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Abstract—A new species, Euphorbia adenoplicata, is here described and illustrated. The species was found in the vicinity of Serra Geral do
Tocantins, close to the border of the states of Tocantins and Bahia, within the Cerrado biome, where it grows in cerrado rupestre (rocky savannah
vegetation). Euphorbia adenoplicata is placed in Euphorbia sect.Crossadenia based onmorphological characters. The species is uniquewithin the section
due to its cyathial glands with the margins folded in the middle portion, splitting each gland into two cavities. We compare the morphology and
ecology of E. adenoplicatawith E. sarcodes and other species of E. sect.Crossadenia subsect. Ephedropeplus. Finally, we recommend that E. adenoplicata be
considered critically endangered due to its extreme rarity.

Keywords—Cerrado, cerrado rupestre, Euphorbia subgenus Chamaesyce, subsection Ephedropeplus, taxonomy, Tocantins.

Although plant collections have increased substantially in
Brazil in the last 15 yr (Morim and Lughadha 2015), there are still
many poorly collected areas in the country (BFG 2015; Oliveira
et al. 2017). Some of the least known areas are in Tocantins (BFG
2015), a state with most of its territory covered by the Cerrado
biome, which is considered a biodiversity hotspot (Mittermeier
et al. 2011; Strassburg et al. 2017). Recent expeditions to this
central Brazilian state have yielded new plant records and new
taxa (e.g. Devecchi and Pirani 2015; Araújo et al. 2016; Borges and
Antar 2016;Moreira et al. 2017; Alves et al. 2018; Antar et al. 2018;
Mendoza and Martins 2018). In the genus Euphorbia in Brazil,
novelties have been published during the last decade, including
new species (Carrillo-Reyes and Steinmann 2011; Carneiro-
Torres et al. 2012; Silva and Cordeiro 2015; Hurbath et al.
2018) and new records for the country (Külkamp et al. 2018).

Euphorbiaceae is among the richest families of the Brazilian
flora, with ca. 950 species (BFG 2015; Flora do Brasil 2020
[under construction] 2019). Euphorbia, the largest genus in the
family with over 2000 species (Horn et al. 2012), is represented
by 63 species in Brazil, withmore than 50% of them endemic to
the country (Flora do Brasil 2020 [under construction] 2019).
Among the four subgenera recognized in Euphorbia, Euphorbia
subg.Chamaesyce is the one best represented in the NewWorld
(Yang et al. 2012) and it is also the most species-rich in Brazil
(Flora do Brasil 2020 [under construction] 2019). One of the
most charismatic groupswithin subgenusChamaesyce in Brazil
is E. sect. Crossadenia Boiss., which comprises 11 species (E.
appariciana Rizzini, E. crossadenia Pax & K.Hoffm., E. flaviana
Carn.-Torres & Cordeiro, E. goyazensis Boiss., E. gymnoclada
Boiss., E. lycioides Boiss., E. riinae Steinm., E. sarcodes Boiss.,
E. sessilifolia Klotzsch ex Boiss., E. teres M.Machado &
Hofacker, and the new species here described). Almost all of
the species are found in the northeastern and central parts of
Brazil, except for E. riinae, which is endemic to eastern Santa
Cruz Province in Bolivia (Yang et al. 2012; Steinmann 2013;
Marques et al. 2016).

Species of Euphorbia sect. Crossadenia usually grow on rock
outcrops or in sandy soils in the Caatinga and Cerrado do-
mains. They are characterized by a herbaceous perennial or
else shrubby habit; leaves that are well developed and per-
sistent or else minute and soon deciduous; glanduliform
stipules; cyathia arranged in dichasia or pleiochasia, with four

or five glands, exappendiculate or bearing fimbriate, lobed, or
deeply cleft appendages; and seeds with an apical extension
previously thought to be a crustaceous caruncle (Yang et al.
2012; Marques et al. 2016). Although half of the currently
known species of the section were described in the classical
works of Boissier (1860, 1862), additional species have been
recently described (Machado and Hofacker 2008; Carneiro-
Torres et al. 2012; Steinmann 2013). Leaf shape, number,
morphology and disposition of cyathial glands appendages,
and indumentum of both vegetative and reproductive struc-
tures are among the main features used to recognize species
within sect. Crossadenia (Carneiro-Torres et al. 2012). In this
paper, we describe a new species in this group, which we
assign toE. sect.Crossadenia subsect.Ephedropeplus (Müll. Arg.)
Pax based on morphological characters.

Materials and Methods

We examined ca. 250 collections of the species of Euphorbia sect.
Crossadenia deposited in ALCB, CEN, ESA, HRB, HUEFS, MBM, RB, SP,
SPF, UB, UEC, and UFG (acronyms following Thiers 2019), besides pro-
tologues and type specimens of such species. For morphological de-
scriptions we used a 10–60 3 magnification stereomicroscope.
Terminology mostly follows Beentje (2010), but for describing cyathial
features, we followed the terminology from the Euphorbia Planetary
Biodiversity Inventory group (http://www.euphorbiaceae.org/pages/
about_euphorbia.html) and the most recent studies on the taxonomic
classification of the genus (Horn et al. 2012; Yang et al. 2012; Dorsey et al.
2013; Peirson et al. 2013; Riina et al. 2013). The key for the species of
Euphorbia sect. Crossadenia is mostly based on Carneiro-Torres et al. (2012),
now including E. adenoplicata and the recently described E. riinae (Steinmann
2013). The distribution map was produced in QGIS v. 3.14 (QGIS De-
velopment Team 2019), and the proposed conservation status is based on
International Union for the Conservation of Nature Guidelines (IUCN
2012), with area of occupancy calculated using GeoCAT (geocat.kew.org/)
with a 2 km cell width.

Taxonomic Treatment

Euphorbia adenoplicata O.L.M. Silva & Cordeiro, sp. nov.
TYPE: BRAZIL. Tocantins, Jardim Novo [Ponte Alta do Bom
Jesus municipality, according to coordinates], Estrada
para Barreiras, ca. 7 km antes da divisa Tocantins/Bahia,
11°470420S, 46°230040W, 21 Jul. 2000,V. C. Souza et al. 24416
(holotype: ESA!; isotypes: RB!, SP!, SPF!).
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Euphorbia adenoplicata shares with species of E. sect. Cross-
adenia subsect. Ephedropeplus well developed and persistent
leaves, cyathia bearing deeply cleft appendages, and the
characteristic seed coat ornamentation (with low and rounded
tubercules), but the new species is uniquewithin the section by
its plicate cyathial glands, while all the other species in this
group have convex to flat cyathial glands.
Herbs or shrubs, up to 40(–50) cm tall; underground system

(xylopodium) ca. 1 cm thick, unbranched; latex white. Stems
terete, erect, slightly canaliculate when dried, unbranched or
alternately branched; branches green, glabrous, except for the
pilose young branches. Leaves alternate on lower nodes and
opposite on upper nodes, sessile to subsessile (petioles
reaching up to 2 mm long); stipules lateral and glanduliform,
globose, inconspicuous (up to 1 mm long); leaf blade char-
taceous, slightly glaucous, glabrous on both surfaces, slightly
discolorous (abaxial surface lighter), elliptic, narrow-elliptic,
or oblong, (2.5–)3.5–4.5(–5) 3 (0.5–)0.8–1(–1.2) cm, persistent,
base acute to cuneate, margin entire, apex cuspidate, venation
hyphodromous. Cyathia solitary or arranged in terminal
pseudodichasia with two lateral branches, sessile to subsessile;
peduncle 1–2 mm long, pilose, with short (, 0.5 mm long)
trichomes; cyathophylls opposite, sessile to subsessile, with
two lateral glands and a few scattered hairs at the base,
chartaceous, glabrous on both surfaces (except for the base on
the adaxial surface), narrow-elliptic or oblong, 1.0–1.5 3
0.3–0.4 mm, persistent, base acute to cuneate, margin entire,
apex cuspidate, venation hyphodromous; involucre cam-
panulate, 2.5–3 3 4–5.5 mm, actinomorphic, glabrous on the
outer surface; involucral lobes triangular, pale to greenish,
margin crenate and densely pubescent on the outer surface,
with short simple trichomes; cyathial glands 5, light green,
transversely elliptic, plicate (i.e. margins folded in the middle
portion of the gland, splitting it into two cavities), glabrous on
the outer margin, densely pubescent on the inner margin,
0.5–1.0 3 1.5–2.0(–2.5) mm, appendages white, glabrous on
both surfaces and deeply cleft into (4–)6–8 lobes, each lobe up
to 1.5–2.0(–2.5) mm long. Staminate flowers 40–50, arranged
in 5 cincinni with 8–10 flowers each; bracteoles lanceolate,
ciliate; pedicels 1.5–2.0 mm long, filaments 1.5–2 mm long,
anthers ca. 1 mm wide, dorsifixed, extrorse, vertically dehis-
cent. Pistillate flowers ca. 3mm long, (sometimes reduced to a
pistillode, ca. 1 mm long, with three inconspicuous styles);
pedicel up to 1 mm long; ovary globose, 0.8–1 3 0.8–1 mm,
glabrous; styles 3, 2–2.5 mm long when fully developed,
united for 2/3 of their length, entire and revolute at the apex.
Capsules 3-lobed, 6–7 3 7–8 mm, glabrous, green; pedicel
strongly accrescent, reaching up to 15 mm long; columella
5–6 mm long; seeds light brown, ovoid, 3.0–3.53 2.0–2.5 mm,
rounded in cross section, testa shallowly tuberculate, covered
by a crustaceous, hydrophilic layer, becoming mucilaginous
when in contact with water; caruncle absent (the mucronate
apex is an extension of the seed coat, characteristic of Euphorbia
sect. Crossadenia according to Yang et al. 2012).

Distribution and Ecology—Euphorbia adenoplicata is en-
demic to Tocantins state, close to the border with Bahia state. It
is known from a single locality in the municipality of Ponte
Alta do Bom Jesus (Fig. 1), where it grows in cerrado rupestre
vegetation, on sandstone outcrops with sandy soils. Elevation
of the known populations is around 700–750 m. The species
was found in fertile condition in April and July.
The locality where Euphorbia adenoplicata was found, the

vicinity of the Serra Geral do Tocantins, is covered in most of

its extent by open savannic vegetation, comprising more than
700 ha. However, Tocantins is one of the most undercollected
states in Brazil (BFG 2015), and many species are known for
this region from just one or a few localities (Antar et al. 2018).
Although only known from a single population, the finding of
E. adenoplicata may stimulate conservation and botanical
sampling efforts in this area, in alignment with the ideas of
Wood et al. (2017) and Riina et al. (2018) regarding the de-
scription of new taxa from single or a few collections in the
Neotropics.

Etymology—The specific epithet refers to the cyathial
glands, which are plicate (i.e. margins folded in the middle
portion of the gland, splitting it into two cavities; Figs. 2H, 3B).

Conservation Status—Euphorbia adenoplicata is currently
known fromonly two collections from the same locality, which
is close to roadsides and large scale soybean fields (Borges and
Antar 2016, Antar et al. 2018). Although this locality is subject
to uncontrolled fires, the area remains preserved due to its
rocky soils, which are unsuitable for agriculture. Nearby rocky
areas are currently unexplored and may also contain pop-
ulations of E. adenoplicata, but we recommend that E. adeno-
plicata be considered Critically Endangered (CRB2ab[iii]) due
to its small area of occupancy (4 km2), a single known pop-
ulation, and the estimated decline of quality of habitat due to
anthropization.

Notes—Euphorbia sect. Crossadenia was divided into two
subsections following the phylogenetic framework presented
by Yang et al. (2012): subsect. Apparicianae Riina, including
E. appariciana, E. flaviana, and E. teres, and characterized by
cyathia with five glands, exappendiculate or bearing crenulate
to dentate appendages; and subsect. Ephedropeplus (Müll. Arg.)
Pax, erroneously named as subsect. Sarcodes Riina in Yang
et al. (2012), but corrected in Steinmann (2013), which com-
prises E. crossadenia, E. goyazensis, E. gymnoclada, E. lycioides,
E. riinae, E. sarcodes, and E. sessilifolia. The deeply cleft ap-
pendages of the cyathial glands along with its well developed,
persistent leaves place E. adenoplicata in E. sect. Crossadenia
subsect. Ephedropeplus, which now comprises eight species.
Whereas most species in subsect. Ephedropeplus have four
cyathial glands, both E. adenoplicata and E. gymnoclada Boiss.
have five glands.
Among the species of Euphorbia subsect. Ephedropeplus,

E. adenoplicata is morphologically closest to E. sarcodes and
E. goyazensis in having glabrous stems (except for young
branches), leaves, and cyathia, and by having cyathial
gland appendages with 4–8 lobes. Also, E. sarcodes and
E. goyazensis are the only other species of sect. Crossadenia
found in the state of Tocantins. Euphorbia adenoplicata can be
distinguished from those by its narrow-elliptic to oblong
cyathophylls (vs. orbiculate to wide-elliptic in E. goyazensis
and E. sarcodes), cyathial glands with margins folded in the
middle portion of the gland, splitting it into two cavities (vs.
convex to flat in E. goyazensis and E. sarcodes), and strongly
accrescent pedicels in fruit, reaching up to 15 mm long (vs. up
to 8–9 mm in E. goyazensis and E. sarcodes). The plicate cyathial
glands in E. adenoplicata are unique among the species of
Euphorbia sect. Crossadenia and the rest of Euphorbia species
known from Brazil. However, this character is found in a few
species in other non-related clades of Euphorbia, such as
E. patula Mill. and E. globosa (Haw.) Sims from E. sect.
Anthacanthae subsect. Dactylanthes, and in E. subg. Athymalus
(Peirson et al. 2013), indicating independent origins of this
feature.
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Fig. 1. Distribution of Euphorbia adenoplicata and its morphologically most similar species in E. subsect. Ephedropeplus.
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Fig. 2. Euphorbia adenoplicata.A. Habit. B. Detail of the thickened underground system. C. Detail of stem, showing theminute stipules. D. Leaf. E. Apical
portion of a branchwith amature cyathium and two lateral young cyathia. F. Detail of indumentum on young branches. G. Apical view of a cyathium
showing five cyathial glands. H. Detail of a nectary gland with its deeply cleft appendages and adjacent involucre lobes. I. Open cyathium showing
a reduced pistillate flower (i.e. pistillode). J. Staminate cymule with lanceolate, ciliate bracteoles. K. Cyathium with immature fruit emerging.
L. Pistillate flower. M. Immature fruit. N. Seeds showing ventral (left) and dorsal (right) view. Illustration by Klei Souza, based on V.C. Souza et al.
24416 (SP).
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Additional Specimens Examined—Brazil.—TOCANTINS: Ponte Alta
do Bom Jesus, Rodovia TO-040, próximo à divisa com a Bahia.

11°47044.70S, 46°220510W, 754 m, 20 Apr 2017, G. M. Antar et al. 1556
(SPF!).

Key to the Species of Euphorbia sect. Crossadenia

1. Stem leaves rudimentary, soon deciduous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
2. Cyathial gland appendages 3–5-lobed, . 0.5 mm long; styles entire . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

3. Cyathial gland appendages covering the glands; styles 1.2–1.4 mm long, shorter than the ovary; endemic to Bahia state (Brazil) . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . E. gymnoclada

3. Cyathial gland appendages not covering the glands; styles 2.2–3.1 mm long, longer than the ovary; endemic to Bolivia . . . . . . . . . . . . . E. riinae
2. Cyathial gland appendages lacking or if present , 0.2 mm long and irregularly dentate; styles bifid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

4. Cyathial gland appendages lacking, mature branches 6–14-verticillate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . E. flaviana
4. Cyathial gland appendages irregularly dentate, mature branches dichotomous or 3(–4)-verticillate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

5. Stems terete, longest internodes ca. 10 cm long . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . E. teres
5. Stems costate, longest internodes , 5 cm long . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . E. appariciana

1. Stem leaves well developed, persistent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
6. Main stem fleshy, thick, . 5 mm in diameter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

7. Stems glabrous; leaves spirally arranged along branches, with conspicuous internodes; occurring in the Brazilian states of Bahia, Minas Gerais,
Goiás, Maranh~ao, Pernambuco, Sergipe, Alagoas, and Tocantins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . E. sarcodes

7. Stems pubescent, leaves arranged in brachiblasts (i.e. congested at the apex of branches, with inconspicuous internodes; endemic to the Brazilian
state of Piauı́ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . E. lycioides

6. Main stem subwoody, slender, , 3 mm in diameter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
8. Stems glabrous (except for the pilose young branches), cyathial gland appendages 4–7(–8) digitate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

9. Cyathophylls orbiculate to wide-elliptic, cyathial glands 4, convex to flat, pedicel , 1 cm long in fruit . . . . . . . . . . . . . . . . . . . . . . E. goyazensis
9. Cyathophylls narrow-elliptic to oblong, cyathial glands 5, plicate (margins folded in themiddle portion of the gland, splitting it into two cavities),

pedicel . 1 cm long in fruit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . E. adenoplicata
8. Stems and branches pubescent, cyathial gland appendages 8–15 digitate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

10. Leaves linear, margin revolute, glabrous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . E. crossadenia
10. Leaves elliptic, margin flat, pubescent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . E. sessilifolia
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