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Figure 3 Continued. posterior probability > 0.95 indicated with an asterisk. Species included in phylogenetic analysis 
of Ficus for the first time marked in bold. Proposed names for monophyletic groups of figs are indicated to the right of 
each clade throughout the figure. A. Synoecia, Frutescentiae and Eriosycea. B. Asperae, Phaeopilosae, Palaeomorphe 
and Sinosycidium. C. Sycocarpus, Adenosperma and Sycomorus spp. D. Oreosycea, Urostigma, Albipilae, Caricae, and 
Pharmacosycea. E. Galoglychia and Americanae. F. Conosycea and Malvanthera.
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Figure 3 Continued.
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Figure 3 Continued.
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genus Noyera with N. mollis and N. rubra as the sole 
members.

An alternative taxonomic proposal would be to 
expand the circumscription of Perebea to encompass 
Pseudolmedia . However, Pseudolmedia,  has 
recognizably distinct morphology that supports 
maintaining it as a genus for practical reasons. All 
Pseudolmedia spp. are dioecious with uniflorous 
pistillate inflorescences (Berg, 1972, 1977, 2001). 
Further, ITS and GBSSI phylogenetic trees support 
the monophyly of Pseudolmedia, but the G3pdh tree 
recovered a paraphyletic Pseudolmedia. Although 
more data are needed to investigate this conflict among 
trees, the relationships recovered by the ITS and GBSSI 
trees, not G3pdh, are corroborated by morphology.

Our analysis supported the monophyly of Helicostylis 
and confirmed the position of the morphologically 
distinct H. tovarensis (Klotzsch & H.Karst) C.C.Berg 
as sister to all other Helicostylis (Fig. 1). Helicostylis 
tovarensis differs from the rest of the genus on account 
of free rather than basally connate tepals in pistillate 
flowers, which are uniflorous rather than multiflorous, 
and one or two staminate inflorescences per leaf axil 
(Berg, 1972).

Although a combined analysis strongly supported 
the monophyly of all genera of Castilleae except 
Perebea (and apart from the three monotypic genera, 
Poulsenia, Antiaris and Mesogyne Engl.), tree analysis 
of the Involucrata data set shed light on a number 
of conflicts. As the analysis was based on just two 
low-copy nuclear genes and the internal transcribed 
spacer region of ribosomal DNA, there is much 
room for conflict among diverging trees. Specifically, 
the placement of Maquira and the monophyly of 
Pseudolmedia were called to question by G3pdh 
(Fig. 1). We speculate that the G3pdh tree is discordant 
with a Castilleae species tree based on nuclear ITS, 
GBSSI, 26S (Zerega et al., 2005; Zerega, Nur Supardi 
& Motley, 2010), plastid ndhF region (Datywler & 
Weiblen, 2004) and morphology. Although the source of 
the conflict is unknown at this time, some possibilities 
include having sampled a divergent allele or paralogue 
for Maquira. Regardless, use of this gene region in the 
future will require further investigation of the G3pdh 
gene history in Involucrata. Other conflicts were 
observed but supported only by Bayesian posterior 
probabilities that have been shown to consistently 
over estimate branch support (Huelsenbeck et al., 
2002; Erixon et al., 2003).

Phylogenetics and taxonomy of Ficus

Compared to the most recent comprehensive 
phylogenetic studies (Xu et al., 2011; Cruaud et al., 
2012b), the present study increased taxon sampling by 

42 species that were not included in any of the previous 
studies, introduced data from a gene region, AT103 
(new to phylogenetic studies of Ficus), and reduced the 
amount of missing data in the matrix adding c. 140 new 
sequences for Ficus. The topology obtained from the 
At103 region was consistent with prior phylogenetic 
studies of Ficus (e.g. Cruaud et al., 2012b). Of the Ficus 
spp. included for the first time here (highlighted in 
bold, Fig. 3A–F), most are placed in the same clades 
as their closest relatives predicted from their current 
classification sensu Berg & Corner (2005). The inclusion 
and verification of the placement of these taxa in 
a comprehensive phylogenetic framework provides 
stronger evidence for the current circumscription of 
clades and infrageneric relationships of Ficus.

Some taxa that have been difficult to classify 
based on their morphology were also included in this 
phylogenetic analysis of Ficus for the first time. For 
example, inclusion of additional taxa from subgenus 
Sycidium including F. tsiangii Corner as a second 
representative of the Sinosycidium group (section 
Sinosycidium Corner) helped to confidently identify 
four major subclades of subgenus Sycidium (groups 
Palaeomorphe, Phaeopilosae, Sinosycidium and 
Sycidium; Fig. 3D). On the other hand, additional 
sampling of the Oreosycea and Synoecia clades 
highlighted the need for further revision of these 
groups as emerging subclades do not reflect the current 
morphological classification (Fig. 3A, B). Taxonomic 
implications of this most comprehensive phylogenetic 
framework are discussed next.

Current clades to guide the  
classification of Ficus

The comparison of morphology-based classification 
to phylogenetic reconstruction of evolutionary 
relationships among Ficus identified taxonomic 
revisions that are needed to guide future evolutionary 
studies of the clade. Whether the use of rank-based or 
rank-free taxonomy is applied to future revisions of 
Ficus, applying names to monophyletic groups should 
be central to either approach. In our species sampling 
of Ficus, we attempted to include the type species of 
former sections to help circumscribe clades. However, 
this was not always possible; in such cases, we relied 
on identifying clades based on classically accepted 
concepts of sections. Ultimately, we propose the 
recognition of a number of clades in Ficus that in some 
cases reinforce the classification of Berg & Corner 
(2005) and in other cases depart from it to provide 
clarity and precision when communicating about Ficus 
diversity.

The set of clade names proposed here more accurately 
recognizes the evolutionary history of Ficus. Wherever 
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possible, we applied names historically associated with 
groups of Ficus, and in some cases (e.g. Mixtiflores) 
new names were proposed for new assemblages of 
species. Each clade name is presented in conjunction 
with the closest Linnaean name and rank when 
possible for comparison to prior publications on 
Ficus classification. Figure 2 should be referenced for 
interpreting the relationships and hierarchy of the 
clades presented in the following discussion. Although 
we do not formally revise fig taxonomy here as further 
resolution and support for many clades are wanting, we 
encourage future revisionary work to consider a rank-
free taxonomy given the number of clades researchers 
would want to regularly discuss due to the size and 
complex evolutionary history of the group (e.g. shifts in 
breeding system, pollinator behaviour, habit etc.).

Synoecia
This clade (Fig. 3A; 100% BS/PP = 1.00) corresponds 
to Ficus subgenus Synoecia (Miq.) Miq., one of the 
three subgenera that are monophyletic. This clade 
includes c. 72 species of dioecious root climbers in 
Asia and Australasia (Berg, 2003d; Berg & Corner 
2005). Berg & Corner (2005) subdivided Synoecia into 
sections Rhizocladus Endl. (primarily in New Guinea) 
and Kissosycea Miq. (primarily in Borneo), which are 
not clear-cut based on morphology; these sections are 
not resolved by the present molecular study. Notably, 
there is a clade consisting of F. sarmentosa Buch.-Ham. 
ex Sm. and F. diversiformis Miq. Ficus sarmentosa 
is traditionally considered a member of section 
Rhizocladus, but is a variable species with affinities to 
the Punctata group of section Kissosycea (Berg & Corner, 
2005). Ficus diversiformis is traditionally considered a 
member of the Malesian section Kissosycea, but it is 
one of only two species confined to mainland Asian 
(Berg & Corner, 2005). The other species, F. hederacea 
Roxb., was not sequenced for this study. Ficus pumila 
L.  is also a root climber traditionally included in 
section Rhizocladus, but previous studies (e.g. Rønsted, 
2008a) have shown that F. pumila is more closely 
related to traditional Ficus spp. of section Frutescentiae 
(subgenus Ficus), showing that the root-climbing habit 
has evolved at least twice. A few other root climbers 
such as the essentially Sino–Himalayan F. laevis Desf. 
and F. pubigera (Wall. ex Miq.) Miq. also show affinities 
to members of subgenus Ficus (Berg & Corner, 2005). 
Ficus laevis was not sequenced for this study, but 
F. pubigera is imbedded in section Rhizocladus.

Frutescentiae
This clade (Fig. 3A; 92% BS/PP = 0.87) corresponds 
to section Ficus subsection Frutescentiae Sata and 
consists of 25–30 species including F. pumila and 

F. iidaiana Wilson, mostly from the Sino–Himalayan 
region and eight species from western Malesia. The 
Frutescentiae clade is closely related to the Eriosycea 
and Synoecia clades.

Eriosycea
This clade (Fig. 3A; 100% BS/PP = 1.00) corresponds to 
section Eriosycea Miq. with c. 34 species ranging from 
Sino–Himalaya to New Guinea. The Eriosycea and 
Frutescentiae clades are closely related to the Synoecia 
clade and together this group forms a well-supported 
clade (Fig. 3A; 98% BS/PP = 0.98), which has also 
been resolved in previous studies. However, subgenus 
Ficus to which Frutescentiae and Eriosycea have been 
placed, is polyphyletic on account of the position of 
section Ficus (see the discussion on the Caricae clade).

Sycidium
This clade (Figs. 2, 3B; 80% BS/PP = 0.81) corresponds 
to subgenus Sycidium (Miq.) Berg & Corner, which is 
another of the three monophyletic subgenera of Ficus. 
Sycidium includes c. 110 dioecious species primarily in 
Asia and Australasia with approximately ten species 
in Africa and Madagascar (Berg, 2003e; Berg & Corner, 
2005). The Sycidium clade also largely corresponds to 
section Sycidium sensu Corner 1965, but excluding 
series Pungentes Corner [F. minnahassae (Teifjsm. & 
de Vriese) Miq. and F. pungens Reinw. ex Blume], which 
Berg transferred to subgenus Sycomorus, and including 
section Sinosycidium and series Sinosyceae (Berg, 
2003e). Berg (2003e) subdivided subgenus Sycidium 
into two sections based primarily on differences in 
growth habit and the flowers; section Palaeomorphe 
King with aerial adventitious roots and hermaphroditic 
flowers with ovules galled by pollinators, and section 
Sycidium without aerial adventitious roots. In the 
present study, four major clades are recognized, 
which may be ranked as sections if stronger support 
is obtained in the future (Palaeomorphe Phaeopilosae, 
Sinosycidium and Asperae clades). Three Asian 
mainland species constituting section Sinosycidium 
are sister to the remaining subclades.

Asperae
This clade (Fig. 3B; 55% BS/PP = 0.56) corresponds 
to section Sycidium (Miq.) Berg & Corner, excluding 
Phaeopilosae (King) Corner and Sinosycidium Corner. 
We recommend referring to this clade as Asperae 
rather than Sycidium to reduce confusion because this 
clade is nested in the larger clade Sycidium (Fig. 2). 
The name Asperae refers to F. aspera, the type species 
of subgenus Sycidium being including in the former 
section Sycidium. The delimitation of this clade and 
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its subdivisions may need revision once data including 
more species becomes available.

Phaeopilosae
This constitutes a well-supported clade (Fig. 3B; 92% 
BS/PP = 0.91) of species endemic to New Guinea 
and tropical Australia largely corresponding to the 
Conocephalifolia group sensu Berg including F. wassa 
Roxb. and F. copiosa Steud. but excluding Ficus gul 
Lauterb. & K.Schum. As a result, the Phaeopilosae 
clade is confined to Eastern New Guinea and North 
Queensland. Ficus complexa Corner, the type species 
for Corner’s series Phaeopilosae, as well as a number of 
other species included in Corner’s series Phaeopilosae 
or in Bergs Conocephalifolia group were not included 
in this study so that the circumscription and name of 
the Phaeopilosae clade is uncertain at present.

Palaeomorphe
This clade (Fig. 3B; 60% BS/PP = 0.65) corresponds 
to section Palaeomorphe (King) Berg & Corner and 
includes c. 30 species of climbers or hemi-epiphytes 
with aerial adventitious roots. The name refers to the 
frequent presence of hermaphroditic flowers instead of 
male ones, with an ovule capable of becoming a gall.

Sinosycidium
This clade (Fig. 3B; 100% BS/PP = 1.00) corresponds 
to the monotypic Chinese section Sinosycidium Corner 
(F. tsiangii) and subsection Ficus series Sinosycea 
Corner comprising F. henryi Diels and F. subincisa Sm. 
from mainland Asia. Ficus subincisa was not included 
in this study. The species of section Sinosycidium are 
atypical in Sycidium in that they present elongate 
stigmas in female figs and two anthers per male 
flower in male figs, two traits probably linked to being 
passively pollinated. Passive pollination has not been 
reported for any other species of subgenus Sycidium.

Sycomorus
This clade (Fig. 3C; 97% BS/PP = 1.00) corresponds 
to subgenus Sycomorus (Gasp.) Miq., which is the 
final subgenus of Ficus supported as monophyletic 
in phylogenetic reconstructions. Sycomorus includes 
members of sections Sycomorus s.l. (18 species 
including former section Neomorphe), Sycocarpus (86 
species) and Adenosperma (20 species). In addition, 
this group includes a number of smaller sections 
(sensu Berg & Corner, 2005) with difficult affinities, 
namely Dammaropsis (Warb.) C.C.Berg (five species), 
Hemicardia C.C.Berg (three species), Papuasyce 

(Corner) C.C.Berg (three species) and Bosscheria 
(Teijsm. & de Vriese) C.C.Berg (two species). 
Corner (1965) only included the monoecious section 
Sycomorus in subgenus Sycomorus. However, based on 
early molecular studies (Weiblen 2000; Jousselin et al., 
2003), morphological evidence (Corner, 1967; Berg, 
1989; Weiblen, 2000) and a shared genus of pollinating 
wasps (Ceratosolen), Berg & Corner (2005) transferred 
a number of dioecious sections from Corner’s (1965) 
subgenus Ficus into an enlarged subgenus Sycomorus, 
which we here refer to as the Sycomorus clade.

Two preceding molecular studies including more 
taxa (Rønsted et  al., 2005, 2008a) did not find 
support for such an expanded subgenus Sycomorus, 
but this was attributed to lack of resolution and 
informative characters using limited DNA sequence 
information. Undiscovered paralogous copies of ETS 
were problematic in Rønsted et al. (2005, 2008a). Here 
we have identified and removed erroneous copies of 
ETS and included homologous ETS sequences for 
this group; as a result, Sycomorus was recovered as 
monophyletic.

Relationships in the Sycomorus clade were not 
well supported in this study and are likely to change 
with future analyses, but we would expect to recover 
clades largely corresponding to sections Sycomorus 
s.l., Sycocarpus and Adenosperma once the many 
difficult taxa in the subgenus Sycomorus clade are 
placed. Sections Sycocarpus and Adenosperma are 
both resolved with low support. Section Sycomorus s.l. 
is not resolved (Fig. 3C), and we therefore refrain from 
informally naming these clades at this time.

Section Papuasyce of Berg & Corner (2005) includes 
three species, F.  itoana Diels and F. microdictya 
Diels endemic to New Guinea and New Britain and 
F. pritchardii Seem. endemic to Fiji (Berg & Corner, 
2005). Section Papuasyce was listed as subsection 
Papuasyce in section Sycocarpus by Corner (1965). 
Section Papuasyce and section Adenosperma lack 
the nodal glands typical of section Sycocarpus Berg 
& Corner (2005). The dioecious F.  itoana and the 
monoecious F. microdictya are sisters in the present 
study, whereas F. pritchardii was not included.

Section Dammaropsis  includes five species, 
F.  dammaropsis Diels, F.  pseudopalma Blanco, 
F.  rivularis  Merr., F.  solomonensis  Rech. and 
F. theophrastoides Seem. ranging from the Philippines 
to the Solomon Islands. Corner (1965) placed 
F. dammaropsis as subsection Dammaropsis and 
F. solomonensis and F. theophrastoides in subsection 
Auriculisperma, as series Theophrastoides in section 
Sycocarpus. Ficus pseudopalma and F.  rivularis 
was included as series Pseudopalmae and Rivulares 
respectively in subsection Ficus by Corner (1965). 
In the present analysis, all of these species except 
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F. solomonensis are included and their relationship is 
unresolved among members of section Adenosperma 
of Berg & Corner (2005b), with which they share 
spirally and terminally arranged and more or less 
conspicuously tufted leaves (Berg, 2004a; Berg & 
Corner, 2005).

Section Hemicardia of Berg & Corner (2005) was 
originally described as series Prostratae in section 
Sycidium (subgenus Sycidium; Corner, 1965). Section 
Hemicardia is supported by free tepals, and one or two 
anthers per male flower, is primarily Sino–Himalayan 
and includes F. koutumensis Corner, F. prostrata (Wall. 
ex. Miq.) Miq. and F. semicordata Buch.-Ham. ex Sm., 
the latter extending to Malesia.

Berg (2004a) noted the closer morphological 
affinities of section Hemicardia to section Sycomorus 
than to any of the other sections of the subgenus. In the 
present analysis, F. koutumensis is not included, but 
F. prostrata and F. semicordata form a clade (Fig. 3C; 
98% BS/PP = 1.00) with uncertain affinity.

Section Bosscheria of Berg & Corner (2005) includes 
F. minnahassae and F. pungens ranging from the 
Philippines to New Guinea. Section Bosscheria of Berg 
& Corner (2005) forms a clade, which is embedded in 
the Sycocarpus group in the present analysis. They are 
atypical in the subgenus because of their small figs 
and flowers.

Sycocarpus
This clade (Fig. 3C; 68% BS/PP = 0.71) corresponds to 
section Sycocarpus Miq and includes 86 species.

Adenosperma
This clade (Fig.  3C; 68% BS/PP  =  0.51) largely 
corresponds to section Adenosperma Corner and 
comprises 20 species.

Oreosycea
This clade (Fig. 3D; 77% BS/PP = 0.62) corresponds 
to the Palaeotropical section Oreosycea (Miq.). Miq. 
tentatively including most of subsections Glandulosae 
C.C.Berg and Pedunculatae Sata sensu Berg & Corner 
(2005), but excluding subseries Albipilae (Berg, 2003a; 
Berg & Corner, 2005). Corner (1959) placed section 
Oreosycea in subgenus Pharmacosycea (Miq.) Miq, 
but molecular phylogenetic evidence has suggested 
section Oreosycea is more closely related to subgenus 
Sycomorus; however, this is not well-supported (54% 
BS/PP < 0.50 in this study) or consistent. Berg & 
Corner (Berg, 2003b; Berg & Corner, 2005) divided 
section Oreosycea into subsections Glandulosae 
C.C.Berg (including series Austrocaledonicae Corner) 
and series Nervosae Corner and Pedunculatae 

(including subseries Vasculosae Corner and subseries 
Albipilae Corner).

Urostigma
This clade (Fig. 3D; 100% BS/PP = 0.99) corresponds 
to section Urostigma sensu  Corner 1960. Due 
to the placement of section Urostigma in this 
phylogenetic analysis and prior studies of Ficus 
(Jousselin et al., 2003; Rønsted et al., 2005, 2008a), 
subgenus Urostigma is polyphyletic. The Urostigma 
clade should be recognized independently from the 
remaining sections of the former subgenus Urostigma 
(refer to the Mixtiflores discussion). Additionally, 
Berg & Corner (2005) expanded section Urostigma 
uniting Corner’s sections Urostigma, Leucogyne 
and Conosycea, which is not supported by this 
study. The Sino–Himalayan F. orthoneura H.Lév. & 
Vanoit appears to be sister to the rest of (sub)section 
Urostigma (100% BS/PP = 1.00). Ficus orthoneura, 
F. hookeriana Corner (also Sino–Himalayan, but 
not included in this study) and F.  cornelisiana 
Chantaras & Y.Q.Peng (Chanterasuwan et  al., 
2014) present a mixture of characters of section 
Urostigma and section Conosycea and were placed 
in their own series in section Urostigma by Corner 
(1965). In a recent study of (sub)section Urostigma 
(Chantarasuwan et al., 2015), F. madagascariensis 
C.C.Berg (not included here) was found to be sister 
to the remainder of the (sub)section and the next 
diverging clade consisted of F.  orthoneura and 
F. hookeriana.

Albipilae
This clade (Fig. 3A; 100% BS/PP = 1.00) corresponds 
to subseries Albipilae Corner and comprised two 
African species, F. variifolia Warb. and F. dicranostyla 
Mildbr., and F.  albipila (Miq.) King that occurs 
from Thailand to Australia. Morphological study of 
subseries Albipilae also assigns F. capillipes Gagnep. 
from mainland Asia and the Madagascan F. assimilis 
Baker and F. ampana C.C.Berg to this group; these 
have not yet been included in phylogenetic studies. 
The Albipilae clade can be distinguished from 
the Oreosycea clade primarily by the presence of 
hairs on the inner surface of the fig receptacle. The 
exact circumscription of the Albipilae clade awaits 
comprehensive species sampling.

Caricae
This clade (Fig. 3D; 100% BS/PP = 1.00) includes 
only the domesticated Mediterranean F. carica and 
F. palmata Roxb. extending from north-eastern Africa 
to Pakistan. Together with F. iidaiana Wilson from 
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Bonin Island (Japan), these three species formerly 
constituted Ficus section Ficus subsection Ficus Berg 
& Corner, but F. iidaiana is a member of Frutescentiae 
in the present study. The traditional subgenus Ficus 
is polyphyletic consisting of three strongly supported 
major clades, Caricae, Eriosycea and Frutescentiae, 
corresponding to clear-cut subdivisions by Berg & 
Corner (2005; Berg, 2003c). The relationship of the 
Caricae clade is uncertain. Ficus carica is the type of 
genus Ficus.

Mixtiflores
This clade (Fig. 3D; 100% BS/PP = 1.00) corresponds 
to subgenus Urostigma (Gasp.) Miq. excluding 
section Urostigma (Gasp.) Miq and includes c. 265 
monoecious species in two subclades, one (100% BS/
PP = 1.00) consisting of section Conosycea Corner 
(98% BS/PP = 0.99) and (sub)section Malvanthera 
Corner (100% BS/PP = 0.99), and the other (100% BS/
PP = 1.00) including section Galoglychia (Gasp.) Endl. 
(66% BS/PP = 0.68) and section Americanae Miq. 
(100% BS/PP = 1.00). In all the species, the staminate 
flowers are scattered among the pistillate flowers in 
the fig cavity.

Galoglychia
This clade (Fig. 3E; 66% BS/PP = 0.68) corresponds 
to the African section Galoglychia (Gasp.) Endl. 
Early studies (Rønsted et al., 2005, 2007, 2008a) 
suggested that Galoglychia is paraphyletic to 
Americanae, but monophyly of Galoglychia has been 
confirmed by later studies (Renoult et al., 2009; 
Cruaud et al., 2012b). Detailed phylogenetic studies 
of section Galoglychia were published by Rønsted 
et al. (2008b) and Renoult et al. (2009). Based on 
nuclear sequences, Rønsted, Salvo & Savolainen 
(2007) found that Galoglychia consists of two major 
clades in Africa, possibly corresponding to two main 
centres of diversity. One clade comprises members 
of subsections Platyphyllae (Mildbraed & Burret) 
C.C.Berg and Chlamydodorae (Mildbraed & Burret) 
C.C.Berg, are more concentrated in East Africa, and 
extend to Madagascar and neighbouring archipelagos 
(Comoros, Mascarenes, Aldabra Islands and 
Seychelles) and is sister to Americanae in the study by 
Rønsted et al. (2007). The other main clade (includes 
members of subsections Caulocarpae (Mildbraed 
& Burret) C.C.Berg, Cyathistipulae (Mildbraed & 
Burret) C.C.Berg, Crassicostae (Mildbraed & Burret) 
C.C.Berg and Galoglychia, which are concentrated 
in West and Central Africa (Berg, 1986). Renoult 
et al. (2009) found discordance of highly variable 
plastid data with the nuclear data, possibly caused 
by introgressive hybridization. In the present study, 

the six subclades are evident, but their relationships 
are not well supported.

Americanae
This clade (Fig. 3E; 100% BS/PP = 1.00) corresponds to 
Neotropical section Americanae Miq. including c. 110 
species of hemi-epiphytes with low sequence variation 
possibly representing a rapid radiation. A detailed 
study of the Americanae clade has been published by 
Machado et al. (2018).

Conosycea
This clade (Fig. 3F; 99% BS/PP = 0.99) corresponds 
to section Conosycea (Miq.) Corner (Corners, 1965) 
plus Corner’s acceptance of section Stilpnophyllum 
Endl. (Ficus elastica Roxb.) and section Leucogyne 
(F. amplissima Sm. and F. rumphii Bl.), which Berg 
& Corner (2005) considered members of section 
Urostigma s.s. (= subsection Urostigma).

A number of clades are resolved in section Conosycea, 
some of which correspond to traditional series and 
subseries, but the subdivisions proposed by Corner 
(1965) and Berg and Corner (2005) are not reflected.

Malvanthera
This clade (Fig. 3F; 98% BS/PP = 0.99) corresponds 
to section Malvanthera Corner, which was reduced 
to subsection rank by Berg & Corner (2005). The 
Malvanthera clade includes 23 Australasian species 
with centres of diversity in New Guinea and Australia. 
The section was included in section Stilpnophyllum 
Endl. by Berg & Corner (2005) together with 
F. elastica, but phylogenetic evidence shows that 
F. elastica is a member of the Conosycea clade and 
section Stilpnophyllum sensu Berg & Corner (2005) 
is therefore polyphyletic. A detailed phylogenetic tree 
of the Malvanthera clade was published by Rønsted 
et al. (2008b) and relationships in that study are 
mirrored in the present study including the same 
sampling for the section. Rønsted et al. (2008b) also 
highlighted problems with the species concept of 
Berg & Corner (2005) for Malvanthera. In particular 
Berg & Corner (2005) united the majority of the 
New Guinea species under F. hesperidiiformis King, 
which is not supported by phylogenetic evidence 
(Rønsted et al., 2008b), and at the same time Berg & 
Corner (2005) kept a narrow species concept for the 
Australian species.

Pharmacosycea
This clade (Fig. 3D; 100% BS/PP = 1.00) corresponds 
to section Pharmacosycea (Miq.) Benth. & Hook., 
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includes c. 25 species restricted to the Neotropics 
and was recovered as sister to all other Ficus spp. 
Polyphyly of subgenus Pharmacosycea has been firmly 
established in molecular phylogenetic trees (e.g. 
Weiblen, 2000; Rønsted et al., 2005, 2008a; Cruaud 
et al., 2012b). Morphologically, the Pharmacosycea 
clade is similar to the Old World section Oreosycea 
s.s., the remaining section of subgenus Pharmacosycea 
(sensu Berg & Corner, 2005). However, former subgenus 
Pharmacosycea is polyphyletic and all three sections of 
this subgenus (Oreosycea, Albipilae, Pharmacosycea; 
Fig. 2) should be recognized as independently evolving 
lineages. Relationships in section Pharmacosycea were 
recently evaluated by Pederneiras, Romaniuc-neto & 
Mansano (2015), although species names were not 
fully clarified.

Taxonomic implications

A formal revision of Ficus awaits additional taxon 
sampling, but it is our hope that this comprehensive 
view of the phylogenetics of Ficus and recognition of 
well-supported clades will allow researchers to more 
easily discuss and describe the evolution and diversity 
of figs by making use of these informal clade names. In 
particular, we would advocate that further revision of 
Moraceae would formally recognize Involucrata either 
as a clade in a rank-free taxonomy or at the appropriate 
rank in a rank-based classification system, as many 
key evolutionary events happened along this branch. 
For Ficus, we strongly recommend abandoning the 
names associated with non-monophyletic subgenera of 
figs and instead use the proposed clade names until 
further taxonomic revision. In Castilleae, we reinstate 
the genus Noyera based on the molecular phylogenetic 
evidence presented in this paper.

Noyera Trécul, Ann. Sci. Nat. Bot. III. 8: 135. 1847. 
Type species: Noyera rubra Trécul.

Perebea section Noyera (Trécul) Engl., in Engler & 
Prantl, Nat. Pflanzenfam. 3(1): 84. 1889.

CONCLUSIONS

Despite the extensive study of Ficus due to its striking 
diversity and brood-site pollination mutualism, the 
deep evolutionary history of the group cannot be 
understood without attention to and comparison with 
its closest relatives, Castilleae. We introduce the clade 
Involucrata to recognize that Ficus and Castilleae 
comprise a group united by a trait that is central to their 
inflorescence morphology and pollination syndromes, 
the involucral bracts. Here, with the first intensive 
sampling of Castilleae and the most comprehensive 
phylogenetic reconstruction of Ficus to date, we 

delineate and name clades that are well supported 
to guide sampling in future studies of Involucrata 
and highlight those aspects of phylogenetic tree that 
warrant further investigation.
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