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ABSTRACT

Coffea rizetiana Stoff. & M.Noirot, sp. nov., a diploid species only known from a single wild popu-
lation in South-West Cameroon, is formally described here. It is probably extinct in the wild, but is
present in the germplasm collection in Bassin Martin (Réunion, France) and Meise Botanic Garden
(Belgium). Phylogenetic analyses reveal a close relationship with C. montekupensis Stoff., a species
endemic to the same region but occurring at higher elevations, and with C. /iberica Bull. ex Hiern,
a species with a wide Central and West African distribution. The new species can be distinguished
from other Cofféa species from Central Africa by its large black fleshy fruits with thick mesocarp. It
can be differentiated from its close relative C. montekupensis by its larger less obovate leaves, longer

KEYRE%%E(QS, corolla tube and larger fruits; and from C. /iberica by its shorter petiole, acuminate leaf tip, cuneate
Coffea, leaf base, thinner leaf blade, shorter corolla tube, longer corolla lobes and black fruits with a thick
Bakossi 1\(/:11?11521(;12) fleshy pericarp. The evolutionary importance of the fruit colour is discussed, as well as the role of
Mount Kupe: Mount Kupe, the Bakossi Mountains and the broader South-West Cameroon region as the principal

new species. Coffea diversity hotspot on the African continent.
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RESUME

Une nouvelle espéce de caféier du sud-ouest du Cameroun, le principal point chaud de diversité de Coffea L.
(Coffeeae, Ixoroideae, Rubiaceae) en Afrique.

Coffea rizetiana Stoff. & M.Noirot, sp. nov., une espéce diploide connue uniquement d’une seule
population sauvage dans le sud-ouest du Cameroun, est formellement décrite. La nouvelle espéce est
probablement éteinte a I'état sauvage et est présente dans la collection de matériel génétique 4 Bassin
Martin (La Réunion, France) et au Jardin botanique de Meise (Belgique). Des analyses phylogéné-
tiques révelent d’étroites relations avec C. montekupensis Stoff., une espéce qui est endémique de la
méme région mais observée a des altitudes plus élevées que I'espéce nouvellement décrite, et avec
C. liberica Bull. ex Hiern, une espéce avec une vaste distribution en Afrique centrale et occidentale
et aussi présente dans cette région. La nouvelle espece peut étre distinguée de n'importe quelle autre
espéce d’Afrique centrale par ses gros fruits pulpeux de couleur noire avec un mésocarpe épais. Elle
se différencie de 'espéce proche C. montekupensis par ses feuilles moins grandes obovales, le tube
de la corolle plus long et des fruits plus gros, et de C. liberica par son pétiole plus court, sa feuille a
apex acuminé et base cunéiforme et le limbe plus fin, le tube de la corolle plus court et des lobes plus
longs, et des fruits noirs avec un péricarpe pulpeux plus épais. Limportance évolutive de la couleur
des fruits est discutée et le réle du Mont Kupe et des Montagnes de Bakossi ainsi que du sud-ouest du
Cameroun dans un sens plus large est mis en évidence, car cest le principal point chaud de diversité

Mont Kufe,
espece nouvelle.

INTRODUCTION

During the 1980, the genetic resources of the genus Cof
fea L. conserved in Cote d’Ivoire were enhanced by IRD (ex-
ORSTOM) during extensive prospecting of the rainforests
of Cameroon (Anthony ez a/. 1985) and Congo-Brazzaville
(Namur ez al. 1987). Several of these new accessions were
considered to be new species (Anthony 1992), however
they were never formally described. Stoffelen (1998) made a
taxonomic revision of the Central and West African Coffea
species where several of these informal taxa were defined
as unplaced. It was not possible to describe these informal
taxa due to the lack of specimens with fruits or flowers.

The availability of additional fruiting and flowering
specimens led to the description of C. charrieriana Stoff. &
F.Anthony from South-West Cameroon (Stoffelen ez al.
2008) and C. anthonyi Stoff. & F.Anthony (Stoffelen ez 4.
2009). In 2013, fruits and flowers were collected from an-
other potentially new species, Coffea sp. ‘Koto’, from the
Coffea germplasm collection in Bassin Martin (Réunion,
France), described below.

MATERIAL AND METHODS

TAXON DELIMITATION AND BOTANICAL DESCRIPTION

Taxon delimitation and botanical description are based
on preserved collections: herbarium specimens and liquid
preserved fruit and flowers. Herbarium vouchers and liquid
preserved spirit collections were made from material culti-
vated in Meise Botanic Garden (Belgium) and the Bassin
Martin coffee collection (Réunion, France). Specimens were
deposited at BR and duplicates were sent to P, Kand WAG
following herbarium abbreviations (Holmgren ez a/. 1981).
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des Coffea sur le continent africain.

The specimens were compared against herbarium specimens
of other Coffea species native to Central and West Africa
housed at BR, K, WAG and P. These herbaria were also
screened for the new species, but no additional specimens
were found. Observations and description were according
to the method described for tropical woody Rubiaceae by
Robbrecht (1988). The morphological characters that are
summarized in the results were based on the observation
of three herbarium specimens.

PHYLOGENETIC ANALYSES

The taxon sampling for this study was based on previous
molecular phylogenetic studies of Coffea (Lashermes ez al.
1997; Cros et al. 1998; Maurin et al. 2007; Anthony et al.
2010; Hamon et al. 2017), with particular focus on the
phylogenetic position of C. rizetiana Stoff. & M.Noirot,
sp. nov. within the genus. Based on the overall morphology
of the species and the composition of the different clades
within the genus, a reduced dataset including two accessions
of the new Coffea species, C. brevipes Hiern (1 accession),
C. canephora Pierre ex A.Frochner (2), C. heterocalyx Stoff.
(2), C. humilis A.Chev. (2), C. kapakata (A.Chev.) Bridson
(2), C. liberica Bull. ex Hiern var. dewevrei (De Wild. &
T.Durand) Lebrun (1), C. liberica Bull. ex Hiern var. liberica
(1) C. magnistipula Stoff. & Robbr. (1) and C. monteku-
pensis Stoff. (1), was used to determine the relationship of
the new species to closely related species. Two specimens
of C. rhamnifolia (Chiov.) Bridson were used as outgroup.
Specimen vouchers and GenBank accession numbers for
the phylogenetic study are summarized in Table 1.

Total genomic DNA was isolated from silica-dried leaf
material using a modified CTAB protocol, which was op-
timized for Impatiens (Janssens ez al. 2006, 2008). Nuclear
ribosomal intergenic transcribed spacer (ITS) and the
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TaBLE 1. — List of material studied in the phylogenetic analyses: vouchers and references in GenBank.

Species Voucher trnLF accD ITS
Coffea brevipes Hiern GenBank DQ153827 DQ153460 DQ153591
Coffea canephora Pierre ex A.Froehner (1) GenBank DQ153829 DQ153462 DQ153593
Coffea canephora (2) GenBank - - AY780425
Coffea congensis A.Froehner (1) GenBank DQ153868 DQ153501 DQ153632
Coffea congensis (2) GenBank DQ153834 DQ153467 DQ153598
Coffea humilis A.Chev. (1) GenBank DQ153847 DQ153480 DQ153611
Coffea humilis (2) GenBank DQ153854 DQ153487 DQ153618
Coffea kapakata (A.Chev.) Bridson (1) GenBank DQ153832 DQ153465 DQ153596
Coffea kapakata (2) GenBank DQ153850 DQ153483 DQ153614
Coffea liberica Bull. ex Hiern var. dewevrei (De Wild. & T.Durand) Lebrun GenBank DQ153839 DQ153472 DQ153603
Coffea liberica Bull. ex Hiern var. liberica GenBank DQ153846 DQ153479 DQ153610
Coffea magnistipula Stoff. & Robbr. GenBank DQ153876 DQ153509 DQ153640
Coffea mayombensis A.Chev. GenBank DQ153828 DQ153461 DQ153592
Coffea montekupensis Stoff. (1) GenBank DQ153826 DQ153459 DQ153590
Coffea montekupensis (2) SD2717 MZ028620 MZz028622 -

Coffea montekupensis (3) BS05385 MZz028619 MZz028621 -

Coffea rhamnifolia (Chiov.) Bridson (1) GenBank DQ153825 DQ153458 DQ153589
Coffea rhamnifolia (2) GenBank FR832850 FR828681 FR832860
Coffea rizetiana Stoff. & M.Noirot, sp. nov. (1) 20110297-63 MZ028617 MZ028623 MZ028616
Coffea rizetiana Stoff. & M.Noirot, sp. nov. (2) 20110301-67 MZ028618 MZ028624 MZz028615

plastid accD-psal and trnL-F gene markers were amplified
following White ez /. (1990) and Maurin et al. (2007).
PCR reactions for all three gene markers investigated in
this study consisted of 2 min initial denaturation at 94°C
and 30 cycles of 30 s denaturation at 94°C, 30 s primer an-
nealing at primer specific temperature and 1 min extension
at 72°C. Primer annealing for ITS, accD-psal and trnL-F
were at 49°C, 51°C and 50°C, respectively. Amplification
reactions were carried out on a GeneAmp PCR system 9700
(Applied Biosystems). Purified amplification products were
sent to Macrogen, Inc. (Seoul, South Korea) for sequenc-
ing. Sequences generated in this study were submitted to
GenBank.

Contiguous sequences were assembled using Geneious
v7.0.6 (Biomatters, New Zealand). Automatic alignments
were carried out with MAFFT (Katoh ez /. 2002) under an
E-INS-i algorithm, a 100PAM/k=2 scoring matrix, a gap
open penalty of 1.3 and an offset value of 0.123. Subse-
quent manual fine tuning of the aligned dataset was done
in Geneious v7.0.6. Congruency between the nuclear and
chloroplast datasets was inferred by a partition homogeneity
test as implemented in PAUP*4.0b10a (Swofford 2002). In
addition, possible conflicts between nuclear and chloroplast
matrices were visually inspected, searching for conflicted
relationships within each topology that are strongly sup-
ported (Johnson & Soltis 1998). The best-fit nucleotide
substitution model for each plastid and nuclear dataset was
determined using jModelTest 2.1.4 (Posada 2008) under the
Akaike information criterion (AIC). The TVM+G model
was found as best fit for ITS, whereas the GTR model was
calculated as best substitution model for accD-psal and
trnL-F. A mixed-model approach was used in which the
combined dataset is partitioned in order to apply a differ-
ent model of evolution on each DNA region (Ronquist &
Huelsenbeck 2003). Bayesian inference (BI) analyses were
conducted with MrBayes v3.1 (Huelsenbeck & Ronquist

ADANSONIA, sér. 3 » 2021 © 43 (26)

2001) on three individual data partitions and a combined
data matrix. Each analysis was run twice for 10 million
generations. Trees were sampled every 2500 generations.
Inspection of chain convergence and ESS parameters was
done with TRACER v1.4 (Rambaut & Drummond 2007).
Bayesian inference BPP (Bayesian Posterior Probabilities)
values between 0.50 and 0.95 using the 50% majority-rule
consensus tree were considered to be weak, whereas BPP
values above or equal 0.95 were taken into consideration
(Suzuki ez al. 2002). Maximum likelihood (ML) analyses
were carried out on the CIPRES web portal using RAxML
v7.2.8 (Stamatakis ez /. 2008) under the GTRGAMMA
model. Non-parametric ML bootstrapping analysis was
calculated with 1000 bootstrap replicates.

RESULTS

MORPHOLOGICAL DELIMITATION OF

COFFEA RIZETIANA STOFF. & M.NOIROT, SP. NOV.

In 1983, Francois Anthony, Emmanuel Couturon and Chris-
tian de Namur sampled a population of Cofféa in Cameroon
that appeared to contain a new species (Anthony ez al. 1985).
In 1992, Anthony identified it informally as a new variety of
C. liberica. On the basis of his description, «feuilles allongées
et étroites terminées par un acumen spatulé, et de trés gros
fruits noirs, contenant une pulpe épaisse et fibreuse rappelant
celle de la variété liberica», Stoffelen (1998) suggested that
the Coffea ‘Koto’, could be conspecific with C. leonimontana
Stoff. A morphological study comparing herbarium and liquid
preserved specimens showed that C. leonimontana was dis-
tinct by having smaller leaves 20-24 cm vs 24-34 cm, shorter
acumen ¢. 1 cmvs 1.3 cm, thick vs thin leaves, elliptic vs obo-
vate leaves, 2 vs 1 bracteal cup, longer corolla tube 4-7 mm
vs 2-3 mm long, shorter and broader corolla lobes 15-17 x
5-7 mm vs 20 x 4-5 mm, round black fruit vs elongated red

279


https://www.ncbi.nlm.nih.gov/nuccore/DQ153827
https://www.ncbi.nlm.nih.gov/nuccore/DQ153460
https://www.ncbi.nlm.nih.gov/nuccore/DQ153591
https://www.ncbi.nlm.nih.gov/nuccore/DQ153829
https://www.ncbi.nlm.nih.gov/nuccore/DQ153462
https://www.ncbi.nlm.nih.gov/nuccore/DQ153593
https://www.ncbi.nlm.nih.gov/nuccore/DQ153868
https://www.ncbi.nlm.nih.gov/nuccore/DQ153501
https://www.ncbi.nlm.nih.gov/nuccore/DQ153632
https://www.ncbi.nlm.nih.gov/nuccore/DQ153834
https://www.ncbi.nlm.nih.gov/nuccore/DQ153467
https://www.ncbi.nlm.nih.gov/nuccore/DQ153598
https://www.ncbi.nlm.nih.gov/nuccore/DQ153847
https://www.ncbi.nlm.nih.gov/nuccore/DQ153480
https://www.ncbi.nlm.nih.gov/nuccore/DQ153611
https://www.ncbi.nlm.nih.gov/nuccore/DQ153854
https://www.ncbi.nlm.nih.gov/nuccore/DQ153487
https://www.ncbi.nlm.nih.gov/nuccore/DQ153618
https://www.ncbi.nlm.nih.gov/nuccore/DQ153832
https://www.ncbi.nlm.nih.gov/nuccore/DQ153465
https://www.ncbi.nlm.nih.gov/nuccore/DQ153596
https://www.ncbi.nlm.nih.gov/nuccore/DQ153850
https://www.ncbi.nlm.nih.gov/nuccore/DQ153483
https://www.ncbi.nlm.nih.gov/nuccore/DQ153614
https://www.ncbi.nlm.nih.gov/nuccore/DQ153839
https://www.ncbi.nlm.nih.gov/nuccore/DQ153472
https://www.ncbi.nlm.nih.gov/nuccore/DQ153603
https://www.ncbi.nlm.nih.gov/nuccore/DQ153846
https://www.ncbi.nlm.nih.gov/nuccore/DQ153479
https://www.ncbi.nlm.nih.gov/nuccore/DQ153610
https://www.ncbi.nlm.nih.gov/nuccore/DQ153876
https://www.ncbi.nlm.nih.gov/nuccore/DQ153509
https://www.ncbi.nlm.nih.gov/nuccore/DQ153640
https://www.ncbi.nlm.nih.gov/nuccore/DQ153828
https://www.ncbi.nlm.nih.gov/nuccore/DQ153461
https://www.ncbi.nlm.nih.gov/nuccore/DQ153592
https://www.ncbi.nlm.nih.gov/nuccore/DQ153826
https://www.ncbi.nlm.nih.gov/nuccore/DQ153459
https://www.ncbi.nlm.nih.gov/nuccore/DQ153590
https://www.ncbi.nlm.nih.gov/nuccore/MZ028620
https://www.ncbi.nlm.nih.gov/nuccore/MZ028622
https://www.ncbi.nlm.nih.gov/nuccore/MZ028619
https://www.ncbi.nlm.nih.gov/nuccore/MZ028621
https://www.ncbi.nlm.nih.gov/nuccore/DQ153825
https://www.ncbi.nlm.nih.gov/nuccore/DQ153458
https://www.ncbi.nlm.nih.gov/nuccore/DQ153589
https://www.ncbi.nlm.nih.gov/nuccore/FR832850
https://www.ncbi.nlm.nih.gov/nuccore/FR828681
https://www.ncbi.nlm.nih.gov/nuccore/FR832860
https://www.ncbi.nlm.nih.gov/nuccore/MZ028617
https://www.ncbi.nlm.nih.gov/nuccore/MZ028623
https://www.ncbi.nlm.nih.gov/nuccore/MZ028616
https://www.ncbi.nlm.nih.gov/nuccore/MZ028618
https://www.ncbi.nlm.nih.gov/nuccore/MZ028624
https://www.ncbi.nlm.nih.gov/nuccore/MZ028615

» Stoffelen D. et al.

Coffea magnistipula Stoff. & Robbr.
Coffea liberica Bull. ex Hiern var. dewevrei (De Wild. & T.Durand) Lebrun

Coffea liberica var. liberica

Coffea montekupensis Stoff. (1)
1.0/99

Coffea montekupensis (2)

* %

Coffea montekupensis (3)

Coffea rizetiana Stoff. & M.Noirot, sp. nov. (2)

1.0/100

Coffea rizetiana sp. nov. (1)

Coffea humilis A.Cheuv. (1)
‘ Coffea humilis (2)

—— Coffea mayombensis A.Chev.

Coffea canephora Pierre ex A.Froehner (1)

Coffea canephora (2)

Coffea brevipes Hiern

Coffea congensis A.Froehner (1)

“— Coffea congensis (2)

Coffea kapakata (A.Chev.) Bridson (1)
1.0/100 |

1.0/94
1.0/72
0.89/72
1.0/100 1.0/92
1.0/100 |
1.0/93
1.0/72
0.9/97 0.92/65
] 0.6/59
0.76/69 WA
Coffea rhamnifolia (Chiov.) Bridson (1)

—— Coffea rhamnifolia (2) 0.05

‘ Coffea kapakata (2)

Fic. 1. — Phylogram based on combined trnLF, accD-psal and ITS data. Numbers on branches represent Bayesian Posterior Probabilities and Maximum Likeli-

hood Bootstrap Support, respectively. An asterisk indicates a lack of support.

TABLE 2. — Sequence statistics for the aligned data matrix.

ITS accD-psal trnL-F combined

No. taxa 20 19 19 20
Aligned matrix length 801 1033 855 2689
No. variable characters 82 23 12 117

fruit, and larger fruit, more than 2 cm vs less than 2 cm. Also,
the new species appeared to be morphologically and genet-
ically related to C. montekupensis and C. liberica sensu lato.
(Anthony 1992). However, it differed from C. montekupensis
and C. liberica through vegetative and generative characters.
These characters are mentioned in the diagnosis.

PHYLOGENETIC RELATIONSHIPS

Sequence characteristics of chloroplast and nuclear data
matrices are summarized in Table 2. Bayesian inference (BI)
and maximum likelihood (ML) analyses of both chloroplast
and nuclear gene markers resulted in topologies with low to
moderate Bayesian posterior probabilities (BPP) and ML
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bootstrap support values (ML-BS; data not shown), with the
exception for the relationship of the new Cofféa species. There-
fore, in case of incongruence between the different datasets,
the incongruent lineages were not supported. In addition, the
partition homogeneity was not significant (P > 0.05) indicat-
ing that the chloroplast and nuclear partitions were not in
conflict. The combined dataset resulted in a better resolved
phylogeny with nodes that have a higher support compared
to the separate plastid and nuclear dataset.

Fig. 1 shows the phylogenetic trees where four main results
have been emphasized: 1) sister group relationships within
the selected Coffea clade correspond to previous studies
(Lashermes et al. 1997; Cros et al. 1998; Maurin et al. 2007;
Anthony ez al. 2010; Hamon ez al. 2017), but generally better
resolved; 2) the new species C. rizetiana Stoff. & M.Noirot,
sp. nov. belongs to the C. liberica group but not related to
the C. canephora group; 3) both accessions of the new taxon
C. rigetiana Stoff. & M.Noirot, sp. nov. appear as most closely
related lineages (BPP: 1.0, ML-BS: 100); and 4) the sister
group relationship of the new species with C. montekupensis
is also highly supported (BPP: 1.0, ML-BS: 92).

ADANSONIA, sér. 3 » 2021 © 43 (26)



SYSTEMATICS

Family RUBIACEAE Juss.
Genus Coffea L.

Coffea rizetiana Stoff. & M.Noirot, sp. nov.
(Figs 1-3)

The new species C. rizetiana Stoff. & M.Noirot, sp. nov. is related to
C. montekupensis Stoft. and C. liberica Bull. ex Hiern, but it differs
from C. montekupensis by having: elliptic vs obovate leaves; larger
leaves (14)20-24(26) cm long and (5)6-9(10) cm wide vs 7-18(19)
cm long and (2)2.5-5(6.5) cm wide; fewer secondary veins (8-10
pairs vs 12-13 pairs); longer corolla tube (4-7 mm vs 2.5-4 mm) and
larger black fruits vs smaller red fruits and larger seeds (14-20 mm
long x 8-13 mm vs 11-15 mm x 8-9 mm). It differs from C. liberica
by having: shorter petioles (less than 1 ¢cm vs 1-1.5 cm); acuminate
leaf tips (vs apiculate or obtuse in C. liberica); a cuneate leaf base
(vs rounded or rarely cuneate); a thinner leaf blade; shorter corolla
tube; longer corolla lobes; and, black fruit (vs red or rarely yellowish
or blackish; Fig. 3) with a thicker fleshy pericarp.

INFORMAL NAMES USED IN LITERATURE. — Coffea sp.: ‘Koto’ in
Hamon ez al. (2009, 2015), Razafinarivo e 2. (2012), Noirot et al.
(2016), Hamon ez al. (2017).

Coffea liberica ‘Koto’: in Noirot et al. (1993), Cros er al. (1994),
Anthony et al. (1997), Dussert et al. (1997a, 1997b), Lashermes
et al. (1996, 1997), Stoffelen (1998: 102, 103, 110, 125), Stoffelen
et al. (1999), Fernandez & Lashermes (2002), Noirot ez al. (2003),
Campa ez al. (2004, 2005a, 2005b, 2008), Dubreuil-Tranchant
etal. (2011).

"TYPE SPECIMEN. — Stoffelen 2045 (holo-, BR[BR0000026083674V];
iso-, B, YA), 15.IV.2016 collected in the greenhouses of Meise
Botanic Garden, Belgium; grown from material collected in 1983
in Cameroon, south of the Mouyouka-Kompina forest, 4°22N,
9°34E, a forest road, to the left of the Penda-Mboko asphalt road,
after 2.6 km leads to the population.

OTHER LIQUID PRESERVED SPECIMENS STUDIED. — Noirot EC66a,
3.XI1.2012, flowering (BR, WAG); Noirot EC666, 31.111.2013,
fruiting (BR); Noiror EC54, 31.1.2013, flowering (BR, WAG);
Noirot EC52 (BR), sterile; Noirot EC61, sterile (BR); Noirot EC63,
sterile (BR, WAG); Noirot EC66, 30.X.2012. All these specimens
were collected in the germplasm collection in the Bassin Martin
coffee collection.

DISTRIBUTION. — Cameroon, only known from one population
at the south of the Mouyouka-Kompina forest, N 4°22, E 9°34. A
forest road, on the left of the Penda-Mboko asphalt road, leads to
the population after 2.6 km.

HABITAT. — Understory of secondary rain forest, forest at 60 m
above sea level, sympatric with C. canephora.

ETYMOLOGY. — This species is dedicated to the Professor Georges
Rizet, Geneticist at the Orsay University Paris XI. Scientific adviser
to the ORSTOM Director, he was central to the survey and genetic

studies of the wild coffee genetic resources collected by IRD (ex-
ORSTOM), Cirad and MNHN from 1966 to 1984.

DESCRIPTION

Small tree up to 6 m tall, young branchlets glabrous. Leaf-
blades elliptic, (14)20-24(26) cm long, (5)6-9(10) cm
wide, tip acuminate, acumen ¢. 1 ¢cm, with rounded tip;
small pit domatia at the junction of the midrib and the
secondary veins, glabrous; 8-10 secondary veins at either
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side of the midrib. Petiole 0.5-1(1.3) cm long. Stipules
0.2-0.4 cm long, truncated to slightly obtuse, in young
stage covered with exudate.

1-2(3) inflorescence per axil, each with 1(2) flowers and
supported by two truncate bracteal cups, lower cup with
2 small reduced leaves-like appendages, 1-1.5 mm long;
inflorescence stalk and peduncle in total ¢. 4 mm long.

Flowers 6 (7)-merous. Calyx reduced to a small rim,
truncate. Corolla white; tube 4-7 mm long; lobes 15-
17 mm long, 5-7 mm broad; anthers 7-12 mm long, fila-
ment 2-5 mm long; ovary glabrous, not surrounded by the
bracteal cups; disc ¢. 1 mm high.

Infructescence 1-2 per axil. Fruit 1 per infructescence.
Fruit black to dark maroon-brown, fleshy pericarp (Fig. 3).
Short peduncle ¢. 5 mm. Fruit almost spherical, somewhat
truncate at top, (1.5) 2-3 cm long, 1.6-2.3 wide along the
septum and 2-2.6 cm perpendicular to the septum. Disk and
calyx reduced, small and not accrescent. Seeds small elliptic
to elliptic, 14-20 mm long, 8-13 mm wide and ¢. 5-7 mm
thick. Habitus, fruits and flowers are illustrated in Fig. 2.

DISCUSSION

The genus Coffea L. sensu stricto comprises 103 species
(Davis et al. 2006) and occurs naturally in tropical Africa,
Madagascar, the Comoros and the Mascarenes (Réunion
and Mauritius). Cofféa is a member of the tribe Coffecae
(comprising 11 genera) and is closely allied to the genus
Psilanthus Hook.f., with which it shares the typical “coffee
bean” fruit morphology (Davis ez al. 2007; Maurin ez al.
2007). Davis (2011) subsumed Psilanthus into the genus
Coffea. This merge of the genera increased the number of
species to 124, extended the distribution area of the genus
Coffea to tropical Asia and Australasia and broadened the
morphological characterisation of the genus.

C. rizetiana Stoff. & M.Noirot, sp. nov. has the typi-
cal “coffee bean” seed morphology, a character which is
restricted to the genus Coffea s.s. and the genus Psilanthus
(Stoffelen 1998; Davis et al. 2006). The exserted style and
anthers place it in the genus Coffea s.s. (Stoffelen 1998)
or Coffea subgenus Coffea sensu Davis et al. (2005). It is
diploid (Cros et al. 1994; Noirot et al. 2003) like most
coffee species.

The new species has only been reported from the origi-
nal collected locality in 1983 by Anthony, Couturon and
de Namur. After screening the different herbaria, we con-
cluded that C. rizetiana Stoff. & M.Noirot, sp. nov. has
not been collected elsewhere. Moreover, the site where it
was collected in 1983 has been cleared for agriculture. The
species is therefore presumed to be extinct in the wild. The
species is however still present in the living collections at
Réunion and the Meise Botanic Garden.

C. rizetiana Stoff. & M.Noirot, sp. nov. has particular fruic
characteristics, namely its colour (black instead of red) and
a very thick fruit mesocarp, these are both exceptional for
Cofféa species. On the African continent, the black fruits
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Fic. 2. — C. rizetiana Stoff. & M.Noirot, sp. nov.: A, habit; B, node with flowers and petioles; C, detail of flower; D, fruit; E, transection of the fruit with two seeds.
Vouchers deposited in BR: A-C, Stoffelen 2045; C, D, Noirot EC66, 30.X.2012 (liquid preserved collection). Scale bars: A, 3 cm; B, 2 cm; C-E, 1 cm.

have only been reported for C. stenophylla G.Don and  continent. Colour and size of ripe fruits are important
C. rogoensis A.Chev., and the fleshy fruits of C. rizetiana  characters as they are related to the concept of co-evolution
Stoff. & M.Noirot, sp. nov. are the largest on the African  (Ehrlich & Raven 1964; Janzen 1966). Fruit traits have a
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Fic. 3. — C. rizetiana Stoff. & M.Noirot, sp. nov., fruit showing its basis (right) and top (left) from the Coffea L. collection at Bassin Martin (Réunion, France).

direct impact on attracting vertebrates that disperse fruits
and seeds (Gauthier-Hion ez al. 1985). According to these
authors, two elements are important in the relationship
between fruit traits and vertebrate dispersal agents: (1) fruit
size versus dispersal agents, from birds to large mammals
including large rodents and elephants; and (2) red to green
fruits where dispersion is mainly carried out by monkeys
and squirrels respectively. The role of monkeys and bats in
the seed dispersion of C. canephora was studied in the Kibale
forest of Uganda (Oryem-Origa 1999). If this is taken into
account, C. rizetiana Stoff. & M.Noirot, sp. nov. and its
sister C. montekupensis, where both size and colour of fruits
differ, should be dispersed by different animals. The shift
in fruit colour and size coupled to the change of dispersers
are relatively recent events as they emerged in a final clade.
This recent divergence in both species would be driven by
a co-evolution process affecting a limited number of genes.

C. rizetiana Stoff. & M.Noirot, sp. nov. and C. monteku-
pensis are two sister species that not only probably have dif-
ferent dispersers, but also occupy different ecological niches:
lowland rain forest near to Mount Kupe (c. 90 m elevation)
vs (sub)montane rain forest on the slopes of Mount Kupe,
respectively. The driving force behind this speciation event is
unknown. Based on the current data, we consider Mount Kupe
an interesting region to investigate speciation patterns within
the genus Coffea. At least six different Coffea and Psilanthus
species occur on Mount Kupe and its immediate surroundings,
namely C. rizgetiana Stoff. & M.Noirot, sp. nov., Coffea liberica,
C. bakossii Cheek & Bridson, C. brevipes, C. montekupensis and
P mannii. Each species occupies a specific ecological niche
with the exception of C. liberica and P mannii which seem to
be less specific in their niche preference. C. rizetiana Stoff. &
M.Noirot, sp. nov. is a lowland species, only occurring in
lowland rain forest. While, C. /iberica is a species with a wide
Guineo-congolian distribution from low land to submontane
forest. On Mount Kupe, C. fiberica does not occupy a particular
niche and has a broad altitudinal range. C. /iberica is sympatric
(or at least parapatric) with C. montekupensis and C. bakossii,
and probably also with P mannii. C. brevipes is also widely
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spread with a lower Guinean and Congolian distribution,
including altitude. On Mount Kupe it has only been found
on the drier north face. C. montekupensis in contrast occurs
on the wet western and southern slopes of Mount Kupe at an
elevation of 800 m to 1500 m. It is quite abundant within
this altitudinal range on Mount Kupe and the adjoining Ba-
kossi Mountains (Stoffelen ez a/. 1997). Finally, C. bakossii is
a submontane species, occurring at elevations between 700
and 900 m (Cheek ez al. 2002). It is rare and limited in the
number of sites. Population studies can give some insight in
the genetic isolation and genetic variability within the species.
Despite C. canephora (robusta coffee) being cultivated for more
than 50 years in lowland areas, it does not occur in the forests
of Mount Kupe and the Bakossi Mountains. C. canephora has
been reported from the lowland rain forest in the region of
Mount Cameroon.

In the broader region of South-West Cameroon, includ-
ing Mount Cameroon, several other species (2 aff. ebrac-
teolatus, C. charreriana, C. heterocalyx, C. leonimontana and
C. mayombensis A.Chev.) are found. South-West Cameroon
comprises 12 accepted species, this is the most important
diversity hotspot for the genus Coffea on the African con-
tinent. This area should be designated as a priority for in
situ and ex situ conservation of the wild relatives of Coffea
and many other plant species.
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