, partLy anastomosed; A1 divided into 3 or 4, or 
more Asec, areoLe Layering comprising 3 or 4 A1, distinct , sometimes 
indistinct, irrreguLarLy shaped, Asec empty or containing simpLe veins; 
venation of fertiLe frond parts + simiLar to steriLe foLiage frond parts, 
Vt directed to the nearby sorus, - A1c not soriferous.--- Sori round, 1--3 
mm 0, distributed aLL over the abaxiaL frond surface, in the basaL pinnae 
usuaLLy in the apicaL part onLy, arranged in one row paraLLeL to the Vp, 1 
per A1, near or in the centre, on branching points of more than 4 veins, 
pustuLate.--- Anatomy: petioLe rounded, 9-->11 vascuLar bundLes, costa 
rounded, or invaginated, >6 vascuLar bundLes, bundLe sheath bLue- or red­
coLoured; steriLe Lamina: stomata 1500--2700 lum2, epidermis bLue-coLoured, 
hypodermis absent, marginaL scLerenchymous strand with 10--20 ceLLs, in 
fertiLe pinnae somewhat Less deveLoped; Vp rounded, vein sheath 
interrupted or continuous, cortex bLue-coLoured, parenchymatous, 1 
vascuLar bundLe, bundLe sheath bLue- brown-coLoured, xyLem arrangement T­
shaped, scLerenchymatous strands absent, veinLet sheath extensions 
scLerenchymatous from epidermis to epidermis; receptacLe with more or Less 
isodiametric ceLL arrangement, 3--6 veinLets.--- Indument: Laminar 
trichomes absent, type 11 gLanduLar trichomes absent, acicuLar trichomes 
absent, Laminar scaLes scattered throughout, peLtate, trianguLar/ovate to 
Linear/fiLiform, teeth/protuberances biseriate, gLanduLar indument present 
near the base onLy, 1- or 2-ceLLed, indument inserted marginaLLY onLy, 
Lignified ceLLs absent, apex Long fiLiform; receptacuLar hairy paraphyses 
25--50% branched, 1 or 2 gLanduLar ceLLs, 2(--4) ceLLs Long, 60--125 lum 
Long, receptacuLar scaLy paraphyses present, compLex deviating sporangia 
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absent, sporangial paraphyses absent.--- Sporangium 295--320 by 235--260 
lum, annulus with (13)14--15(16) indurated cells, 3 epistomium cells, 3(4) 
hypostomium cells, in total (21)22--23(24) cells (Madagascar), 265--290 by 
215--250 lum, (12)13 or 14(15) indurated cells, 3(4) epistomium cells, 3(4) 
hypostomium cells, in total (20)21--23 cells (Mascarenes).--- Spores of 
quercifolium-type, perispore verrucate, ultrastructure smoot~asal 
layer thin, spines present, sharp and smooth, with apical constriction, 
exospore with globular excrescences. 

Distribution: Comores (Grande Comore, Anjouan), Madagascar, Mascarenes 
(Reunion, Mauritius). 

Habitat: Primary forest. Growing + 10 m above the ground. Reported on 
'Copalier'. Alt. 50--650 m. 

Notes. 1. Vern. names: Elak!laka (dial. Betsimisarake, Madagascar) 
Ampanga (Madagascar) 
Ramandrakotra (dial. Mag., Madagascar) 

2. Rhizome scales dull and brown. 
3. Lorence M126 (K): 'Forming large, basket-like colony around trunk.' 
4. The similarities in growth habit between the present species and species 
no. 10 are very striking. This is strengthened by the numerous persistent, 
glabrous rachises present in the bulky baskets of specimens of both species. 
The differences in foliage fronds, pinnate (no. 10) resp. pinnatifid (no. 
8), are even from a rather short di stance inconspicuous, as those of the 
present species have very deep incisions reaching up to nearly the costa. 
5. Base fronds and rhizome are sold on the market in Madagascar, as they are 
used as medicine and in magic (pers. comm. mr Aptroot). 

9. Drynaria pleuridioides (Mett.) Diels 

Drynaria pleuridioides (Mett.) Diels in E&P, Nat. Pfl. Fam. 1, 4 (1902) 
330; C. Chr., Ind. Fil. (1906) 249; v. A. v. R., Mal. Ferns (1908) 697; Mal. 
Ferns Suppl. (1917) 415; C. Chr., Ind. Fil. suppl. 2 (1917) 13; Backer & 
Posthumus, Varenfl. Java (1939) 234; Tag., Acta Phytotax. Geobot. 25, 4--6 
(1973) 96. --- Polypodium pleuridioides Mett., Ann. Lugd. Bat. (Filices) 2 
(1866) 230; Baker in Hook. & Baker, Syn. Fil. (1868) 367; Salomon, 
Nomenclator (1883) 314; Racib., Pterid. Fl. Buitenz. (1898) 117. --- Type: 
Blume s.n., s.d., Java, Gunung Gedeh (holo: L). 

Drynaria pleuridioides var. amboinensis v. A. v. R., Mal. Ferns (1908) 
697. --- Type: Boerlage, Amboyna (holo: L). 

Drynaria propinqua var. sumatrana v. A. v. R., Mal. Ferns (1908) 698. 
Type: Anonymous, Sumatra (n.v.). . 

Polypodium willdenowii auct. non Bory p.p.; Blume, Fl. Jav., Fil. (1829) 
156, T. 66. 

Epiphytic, either encircling the bole many times, or spirally climbing.--­
Rhizome 1--2 cm 0, phyllopodia absent, fronds < 10 cm apart, many 
persistent naked rhachises present, base fronds contiguous or spreading, 
mainly imbricate; 20--30 vascular bundles, dorsal + 4 large(r) sized, 
arranged in 1 elliptical row with a dorsal protrusion, - bundle sheath ill­
developed, blue-coloured, epidermis cells isodiametric, scale attachment 
more or less sunken, sclerenchyma strands in roots and cortex.--­
Rhizome scales obliquely spreading, peltate, triangular/ovate to 
linear/filiform, index 6--11, 4--8 by 0.7--1.2 mm long, margin toothed 
and with short protuberances, teeth/protuberances biseriate, 1 to more-
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celled, top united, rounded, or T-shaped, apex short filiform/narrow 
acuminate, distinct glandular top cell present, glandular indument present 
throughout, 2-celled, indument inserted marginally only, lignified cells 
present around the point of attachment only.--- Fronds dimorphic with base 
and foliage fronds, fertile frond parts ofte~ewhat contracted.--­
Base fronds ovate to elongated/lanceolate, index 1.3--1.7, 10--30 by 7--18 
(--22) cm, lobate, lobes up to 1/3--1/2 of the width, margin irregularly 
denticulate, apex blunt to acute. --- Venation of base fronds: Vs running 
more or less straight to zigzagging, Vt branching from Vtc basically 
recurrent or excurrent and recurrent, free vein endings running excurrent 
and recurrent or diffuse; A1c sometimes absent, usually present, regularly 
shaped throughout, bordering part of apical Vs shortened, all containing 1 
or 2, or more included veins, simple, once dichotomous, or more extensively 
branched, free; A1c along costa + absent; A1 divided into 2 more or less 
equal Asec, areole layering comprising 3 or 4 A1, distinct, regularly 
shaped throughout the frond, Asec largely containing simple veins.--­
Foliage fronds 50--125 cm long, pinnatifid, stalked, petiole up to 10--25 by 
0.6--0.8 cm, conspicuously winged; lamina quadrangular to ovate, index 2--4 
(--5), 40--100 by 20--40 cm, pinnae equally wide throughout, clearly 
decreasing in size towards the apex, index 6--8, 12--25 by (1--)2--3.5 cm, 
incisions up to <0.2--0.5 cm from the costa margin entire, apex acute to 
obtuse, apical pinna aborted or sometimes present, nectaries situated in 
the upper angle between costa and Vp (and Vp and Vs).--- Venation of 
foliage fronds: Vs running in a regular zigzagging way, Vt branching from 
Vtc basically recurrent, free vein endings running diffuse, occasionally 
developing loops, of ten terminated by a hydathode; A1c always present, 
irregularly shaped, bordering part of basal Vs shortened, all containing 
two or more included veins, simple, once dichotomous or more extensively 
branched, partly anastomosed; A1 divided into 3 or 4 Asec, areole layering 
comprising 5 A1, distinct, regularly shaped throughout the frond, Asec 
containing simple,twice or more dichotomous veins; venation of fertile 
frond parts + similar to sterile foliage frond parts, Vt directed to the 
nearby sorus; A1c not soriferous.--- Sori round, 2--3 mm 0, distributed 
all over the abaxial frond surface, -rn-the basal pinnae usually in the 
apical part only, 1 per A1, arranged in one row parallel to the Vp, near or 
in the cent re, on branching points of more than 4 veins, pustulate.--­
Anatomy: petiole rounded, or invaginated, >11 vascular bundles, costa 
rounded, or angular, invaginated, 2-- 4 vascular bundles, bundle sheath 
blue-coloured; sterile lamina: stomata 1500--2700 /um2, epidermis blue­
coloured, hypodermis absent, marginal sclerenchymatousous strand with 10--20 
cells, in fertile pinnae somewhat less developed; Vp rounded, vein sheath 
continuous, cortex blue- or red-coloured, sclerenchymatous or firm 
(parenchymatous), 1 vascular bundle, bundle sheath blue-coloured, xylem 
arrangement T-shaped to flattened U-shaped, sclerenchymatous strands absent, 
veinlet sheath extensions sclerenchymatous from epidermis to epidermis; 
receptacle with more or less isodiametric cell arrangement, 3--6 
veinlets.--- Indument: laminar trichomes present, glandular, not densily 
set, 25-50% branched, 2 cells long, 80--145 /um long, type 11 glandular 
trichomes absent, acicular trichomes absent, laminar scales scattered 
round rhachis only, basifix, linear/filiform, teeth/protuberances uni­
seriate or biseriate, glandular indument present throughout, indument 
inserted marginally only, lignified cells absent, apex filiform/narrow 
acuminate to acute (acuminate); receptacular hairy paraphyses 25--50% 
branched, 1 or 2 glandular cells, 2 or 3(4) cells long, (75--)90--135 /um 
long, receptacular scaly paraphyses present, complex; deviating sporangia 
absent, sporangial paraphyses absent.--- Sporangium 190--235 by 145--170 
/um, annulus with 12--14 indurated cells, (2)3 or 4 epistomium cells, 
(2)3(4) hypostomium cells, in total 20--22 cells.--- Spores of 
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pleuridioides-type, peri spore smooth sometimes folded, ultrastructure 
smooth, basal layer inconspicuous, spines absent, baculae absent, exo­
spore verrucate. 

Distribution: Sumatra, Java, Lesser Sunda Isl. (Bali, Flores, Alor), 
Celebes, Moluccas (Ambon). 

Habitat: Primary and secondary forest, occasionally (coffee) 
Growing high-epiphytically. Reported on Casuarina junghuniana, 
Alt. (50--)550--1400(--1550) m. 

Notes. 1. Vern. name: Tameti (Alor) 
2. Rhizome scales are dull and brown. 

plantation. 
Hevea spec. 

3. According to the field notes, the present species shows variation as to 
its growth habit: 

Lörzing 15268 (L): 'Forming nests on trunks and branches.' 
Hochreutiner 2760 (G, Z, S, L): 'Fouge~e formant une coupe autour du 

tronc ••• ' 
BUnnemeyer 3728 (U, L, K, BO): 'Fronds together forming a basket ••• ' 
Donk s.n. (L): ' ••• entirely covering the trunk.' 

4. Du Bois 47 (BO): 'Roots used as an areca substitute. Leaves used 
magically as theft curse. Placed on bamboe pole near areca trees. Thief 
supposed to be affected with insanity if he disregards the curse.' 

10. Drynaria rigidula (Sv.) Bedd. 

Drynaria rigidula (Sw.) Bedd., Ferns br. Ind. (1869) T. 314; Suppl. Ferns 
S. Ind. & Br. Ind. (1876) 24; Handb. Ferns Br. Ind. (1883) 344, Fig. 192; 
Diels in E&P, Nat. Pfl. Fam. 1, 4 (1902) 330, Fig. 34B; Copel., Dep. int. 
Bur. Govern. 28 (1905) 135; C. Chr., Ind. Fil. (1906) 249; Christ, J. Bot. 
Paris, ser. 2, 1 (1908) 238; v. A. v. R., Mal. Ferns (1908) 699; Bull. Jard. 
bot. Buitenz., ser. 2, 1 (1911) 6; Copel., Phil. J. Sci. [Bot.] 6, 2 (1911) 
91; v. A. v. R., Mal. Ferns Suppl. (1917) 415; Brause in Engl., Bot. Jb. 56 
(1920) 208; Compton, J. Linn. Soc. Lond. (Bot.) 45 (1922) 452; Copel., Bull. 
Bernice P. Bishop Mus. 59 (1929) 96; C. Chr., Vjschr. Naturf. Ges. ZUrich 77 
[Beibl. 19] (1932) 36; Backer & Posthumus, Varenfl. Java (1939) 233, Fig. 
54; C. Chr. & Tardieu, Phan~rogamie 8, 4 (1939) 208; Tardieu & C. Chr. in 
Lecomte, Fl. g~n. Indo-Chine 7, 2 (1941) 421; C. Chr., Bull. Bernice P. 
Bishop Mus. 177 (1943) 120; Copel., Gen • . Fil. (1947) 204; Holttum, Fl. Mal. 
2, Ferns (1954) 183; Copel., Fern Fl. Philipp. 3 (1960) 497; Tind., Contr. 
NSW natn. Herb., Flora ser. 208-211 (1961) 30; Holttum, [Fl. Thail. 1] 
Dansk. Bot. Ark. 20, 1 (1961) 20; Guillaumin, M~m. Mus. natn. Hist. nat. 
Paris [Bot.] 8, 3 (1962) 202; Brownlie in Aubr~v., Fl. N. Caled. 3 (1969) 
279, Pl. 37:Fig. 2, 3; Jones & Clemesha, Austr. Ferns (1976) 182, Fig. 144, 
Pl. 48; Brownlie, beih. Nova Hedw. 55 [Pterid. Fiji] (1977) 363. 
Polypodium rigidulum Sw., Schrad. Journ. Bot. 1800, 2 (1801) 26; Mett., 
Filices 2 (1866) 231 (22); Baker in Hook. & Baker, Syn. Fil. (1868) 368; 
Benth., Fl. Austral. 7 (1878) 771; F. M. Bailey, Syn. Qnsld Fl. (1883) 718; 
Christ, Farnkr. (1897) 119, Fig. 341; in Reinecke, Bot. Jb. 23 (1897) 357; 
Racib., Pterid. Fl. Buitenz. (1898) 117; F. M. Bailey, Queensl. Fl. 6 (1902) 
1987; Jaenp., Bull. Mus. natn. Hist. nat. 7 (1911) 577. --- Goniophlebium 
rigidulum (Sw.) T. Moore, Ind. Fil. 11 (1862) 396. --- Type: Thunberg, Java 
(holo: S; iso: UPS, n.v.). 

Polypodium diversifolia R. Brown, Prod. Fl. N. Holl. (1810) 147 [non 
Willd.]; Desv., Mem. Soc. Linn. Paris 6 [Prodr. Foug.] (1827) 237; Kunze, 
Bot. Ztg. 4, 25 (1846) 423; 6, 7 (1848) 119; Mett., Farngatt. 1, Polyp. 
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(1857) 121; Hook., Gard. Ferns (1862) Pl. 5; Spec. Fil. 5 (1864) 98; F. 
Muell., Fragm. phytogr. Austr. 5 (1865-'66) 127; Baker, J. Bot. (Lond.) 14 
(1876) 345. --- Drynaria diversifolia (R. Brown) J. Smith, Hook. J. Bot. 3 
(1841) 397; 4 (1842) 61; Brackenridge, US Expl. Exp. 16 (1854) 55; J. Smith, 
Cult. Ferns cat. (1857) 14; T. Moore, Ind. Fil. (1862) 345; J. Smith, Ferns 
Br. & For. (1866) 103; Fourn., Bull. Soc. bot. Franc. 6 (1869) 423; Annls 
Sci. nat. ser. 5, Bot. 18 (1873) 284; J. Smith, Hist. Fil. (1875) 108. -
Type: R. Brown 15 (or 31), 21-7-1802, Sandy Cape, Harvey's Bay (holo: BM; 
iso: K, S). 

Polypodium gaudichaudii Bory, Annls Sci. nat. 5 (1825) 471, T. 14; Blume, 
Enum. Pl. Javae, Fil. (1828) add.; Fl. Jav., Fil. (1829) 158; Mett., 
Farngatt. 1, Polyp. (1857) 120, T. 3, 46-47. --- Drynaria gaudichaudii 
(Bory) Gaud., Freyc. Voy. Bot. (1827) 355 (inval.). Phymatodes 
gaudichaudii (Bory) C. Presl, Tent. Pterid. (1836) 198. --- Type: Gaudichaud 
s.n., Rawak near Java (P, n.v.). 

Polypodium glaucistipes Wallich, List (1828) 298 (nomen nudum). 
Drynar1a pinnata F!e, M~m. Foug. 5, Gen. Fil. (1850-'52) 272. --- Type: 

Cuming 263, Philippines, Luzon, Provo N. Ilocos (B, BM, K, L, W). 
Drynaria baudouini Fourn., Annls Sci. nat. ser. 5 Bot. 18 (1873) 285; 

Diels in E&P, Nat. Pfl. Fam. 1, 4 (1902) 330; C. Chr., Ind. Fil. (1906) 247; 
Guillaumin, M~m. Mus. nat. Hist. nat. Paris (Bot.] 8, 3 (1962) 202. --­
Polypodium baudouini (Fourn.) Baker, Ann. Bot. 5 (1891) 480. Type: 
Baudouin, New Caledonia (holo: P, n.v.). 

Polypodium speciosum Blume, Enum. Pl. Javae, Fil. (1828) 132. Type: 
Blume, Java (holo: L; iso: B). 

Polypodium rigidulum var. vidgeni F. M. Bailey, Syn. Qnsld Fl. (1883) 718; 
Queensl. Fl. 4 (1902) 1987. --- Type: Vidgen, Queensland, Brisbane River, 
Oxley (n.v.). 

Drynaria rigidula var. koordersii v. A. v. R., Bull. Jard. bot. Buitenz. 
ser. 2, 1 (1911) 6. --- Type: Koorders 24098 B, Java, Probolinggo Residentie 
(holo: L). 

Usuallyepiphytic, encircling the bole many times, occasionallyepilithic, 
forming crust.--- Rhizome 1--2 cm 0, phyllopodia absent, fronds < 10 cm 
apart, many persistent naked rhachises present, base fronds spreading, 
mainly imbricate; 15--30 vascular bundles, dorsal + 4 large(r) sized, 
arranged in 1 elliptical row with a dorsal protrusion; bundle sheath ill­
developed, blue-coloured, epidermis cells isodiametric or cells erect, 
scale attachment more or less sunken, sclerenchyma strands in cortex 
present.--- Rhizome scales obliquely spreading, peltate, triangular/ovate 
to linear/filiform, index 4--17.5, 5--13 by 0.5--1.5 mm, margin with 
short and elongated protuberances, protuberances uniseriate, 1-celled, 
top T-shaped, apex acute (acuminate), distinct glandular top cell present, 
glandular indument present throughout, 1- or 2-celled, indument inserted 
marginally only, lignified cells present around the point of attachment 
only.--- Fronds dimorphic with base and foliage fronds.--- Base fronds 
ovate to elongated/lanceolate, index 1.5--2.3, 10--30 by 5--15 cm, 
lobate, lobes up to 1/3 of the width to clearly sinusoid, margin 
irregularly denticulate, apex rounded.--- Venation of base fronds: Vs 
running more or less straight, or irregularly, Vt branching from Vtc 
basically excurrent, free vein endings running excurrent and recurrent or 
diffuse; A1c always present, irregularly shaped, both branching points of 
the Vtc and Vs equally distant from Vp or bordering part of apical Vs 
shortened, largely empty, rarely containing 1 or 2, or more included veins; 
simple, once dichotomous, free; A1c along costa inconspicuous, irregularly 
shaped, or large sized, conspicuous, somewhat irregularly shaped, with 
included free veins; A1 divided into 2 more or less equal Asec, areole 
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Layering comprising or 2 A1, distinct or indistinct, irreguLarLy 
shaped, Asec LargeLy empty or containing simpLe veins.--- FoLiage fronds 
35--150 cm or more Long, once pinnate, staLked, petioLe up to 40 by 0.8 cm, 
nor winged; Lamina quadranguLar to ovate, index 2--4(--6), 25--100(--200) by 
12--49(--50) cm, pinnae with a cLear basaL constriction, decreasing in 
size towards apex or + equaLLy-sized aLL over, index 6--20, up to 8--25 
(--30) by 0.5--3 cm, - margin serrate, inclslons in bet ween the subsequent 
Vs, apex acute to obtuse, apicaL pinna aborted, nectaries situated in the 
Lower angLe between costa and Vp (and Vp and Vs).--- Venation of 
foLiage fronds: Vs running more or Less straight, or irreguLarLy, Vt 
branching from Vtc basicaLLy recurrent, or excurrent, free vein endings 
running diffuse, hydathodes absent; A1c aLways present, reguLarLy shaped 
throughout, both branching points of the Vtc and Vs equaLLy distant from 
the Vp, LargeLy containing 2 or more incLuded veins, simpLe, once 
dichotomous, free; A1 divided into 2--4 Asec, areoLe Layering comprising 
3--5 A1, distinct or indistinct reguLarLy shaped throughout the frond, Asec 
empty or containing simpLe veins; venation of fertiLe frond parts + 
simiLar to steriLe foLiage frond parts, Vt directed to the nearby sorus, 
A1c not soriferous.--- Sori round, 1<--2 mm 0/Long, distributed aLL over 
the abaxiaL frond surface, in the basaL pinnae usuaLLy in the basaL part 
onLy or mediaLLy or indifferent, 1 per A1, near the centre, arranged in one 
row paraLLeL to the Vp, on branching points of 2--4 or more veins, 
pustuLate.--- Anatomy: petioLe rounded or invaginated, 9-->11 vascuLar 
bundLes, rhachis rounded, 4-->6 vascuLar bundLes, bundLe sheath absent or 
present, brown-coLoured; steriLe Lamina: stomata 1500<--2100 lum2, epidermis 
bLue- or red-coLoured, hypodermis absent, marginaL scLerenchymatous strand 
with 10--20 ceLLs, Vp rounded, vein sheath interrupted or continuous, 
cortex bLue-coLoured, parenchymatous, 1 vascuLar bundLe, bundLe sheath 
bLue-,red- or brown-coLoured, xyLem arrangement T-shaped, scLerenchymatous 
strands absent, veinLet sheath extensions scLerenchmatous from epidermis to 
epidermis; with some irreguLarities; receptacLe with more or Less 
isodiametric ceLL arrangement, 1--4 veinLets.--- Indument: Laminar 
trichomes present, gLanduLar (in mature fronds of ten absent), not densiLy 
set, >5--25% branched, 2 ceLLs Long, (90--120 lum Long), type 11 gLanduLar 
trichomes absent, acicuLar trichomes absent, Laminar scaLes scattered 
throughout, basifix, peLtate, round, Linear/fiLiform, margin with short 
or Long protuberances, uniseriate, gLanduLar indument absent, indument 
inserted marginaLLy onLy, Lignified ceLLs absent, apex fiLiform/narrow 
acuminate, acute (acuminate) to apex rounded; receptacuLar hairy paraphyses 
>50% branched, 1 or 2 gLanduLar ceLLs, (3)4-->8 ceLLs Long, (135--)240--480 
lum Long, receptacuLar scaLy paraphyses present, aLL intermediates between 
trichomes and scaLes; deviating sporangia absent, sporangiaL paraphyses 
absent.--- Sporangium 220--245 by 200--220 lum, annuLus with 12--14(15) 
indurated ceLLs, (2)3(4) epistomium ceLLs, (2)3(--5) hypostomium ceLLs, in 
totaL 20--22(--24) ceLLs.--- Spores of quercifoLium-type, perispore 
verrucate, uLtrastructure smoo~asaL Layer thin, spines present, 
sharp and smooth, with apicaL constriction, bacuLae present, gLobuLes 
absent, exospore smooth. 

Distribution: Birma, ThaiLand, Laos, Cambodja, Vietnam, China (Hainan), 
Mentawai IsL., Sumatra, Penang, MaLay PeninsuLa, Singapore, Java, Borneo 
(KaLimantan, Sarawak, Sabah), PhiLippines (Luzon, Mindoro, Panay, Mindanao), 
CeLebes, MoLuccas, New Guinea (W. Irian, Papua), Manus IsL., New Britain, 
New IreLand, SoLomon IsL., QueensLand, New South WaLes, Vanuata, New 
CaLedonia, NorfoLk IsL., Fiji IsL., Tonga IsL., Samoa IsL. 

Habitat: SeveraL kinds of primary and secondary forest (a.o. EucaLyptus-, 
evergreen-, mangrove-, beach-, Castanopsis-, open-, pine-, gaLLery-, dry-, 
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deciduous-, CaLLitris-, swamp-, diptrocarp-, vine-), savannah, and 
plantation (a.o. oiLpaLm-, rubber-). Growing 0--35 m above the ground. 
Reported on Nimusops obtusifoLia, Ficus invoLucrata, Tristana conferta, 
Pinus khasya, DiLLenia allata, Phoe~actiLyfera, Cocos nucifera, Hevea 
spec.,~Lyptus spec.~uarina spec., Eugenia spec., Melastoma s~ 
Albizia spec., Rhizophora spec., Pandanus spec., Artocarpus spec. Alt. 
0--2000(--2400) m. 

Notes. 1. Vern. names: Weka weka (Halmahera, Moluccas) 
Kedah klà (Wangka, Neeckey, Thailand) 
Peta (Guadalcanal, Solomons) 
Poto (Tari, Southern Highlands, Papua New Guinea) 
Paku kadaka (Gunung CisaLak, Java) 
Simpar lajangan (Java) 
Pinog yupar (dial. SAM, ZambaLes, Luzon, Philippines) 
Tjekee (Dani Lang., BaLim, W. Irian) 
Hare hare mombang (Tomuan Dolok, E. Sumatra) 
Rakuraku (= light in weight; BougainviLle, SoLomons) 
Hakato (Eua, Tonga) 
Hujue (China) 

2. The present species of ten shows aberrant juveniLe fronds, i.e. 
intermediates between base and foliage fronds. 
3. Chromosomes: 2n = 74 (L8ve, L8ve, & Pichi Sermolli, 1977) 
4. Yates 2390 (NY): 'Always infected with colonies of black ants.' 

Bloembergen 30 (L): Dead leaves forming a nest with many ants.' 
5. Molesworth ALLen 2179 (BM): 'Nearly all fronds dead, only rachises left, 
pinnae having fallen (seasonaL?).' See also note to species no. 8. 
6. Waterhouse 534 (K): 'Natives of Treasury Isl. used this (fern) as remedy 
for sea sickness. Natives belief that if certain parts of plants are chewed 
it conduces to make warriors light-footed and agile.' 

11. Drynar;a prop;nqua (Wall;ch ex Mett.) Bedd. 

Drynaria propinqua (Wallich ex Mett.) J. Smith, Hook. J. Bot. 4 (1842) 61 
(nomen nudum); Cult. Ferns cat. (1857) 13 (nomen nudum); Bedd., Ferns br. 
Ind. (1866) 160; J. Smith, Ferns Br. & For. (Oct. 1866) 103; Hist. FiL. 
(1875) 108; Bedd., Suppl. Ferns S. Ind. & Br. Ind. (1876) 23; Handb. Ferns 
Br. Ind. (1883) 339, Fig. 189; Diels, Bot. Jb. 29, 1 (1900) 208; in E&P, 
Nat. Pfl. Fam. 1, 4 (1902) 330; Christ, Bull. Soc. bot. Fr. [ser. 4, 5J 52, 
Mêm. 1 (1905) 22; Christ, BulL. acad. intern. geogr. bot. 15 [ser. 3, 199--
201J (1906) 108; C. Chr., Ind. Fil. (1906) 249; v. A. v. R., Mal. Ferns 
(1908) 698; Engl., [Vege Erde 9J Pfl. WeLt Afr. 2 (1908) 56 p.p.; C. Chr. & 
Tardieu, Phanêrogamie 8, 4 (1939) 208; Tardieu & C. Chr. in Lecomte, FL. 
gêne Indo-Chine 7, 2 (1941) 521; B. K. Nayar & Kachroo, Phytomorph. 3 (1953) 
411; HoLttum, [FL. Thail. 1J Dansk. Bot. Ark. 20, 1 (1961) 20; B. K. Nayar, 
Bull. natn. bot. Gdns Lucknow (1961) 9, Fig. 1; Tag. in H. Hara, Fl. E. 
HimaL. (1966) 493; Iconogr. Cormop. Sinic. 1 (1972) 272; Ching & S. K. Wu in 
C. Y. Wu, Fl. Xizang. (1983) 342. --- Polypodium propinquum Wallich, List 
293 (nomen nudum); Mett., Farngatt. 1, Polyp. (1857) 120, T. 3, 50; Hook., 
Spec. Fil. 5 (1864) 97; Mett., FiLices 2 (1866) 230 (21) ; Baker in Hook. & 
Baker, Syn. FiL. (1868) 367; C. B. Clarke, Trans. Linn. Soc. Lond., ser. 2, 
1 (1880) 556; Christ, Farnkr. (1897) 119, Fig. 340; De Wild., Annls Mus. 
Congo [Bot.J ser. 5, 1 (1903) 6 p.p. --- Phymatodes propinqua (Wallich ex 
Mett.) C. Presl, Tent. Pterid. (1836) 198 (nomen nudum). --- Type: Wallich 
293, Nepal (holo: B; iso: BM, C, G, K, L, M, MO, P, US, W). 

Drynaria propinqua (WaLlich ex Mett.) J. Smith var. mesosora Christ, BulL. 

237 



Acad. intern. geogr. bot. 15 [ser. 3, 199--201] (1906) 108. --- Type: Wilson 
5340, W. China, Omei shan (iso: BM, K, P). 

Epiphytic, spirally climbing, or epilithic (or terrestrial), linearly 
creeping.--- Rhizome 1--2 cm 0, phyllopodia absent, fronds < 10 cm apart, 
rhachises not or rarely persistent, base fronds spreading; 10--20 vascular 
bundles, all + equally-sized, arranged in 1 elliptical row with a dorsal 
protrusion, bundle sheath absent or ill-developed, epidermis cells 
isodiametric, scale attachment more or less sunken, sclerenchyma strands 
absent.--- Rhizome scales adpressed, peltate, triangular/ovate, index 
2.5--4, 3--6 by 1--1.5 mm, margin with elongated protuberances, 
protuberances uniseriate, 1- or more cel led, top T-shaped, apex short 
filiform/narrow acuminate to acute (acuminate), distinct glandular top cell 
present, glandular indument present throughout, 1--3- or more celled, 
indument inserted marginally only, lignified cells present around the point 
of attachment only.--- Fronds dimorphic with base and foliage fronds.--­
Base fronds rounded to ov~ index 1--1.4, 10--20 by 7--18 cm, lobate, 
lobes up to 2/3 or more of the width, margin regularly denticulate, apex 
blunt to acute. --- Venation of base fronds: Vs running more or less 
straight or regular zigzagging, Vt branching from Vtc basically excurrent 
and recurrent, free vein endings running excurrent and recurrent or 
diffuse; A1c sometimes absent, usually present, irregularly shaped, 
bordering part of basal Vs shortened, all containing 1 recurrent included 
vein; simple or once dichotomous, partly anastomosed; A1c along costa 
present, large sized, conspicuous, somewhat irregularly shaped, with 
included free veins; A1 divided into 3 or 4 Asec, areole layering 
comprising 3 or 4 A1, distinct, irregularly shaped, Asec empty or 
containing simple veins.--- Foliage fronds (30--)40--70(--85) cm long, 
pinnatifid, stalked, petiole up to 10--20(--25) by 0.4--0.5 cm, 
inconspicuously winged; lamina triangular to ovate, index 1.5--2.5, (20--) 
30--50(--60) by (12--)20--30 cm, pinnae equally wide throughout, sometimes 
with a basal constriction, decreasing in size towards the apex or all + 
equally-sized, index 5--8, up to (5--)10--15 by 1--2.5 cm, incisions up to 
<0.2 cm from the costa, margin serrate, incisions in between the subsequent 
Vs, apex acute, apical pinna aborted, nectaries situated in the lower 
angle bet ween costa and Vp (and Vp and Vs).--- Venation of foliage fronds: 
Vs running more or less straight or irregularly, Vt branching from Vtc 
basically excurrent or excurrent and recurrent, free vein endings running 
diffuse, partly terminated by a hydathode; A1c always present, regularly 
shaped throughout, both branching points of the Vtc and Vs equally distant 
from the Vp or bordering part of basal Vs somewhat shortened, largely 
empty, of ten containing 1 recurrent included vein, simple, free; A1 
divided into 2--4 Asec, areole layering comprising 3--5 A1, distinct or 
sometimes indistinct, regularly shaped throughout the frond, Asec empty or 
containing simple veins; venation of fertile frond parts + similar to 
sterile foliage frond parts, Vt directed to the nearby sorus, A1c not 
soriferous.--- Sori round, 1<--2 mm 0, distributed all over the abaxial 
frond surface, in the basal pinnae usually in the basal part only, arranged 
in 1 row parallel to the Vp, 1 per A1, near or in the cent re, midway on 
anastomosed veins or on branching points of 2--4 or more veins, on 
branching points of more than four veins, pustulate.--- Anatomy: petiole 
rounded, 5--6 vascular bundles, costa angular, 1 vascular bundle, bundle 
sheath blue- or brown-coloured; sterile lamina: stomata 2100--3300 /um2, 
epidermis blue-coloured, hypodermis absent, marginal sclerenchymatous 
strand with <10 cells; Vp rounded or angular, vein sheath interrupted, 
cortex blue- to red-coloured, sclerenchymatous or firm parenchymatous, 1 
vascular bundle, bundle sheath blue- or brown-coloured, xylem arrangement 
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T-shaped, sclerenchymatous strands present, veinlet sheath extensions 
sclerenchymatous from epidermis to epidermis with some irregularities; 
receptacle with more or less isodiametric cell arrangement, 1 or 2 
veinlets.--- Indument: laminar trichomes present, glandular and acicular, 
not densily set, glandular trichomes 10--25X branched, 2 or 3(4) cells 
long, (75--)90--120(--140), type 11 glandular trichomes absent, acicular 
trichomes more or less scattered throughout, 3 cells long, 210--240 lum; 
laminar scales sometimes scattered throughout, usually especially against 
the rhachis, basifix, pseudo-peltate with short auricules, triangularl 
ovate to linear/filiform, margin with short and long protuberances, 
uniseriate and biseriate, glandular indument absent, indument inserted 
marginally only, lignified cells absent, apex filiform/narrow acuminate to 
acute (acuminate); receptacular hairy paraphyses >50X branched, 1 or 2 
glandular cells, 3--6 cells long, (70--)240--600(--660), receptacular 
scaly paraphyses present, all intermediates bet ween trichomes and scales; 
deviating sporangia absent, sporangial paraphyses absent.--- Sporangium 
300--355 by 255--305 lum, annulus with (12)13 or 14(15) indurated cells, 
(2)3(4) epistomium cells, (2)3(4) hypostomium cells, in total (19--)21 or 
22(--24) cells.--- Spores of quercifolium-type, perispore verrucate, ultra­
structure smooth, basal layer thin, spines present, sharp and smooth or 
with apical constriction, baculae present, globules absent, exospore with 
globular excrescences. 

Distribution: India (Uttar Pradesh?, Sikkim, Assam, Manipur), Nepal, Bhutan, 
China (Yunnan, Szechuan, Guizhou, Guangsi), Birma, Thailand, Laos, Vietnam. 

Habitat: Several kinds of forest (open-, evergreen-, pine-, Quercus 
griffithii-, mixed oak and pine-, Castanopsis-, shrubby-). Growing in shade 
or exposed, of ten found on limestone. Reported on Ficus spec., Lithocarpus 
spec. Alt. 350--2500(--2800) m. 

Notes. 1. Vern. name: Guang yehujue (China) 
2. Foliage fronds with 7--15 pairs of pinnae. 
3. Chromosomes: 2n = 72? (LHve, LHve, & Pichi Sermolli, 1977) 

12. Drynaria parishii (Bedd.) Bedd. 

Drynaria parishii (Bedd.) Bedd., Suppl. Ferns S. Ind. & Br. Ind. (1876) 
24; C. Chr. & Tardieu, Phan~rogamie 8, 4 (1939) 208; Tardieu & C. Chr. in 
Lecomte, Fl. g~n. Indo-Chine 7, 2 (1941) 520; C. Chr., Ind. Fil. suppl. 4 
(1965) 106. --- Pleopeltis parishii Bedd., Ferns br. Ind. (1866) T. 125. --­
Type: Parish, Burmah, MouLmein (holo: K). 

Drynaria mutilata Christ, J. Bot. Paris, ser. 2, 1 (1908) 238, 271; c. 
Chr., Ind. FiL. suppl. 1 (1913) 29. --- Lectotype: Eberhardt 79, Vietnam, 
'Annam français', plateau de Dalat (P, BM). 

Usually epiphytic, spirally climbing, sometimes epilithic, linearly 
creeping.--- Rhizome 1--2 cm 0, phyllopodia absent, fronds 10--18 cm apart, 
rhachises not or rarely persistent, 15--20 vascular bundles, dorsal + 4 
large(r) sized, arranged in 1 elliptical row with a dorsal protrusion, 
bundle sheath ill-developed, blue-coloured, epidermis cells isodiametric, 
scale attachment more or less sunken, sclerenchyma strands absent.--­
Rhizome scales adpressed, peltate, triangular/ovate, index 3--4.5, 4--7 
by 1--1.8 mm, margin with elongated protuberances, protuberances 
uniseriate, 1- or more celled, top T-shaped, apex short filiform/narrow 
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acuminate to acute (acuminate), distinct glandular top cell present, 
glandular indument present throughout, 1- or 2-celled, indument inserted 
marginally only, lignified cells present around the point of attachment 
only.--- Fronds monomorphic, up to 15--35(--45), pinnatifid, stalked, 
petiole 5--10 by 0.2--0.3 cm, inconspicuously winged; lamina triangular, 
index 0.9--1.5(--2), 12--25(--35) by 10--18 cm, pinnae with a basal 
constriction, all equally-sized, index 4--6.5, up to 4--10 by 1--1.5(--2) 
cm, incisions up to 0.0--<0.2 cm from the costa, margin serrate, incisions 
in between the subsequent Vs, apex obtuse, apical pinna aborted, 
nectaries situated in the lower angle bet ween costa and Vp (and Vp and 
Vs).--- Venation: Vs running more or less straight or irregularly, Vt 
branching from Vtc basically excurrent, free vein endings running diffuse, 
partly terminated by a hydathode; A1c always present, regularly shaped 
throughout, both branching points of the Vtc and Vs equally distant from 
the Vp, largely empty, rarely containing 1 included veinlet, free; A1 
divided into 2--4 Asec, areole layering comprising 2 or 3 A1, distinct or 
indistinct, regularly shaped throughout the frond, Asec largely empty, 
sometimes containing simple veins; venation of fertile frond parts + 
similar to sterile foliage frond parts, Vt directed to the nearby sorus, 
A1c not soriferous.--- Sori round, 1<--2 mm 0, distributed all over the 
abaxial frond surface,--rn the basal pinnae usually in the basal part only, 
arranged in 1 row parallel to the Vp, 1 per A1, near or in the centre, 
midway on anastomosed veins or on branching points of 2--4 veins, 
pustulate.--- Anatomy: petiole rounded, 3 or 4 vascular bundles, costa 
rounded, 1 vascular bundle, bundle sheath brown-coloured; sterile lamina: 
stomata 2100--3300 lum2, epidermis blue- or red-coloured, hypodermis 
absent, marginal sclerenchymatous strand with <10 cells; Vp rounded or 
angular, vein sheath interrupted or continuous, cortex red-coloured, 
sclerenchymatous or firm parenchymatous, 1 vascular bundle, bundle sheath 
blue- or brown-coloured, xylem arrangement T-shaped, sclerenchymatous 
strands absent, veinlet sheath extensions sclerenchymatous from epidermis to 
epidermis; receptacle with more or less isodiametric cell arrangement, 1 or 
2 veinlets.--- Indument: laminar trichomes present, glandular and 
acicular, not densily set, glandular trichomes 25-50% branched, 3 cells 
long, 130--145 lum long, type 11 glandular trichomes absent, acicular 
trichomes in tuft on abcission vein only, 1 or 2 cells long, 200--250 lum 
long; laminar scales sometimes scattered throughout, usually especially 
against the rhachis, basifix, pseudo-peltate with short auricules, 
triangular/ovate to linear/filiform, margin with short and long 
protuberances, uniseriate and biseriate, glandular indument absent, 
indument inserted marginally only, lignified cells absent, apex 
filiform/narrow acuminate to acute (acuminate); receptacular hairy 
paraphyses >50% branched, 1--4 glandular cells, (3--)5--9 cells long, 
(150--)240--570 lum long, receptacular scaly paraphyses absent; deviating 
sporangia absent, sporangial paraphyses absent.--- Sporangium 275--320 by 
245--275 lum, annulus with (13)14 indurated cells, 3 epistomium cells, 
(2)3 hypostomium cells, in total 21 or 22 cells.--- Spores of quercifolium­
type, peri spore verrucate, ultrastructure smooth~sal layer thin, 
spines present, sharp and smooth or with apical constriction, baculae 
present, globules absent, exospore with globular excrescences. 

Distribution: India (Assam?), China (Yunnan), Birma, Thailand, Laos, 
Vietnam. 

Habitat: Several kinds of primary and secondary forest (a.o. mixed 
deciduous-, dry evergreen-, dipterocarp-, open oak-). Growing 10--15 m above 
the ground. Reported on Pinus toeda, Ficus altissima. Alt. 500-1600 m. 
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Notes. 1. Vern. name: Xiao hujue (China) 
2. Foliage fronds with 5--7 pairs of pinnae. 
3. Garrett 1393 (K): 'climbing vertically.' 

13. Drynaria delavayi Christ 

Drynaria delavayi Christ, Bull. Soc. bot. Fr. (ser. 4, 5J 52, M~m. 1 
(1905) 22; Bull. acad. intern. geogr. bot. 15 (ser. 3, 199--201J (1906) 108; 
C. Chr., Ind. Fil. (1906) 247; Copel., Philippe J. Sci. (Bot.) 3, 1 (1908) 
36; Univ. Calif. Publs Bot. 16, 2 (1929) 119; Ching & S. K. Wu in C. Y. Wu, 
Fl. Xizang. (1983) 348. --- Lectotype: Delavay 1166, China, Mt de Kouang­
yun-chan, près Long-kong (K, P). 

Drynaria rivalis var. yunnanensis Christ, Bull. Herb. Boissier 7, 1 (1899) 
6. --- Type: Henry 11512, China, Mengtze (iso: K, MO, US). 

Epilithic, linearly creeping, or epiphytic, spirally climbing.--- Rhizome 
1<--2 cm 0, phyllopodia absent, fronds < 10 cm apart, many persistent 
naked rhachises present, base fronds spreading; 15--20 vascular bundles, 
all + equally-sized, arranged in 1 elliptical row with a dorsal protrusion, 
bundLe sheath ill-developed, blue-coloured, epidermis cells flattened, 
scale attachment protruding, sclerenchyma strands in roots.--­
Rhizome scales obliquely spreading, basifix, pseudo-peltate with short 
auricules, triangular/ovate to linear/filiform, index 5--15, 4--10 by 0.5--1 
mm, margin toothed, teeth biseriate, 1-celled, top united, apex short 
filiform/narrow acuminate to acute (acuminate), distinct glandular top 
cell present, glandular indument absent, indument inserted marginally only, 
lignified cells absent.--- Fronds dimorphic with base and foliage 
fronds.--- Base fronds ovate to elliptical, index 1.5--1.8, 6--14 by 4--9 
cm, lobate, lobes up to 2/3 or more of the width, margin irregularly 
denticulate, apex blunt.--- Venation of base fronds: Vs running more or 
less straight or regular zigzagging, Vt branching from Vtc basically 
excurrent and recurrent, free vein endings running excurrent and recurrent 
or diffuse; A1c always present, irregularly shaped, both branching points 
of the Vtc and Vs equally distant from Vp or bordering part of basal Vs 
shortened, largely empty, rarely containing 1 recurrent included vein, 
simple, free; A1c along costa present, large sized, conspicuous, somewhat 
irregularly shaped, with included free veins; A1 divided into 2 more or 
less equal Asec, areole layering compr1s1ng 1 or 2 A1, distinct, 
irregularly shaped, Asec largely empty.--- Foliage fronds 30--55 cm long, 
pinnatifid, stalked, petiole 3--9 by 0.3--0.4 cm, conspicuously or 
inconspicuously winged lamina quadrangular, index 2--3.5, 25--45 by 12--18 
cm, pinnae equally wide throughout, clearly decreasing in size towards the 
apex, index 3.5--5, 4--9 by 1.2--2 cm, incisions up to <0.2 cm from the 
costa margin serrate, incisions in between and near the subsequent Vs, apex 
acute to obtuse, apical pinna aborted, nectaries situated in the lower 
angle between costa and Vp (and Vp and Vs).--- Venation of foliage fronds: 
Vs running more or less straight or irregularly, Vt branching from Vtc 
basically excurrent and recurrent, free vein endings running diffuse, 
hydathodes absent; A1c always present, regularly shaped throughout, 
bordering part of basal Vs shortened, largely containing 1 or 2, or more 
recurrent included veins, simple or once dichotomous, free; A1 divided 
into 3 or 4 Asec, areole layering compr1s1ng 4--5 A1, distinct or 
indistinct, regularly shaped throughout the frond, Asec empty or containing 
simple and once dichotomous veins; venation of fertile frond parts + 
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similar to sterile foliage frond parts, Vt directed to the nearby sorus, 
A1c not soriferous.--- Sori round, 1--3 mm 0, distributed all over the 
abaxial frond surface, in the basal pinnae usually in the basal part only or 
medially or indifferent, arranged in 1row parallel to the Vp, 1 per A1, near 
or in the cent re, on branching points of more than four veins, 
superficial.--- Anatomy: petiole elliptical or invaginated, 3 or 4 
vascular bundles, costa rounded, 1 vascular bundle, bundle sheath blue- or 
brown-coloured, sterile lamina: stomata >3300 lum2, epidermis blue­
coloured, hypodermis absent, marginal sclerenchymatous strand with <10 
cells; Vp rounded, vein sheath interrupted, cortex blue- to red-coloured, 
sclerenchymatous or firm parenchymatous, 1 vascular bundle, bundle sheath 
blue- or brown-coloured, xylem arrangement T-shaped, sclerenchymatous 
strands absent, veinlet sheath extensions sclerenchymatous from epidermis to 
epidermis with some irregularities; receptacle with more or less 
isodiametric cell arrangement, 1--4 veinlets.--- Indument: laminar 
trichomes present, glandular and acicular, not densily set, glandular 
trichomes 5--10% branched, 2(--4) cells long, (100--)120--150(--180) lum 
long, type 11 glandular trichomes absent, acicular trichomes more or less 
scattered throughout, 2 cells long, 255--270 lum long; laminar scales 
especially against the rhachis, basifix, triangular/ovate, teeth 
biseriate, glandular indument absent, indument inserted marginally only, 
lignified cells absent, apex filiform/narrow acuminate to acute 
(acuminate); receptacular hairy paraphyses 10--25% branched, 1 or 2 
glandular cells, 2--4 cells long, (100--)120--240 lum long, receptacular 
scaly paraphyses absent; deviating sporangia absent, glandular sporangial 
paraphyses present; acicular sporangial paraphyses absent.--- sporan~ium 
300--330 by 240--285 lum, annulus with 12--15 indurated cells, (3)4 or (6) 
epistomium cells, (3)4 or 5 hypostomium cells, in total (20--)23--26(27) 
cells.--- Spores of pleuridioides-type, peri spore smooth sometimes folded, 
ultrastruc~mooth, basal layer thin, spines present, sharp and smooth 
or with apical constriction, baculae absent, globules absent, exospore 
verrucate. 

Distribution: Bhutan, China (Xijiang, Yunnan, Szechuan, Kansu), Birma. 

Habitat: Several kinds 
shrubby-) and grass land. 
spec. 

of forest (a.o mixed-, galery-, oak-, pinus-, 
Reported on Boloti capiosa, Quercus spec., Salix 

Notes. 1. Vern. name: Kouyi hujue (China) 
2. Lack 990 (K): 'The young sporangia are enveloped in mucilage which under 
low power (magnification?J resembles an indusium. The mucilage readily 
dissolves in water.' This indicates the function of the sporangial glandular 
paraphyses. 
3. Very few herbarium specimens were found with the apical pinna present. 

14. Drynaria sinica Diels 

Drynaria sinica Diels, Bot. Jb. 29, 1 (1900) 208; Christ, Bull. Soc. bot. 
Fr. [ser. 4~2, M~m. 1 (1905) 23; C. Chr., Ind. Fil. (1906) 249; Copel., 
Philipp. J. Sci. (Bot.) 3, 1 (1908) 36;C. Chr., Ind. Fil. suppl. 3 (1934) 
79; Ching & S. K. Wu in C. Y. Wu, Fl. Xizang. (1983) 346. --- Type: Bock-von 
Rosthern 3121, W. Central China, Sechuan, Wen chuan, T'ao-kuan, He-ai-wo 
(holo: B). 

Drynaria baronii (Christ) Diels, Bot. Jb. 29, 1 (1900) 208; in E&P, Nat. 
Pfl. Fam. 1, 4 (1902) 330, Fig. 171:C; Christ, Bull. Soc. bot. Fr. (ser. 4, 
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5] 52, M~m. 1 (1905) 23. --- Polypodium baronii Christ in Baroni & Christ, 
Nu. Giorn. bot. It. n. s. 4 (1897) 100, T. 2 [non Baker, 1887] (nom. 
illeg.); Farnkr. (1897) 120. --- Drynaria reducta Christ in C. Chr., Ind. 
Fil. (1905) 249 (nom. illeg.); Copel., Philippe J. Sci. (Bot.) 3, 1 (1908) 
36. --- Type: Giraldi s.n., 10/12-8-1894, Zu-lu, Shensi, China (iso: K). 

Drynaria sinica var. intermedia Ching & S. K. Wu in C. Y. Wu, Fl. Xizang. 
(1983) 347. --- Type: YU 9895, China, Yunnan, Dechen (Atungtze), (holo: PE). 

Usually epilithic, linearly creeping, sometimes epiphytic, spirally 
climbing.--- Rhizome 1<--2 cm 0, phyllopodia absent, fronds < 10 cm apart, 
many persistent naked rhachises present, base fronds spreading; 15--20 
vascular bundles, dorsal + 4 large(r) sized, arranged in 1 elliptical row 
with a dorsal protrusion, bundle sheath absent, epidermis cells 
isodiametric, scale attachment protruding, sclerenchyma strands absent.--­
Rhizome scales obliquely spreading, pseudo-peltate with short auricules, 
trlangular/ovate, index 4--10, 4--11 by 0.5--1.5 mm, margin toothed, 
teeth biseriate, 1-celled, top united, apex long filiform, short 
filiform/narrow acuminate, to acute (acuminate), distinct glandular top 
cell present, glandular indument present throughout, indument inserted 
marginally only, lignified cells absent.--- Fronds dimorphic with base and 
fOliage fronds, fertile frond parts sometimes somewhat contracted.--­
Base fronds elliptical, index 2--3, 5--15 by 3--6 cm, lobate, lobes up to 
2/3 or more of the width, margin (ir)regularly denticulate, apex blunt to 
acute. --- Venation of base fronds: Vs running more or less straight or 
regular zigzagging, Vt branching from Vtc basically recurrent or excurrent 
and recurrent, free vein endings largely running excurrent and recurrent or 
diffuse; A1c sometimes absent, generally present, regularly shaped 
throughout, bordering part of basal Vs shortened, largely empty, rarely 
containing 1 recurrent included vein, simple, free; A1c along costa present, 
large sized, conspicuous, regularly shaped, empty; A1 divided into 2--4 
Asec, areole layering comprising 1--4 A1, distinct, regularly shaped 
throughout the frond, Asec largely empty.--- Foliage fronds 25--60 cm long, 
pinnatifid, stalked, petiole 2--10 by 0.2--0.3 cm, conspicuously winged; 
lamina ellipsoid, index (3--)4--5, 22--50 by 7--12 cm, pinnae equally wide 
throughout, clearly decreasing in size towards the apex, index 6--8, 4--7 by 
0.5--1.2 cm, incisions up to 0.2<--0.5 cm from the costa, margin serrate, 
incisions in between and near the subsequent Vs, apex obtuse, apical pinna 
aborted or present, nectaries situated in the lower angle between costa and 
Vp (and Vp and Vs).--- Venation of foliage fronds: Vs running irregularly, 
Vt branching from Vtc basically excurrent or excurrent and recurrent, free 
vein endings running diffuse, hydathodes absent; A1c always present, 
regularly shaped throughout, bordering part of basal Vs or of apical Vs 
shortened, empty, or containing 1 recurrent included vein, simple or once 
dichotomous, free; A1 divided into 2--4 Asec, areole layering comprising 
2--4 A1, distinct or indistinct, regularly shaped throughout the frond, 
Asec empty or containing simple veins; venation of fertile frond parts + 
similar to sterile foliage frond parts, Vt directed to the nearby sorus, 
A1c not soriferous.--- Sori round, 1<--2 mm 0, distributed all over the 
abaxial frond surface, -rn-the basal pinnae usually in the apical part only, 
arranged in 1 row parallel to the Vp, 1 per A1, near or in the cent re, 
midway on anastomosed veins, on branching point~ of 2--4 veins, 
superficial.--- Anatomy: petiole rounded, elliptical, or invaginated, 3--6 
vascular bundles, costa angular, 1 vascular bundle, bundle sheath blue- or 
brown-coloured; sterile lamina: stomata 2700--3300 lum2, epidermis blue­
coloured, hypodermis absent, marginal sclerenchymous strand with <10 cells; 
Vp rounded, vein sheath interrupted, cortex blue-coloured, parenchymatous, 
1 vascular bundle, bundle sheath blue-coloured, xylem arrangement T-shaped, 
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sclerenchymatous strands absent, veinlet sheath extensions sclerenchymatous 
from epidermis to epidermis with some irregularities; receptacle with more 
or less isodiametric cell arrangement, 1 or 2 veinlets.--- Indument: 
laminar trichomes present, glandular and acicular, not densily set, 
glandular trichomes >90% unbranched, 2 or 3(4) cells long, (85--)100--190 
(--230) lum long, type 11 glandular trichomes present, acicular trichomes 
more or less scattered throughout, 1 or 2(3) cells long, (150--)180--400 
(--450); laminar scales especially against the rhachis, basifix, pseudo­
peltate with short auricules, triangular/ovate to linear/filiform, teeth 
biseriate, glandular indument absent, indument inserted marginally only, 
lignified cells absent, apex filiform/narrow acuminate to acute 
(acuminate); receptacular hairy paraphyses >90% unbranched, 1 or 2 
glandular cells, 2--4 cells long, (90--)115--195(--235) lum long, 
receptacular scaly paraphyses absent; deviating sporangia absent, glandular 
sporangial paraphyses generally absent (rarely present); acicular 
sporangial paraphyses absent.--- Sporangium 300--360 by 250--300 lum, 
annulus with 13--16(17) indurated ce((s, 3 or 4 epistomium cells, 3--5 
hypostomium cells, in total 21--24(--28) cells.--- Spores of pleuridioides­
type, peri spore smooth sometimes folded, ultrast~e smooth, basal 
layer inconspicuous, spines present, sharp and smooth or with apical 
constriction, baculae absent, globules absent, exospore verrucate. 

Distribution: China (Xijiang, Quinghai, Szechuan, Kansu, Shansi). 

Habitat: Several kinds of forest (a.o. Pinus yunnannensis-, Abies-, Betula-, 
Quercus pannose-, mixed-), shrub vegetat;on (a.o. Sagret;a-), and grass 
land. Alt. (1000--)1900--3800(--4200) m. 

Notes. 1. Vern. name: Ku-qui-fen (China, Szechuan) 
2. Upper pinnae clearly bent to the frond apex. 
3. A few specimens were studied showing glandular sporangial paraphyses. 

15. Drynaria .oLLis Bedd. 

Drynaria mollis Bedd., Ferns br. Ind. (1866) T. 216; Suppl. Ferns S. Ind & 
Br. Ind. ~ 23; Handb. Ferns Br. Ind. (1883) 341, Fig. 190; Diels in 
E&P, Nat. Pfl. Fam. 1, 4 (1902) 330; C. Chr., Ind Fil. (1906) 248; Ching & 
S. K. Wu in C. Y. Wu, Fl. Xizang. (1983) 346. --- Type: Dyas 6, India, Nynee 
Tal (holo: K). 

Polypodium rivale Mett. ex Baker in Hook. & Baker, Syn. Fil. (1868) 367; 
C. B. Clarke, Trans. Linn. Soc. Lond. ser. 2, 1 (1880) 556; Christ, Farnkr. 
(1897) 121. --- Drynaria rivalis (Mett. ex Baker) Christ, Bull. Herb. Boiss. 
7, 1 (1899) 6. --- Type: not traced. 

Drynaria tibetica Ching & S. K. Wu in C. Y. Wu, Fl. Xizang. (1983) 342. 
--- Type: Chang et al. 4560, China, Xi zang, lham (holo: PE). 

Drynaria costulisora Ching & S. K. Wu in C. Y. Wu, Fl. Xizang. (1983) 345. 
- Type: Qinghai-Xizang Complex Exp. (Sectio Supplement.) 75-1732, China, 

Xizang, Cona (iso: PE). 

Usually epiphytic, spi rally climbing, occasionally 
creeping.--- Rhizome 1<--2 cm 0, spi rally climbing 
creeping when ep;l;thic, phyllopodia absent, fronds 
persistent naked rhachises present, base fronds 
vascular bundles, all + equally-sized, arranged in 1 
dorsal protrusion, bundle sheath absent, epidermis 
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scale attachment protruding, sclerenchyma strands absent.--- Rhizome scales 
obliquely spreading, basifix, pseudo-peltate with short auricules, 
triangular/ovate to linear/filiform, index 6--15, 5--11 by 0.5--1.2 mm, 
margin toothed, teeth biseriate, 1-celled, top united, apex short 
filiform/narrow acuminate to acute (acuminate), distinct glandular top cell 
present, glandular indument absent, indument inserted marginally only, 
lignified cells absent.--- Fronds dimorphic with base and foliage 
fronds.--- Base fronds elliptic~index 1.8--2.5, 7--15 by 3--7 cm, 
lobate, lobes up to 2/3 or more of the width, margin regularly denticulate, 
apex blunt to acute. --- Venation of base fronds: Vs running more or less 
straight or regular zigzagging, tree vein endings running excurrent or 
excurrent and recurrent; A1c sometimes absent, usually present, regularly 
shaped throughout, bordering part of basal Vs shortened, empty, A1c along 
costa present, large sized, conspicuous, regularly shaped, empty; A1 
undivided or divided into 2 more or less equal Asec, areole layering 
comprising 1 or 2 A1, distinct, regularly shaped throughout the frond, 
Asec always empty.--- Foliage fronds 20--55 cm long, pinnatifid, stalked, 
petiole up to 3--10 by 0.2--0.3 cm, conspicuously or inconspicuously winged; 
lamina ellipsoid, index 2--3.5, 20--40(--50) by 7--12(--15) cm, pinnae 
equally wide throughout, clearly decreasing in size towards the apex, index 
3--4.5, up to 3--8 by 1--1.5 cm, incisions up to 0.0--<0.2 cm from the 
costa, margin entire, apex obtuse, apical pinna present, nectaries 
situated in the lower angle between costa and Vp (and Vp and Vs).--­
Venation of fOliage fronds: Vs running irregularly, Vt branching from Vtc 
basically excurrent and recurrent, free vein endings largely running 
excurrent, partly terminated by a hydathode; A1c always present, 
regularly shaped throughout, bordering part of basal Vs and sometimes also 
of apical Vs shortened, largely empty, rarely containing 1 recurrent 
included vein, simple, free; A1 undivided or divided into 2 Asec, areole 
layering comprising 2 or 3 A1, distinct or indistinct, regularly shaped 
throughout the frond, Asec empty or containing simple veins; venation of 
fertile frond parts + similar to sterile foliage frond parts, Vt directed 
to the nearby sorus, A1c not soriferous.--- Sori round, 1<--2 mm 0, 
distributed all over the abaxial frond surface, -rn-the basal pinnae usually 
in the basal part only or medially or indifferent, arranged in 1 row 
parallel to the Vp, 1 per A1, near or in the cent re, midway on anastomosed 
veins or on branching points of 2--4 veins, superficial.--- Anatomy: 
petiole rounded, 3--6 vascular bundles, costa rounded, 1 vascular bundle, 
bundle sheath absent or present, brown-coloured; sterile lamina: stomata 
2700--3300 lum2, epidermis blue-coloured, hypodermis absent, marginal 
sclerenchymatous strand with <10 cells; Vp rounded, vein sheath continuous, 
conspicuously sclerenchymatic, cortex blue-coloured, parenchymatous, 1 
vascular bundle, bundle sheath blue- or brown-coloured, xylem arrangement 
flattened U-shaped, sclerenchymatous strands absent, veinlet sheath 
extensions sclerenchymatous from epidermis to epidermis with some 
irregularities; receptacle with more or less isodiametric cell arrangement, 
1 or 2 veinlets.--- Indument: laminar trichomes present, glandular and 
acicular, densily set, glandular trichomes 10-25% branched, 2(3) cells 
long, 90--120(--150) lum long, type 11 glandular trichomes present, 
acicular trichomes more or less scattered throughout, 2 or 3 cells long, 
(150--)240--420(--480) lum long; laminar scales especially against the 
rhachis, basifix, pseudo-peltate with short auricules, triangular/ovate to 
linear/filiform, teeth biseriate, glandular indument absent, indument 
inserted marginally only, lignified cells absent, apex long filiform to 
apex filiform/narrow acuminate; receptacular hairy paraphyses 10--25% 
branched, 1 or 2 glandular cells, (2)3(4,11) cells long, 120--180(--390) 
lum long, receptacular scaly paraphyses absent; deviating sporangia absent, 
sporangial paraphyses absent.--- Sporangium 265--305 by 225--255 lum wide, 
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annuLus with (12)13 or 14(15) indurated ceLLs, (2)3(4) epistomium ceLLs, 
(2)3(4) hypostomium ceLLs, in totaL (20)21 or 22(23) ceLLs.--- Spores of 
quercifoLium-type, perispore verrucate, uLtrastructure smoot~asaL 
Layer thin, spines present, sharp and smooth or spines with apicaL 
constriction, bacuLae present, exospore smooth. 

Distribution: India (Uttar Pradesh, Sikkim), NepaL, Bhutan, China (Xijiang, 
Yunnan?). 

Habitat: SeveraL kinds of forest (a.o. oak-, tsuga-, dry mixed-). Reported 
on Quercus diLatata, ~. semicarpifoLia. ALt. (1500--)2200--3400(--3950) m. 

Notes. 1. Vern. name: Maoye hujue (China) 
2. ALL pinnae straight, + perpendicuLar to the costa. 
3. Chromosomes: 2n = 74 (LHve, LHve, & Pichi SermoLLi, 1977) 
4. De Haas 2082B (U): 'remarkabLe skeLetons of bracts.' 

16. Drynaria fortunei (Kunze ex Mett.> J. S.ith 

Drynaria fortunei (Kunze ex Mett.) J. Smith in Seeman, bot. Voy. HeraLd 
[FL. HongkongJ (1857) 425; T. Moore, Ind. FiL. (1862) 346; J. Smith, Hist. 
FiL. (1875) 108; DieLs Bot. Jb. 29, 1 (1900) 207; in E&P, Nat. PfL. Fam. 1, 
4 (1902) 330; Christ, BuLL. Soc. bot. Fr. [ser. 4, SJ 52, M~m. 1 (1905) 22; 
C. Chr., Ind. FiL. (1906) 247; Y. C. Wu et aL., BuLL. Dep. BioL. Sun Yatsen 
3 (1932) 342, 364, T. 162; C. Chr. & Tardieu, Phan~rogamie 8, 4 (1939) 208; 
Tardieu & C. Chr. in Lecomte, FL. g~n Indo-Chine 7, 2 (1941) 520; Iconogr. 
Cormop. Sinic. 1 (972) 271; De VoL in H. L. Li et aL., FL. Taiwan 1 
[Pterid.J (1975) 211, PL. 74. --- PoLypodium fortunei Kunze ex Mett., 
Farngatt. 1, PoLyp. (1857) 121, T. 3:42-45; Hook., Spec. FiL. 5 (1864) 95; 
Baker in Hook. & Baker, Syn. FiL. (1868) 367; Christ, Farnkr. (1897) 119. 
--- Type: Fortune A78, China boreaLis, Hongkong (iso: G, K). 

UsuaLLy epiLithic, LinearLy creeping, of ten epiphytic, spirally cLimbing.--­
Rhizome 1--2 cm 0, phyLLopodia absent, fronds < 10 cm apart, rhachises not 
or rareLy persistent, base fronds contiguous, spreading, mainLy imbricate; 
15--20 vascuLar bundLes, dorsaL + 4 equaLLy-sized, arranged in 1 
eLLipticaL row with a dorsaL protrusion, bundLe sheath absent, epidermis 
ceLLs fLattened, scaLe attachment more or Less sunken, scLerenchyma 
strands absent.--- Rhizome scaLes obLiqueLy spreading, peLtate, 
trianguLar/ovate, Linear/fiLiform, index 6--10, 7--12 by 0.8--1.5 mm, 
margin toothed, teeth biseriate, 1-ceLLed, top united or rounded, apex 
short fiLiform/narrow acuminate to acute (acuminate), distinct gLanduLar 
top ceLL present, gLanduLar indument present throughout, 1- or 2-ceLLed, 
indument inserted marginaLLy onLy, Lignified ceLLs present around the point 
of attachment onLy.--- Fronds dimorphic with base and foLiage fronds.--­
Base fronds rounded, index 1.2--1.5, (3--)5--9 by (2--)3--7 cm, cLearLy 
sinusoid to Lobate, Lobes up to 1/3 of the width, margin entire, apex of 
basaL Lobes bLunt to acute, of apicaL Lobes acuminate.--­
Venation of base fronds: Vs running more or Less straight or irreguLarLy, 
free vein endings running excurrent or excurrent and recurrent; A1c 
sometimes absent, usuaLLy present, irreguLarLy shaped, bordering part of 
basaL Vs shortened, LargeLy empty, rareLy containing 1 or 2 recurrent 
incLuded veins, simpLe, free; A1c aLong costa present, Large sized, 
conspicuous, somewhat irreguLarLy shaped, with incLuded free veins; A1 
undivided, areoLe Layering comprising 1 or 2 A1, distinct, irreguLarLy 
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shaped, Asec aLways empty.--- FoLiage fronds 25--55 cm Long, pinnatifid, 
staLked, petioLe up to 4--7(--10) by 0.2--0.4 cm, conspicuousLy winged; 
Lamina eLLipsoid to ovate, index 2--3, 20--45 by 10--15(--20) cm, pinnae 
equaLLy wide throughout, cLearLy decreasing in size towards the apex, index 
3--5, up to 6--10 by 1.5--3 cm, incisions up to 0.2<--0.5 cm from the 
costa, margin serrate, incisions in between the subsequent Vs, apex obtuse, 
apicaL pinna present, nectaries situated in the Lower angLe between costa 
and Vp (and Vp and Vs).--- Venation of foLiage fronds: Vs running in a 
reguLar zigzagging way, Vt branching from Vtc basicaLLy excurrent and 
recurrent, free vein endings running diffuse, occasionaLLy deveLoping 
Loops, partLy terminated by a hydathode; A1c aLways present, reguLarLy 
shaped throughout, bordering part of basaL Vs shortened, aLL containing 1 
or 2, or more incLuded veins, once dichotomous or more extensiveLy 
branched, partLy anastomosed; A1 divided into 2--4 Asec, areoLe Layering 
comprising 4--5 A1, distinct, reguLarLy shaped throughout the frond, Asec 
containing simpLe, once dichotomous or twice or more dichotomous veins; 
venation of fertiLe frond parts + simiLar to steriLe foLiage frond parts, 
Vt directed to the nearby sorus, A1c not soriferous.--- Sori round, 
eLLiptic, 1<--2 mm 0, distributed aLL over the abaxiaL frond surface, in 
the basaL pinnae usuaLLy in the basaL part onLy, arranged in 1 row paraLLeL 
to the Vs, 1 per A1, near or in the cent re, midway on anastomosed veins or 
on branching points of 2--4 or more veins, superficiaL.--- Anatomy: 
petioLe rounded, 3 or 4 vascuLar bundLes, costa rounded, 1--3 vascuLar 
bundLes, bundLe sheath absent or present, brown-coLoured; steriLe Lamina: 
stomata 2700--3300 lum2, epidermis bLue-coLoured, hypodermis absent, 
marginaL scLerenchymous strand with 10--20 ceLLs; Vp rounded, vein sheath 
continuous, conspicuousLy scLerenchymatic, cortex bLue-or red-coLoured, 
scLerenchymatous or firm parenchymatous, 1 vascuLar bundLe, bundLe sheath 
bLue-, red-, or brown-coLoured, xyLem arrangement T- to fLattened U-shaped, 
scLerenchymatous strands absent, receptacLe veinLet sheath extensions 
extremeLy scLerenchymatous with some irreguLarities; receptacLe with more or 
Less isodiametric ceLL arrangement, 1 or 2 veinLets.--- Indument: Laminar 
trichomes present, gLanduLar and acicuLar, not densiLy set, gLanduLar 
trichomes >50% branched, 2 ceLLs Long, 130--150 lum Long, type 11 
gLanduLar trichomes absent, acicuLar trichomes more or Less scattered 
throughout, 1 or 2 ceLLs Long, 60--150(--210) lum Long; Laminar scaLes 
especiaLLy against the rhachis, basifix, trianguLar/ovate to 
Linear/fiLiform, teeth biseriate, gLanduLar indument absent, indument 
inserted marginaLLy onLy, Lignified ceLLs sometimes present forming a 
midrib, apex Long fiLiform to fiLiform/narrow acuminate; receptacuLar 
hairy paraphyses >50% branched, 1 or 2 gLanduLar ceLLs, 2--3 ceLLs Long, 
70--140 lum Long, receptacuLar scaLy paraphyses absent; deviating sporangia 
absent, sporangiaL paraphyses absent.--- Sporangium 305--330 by 255--285 
lum, annuLus with (12--)14(--16) indurated ceLLs, 3 or 4 epistomium ceLLs, 
3(4) hypostomium ceLLs, in totaL (21)22 or 23(24) ceLLs.--- Spores of 
quercifoLium-type, peri spore verrucate, uLtrastructure smoot~asaL 
Layer thin, spines absent, bacuLae absent, gLobuLes absent, exospore 
with gLobuLar excrescences. 

Distribution: China (Szechuan, Yunnan, Hupeh, Guizhou, Hunan, Guangsi, 
Guangdong, Kiangsi, Chekiang, Fukien, Hainan), Taiwan, Laos, Vietnam. 

Habitat: SeveraL kinds of forest (a.o. gaLLery-, dry-, swamp-). Of ten 
growing in shade, on Lime stones and city waLLs, 0--13 m above the ground. 
Reported on Ficus spec., ILex spec., Pterocarya spec. ALt. 50--1300 m. 
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Notes. 1. Vern. name: Zhonghua hujue (China) 
Hou sen chan (= monkey's gingler; - Chekiang, China) 
Kwat sui po (Guandong, China) 
Ha ji (Chekiang, China) 

2. To Kang Peng (& Groff) 139 (C.C.C. Herb. 2899; US, NY): 'Used for 
medicine called Kwat sui po.' 
3. Anonymous s.n. (P): 'Rhizome can be used as medicine, tonic against pain 
in "pidney" and by broken bones, antibiotic.' 
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APPENDIX 1. CHARACTERS STUDlED AND STATES RECOGNIZED 

FoLiage fronds: 
Shape and venation pattern: 
Secondary vein (Vs) 
1. running more or Less straight 
2. running irreguLarLy zigzagging, 

or more or Less straight 
3. running in a reguLar zigzagging 

way onLy 
4. running in a zigzagging way 
5. running irreguLar 

Tertiary vein (Vt) 
6. Vt branching from Vtc 

predominantLy excurrent 
7. Vt branching from Vtc 

predominantLy recurrent 
8. Vt branching from Vtc 

predominantLy excurrent and 
recurrent 

Free veinLets 
9. predominantLy running excurrent 
10. running diffuseLy 
11. predominantLy running excurrent 

and recurrent 
12. occasionaLLy deveLoping "Loops" 

in pr i mary order areoLes 

Hydathodes 
13. aLL free veins terminated by a 

hydathode 
14. part of the free veins 

terminated by a hydathode 
15. free veins never terminated by 

a hydathode 

Costal areoLe (A1c) 
16. present in aLL frond parts 
17. absent in at Least part of 

the fronds or frondparts 

Shape of A1c 
18. reguLar throughout the frond­

(part) 
19. reguLar onLy 
20. i rregu Lar 

Branching points of Vtc and Vs 
21. both branching points cLearLy 

distant from the Vp 
22. 21 onLy 
23. bordering part of basaL Vs 

shortened 
24. 23 onLy 
25. bordering part of apicaL Vs 

shortened 
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IncLuded venation of A1c 
26. empty 
27. containing recurrent incLuded 

vein 
28. containing 2 or more incLuded 

veins 
29 . 28 onLy 
30. 28 especiaLLy not 

ReLative amount of A1c 
incLuded venation 
50. aLL or LargeLy 

incLuded venation 
51. LargeLy empty, 

containing (one) 
veinLet 

containing 

containing 

rareLy 
incLuded 

Branching of incLuded veins in A1c 
31. simpLe 
32. once dichotomous 
33. more extensiveLy branched 

CompLexity of incLuded veins in A1c 
34. free 
35. (at Least partLy) anastomosed 

First order areoLes (A1) 
36. undiv i ded 
37. divided into 2, more or Less 

equaL Asec 
38. divided into 3 or 4 Asec 
39. divided into more than 4 Asec 

Number of A1 in Layering 
40. 1 or 2 A1 present between 

adjacent Vs 
41. 3 or more A1 present between 

adjacent Vs 

42. 2 
43. 3 
44. 4 
45. 5 
46. 6 
47. 7 
48. 8 
49. 9 

Bordering venation of A1 
52. distinct (prominent) 
53. indistinct (immersed or 

i rreguLar) 



Shape of A1 
54. regularly shaped 

the frond 
55. irregularly shaped 

throughout 

Second order areoles (Asec) 
56. largely empty 
57. largely containing simple veins 
58. largely containing once 

dichotomous veins 
59. largely containing twice or 

more dichotomous veins 

Venation of fertile frond(part)s 
compared to sterile frond(part)s 
60. similar to sterile foliage 

fronds or frondparts 
61. Vs & Vt strongly reduced 
62. Vs & Vt diplodesmic 
63. free ending veins shortened or 

absent (at least partly) 
64. Vt directed to the nearby sorus 

A1c 
65. soriferous (at least in part of 

the frond) 
66. not soriferous 

Distribution of sori relative to the 
frond surface 
67. over the entire abaxial frond 

surface 
68. restricted to the upper 2/3 or 

less of the frond. 

Differentiation of distribution of 
sori relative to the pinna surface, 
from the basal towards the apical 
fertile pinnae 
69. from costa towards the apex 
70. from apex towards the costa 
71. indifferent or from the middle 

towards both the costa and the 
apex 

Distribution of sori relative to the 
veins 
72. terminal on free veins 
73. subterminal on free veins 
74. midway on anastomosed veins 
75. on branching points of 2--4 

veins 
76. on branching points of more 

than 4 veins 
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Main distribution pattern of sori 
77. in 1 row parallel to the Vp 
78. in 1 row parallel to the Vs 
79. in 2 rows parallel to the Vs 
80. in rows parallel to each Vtc 

(one on each side) 

Distribution of sori relative to the 
A1 
~. seemingly scattered over the 

entire surface of primary order 
areoles 

82. 

83. 

near the Vs-margins of primary 
order areoles 
near the Vtc-margins of primary 
order areoles 

84. near or in the cent re of 
primary order areoles 

Number of sori relative to the 
areoles 
85. 1 sorus per A1 
86. 2 sori per A1 
87. >2 sori per A1 

Relation sori-lamina 
88. sori superficial 
89. sori slightly pustulate 
90. sori pustulate (impressed) 

Shape of lamina 
91. pandurate 
92. triangular 
93. quadrangular 
94. ellipsoid 
95. ovate 

Lobation 
96. pinnatifid 
97. once pinnate 

Frond base/stalk 
98. frond base dilated 
99. stalk conspicuously winged 
100. stalk inconspicuously winged 
101. stalk unwinged 
102. wing lobed 
103. nectaries quadrangular 

Pinna shape 
104. pinna equally wide throughout 
105. pinna with a clear constriction 

in the basal part 
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Contraction of fertiLe pinnae 
106. fertiLe pinnae cLearLy 

contracted 
107. fertiLe pinnae not or onLy 

sLightLy contracted 

ReLative size of pinnae 
108. pinnae cLearLy decreasing in 

size and width towards apex 
109. pinnae + equaLLy sized and wide 

aLL over 
110. pinnae aLways equaLLy sized 

Pinna apex 
111. pinnae apex acute 
112. pinnae apex acuminate 
113. pinnae apex obtuse 

ApicaL pinna 
114. apicaL pinna aborted 
115. apicaL pinna present and 

"straight" 

Dimorphism 
116. fronds monomorphic, 

basicaLLy simiLar 
117. fronds dimorphic, 

foLiage fronds 
118. foLiage fronds 

dimorphic, fertiLe 
somewhat contracted 

119. foLiage fronds 
dimorphic, fertiLe 
cLearLy contracted 

120. foLiage fronds 
fertiLe fronds 
contracted 

aLL fronds 

base and 

internaLLy 
frond parts 

interna LLy 
frond parts 

dimorphic, 
cLearLy 

Shape of contracted fertiLe pinnae 
121. string-of-beads Like 
122. Linear, margin entire 
123. Linear, with sinusses near Vs 

Position of nectaries 
124. (predominantLy) situated in the 

upper angLe between costa and 
Vp (or Vp and Vs) 

125. (predominantLy) situated in the 
Lower angLe bet ween costa and 
Vp (or Vp and Vs) 

Margin of pinna 
126. serrate, incisions near 

subsequent Vs 
127. serrate, incisions in between 

Vs 
128. entire 

MarginaL strand 
129. conspicuous 
130. inconspicuous or absent 
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ReLative size of the stomata (grid 
measurements) 
131. <25 = <1500 lum2 
132. 25--35 = 1500--2100 lum2 
133. 35--45 = 2100--2700 lum2 
134. 45--55 = 2700--3300 lum2 
135. >55 = > 3300 lum2 

Incisions in between the Lobes 
136. >0.5 cm, increasing towards the 

base 
137. >0.2 cm, rapidLy increasing 
138. 0.2--0.5 overaLL 
139. =<0.2 cm 
140. + 0 
141. incisions of fertiLe frond 

(part) simiLar to those of 
steriLe frond(part) 

142. inclslons steriLe part =<1 mm; 
fertiLe part Less so 

Sori shape 
143. round 
144. eLLiptic 
145. L inear 
146. in patches 
147. irreguLar 

SoraL patches 
148. round 
149. eLLiptic 
150. quadranguLar 

Size of sori or soraL patches 
151. =< 1 mm 
152. 1--2 mm 
153. 2--3 mm 
154. 3--4 mm 
155. >= 4 mm 

Sporangium (va Lues refer to >10 X of 
the counted sporangia): 
Number of indurated annuLus ceLLs 
156. 11 
157. 12 
158. 13 
159. 14 
160. >=15 
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Nurnber of epistorniurn ceLLs 
161. 2 
162. 3 
163. 4 
164. 5 
Nurnber of hypostorniurn ceLLs 
165. 2 
166. 3 
167. 4 
168. 5 

TotaL nurnber of annuLus ceLLs 
169. =<19 
170. 20 
171. 21 
172. 22 
173. 23 
174. 24 
175. 25 
176. 26 

Length of capsuLe 
177. =<215 turn 
178. 215--240 turn 
179. 240--265 turn 
180. 265--290 turn 
181. 290--315 turn 
182. 315--340 turn 
183. >=340 turn 

Width of capsuLe 
184. =<180 turn 
185. 180--200 turn 
186. 200--220 turn 
187. 220--240 turn 
188. 240--260 turn 
189. >=260 turn 

Spore 
Peri spore 
190. srnooth, sornetirnes foLded 
191. verrucate 

ULtrastructure 
192. srnooth 
193. verrucuLate 

BasaL Layer 
194. inconspicuous 
195. thin 
196. thick 

Spines 
197. present 
198. absent 
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Shape of spines 
199. sharp 
200. with apicaL constriction 

BacuLae 
201. present 
202. absent 

GLobuLes 
203. present 
204. absent 

Exospore 
205. srnooth 
206. with gLobuLar excrescences 
207. verrucate 

Spore type 
208. rneyeniana-type 
209. pLeuridioides-type 
210. quercifoLia-type 

Base fronds: 
Shape and venation pattern: Vs 
211. running more or Less straight 
212. running in a reguLar zigzagging 

way 
213. running irreguLarLy 

Vt 
214. Vt branching frorn Vtc basicaLLy 

excurrent 
215. Vt branching frorn Vtc basicaLLy 

recurrent 
216. Vt branching frorn Vtc basicaLLy 

excurrent and recurrent 

Free veins 
217. free vein endings 

running excurrent 
218. free vein endings 

running excurrent and 
219. free vein endings 

diffuse 

A1c 

LargeLy 

LargeLy 
recurrent 

running 

220. present in aLL frond parts 
221. absent in at Least part of the 

fronds or frondparts 

Shape of A1c 
222. reguLarLy shaped throughout the 

frond(part) 
223. irreguLarLy shaped 
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Branching points of Vtc and Vs 
224. both branching points clearly 

distant from the Vp 
225. bordering part of basal Vs 

shortened 
226. bordering part of apical Vs 

shortened 

Included venation of A1c 
227. empty 
228. 1 recurrent included vein 
229. 2 or more included veins 

Relative amount of A1c containing 
included venation 
230. all or largely containing 

included venation 
231. largely empty, rarely 

containing included venation 

Branching of included venation of 
A1c 
232. simple 
233. once dichotomous 
234. more extensively branched 

Complexity of included veins of A1c 
235. free 
236. (at least partly) anastomosed 

Subdivision of A1 
237. undivided 
238. divided into 2, more or less 

equal Asec 
239. divided into 3 or 4 Asec 

A1c along costa 
240. large-sized, trapezium-shaped, 

regular, empty 
241. large-sized, trapezium-shaped 
242. + present, inconspicuous and 

Trregular 
243. large-sized, + 

shaped, somewhat 
included free veins 

244. absent 

Number of A1 in layering 

trapezium­
i rregular, 

present 

245. 1 or 2 A1 present bet ween 
adjacent Vs 

246. 3 or more A1 present bet ween 
adjacent Vs 

Bordering venation of A1 
247. distinct (prominent) 
248. indistinct (immersed or 

i rregular) 
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Shape of A1 
249. regular throughout the frond 
250. irregular 

Asec 
251. always empty 
252. largely empty 
253. largely containing simple veins 
254. largely containing once 

dichotomous veins 

Lobation 
255. lobate, lobes up to 2/3 or more 

of the width 
256. lobate, lobes up to 1/2 of the 

width 
257. lobate, lobes up to 1/3 of the 

width 
258. (clearly) sinusoid 
259. (almost) entire 

Margin 
260. entire 
261. regularly denticulate 
262. irregularly denticulate 

Lobe apex 
263. acuminate 
264. acute 
265. blunt 

Frond shape 
266. rounded 
267. ovate 
268. e II i pt i ca l 
269. elongated 

Index 
270. >= 1.5 
271. =< 1.5 

Indument: 
Laminar glandular trichomes (l.g.t.) 
272. present 
273. absent 

Branching of l.g.t. 
274. >90X unbranched 
275. 10--25X branched 
276. 25--55X branched 
277. >50X branched 
278. >5X branched 
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Branching of receptacular hairy 
paraphyses Cr.h.p.) 
279. >90% unbranched 
280. 10--25% branched 
281. 25--50% branched 
282. >50% branched 
283. >5% branched 

Number of glandular cells per r.h.p. 
284. 1,2 
285. 3,4 

Length in cells of l.g.t. 
286. 2 cells long >90% 
287. 3 cells long >10% 
288. 4 cells long >10% 

299. 2 cells long >25% 
300. 3 cells long >25% 

Number of cells per l.g.t. 
289. 2-celled >90% 
290. 3-celled >10% 
291. more celled present 

301. 2 celled >25% 
302. 3 cel led >25% 
303. 4 celled >25% 

Length in cells of r.h.p. 
292. 2 cells long >90% 
293. 3 cells long >10% 
294. 4 cells long >10% 
295. 5 cells long >10% 
296. >= 5 cells long present 

304. 2 cells long >25% 
305. 3 cells long >25% 
306. 4 cells long >25% 
307. >= 5 cells long >25% 

Number of cells per r.h.p. 
297. 4 or more cel led >25% 
298. 3 or less celled >75% 

308. 2 celled >25% 
309. 3 celled >25% 
310. 4 celled >25% 
311. >= 5 celled >25% 

Differences between l.g.t. vs. 
r.h.p. as to length in cells 
312. equally long 
313. r.h.p. 1 cell longer 
314. r.h.p. 2 cells longer 
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Differences in length between l.g.t. 
vs. r.h.p. 
315. + equally long 
316. r.h.p. somewhat shorter 
317. r.h.p. much longer 

Laminar acicular trichomes 
318. absent 
319. present 

Position of l.a.t. 
320. in tuft apically on abscission 

"vein" only 
321. more or less scattered 

throughout 

Density of l.a.t. 
322. tomentose 
323. inconspicuously set or absent 

Length in cells of l.a.t. 
324. 1,2 cells long 
325. 3 cells long 
326. 4 cells long 
327. >= 5 cells long 

Type 11 laminar glandular trichomes 
328. present 
329. absent 

Deviating sporangia 
330. present 
331. absent 

Glandular sporangial paraphyses 
332. present 
333. absent 

Acicular sporangial paraphyses 
334. present 
335. absent 

Position of acicular sporangial 
paraphyses 
336. one-sided 
337. two-sided 

Receptacular scaly paraphyses 
338. present 
339. absent 
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Complexity of receptacular scales 
paraphyses 
340. compr1s1ng all intermediates 

bet ween hairs and scales 
341. simple and complex 
342. complex only 
343. complex 

Frond scales: 
Positi~ 
344. on lamina 
345. scattered around rhachis/costa 
346. especially against the rhachisl 

costa 

Attachment 
347. basifix 
348. pseudo-peltate, short 

auriculate 
349. pseudo-peltate, long auriculate 
350. peltate 

Shape 
351. round 
352. triangularlovate 
353. linear/filiform 

Marginal protuberances 
354. short 
355. long 

Marginal protrusions 
356. uniseriate 
357. biseriate 

Marginal glandular trichomes 
358. present 
359. absent 

Position of marginal glandular 
trichomes 
360. near the base only 
361. overall 

Length in cells of marginal 
glandular trichomes 
362. 1-celled 
363. 2-celled 
364. more cel led 

Insertion of marginal indument 
365. marginally only 
366. marginally and abaxially 
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Lignified cell walls 
367. incospicuous 
368. conspicuous around the point of 

attachment only 
369. conspicuous, forming a midrib 

Apex 
370. long filiform 
371. filiform/narrow acuminate 
372. acute (acuminate) 
373. rounded 

Rhizome: 
Size (ih 
374. <1 cm 
375. 1--2 cm 
376. 2--3 cm 
377. >3 cm 

Number of vascular bundles in main 
arrangement 
378. 10--15 
379. 15--20 
380. 20--30 
381. 30--40 
382. >40 

383. many 
bundles, 
dorsally 

auxilliary vascular 
throughout or mainly 

384. many auxilliary vascular 
bundles ventrally only 

Stele 
385. 1 elliptical row of vascular 

bundles 
386. p.p. 2 elliptical rows of 

vascular bundles 
387. complex, 1 row of vascular 

bundles, with conspicuous 
dorsal invaginations 

388. complex, p.p. 2 rows of 
vascular bundles, with 
invaginations and usually an 
enclosed circle 

389. vascular bundles almost ad 
random distributed, very 
complex, elliptical with well­
developed protrusion 

Bundle sheath 
390. absent 
391. ill-developed 
392. well-developed 
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Colour of bundle sheath 
393. blue 
394. red 
395. brown 

Shape of epidermis cells 
396. flattened 
397. isodiametric 
398. erect 

Number of epidermis cells per 
adjacent cortex cell 
399. 1--1.3 
400. 1.4--1.6 
401. 1.7--2.0 
402. >2.0 

Insertion of scales 
403. sunken in invaginations (scale 

base adpressed) 
404. on pustulate protrusions 

Scale colour 
405. brown 
406. blue 

Sclerenchyma strands 
407. present in roots 
408. present in cortex 
409. absent 

Cuticle 
410. absent or nearly so 
411. present, inconspicuous 
412. present, conspicuous 
413. red-coloured 

Relative size of vascular bundles 
414. all + equally sized 
415. dorsal + 4 large(r) sized 

Growth habit 
416. encircling the bole many 

times or forming crusts when 
terrest ri a l 

417. spi rally climbing or linearly 
creeping 

418. forming ring shaped basket 
around bole 

419. spi rally or vertically 
climbing, loosely attached, or 
linearly creeping 

420. spirally climbing, frond base 
forming individual basket, 
firmly attached 
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Insertion of fronds 
421. <10 cm apart 
422. » 20 cm apart 

Persistent, naked rhachises 
423. present, many 
424. not or rarely present 

Phy llopodi a 
425. present. conspicuous 
426. absent 

Position of base fronds 
427. contiguous 
428. spreading 
429. mainly imbricate 

Position of dilated bases 
430. i mb ri cate 
431. ·separate 

Anatomy of lamina and petiole: 
Hypodermis sterile foliage fronds: 
adaxially 
432. absent 
433. present 

abaxially 
434. absent 
435. present 

Colour of epidermis cells 
436. blue 
437. red 

Hypodermis in sterile vs. fertile 
pinnae 
438. similar 
439. absent vs. present adaxially 
440. present vs. absent abaxially 
442. present vs. absent ad- and ab­

axially 
441. epidermis red vs. blue 

Marginal sclerenchymatous strand 
443. ill-developed «10 cells) 
444. moderately developed (10--20 

cells) 
445. well-developed (>25 cells) 

Marginal strand in fertile vs. 
sterile pinnae 
446. equally developed 
447. (almost) lacking vs. 

conspicuous 
448. less developed 
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Vp 1/1 

449. rounded 
450. angular 

Vein sheath 
451. interrupted 
452. continuous 

Development of vein sheath 
453. conspicuous, 

sclerenchymatous 
clearly 

454. inconspicuous, slightly 
sclerenchymatous 

Cortex 
455. blue, parenchymatous 
456. red, sclerenchymatous or firm 

parenchymatous 

Bundle sheath 
457. Cat least p.p.> red-coloured, 

open sclerenchyma cells 
458. blue 
459. blue and/or brown 
460. red 
461. brown 

Vascular bundleCs> Vp 
462. 1 
463. 2,3 

Arrangement of xylem in Vp 
464. T-shaped 
465. V-shaped 
466. flattened U-shaped 

Sclerenchymatous strands 
467. present 
468. absent 

Differences in Vp of fertile vs. 
sterile pinnae 
469. +similar 
470. 0 rounded vs. angular 
471. bundle sheath blue p.p. vs. red 
472. xylem T- vs. V-shaped 
473. vein sheath ill- vs. ' ~ell­

developed 
474. bundle sheath thin vs. thick 
475. vein sheath interrupted vs. 

continuous 
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Sclerenchymatous sheath of higher 
order veins 
476. red, well-developed from 

epidermis to epidermis 
477. red, with some irregularities 
478. orange, extremely developed 

Cell arrangement in receptacle 
479. rectangular 
480. + isodiametric 

Number of supporting veins per sorus 
481 1,2 
482. 3,4 
483. 5,6 

Sclerenchymatous vein sheathes of 
supporting veins 

484. present, conspicuous 
485. present, inconspicuous 
486. + absent 

Petiole/costa 1/1 
487. rounded 
488. elliptical 
489. invaginated 

Number of vascular bundles 
petiole/rhachis 
490. 3,4 
491. 5,6 
492. 7,8 
493. 9,10 
494. >11 

Rhachis/costa 1/1 
495. rounded 
496. angular 
497. invaginated 

in 

Number of vascular bundles in 
rhachis/costa 
498. 1 
499. 2 
500. 3 
501. 4 
502. 5 
503. >6 

Bundle sheath of vascular bundles in 
rhachis/petiole 
504. present, blue 
505. present, blue and/or brown 
506. present, red 
507. absent 
508. present, brown 
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Rhizome scales: 
Attachment 
509. basifixed, truncate or short 

auriculate 
510. pseudo-peltate, short 

auriculate 
511. pseudo-peltate, long auriculate 
512. peltate 

Shape 
513. rounded 
514. triangular/ovate 
515. linear/filiform 
516. spathulate 
517. cone-shaped 

Length 
518. <7 mm 
519. 7--14 mm 
520. 14-->22 mm 

Index 
521. <4 
522. 4--6 
523. 6--10 
524. 10-->25 

Distinct apical glandular trichome 
525. present 
526. absent 

Margin 
527. "clathrate" 
528. toothed 
529. with short protuberances 
530. with elongated protuberances 

Marginal protrusions 
531. uniseriate 
532. biseriate 

Apex of marginal protrusions 
533. with united apex or rounded top 
534. with T-shaped apex 
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Length in cells of 
protrusions 
539. 1-cell 
540. more cells 

Glandular indument 
535. absent 
536. present 

marginal 

Position of glandular indument 
537. near the base 
538. overall 

Length in cells of glandular 
indument 
544. 1-ce II 
545. 2-ce lls 
546. more cells 

Exposition 
541. adpressed 
542. spreading 
543. p~rpendicular 

Insertion of marginal indument 
547. marginally only 
548. marginally and abaxially 

Lignified cell walls 
549. inconspicuous 
550. conspicuous around the point of 

attachment 
551. conspicuous, forming a midrib 

Dimorphy in scales 
552. only one type of scale present 
553. two types of scales present 

Apex 
554. long filiform 
555. short filiform/narrow acuminate 
556. acute (acuminate) 
557. rounded 
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APPENDIX 2. DATAMATRIX 

horizontally 1rom right to le1t: terminal clada 1--31 
vertically: character states 1--557 arranged in complementary sets 

plhlpillsldlmlhlclclnlnlslblll11mlsldlplpirlplwlvilldlilblqls 
alililalpirieleiololololpirielololilelairlillliloialelnlolulp 
rleilitlelylylrlrlrlvlvillolplrlllnllirlolglellillulsivlnlela 
kir I.H Ic In Ie la 10 I n I 0 I 0 I el 0 10 I t III i la I i lp I i lullik I rl c lol i I r I r 
ilol Ipl.I.lnlclnlulgl.lnlklrlulilclvlsl.ldlrldl.I.I.lllilcIs 
nlnl 1.1 I 1.1l1.lcl.IGI.I.I.lnlslal.I.1 1.1.1.1 I I 1.1 l.I • 
• 1.1 I I I I 1.1 1.1 1.1 I I 1.1 I I I I I I I I I I I I I I 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
3131212121212121212121211111111111111111111101010101010101010 
1101918171615141312111019181716151413121110191817161514131211 

1 000 001 1 1 1 1 1 1 1 1 1 000 1 1 1 101 1 1 1 1 1 1 1 
2 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
3 1 1 1 1 1 000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
4 111 1 1 1 1 0 1 0 1 100 1 1 0 0 0 0 0 0 1 0 0 0 0 0 000 
5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 101 101 0 1 0 0 

6 000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 000 
71111 111 0 1 0 1 100 1 000 000 1 1 1 1 1 1 1 111 
8 0 0 0 0 0 0 0 1 0 1 001 101 1 1 101 1 0 0 0 0 0 0 000 

9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0)0 0 0 0 0 0 0 0 0 0 0 
10 0 0 0 0 0 1 1 1 1 1 1)1)1 1)1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
11 1 1 1 1 1 1 1 0 0 1)1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

13 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 1 0 0 0 1 0 0 0 0 0 0 
15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 1 0 1 1 1 1 1 1 

16 1 1 1 1 1 0 1 0 1 1 1 1 0 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 
17 0 0 0 0 0 1 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

18 1 1 1 1 1 0 1 0 1 0 1 1 0 0 0 1 1 1 1 1 1 1 0 0 0 0 0 1 0 0 0 
19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 
20 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 

21 0 1 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 1 1 0 1 0 1 1 1 1 1 1 
22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 
23 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 1 1 0 1 1 1 1 
24 1 0 0 1 0 0 1 0 1 0 1 1 0 0 0 1 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 
25 0 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 1 0 0 0 0 0 1 0 0 1 1 1 1 1 

26 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 1 1 1 1 0 0 0 0 1 1 1 0 0 
27 0 1 1 0 1 0 0 1 1 1 1 1 1 0 1 1 1 1 1 0 1 1 0 1 0 1 1 1 1 0 0 
28 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 0 0 1 1 1 1 1 1 1 1 1 1 
29 1 0 0 1 0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 1 1 
30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 1 0 0 0 0 0 0 0 0 0 0 

31 1 1 
32 1 1 
33 0 1 

11111111110111011111111111 
11111111111011001111110111 
o 1 000 1 000 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 
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34 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 
35 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 

36 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
37 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1 1 0 1 1 1 0 0 0 0 0 0 0 0 0 
38 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
39 0 0 0 0 0 1 1 1 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 1 1 1 0 1 0 1 1 

40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 
41 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

42 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 
43 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 1 1 0 1 1)0 0 0 0 0 0 
44 0 1 1 0 0 0 1 0 1 0 1 0 0 0 0 1 0 1 1 0 1 1 0 1 1 1 1 0 1 0 1 
45 1 1 1 1 0 0 1 0 1 1 1 1 0 0 1 1 0 0 1 0 1 1 1 0 0 1 0 1 1 1 1 
46 1 0 1 1 1 1 1 1 1 1 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 
47 0 0 0 0 1 1 0 1 1 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 
48 0 0 0 0 1 1 0 1 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
49 0 0 0 0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

50 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0 0 1 1 1 1 1 1 1 1 1 1 
51 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 1 0 0 0 0 0 0 0 0)0 0 

52 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
53 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 1 0 0 1 0 0 0 0 

54 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
55 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 1 

56 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 1 1 1 1 1 0 1 1 1 1 0 1 1 1 
57 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
58 1 1 1 1 1 1 1 0 1 1 1 1 1 1 0 1 0 0 1 0 0 0 1 0 0 0 1 1 0 0 0 
59 1 0 0 0 1 1 1 0 0 0 0 0 1 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

60 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
61 0 1 1 1 1 1 1 0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
62 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
63 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
64 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

65 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 
66 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 0 

67 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
68 0 1 1 1 1 1 1 0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

69 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 1 1 1 0 0 1 1 0 0 0 0 0 
70 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 0 0 0 0 1 1 0 1 1 1 0 1 1 
71 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 1 0 0 1 1 1 1 1 1 1 

72 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
73 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 
74 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 1 1 0 1 1 0 0 0 0 0 1 1 1 0 1 
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75 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 1 1 0 1 1 1 0 0 0 0 1 1 1 1 1 
76 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 0 0 1 0 1 1 1 1 1 1 0 0 0 1 1 

77 0 0 0 0 0 0'1'0 0'1'0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 
78 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
79 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 
80 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

81 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 
82 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 
83 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
84 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 

85 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 
86 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 
87 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 1 

88 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 
89 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 
90 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0 0 

91 0 0 0 0 0 1 1 1 1 11 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 
93 0 1 1 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0 1 1 0 1 1 1 1 1 1 1 
94 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
95 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 1 1 1 1 1 1 0 1 1 1 

96 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 
97 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 

98 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
99 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1)0 0 0 1 0 0 0 1 0 1 0 1 
100 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 0 0 1 1 0)0 1 0 1 0 
101 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0)1 0 0 0 1)0 
102 1'0'1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 000 0 0 0 0 0 
103 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

104 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1'1'1 1 1 1 000 1 1 
105 1 0 0 0 1 1 0 0 0 0 0 0 0 1 1 0 0 0 0 1 1 1 0 0 0 0 1 1 1 0 1 

106 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
107 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

108 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 1 1 1 0 1 1 1 1 0 1 0 0 0 0 0 
109 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 1 1 1 1 1 1 1 
110 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 1 1 1 1 

111 1 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 1 0 1 1 1 0 1 1 0 1 1 1 
112 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 
113 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 1 1 1 1 0 1 1 1 1 1 1 0 1 0 1 

114 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
115 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
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116 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
117 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 
118 0 0 0 0 000 0 0 0 0 0 0 0 1 0 0 1)0 0 0 0 1'0'0 0 0 0 0 0 0 
119 0 1 1 1 1 1 1 0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
120 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

121 0 0 0)0 0 0 1 0 0 1 0 0)0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
122 0 1 1 1 1 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
123 1)0 0 1 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

124 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 1 1 1 1 
125 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0 0 0 0 0 

126 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 1 1 0 1 1 1 0 0 0 0 0 
127 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 
128 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 0 0 0 0 1 0 0 0 1 1 1 1 1 

129 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 
130 1 1 0 0 0 0 1 0 0 1 1 0 0 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 

131 0 1 1 1 0 0 1 1 0 1 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
132 1 0 0 1 0 1 0 1 0 1 0 0 1 1 1 0 0 0 0 0 0 1 1 1 0 0 0 1 0 1 1 
133 0 0 0 0 1 0 0 0 1 0 0 1 0 0 0 0 0 0 0 1 1 0 1 1 0 1 1 1 0 1 0 
134 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 1 1 0 0 0 0 0 0 0 1 0 0 
135 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 1 0 0 0 1 0 0 

136 0 0 0 0 0 1 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
137 0 0 0 0 0 0 1 0 1 0 1 1 0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
138 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 1 0 1 1 1 0 1 1 1 
139 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0 0 1 1 1 0 1 0 1 0 
140 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0)0 0 0)0 0 0 1 0 0 0 
141 0 1 1 0 0 0 0 1 1 0 0 0 0 0 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 
142 1 0 0 0 0 1 1 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

143 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
144 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
145 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
146 0 1 1 1 1)1)1 0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
147 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

148 0 0 0 0 0 0 1 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
149 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
150 0 0 1 1 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

151 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 1 0 1 1 1 0 0 0 0 1 1 1 1 1 
152 1 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 
153 1 0 0 0 0 0 1 0 1 1 1 1 0 0 1 0 0 0 1 0 0 0 1 1 1 1 0 0 0 0 0 
154 1 1 1 1 0 0 0 0 0 0 1 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
155 0 1 1 1 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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156 1 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
157 1 1 1 1 1 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 0 1 1 0 0 0 1 0 0 0 0 
158 1 1 1 1 1 1 0 1 0 1 0 1 0 1 0 0 1 1 1 0 1 1 1 1 1 1 1 1 0 1 0 
159 0 1 1 1 0 1 0 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
160 0 0 0 0 0 0 0 1 1 0 1 0 1 0 0 0 0 1 1 0 0 0 0 1 0 1 0 0 1 1 1 

161 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
162 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 
163 0 0 0 0 0 1 0 0 0 0 1 1 1 0 1 1 0 1 1 0 0 0 1 0 1 1 0 0 0 0 0 
164 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 

165 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
166 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 
167 0 0 0 0 0 1 0 1 1 0 1 1 1 1 0 0 0 1 1 0 0 0 0 0 1 1 0 0 0 0 0 
168 0 0 0 0 0 0 0 1 0 0 1 0 1 1 0 0 0 1 1 0 0 0 0 0 1 1 0 0 0 0 0 

169 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
170 1 1 0 1 1 0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 
171 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0 1 1 1 1 1 0 0 1 1 1 1 0 
172 0 1 1 1 0 1 0 1 1 1 0 1 0 1 0 1 1 1 0 1 1 1 1 1 0 0 1 1 1 1 1 
173 0 0 0 0 0 1 0 1 1 0 0 1 1 1 0 1 0 1 1 0 0 0 0 1 1 1 0 0 1 1 0 
174 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 1 1 0 0 0 0 0 1 1 0 0 0 0 0 
175 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 
176 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 

177 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
178 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 0 0 0 
179 1 1 1 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 0 0 1 1 1)1 
180 1 1 1 1 1 1 0 1 1 1 0 1 0 1 1 0 1 0 0 1 0 0 0 1 1 0 0 1 1 1 1 
181 0 0 1 0 0 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 0 1 1 1 
182 0 0 0 0 0 1 1 1 0 0 1 1 1 1 0 1 0 1 1 1)1 0 0 1 0 1 1 0 0 1 1 
183 0 0 0 0 0 1 0 1 0 0 1 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 1 

184 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
185 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
186 1 1 1 1 1 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 1 0 1 0 1 0 1 1 0 0 
187 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 0 1 0 0 0 0 1)0 1 1 1 0 0 1 1 1 
188 0 0 0 0 0 1 1 1 1 1 1 0 1 0 0 1 1 1 1 1 1)0 0 1 1 1 1 0 1 1 1 
189 0 0 0 0 0 1 1 1 0 0 1 0 1 0 0 1 0 1 1 1 1 0 0 1 1 0 1 0 1 1 1 

190 1 1 1 1 1 1 0 1 1 0 1 1 1 1 1 0 0 1 1 0 0 0 1 0 1 0 0 0 0 0 0 
191 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 1 0 0 1 1 1 0 1 0 1 1 1 1 1 1 

192 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
193 0 0 0 0 0 1 0 0 0)0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

194 1 1 1 1 1 1 0 1 1 0 1 1 1 1 1 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 
195 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 1 0 1 1 1 1 0 1 0 1 1 1 1 1 1 
196 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

197 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 1 1 1 1 1 0 1 0 0 1 1 1 1 1 
198 1 1 1 1 1 1'0'1 001 1 1 1 1 1 0 0 0 0 0 0 1 0 1 000 000 
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199 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 1 1 1 1 1 0 1 0 0 1 1 1 0 0 
200 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 1 1 1 1 0 1 0 0 0 1 0 1 1 

201 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 1 1 1 0 0 0 1 0 0 0 0 0 
202 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 0 1 1 0 0 0 1 0 1 0 1 1 1 1 1 

203 1 1 1 1 1 1 0 1 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
204 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 1 0 1 1 1 1 1 0 0 0 1 1 1 1 0 0 

205 0 0 1 0 0 1 1 1 0 0 1 1 1 1 1 0 1 0 0 0 0 1 0 0 0 0 1 1 1 1 1 
206 1 1 0 1 1 0 0 0 1 1 0 0 0 0 0 1 0 0 0 1 1 0 0 1 1 1 0 1 0 0 0 
207 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 

208 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
209 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 
210 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 0 1 1 1 1 1 1 1 1 

211 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 
212 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 1 0 1 0 1 1 0 0 0 1 
213 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 1 1 1 1 

214 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 
215 0 0 0 0 0 0 0 0 0 0 0 0 0 '0 0 0 0 1 0 0 0 0 1 0 0)0)0 0 0 0 0 
216 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1)1 0 1 0 1 0 1 1 1 1 1 1 1 

217 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
218 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 
219 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 1 1 1 1 1 1 1 1 1 1 

220 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 1 0 1 1 1 0 0 0 1 1)-
221 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1)0 0 1)0 1 1)0 1 1 1 1 0 1 

222 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 0 1 0 0 0 0 0 0 
223 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 1 0 1 0 1 1 1 1 1 1 

224 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 1 1 1 1 
225 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 1 0 0 1 1 1 1 0 1 
226 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0)0 0 1 1 1 0 1 0 0 1 

227 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 0 0 1 1 0 0 
228 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 1 1)1 1 1 0 1 1 1 0 1 
229 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1)1)0 0 1 0 1 0 1 1 

230 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 1 1 1 0 1 1 
231 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 1 0 1 0 0 0 0 1 0 0 

232 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 1 1)1 0 0 1 1 1 1 1 1 
233 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1)1 1 1 1 1 1 0 1 1 
234 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 1 0 1 1 

235 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 1 1 1 1 1 1 1 1 1 1 
236 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 1 0 1 
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237 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 1 1 0 0 
238 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 1 1 1 1 0 1 1 1 0 1 
239 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 1 0 1 0 1 1 

240 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
241 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 1 1 0 0 0 0 0 0 1 0 0 
242 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 1 0 1 1 
243 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 1 0 0 0 0 0 0 1 0 0 
244 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 

2450000 0 0 0 . 0 0 0 0 0 0 0 0 1 1 1 1 001 0 1 001 1 1 0 1 
246 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1)0)0 1 0 1 0 1 1 1 1 0 1 1 

247 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 
248 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 

249 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 0 1 0 0 0 0 0 0 
250 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 1 0 1 0 1 1 1 1 1 1 

251 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
252 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 1 0 1 0 1 1 1 0 1 1 
253 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0 0 0 1 1 
254 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 

255 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 1 0 0 0 1 0 0 0 0 0 0 
256 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 
257 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 1 1 0 1 0 0 0 0 1 
258 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 1 1 0 1 1 
259 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 

260 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 
261 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 
262 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 1 1 1 1 1 0 0 0 0 

263 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
264 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 1 0 1 0 1 0 0 0 0 0 0 
265 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 1 1 1 0 1 1 0 0 1 1 

266 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 1 1 1 1 1 
267 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 1 0 1 1 1 0 1 1 
268 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 
269 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 

270 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 1 1 1 1 1 0 0 0 0 0 
271 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 1 1 1 1 1 

272 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 
273 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 

274 0 0 0 0 0 0 0 1 1 0 1 1 1 1 1 0 0 1 0 0 0 0 0 0 1 1 1 1 1 1 1 
275 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
276 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 
277 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
278 1 1 1 1 1 1 1 0 0 1 0 0 0 0 0 1 1 0 1 1 1 1 1 0 0 0 0 0 0 0 0 
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279 0 1 0 1 1 0 1 1 0 1 1 1 1 1 1 0 0 1 0 0 0 0 0 0 1 0 1 1 1 1 1 
280 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
281 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0 0 0 0 
282 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 
283 1 0 1 0 0 1 0 1 1 1 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 

284 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
285 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

286 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 1 1 
287 0 0 0 0 0 1 0 1 0 0 1 1 1 1 0 0 0 1 1 1 1 0 0 0 1 0 0 0 0 1 0 
288 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 

289 0 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 1 1 1 1 1 1 
290 1 1 1 1 1 1 0 1 0 1 1 1 1 1 0 1 1 1 1 1 0 1 1 0 1 0 0 0 0 0 0 
291 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 

292 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 
293 1 1 1 1 1 1 0 1 1 0 1 1 0 1 1 1 1 1 1 0 0 0 1 1 1 1 1 0 1 1 0 
294 0 1 0 1 0 1 0 1 1 0 1 1 1 1 0 0 1 1 1 0 1 1 0 1 1 1 0 0 0 0 0 
295 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 
296 0 0 0 1 0 1 0 0 0 0 1 0 1 1 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 

297 1 1 1 1 0 1 0 1 1 0 1 0 1 1 0 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 
298 0 0 0 0 0 0 1 0 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 

299 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 1 1 
300 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 

301 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 1 1 
302 1 1 1 0 0 1 0 0 0 1 1 0 0 0 0 1 0 1 0 1 0 1 1 0 0 0 0 0 0 0 0 
303 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

304 0 0 1 0 1 0 1 0 1 1 0 1 0 0 1 1 0 1 1 0 0 0 1 1 0 1 1 1 1 1 1 
305 1 1 1 1 1 1 0 1 1 0 1 1 0 1 1 1 1 1 1 0 0 0 1 0 1 0 0 0 1 0 0 
306 0 1 0 1 0 0 0 0 0 0 1 0 1 1 0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 
307 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 

308 0 0 1 0 1 0 1 0 1 1 0 1 0 0 1 1 0 1 1 0 0 0 1 1 0 0 1 1 1 1 1 
309 1 1 1 1 1 1 0 1 1 0 1 1 0 1 1 1 1 1 1 0 0 0 1 0 1 1 0 0 1 0 0 
310 1 1 1 1 0 1 0 0 0 0 1 0 1 1 0 1 1 1 1 0 1 1 0 1 0 0 0 0 0 0 0 
311 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 

312 0 0 1 0 1 1 1 0 1 1 0 1 0 0 1 1 0 1 1 0 0 0 1 0 0 1 1 1 1 1 1 
313 1 1 1 1 1 1 0 1 1 0 1 1 0 1 1 1 1 1 1 0 0 0 1 0 1 1 0 0 1 0 0 
314 0 1 0 1 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 

315 0 0 0 1 1 1 1 1 1 1 0 0 0 1 0 1 1 1 1 0 0 0 1 0 1 1 1 0 1 1 1 
316 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 
317 1 1 1 0 1 1 0 1 0 0 1 1 1 0 0 0 1 0 1 1 1 1 0 0 0 1 0 0 0 0 0 

318 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 
319 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 
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320 0 0 0 0 0 0 1 0 0 1 1 1 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
321 1 1 1 1 1 1 0 1 0 0 0 0 1 0 0 1 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 

322 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
323 1 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

324 1 1 1 
325 0 1 1 
326 0 1 1 
327 0 1 1 

1 101 0 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 
11100 1 1 000 1 0 1 100 1 000 0 0 0 0 0 0 0 
1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 000 0 0 0 0 0 0 0 0 
100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 000 

328 1 0 0 1 0 1 1 0 0 0 0 0 1 0 1 0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 
329 0 1 1 0 1 0 0 1 1 1 1 1 0 1 0 1 0 0 1 1 1 1 1 1 1 0 1 1 1 1 1 

330 0 1 0 0 0 1 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
331 1 0 1 1 1 0 1 1 1 1 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

332 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
333 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 

334 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
335 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

336 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
337 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

338 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0 0 0 0 0 
339 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 1 1 1 1 1 

340 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 
341 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
342 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0 0 0 0 
343 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 

344 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 1 1 1 1 1)1 1 1 
345 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0'0'1 0 0 0 0 0 0 0 0 
346 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1)1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 

347 1 1 1 1 1 1 1 1 1 0 1)1 1 1 1 1 1 1 1 1)1)1 1 0 1 1 1 1 1 0 0 
348 0 1 1 1 1 1 0 0 0 1 1 1)1 1 0 0 1 1 0 1 1 0 0 0 1 0 0 0 1 0 1 
349 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
350 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 1 0 1 1 1 

351 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1)0 0 0 0 0 
352 1 1 1 0)0 0 0 0 0 1)1 1 1)1 1)1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 
353 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1)0 1 1 1 1 1 1 1 0 0 0 0 0 

354 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 
355 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 

356 1 0 1 0 1 0 0 0 0 1 0 0 1 1 0 0 0 0 0 1 1 1)0 1 1 1 1 0 0 0 
357 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 
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358 0 1 0 0 0 0 0 0 1 1 0 1 0 0 0 1 1 1 1 1 1 1 0 0 1 1 0 1 0 1 1 
359 1 0 1 1 1 1 1 1 0 0 1 1 1 1 1 0)0 0 0 0 0 0 1 1 0 0 1 0 1 0 0 

360 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 
361 1 0 1 0 0 1 1 1 0 1 1 1 1 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 

362 1 0 1 1 1 1 1 1 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 
363 1 0 1 1 1 1 1 1 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 
364 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

365 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 
366 0 0 0 0 0 0 0 0)0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

367 0 1 1 1 1 1 1 1 1 1 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 
368 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
369 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 1 0 1 

370 0 1 0 1 1 0 0 1 1 0 0 0)0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
371 1 0 1 0 0 1 1 0 0 0 1 1 1 1)1 1 1 1 1 1 1 1 1 0 1 1 0 0 1 1 1 
372 1 0 0 0 0 1 0 0 0 1 1 1 1)1 0 0 0 1 1 1 1 1 1 0 1 0 1 1 1 1 1 
373 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 

374 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 1 0 0 0 
375 1 1 1 1 1 0 0 0 0 1 1 1 0 0 0 1 1 1 1 1 1 1 1 1 1 1)1 0)1 0 1 
376 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 1 1 1 1 0 1 1 1 
377 0 0 0 0 0 1 1 1 1 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 

378 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
379 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 1 1 0 0 0 0 0 1 1 0 0 
380 0 0 0 1)1 0 0 0 0 1 1 1 0 0 0 0 1 0 0 0 0 1 1 1 1 0 1 0 1 1 1 
381 0 0 0 0 0 0 0 0 0 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 
382 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 

383 1)0 1 1)1 1 1 0 1 0 0 0 0 1)0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 
384 0 0 0 0 0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

385 1 1 1 1 1 0 0 0 0 1)1 1 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
386 0 0 1)1)1 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 
387 0 0 0 0 0 1 1 1 1 1 1 1 1'0"0'0 0 0 0 0 000 000 0 0 0 0 0 
388 0 0 0 0 0 0 0 1 1 0 1)1)0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
389 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

390 0 0 0 0 1 0 0 0 0 1 1 1 0 0 1 1 1 1 0 0 1 0 0 0 1 1 1 1)1 1 1 
391 0 0 0 1)0 1 1 1 1 0 0 0 1 0 0 0 0 0 1 1 1 1 1 1)0 0 0 0 0 0 0 
392 1 1 1 1 1 0 1)0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 

393 0 0 1)1)0 1 1 1 1 0 0 0 1 0 0 0 0 0 1 1 0 1 1 1 0 0 0 1 0 0 0 
394 0 0 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
395 1 1 1 1 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 

396 0 0 0 0 0 1 0 1 0 1 0 0 1 0 1 1 0 0 1)0 0 0 0 0 0 0 1 0 1 0 1 
397 1 1 1 1 1 1 1 0 1 1 1 1 0 1 1 0 1 1 0 1 1 1 1 1 0 0 0 1 0 1 1 
398 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 0 0 0 0 0 
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399 0 0 0 0 0 0 0 1 0 1 0 0 1 0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 
400 0 1 1 1 0 1 1 0 1 1 1 1 0 1 0 1 0 1 1 1 0 1 1 1 1 1 1 1 0 1 1 
401 1 0 0 1 1 0 1 0 0 1 0 0 0 0 0 0 1 0 1 0 1 0 0 1 0 0 1 0 1 0 1 
402 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

403 1 1 1 1 1 1)1 1 1 1 1 1 1 1)1 1 0 0 0 1 1 1 1)1 1 1 1 1 1 1 1 
404 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 

405 0 1 1 0 1 1 1 1 1 1 1 1)1 1 1 1 0 0 0 1 1 1 0 0 1)1 1 1 1 1 1 
406 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 1 1 0 0 0 0 0 0 0 

407 0 0 0 0 0 0 0 0 0 0)0)0)0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 0)0 0 0 
408 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 
409 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0 0 0 1 1 1 1 1 1 1 

410 0 1 0 0 1 1 0 1 0 0 0 0 0 0 1 1 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 
411 1 0 1 1 0 0 1 0 1 0 1 1 1 0 0 0 0 0 0 1 1 0 0 0 0 1 1 0 1 1 1 
412 1 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 1 0 1 1 0 0 1 0 0 0 , 

413 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 1 0)0 

414 0 0 0 0 0 1 1 1 1 1 0)0)1 1 1 0 1)0)1 0 1 0 0 0 1 1 1 0 1 1 1 
415 1)1)1 1 1 0 0 0 0 0 1)1)0 0 0 1 0)1)0 1 0 1 1 1 0 0 0 1 0 0 0 

416 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1)1 0 0 0 0 0 0 0 
417 1 1 1 1 1 0 0 0 0 1 1 1)0 0 0 1 1 1 1 1 1 0 1)0 1 1 1 1 1 1 1 
418 0 0 0 0 0 1 1 1 1 0 0 0 1 1 1)0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
419 ·1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
420 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0)0 0 0 0 0 0 0 0 0 0 

421 0 0 0 0 0 1 1 1 1 0 0 0 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 
422 1 1 1 1 1 0 0 0 0 1 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

423 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 1 1 1 1 1 0 0 0 1 0 
424 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 1 1 0 0 0 0 0 1 1 1 0 1 

425 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
426 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

427 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 1 1 1 1 1 
428 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 1 1 1 1 1 1 0 0 0 1 0 
429 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 

430 0 0 0 0 0 1 1 1 1 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
431 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

432 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 0 
433 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 1)0 1 0 1 1 

434 1 1 0 0 0 0 0 1 0)0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
435 0 0 1 1 1 1 1 0 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

436 0 0 0 1)1)0 00 0 1 0 0 0 1 0 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 
437 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 1 0 1 0 0 0 0 1 1 1 1 1 
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438 1 1 1 0)0 0 0 1 1 0)1 0 0 0 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 
439 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
440 0 0 0 1)1 1 0 0 0 1)1)1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
441 1)1)0 1 1 1 1 0 0 0)1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
442 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

443 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0)1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 
444 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 1 1 1 1 1 0 0 0 0 
445 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0)0 0 0 0 0 1 1 1 1 

446 0 0 0 0 0 0 0 1 1 0 1 1 1 0 0 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 
447 1)0 0 0)0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
448 1 1 1 1 1 0 1)0 0 1 1 0 0 1 1 0)0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 

449 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
450 0 0 0 0 0 0 0 0 0)1 1 0 0 0)0 0 0 0 0 1 1 0 0 0 0)0 0 0 0 0 0 

451 1 0 0 0 0 1 0)1 1 0 1 1 1 0)0 0 0 1 1 1 1 1 0 1 0)1 0 1 1 1 1 
452 0 1 1 1 1 0 1 0 0 1 0 0 0 1 1 1 1 0 0 1 0 1 1 1 1 1 1 0 0 1 0 

453 0 1)0)0 0)0 0 0 1)0 0 0 0 0 0 1 1)0 0 0 0 0 0 0 0 0 0)0 0 0 0 
454 1 0 1 1 1 1 1 1 0 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

455 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1)1 1 1 0 1 1 1 1 1 0)0 1 1 1 1 
456 0)1 0 0 1 0 0)1)1)0)0 0 0 0)1 1 0)0)1 1 1 0 1 0)0 1 1 0 1 0 0 

457 1 1 1 1 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
458 0 1 1 0 0 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 0 1 1 0 1 1 1 
459 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
460 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 
461 1 0 0 0 1 1 0 1 1 0 0 0 1 1)1 1 1 0 1 1 1 1 0 1 1 1 1 1 1 1 1 

462 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
463 0 0 0 0 0 0 0 1 0 0 0 0'0'1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

464 1 1 1 0 1 1 0 0 1 0 1 1 0 0 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
465 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0)0 1 0 1 
466 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1)0 0 à 0 0 1 0 0 0 0 0 0 0 0 

467 1)0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
468 0 1 0 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 

469 0 0 0 0 0 0 0 1 1 0 0 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
470 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
471 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
472 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
473 1 0 1 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
474 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
475 0 1 1 1 1 0 1 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

476 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
477 1 0 0 1 1 0 0 0 0 0 0 0 1 0)0 1 1 1 1 0 1 1 0 0 0 1 0 0 1 0 0 
478 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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479 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
480 1 0 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

481 0 0 0 0 0 1 1 1 1 0 0 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 1 1 1 1 1 
482 1 1 0 0 1 0 1 0 0 1 1 1 1 1 1 0 0 0 1 0 0 1 1 1 1 1 0 0 0 0 0 
483 1 1 1 1 0 0 0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 

484 0 1 0 0 0 0 0 1 1 0 0 0 0)1 0 0 0 0 0 1 1 1 0 0 1 1 1 1 0 1 1 
485 0 0 1 1 0 0 0 0 0 0 0 1 1 1 1 1)1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
486 1 0 0 0 1 1)1 0 0 1 1 0 0 0 0 1 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 

487 1 0 1 1 1 1 1 0 1 1 1 1 0 1 1 1 1 1 0 1 1 1 1 1 0 1 1 1 1 1 0 
488 0 1 0 0 1 0 0 1 0 0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 1 
489 0 1 1 0 0 0 0)1)0 0 1 1 1)1 0 0 0 1 1 0 0 1 1 0)1 0 0 0 1 1 1 

490 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 1 0 1 0 1 
491 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 1 1 1 0 1 
492 0 0 1 1 1 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 
493 1 1 1 0 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 
494 0 0 0 0 0 1 1 1 1 0 1 1 1 1 1 0 0 0 0 0 0 1 1 1 0 1 0 0 0 1 0 

495 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1 1 1 1 1 0 0 1 1 1 
496 0 0 0 0 0 0 0 0 0 1 1 0 0)1 0 0 0 1 0 0 1 0 1 0 0 0 1 1 0 0 0 
497 0 0 1 0)1 0 0 0 0 1 1 1 0)1 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 1 0 

498 0 1 1 0 0 0 0 0 0 1 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0 0 1 0 1 0 1 
499 1 0 1 1 0 0 0 0 0 1 0 0 0 0 1)0 0 0 0 0 0 0 1 0 0 0 1 1 1 0 1 
500 1 0 0 0 1 0 1 0 0 1 0 0 0 0 1)1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 
501 0 0 0 0 1 1 1 0 1 0 1 1 0 0 0 0 0 0 0 0 0 1 1 0 1 1 0 0 0 0 0 
502 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 
503 0 0 0 0 0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 

504 1)1 1 1 1 0 1 1 0 1 1 1 1 1 0 0 0 1 1 0 1 0 1 1 1 1 1 0 1 1 1 
505 1 1 1 1 1 1)1 1 1 1 1 1 1 1 1 1)1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
506 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
507 0 0 0 0 0 0)0 0 0)0 1 0 0 0 0 1 1)0 0 0 0 1 0 0 0 0 0 0 0 0 0 
508 1 1 0 0 0 1)1)1 1 1 1 0 1 1 1 1)1 1 1 1 1 1 0 0 1 1 0 1 1 1 1 

509 0 0 0 0 0 1 1 1 1 0 0 0 1 1 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 1 0 
510 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0 0 0 0 0 0 0 0 0 0 1 0 
511 0 1 1 1 1 0 0 0 0 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
512 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 1 1 1 0 1 1 1 1 1 1 

513 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 1 
514 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
515 0 0 0 0 1 1 1 1 1 0 1)1)1 1 1)1 1 0)1 0 0 1 1 1 0 1 0 0 0 1 0 
516 0 0 0 0 1)0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 0 1 
517 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

518 1 1 1 1 1 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 1 1 1 1 1 0 1 1 1 0 1 
519 0 0 0 0)1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 0 0 1 0 1 1 1 0 0 1 1 1 
520 0 0 0 0 0 1 0 1 1 0 0 0 1 1 1 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 
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521 1 1 1 1 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 1 1 0 0 0 1 0 1 1 1 0 1 
522 1 1 1)1 1 0 0 0 0 0 1 1 0)1 1 0 0 1 1 0 0 1 0 1 1 0 1 0 1 0 1 
523 1)1)0 1)1 1 0 1 1)0 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 0 0 0 0 1 
524 0 0 0 0 0 1 1 1 1 0 0 0 1 0 0 0 1 0 1 0 0 1 0 1 0 1 0 0 0 1 0 

525 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
526 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

527 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
528 0 0 0 0 0)1 1 1 1 0 1 1 1 1 1 1 1 1 1 0 0 0 1 1 1 0 1 1 1 1 1 
529 1 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 1 1 0 0 0)0 0 0 0 0 
530 1)1 1 1 0)0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 1 0 0 0 0 0 

531 1 1 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 1 1 1 0 0 1 1 1 0 0 0 0 
532 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 0 0 0 1 1 0 0 1 1 1 1 1 

533 1 1 0)0)1 1 1 1 1 0 1 1 1 1 1 1 1 1 0 0 0 1 1 1 1 1 1 1 1 1 
534 1 1 1 1 1 1 0 0 1 0 0 0 1 0 0 0 0 0 1 1 1 1 0 0 0 1 0 0 0 0 

535 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
536 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 1 1 1 1 1 1 1 1 1 1 

537 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 
538 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 1 1 1 1 1 0 1 

539 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 
540 0 0 0)0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0 0 

541 1 1 1 1 0)0 0 0 0 0 1 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 
542 0 0 0 0 1 1 1 1 1 1 1)1)1 1 1 1 1 1 1 0 0 1 1 1 1 1 0 0 0 1 0 
543 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 1 

544 1 1 1 0 1 1 0 1 1 1 0 1 1 1 1 1 0'0'0 1 1 1 0 0 0 1 1 1 0 1 1 
545 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 0'0'0 1 1 1 1 1 1 1 1 1 1 1 1 
546 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 

547 1 1 1 1 1 1 1 0 1 0 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 
548 0 0 0 0 0 0 0 1 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

549 0 0 0 0 1 1 1 0 1 0 0 0 0 0 1 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 
550 1 1 1 1 1 0 0 0 0 0 0 0 0 0 1)1 0 0 0 1 1 1 1 1 0 1 0)0)1 1 0) 
551 0 0 0 0 0 0 0 1 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 1 

552 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 1 0 
553 0 0 0 0 0 0 0 0 0 0 0)0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 1 

554 0 0 0 0 0 1 1 1 0 0 0 0 1 1 1 0 0 1)0 0 0 0 0 1 1 1 0 0 0 0 0 
555 0 1 0 1 1 1 1 0 1 0 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0 0 0 0 0 0 0 
556 1 1 1 1 0 0 0 0 0 1 1 1 0 0 0 1 1 1 1 1 1 1 0 0 0 0 1 1 1 1 1 
557 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 

0) and 1) absence respectively presence rare or doubtful 
'0' and '1' : absence respectively presence erroneous for technical reasons 
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APPENDIX 3. PARTIAllY NONOTHETIC SETS OF THE DRYNARIOIDEAE 
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1----------------------------------------------------------1 1 1 = terminal cladon no. 17 9 = terminal cladon no. 25 1 
1 2 = terminal cladon no. 18 10 = terminal cladon no. 26 1 
1 3 = terminal cladon no. 19 11 = terminal cladon no. 27 1 
1 4 = terminal cladon no. 20 12 = terminal cladon no. 28 1 
1 5 = terminal cladon no. 21 13 = terminal cladon no. 29 1 
1 6 = terminal cladon no. 22 14 = terminal cladon no. 30 1 
1 7 = terminal cladon no. 23 15 = terminal cladon no. 31 1 
1 8 = terminal cladon no. 24 1 

1----------------------------------------------------------1 
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APPENDIX 6. DISTRIBUTION MAPS 
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Distribution maps of the species 
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Species 

1.0. sparsisora 9. o. pleuridioides 18.A. brooksii 26.A. drynarioides 
2. o. quercifol ia 10.0. rigidula 19.A. splendens 27.A. speciosa 
3.0. boni i 11 .0. propinqua 21.A. novoguineensis 28.A. latipinna 
4.0. involuta 12.0. parishii 22.A. cornucopia 29.A. pilosa 
5.0. descensa 13.0. delavayi 23.A. coronans 30.A. hieronymi 
6.0. lau rent i i 14.0. sinica 24.A. heraclea 31.A. parkinsonii 
7.0. volkensii 15.0. mollis 25.A. meyeniana 32.A. nectarifera 
8.0. willdenowii 16.0. fortunei 
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APPENDIX 7. HISTOGRAMS OF THE ALTITUDINAL RANGES OF THE SPECIES 

hori zontaLLy: percentage of records 
verticaLLy: aLtitudinaL categories 
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18. INDEX TO TAXONORIC NARES 

Accepted names underlined; numbers refer to species numbers. 
A = Aglaomorpha; D = Drynaria 

Acrostichum 
# Photinopteris A 

acuminatum 27 
drynarioides 26 
rigidulum 27 
thomsoni 26 

Aglaomorpha A 
subg. Drynariopsis A 
subg. Holostachyum A 
subg. Pseudodrynaria A 
# Dryostachyum A 
# Hemistachyum A 
# Psygmium A 

brooksii 18 
buchananii 31 
cornucopia 22 
coronans 23 
drynarioides 26 
heraclea 24 
hieronymi 30 
latipinna 28 
ledermannii 31 
x leporella 17 
meyeniana 25 
nectarifera 32 
novo~uineensis 21 
parklnsoni 31 
pi losa 29 
sch lechteri 31 
speciosa 27 
splendens 19 

Drynaria D 
sect. Eudrynaria D 
sect. Poronema D 
sect. Thayeria A 
# Drynaria D 

amphilogos 31 
baronii 14 
baudouinii 10 
boni i 3 
~luta 4 
cornucopia 22 
coronans 23 
costulisora 15 
delavayi 13 
descensa 5 
diversifolia 10 
esquirolii 23 
fortunei 16 
gaudichaudii 10 
heraclea 24 

Drynaria 
involuta 4 
laurentii 6 
leporella 17 
linnei 1 
meeboldii 3 
mol lis 15 
morbi llosa 2 
nectarifera 32 
parishii 12 
parkinsoni 31 
pinnata 10 
pleuridioides 9 

var. amboinensis 9 
var. sumatrana 9 

propinqua 11 
var. comorensis 
var. mesosora 

quercifolia 
reducta 
rigidula 

var. koordersii 
rivalis 

var. yunnanensis 
saccardi 
sinica 
~ intermedia 
sparsisora 
splendens 
tibetica 
viridis 
volkensii 

var. macrosora 
var. uondensis 

willdenowi i 

8 
11 
2 
14 
10 
10 
15 
13 
7 
14 
14 
1 
19 
15 
6 
7 
7 
7 
8 

Drynariopsis A 
heraclea 24 

Dryostachyum A 
drynarioides 26 
hieronymi 30 
ledermannii 31 
meyenianum 25 
mollepi losum 31 
novoguineensis 21 
pilosum 29 
singulare 26 
speciosum 27 
splendens 19 

var. pilosum 29 
thomsoni 26 
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GoniophLebium PoLypodium 
rigiduLum 10 # Dryostachyum A 

# Drynariopsis A 
Hemistachyum A # PLeopeLtis 

brooksii 18 **** AgLaomorpha A 
*** Drynariopsis A 

HoLostachyum A astrosorum 6 
buchananii 31 baronii 14 
hieronymi 30 baudouinii 10 

var. Latipinna 28 brancaefoLium 2 
brooksii 18 

Lomaria conjugatum 23 
speciosa 27 coronans 23 

diversifoL ium 10 
Lomariopsis drynarioides 26 

# Drynaria D fortunei 16 
horsfieLdii 27 gaudichaudii 10 

gLaucistipes 10 
Merinthosorus A heracLeum 24 

drynarioides 26 Ledermannii 31 
hieronymi 30 Linnei 1 
thomsoni 26 Ludovicianum 31 

meyenianum 25 
Photinopteris A morbiLLosum 2 

acuminata 27 nectariferum 32 
cumingii 27 parkinsoni 31 
drynarioides 26 pi Losum 29 
horsfieLdii 27 pLeuridioides 9 
humboLdtii 27 propinquum 11 
rigida 27 var. intermedium 6 
simpLex 27 var. Laurentii 6 
speciosa 27 quercifoL ium 2 
thomsoni 26 rigiduLum 10 

var. vidgeni 10 
Phymathodes rivaLe 15 

# Drynaria D schkuhrii 2 
brancaefoLia 2 schLechteri 31 
coronans 23 sparsisorum 1 
gaudichaudii 10 speciosum 27 
morbiLLosa 2 spLendens 19 
propinqua 11 var. piLosum 29 
quercifoLia 2 syLvaticum 2 
syLvatica 2 thouarsii 8 
thouarsii 8 wiLLdenowii 8 

PLeopeLtis 
# EupLeopeLtis Pseudodrynaria A 
**** AgLaomorpha A coronans 23 
*** Drynariopsis A 

buchananii 31 Psygmium A 
coronans 23 eLegans 25 
heracLea 24 
meyeniana 25 Thayeria A 
parishii 12 cornucopia 22 
schLechteri 31 nectarifera 32 

PoLypodium 
subg. Drynaria D 
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