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Background and aims — Annonaceae are an important family in tropical rain forests of Africa. Here, we
present a revision of the west-central African genus Piptostigma of the tribe Piptostigmateae. Previous
molecular phylogenetic analyses of Piptostigmateae have revealed that the genus as currently circumscribed
is paraphyletic. The aims of the article are: (1) to clarify the generic delimitation of the genus Piptostigma,
especially in relation to its current polyphyletic delimitation; (2) to provide a new updated key to the genera
of tribe Piptostigmateae; and (3) to provide for the first time in over 100 years a complete taxonomic
revision of genera Brieya and Piptostigma.

Material and methods — Normal practices of herbarium taxonomy were used for the morphological study
of about 200 specimens from B, BR, BRLU, G, HBG, K, L, LBV, LISC, MO, P, U, US, WAG, YA and
Z. We sequenced three plastid regions for 32 samples representing 26 ingroup (Piptostigmateae) and six
outgroup species in order to explore the paraphyly of Piptostisma. The open source software QGis was
used to generate the distribution maps of the species and their conservation status was obtained using the
TUCN categories and criteria.

Key results — Molecular and morphological evidence support the reinstatement of the genus Brieya De
Wild. Three keys are presented, one to the genera of Piptostigmateae and the two others to the species of
Brieya and Piptostigma. A total of thirteen species are described for Piptostigma and two for the genus
Brieya. Four new species are presented for the genus Piptostigma: P. macrophyllum, P. mayndongtsaeanum,
P. goslineanum and P. submontanum.

Key words — Annonaceae, Piptostigma, Brieya, taxonomy, tropical Africa.

INTRODUCTION

Annonaceae (Magnoliidae) is a pantropical family of trees,
shrubs and lianas representing an important component of
tropical rain forest ecosystems worldwide (Chatrou et al.
2012). Annonaceae are among the most abundant families
in the tropical rain forests of Africa generally within the ten
most species rich families (e.g. Phillips et al. 2002, Maas
et al. 2003, Kenfack et al. 2007, Sonké & Couvreur 2014,
Sosef et al. 2017). To date there are 44 genera and around
400 species found in Africa (excluding introduced species)
(Couvreur 2014a, Couvreur et al. 2012). Many recent revi-

sions and monographs have improved our knowledge of Af-
rican Annonaceae (Chatrou 1998, Kenfack et al. 2003, Maas
et al. 2003, Deroin & Luke 2005, Versteegh & Sosef 2007,
Couvreur 2009, 2014b, Botermans et al. 2011, Fero et al.
2014) and the family also has a dedicated scratchpad page
(http://annonaceae.myspecies.info).

The genus Piptostigma Oliv. belongs to subfam-
ily Malmeoideae, the second most diverse subfamily in An-
nonaceae, and to tribe Piptostigmateae which is sister with
moderate support to the rest of the subfamily (Chatrou et
al. 2012). Besides Piptostigma, the tribe contains five other
strictly African genera (Annickia Setten & Maas, Green-
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wayodendron Verdc., Polyceratocarpus Engl. & Diels,
Mwasumbia Couvreur & Johnson and Sirdavidia Couvreur
& Sauquet) whose phylogenetic relationships were recently
elucidated (Pirie et al. 2006, Couvreur 2009, Chatrou et al.
2012, Couvreur et al. 2015). Tribe Piptostigmateae is mor-
phologically diverse containing a range of different sexual
systems (bisexual, androdioecious), inflorescence types,
variation in perianth arrangements and numbers, as well as
varying numbers of stamens and carpels (Couvreur et al.
2009, 2015).

Although Piptostigma was thought to be well circum-
scribed morphologically, delimitation of species was prob-
lematic (Le Thomas 1969). This is mainly due to overall few
collections of this genus, very variable inflorescence lengths
(even within species) as well as little leaf shape variation,
making the identification of species (especially sterile ma-
terial) hard (Le Thomas 1969). The situation became even
more complicated when the main morphological character
used to separate “Piptostigma” from other African genera
(the long inner petals and sepal-like outer petals) was found
to be homoplastic within the Piptostigmateae (Couvreur et
al. 2009). Indeed, a molecular phylogenetic analysis of tribe
Piptostigmateac showed that the species Piptostigma fas-
ciculatum rendered the genus polyphyletic (Couvreur et al.
2009). Interestingly, this species (with a second species de-
scribed later) used to be classified in the genus Brieya.

The aims of this article are: (1) to clarify the generic de-
limitation of the genus Piptostigma, especially in relation to
its current polyphyletic delimitation; (2) to provide a new up-
dated key to the seven genera of tribe Piptostigmateae; and
(3) to provide for the first time in over 100 years a complete
taxonomic revision of the genera Brieya and Piptostigma,
with the description of four new species.

Taxonomical history

The genus Piptostigma was first described in 1865 and was
distinguished from other genera of African Annonaceae by
its longer inner petals vs. the sepal-like shorter outer petals,
an unusual character within the African Annonaceae. In the
original publication (Oliver 1865), the author described two
species P. pilosum and P. glabrescens with the former name
now considered as the type species for this genus (Fries
1959), although it was not clearly stated. Thirteen years after,
in 1878 the name was sunk into a section of Phaeanthus be-
cause this latter South East Asian genus is also characterized
by outer petals being similar to the sepals in size and consid-
erably smaller than the inner petals (Chaowasku et al. 2014).
This classification however, was not followed by subsequent
authors (Phaeanthus is not related to Piptostigma: Chatrou
et al. 2012, Chaowasku et al. 2014). In 1899, an addition-
al species, P. longepilosum, was described, then two other
ones two years later: P multinervium and P. preussii (the
latter synonym of P. glabrescens since 1969). Several spe-
cies were described during following decades: P. mortehanii
and P. latipetalum in 1913 (the latter name designated in the
present work as synonym of P. pilosum), P. calophyllum and
P. macranthum in 1915, P. mayumbense in 1926 (designated
in the present work as synonym of P. macranthum), P. gigan-
teum in 1927 (designated in the present work as synonym of
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P. pilosum), P. aubrevillei in 1936 (designated in the present
work as synonym of Brieya fasciculata), P. oyemense and
P. fouryi in 1950 (the latter name is designated in the present
work as synonym of P. mortehanii).

No new species have been described in Piptostigma since
1955, probably because species delimitation within this ge-
nus is often difficult.

The genus Brieya was first described in 1914 (De Wilde-
man 1914) and included one species B. fasciculata. Although
this species presented the longer inner petals characteristic
of the species within Piptostigma, the author indicated that
Brieya was different by the stalked flowers in clusters and the
individual fruits (monocarps) not fused at the base (see be-
low). Brieya latipetala was later described, in 1950. One year
later, Boutique (1951) indicated that Brieya possibly could be
synonym of Piptostigma. Fries (1955) clarified the situation
by indicating that in the original description of Piptostigma,
Oliver (1865) did not describe the fruits, but only cited a note
from Reverend George Thomson “fruits of several united
carpels”. Subsequently, Engler & Diels (1901) repeated this
in the description of the fruits for the genus, although their
drawing of P. longepilosum had clearly free monocarps. Pip-
tostigma does not have united monocarps, and thus the ob-
servation by Thomson was incorrect. Fries (1955) indicated
that for this reason Brieya does not deserve recognition and
presented the combination P. latipetalum (Exell) R.E.Fr. Be-
cause the name P. latipetalum Baker f. from 1913 was already
in use, Fries (1959) proposed the substitute name P. exellii.

MATERIAL AND METHODS

Molecular phylogenetics

Taxon sampling — In order to assess the phylogenetic place-
ment of Piptostigma fasciculatum we increased sampling
within the tribe compared to previous analyses (Couvreur
et al. 2009, 2015). A total of 32 samples representing 26 in-
group and six outgroup species were used for this study. For
the outgroups, representatives of all four subfamilies were
also included (Chatrou et al. 2012). In Piptostigma, seven
species out of thirteen were included. For Pipfostigma fas-
ciculatum we included three specimens, one from Liberia,
one from Cameroon and one from Gabon. We included all
currently recognized species of Greenwayodendron (2/2),
seven species out of eight for Annickia, four species out of
eight for Polyceratocarpus and the two monotypic genera,
Sirdavidia Couvreur & Sauquet (two individuals) and Mwa-
sumbia Couvreur & Johnson (table 1).

DNA was extracted from silica gel dried leaves using the
DNeasy Plant Mini Kit (Qiagen, Valencia, CA). We ampli-
fied three chloroplast regions: the #rnL intron and trnL-trnF
spacer (trnLF), rbcL and the psbA-trnH intergenic spacer.
The universal primers C/D and E/F (Taberlet et al. 1991)
were used to amplify and sequence #nLF. The rbcL marker
was amplified using two primer combinations, 1F/724R and
636F/1460R (Fay et al. 1998). The psbA-trnH intergenic
spacer was amplified and sequenced using primers pshA and
trnH (GUG) (Hamilton 1999). PCR amplifications were con-
ducted using the FailSafe kit with Premix E (Epicentre, Mad-
ison, WI), according to manufacturer’s instructions and by
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Table 1 — Collections and GenBank numbers.

Herbarium

Genbank numbers

Species Collector name, number Country
acronym psbA_trnH rbecL trnL-trnF
Anaxagorea phaeocarpa Mart. Maas, PJ.M., 8592 U Ecuador AY841426 AY238952 AY231284
Cleistopholis glauca Pierre ex Engl. & Diels  Wieringa, J.J., 3278 WAG Gabon  AYS841432 AY841603 AY841681
Annona senegalensis Pers. Chatrou, L.W., 469 U - NA AY841597 AY841674
Duguetia staudtii (Engl. & Diels) Chatrou Andel, TR. van, 3290 U Cameroon DQI125124 AY738178 AY740590
Malmea dielsiana ( Saff.) R.E.Fr. Chatrou, L.W., 122 U Peru AY841473 AY319063 AY319177
Cremastosperma cauliflorum R.E.Fr. Chatrou, L.W., 224 U Peru AY841448 AY743519 AY743565
Greemwayodendron suaveolens McPherson, G., 15802 WAG ~ Gabon AY841466 AY841524 AY841538
(Engl. & Diels) Verdc.
Greenwayodendron oliveri (Engl.) Verdc. Jongkind, C.C.H., 1795 WAG Ghana  AY841465 AY743451 AY743470
Annickia affinis (Exell) Versteegh & Sosef  Sosef, M.S.M., 1877 WAG Gabon  AY841442 AY841594 AYS841671
Annickia ambigua Republic
(Robyns & Ghesq.) Setten & Maas Faye, A., 65 YA of Congo KU716119 KU716136 KU716127
Annickia chlorantha (Oliv.) Setten & Maas ~ Couvreur, T.L.P., 414 WAG Cameroon KU716117 KU716137 NA
Annickia kummeriae .
(Engl. & Diels) Setten & Maas Johnson, D.M., 1942 OWU Tanzania AY841443 AY238959 AY231285
Annickia letestui ..
(Le Thomas) Setten & Maas Wieringa, J.J., 6102 WAG Gabon  KU716118 KU716138 NA
Annickia pilosa (Exell) Setten & Maas Sosef, M.S.M., 1803 WAG Gabon  AY841444 AY743469 AY841726
Annickia polycarpa (DC.) LM.Turner Jongkind, C.C.H., 10892 WAG Gabon  KU716116 KU716139 KU716128
Sirdavidia solanonna Couvreur & Sauquet Couvreur, TL.P., 596 WAG Gabon NA KP144081 KP144079
Sirdavidia solanonna 8 Couvreur, TL.P., 597 WAG Gabon NA KP144082 KP144080
Mwasumbia alba Couvreur & D.M.Johnson  Couvreur, T.L.P., 85 WAG Tanzania NA EU747680 EU747674
Polyceratocarpus microfrichus Bos, J.J., 6684 WAG  Gabon NA  EU747683 EU747677
Ghesq. ex Pellegr.
Polyceratocarpus parviflorus Couvreur, TL.P, 632 WAG  Cameroon KU716120 KU716140 KU716120
(Baker f.) Ghesq.
Polyceratocarpus pellegrinii Le Thomas Wilde, J.J.E. de, 8718 WAG Gabon NA EU747684 EU747678
Polyceratocarpus sp. ined. Couvreur, T.L.P, 101 WAG Tanzania NA EU747681 EU747675
Brieya fasciculata De Wild. Couvreur, TL.P, 511 WAG  Cameroun KU716122 KU716142 KU716131
(Piptostigma fasciculatum) Cameroon
Brieya fasciculata De Wild. .
. . . I Jongkind, C.C.H., 1862 WAG Ghana  AY841497 AY841647 AY841725
(Piptostigma fasciculatum) Liberia
Brieya fasciculata De Wild. Couvreur, TL.P, 578 WAG  Gabon NA  KU716144 KU716131
(Piptostigma fasciculatum) Gabon
. . Republic
Piptostima macranthum Faye, A., 52 YA NA KU716145 KU716132
of Congo
Piptostigma mortehani Wieringa, J.J., 2779 WAG Gabon  AY841498 AY743454 AY743473
Piptostigma multinervium Couvreur, TL.P., 523 WAG Gabon  KU716126 KU716146 KU716133
Piptostigma oyemense Kandem, N., 159 YA Cameroon KU716124 KU716147 KU716134
Piptostigma pilosum Wieringa, J.J., 2030 WAG Gabon  AY841499 AY841648 AY841726
Piptostigma macrophyllum Couvreur, TL.P, 518 WAG Cameroon KU716125 KU716148 KU716135
Piptostigma submontanum Couvreur, TL.P., 625 WAG Cameroon KU716123 KU716143 KU716130
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adding 0.5 U of Taq DNA polymerase (Promega, Madison,
WI) in a total volume of 50 pL. The PCR program was as
follows: 35 thermal cycles at 94 °C for 1 min, 50-55 °C for
50 s, 72 °C for 50 s and a final extension at 72 °C for 3 min.
Sequencing was performed at Macrogene. Sequences were
edited using Geneious ver. 1.5.6 (Drummond et al. 2010) and
manually aligned in the PAUP* text editor (ver. 4.10b; Swof-
ford 2002). Microsatellites and ambiguously aligned regions
(in trnLF and psbA-trnH spacers) were excluded from all
analyses.

Phylogenetic analyses — Maximum Parsimony (MP) analy-
ses were performed on the combined dataset using PAUP*
(ver. 4.10b; Swofford 2002). Heuristic searches were per-
formed with 5000 random sequence addition iterations,
saving ten trees in each, with tree bisection-reconnection
branch-swapping. Gaps were treated as missing. The strict
consensus tree was computed using the remaining trees.
Relative support for each node was assessed by performing
100 bootstrap replications (Felsenstein 1985, Salamin et al.
2003) with TBR branch swapping (ten random addition se-
quences, saving ten trees per replicate). Maximum likelihood
analyses were conducted using RAXML ver. 7.2.7 (Stamakis
2006) on the CIPRES portal teragrid (Miller et al. 2010). ML
bootstrap analyses and the inference of the optimal tree were
conducted simultaneously. The optimal tree was inferred us-
ing a GTR+I" model, whereas a similar yet more computa-
tionally efficient model (GTR+CAT) was employed for the
1000 bootstrap iterations (Stamakis et al. 2008).

Morphological study

Around 200 herbarium specimens from B, BR, BRLU, G, K,
LBV, MO, P, YA and Z were examined for this study (acro-
nyms according to Thiers continuously updated). Online re-
sources such as JSTOR Global Plants (http://plants.jstor.org)
were also consulted, mainly for studying type specimens
and are marked with the indication “web” after the acronym
(seen online only). For two species, spirit and fresh material
were available. All specimens seen are cited. Measurements,
colours and other details given in the descriptions are based
on living material, spirit and herbarium specimens, and data
derived from field notes.

For the description of leaves, bracts, sepals, petals, we
followed the terminology of the Systematics Association
Committee for Descriptive Biological Terminology (1962),
and for the description of fruits, we followed Stearn (1983).
Ecological and geographical data were collected from speci-
men labels as well as field observations. Georeferenced spec-
imen data were imported into QGis version Lyon (www.qgis.
org) to produce the distribution maps.

In cases where no holotype was indicated for a particular
name, we selected a lectotype. In addition, when the above
selected type specimen had several duplicates identified by
different barcode numbers, we further selected one of them
as the lectotype, placing the remaining duplicates as isolec-
totypes (with the mention “designated here”). This was done
following the International Code of Nomenclature for algae,
fungi, and plants (Mcneill et al. 2012), articles 9.2-3, 10-12.
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Chorology

For each species, the distribution map was established and
its chorology defined following the classification of White
(1979, 1983, 1993).

Preliminary conservation assessments

The conservation assessments followed the criteria and cat-
egories of the IUCN Red List (IUCN 2012) and were based
on the distribution given by herbarium specimens (Schatz
2002). Since we missed information on species populations
(Criteria A, C and D) and on analysis of their extinction’s
probability (Criterion E), we based our analyses on geo-
graphical range only (Criteria B and D). The conservation
status was assessed by calculating the extent of occurrence
(EOO) and the area of occupancy (AOO) using GeoCAT
(Bachman et al. 2011) and applying the IUCN guidelines
(2012, 2013). The minimum AOO was estimated based on a
user defined grid cell of 2 km?.

RESULTS AND DISCUSSION
Phylogeny

The total length of the matrix was 2920 characters, 185
of which were excluded because they were ambiguously
aligned (2735 characters analysed). Maximum parsimony
analyses identified 32 most parsimonious trees 349 steps
long. The Maximum Likelihood analysis returned an iden-
tical topology, with similar bootstrap values as those found
under the MP bootstrap analyses (fig. 1). Resolution between
all genera of Piptostigmateae is well supported, and the
paraphyly of Piptostigma is confirmed even when species
sampling was significantly improved. Indeed, all individu-
als sampled of Brieya (Piptostigma) fasciculata from three
different countries clustered together with maximum support
and were sister with strong support to the rest of Piptostigma
species and Polyceratocarpus. These results support the re-
instatement of the genus Brieya, separate from Piptostigma
(see below). We adopt this solution rather than sinking all
three genera (Polyceratocarpus, Brieya and Piptostigma)
into a single large genus. The three genera show convincing
morphological differences indeed (see key below). Finally,
resolution within genera is limited, except within Polycera-
tocarpus where all nodes are resolved. It is important to note
that the tribe Piptostigmateae is not resolved in our analy-
sis, with the two Malmeoideae species (Cremastosperma
cauliflorum R.E.Fr. and Malmea dielsiana Saff. ex R.E.Fr.)
ending up as sister to the genus Annickia, therefore implying
that the tribe Piptostigmateae is paraphyletic. This relation-
ship, however, is not supported. This is due to the difficulty
in resolving the sister group relationship between Annickia
and the remaining Piptostigmateae (Pirie et al. 2006, Chatrou
et al. 2012), in combination with the limited amount of data
used in the analyses presented here.

Morphology of Brieya and Piptostigma

Habit — Species are mostly composed of medium-sized trees
with a maximum height that rarely exceeds 15 m. The trunks
are straight (P. macranthum and P. glabrescens) to fluted
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Figure 1 — Maximum likelihood tree representing the position of different groups within the tribe Piptostigmateae. Values above branches
represent support values: left: Maximum parsimony bootstrap values; right Maximum Likelihood values.
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(e.g. P. calophyllum). Piptostigma is reported to have a spiral
phyllotaxis (Johnson 2003) of the primary axis (the trunk)
and thus should follow the Roux architectural model (Hallé
et al. 1978). However, this information was not verified in
the field and no information about the architecture of Brieya
was found.

Branches — The young branches of all the species are gen-
erally pubescent (e.g. B. fasciculata, B. latipetala, P. fugax,
P. glabrescens, P. macranthum) or tomentose (P. calophyl-
lum, P. submontanum) or even hispid (P. mortehanii and
P. longepilosum). Pubescence tends to disappear with age
and old branches are therefore generally glabrous or glabres-
cent. Nevertheless, the pubescence persists on old branches
in some cases (B. latipetala, P. longepilosum, P. mortehanii
and P. multinervium).

Leaves — Leaves follow the typical Annonaceae characteris-
tics: they are alternate, distichously arranged and petiolate.
The petiole in both genera is generally short and robust.
The petioles are generally pubescent, densely pubescent or
tomentose, with appressed hairs often ranging from ~0.5 to
0.8 mm long, but there is an extreme case where longer hairs
(c. 4 mm long) are mixed with shorter ones (P. longepilo-
sum). The leaf lamina is uniformly inserted on top of the pet-
iole in all species in both genera, providing little taxonomic
usefulness, unlike in some other genera of Annonaceae such
as Monodora Dunal, Isolona Engl., Uvariastrum Engl. &
Diels (Couvreur 2009, 2014b).

The leaf lamina is simple with entire margins. The size
of the leaves varies considerably within Piptostigma, ranging
from ~7 cm (P. fugax and P. longepilosum) to up to 66 cm
long in some specimens of P. calophyllum. Such large leaves
are quite rare across African Annonaceae, and one other
known example is Monodora myristica (Gaertn.) Dunal
(Couvreur 2009).

The shape of the leaf lamina is not very variable within
Piptostigma being in general obovate for most species. This
leads to difficulty in identifying sterile material. It is particu-
larly hard to separate sterile specimens of P. glabrescens,
P. multinervium, P. goslineanum (see key) and even P. fugax,
or specimens of P. macrophyllum and P. pilosum. Neverthe-
less, some species have characteristic leaf shapes such as
the clearly oblong laminas of P. macranthum, or the elliptic
laminas of P. oyemense and P. mayndongtsaeanum. The two
species of Brieya have obovate leaf laminas, making them
hard to separate based on leaf morphology.

The lamina apex can be attenuate (P. mayndong-
tsaeanum), acuminate (e.g. P. goslineanum, P. glabrescens
and P. multinervium) or mucronate (P. calophyllum and
P. mortehanii). The base of the leaf lamina is a useful taxo-
nomical character for distinguishing species within Pipfo-
stigma even though it can be quite variable in some species
(P. multinervium and P. glabrescens). The lamina base ranges
from slightly furrowed (P. calophyllum and P. pilosum) to cu-
neate (P. oyemense), acute (P. mortehanii), obtuse (P. longe-
pilosum and P. mayndongtsaeanum) or cordate (P. pilosum,
P. calophyllum). In Brieya the base is always cordate.

In most cases, the leaf lamina is glabrous on the upper
side and pubescent or tomentose on the lower side, with hairs
generally shorter than 1 mm. Exceptionally, the lamina can
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be glabrous on both sides (P. longepilosum) or pubescent on
both sides (P. calophyllum, P. submontanum and P. morteha-
nii). Finally, the lamina can be pubescent on the upper side
and glabrous on the lower side (P. macrophyllum).

The midrib is impressed above, which is a general char-
acter for central African Annonaceae, expect for Monodora
and Isolona (Couvreur 2009). The midrib is clearly salient
on its lower side and generally pubescent.

Secondary venation is eucamptodromous in both genera
(fig. 2), meaning that the secondary veins gradually dimin-
ish towards the margins without forming prominent marginal
loops in the other typical venation pattern found in Annon-
aceae (brochidodromous type venation). The highly parallel
and generally numerous secondary veins provide one of the
most diagnostic characters for distinguishing Piptostigma
even when sterile (fig. 2A). The secondary veins are paral-
lel, opposite to subopposite and most species have more than
twenty pairs of secondary veins. The highest number of pairs
of secondary veins is found in P. calophyllum (30-66) and
the lowest number is found in P. fugax (15-23). However,
variation of secondaries is dependent on leaf size, and thus is
not a good character to identify species. The pattern of sec-
ondary venation in Brieya (fig. 2B) intermediates between

Figure 2 — View of secondary veins on the lower side of leaves:
A, Piptostigma multinervium from Couvreur, TL.P. 616; B, Brieya
fasciculata from Couvreur, T.L.P. 511. Photographs: T.L.P. Couvreur.



