
Compared to South America or South East
Asia, the fern flora of continental Africa is
considerably less species rich, whereas Mada-
gascar and the islands of the Indian Ocean
represent hotspots of fern diversity (e.g.,
Christensen, 1912; Tardieu-Blot, 1964a,
1964b; Badré & Cadet, 1978; Lorence, 1978;
Kubitzki, 1990; Johns, 1991; Roux, 2001;
Rakotondrainibe, 2003). Understanding his-
torical biogeographical dynamics at a global
scale is a prerequisite to the comprehension
of the evolution of regional diversity. Several
studies have dealt with intercontinental floris-
tic and faunistic relationships in a phyloge-
netic context (e.g., Renner et al., 2001; Davis
et al., 2002, 2004; Zhang & Renner, 2003;
Plana et al., 2004; Renner, 2004; Sanmartín &
Ronquist, 2004; Sparks, 2004; Sparks &

Smith, 2004; Sytsma et al., 2004; Yuan et al.,
2005). Although valuable accounts on the re-
lationships of African ferns exist (Smith,
1972; Moran & Smith, 2001; Parris, 2001),
these accounts did not use a molecular phylo-
genetic framework and were, except Parris
(2001), focused on neotropical affinities, not
Asian ones.

Polypodiaceae sensu Smith et al. (2006)
are a monophyletic lineage of leptosporan-
giate ferns comprising the Grammitidaceae
and Polypodiaceae sensu Kubitzki (1990),
for which the temporary name “polygram-
moid ferns” was employed until recently
(Fig. 1; Schneider et al., 2004c). The pale-
otropical davallioid ferns include only few
representatives in Africa and are sister to the
Polypodiaceae, suggesting a possible origin
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of that lineage in the Asian region. All clades
of the Polypodiaceae are predominantly to
exclusively neotropical or paleotropical ex-
cept for the grammitid clade, which has a
more or less even pantropical distribution
(Fig. 1). It is noteworthy that although many
clades of Polypodiaceae comprise African
members, there are no predominantly African
clades among major lineages. A large derived
clade including grammitids and diverse poly-
podioid subclades is almost entirely neotropi-
cal in composition, but also contains the
northern temperate species of Polypodium,
paleotropic grammitids, and some African
taxa.

Polypodiaceae are a pantropical fern fam-
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ily, adapted to diverse ecological conditions
(dry or wet, epiphytic or terrestrial habi-
tats), and show a diverse range of global
distribution patterns. This, together with a
high sampling density, makes the family
particularly suited to study the biogeo-
graphical relationships of the African fern
flora in a phylogenetic framework. In
Africa, Madagascar, and nearby oceanic is-
lands, Polypodiaceae are represented by ap-
proximately 77 species (Christensen, 1912;
Tardieu-Blot, 1964a, 1964b; Lorence, 1978;
Kubitzki, 1990; Johns, 1991; Roux, 2001;
Rakotondrainibe, 2003). The most species-
rich lineages of Polypodiaceae are the taxo-
nomically difficult microsoroid and gram-
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Fig. 1. Overview of Polypodiaceae (polygrammoid ferns). Phylogenetic tree modified from Schneider et al.
(2006b, 2004c). Diversity centers are indicated by black squares, whereas secondary distributions (i.e., of a minority
of clade members) are indicated by grey squares. Clades shown are either composed of representatives that are
mainly or exclusively neotropical or paleotropical in distribution. There are no predominantly African clades on the
phylogenetic level illustrated in this figure. Nt neotropics; Af Africa, Madagascar and adjacent islands; As Asia, SE
Asia and Australia.



mitid clades (Schneider & al., 2004c).
Ranker et al. (2004) recovered neotropical
grammitid taxa in a basal position within
the grammitid clade and found evidence for
several dispersal events to the paleotropics.
They also showed that palaeotropical gram-
mitids formed a derived subclade. Grammi-
tids, however, are currently taxonomically
and phylogenetically insufficiently under-
stood to hypothesize about the historical
biogeography of the clade. The grammitid
lineage, although a major component of
Polypodiaceae, is consequently not ana-
lyzed in the present paper. It includes about
35 African species, the majority of which
show affinities to the derived Old World
clade (Ranker et al., 2004), whereas some
are related to neotropical taxa. Microsoroid
ferns, with approximately 15 species, are
the second most species rich representatives
of the polygrammoid clade in the African
region. It is important to point out, that all
genera of Polypodiaceae present in Africa
comprise taxa with close relationships to ei-
ther the neotropics or tropical Asia, except
for a taxonomically doubtful disjunct South
African occurrence of the northern temper-
ate Polypodium cf. vulgare L.

By its geographic position, the African –
Madagascan region is likely to be situated in
a contact zone between the neotropics and
the Asian – Australian region. Accordingly,
apart from endemics, its fern flora is charac-
terized by the presence of Old and New
World species that are either shared with or
have close relatives in the neotropics or Asia.
For the present paper, we will limit discus-
sion of distribution data to three biogeo-
graphical mega-regions: (1) the neotropics,
(2) Africa and Madagascar including adja-
cent islands (herein referred to as Africa),
and (3) Asia, Malesia, and Australia (herein
referred to as Asia).

It has been argued that fern spores disperse
over long distances shaping distribution pat-
terns and triggering fern speciation (Smith,
1972; Tryon, 1986; Brownsey, 2001). How-
ever, vicariance occurs in ferns and must be
regarded as an a priori equally likely process
(Barrington, 1993; Kato, 1993; Wolf et al.,
2001). Extinction as a result of aridification
during the later Cenozoic has considerably in-
fluenced the observed species composition in
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Africa (Aldasoro et al., 2004) but the poor
fossil record of epiphytic ferns in Africa and
elsewhere prevents a sufficient study of pat-
terns of extinction in Polypodiaceae. We
herein discuss the phylogenetic and biogeo-
graphical affinities of the African representa-
tives in selected predominantly neotropical or
predominantly Asian lineages of Polypodi-
aceae and interpret the underlying processes
with respect to space and time. We do not
present dated analyses, but base our infer-
ences of biogeographical processes on well
supported results of previous studies indicat-
ing an age of Polypodiaceae of about 40 Ma
(Schneider et al., 2004b). Divergence time es-
timates presented by Schneider et al. (2004b)
are congruent with the fossil record of Poly-
podiaceae with the oldest fossils dating back
to the Eocene (van Uffelen, 1991; Collinson,
2001). These age estimates do not support hy-
potheses that explain the current distribution
patterns as a result of the Gondwana breakup,
which began in the mid Jurassic (~ 167 Ma).

Materials and Methods

Data Sets

Data sets were compiled for the drynarioid,
loxogrammoid, Microgramma, microsoroid,
platycerioid, and Pleopeltis lineages of Poly-
podiaceae. The matrices included four chloro-
plast markers: rbcL and rps4 (two coding
genes) as well as rps4-trnS IGS and trnL-trnF
IGS (two non-coding regions). Sequences
were obtained from GenBank or generated for
this study (Appendix). The data sets are in
large part based on recently published studies
(Schneider et al., 2004a, 2006a, 2006b;
Janssen & Schneider, 2005; Kreier & Schnei-
der, 2006a, 2006b). Taxon sampling density
(Table I) covers at least 50 % of the known
species in these lineages, except for the
species-rich microsoroid and the poorly col-
lected loxogrammoid lineages. Distribution
data for all taxa have been gathered from var-
ious floristic treatments (Hennipman & Roos,
1982; Roos, 1985; Hovenkamp 1986; Zink,
1993; Nooteboom, 1997; Roux, 2001; Moran
& Smith, 2001; Rakotondrainibe, 2003) and
from the Missouri Botanical Garden’s Tropi-
cos database (http://mobot.mobot.org/W3T/
Search/vast.html).



DNA Sequencing

DNA was extracted from silica-dried leaf
material or herbarium specimens using the In-
visorb® Plant Spin Mini Kit (Invitek). PCR re-
actions were carried out according to standard
protocols using the same primers for the
rps4� rps4-trnS, rbcL, and trnL-trnF regions
as in Janssen and Schneider (2005) and Kreier
and Schneider (2006a). Purified PCR products
were sequenced and analyzed on an ABI cap-
illary sequencer 3100 (Applied Biosystems)
according to established protocols.

Data Analysis

Alignments were produced manually in
MacClade (Maddison & Maddison, 2000).
Ambiguously aligned regions were excluded
from all analyses. Phylogenetic analyses
were performed with PAUP* 4.0b10 (Swof-
ford, 2000). Maximum parsimony analyses
were carried out as heuristic searches with
1000 random additions and TBR branch
swapping. Results were summarized as
strict consensus trees if more than one tree
was found. Branch support was estimated
by nonparametric bootstrap (Felsenstein,
1985) calculated for 10,000 replicates, each
performed as a heuristic search with 10 ran-
dom additions and TBR branch swapping.
Maximum likelihood (ML) analyses were
conducted for each dataset applying settings
corresponding to models suggested by the
hierarchical likelihood ratio test (hLRT) cri-
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terion implemented in Modeltest 3.7
(Posada & Crandall, 1998). The Akaike in-
formation criterion (AIC) favored the same
models in most cases. Deviating models
were closely related and their implementa-
tion in PAUP* yielded identical topologies.
Naming of models used in the results sec-
tion is based on Posada and Crandall (1998)
and the documentation to Modeltest 3.7.
Searches were carried out in the heuristic
mode, obtaining starting trees by neighbor
joining and performing TBR branch swap-
ping. Search parameters are given in the re-
sults section for each data set. Nonparamet-
ric bootstrap trees were calculated for 1000
or 500 replicates according to dataset size
and performed as heuristic searches obtain-
ing starting trees by neighbor joining and
performing TBR branch swapping. Re-
arrangements were limited to 100 per repli-
cate in ML bootstrap analyses of the larger
datasets (>20 taxa).

Biogeographical patterns in the drynarioid,
loxogrammoid, and platycerioid lineages have
been analyzed using DIVA 1.2 (Ronquist,
1997) reducing distribution data to the three
mega-regions the present paper focuses on.

Results

Drynarioid Lineage

Based on the hierarchical likelihood ratio
test (hLRT) criterion as implemented in
Modeltest 3.7 we determined as the best fit
model for the drynarioid data set the

Table I
Overview of the datasets employed in this study

Lineage Outgroupa # taxa (estimated)b # taxa in ingroupc

drynarioids Arthromeris, Selliguea ~32 23 (24)
loxogrammoids Dictymia ~36 6 (7) 
Microgramma Niphidium ~20 9 (12)
microsoroids s.l. Thylacopteris ~150 34 (36)
platycerioids Thylacopteris ~66 37 (37)
Pleopeltis Phlebodium ~60 18 (21)

a Outgroup assignment is based on current understanding of the phylogenetic relationships of Polypodiaceae
(Schneider et al., 2004a, 2004c).

b Taxon numbers have been estimated based on Mickel and Smith (2004), Kubitzki (1990), and Roos (1985).
Pleopeltis as recognized here corresponds to the Pleopeltis clade sensu Schneider et al. (2004c).

c Taxon numbers for the ingroup of each data set are given excluding and (in parentheses) including multiple acces-
sions for a single species.



K81uf�I�� model with the following pa-
rameter values: A-C = G-T = 1.0000, A-G = C-
T = 3.8279, A-T = C-G = 0.5304, I = 0.4709,
� = 1.0220. After maximum likelihood (ML)
analysis, we obtained a tree with a log likeli-
hood (ln L) = – 6717.82 (Fig. 2).

Maximum parsimony (MP) analysis
yielded 72 most parsimonious trees, 504
steps long, with the following tree statistics:
CI = 0.8234, HI = 0.1766, RI = 0.8708, RC =
0.7171. The strict consensus tree is topologi-
cally identical to the ML-tree, with the ex-
ception that the branch subtending the basal
node of the (Drynaria descensa – D. volken-
sii) clade in the ML-tree is collapsed creating
a polytomy in the MP-consensus.

The drynarioid lineage has its diversity cen-
ter in tropical SE-Asia and Malesia. Two taxa
are endemic to the African continent and one
(D. willdenowii) to Madagascar. The African-
Madagascan taxa form a monophyletic group
separated from the other clade members by a
deep split. Biogeographic analysis with DIVA
1.2 (Ronquist, 1997) was unable to unambigu-
ously assign ancestral distributions to the root
node of the lineage. The group originated ei-
ther in Africa or Asia, but the sister clade of
drynarioids is restricted to Asia.

Loxogrammoid Lineage

The hLRT criterion as implemented in
Modeltest 3.7 indicated the TIM�� model as
the best fit for the loxogrammoid data set
with the following parameter values: A-
C = G-T = 1.0000, A-G = 3.1365, A-T = C-
G = 0.2187, C-T = 4.4151, � = 0.3197. One
tree with a log likelihood (ln L) = – 5683.78
was recovered by ML analysis (Fig. 3).

Phylogenetic analysis under the MP crite-
rion yielded a single tree, 451 steps long
(CI = 0.8869, HI = 0.1131, RI = 0.8381, RC =
0.7433), topologically identical to the ML-
tree.

Most loxogrammoid ferns are endemic to
Asia. The African representatives included in
this study together with the only neotropical
species (Loxogramme mexicana) form a sis-
ter clade to the Asian loxogrammoids. Re-
construction of an ancestral distribution for
the root node of the lineage with DIVA 1.2
(Ronquist, 1997) was unable to distinguish
between an origin in Africa or Asia.
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Microgramma Lineage

The K81uf�� model was estimated using
the hLRT criterion as implemented in Model-
test 3.7 as a best fit for the Microgramma
data set with the following parameter values:
A-C = G-T = 1.0000, A-G = C-T = 3.3363, A-
T = G-C = 0.4607, � = 0.2191. ML analysis
recovered a tree with a log likelihood (ln
L) = – 5544.81 (Fig. 4).

MP analysis yielded a single tree, 377
steps long (CI = 0.8568, HI = 0.1432, RI =
0.7000, RC = 0.5997), topologically deviating
from the ML-tree in several instances: M.
megalophylla is sister to both accessions of
M. mauritiana (51% bootstrap support) and
both accessions of M. vacciniifolia are sister
to the clade thus formed (58% bootstrap sup-
port). Microgramma percussa is sister to all
other taxa with 65% bootstrap support in the
MP-tree.

Microgramma is an essentially neotropical
lineage with one or two African species nested
among the neotropical taxa. The African ac-
cessions were not sister to the neotropical M.
lycopodioides. Analysis of distribution data
with DIVA 1.2 suggest a neotropical origin of
this lineage.

Microsoroid Lineage

The GTR�I�� model was recovered
under the hLRT criterion as implemented in
Modeltest 3.7 as a best fit for the microsoroid
data set with the following parameter values:
A-C = 1.0501, A-G = 4.7058, A-T = 0.3689,
C-G = 0.8070, C-T = 6.6995, G-T = 1.0000,
I = 0.3642, � = 0.7645. The tree obtained after
ML analysis had a log likelihood (ln L) = –
11453.30 (Fig. 5).

Analysis of the data set under the MP crite-
rion produced ten most parsimonious trees,
1443 steps long (CI = 0.6043, HI = 0.3957,
RI = 0.6283, RC = 0.3797). The strict con-
sensus tree shows (Microsorum fortunei –
Neocheiropteris ensata) united in a polytomy
and the branch subtending the basal node of
the (Belvisia mucronata – Lepisorus clathra-
tus) clade collapsed creating another poly-
tomy. Otherwise it is topologically identical to
the ML-tree.

The microsoroid lineage has its diversity
center in SE Asia and is absent from the
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Fig. 2. Phylogenetic hypothesis and distribution data for the drynarioid lineage. The tree was obtained under
maximum likelihood (ML). Maximum parsimony bootstrap support values (10,000 replicates) are shown above, and
ML bootstrap support values (500 replicates) below branches. Agl Aglaomorpha, Art Arthromeris, Dry Drynaria, Sel
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neotropics (except for M. scolopendrium
(Burm. f.) Copel., which is introduced). Sev-
eral species also occur in or are endemic to the
African region. These do not form a mono-
phyletic group, but are nested among the other
taxa. Analysis of distribution data with DIVA
1.2 indicated this lineage to be of Asian origin.

Platycerioid Lineage

The TIM�I�� model was determined by
the hLRT criterion as implemented in Model-
test 3.7 as best fit model for the platycerioid
dataset with the following parameter values:
A-C = G-T = 1.0000, A-G = 3.2370, A-T = C-
G = 0.3862, C-T = 4.2861, I = 0.4222, � =
0.7861. The tree obtained by ML analysis
had a log likelihood (ln L) = – 10209.62.

Twelve most parsimonious trees, 1189 steps
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long, were obtained by MP analysis
(CI = 0.6417, HI = 0.3583, RI = 0.8426, RC =
0.5407). The strict consensus tree (Fig. 6) is
topologically identical to the ML-tree except
for the position of the African species of
Pyrrosia. In the MP-tree Pyrrosia nipho-
boloides is placed in a subbasal position in the
Pyrrosia clade, whereas in the ML-tree it is
sister to Platycerium. Pyrrosia liebuschii is lo-
cated at the base of the Pyrrosia clade in the
MP-tree, but sister to all other platycerioids in
the ML-tree. Neither of the positions in the
ML-tree received ML-bootstrap support,
whereas a putative basal position of both taxa
in the Pyrrosia-clade receives more than 80%
bootstrap support under maximum parsimony.

The platycerioid lineage is most diverse in
southeastern Asia and Malesia. Platycerium
and Pyrrosia are monophyletic. African rep-
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Fig. 3. Phylogenetic hypothesis and distribution data for the loxogrammoid lineage. The tree was obtained under
maximum likelihood (ML). Maximum parsimony bootstrap support values (10,000 replicates) are shown above, and
ML bootstrap support values (1000 replicates) below branches. Dic Dictymia, Lox Loxogramme. Nt neotropics; Af
Africa, Madagascar and adjacent islands; As Asia, SE Asia and Australia.



resentatives of Pyrrosia are most likely in a
basal position, i.e., they form a paraphyletic
grade at the base of the Pyrrosia-clade. The
African representatives of Platycerium are
monophyletic and sister to the Asian species.
One neotropical species of Platycerium (P.
andinum) is nested within that clade. Bio-
geography of the Platycerium clade has been
explored by Kreier and Schneider (2006a).

Pleopeltis Lineage

The hLRT as implemented in Modeltest
3.7 suggested the K81uf�� model as best fit
model for the Pleopeltis data set with the fol-
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lowing parameter values: A-C = G-T =
1.0000, A-G = C-T = 3.2992, A-T = C-G =
0.4614, �=0.0910. ML analysis found two
trees with a log likelihood (ln L) = -5756.16
(Fig. 7). Topological differences between
both trees concern relationships among the
four accessions of P. macrocarpa and are
presumably artifacts owed to extremely low
sequence divergence among all four acces-
sions for the markers used.

MP analysis produced 45 trees, 394 steps
long (CI = 0.8350, HI = 0.1650, RI = 0.7994,
RC = 0.6675), with the strict consensus topo-
logically identical to the ML-tree, except for
the position of P. bombycinum (Maxon) A.R.

Mgr. mauritiana (Madagascar)

Mgr. mauritiana (continent)

Mgr. megalophylla

Mgr. vacciniifolia

Mgr. vacciniifolia

Mgr. bifrons

Mgr. lycopodioides

Mgr. squamulosa

Mgr. squamulosa

Mgr. fuscopunctata

Mgr. tecta

Mgr. percussa

Nip. albopunctatissimum

100

100

 

92

93

100

100

 

100

100

 

 -

60

 

100

 99

 

95

93

91

83

 -

67

Nt Af As

Fig. 4. Phylogenetic hypothesis and distribution data for Microgramma. The tree was obtained under maximum
likelihood (ML). Maximum parsimony bootstrap support values (10,000 replicates) are shown above, and ML
bootstrap support values (1000 replicates) below branches. Mgr Microgramma, Nip Niphidium. Nt neotropics; Af
Africa, Madagascar and adjacent islands; As Asia, SE Asia and Australia.
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Fig. 6. Phylogenetic hypothesis and distribution data for the platycerioid lineage. Strict consensus of 12 most
parsimonious trees. Maximum parsimony bootstrap support values (10,000 replicates) are shown above, and ML
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Sm., the branch subtending the (Polypodium
myriolepis – Pleopeltis bombycina) clade
being collapsed creating a polytomy.

The Pleopeltis clade as circumscribed in
Schneider et al. (2004c) is in need of taxo-
nomic study. Its species are almost exclu-
sively neotropical, with Pleopeltis macro-
carpa representing the only African taxon
(out of three) included in the current data set.
Analysis of simplified distribution data with
DIVA 1.2 confirmed the neotropics as most
likely ancestral distribution at the root node.
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Discussion

Africa – Asia Relationships

Drynarioid lineage. The drynarioid line-
age contains an entirely African clade of
Drynaria splitting off near the base. Biogeo-
graphic analysis yielded ambiguous recon-
structions for the root node of this lineage;
thus it cannot be hypothesized whether dry-
narioids are originally an Asian or African
lineage. The latter seems less probable if the
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distribution of sister groups in Polypodiaceae
is taken into account.

Loxogrammoid lineage. We use the name
Loxogramme abyssinica (Baker) M.G. Price
for continental African and Comoran acces-
sions. For a discussion on the distinction of
L. abyssinca and L. lanceolata (Sw.) C. Presl,
see Verdcourt (2001). The loxogrammoids
represent, especially in Asia, a taxonomically
poorly understood and undercollected group.
Therefore the phylogeny presented here cov-
ers only part of its actual diversity. Taking
into account distribution data for the majority
of loxogrammoid ferns and their sister line-
ages, it is probable that the loxogrammoid
lineage is of Asian origin, even though with
the current taxon sampling we cannot put
forward a sound hypothesis concerning a
possible African or Asian origin of the line-
age.

Platycerioid lineage. This lineage com-
prises two monophyletic genera: Platycerium
and Pyrrosia. The pattern observed in the lin-
eages discussed above occurs doubly in
platycerioids (i.e., both lineages exhibit a
deep split in African and Asian species). The
single neotropcial species of Platycerium, P.
andinum Baker, is nested within the African
subclade and thus very likely gained its cur-
rent distribution range by a dispersal event
from Africa. The alternative scenario of a dis-
persal from Asia via the neotropics to Africa
has not found support in exhaustive analyses
of the phylogeny of Platycerium (Kreier and
Schneider, 2006a, and references given
therein) and is also unlikely considering the
distribution of the sister clade Pyrrosia and
the physical map of Earth in the mid Ceono-
zoic. As in the previous cases, it cannot be
decided whether Platycerium is an originally
African or Asian lineage (Kreier & Schnei-
der, 2006a). The current sampling includes
only two African species of Pyrrosia forming
a grade at the base of the Pyrrosia clade (Fig.
6). Hovenkamp (1986) postulated a phyloge-
netically basal position for the African repre-
sentatives of Pyrrosia. This hypothesis is
here confirmed for P. liebuschii (Hieron.)
Schelpe. Hence, an African origin of the
genus Pyrrosia, if not of the entire platyceri-
oid lineage, seems probable. A larger sam-
pling of African species is desirable to cor-
roborate this finding.
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Microsoroid lineage. This taxonomically
poorly understood group is represented in the
present phylogeny with only about 20% of its
actual diversity. Five species native to Africa
(two of which are endemic to the region)
have been included in the data set. The
African microsoroid species are scattered
over different subclades of the phylogenetic
tree and attach to peripheral nodes. The line-
age being chiefly Asian in distribution and
taking into account distribution data of sister
lineages, it is most likely of Asian origin. The
pattern of African taxa in the tree indicates at
least five independent and comparatively re-
cent dispersal events from Asia to Africa.
Lacking data on the ages of individual line-
ages of microsoroids, it is uncertain whether
all colonization events took place at different
times or whether they partly coincided. In
only two out of the five instances illustrated
here, colonization of the African region was
likely followed by speciation, although the
alternative of extinction subsequent to disper-
sal in the region of origin cannot be ex-
cluded.

Outside Polypodiaceae. Affinities of the
African fern flora to the Asian region are evi-
denced not only by lineages of Polypodi-
aceae, but also by other groups: Arthropteris
(Tectariaceae) with four or five species in the
African and eight to ten species in the Asian
region, Coniogramme (Pteridaceae) with one
or two (C. africana, C. madagascariensis)
species in the African region and about 30 in
Asia, Monogramma (Pteridaceae) with one
(M. graminea) African and about six Asian
species, and Onychium (Pteridaceae) with
one (O. divaricatum) African and about eight
Asian species to name but a few examples
(see also Parris, 2001). The genus Todea (Os-
mundaceae) is distributed in South Africa,
Australia, New Zealand, and New Guinea—a
classical Gondwana pattern.

Africa – Neotropics Relationships

Microgramma. Although African species
of Microgramma (i.e., those on the continent,
Madagascar and Indian Ocean islands) are re-
garded as conspecific with the neotropical M.
lycopodioides (L.) Copel. by some authors
(e.g., Burrows, 1990; Verdcourt, 2001), the
African plants are morphologically (Moran &



Smith, 2001) and phylogenetically (Fig. 4)
distinct. Note that M. mauritiana (Willd.)
Tardieu is not sister to the neotropical M. ly-
copodioides as postulated on the basis of
morphology by Moran and Smith (2001).
These authors also thought that the neotropi-
cal M. nitida appeared to be closely related to
M. mauritiana — a relationship that remains
to be tested. We include M. owariensis
(Desv.) Alston (type from Nigeria) in M.
mauritiana (type from Mauritius) because
there is no evidence that specimens from
Africa are distinguishable from those of the
Indian Ocean. Microgramma mauritiana is
nested within the Microgramma clade in a
comparatively peripheral position (Fig. 4), in-
dicating a relatively recent dispersal to Africa
out of this originally neotropical lineage. Be-
cause M. mauritiana is absent from the
neotropics, colonization was likely followed
by speciation in the African region.

Pleopeltis. We adopt the largely neotropi-
cal genus Pleopeltis in its most recent defini-
tion (Schneider et al., 2004c) including Poly-
podium species with scaly leaf blades.
Pleopeltis macrocarpa (Bory ex Willd.)
Kaulf. occurs in the neotropics and the
African region. Although collected over the
entire range of the species, all four acces-
sions hardly show any sequence divergence
for the markers analyzed (data not shown).
This might be due to genetic conservation for
ecophysiological reasons, but together with
the absence of a deep split among the African
representatives and the remainder of
Pleopeltis in the tree (Fig. 7), this rather
seems to indicate at least one recent dispersal
event from the neotropics to Africa. The pat-
tern observed is similar to that in the Micro-
gramma clade, but speciation did not occur
subsequent to colonization in P. macrocarpa,
which may be owed to recency of dispersal
or meeting environmental conditions in the
newly gained area similar to those of the re-
gion of origin. The relationships of the other
African representatives in the Pleopeltis
clade, Polypodium ensiforme Thunb., and
Polypodium ecklonii Kunze (also treated as a
subspecies of P. polypodioides) remain to be
tested.

Outside Polypodiaceae. Moran and Smith
(2001) pointed out relationships of the
African fern flora to the neotropics by listing
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numerous shared or closely related fern taxa
(see also Parris, 2001). Except for examples
from Aspleniaceae, Elaphoglossaceae, Hy-
menophyllaceae and many others, the authors
also discuss neotropical – African relation-
ships evidenced by the grammitid lineage of
Polypodiaceae that are not treated here for
reasons detailed in the introduction: e.g.
Grammitis subgen. Grammitis, Lellingeria
myosuroides agg., Melpomene flabelliformis,
Terpsichore cultrata - T. elastica. The scaly
tree ferns (Cyatheaceae) represent a pantropi-
cal fern lineage with few species in Africa
compared to its diversity centers in South
America and Malesia. Morphologically, the
African representatives are, at least in part,
most likely related to neotropical species
(Holttum, 1981; Conant, 1983).

Interpretation of Observed Patterns 
in Polypodiaceae

Our examination of selected lineages of
Polypodiaceae has shown that African repre-
sentatives exhibit close affinities to either
neotropical (Microgramma, Pleopeltis) or
Asian taxa (drynarioids, loxogrammoids, mi-
crosoroids, platycerioids). This leads us to
the question of how such distribution patterns
may have been created by biogeographical
processes (Fig. 8).

Present distribution of biota may be seen
as a result of three main biogeographic pro-
cesses: dispersal, extinction, and vicariance.
According to the age of the lineages in ques-
tion and hence the prevailing past geographic
and climatic conditions, contribution of any
of the three aforementioned processes is
likely to be unequal (Donoghue & Moore,
2003).

The African region was part of Gondwana,
which started to break up during the Early
Cretaceous (McLoughlin, 2001; Wells, 2003).
By the end of the Cretaceous (65.5 Ma),
Africa was separated from South America by
a wide expanse of ocean. India was beginning
to separate from Madagascar but may have
been in close contact with Africa during its
northward journey (Weijermars, 1989;
Ridder-Numan, 1996). At the beginning of
the Eocene (55.8 Ma), the developing floras of
the neotropics, Africa and Asia are geographi-
cally isolated.
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Well after a diversification burst of extant
leptosporangiate fern lineages during the
Late Cretaceous, Polypodiaceae most likely
started to diversify during the Eocene, more
precisely since about 40 Ma ago (Schneider
et al., 2004b). This is consistent with the ab-
sence of fossils unequivocally assignable to
Polypodiaceae before the Late Eocene (van
Uffelen, 1991; Collinson, 2001). Therefore, it
is probable that Polypodiaceae originated and
diversified after the isolation of the neotropi-
cal, African, and Asian biogeographic re-
gions. Although the presence of African
clades splitting off at deep nodes in the dry-
narioid, loxogrammoid and platycerioid line-
ages suggests vicariance, the likely age of the
Polypodiaceae argues otherwise; namely, that
the observed patterns have been shaped by
relatively old long distance dispersal events.
The “vicariance-like” pattern observed in
these three lineages illustrates the importance
of incorporating temporal information in bio-
geographic analysis (Donoghue & Moore,
2003).

The three biogeographic regions discussed
here remained, at least intermittently, con-
nected at high latitudes by a climate that per-
mitted the migration of tropical taxa through
the Oligocene and Miocene (Wolfe, 1975;
Collinson, 2001; Sanmartín et al., 2001;
Tiffney & Manchester, 2001; Willis & McEl-
wain, 2002; Davis et al., 2004). Consistent
with this, the oldest known polypodiaceous
fossil, Protodrynaria, has been described
from the Moscow region and dates back to
the Eocene – Oligocene boundary (Vikulin &
Bobrov, 1987). This fossil was discussed as
being related to the drynarioid or selligueoid
ferns (van Uffelen, 1991). Boreotropic migra-
tion represents a plausible alternative for the
explanation of presumably old, deep splits as
observed in the drynarioid, loxogrammoid,
and platycerioid lineages, but not for presum-
ably recent and recurrent colonization events
as evidenced by Microgramma, Pleopeltis,
and especially the microsoroids.

Liverwort spores survive dispersal at high
altitudes (van Zanten & Gradstein, 1988). If
this holds true for fern spores and taking into
account that wind has been shown to be a
powerful dispersal vehicle in the southern
hemisphere (Muñoz et al., 2004), relation-
ships of African Polypodiaceae may indeed
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result from long distance dispersal events at
different geological times and at different
points in the evolution of each lineage exam-
ined here. This is consistent with the argu-
ments of Sanmartín and Ronquist (2004),
who considered plant distribution patterns to
be generally better explained as a result of
dispersals, whereas animal distribution pat-
terns may fit more often with a vicariance
scenario. Whether and to which extent specia-
tion occurs subsequent to colonization largely
depends on the breeding system (Soltis &
Soltis, 1990) and properties of the gameto-
phyte (Dassler & Farrar, 2001) of the fern
species in question. Additionally, speciation is
more likely to occur with an increasing time
of isolation (cf. platyceroids vs. Pleopeltis).

Conclusion

The Polypodiaceae of the neotropics and
Asia overlap in the African region; that is, the
African polypodiaceous flora includes many
lineages exhibiting close affinities to either
the neotropics or Asia. The Polypodiaceae are
too young for a vicariance interpretation to
explain these affinities. Single or multiple
long distance dispersal events at different
times in the evolution of the lineages exam-
ined are most likely. Except for platycerioids,
it is unlikely that the examined lineages of
Polypodiaceae originated in Africa. Instead,
at least a part of the diversity in African Poly-
podiaceae is derived from the neotropics or
from Asia. Further examination of fern line-
ages outside Polypodiaceae in a phylogenetic
framework is needed before a generalization
of our findings for the entire African fern flora
can be attempted.
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