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Abstract

Copaifera L. is a pantropical genus with great diversity in the Cerrado. Fieldwork in western Sdo Paulo revealed
the first record of C. malmei Harms in this state, and this is only the second time that this species has been found in
the Southeast Region of Brazil. Additional analyses of a related species, C. marginata Benth. revealed the same rare
pattern of distribution in the region. We provide morphological descriptions, comments on geographical distribution,
assessment of conservation status, phenology, and an identification key to the species of Copaifera in the Cerrado in
southeastern Brazil.
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Introduction

Copaifera L. (Detarioideae, Leguminosae) is a pantrop-
ical genus comprising 38 species, most of them wide-
spread in the neotropics (Bentham 1870; Lewis et al.
2005; Costa 2007, 2009; LPWG 2017). Copaifera is mor-
phologically distinguished from other genera of Legumi-
nosae by the following combination of features: aromatic
bark, paripinnate leaves, apetalous flowers, and fruits

with a single seed covered by a conspicuous aril (Dwyer
1951, 1954; Costa 2007; Costa and Queiroz 2007). The
species of Copaifera are generally known as copaiba,
and several of them are recognized as medicinal and
highly valued by the pharmaceutical and agrochemical
industry for the antimicrobial and larvicidal activity of
their aromatic oils (copaiba oil) and resins (Silva et al.
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2007; Veiga Junior et al. 2007; Santos et al. 2008). Cur-
rently, 26 species are recorded for the Brazilian flora,
with greatest diversity in the Cerrado domain, where
half of them occur (Costa 2020).

The Cerrado is the second largest phytogeographic
domain in Brazil, and it is characterized by a rich vegeta-
tion mosaic ranging from grasslands and savannas to for-
est environments (Eiten 1972; Ribeiro and Walter 1998).
The Cerrado, one of most species-rich domains for plants
in the world, with 12,383 species (Ribeiro and Walter
1998; Klink and Machado 2005), is also considered as
one of the most threatened, with about 366 plant species
at risk of extinction (Martinelli et al. 2014). Large areas
of the Brazilian Cerrado have been converted to pasture
and monocultures of soy (Fernandes et al. 2016; Balbinot
Junior 2017), eucalyptus, and pine plantations (Maquere
et al. 2008; Araujo et al. 2010; Gongalves et al. 2016).
However, despite its great biodiversity and uniqueness,
only a quarter of the domain is protected in conservation
units (Strassburg et al. 2017).

Despite the high rates of environmental devastation,
native vegetation remnants of relevant floristic diver-
sity can still be found in Sdo Paulo state (Rodrigues and
Bononi 2008); the midwest part of this state is character-
ized by the transition between the Cerrado and the Atlan-
tic Forest domains (SMA 2017). During an expedition in
Cerrado areas of the state, we found a peculiar specimen
of Copaifera that was preliminarily identified as C. mar-
ginata Benth.; a more detailed analysis later confirmed
its identity as a closely related species, C. malmei Harms.
Our research found that this is the first record of the spe-
cies in the state, and also in the Southeast Region in Bra-
zil. Besides sharing several morphological features, C.
malmei and C. marginata are both typical species of the
Cerrado where their distributions overlap. Both are very
rare in southeastern Brazil. Thus, in addition to the new
record of C. malmei, we also discuss the morphology and
distribution of C. marginata. We provide descriptions,
morphological, phenological, and conservation data, and
an identification key to Copaifera species occurring in
the Cerrado of the Southeast Region.

Methods

This study was based on field expeditions and analysis
of specimens deposited in the main herbaria in Brazil
and abroad, through visits or loan requests, comple-
mented by consults to virtual collections (Species Link
http://www.splink.org.br and Reflora Virtual Herbarium
http://floradobrasil.jbrj.gov.br/reflora/herbarioVirtual).
A voucher specimen of the new record is deposited in the
herbarium of the Escola Superior de Agricultura Luiz de
Queiroz, Universidade de Sao Paulo (ESA). The conser-
vation status assessment was based on the International
Union for the Conservation of Nature criteria (IUCN
2012) using area of occupancy (AOO) and extent of
occurrence (EOO) obtained from GeoCAT (Geospatial
Conservation Assessment Tool; Bachman et al. 2011). A
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map of geographical distribution was made with QGIS
(2019) with shapefiles obtained from the Terrabrasilis
platform (http://terrabrasilis.dpi.inpe.br/en/home-page/).

Results

Copaifera malmei Harms

New record. BRAZIL — Sao Paulo * Araraquara, Rodo-
via sentido Matao; 21°41'51”S, 048°13'30"W, 6.1X.2019;
A. Maruyama leg.; ESA 143631.

Material examined. BRAZIL — Bahia ¢ Santa Maria da
Vitoria, BR, entre Sta. Ma. da Vitoria ¢ Correntina, en-
trada a direita, no sentido Sta. Ma. da Vitéria-Corren-
tina, em frente ao cemitério; 13°23'02"S, 044°34'00"W;
22 VIL.2003; J.A.S. Costa leg.; HUEFS 73949 — Goias
* Monte Alegre de Goias, 24 km by road SW of Monte
Alegre de Goias; 13°27'00"S, 047°13'48"W; 11.111.1973;
W.R. Anderson leg.; IAN 149170 — Mato Grosso * Sao
José do Rio Claro, Fazenda Cachoeira de Pau; 13°52'S,
056°31'W; 14V1.1997; V.C. Souza et al. leg.; HUEFS
70084 — Mato Grosso do Sul * Corumba, Pazenda Ipa-
meri; 11.VI.1994; G. Hatschbach leg; MBM 167440 —
Minas Gerais ¢ Buritizeiro, Rod. BR-365, Chapada dos
Gerais, 69 km S do Rio Sao Francisco; 12.1V.1996; G.
Hatschbach leg.; MBM 193110 — Piaui ¢ Gilbués, Es-
trada Bom Jesus, a 140 km de Bom Jesus; 09°49'54"S,
045°20'38"W; 11.X1.1979; A. Fernandes leg.; EAC 7225
— Tocantins ¢ Guarai, 10 km S of Guara; 08°55'48"S,
048°31'12"W; 19.111.1968; H.S. Irwin leg; NY 206308]1.

Identification. Shrub to subshrub 1-3 m tall. Petioles
1.0-2.5 cm long; rachis tomentose, 3—8 cm long; leaf-
lets 3—5 pairs; petiolules 2.5-3.5 mm long; lamina lack-
ing translucent dots or rarely opaque, papyraceous to
coriaceous, rarely rigid-coriaceous glaucous, elliptical
or lanceolate, 3—7 X 2—4 cm, all equally sized, margin
flat, apex obtuse, acute or mucronate, base obtuse, adax-
ial side pubescent or puberulous, rarely glabrous, abax-
ial side scabrous-hirsute; trichomes bulbous-glandular.
Panicle 1020 cm long, equal to or slightly longer than
the adjacent leaf, rarely twice its size, usually scabrous-
tomentose. Flowers sessile, sepals 3—4 x 1.5-2.0 mm,
tomentose, pubescent, rarely glabrescent; stamens 10,
filaments 5-9 mm long, anthers 1.5-2.0 mm long; ovary
oblong, 1.5-2 x 1-1.5 mm, hirsute; style 2-5 mm long.
Legume 2.0-2.8 x 1.6-2.1 cm, reddish, drying brown.
Seed oblongoid; aril white (Fig. 1A—E).

Distribution and habitat. Copaifera malmei occurs ex-
clusively in the Brazilian Cerrado domain in the North
(Tocantins state), Northeast (Piaui and Bahia) and Cen-
tral-West (Goids, Mato Grosso and Mato Grosso do Sul)
regions in Brazil, in cerrado (sensu lato) and campo
limpo (grasslands) physiognomies (Costa 2007, Costa
2020). The recently discovered specimen from Sao Paulo
is the second record of this species in the Southeast Re-
gion of Brazil. The first record from this region is from
Minas Gerais state (Figs. 2, 3). The new record from
Sdo Paulo was found in a small fragment of cerradao
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Figure 1. Copaifera malmei and C. marginata. A-E. C. malmei Harms: (A) vegetative branch; (B) venation of leaflet (adaxial side); (C) seed,
with a fragment of the removed aril; (D) detail of inflorescence with buds; (E) branch with mature fruits. F, G. C. marginata Benth.: (F) detail
of old flower; (G) branch with immature fruits. Photos: A-D by Adriano Maruyama; E by Jorge Antonio Silva Costa; F, G by Rubens Queiroz).

(dense, wooded savanna) along the roadside in an area
that is prone to frequent clearing for road maintenance
and fires. Our subsequent efforts to find this species at
the site failed to find any individuals.

Phenology. Copaifera malmei was collected with flow-
ers from February to May and with fruits from February
to June and from October to November. The specimens
from Sao Paulo state bore juvenile flowers and fruits
when collected in October.

Copaifera marginata Benth.

Materials examined. BRAZIL — Bahia ¢ Formosa do
Rio Preto; 11°02'52"S, 045°11'34"W; 10.X1.1997; D. Al-
varenga et al. leg; NY 470699 — Goias ¢ Niquelandia;
estrada de acesso a Barra do Rio Bagagem com o Rio
Tocantinzinho; 450 m s.a.l.; 20.VII.1995; T.B. Cavalcanti
et al. leg; HUEFS 30019 — Maranhio « 8.VIII.1954;
G.A. Black et al. leg.; IAN 83889 — Mato Grosso * De-
nise; estrada entre Bauxi e Alto Paraguai, ca. 35 km da
MT 245, préoximo ao povoado Capao Verde; 223 m a.s.L;
20.IV.2005; J.A.S. Costa et al. Leg.; HUEFS 95415 —
Minas Gerais *S3ao Gongalo do Abaeté; 20.111.1980; G.

Hatschbach leg.; ESA 88848 — Tocantins * Mateiros, Rio
Novo; 10°35'S, 046°39'W; 9V.2001; L.H.S. Silva et al.
leg.; CEN 41614.

Identification. Shrub 1.0-2.5 (—4) m tall. Petioles 1.0—
1.3 cm long; rachis densely tomentose or rarely pubes-
cent, 10-13 (-14) cm long; leaflets 2—4 pairs; petiolules
3—4 mm long; lamina lacking translucent dots, rarely
opaque, rigid-coriaceous, rarely coriaceous, glaucous,
elliptical-orbicular or elliptical, rarely elliptical-lanceo-
late, 7-10 (—12.3) x 4-6 (—6.4) cm, all equally sized,
margin flat to subrevolute, apex obtuse to acute, emar-
ginate-mucronate, base obtuse, adaxial side pubescent
or puberulous, rarely glabrous, abaxial side sericeous
or pubescent, rarely glabrous; trichomes simple. Pani-
cle 15-38 cm long, twice or three times the length of
the adjacent leaf, tomentose to densely pubescent, rarely
pubescent. Flowers sessile, sepals 4—5 x 2.0-3.8 mm,
tomentose, sericeous, rarely glabrous; stamens 10, fila-
ments 5—7 (-9) mm long, anthers 1.5-2.0 mm long; ovary
oblong, 2-3 x 1.4-2.5 mm, pubescent; style 1.9-4.8 mm
long. Legume 2.5-3.0 x 1.6-2.1 cm, drying brown. Seed
oblongoid; aril white (Fig. IF, G).
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Figure 2. Detail of the distribution of Copaifera malmei Harms and C. marginata Benth. in the Cerrado of the Southeastern Region of Brazil.

Distribution and habitat. Copaifera marginata is re-
stricted to the Brazilian territory in various physiognomies
of the Cerrado domain, with records in the North (Tocan-
tins state), Northeast (Bahia and Maranhao), and Cen-
tral-West (Goias, Mato Grosso do Sul and Mato Grosso)
regions (Costa 2020). The species is a rare element of the
Cerrado in the Southeast Region, where it is known from
only two collections from Minas Gerais state (Figs. 2, 3).

Phenology. Copaifera marginata was collected with
flowers from January to July and in November, and with
fruits from April to July and from October to November.

Identification key to species of Copaifera occurring
in the Cerrado of the Southeast Region of Brazil
1. Leaves with 2-3 (5) pairs of leaflets, the proximal leaf-
lets about the same size as the distal and median.
2. Leaflets with bulbous-glandular trichomes.............
................................................................ C. malmei
2'. Leaflets glabrate or with simple trichomes
3. Leaves and inflorescence tomentose to densely
pubescent, or glaucous, rarely pubescent...........
...................................................... C. marginata
3" Leaves and inflorescence glabrate to puberu-
lous...C. sabulicola J.A.S.Costa & L.P.Queiroz

1'. Leaves with 3—5 (12) pairs of leaflets, the proximal
leaflets smaller than the distal and median, usually
half the size of these.

4. Proximal leaflets twice smaller than the distal leaf-
lets........ C. langsdorffii Desf. (with three varieties)
4'. Proximal and distal leaflets equally sized or almost
SO.cevuennnen C. oblongifolia Mart. (with two varieties)

Discussion

Copaifera malmei and C. marginata are morphologically
very similar, which leads to frequent misidentifications
in herbarium specimens. They can be distinguished from
the remaining taxa of Copaifera by the shrubby habit and
white aril covering the seeds, and although some of the
diagnostic features between the two species often over-
lap, the presence of glandular trichomes on the leaves of
C. malmei is unique within the genus. Other features that
can be used to distinguish C. malmei from C. marginata
are shown in Table 1.

Besides sharing several morphological features,
both species are also exclusive to the Brazilian savanna,
where their distributions overlap (Figs. 2, 3). Both spe-
cies are actually quite common elements of the Brazilian
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Figure 3. Geographical distribution of Copaifera malmei Harms and C. marginata Benth.

Cerrado, are rather widely distributed in this domain
(EOO = 1,749,709 km?, AOO = 208 km? for C. malmei
and EOO = 1,353,085 km?, AOO = 388 km? for C. mar-
ginata), and have abundant records from conservation
units. Based on this and the IUCN criteria (JUCN 2012),
we consider C. malmei and C. marginata both to be Least
Concern. However, we emphasize the infrequency in
which these species are found in the southeastern Brazil-
ian savanna of Sdo Paulo and Minas Gerais states (Fig.
2), and that none of the records from these states were
collected in protected areas. We recommend that C. mal-
mei is included in a future revision of the state’s Red List
(SMA 2016). Although the few specimens of C. malmei
and C. marginata from Minas Gerais were collected long
before the publication of the first two versions of this
state’s Red List (COPAM 1997; Biodiversitas 2008), they
remained undetermined in herbarium collections until
recently, which precluded their inclusion in the Red List.

The Cerrado holds the second largest protected area
in Brazil following the Amazon, but between 2002 and

2011, deforestation in the Brazilian savanna was 2.5
times higher than in the rain forest of northern Brazil
(Strassburg et al. 2017; Vieira et al. 2019). Furthermore,
the area protected in the Cerrado is merely 8.6% of the
domain (Vieira et al. 2019), meaning that most of its
extent is exposed to land clearing for cattle raising and
highly mechanized monocultures.

In Sao Paulo state, Cerrado formations cover 239,312
ha (1% of the native vegetation) and are very fragmented
and concentrated in the central part of the state (Panzutti
2003; Instituto Florestal 2020; Figs. 2, 3). The Cerrado
has been profoundly altered by urban and agricultural
activities in Sdo Paulo, and the characteristic fragmen-
tary distribution of the domain in the state greatly hin-
ders rational and sustainable economic initiatives for the
exploration of its resources, as seen in wider areas of Cer-
rado in Minas Gerais and the Central-West Region. The
disturbances to the native vegetation in the area where
C. malmei was found in Sao Paulo are caused mainly by
the conversion to pastures and sugar cane, citrus, and

Table 1. Diagnostic features between Copaifera malmei and C. marginata.

Features Copaifera malmei

Copaiferamarginata

Indument of leaflets

scabrous-hirsute
Texture of leaflets Papyraceous to coriaceous, rarely rigid-coriaceous
Type of trichome Bulbous-glandular

Size of inflorescence

Adaxial side pubescent or puberulous, rarely glabrous, abaxial side

Equal or slightly longer than the adjacent leaf, rarely twice its size

Adaxial side pubescent or puberulous, rarely glabrous, abaxial side seri-
ceous or pubescent, rarely glabrous

Rigid-coriaceous, rarely coriaceous
Simple
Twice or three times the length of the adjacent leaf
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temporary crops, and reforestation with exotic species
(Panzutti 2003). As mentioned above, our subsequent
visit to the site in Araraquara where we had found C.
malmei a couple of years earlier failed to find any indi-
viduals of the species. This calls attention to the urgent
need to prevent total extirpation of this rare species in
the area of the highway caused by routine maintenance.
The state of Minas Gerais has 54% of its territory
covered by Cerrado, of which only 22.3% hold native
vegetation (IEF-MG 2020). The arcas where Copaifera
malmei and C. marginata were collected, mostly in the
western part of the state, have their history linked to the
Brazilian Gold Rush, in which the wealth that circulated
within the region did not prevent it from growing into the
impoverished land observed today, probably as a result of
the misuse of its natural resources and vegetation cover
(Carrara 2007). This misuse was further aggravated by a
matrix of land use linked to cattle raising and large-scale
irrigated agriculture in subsequent economic cycles,
activities that have long been practiced mainly in large
country estates and are in great part responsible for land
occupation and the formation of cities, with serious dam-
age to native vegetation (Leite et al. 2014). However, it is
unclear whether the lack of records of C. malmei and C.
marginata in the western part of the state where these
species were collected is due to the long history of defor-
estation, collection gaps, or their natural local pattern
of distribution. The single record of C. marginata from
Diamantina in the Espinhago Range might be a good evi-
dence of the naturally low frequency of this species in the
state, as this region has been focus of intense collection
efforts during the last decades; Diamantina is a relatively
well collected site. A recent threat to the vegetation of
the Espinhaco Range is the monoculture of large areas of
eucalyptus and pine (Rapini et al. 2008); thus, the discov-
ery of a rare species such as C. marginata in Diamantina
is at the same time evidence of the necessity of fieldwork
even in areas that are thought to be sufficiently sampled.
The rare occurrences of C. malmei and C. margin-
ata in the savanna of southeastern Brazil are important
because of the threats to their natural habitats. Brazil is
a signatory to many international agreements, including
the 2030 Agenda for Sustainable Development (Conven-
tion on Biological Diversity 2020), which includes com-
mitments to protect, restore and promote sustainable use
of terrestrial ecosystems, sustainably manage forests,
combat desertification, and halt and reverse land degra-
dation and halt biodiversity loss and to take urgent and
significant action to reduce the degradation of natural
habitats, halt the loss of biodiversity and protect and pre-
vent the extinction of threatened species. Sustainable de-
velopment, however, must also consider socioeconomic
aspects, and the Brazilian Cerrado, as a biodiversity
hotspot, holds most favorable conditions for the sustain-
able exploration of their natural resources by local popu-
lations. Food and nutraceutical resources, cosmetics, and
pharmaceutical compounds are among the products of
Brazilian plant species, including those extracted from
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Copaifera species (Pieri et al. 2009; Christel 2017). Many
are patented by national and foreign companies, but local
communities have received little, if any, financial return
from the exploitation of their land’s biodiversity (Prates
et al. 2020). Therefore, the economic involvement of lo-
cals in sustainable exploration of the Brazilian savanna
allied to the study of rare and endemic species and their
conservation is paramount in building public policies to-
wards the reconciliation of socioeconomic development,
agricultural expansion, conservation of the remaining
areas, and restoration of critical habitats for endangered
species.

The first record of Copaifera malmei in Sao Paulo
shows that even small fragments of Cerrado in very
anthropized regions such as the municipality of Ara-
raquara are important for maintaining biodiversity and
must be preserved and connected to other fragments in
ecological restoration programs. Better understanding
of the distributions of C. malmei and C. marginata will
contribute to a better assessment of their conservation
status and local distribution patterns in Sao Paulo and
Minas Gerais states, and will allow for the construction
of public policies towards the conservation and restora-
tion of their Cerrado remnants.
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