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Abstract—Over one third of African palms are rattans, e.g. climbing palms. The subtribe Ancistrophyllinae (subfamily Calamoideae)
contains most of these with 21 species represented by three genera: Eremospatha, Laccosperma, and Oncocalamus. African rattans are mainly
restricted to the tropical rain forests of Central and West Africa and play an important role in the local economy thanks to their use in
furniture making. Here, we present a species level phylogeny of the Ancistrophyllinae based on four plastid intergenic spacers (psbA-trnH,
psbZ-trnfM, atpI-atpH, and rps3-rpl16) sequenced for 80% of the species found in the subtribe (17/21). Data were analyzed using maximum
parsimony, maximum likelihood, and Bayesian inference methods. Our results show that subtribe Ancistrophyllinae is strongly supported as
monophyletic, as are the three genera. However, relationships among the genera remain unresolved. Our analyses provide details on the
relationships among species within Eremospatha and Laccosperma, but not in Oncocalamus. The species E. cabrae and E. dransfieldii were
recovered with strong support as sister, together forming a highly divergent clade sister to the rest of the genus. The four plastid markers
used here provide useful levels of resolution and could be considered in other species-level analyses in palms.
Keywords—atpI-atpH, climbing habit, liana, Palmae, psbA-trnH, tropical rain forest.

Palms (Palmae/Arecaceae) are among the most characteristic plant families in tropical rain forests (TRF) in terms of
species diversity (2500 species) and abundance, playing an
important role in TRF dynamics and evolution (Couvreur
and Baker 2013). Among the five subfamilies recognized in
the current phylogenetic classification of palms (Dransfield
et al. 2008), Calamoideae contain several growth forms such
as large tree palms, smaller undergrowth palms, acaulescent
palms, and most notably climbing palms or rattans making it
a morphologically diverse subfamily (Baker et al. 2000a).
The flexible canes of rattans are used to manufacture furniture or weave baskets providing important economical
resources at both local and international levels (Dransfield
1979; Sunderland et al. 2002). The rattan habit appears to
have evolved on multiple occasions in Calamoideae, once
in tribe Lepidocaryeae, subtribe Ancistrophyllinae, and up
to three times in tribe Calameae, in subtribes Calaminae,
Korthalsiinae, and Plectocomiinae (Baker et al. 2000a).
Rattans of tribe Calameae are mostly distributed from
India to Fiji (Dransfield et al. 2008), with one widespread
species in Africa (Calamus deeratus Mann & H.Wendl).
Rattans of tribe Lepidocaryeae, all belonging to subtribe
Ancistrophyllinae, are restricted to Central and West
Africa, with one species also occurring in Tanzania
(Eremospatha haullevilleana De Wildeman) (Sunderland
2012). Ancistrophyllinae is currently composed of three
genera: Eremospatha (G. Mann & H. Wendl.) H. Wendl,
Laccosperma (G.Mann & H.Wendl.) Drude, and Oncocalamus
(G.Mann & H.Wendl.) G.Mann & H.Wendl. ex Hook.f.
(Sunderland 2012). They are typically restricted to wet tropical forests, but occur in different habitats, as some species are
light demanding and grow along roads and in gap vegetation
while others grow in the rain forest understory (Sunderland
2007). Several species are commercially important for their
cane exportation across Africa (Sunderland et al. 2008).
The African rattans have been the subject of a recent monograph providing significant information in terms of species
circumscription, distribution, and ecology (Sunderland 2012).
Sunderland (2012) recognized 22 species of rattans in Africa,

eleven of them belonging in Eremospatha, six in Laccosperma,
four in Oncocalamus, and one in Calamus L. Initially, the African
genera of rattans were considered as subgenera within the
large South East Asian centered genus Calamus although they
presented significant morphological differences (Mann and
Wendland 1864). They were subsequently elevated to the rank
of genus (see Sunderland 2012). These three genera were later
placed in two different subtribes (Uhl and Dransfield 1987):
Eremospatha and Laccosperma in subtribe Ancistrophyllinae
and Oncocalamus in subtribe Oncocalaminae, on the basis of
floral cluster architecture (see below). Finally, molecular phylogenetic studies strongly supported the grouping of these
three genera into a single subtribe: Ancistrophyllinae (Baker
et al. 2000b; Dransfield et al. 2008).
Vegetatively, the three genera are quite similar being
characterized by leaves possessing a cirrus, a whip-like
extension of the leaf rachis that aids climbing. The cirrus
of Ancistrophyllinae is distinct from that of other cirrate
calamoids, bearing stout, reflexed, reduced leaflets termed
acanthophylls (Fig. 1A), which are remarkably similar to
those of the unrelated South American climbing palm
genus Desmoncus Mart. (Arecoideae, Cocoseae). In addition, the subtribe is characterized by inflorescences that
are not adnate to either the stem internode or leaf sheath
(unlike other rattans in Calamoideae), and by pistillate or
hermaphroditic flowers in a terminal position in the floral
cluster (Baker et al. 2000a; Dransfield et al. 2008).
Despite these similarities, all three genera have clear morphological, floral and sexual differences (Dransfield et al.
2008; Sunderland 2012). Vegetatively, all three genera can be
easily separated on the basis of the absence of spines on the
leaf sheath (Eremospatha; Fig. 1C), or the presence of spines
covering the leaf sheath, either flat and brittle (Laccosperma;
Fig. 1B), or short and robust (Oncocalamus; Fig. 1D). Additionally, in Eremospatha, the leaflets are variously shaped,
but always with the lowermost ones characteristically
reduced and wrapped around the sheath (Fig. 1C). In
Laccosperma the ocrea (the extension of the leaf sheath beyond
the petiole) is often triangular and conspicuously drying grey
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Fig. 1. Vegetative and inflorescence differences between the three genera of Ancistrophyllinae. A: Detail of acanthophyll (Eremospatha laurentii,
Couvreur 390); B: Detail of leaf base and sheath of Oncocalamus mannii; arrow indicates non dry leaf sheath (Couvreur 367). C: Detail of leaf base and
sheath of Eremospatha wendlandiana; arrow indicates knee (Couvreur 382); D: Detail of leaf base and sheath of Laccosperma robustum; arrow indicates dry
leaf sheath (Couvreur 368). E: Detail of Laccosperma korupensis inflorescence (Couvreur 507); white box highlights the dyad of two hermaphroditic
flowers. F: Detail of Eremospatha laurentii inflorescence of (Couvreur 396); white box highlights the dyad of two hermaphroditic flowers. G: Detail of
Oncocalamus macrospathus inflorescence; white box highlights the unique structure within this genus with female flowers flanked by male flowers
(Couvreur 547). Photos TLP Couvreur.

2014]

FAYE, ET AL: AFRICAN RATTAN PHYLOGENY

or brown (Fig. 1D). Finally, in Oncocalamus the ocrea is conspicuous (Fig. 1B), horizontal and is generally green, not dry
(Sunderland 2007).
Inflorescences in Eremospatha generally have inconspicuous bracts, whereas both Laccosperma and Oncocalamus have
clearly visible bracts. Flower units in Eremospatha and
Laccosperma are presented in a sympodial pair (the dyad), a
synapomorphy for Calamoideae (Fig. 1E, F). The dyad comprises two hemaphroditic flowers per cluster. In constrast,
Oncocalamus is monoecious and presents a unique floral cluster for palms (Fig. 1G) composed of 1–3 central pistillate
flowers subtended by 2 lateral cincinni of 0–2 pistillate and
2–4 staminate flowers (Sunderland 2012). Finally, in terms of
reproductive strategies, Laccosperma is hapaxanthic, meaning
that individual stems die after a single flowering event,
whereas Eremospatha and Oncocalamus do not die after
flowering (pleonanthic).
To date, numerous morphological and molecular studies
have been carried out focusing on Calamoideae phylogenetic
relationships. Baker et al. provided evidence of the monophyly of subtribe Ancistrophyllinae based on morphology
(Baker et al. 1999; Baker et al. 2000a), molecular markers
(Baker et al. 2000b) and the combination of both (Baker et al.
2000a). These results were then confirmed based on several family level molecular phylogenetic analyses including
most or all palm genera (Asmussen et al. 2000; Asmussen
et al. 2006; Baker et al. 2009). These studies showed that
Ancistrophyllinae is strongly supported as monophyletic.
However, relationships within the three genera remain
unclear, although Eremospatha and Laccosperma are weakly
supported as sister genera based on the last total evidence
analysis (Baker et al. 2009). Despite these higher level analyses that provided important insights into palm classification, no study has looked at the species level phylogenetic
relationships within Ancistrophyllinae. Species level molecular phylogenies in palms remain relatively few in number
(Baker and Couvreur 2013; Dransfield et al. 2008) probably
due to the lack of appropriate highly informative molecular
markers, although such studies have been increasing in
recent years (e.g. Barfod et al. 2010; Meerow et al. 2009;
Roncal et al. 2013).

Materials and Methods
Sampling—A total of 17 specimens representing 17 out of 21 (80%) species of Ancistrophyllinae was included in our data matrix (Appendix 1).
In addition, eight species sampled in the closely related subtribes
Calaminae (Calamus aruensis Becc.), Metroxylinae (Metroxylon salomonense
(Warb.) Becc.), Mauritiinae (Mauritiella armata (Mart.) Burret, Mauritia
flexuosa L.f.; Lepidocaryum tenue Mart.), Raphiinae (Raphia palma-pinus
(Gaertn.) Hutch., Raphia hookeri G.Mann & H.Wendl.) and tribe
Eugeissoneae (Eugeissona tristis Griff.) were chosen as outgroups (Baker
et al. 2009). Most specimens for DNA extraction were collected during a
field trip to Cameroon in 2012, and the remainder was kindly provided
by DNA banks from different herbaria (see acknowledgements).
DNA Extraction, Amplification, and Sequencing—Total DNA was
extracted from silica gel dried leaves using a DNeasyÒ Plant mini kit
(Qiagen). Polymerase chain reactions (PCR) were carried out using four
plastid intergenic spacers (1): psbA-trnH (Al-Qurainy et al. 2011), psbZtrnFM, atpI-atpH, and rps3-rpl16 (Scarcelli et al. 2011). Reactions were
conducted using the FailSafeÔ PCR System (Epicentre) with Premix E
according to manufacturer’s instructions.
The PCR program included one cycle at 95 C followed by 35 cycles at
95 C for 30 sec, between 50 C and 60 C depending on the primer pair
(see Table 1) for 45 sec, 72 C for 2 min., plus a final extension at 72 C for
7 min. The PCR products were sequenced on ABI automated sequencers
using Big Dye chemistry (PE Biosystems, Foster City California).
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Table 1. Primer pairs used for the four plastid markers with
respective annealing temperatures.
Primers

50 Sequences 30

Annealing T

psbA (Forward)
trnH (Reverse)
psbZ (Forward)
TrnfM (Reverse)
Rps3 (Forward)
Rpl16 (Reverse)
atpI (Forward)
atpH (Reverse)

GTTATGCATGAACGTAATGCTC
CGCGCATGGTGGATTCACAAATC
GGTACMTACTTATTGAAT
GCGGAGTAGAGCAGTTTG
TTCGGCTTTCGTCTCGGTAGG
AACTCACACCATCCATTTCAA
TAT TTA CAA GYG GTA TTC AAG CT
CCA AYC CAG CAG CAA TAA C

60 C
58 C
60 C
58 C

Sequence Alignment and Phylogenetic Analyses—Raw sequence analyses were analyzed using Geneious Pro v 4.7.6. software (Drummond
et al. 2010). Consensus sequences for each marker were aligned using
MUSCLE (Edgar 2004) as implemented in Geneious. Sequences were
then manually adjusted. Regions with ambiguous alignments (such as
microsatellite regions) were excluded from the final matrix because they
are highly homoplastic. Indels were coded following the “simple coding”
method of Simmons and Ochoterena (2000).
Phylogenetics analyses were conducted using Maximum of Parsimony (MP), Maximum Likelihood (ML), and Bayesian Inference (BI)
methods on each marker separately (just MP) and on the combined data
matrix (MP, ML and BI). Phylogenetic incongruence among markers was
tested using the homogeneity test (ILD, Incongruence-Length Difference) (Farris et al. 1994) as implemented in PAUP* 4.0b10 (Swofford
2002) with 1000 iterations under a heuristic search and random taxon
addition. In addition, we checked for any incongruences between
markers based on MP bootstrap analyses. Maximum parsimony analyses
were performed on all four markers independently and on the combined
dataset using PAUP* 4.0b10 (Swofford 2002). Two parsimony analyses
were conducted on the combined data, one with gaps coded in presence/
absence, and one excluding gaps. Heuristic searches were performed
with 1000 random sequence addition iterations saving 1000 trees in each
replication with tree bisection and reconnection (TBR) branch swapping,
and unordered characters (Fitch Parsimony, Fitch 1971). The resulting
trees were then used as starting trees for a second round of heuristic
searching using TBR and limiting the number of saved trees to 100.
The 50% majority rule consensus tree was then generated based on
those trees.
Branch support was estimated using both bootstrap (Efron et al. 1996;
Felsenstein 1985; Holmes 2003) and jackknife approaches of 1000 replicates with heuristic searches of 10 random addition sequences, TBR,
saving 10 trees each time. For the jackknife analyses, 33% of characters
were deleted at every iteration.
Bayesian analyses were based on the Markov chains algorithm MCMC
(Metropolis-coupled Monte Carlo) implemented in Mr. Bayes Version 3.2.1
(Ronquist et al. 2011) using default parameters. Two partitioning strategies were explored: (1) with the concatenated sequences of all four
markers and one with binary coding of gap information; (2) with five
partitions, one for each individual marker and one with gap information.
For each partition the best substitution model was evaluated under the
Akaike criterion information (Akaike 1973) using jModeltest version 0.1.1
(Posada 2008). For the gap information the “lset coding=variable” model
was used as implemented in Mr. Bayes. Three heated chains and a single
cold chain were used with the default temperature parameters. Four runs
were carried out for 2,000,000 generations each with trees sampled each
500 generations. Majority rule consensus trees and posterior probabilities
for nodes were evaluated from all sampled trees. Stationary and converge
between independent runs were checked using Tracer v.1.4 (Rambaut
and Drummond 2003). The best-fitting partition strategy was evaluated
using the Bayes Factor (BF) as implemented in Tracer 1.4 under the
smoothed marginal likelihood estimate and with 100 bootstrap replicates
(Suchard et al. 2001).
For the ML analysis we used the concatenated matrix excluding gap
information using the online version of RAxML (Stamatakis 2006;
Stamatakis et al. 2008) available at the CIPRES web-server (Miller
et al. 2009). The ‘‘Maximum likelihood search’’ and ‘‘Estimate proportion of invariable sites’’ boxes were selected with a total of 1000 bootstrap replicates performed. Trees are posted at TreeBASE (study
number S15443; found at http://purl.org/phylo/treebase/phylows/
study/TB2:S15443).
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Maximum Parsimony—Individual analyses of each
marker provided low resolution for relationships within
Ancistrophyllinae. Among the four markers used, atpI-atpH
was the most informative whereas rps3-rpl16 was the least
informative (Table 2). Among the four topologies obtained
using the four markers separately, only atpI-atpH’s tree supported the Ancistrophyllinae monophyly within Calamoideae
whereas the others provided no support (unresolved). The
two genera Eremospatha and Laccosperma are recovered as
monophyletic with atpI-atpH or psbA-trnH. The marker
atpI-atpH provided the best resolution recovering a monophyletic Eremospatha and Laccosperma with 89% and 87%
bootstrap support, respectively, whereas with psbA-trnH
these two genera were recovered with 100% and 89% bootstrap support, respectively (results not shown).
The ILD test indicated a non-significant p value for each
cpDNA marker combination. Moreover, bootstrap analyses
for each individual marker indicated no well supported
incongruences between them. These analyses thus suggest
that all markers were congruent and can be combined into
a single dataset.
The combined matrix comprised 3060 base positions and
17 coded gaps. The analysis with gaps coded returned seven
equally most parsimonious trees (Fig. 2) with 111 steps each,
a consistency index (CI) of 0.77, and a retention index (RI) of
0.89 (Table 2). The strict consensus tree is shown in Fig. 3. The
analysis without gaps coded resulted in identical relationships but with overall lower bootstrap (BS) and jacknife (JK)
values (results not shown).
Bayesian Analyses—The selected models of sequence evolution using JModeltest for the four markers atpI-atpH, psbAtrnH, psbZ-trnFM, and rps3-rpl16 were respectively GTR+I,
F81, F81 + G, and HKY+G. The GTR+G model was selected
as best fitting the combined dataset.
Following Kass and Raftery’s table (Kass and Raftery 1995)
the Bayes Factor strongly supported strategy 1 over 2 (BF=19)
(Kass and Raftery 1995). A majority consensus tree using
strategy 1 is shown in Fig. 4. Topologies resulting from maximum likelihood analyses are identical to topologies obtained by
MP and BI. However, bootstrap support for MP and BI are
slightly higher than those obtained using maximum parsimony.
Phylogenetic Relationships—All analyses based on the
combined dataset returned a strongly supported monophyletic
Ancistrophyllinae under maximum parsimony (BS/mp = 98%,
jackknife JK/mp = 99%) maximum likelihood (BS/ml = 98%)
and Bayesian analyses (PP = 1). The three genera are also
recovered as monophyletic with strong support (Eremospatha
BS/mp = 99%, JK/mp = 97%, BS/ml = 99%, PP = 1),
Table 2. Summary of phylogenetic statistics for each marker and
the combined matrix of the four markers resulting from the parsimonious
analyses. CI: Consistency Index, RI: Retention Index (excluding uninformative characters).
Markers

atpI-atpH psbA-trnH psbZ-trnfM rps3-rpl16 Combined data

Base positions
814
Parsimonious sites
38
% parsimonious sites
4.66
Parsimonious trees
33
Tree length
49
CI
0.83
RI
0.89

862
16
1.85
6
18
0.88
0.97

698
19
2.72
100
22
0.86
0.95

686
9
1.31
1
12
0.83
0.92

3060
82
2.67
8
111
0.77
0.89
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Laccosperma BS/mp = JK/mp = BS/ml = 100%, PP = 1) and
Oncocalamus BS/mp = 96%, JK/mp = 84%, BS/ml = 99%,
PP = 1). Within Eremospatha, two species (E. cabrae and
E. dransfieldii) are recovered as sister with strong support
to the rest of Eremospatha (BS/mp = 92%, JK/mp = 86%,
BS/ml =100%, PP = 1). According to the ML (RaxML) and
the Bayesian analyses, Eremospatha hookeri is sister to other
Eremospatha excluding E. dransfieldii and E. cabrae with maximal support (BS/ml = 100% and PP = 1). The relationship
between E. laurentii and E. wendlandiana is only moderately
supported by Bayesian and ML analyses (BS/ml =87%, PP =
0, 98), but with a low support in maximum parsimony analyses. Resolution in Laccosperma is low with a single group
receiving low or moderate to strong support (L. opacum
and L. secundiflorum: BS/mp = 66%, BS/ml = 86% and PP = 1).
No resolution was achieved within Oncocalamus.
Discussion
Intergenic Spacers Variability—Chloroplast DNA is well
known to evolve slowly in palms (Baker et al. 2000a; Wilson
et al. 1990) yet it has played a significant role in elucidating
higher level relationships within the family (Asmussen et al.
2006; Baker et al. 2009). At the infrageneric level, few studies
have used only chloroplast data to resolve relationships
(e.g. Couvreur et al. 2007; Cuenca and Asmussen-Lange 2007)
with most studies having favored nuclear markers alone or
in combination with plastid markers (for a review prior to
2008 see Dransfield et al. 2008; e.g. Roncal et al. 2013) such as
prk and rpb2 (Lewis and Doyle 2002). A lack of variability is
generally concluded based on the study of a fraction of the
chloroplast genome (e.g. rbcl Wilson et al. 1990). In an effort
to discover potentially faster-evolving regions for phylogenetic reconstruction in monocots and palms in particular,
a set of 100 primers covering over 50% of the plastid genome
was published (Scarcelli et al. 2011), three of which are used
in this study to address species relationships. The primer pair
psbA-trnH was used at the infra specific level in Phoenix
dactylifera L. (Al-Qurainy et al. 2011) as well as in a barcoding
study for species discrimination in Caryoteae (Jeanson et al.
2011) and more relevantly in the species-rich genus Calamus
(Calamoideae) (Yang et al. 2012). In the latter two studies,
this marker showed good levels of variation compared to
rbcL and matK. In our study, psbA-trnH showed average to
low variation overall (Table 2). Interestingly, this marker has
been found useful to resolve species level relationships in
other plant families and has even been suggested as a barcode
for plants (Kress et al. 2010). However in palms, it would
appear to be of limited utility at least in resolving species level
relationships. This marker also showed a 13 bp inversion that
was detected in the three Ancistrophyllinae genera and in all
outgroups, therefore showing high levels of homoplasy within
our sampling. Such insertions have been useful in palms to
delineate certain interspecies limits such as in the palm genus
Bactris Jacq. where a 22 bp inversion characterized the species
complex Bactris gasipaes–B. riparia (Couvreur et al. 2007).
The marker atpI-atpH showed the highest level of variation
in our dataset confirming its utility for species level phylogenies (Shaw et al. 2007). Over all, the four markers used here
showed an average level of phylogenetic information within
the Ancistrophyllinae providing some level of resolution
among species. This is encouraging because although nuclear
markers will increase this resolution, sequencing of plastid
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Fig. 2. One of the most parsimonious trees obtained by maximum parsimony analysis from the combined atpI-atpH, psbA-trnH, psbZ-trnFM
and rps3-rpl16 sequence data. Tree length= 111 steps, CI= 0.77, RI= 0.89, Bootstrap and jacknife replicates= 1000, values above branches=bootstrap,
values under branches=Jacknife, *= species with a knee at the base of the leaf sheath.

markers is straightforward, not requiring cloning, and there
are no problems of paralogy.
Phylogenetic Relationships Within Ancistrophyllinae—
Several studies based on morphological and/or molecular
characters (Baker et al. 1999; Baker et al. 2000a; Baker et al.
2000b; Dransfield et al. 2008) have already recovered a monophyletic Ancistrophyllinae, however these studies were limited by the number of species sampled within each genus
(only 1 or 2 per genus). Our results obtained using a larger
sampling (i.e. 80% of the species) confirm the monophyly of
the subtribe with good support. The three genera are also
recovered as monophyletic with strong support but the relationships between them remain unresolved. This lack of resolution was found in all analyses at the family or subfamily
levels based on morphology, plastid, nuclear, or a combination of all (Baker et al. 2009). These studies provide weak
support for Eremospatha as sister to Laccosperma. Weak sup-

port was also recovered in a supermatrix and supertree
analyses of the whole palm family (Baker et al. 2009). Thus
the relationship between these three genera appears to be
difficult to resolve especially with only a few chloroplast
markers. The Ancistrophyllinae is a remarkable group of
palms highly distinct from other clades (Baker et al. 1999).
Although these three genera are vegetatively similar, they
present remarkable diversity in the structure of their inflorescences and sexual expression (Sunderland 2012). Thus, the
lack of well supported relationships among them might
reflect a period of rapid diversification in Africa, which may
have been driven by reproductive specialization after the
shift in vegetative structure from the self-supporting to the
climbing habit. More data, especially highly informative
nuclear markers (Meerow et al. 2009; Roncal et al. 2013)
should be additionally sequenced in order to achieve better
resolution and undertake detailed diversification analyses.

1104

SYSTEMATIC BOTANY

[Volume 39

Fig. 3. Maximum parsimony strict consensus tree between seven most parsimonious trees from the combined atpI-atpH, psbA-trnH, psbZ-trnFM
and rps3-rpl16 sequence data. Tree length=111 steps, CI=0.77, RI=0.89.

Infrageneric relationships—Eremospatha constitutes almost
half of Ancistrophyllinae species diversity (Sunderland 2012)
with 11 species, nine of which were sampled in this study.
We provide the first molecular evidence confirming the
monophyly of this genus (Figs. 3, 4). From the morphological
point of view, this is unsurprising given the many distinctive
features: the lack of spines on the leaf sheath, the lowermost
leaflets smaller and often swept back across the basal portion
of the leaf, inflorescences lacking conspicuous bracts and

hermaphrodite flowers with very short anthers inserted on
top of the filaments.
Six species are characterized by the presence of a knee
below the leaf junction (or basal swelling of the leaf sheath).
This character would appear to enhance leaf strength, an
adaptation related to stem length and rattan overall size
(Isnard and Rowe 2008). Because of a lack of proper resolution in our study it is hard to conclude on the evolutionary
importance of this structure, although it would appear to be
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Fig. 4. Majority rule consensus tree from atpI-atpH, psbA-trnH, psbZ-trnFM and rps3-rpl16 sequence data, obtained using Bayesian analysis with
5,000,000 generations, Model used=GTR+G, sample size=3,060 bp, base frequencies: A = 0.3109, C = 0.1673, G = 0.1451, T = 0.3768; gamma distribution
shape =0.0140. Posterior probability values are indicated above branches, bootstrap values from maximum likelihood analysis under branches, *= species
with a knee at the base of the leaf sheath.

an ancestral character in Eremospatha having evolved initially
and lost at least once. Indeed, all three early diverging species in Eremosptaha (E. dransfieldii, E. cabrae, and E. hookeri)
have a knee (Sunderland 2012).
The sister relationship between E. dransfieldii and E. cabrae
was always strongly supported by our data (Figs. 3, 4). These
two species cluster with high support as sister to the rest of
Eremospatha species, with high genetic differentiation. Based
on the morphological description provided in Sunderland
(2012), the two species appear quite different from a vegetative
point of view. Eremospatha cabrae has a low number of leaflet
pairs (< 8–10 pairs), obovate to trapezoid in shape, while
E. dransfieldii has up to 40 leaflet pairs which are highly variable in shape, from linear towards the base to oblanceolate/
rhomboid apically (Sunderland 2012). Unfortunately, the
flowers and fruits of E. dransfieldii are unknown, impeding
any further comparisons. In addition, both species are
allopatric, with the former distributed in the Congo basin,
Central Africa, and the latter occurring in West Africa
(Ghana and Ivory Coast), which is suggestive of a vicariant
speciation event. The high genetic differentiation between
these two species and the rest of the genus is intriguing

because it does not parallel overall vegetative divergence
in Eremospatha.
The genus Laccosperma is supported with maximum values
as monophyletic with 5 out of 6 species sampled here. Two
groups received moderate to strong support. Sunderland
(2012) suggested a close relationship between L. opacum,
L. korupensis, and L. laeve. Although the latter species was
not sampled here, we do not recover such a relationship,
with L. opacum appearing sister to L. secundiflorum.
Finally, relationships between the three out of the four
Oncocalamus species sampled here are not resolved. Historically, this genus was thought to comprise a single highly
variable species, O. mannii. However, in the recent revision
of the genus, at least four species have been identified
(Sunderland 2012). Our results indicate a close genetic proximity between the sampled species and more sequence data
should be used to clarify their relationships.
Our study provides significant phylogenetic information at
the interspecific level in Ancistrophyllinae subtribe, with 80%
of species sampled. Relationships between the three genera
are not well resolved even though they are morphologically
distinct, which could be the result of a rapid diversification

1106

SYSTEMATIC BOTANY

or lack of informative markers. More data will be needed to
resolve the relationships between and within genera. In addition, it will also be important to include more than one individual per species in order to test for the species concept
within this tribe. Indeed, most species are based on vegetative characters which could be misleading.
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Appendix 1. Species name; origin; collector name, collector number;
location of voucher specimen; GenBank numbers (atpI-atpH; psbAtrnH; psbZ-trnFM; rps3-rpl16). Herbaria: K=Royal Botanic Gardens,
Kew, WAG=National Herbarium Nederland, Wageningen branch,
NYBG=New York Botanical Garden, G= Conservatoire et Jardin
botaniques de la Ville de Genève, E= Royal Botanic Gardens, Edinburgh.
Eremospatha barendii. CAMEROON. National Park of Campo Ma’an,
Couvreur 409 (K), (KJ500150; KJ500058; KJ500088; KJ500119). Eremospatha
cabrae. REPUBLIC OF CONGO. Harris 9547 (E), (—; KJ500065;—;
KJ500126). Eremospatha cuspidate. CAMEROON. Bruneau 1071 (K),
(KJ500156; KJ500064; KJ500094; KJ500125). Eremospatha dransfieldii.
GHANA. Ouattara & Stauffer 7 (G), (KJ500149; KJ500057; KJ500087;
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KJ500118). Eremospatha haullevilleana. REPUBLIC OF CONGO. Harris
9623 (E), (KJ500155; KJ500063; KJ500093; KJ500124). Eremospatha hookeri.
cultivated at RBG Kew, Baker 1364 (K), (KJ500157; KJ500066; KJ500095;
KJ500127). Eremospatha laurentii. REPUBLIC OF CONGO. Moutsamboté
6141 (E), (KJ500154; KJ500056;—; KJ500117). Eremospatha macrocarpa.
GHANA. Ouattara 11 (G), (KJ500152; KJ500060; KJ500090; KJ500121).
Eremospatha wendlandiana. CAMEROON. National Park of Campo
Ma’an, Couvreur 382 (K), (KJ500151; KJ500059; KJ500089; KJ500120).
Laccospema acutiflorum. CAMEROON. National Park of Campo Ma’an,
Couvreur 375 (K), (KJ500148; KJ500055; KJ500086; KJ500116). Laccospema
koroupensis. CAMEROON. National Park of Campo Ma’an, Couvreur 394
(K), (KJ500142; KJ500049; KJ500080; KJ500110). Laccosperma opacum.
GHANA. Ouattara 15 (G), (KJ500146; KJ500053; KJ500084; KJ500114);
Laccospema robostum. CAMEROON. National Park of Campo Ma’an,
Couvreur 368 (K), (KJ500144; KJ500051; KJ500082; KJ500112). Laccosperma
secundiflorum. GHANA. Ouattara & Stauffer 12 (G), (KJ500141; KJ500048;
KJ500079; KJ500109). Oncocalamus macrospathus. GABON. Valkenburg
2628 (WAG), (KJ500136; KJ500043; KJ500074; KJ500104). Oncocalamus
manii. CAMEROON. Dransfield 7007 (15717) (K), (KJ500137; KJ500044;
KJ500075; KJ500105). Oncocalamus tuleyi. CAMEROON. Sunderland
1759 (K), (KJ500139; KJ500046; KJ500077; KJ500107). Lepidocaryum tenue.
PERU. No voucher, (KJ500133; KJ500040; KJ500071; KJ500101). Mauritia
flexuosa. BOLIVIA. Couvreur 194 (NYBG), (KJ500131; KJ500038; KJ500069;
KJ500099). Mauritiella armata. BOLIVIA. Couvreur 257 (NYBG),
(KJ500132; KJ500039; KJ500070; KJ500100). Raphia hookeri. GHANA.
Ouattara & Stauffer 3 (G), (KJ500135; KJ500042; KJ500073; KJ500103).
Raphia palma-pinus. GHANA. Ouattara & Stauffer 14 (G), (KJ500134;
KJ500041; KJ500072; KJ500102). Calamus aruensis. INDONESIA. Dransfield
7571 (K), (KJ500130; KJ500037; KJ500068; KJ500098). Metroxylon
salomonense. SOLOMON ISLANDS. Zona 651 (K), (KJ500129; KJ500036;
KJ500067; KJ500097). Eugeissona tristis. MALAYSIA. Baker 501 (K),
(KJ500128; KJ500035;—; KJ500096).

