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Abstract

Carapa cedrotagua, a new species from the surroundings of Serrania de los Yariguies, in the Eastern Andes of Colombia,
is described and illustrated. Notes about its geographical distribution, phenology, uses, conservation status and taxonomic
affinities are provided. The new species is similar to C. alticola, C. guianensis, and C. pariensis, but differs from these
species mainly by its morphological combination of shorter petiolules 3.4—-6(—7) mm long, leaflets secondary veins flat in the
abaxial surface, stipitate and beaked fruits with valves bearing warty excrescences, and the spheroid or slightly compressed
seeds with hilum 8.2-12.1 x 4.5-6.1 mm. Carapa cedrotagua is a common and economically important species in the area
where it occurs, and it is commonly confused with C. guianensis.
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Introduction

Carapa Aublet (1775: 32) is a monophyletic group (Kenfack 2008) of Meliaceae subfam. Cedreloideae, which has
priority over Swietenioideae, see Thorne & Reveal (2007) (Styles 1981, Muellner et al. 2003, 2006, 2009, Kenfack
2008). The genus currently comprises 29 species distributed in the tropics of Africa and America (Kenfack 2011a,
Palacios 2012, Fischer et al. 2021), and it can be recognized by its generally arboreal habit, leaflets with entire margin,
calyx aestivation quincuncial or decussate, 8 or 10 stamens connate in a tube with anthers attached at the throat,
annular and cushion-shaped nectary, ovary locules generally with (2—) 4, 6 or 8 ovules, and septifragal capsules with
unwinged seeds (Styles 1981, Kenfack 2011a, 2011b, Mabberley 2011).

Several species of Carapa have both economic and cultural importance, due mainly to their timber and the oils
present in the seeds (Kenfack 2011a), which has led to high exploitation of some of them, resulting in several species
being currently considered under some category of extinction risk by the IUCN (2022).

Several studies conducted over the last decades improved the knowledge on the taxonomy, morphology, and
systematics of Carapa (Gentry 1988, Forget et al. 2009, Kenfack 2008, 2011a, 2011b, 2011c, Kenfack & Pérez
2011, Fischer et al. 2021). Kenfack (2011a) provided the most recent taxonomic treatment for the genus, recognizing
27 species and making a remarkable change from the concept proposed in the monograph by Styles (1981), who
recognized only two morphologically variable species.

In Colombia, four species are recognized by Kenfack (2011a) in the synopsis of the genus: Carapa guianensis Aublet
(1775: 32), C. nicaraguensis A.C.P. de Candolle (1878: 717), C. planadensis Kenfack (2011a: 180) and C. vasquezii
Kenfack (2011c: 7). In the “Catalogo de plantas y liquenes de Colombia”, six species of Carapa were recognized
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(Bernal 2016a), but the reference collections of C. alticola Kenfack & Pérez (2011: 125) and C. megistocarpa Gentry
& Dodson in Gentry (1988: 1434) are the type and paratype specimens of C. planadensis; and C. longipetala Kenfack
in Kenfack & Pérez (2011: 125) is expected to occur in the country, but with no records yet confirmed. Carapa procera
A.P. de Candolle (1824: 626) was considered with transatlantic distribution by Styles (1981), while Kenfack (2011a)
indicated it as distributed only in Africa and that most of its previous records in America belong to C. surinamensis
Miquel (1851: 75), which is not recorded in Colombia.

Recent botanical explorations focused on biological conservation actions in the Serrania de Los Yariguies
(Yariguies Mountain Range), a nearly isolated mountain range from the Eastern Andes of Colombia, allowed the
study of a species of Carapa that is well known by the communities in the region for both its economic and cultural
importance. This species has morphological features that differ from other species of the genus in the neotropics
and it is here formally described as a new species. The new species is illustrated, and comments on its geographic
distribution, taxonomic affinities, phenology, and conservation status are also provided.

Materials and methods

The taxonomy is based in Styles (1981), Kenfack (2011a, 2011b), and Mabberley (2011). Protologues, nomenclatural
types and representative specimens of published names for the genus were revised from digital images through the
Global Plants project (http://plants.jstor.org), Tropicos database (http://tropicos.org), virtual herbaria housing type
specimens, and original publications. Carapa specimens housed at herbaria FMB, HUA, JAUM, and MEDEL were
physically analyzed, together with the consultation of digital images at COL, NY, UDBC, UIS, and US (acronyms
according to Thiers 2016).

Fieldwork was carried out in the municipality of Simacota, in Santander department, where the species was
collected. Eight specimens of the new species were analyzed using a stereomicroscope for the morphological
description. The flowers were described and illustrated from material preserved in 70% ethanol, rehydrated material,
and photographs of fresh structures. The fruits were described and illustrated from dried material and photographs of
fresh structures. Morphological terminology was mainly based in Kenfack (2011a), and the terminology for laminar
structures and venation followed Ellis et al. (2009); for bases and apices, the angle was written first and followed by
the shape (e.g., acute and cuneate).

The composite digital plates were made using GIMP 2.10.32. The distribution map was made using Arcgis 10.5.
The climate types follow Koppen-Geiger climate classification (Kottek et al. 2006). The conservation status was
evaluated according to the criterion B of [UCN (2012) and assessed by the R package “ConR” (Dauby 2019). Erroneous
data detected for the localities on the specimen labels were corrected and written in square brackets.

Taxonomy
Carapa cedrotagua Londofio-Ech., A.M.Trujillo & Jiménez-Mont., sp. nov. (Figs. 1, 2, 3)

Type:—COLOMBIA. Santader [=Santander]. Mun. Simacota: vereda El Salto, predio Cachipay, entre las quebradas Rancho Larga,
Tacuyala y Santa Rosa, inmediaciones del PNN Serrannia de los Yariguies, 1944 m, 6°28'30.68''N, 73°24'7.52""W, 24 March 2022
(fl & im fr), Y. Londorio et al. 1212 (Holotype: HUA!; isotype: FMB!).

Diagnosis:—Carapa cedrotagua differs from C. alticola and C. guianensis by the following combination of morphological features: the
often shorter petiolules 3.4-6(—7) mm long (vs. 8-17 mm long in C. alticola, 5-12 mm long in C. guianensis), the fruits with valve
median ribs bearing warty excrescences (vs. median ribs lacking warty excrescences in both species), and the spheroid or slightly
compressed seeds (vs. seeds angular with rounded edges in C. alticola, or strongly angular with sharpened edges in C. guianensis).
Additionally, C. cedrotagua can be distinguished from C. alficola by its leaflet secondary veins flat (vs. raised) in the abaxial surface
and its fruits 4.5-7.8 cm diam. when dry (vs. 10-15 cm diam.); from C. guianensis it also differs by pedicels 1.6-2.5(-3.5) mm long
[vs. 0.2-1(~1.5) mm long], stipitate and beaked fruits (vs. fruits without stipe or beak), and its elliptic to ovate seed hilum, 8.2—12.1
x 4.5-6.1 mm (vs. linear, 15-33 x 0.3—1.7 mm).
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FIGURE 1. Holotype of Carapa cedrotagua.
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FIGURE 2. Illustration of Carapa cedrotagua. A. Flowering branchlet. B. Terminal leaflet, abaxial surface. C. Flower 4-merous and
staminate, lateral view. D. Calyx and corolla, one sepal and two petals removed, abaxial view. E. Comparison of androecium and gynoecium
in staminate flower at left or pistillate flower at right. F. Androecium and gynoecium in staminate flower. G. Androecium and gynoecium
in pistillate flower. H. Comparison of antherodes from pistillate flowers at left or anther from staminate flower at right. I. Fruit in dried
specimen, longitudinal view inside showing seed at left, outer surface at right, arrows indicating warty excrescences. J. Seed, dorsal view
at left, adaxial-lateral view showing hilum at right, arrow indicating the direction to see hilum. (A, from the isotype; B, from Diaz-Rueda
et al. 2626; C, E—right, G, H—left, from Diaz-Rueda et al. 2476, D, E—left, F, H—right, from the holotype; I, J, from 7oledo 1. Digital
plate by Y. Londofio).
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FIGURE 3. Live photographs of Carapa cedrotagua. A. Habitat. B. Habit and habitat. C. Leaflets abaxially. D. Flower 5-merous, upper
view. E. Fruits and seeds, showing variation in both, the size and density of warty excrescences of fruit, and shape of seeds. (A, from type
locality; B, unvouchered, from locality of Diaz-Rueda et al. 2609; C, D, from the holotype; E, from Toledo 1. Photographs A, C, D, by Y.
Londono; B, by Daniel Diaz-Rueda; E, by A.M. Trujillo. Composed photograph by Y. Londofio)

Trees 15-27 m tall, glabrous in buds and branchlets, very young leaves with sparse lepidote indumentum, early
glabrescent. Leaves alternate, paripinnate, (8—) 10—12-foliolate (young plants with leaves sometimes imparipinnate,
3-5-foliolate), leaflets pairs opposite; petiole 9.3—19.5 cm long, swollen at base, slightly flattened adaxially, ridged
longitudinally, with two nectaries located abaxially at base, each ca. 1 mm diam., orbicular; rachis 10-28.5 cm long,
slightly flattened adaxially, ridged longitudinally, with one nectary located abaxially at the insertion of petiolules, ca.
2 x 0.5 mm, elliptic; petiolule 3.4—6 mm long (up to 7 mm long in vegetative branches), flat to canaliculate adaxially,
corrugate, striate transversely; blades 6.6-33.1 x 3.3-9 cm, elliptic, oblong or narrowly oblanceolate, terminal ones
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slightly falcate, with midvein curved towards leaf base; basally acute to obtuse, cuneate to rounded, insertion slightly
oblique, apically obtuse, rounded (shortly acuminate in vegetative branches), mucronate via involute margin 1-5
mm long; glabrous in both surfaces, with numerous nectaries abaxially, irregularly arranged, each ca. 0.5 mm diam.,
orbicular, the margin entire; midvein raised abaxially, flat to slightly raised adaxially; secondary veins 8—16 in each
side, eucamptodromous, flat abaxially (slightly raised in vegetative branches), flat to slightly raised adaxially, spacing
irregular, intersecondary veins present, tertiary veins percurrent. Inflorescences thyrses, grouped in a terminal short-
shoot, each of them in the axils of reduced scale-like leaves, axes glabrous; main axis (4.7-)9.1-20.3(-30.5) cm
long (including peduncle 0.5-6.1 cm long), striate transversely, epidermis peeling off, bearing primary bracts 2-3 x
2-2.5 mm, broadly ovate; secondary axes 0.3—2.8 cm long, bearing secondary bracts 0.8—0.9 x 0.9—1.5 mm, broadly
ovate; pedicel 1.6-2.5(-3.5) mm long, glabrous, bearing two bracteoles, each 0.9-1.2 x 0.8—1.2 mm, ovate; bracts
and bracteoles, apically acute and straight, minutely puberulous abaxially, glabrous to minutely glandular-puberulous
adaxially, persistent, the margin entire and ciliate-papillate. Flowers 4(—5)-merous, calyx aestivation decussate
(quincuncial in 5-merous flowers); sepals 1.2—1.3 x 1.3—1.4 mm, ovate to orbicular, apically acute to obtuse, straight
to rounded, minutely puberulous abaxially, glabrous to minutely glandular-puberulous adaxially, the margin entire and
ciliate-papillate; corolla aestivation contorted, petals (4.3—)5-5.3(-6) x (3-)3.6—4 mm, orbicular, cucullate, apically
obtuse and rounded, mainly glabrous, minutely glandular-puberulous in both surfaces apically, green-whitish (in vivo),
with 1-4 nectaries abaxially, each ca. 0.1 mm diam., orbicular, inconspicuous and visible as lustrous dark dots, the
margin entire and ciliate-papillate; androecium 8(—10)-merous, staminal tube 3—4.4 mm long, glabrous, white (in
vivo), lobes 1-1.5 x 1-1.5 mm, ovate, apex truncate, involute at the lateral margins; disc 0.8—1 mm high, 2-2.8 mm
diam., cushion-shaped, yellow (in vivo); staminate flowers with anthers 0.8 x 0.7-0.8 mm, orbicular to ovate, papillate
dorsally, appendaged by connective extension apically; pistillode with ovary 1.2—-1.6 mm high, 1.1-1.2 mm diam.,
narrowly ovoid, glabrous, style 1.2—1.5 mm high, 0.4—0.7 mm diam., glabrous, stigma 0.5 mm high, 1.1-1.4 mm diam.,
discoid, minutely papillate; pistillate flowers with antherodes ca. 0.5 x 0.4 mm, orbicular to oblong, papillate dorsally,
appendaged by connective extension apically; ovary 1.7-2 mm high, 1.6-2 mm diam., broadly ovoid, glabrous, 4-
locular, each 4-ovulate; style obsolete; stigma ca. 0.5 mm high, 1.2—1.7 mm diam., discoid, minutely papillate. Fruits
septifragal capsules, up to 18 cm high and 12.5 cm diam. in vivo; 6.8—13.1 cm high and 4.5-7.8 cm diam. when dry,
irregularly ellipsoid to spheroid, narrowing into a stipe at base, apically beaked, glabrous, brown at maturity, 4-valved,
with numerous nectaries around the septae, each 0.5-1.2 mm diam., orbicular; valves with a median longitudinal rib
bearing warty excrescences, variable in size and density, up to 1 cm high. Seeds 1-2 per valve, 3.9-5.3 cm diam.,
mainly spheroid or with 1-2 slight compressions by contact with other seeds, glabrous, testa smooth, hilum 8.2-12.1
x 4.5-6.1 mm, elliptic to ovate.

Distribution and habitat:—Carapa cedrotagua occurs in the Eastern Cordillera of the Colombian Andes in the
department of Santander, principally around the Serrania de los Yariguies mountain complex (see Moreno & Tinjaca
2018) (Fig. 4), in the municipalities of El Carmen de Chucuri, San Vicente de Chucuri, and Simacota, and with a single
collection from El Socorro municipality in an adjacent place at the east of the Serrania. This species occurs in the
Andean biogeographic region (sensu Bernal 2016b), under warm temperate climate (Cfb climate type), at elevations
between 1160—1944 m.

The trees recorded in the Serrania de los Yaraguies grow in fragmented forests or as remnant trees in pastures for
livestock—i.e., as spontaneous vegetation—, and sometimes likely as cultivated trees (D. Diaz-Rueda pers. comm.).
The specimen from El Socorro comes from a tree grows in coffee plantation (J.G. Vélez et al. 6099).

Phenology:—Flowering in March to April and July, fruiting in February to March, May and July.

Etymology:—The epithet “cedrotagua” is the vernacular name used for the species by the communities in the
area, probably because its wood resembles Cedrela Brown (1756: 158), whose species are commonly named as “cedro”,
and its seeds resemble those of the ivory palm Phytelephas Ruiz & Pavon (1798: 299), commonly named as “tagua”.
The use of this epithet is intended to generate connection between the scientific name and the community that use the
vernacular name for this species, which is well known due to both economic and cultural importance for them.

Uses:—Carapa cedrotagua is specially used as a shady tree in coffee plantations and as a timber tree because
of the good quality of its wood, which is widely used in the roof structure of houses, for making furniture, as stakes
or wood posts and as wooden boards in the roof of “casas elbas” (an infrastructure for the drying of coffee grains; D.
Diaz-Rueda pers. comm.).

Preliminary conservation status:—Carapa cedrotagua is known by four subpopulations with AOO=28 km? and
EOO=790 km?, three of them in small forest patches (<50 km?) immersed in an agricultural-livestock matrix. From
another perspective, three subpopulations are inside protected areas and one outside, which give place to two locations.
Despite most of the subpopulations are found in protected areas, the “Endangered” EN category is here proposed
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according to the criteria B: Blab(iii)+2ab(iii), due to its small geographic distribution, the fact that all subpopulations
are found less than 10 km from population centers, most of them under low quality of habitat, and the direct threat by
commercial logging.
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FIGURE 4. Geographical distribution of Carapa cedrotagua.

Additional specimens examined:—COLOMBIA. Santander. Mun. El Carmen de Chucuri: vereda La Bodega,
finca Gustavo Gonzales, 1487 m, 6°41'27.6"N, 73°26'36.53"W, 24 February 2018 (fr), F. Castaiio et al. 2060 [FMB!,
UIS (digital image!)]. Mun. El Socorro: vereda El Bosque, finca La Meseta, 1700 m, 6°28'18.1"N, 73°11'13.7"W, 2
March 2004 (fr), J.G. Vélez et al. 6099 (FMB!, HUA!). Mun. San Vicente de Chucuri: vereda Chanchoén Alto, finca
Hato Nuevo, bosques abajo de la trocha del acueducto, zona norte de la serrania de Los Yariguies, 1620 m, 6°54'9.7"'N,
73°20'30.53"W, 2 April 2022 (bd & fl), D. Diaz-Rueda et al. 2476 (HUA!, UIS [n.v.]); vereda Mérida, finca San
Cristobal, filo de Morelia, zona norte de la serrania de Los Yariguies, 1510 m, 6°52'19.52"'N, 73°22'26.87"W, 20 July
2022 (fr), D. Diaz-Rueda et al. 2586 (HUA!, UIS [n.v.]); vereda Mérida (sector Varsovia), finca Varsovia, cultivos de
lulo cercanos a la casa principal, zona norte de la serrania de Los Yariguies, 1160 m, 6°50'31.16"N, 73°23'50.16"W, 27
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July 2022 (fr), D. Diaz-Rueda et al. 2609 (HUA!, UIS [n.v.]); vereda Chanchén Bajo, escuela La Floresta, zona norte
de la serrania de Los Yariguies, 1210 m, 6°53'36.05"N, 73°21'46.86"'W, 29 July 2022 (bd, fl & fr), D. Diaz-Rueda et
al. 2626 (HUA!, UIS [n.v.]). Mun. Simacota: vereda El Salto, predio Cachipay, entre las quebradas Rancho Larga,
Tacuyala y Santa Rosa, inmediaciones del PNN Serrania de los Yariguies, 1944 m, 6°28'30.68"N, 73°24'7.52"W, 14
May 2022 (fr), N.P. Toledo 1 (HUA!).

Notes:—Carapa cedrotagua is very similar to C. alticola in their arboreal habit, absence of farinose indumentum
(e.g., present in C. nicaraguensis and C. vasquezii), leaflets apically rounded, inflorescences poorly ramified, with
basal secondaries axes less than 3 cm long, pedicels mainly up to 2.5 mm long (rarely up to 3.5 mm long in C.
cedrotagua) and stipitate and beaked fruits, but the two species differ, as indicated in the diagnosis. Two additional
vegetative features of C. cedrotagua can help to distinguish it from C. alticola: the insertion of the petiolules in blades
is slightly oblique (vs. equally attached in both sides in C. alticola) and the terminal leaflets are commonly slightly
falcate, with the midvein curved towards leaf base (vs. not falcate, midvein straight).

Carapa cedrotagua has been confused and cultivated under the identity of C. guianensis (e.g., Moreno & Tinjaca
2018, Céspedes-Prada et al. 2020), from which the new species is recognizable by the morphological features indicated
in the diagnosis. Kenfack (2011a) also recorded C. guianensis from Colombia, however, noting that the elevation range
for this species is between 0-500 m. Species of Carapa in Colombia mainly inhabit moist habitats at low elevations,
and only C. cedrotagua and C. planadensis reach medium-high elevations up to 1950 m at the eastern or western
Andes, respectively.

Additionally, Carapa cedrotagua is similar to C. pariensis Kenfack (2011a: 194) in their beaked fruits with
valve median ribs bearing warty excrescences, spheroid seeds, and the pedicels length, 1.6-2.5(-3.5) mm long in C.
cedrotagua (2-3.5 mm long in C. pariensis). However, C. cedrotagua can be recognized from the latter by the larger
habit 15-27 m tall [vs. 4-12(—15) m tall], the shorter petiolules 3.4—-6(—7) mm long (vs. 10—17 mm long), the leaflet
blades often smaller 6.6-33.1 X 3.3-9 cm [vs. 15-30(—40) x 614 cm], apically rounded (vs. straight to acuminate),
the leaflet secondary veins flat abaxially (vs. raised) and the larger seed hilum 8.2—-12.1 x 4.5-6.1 mm [vs. 2—4.5(-8.6)
x 1-2(—4) mm]. Kenfack (2011a) indicate a heigh up to 12 m tall for C. pariensis in the key and description, however,
in the same publication the diagnosis indicates 15 m tall, which agrees with the cited specimen, J. 4. Steyermark & G.
Agostini 91357 (US).

The specimen J.G. Vélez et al. 6099 is the only record of the new species outside the Serrania de los Yaraguies and
its label indicate that the tree occurs in a coffee plantation, being very likely that this was gathered from a cultivated
individual, according to the reported uses for C. cedrotagua. Despite the Serrania is the unique known natural area of
distribution of the new species, it is possible that it may also occur in neighbor areas.
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