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Phylogenetic relationships in a Malagasy clade of Sapindaceae, encompassing Molinaea (with members also in
the Mascarene Islands), Neotina, Tina and Tinopsis, were inferred by expanding a previous nuclear and plastid
DNA data set for the family. The circumscription of these morphologically similar genera has remained prob-
lematic since the first family-wide treatment. To investigate this situation, representative taxa were analysed to:
(1) test the monophyly of the genera; (2) investigate their phylogenetic relationships; and (3) explore alternative
circumscriptions that reflect phylogeny and yield genera that are morphologically coherent and easily charac-
terized. Phylogenetic inferences supported the monophyly of the group and its subdivision into three clades. All
species of Molinaea sampled belong to a clade (Clade I) that is sister to a clade comprising Neotina, Tina and
Tinopsis, within which one clade (Clade II) encompasses Tinopsis and Neotina (with the latter nested within the
former) and another (Clade III) comprises all taxa of Tina. These three genera can be easily distinguished from
Molinaea by having two rather than three carpels, which represents an unambiguous synapomorphy. Given the
paraphyly of Tinopsis with regard to Neotina and the strong support for the monophyly of Tina, two potentially
viable options are available for the generic delimitation of the taxa in this clade: (1) to recognize two genera
corresponding, respectively, to Clades II and III; or (2) to place all of the taxa in a single genus encompassing
both clades. Based on a review of morphological evidence the second option is favoured and consequently a broad
generic concept is applied. © 2011 The Linnean Society of London, Botanical Journal of the Linnean Society,
2011, 165, 223-234.
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INTRODUCTION

Recent phylogenetic analyses of Sapindaceae inferred
from nuclear and plastid sequence data have revealed
a high level of para- and polyphyly at the subfamilial,
tribal and even generic levels (Harrington et al., 2005;
Buerki et al., 2009a). The worldwide Sapindaceae, as
circumscribed by the Angiosperm Phylogeny Group
(APG 11, 2003; APG III, 2009), include c¢. 1900 species
in 142 genera and four subfamilies (Xanthoceroideae,
Hippocastanoideae, Dodonaeoideae and Sapindoideae)
(Buerki et al., 2009a), although Buerki et al. (2010a)
recently adopted a narrower family circumscription
based on molecular, biogeographical, dating and mor-
phological evidence. To accommodate the high level of
tribal para/polyphyly, a new informal infra-familial
classification was proposed by Buerki et al. (2009a),
mainly based on molecular evidence, and additional
work has been conducted to develop new generic
circumscriptions (see Buerki et al., 2010b). These
studies have clarified relationships at the family level
and made important advances towards an improved
classification of Sapindaceae. They have also brought
into focus the need for further investigations to iden-
tify new synapomorphies that support the groups
defined in the molecular analyses and that can provide
the basis for developing a formal tribal classification
(see Buerki et al., 2009a).

Madagascar is home to a remarkable array of mor-
phological and genetic diversity within Sapindaceae
and an exceptional level of endemism (Capuron, 1969).
In total, c. 100 species in 27 genera are currently
recognized in Madagascar, with 11 genera endemic to
the island; namely, Beguea Capuron, Chouxia
Capuron, Conchopetalum Radlk., Gereaua Buerki &
Callm., Neotina Capuron, Plagioscyphus Radlk.,
Pseudopteris Baill., Tina Schult., Tinopsis Radlk. and
Tsingya Capuron (Capuron, 1969; Buerki et al.,
2010b). In the context of preparing a treatment of the
family for the Catalogue of the Vascular Plants of
Madagascar (http://www.efloras.org/madagascar), the
aim of which is to provide an authoritative taxonomic
synthesis of the Malagasy flora, an initial set of
revisions has been conducted on several Malagasy
genera (e.g. Schatz, Gereau & Lowry, 1999; Buerki
et al., 2009b, 2010b) and others are in progress. Phy-
logenetic analyses have shown that most Sapindaceae
present on this large Indian Ocean island (especially
those in endemic genera) belong to one of two well-
supported clades, referred to as the Macphersonia and
Cupania groups (Buerki et al., 2009a). Relationships
within the first of these clades, members of which are
distributed mainly in Madagascar with some taxa in
eastern Africa, were recently investigated by Buerki
et al. (2010b), whereas the second group, which has a
wider distribution, with taxa occurring in Australasia,

South America and Madagascar (Buerki et al., 2009a),
has not yet been examined in detail. Within the
Cupania group, four genera form a strongly supported
clade: Molinaea Comm. ex Juss. (with eight species in
the Malagasy region: five in Madagascar and three in
the Mascarene Islands), Neotina (two species), Tina
(six species) and Tinopsis (11 species), the latter three
all endemic to Madagascar. These genera are closely
related to several South American genera, notably
Cupania and Matayba Aubl. (Buerki et al., 2009a).
Although the four Malagasy genera form a monophyl-
etic group, their circumscription and defining charac-
ters have been problematic ever since Radlkofer (1933)
published the first comprehensive classification for the
family and they have posed problems for taxonomists
since then (Capuron, 1969; Andriambololonera, 1999).

There has been considerable confusion regarding the
definition and circumscription of these four genera (see
Capuron, 1969; Acevedo-Rodriguez, 2003), but Moli-
naea can be easily distinguished morphologically from
members of the other genera by its three-carpellate
gynoecium (vs. two carpels in Neotina, Tina and Tinop-
sis) (Fig.1). When Radlkofer (in Durand, 1888)
described Tinopsis, based on T. apiculata Radlk., he
distinguished it from 7ina on the basis of the number
of stamens (five vs. eight, respectively), which
prompted Choux (1925) to transfer Tina isoneura
Radlk. to Tinopsis as it also has five stamens, although
it has a dehiscent fruit characteristic of Tina (Tinopsis
is the only genus with indehiscent fruit; see below and
Table 1). Choux (1927) and Radlkofer (1933) subse-
quently changed their minds and chose to recognise a
single genus, Tina, because of the absence of strong
discriminating morphological characters. In contrast,
in his monograph of Malagasy Sapindaceae, Capuron
(1969) resurrected Tinopsis (in which he described
eight new species) and described Neotina as a new
genus to accommodate Tina isoneura because of its
unique combination of fruit morphology, number of
stamens and lomatorrhizal embryo (a character shared
with Tinopsis), whereas the embryo of Tina is notor-
rhizal (see Table 1). Although these genera are mor-
phologically similar in many respects, Capuron (1969)
assigned them to two different tribes: Neotina and Tina
(and Molinaea) were placed in Cupanieae, character-
ized by a dehiscent fruit with a ceraceous (waxy),
coloured (generally orange to pale red) arillode that
partially surrounds the seed (in some cases the arillode
is somewhat obscure), whereas Tinopsis was assigned
to Schleichereae, members of which have an indehis-
cent fruit with a fleshy, translucent arillode surround-
ing the entire seed (similar to that of the widely
cultivated Litchi chinensis Sonn.; see Fig.1 for a
summary of fruit morphology).

As mentioned above, the phylogenetic analyses of
Buerki et al. (2009a, 2010a, b) were in agreement
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GENERIC LIMITS IN MALAGASY SAPINDACEAE 225

Figure 1. A survey of fruit morphology in representative members of Molinaea, Neotina, Tina and Tinopsis. A, Tina
striata Radlk. ssp. striata (Buerki 75; photograph: S. Buerki); B, Neotina coursii Capuron (Malcomber 1293; photograph:
G.E. Schatz); C, Tinopsis macrocarpa Capuron (Buerki 134; photograph: S. Buerki); D, Molinaea retusa Radlk. (Call-
mander 572; photograph: M.W. Callmander).
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Table 1. Comparison of the Malagasy genera Tina, Neotina and Tinopsis

Tina Roemer & Schult.

Neotina Capuron

Tinopsis Radlk.

Tribe Cupanieae Cupanieae Schleichereae

Phylogenetic Cupania group Cupania group Cupania group
grouping

Leaflet Denticulate (at least in part) Entire Entire

Petal scale Free Free or united Free or united

Stamens (5 or) 6-8 (or 9) 56 or7) 5(@®orT)

Anther Subcordiform, apiculous and Oblong, emarginate and Oblong, emarginate and

glandular at the apex

Stigmatic line  Short

eglandular at the apex
Well developed along the style

eglandular at the apex
Well developed along the style

Fruit Dehiscent, splitting into two Dehiscent, splitting into two Indehiscent or incompletely
valves that become widely valves that become widely splitting into two erect
separated separated valves

Endocarp Glabrous or pubescent Glabrous Glabrous

Arillode Not surrounding the entire seed  Not surrounding the entire seed  Surrounding the entire seed,
(sometimes reduced or (sometimes reduced or fleshy, translucent
absent), ceraceous, coloured absent), ceraceous, coloured
(usually orange or pale red) (usually orange or pale red)

Embryo type Notorrhizal Lomatorrhizal Lomatorrhizal

The definition of tribes follows Radlkofer (1933) and the phylogenetic groupings are those of Buerki et al. (2009a).

Morphological characters were adapted from Capuron (1969).

with the views of Choux (1927) and Radlkofer (1933)
with regard to considering Molinaea, Neotina, Tina
and Tinopsis as closely related genera. In these
molecular studies, Molinaea was shown to be the
sister lineage of the remaining genera (with Tina in
turn being sister to Neotina + Tinopsis; Buerki et al.,
2009a, 2010a, b). However, because these phyloge-
netic analyses were based on limited sampling (just
one or two exemplars per genus), they do not provide
a robust understanding of relationships within this
clade. In an attempt to address this deficiency, we
have expanded the data set of Buerki et al. (2010b) by
significantly augmenting the number of taxa within
this clade (hereafter referred to as the ingroup) in
order to: (1) test the monophyly of the four genera as
currently defined; (2) investigate phylogenetic rela-
tionships among the members of the ingroup; and (3)
explore alternative circumscriptions that reflect phy-
logeny and yield genera that are morphologically
coherent and easily characterized.

MATERIAL AND METHODS

SAMPLING, SEQUENCE DATA AND
PHYLOGENETIC ANALYSES

Species names, voucher information and GenBank
accession numbers for all sequences are provided in
Buerki et al. (2010b) except for the taxa added for this
study (see Appendix), which include representative
species of the Malagasy genera Molinaea, Neotina,
Tina and Tinopsis, all of which are members of the

Cupania group (Buerki et al., 2009a). The outgroup
sampling included one species of Anacardiaceae
(species of Sorindeia Thou.; defined as the outgroup
in all analyses; Buerki et al., 2009a) and one species
of Simaroubaceae (Harrisonia abyssinica Oliv.). The
DNA extraction, amplification and sequencing proto-
cols for the nuclear and plastid regions studied are
provided in Buerki etal. (2009a). The nuclear
sequences include the entire internal transcribed
spacer (ITS) region (ITS1, 5.8S and ITS2) and the
plastid markers include both coding (matK and rpoB)
and non-coding regions (the ¢rnL intron and the inter-
genic spacers trnD-trnT, trnK-matK, trnL-trnF and
trnS-trnQG).

In earlier phylogenetic studies of Sapindaceae
(Buerki et al., 2009a, 2010a, b, ¢), none of the moder-
ately to strongly supported relationships recovered
(i.e. with bootstrap support > 75%) showed incongru-
ence between the single-gene analyses performed and
a total evidence approach was therefore adopted. As
the present study employs an expanded version of the
same basic data set, we have again chosen to present
the result of our analyses based on a combined data
set, using maximum likelihood (ML) and maximum
parsimony (MP) criteria, following the same procedure
as in Buerki et al. (2009a). The parsimony ratchet
(Nixon, 1999) was performed using PAUPrat (Sikes &
Lewis, 2001). Ten independent searches were per-
formed with 200 iterations and 15% of the parsimony
informative characters perturbed. A strict consensus
tree was constructed based on the shortest equally
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parsimonious trees. To assess support at each node,
non-parametric bootstrap analyses (Felsenstein, 1985)
were performed using PAUP* (Swofford, 2002) follow-
ing the same procedure as in Buerki et al. (2009a). An
ML analysis was performed using RAXML version
7.0.0 (Stamatakis, 2006; Stamatakis, Hoover & Rouge-
mont, 2008) with 1000 rapid bootstrap analyses fol-
lowed by the search of the best-scoring tree in one
single run based on the GTR + G + I model (see Buerki
et al.,2009a). These analyses were conducted using the
facilities made available by the Vital-IT portal at the
Swiss Institute of Bioinformatics (Lausanne, Switzer-
land; http://www.vital-it.ch/about/).

All eight
regions
47
6784
6394
(94.25)
390
(5.75)
183
(2.7

(1.97)

trnS-trnG
(96.0)
55
(4.0)
27

IGS
28

1374

1319

(4.18)

GS

46

11
(2.55)

trnL-trnF
I
431

413
(95.82)
18

RESULTS

The ML and MP total evidence trees were highly con-
gruent and revealed the same major groups of Sapin-
daceae as presented in Buerki et al. (2009a, 20104, b).
The most parsimonious tree for the combined analysis
was 10 376 steps in length [consistency index (CI) =
0.497 and retention index (RI) =0.750] and the con-
sensus tree was based on 1269 trees. The best ML tree
had a log likelihood of —73 138.44. Statistics for each
marker within the ingroup are provided in Table 2
(statistics for the full data set are given in Buerki et al.,
2009a, 2010b). As our results are congruent with those
of earlier studies of Sapindaceae, i.e. phylogenetic
relationships and bootstrap support values (BS) are
similar (Fig. 2A), only the ML total evidence tree is
discussed below because it contains the maximum
amount of phylogenetic information (Fig. 2). Both ML
and MP analyses strongly support the monophyly of
the ingroup and its position within the Cupania group
(BS: 100; Fig. 2). Within the ingroup, three clades can
be recognized: Clade I (BS: 100) is sister to Clade II
(BS: 65) + Clade III (BS: 98) (Fig. 2B). Clade I exclu-
sively comprises taxa of Molinaea. The composition of
Clade II suggests that Tinopsis is paraphyletic with
respect to Neotina (Fig. 2B), although relationships
are weakly supported and might better be regarded as
unresolved. All species belonging to Tina are placed in
Clade III, within which accessions belonging to T.
striata appear to be paraphyletic with respect to
certain other members of the genus, although some
nodes are weakly supported and further analyses will
be needed to confirm this finding (Fig. 2B).

trnL
intron
46
529
499
(94.33)
30
(5.67)
10
(1.89)

trnK-matK
IGS
32
723
91
(95.57)
32
(4.43)
15
(2.07)

trnD-trnT
(95.86)
62
(4.14)
21
(1.4)

IGS
31

1498

1436

rpoB
43
357
49
(97.76)
8
(2.24)
(1.12)

32
1089
1034

(94.95)

55

(5.05)
20
(1.84)

matK

IT

36
783
653
(83.4)
130
(16.6)

75

(9.58)

DISCUSSION
RELATIONSHIPS WITHIN THE INGROUP

The phylogenetic analyses conducted in this study
using significantly expanded ingroup sampling
(including 47 specimens representative of ingroup
diversity) confirm: (1) the monophyly of the ingroup
(BS: 100); (2) its placement within the Cupania group

parsimony-informative characters (%)
IGS, intergenic spacer; ITS, internal transcribed spacer.

The values reported correspond to the ingroup sampling only. See Buerki et al. (2009a) for values related to the entire data set.

Table 2. Characteristics of partitions used in the phylogenetic analyses

Number of sequences

Alignment length (including outgroup)
Number of constant characters (%)
Number of variable characters (%)
Number of potentially
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——————"" | Hippocastanoideae

Sapindaceae s.l. Dodonaeoideae

Delavaya group
Koelreuteria group

—————_] Schleichera group

Deinbollia group

——a Tristiriopsis group
Blomia group

Talisia group

Paullinia group

Macphersonia group

Sapindoideae

Cupania group

INGROUP

0.05

Figure 2. A, best maximum likelihood phylogenetic tree inferred from eight plastid and nuclear markers summarizing
relationships within Sapindaceae.
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Cupania scrobiculata
0 Cupania hirsuta
Cupania rubiginosa
Molinaea tolambitou (Rabenantoandro 1448)
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/

INGROUP

Molinaea retusa (Callmander 572)
Molinaea sp. nov. 1 (Antilahimena 4301)
Molinaea sp.indet. (Gautier 4783)
WLMolinaea sp. nov. 2 (Ravelonarivo 1784)
Tinopsis antongilensis (Callmander 388)
Tinopsis antongilensis (Antilahimena 5493)
Tinopsis antongilensis (Antilahimena 4614)
8 Tinopsis antongilensis (Ravelonarivo 1664)
Tinopsis phellocarpa (Antilahimena 4328)
Tinopsis macrocarpa (Buerki 134)

Tinopsis tamatavensis (Buerki 140)

6_2[|_—Tinopsis tamatavensis (Buerki 133)
Tinopsis tamatavensis (Buerki 135)

Tinopsis apiculata (Buerki 131)
Neotina coursii (Vary 29)
Neotina coursii (Razafindraibe 119)
leotina coursii (Vary 35)
Neotina coursii (Razafindraibe 109)
Neotina isoneura (Razakamalala 3004)

Clade |

50

9
Y

Tinopsis urschii (Antilahimena 3951)

Tinopsis urschii (Antilahimena 5198)
Tinopsis conjugata (Miller 8757)
Tinopsis conjugata (Rabenantoandro 1216)
Tina striata subsp. striata (Schatz 4024)
Tina striata subsp. striata (Vary 45)
Tina striata subsp. striata (Vary 43)
63| |Tina striata subsp. striata (Vary 30)

59 [-Tina striata subsp. striata (Vary 27)
Tina striata subsp. striata (Vary 52)
Tina striata subsp. striata (Vary 26)
Tina striata subsp. striata (Vary 31)
Tina chapelieriana (Ranirison 827)
Tina striata subsp. parvifolia (Antilahimena 4789)
Tina chapelieriana (Miller 8759)

94 'Tina fulvinervis (Buerki 136)

75 |Tina thouarsiana (Rabevohitra 4445)
Tina thouarsiana (Lowry 6021)
Tina striata subsp. striata (Ravelonarivo 1904)
Tina striata subsp. parvifolia (Razafitsalama 1132)
Tina striata subsp. parvifolia (Callmander 647)
97 “Tina striata subsp. parvifolia (Razafitsalama 1137)
Tina striata subsp. multifoliolata (Callmander 584)
Tina striata subsp. multifoliolata (Callmander 618)
Tina striata subsp. multifoliolata (Schatz 3746)

100

50

og] o1

Clade Il

Clade Il

—0.001

57 Tina striata subsp. striata (Randrianarivelo 378)
Tina striata subsp. striata (Buerki 75)

Figure 2. B, phylogenetic relationships within the Malagasy Sapindaceae clade (ingroup). The South American sister
clade is also represented and used as the outgroup. Bootstrap supports are indicated above each branch. The classification

follows Buerki et al. (2009a).

(Fig. 2A); (3) the sister position of Molinaea (Clade I;
Fig. 2B) to the other genera within the ingroup, as
suggested earlier based on much more limited sam-
pling (Buerki et al., 2009a); (4) the monophyly of Tina
(Clade III); and (5) the close relationship between
Tinopsis and Neotina (Clade II BS: 65; previously
suggested by Buerki et al., 2009a; Fig. 2B). Based
exclusively on phylogenetic evidence, the monophyly
of both Molinaea and Tina is supported, whereas the
status of the two other genera remains problematic.
In the following discussion, we will explore the taxo-
nomic implications of the paraphyly of Tinopsis
(based on morphological evidence) and will attempt
to propose a coherent generic treatment.

GENERIC CIRCUMSCRIPTION: RADLKOFER
VS. CAPURON

One of the goals of the present study is to improve on
the current generic level taxonomy for this group of
Malagasy Sapindaceae by proposing an alternative
that reflects evolutionary relationships and is sup-
ported by easily discernable morphological features.
Although Capuron (1969) resurrected Tinopsis and
described Neotina in an attempt to characterize the
diversity exhibited by members of this group, he
acknowledged that no vegetative or floral features
unambiguously distinguished Tina from Tinopsis
and/or Neotina. As a consequence, hundreds of sterile
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and flowering herbarium specimens remain unas-
signed to genus, serving as a clear indication of the
inadequacies of the current generic framework and
providing strong motivation for our efforts to improve
on it. Using the phylogenetic hypotheses resulting
from our molecular analyses, we have considered
alternatives for generic circumscriptions with particu-
lar regard to potentially diagnostic morphological
characters (see Table 1). Such an approach consti-
tutes the first step towards understanding the evolu-
tion of this Malagasy clade and will provide a basis
for further investigations focusing, for example, on
species delimitations and patterns of morphological
character evolution.

Molinaea, which forms a clade sister to all other
members of the ingroup (Clade I; Fig. 2B), is charac-
terized by an ovary with three carpels, a feature found
in most Sapindaceae, including the South American
genera (such as Cupania L.; Fig. 2B) that are sister to
the clade comprising the genera being studied here (i.e.
the ingroup). This suggests that a reduction in the
number of carpels took place in a common ancestor of
the clade comprising Neotina, Tina and Tinopsis and
that this feature thus constitutes a synapomorphy for
them (Fig. 2B). Capuron (1969) hypothesized just such
a trend and he also argued that, although the Mala-
gasy genera are morphologically similar to those from
South America (especially Cupania), they are never-
theless sufficiently distinctive and geographically
separate to be retained. He further suggested that
Tina, Tinopsis and Neotina shared a common ancestor
with Molinaea, a hypothesis that is strongly supported
by our results (Fig. 2B). Among the four ingroup
genera, Molinaea is also the only one to occur outside
Madagascar, with three of the nine described species
found in the Mascarene Islands (Capuron, 1969). A
taxonomic revision of this genus will soon be completed
(M. W. Callmander, P. B. Phillipson and S. Buerki,
unpubl. data).

Based on the evidence presented here, Molinaea
can be comfortably maintained as a well-supported
and easily recognized genus, but the status of the
three other genera is less clear. Given the paraphyly
of Tinopsis with regard to Neotina in Clade II and the
strong support for the monophyly of Tina (comprising
Clade III; Fig. 2), two potentially viable alternatives
are available for the generic delimitation of the taxa
in this clade: (1) to recognize two genera correspond-
ing to Clades II and III, respectively; and (2) to place
all of the taxa in a single genus encompassing both
clades (Fig. 2B; Table 1). Below we will consider the
advantages and drawbacks of these alternative clas-
sifications.

Option 1 would result in the circumscription of two
genera, Tinopsis (including Neotina) and Tina, only the
latter of which is well supported by molecular data

(BS: 98; Fig. 2B). However, adopting this generic align-
ment would present practical problems with regard to
morphology. A broadened circumscription of Tinopsis
would include some members with indehiscent fruits
and fleshy, translucent arillodes and others (those
currently assigned to Neotina) with dehiscent fruits
and ceraceous, coloured arillodes, a combination of
characters also found in Tina. Moreover, recent field
observations made by the authors have shown that the
fresh fruits of the species currently referred to as
Tinopsis macrocarpa Capuron exhibit a well-defined
line of dehiscence that is initiated early in develop-
ment (Fig. 1), despite the fact that this taxon is nested
well within a subclade that otherwise comprises
species with indehiscent fruits (Fig. 2B). This finding
of homoplasy in fruit dehiscence further calls into
question the taxonomic utility of this character, which
Capuron (1969) regarded as important for distinguish-
ing genera within the group. Our results also lend
support to studies that have revealed a trend of
homoplasy in fruit morphology more broadly within
the family (Harrington et al., 2005; Buerki et al.,
2009a) and they suggest that the importance attached
to fruit structure in the past (e.g. by Radlkofer, 1933;
Capuron, 1969) may have been misplaced. Further
field investigations may show that the true mode of
dehiscence of some members of the family is not fully
reflected in what can be observed on dried herbarium
specimen, as in the case of Tinopsis macrocarpa.

If fruit characters prove to be less informative than
once supposed, it will be necessary to identify other
attributes that are more reliable for distinguishing
major groups within the family. In the case of the
Malagasy clade being examined here, several fea-
tures, including details of the margin of the leaflet,
and the number of stamens and stigmatic lines,
appear to corroborate the close relationship between
Neotina and Tinopsis revealed by molecular evidence
(Table 1) and might thus lend support to option 1
mentioned above. According to Capuron (1969),
species of Tina have denticulate leaflets, whereas
those of the two other genera he recognized have
entire leaflets (Table 1). Although this character
appears to have diagnostic value for species, it does
not correlate well with the current circumscription of
genera, contrary to Capuron’s assertion. For example,
Tina thouarsiana (Cambess.) Capuron has entire leaf-
lets, whereas those of Tina dasycarpa Radlk. may
either be entire or have evident teeth (as observed
recently by the authors). With regard to the number
of stamens, Tina has long been seen as distinctive in
having six to eight stamens vs. five in the two other
genera (Table 1). However, field observations reported
by Capuron (1969), and confirmed by the authors of
the present study, clearly show a high level of vari-
ability in this character, especially within Tina (for a
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detailed review see Capuron, 1969), casting doubt
over its value for circumscribing genera. Alterna-
tively, the presence and shape of a gland at the apex
of the anther appears to have potential for distin-
guishing Tinopsis (including Neotina), which has
oblong, emarginate anthers without a gland at the
apex, from Tina, members of which have subcordi-
form, apiculous anthers with an apical gland
(Table 1). The presence of a short stigmatic line in
Tina, vs. a well-developed stigmatic line that extends
along the style in the other genera (Table 1), also
seems to support option 1. Finally, Capuron (1969),
like Radlkofer (1933) before him, attributed great
importance to embryo type, and on this basis he
distinguished Neotina, with its lomatorrhizal embryo
(a character shared with Tinopsis), from Tina, which
has a notorrhizal embryo (Table 1). We have not found
any exceptions to this pattern (based on limited obser-
vations), but embryo type is not easily observed in the
field or on dried specimens, a fact that significantly
limits its utility as a generic level character.

Option 2, which would involve placing all the taxa
currently assigned to Neotina, Tina and Tinopsis in a
single, significantly expanded genus, would be fully
consistent with our molecular findings, which provide
strong support for this clade (BS: 100). If this option
were adopted, the name Tina would have nomencla-
tural priority (Acevedo-Rodriguez, 2003). Circum-
scribed in this manner, the genus would comprise c. 20
species, encompassing all members of the ingroup with
a bicarpellate gynoecium, which would constitute a
robust and easily observed synapomorphy, unambigu-
ously enabling fertile material of Tina to be distin-
guished from specimens of Molinaea. This option thus
has a clear practical advantage over the alternative
outlined above by avoiding problems involving charac-
ters related to the anthers and stigmas, which may be
of value for distinguishing the three traditionally
recognized genera, but are often particularly difficult
to observe in the small flowers produced by these
plants, frequently requiring magnification to be
certain of which character state is expressed.

Our observations suggest that the floral and veg-
etative characters mentioned above will prove to be
more suitable for distinguishing species within a
newly expanded Tina. Moreover, they may be of value
for clarifying taxonomic limits within the most prob-
lematic member of the genus, T. striata Radlk., which
exhibits a high level of morphological polymorphism
(with five subspecies recognized by Capuron, 1969)
and appears to be polyphyletic as currently defined
(Fig. 2B). An evaluation of the potential utility of
these morphological features will be facilitated by
making use of the microsatellites recently developed
by Vary et al. (2009) to investigate species limits
within the T striata complex.

It should be noted that the phylogenetic distances
between taxa within the Cupania group are quite low,
especially compared with other groups of Sapindaceae
(Fig. 2A), despite the high level of generic diversity
observed in the group (c. 32 genera; Buerki et al.,
2009a, 2010a, b). The significant non-monophyly found
in some of the currently recognized genera (Cupaniop-
sis Radlk., Guioa Cav., Matayba, Sarcotoechia Radlk.
and Tinopsis) might reflect a historical tendency
toward taxonomic over-splitting. If this proves to be
the case, then the option we have proposed here for
expanding Tina to include Neotina and Tinopsis may
be the first of several such modifications to the current
generic level taxonomy within the group. Also, we note
that further studies (along the same lines as the one
presented here) will be needed to test the utility and
robustness of these genera. From an evolutionary
point of view, the phylogenetic information presented
here is consistent with a rapid diversification within
the widely distributed Cupania group, the various
subgroups of which have members throughout the
Tropics (with the sole exception of Africa).

LET’S KILL TWO GENERA WITH ONE TREE:
RADLKOFER WON!

Based on the results presented above, we recommend
that an expanded circumscription of 7ina be adopted to
encompass all bicarpellate members of the Malagasy
clade under consideration here (the required taxo-
nomic and nomenclatural changes will be formally
published in a forthcoming paper). This approach
avoids the problems associated with homoplasy found
in fruit features historically emphasized and the diffi-
culty of accurately observing minute and often cryptic
floral characters. Moreover, placing Tinopsis and
Neotina in synonymy under Tina provides a more
practical and easily applied taxonomic framework that
is fully consistent with our molecular findings and
more easily accommodates material the morphology of
which does not conform to historical generic limits.

In view of the rapidly increasing affordability and
efficiency of using molecular techniques to elucidate
evolutionary relationships, generic circumscriptions
and taxonomic revisions should, whenever possible,
be based on a strong phylogenetic framework. At the
same time, when taxa are circumscribed, they must
be supported by unambiguous and easily observable
morphological synapomorphies, insofar as possible.
This is the approach we have used in proposing our
revised circumscription of Tina in a way that enables
it to be easily recognized and unambiguously distin-
guished from Molinaea, returning to the generic
alignment adopted more than 80 years ago by Choux
(1925, 1927) and Radlkofer (1933) based solely on
morphological evidence.
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