
S

A
(

M
a

b

c

d

a

A
R
A
A
A

K
B
D
M
T

I

N
s
N
r
1
1

g
c
n
a
a
d
e

(

0
c

Revista Brasileira de Entomologia 62 (2018) 237–242

REVISTA  BRASILEIRA  DE

Entomologia
A Journal on Insect Diversity and Evolution

www.rbentomologia .com

ystematics,  Morphology  and  Biogeography

 revision  of  Dichotomius  (Homocanthonides) Luederwaldt,  1929
Coleoptera:  Scarabaeidae:  Scarabaeinae)

aria  E.  Maldanera,∗,  Marcely  C.  Valoisb,c,d,∗,  Fernando  Z.  Vaz-de-Melloa

Universidade Federal de Mato Grosso, Instituto de Biociências, Departamento de Biologia e Zoologia, Cuiabá, MT, Brazil
Universidade Federal do Pará, Instituto de Ciências Biológicas, Belém, PA, Brazil
Universidade Federal do Pará, Programa de Pós-graduaç ão em Zoologia, Belém, PA, Brazil
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The  monospecific  subgenus  Dichotomius  (Homocanthonides) is revised  and  its single  species,  Dichotomius
(H.)  smaragdinus  (Perty,  1830)  is  redescribed  and  distinguished  from  other  Dichotomius  species.
Dichotomius  (H.)  smaragdinus  is  a polymorphic  species  and  its distribution  comprises  the  Brazilian  Cer-
rado.  For  the  first time,  morphological  variation  and  male  genital  organ  are  described  and  illustrated.
ssociate Editor: Marcela Monné

eywords:
razilian Cerrado
ung beetles
orphological variation

axonomy

We  believe  that this  species  might  be endangered  due  to extensive  deforestation  of Brazilian  Cerrado  by
agricultural  and  pasture  expansion.  Thus,  we  highlight  the  importance  of preserving  this  very unusual
Dichotomius  species.

©  2018  Sociedade  Brasileira  de  Entomologia.  Published  by Elsevier  Editora  Ltda.  This  is  an open
access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).
ntroduction

Dichotomius Hope, 1838 is one of the most diverse genera of
eotropical Scarabaeinae comprising more than 170 described

pecies (Nunes and Vaz-de-Mello, 2013; Maldaner et al., 2015;
unes et al., 2016; Valois et al., 2017). Four subgenera are currently

ecognized: Dichotomius s. str.; Homocanthonides Luederwaldt,
929; Selenocopris Burmeister, 1846; and Luederwaldtinia Martínez,
951.

Among Dichotomius, the subgenus Homocanthonides is distin-
uishable by the presence of a single central clypeal tooth and green
olored body with a green to red sheen. Dichotomius (H.)  smaragdi-
us (Perty, 1830) is the only species assigned to the subgenus
nd was reviewed by Harold (1859, 1869a), Luederwaldt (1929)
nd Pessôa and Lane (1941). We  present here an updated species
escription based on both sexes and all morphological variations
ncountered in its distributional range.
∗ Corresponding authors.
E-mails: maldanerme@gmail.com (M.E. Maldaner), marcelycvalois@gmail.com

M.C. Valois).

https://doi.org/10.1016/j.rbe.2018.05.001
085-5626/© 2018 Sociedade Brasileira de Entomologia. Published by Elsevier Editor
reativecommons.org/licenses/by-nc-nd/4.0/).
Materials and methods

Examined specimens belong to the following collections (cura-
tors in parenthesis):
CEMT – Setor de Entomologia da Coleç ão Zoológica da Universidade
Federal de Mato Grosso, Departamento de Biologia e Zoologia, Cuiabá,
Mato Grosso, Brazil (Fernando Vaz-de-Mello)
CERPE – Coleç ão Entomológica da Universidade Federal Rural de
Pernambuco, Recife, Brazil (Paschoal Grossi)
CMNC – Canadian Museum of Nature, Ottawa, Canada (Franç ois
Génier)
CZMA – Coleç ão Zoológica do Maranhão, Universidade Estadual do
Maranhão,  Caxias, Maranhão, Brazil (Francisco Limeira-de-Oliveira)
MNRJ – Museu Nacional, Universidade Federal do Rio de Janeiro, Rio
de Janeiro, Brazil (Miguel Monné and Marcela Monné)
MZUFPA – Coleç ão de Scarabaeinae do Museu de Zoologia, Instituto
de Ciências Biológicas, Universidade Federal do Pará, Belém, Brazil
(Fernando A. B. Silva)
ZSM – Zoologische Staatssammlung München, Munich, Germany
(Michael Balke and Lars Hendrich)

Terminology for the external structures used in descriptions

follows Vaz-de-Mello et al. (2011), Valois et al. (2017) to aedea-
gus morphology and Tarasov and Génier (2015) to endophallic
sclerites. Type specimen labels are transcribed ipsis litteris.  Labels
are separated by slashes “/”. Data from non-type material are
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resented as: country name written in capital letters (e.g. BRASIL),
tates or provinces written in italic (e.g. Mato Grosso),  followed by
ocalities and complementary information, such as coordinates,
ltitude, dates, method of collection, and collector. The number
nd sex of specimens plus the acronyms of collections or museums
here they are deposited are located between brackets (e.g. [4♂
♀ CEMT]).

axonomy

ichotomius (Homocanthonides) smaragdinus (Perty, 1830)
opris smaragdina Perty, 1830: 42 (original description)
opris (Chalcocopris) smaragdina Perty: Burmeister, 1846: (unpag-

nated)
opris smaragdina Perty: Harold, 1859: 197–198 (redescription)
inotus smaragdinus (Perty, 1830): Harold, 1869a: 127–128; 1869b:
011; Gillet, 1911: 62; Blackwelder, 1944–1957: 208 (checklist).
inotus (Homocanthonides) smaragdinus (Perty, 1830):
uederwaldt, 1929: 661–663, 59–61
ichotomius (Homocanthonides) smaragdinus (Perty, 1830):
artínez, 1951: 140; Vaz-de-Mello, 2000: 193.

ype material

Male Lectotype [ZSM, designated by Scherer (1983)]: 30.
rasilia. Pinotus smaragdinus. Perty/HOLOTYPUS Copris smarag-
ina Perty det. D-.Scherer 1981/Pinotus smaragdinus (Perty) det. G.
cherer, 1981//LECTOTYPE ♂ Copris smaragdina Perty des. F.Z. Vaz-
e-Mello, 2014. Following articles 74.5 and 74.6 of the International
ode of Zoological Nomenclature (ICZN), we agreed that Scherer
1983) unintentionally designated the lectotype of Copris smarag-
ina when he found a specimen in Spix’s collection and published
ts labels’ transcription mentioning the word “typus” before giving

 brief description of this specimen (Fig. 1A).

on-type material

[43 males, 54 females, 6 specimens unsexed] BRAZIL: Mato
rosso: Diamantino. Vale da Solidão. 14◦22′14′′S; 56◦07′59′′W.
ight. 24.X.2006. E. Furtado [4♂♂ 2♀♀ CEMT]; same locality, but
1.x.2013. Collected burying Attalea fruits [1♂ 8♀♀ CEMT]; same
ata, but 20.X.2006 [1♀  CEMT]; same data, but 14◦22′S; 56◦07′′W.
50m. XI.2012. [4♀♀  CEMT]; same data, but X.2012 [1♂  CEMT];
ame municipality, but Alto Rio Arinos. Light. 09.IX.1998. E. Fur-
ado [3♂♂  2♀♀ CEMT]; Porto Estrela. Estaç ão Ecológica Serra das
raras. 03–23.X.2011. Manual. M.  Souza and F. Vaz-de-Mello.

1♂ CEMT]; Chapada dos Guimarães. Cidade de Pedra. 22.X.2009.
ight trap. F.R. Fernandes. [1♀  CEMT]; Cuiabá. Fazenda Mutuca.
ucalipto. 25.X.2008. [1♀  CEMT]; Nova Xavantina, XI.1946 [1 spec-
men unsexed, MNRJ]; Rosário Oeste [1 specimen unsexed, MNRJ];
osário Oeste, XII.1975, A. Maller col. [1 specimen unsexed, MNRJ];
onquista do Oeste, XI.2012. M.A. Carvalho. [3♂♂ CEMT]. Mato
rosso do Sul: Selvíria. UNESP farm. Carrion baited pitfall trap ripar-

an forest - pasture transition area. 24.X.1992. C.A.H. Flechtmann.
1♀ CEMT]; same data, 03.X.1992. [1♂ CEMT]; Três Lagoas, X.1952,
. Sabetai col. [1 specimen unsexed, MNRJ]. Goiás: Mineiros. Parque
acional das Emas. X.1999. F. Rodrigues [1♀  1♂ CEMT]; Niquelân-
ia. X.1993. [1♀  CEMT]; Campinaç u, 17.X.1985, L. C. Alvarenga col.
1 specimen unsexed, MNRJ]; Goiânia (“Campinas”), X.1935, lack-
ng collector. [1 specimen unsexed, MNRJ]; Rio Verde, 07.XI.1945,
. Zellibor col. [3 specimens unsexed, MNRJ]; same data, but [no
ates], Dr. Nick [1♂ 1♀ CMNC]; same data, but XII.1941 [1♂ 2

♀ CMNC]; same data, but XII.1945, Zellibor leg. [2♀♀  CMNC];
ame data, but Ribeirão Pires, XI.1956, P. Pereira leg. [1♀  CMNC].
ianópolis, X.1968, N. Tangerini col. [1 specimen unsexed, MNRJ].
istrito Federal: Planaltina. Embrapa Cerrados. Fragmento Cerrado.
e Entomologia 62 (2018) 237–242

15◦36′20′′S; 47◦42′26′′W.  03.XI.2005. Light. C. Oliveira. [6♂♂ 7♀♀
CEMT]; same data, 18.XI.2005. [2♂♂  4♀♀ CEMT]; same data, but Cer-
rado Nativo. 15◦36′20′′S; 47◦42′16′′W.  03.XI.2006. [2♂♂ 1♀ CEMT];
same data, but 15◦36′16′′S; 47◦44′16′′W.  03.XI.2006. [2♂ 1♀ CEMT];
Brasília. XI.1989. C. Godinho. [2♂♂ 2♀♀ CEMT]; same locality, but
18.X.2002. Jorge and Ricardo [1♂ CEMT]; same locality, but Uni-
versidade de Brasília. 15.VIII.2010. Buckmann, H. M. [1♀  CEMT].
Minas Gerais:  Cordisburgo. Fazenda Pontinha. I.1999. Falqueto and
Vaz-de-Mello [1♀  CEMT]; same locality, XII.1997. Vaz-de-Mello
[1♂ CEMT]; same locality, II.1996. Vaz-de-Mello. [1♂  CEMT]; Para-
catu. XI.1997. S. Lourenç o Jr. [1♀  CEMT]; same locality, XI.1992.
C. Godinho. [1♀  CEMT]; Bocaiúva. Fazenda Corredor. 05.XI.1998.
M.F. Vasconcelos and A.A. Azevedo. [1♀  CEMT]; same local-
ity, 26.XI.1998. M.F. Vasconcelos. [1♂  CEMT]; Martinho Campos.
XII.1988. [1♂  CEMT]; Águas Vermelhas. XII.1997. A. Bello and F. Vaz-
de-Mello. [1♀  CEMT]; same locality, XI-1991. E. Grossi [1♂ CEMT];
Faz. Faceiro. 12–19.XII.2012. E. and P. Grossi. [2♂♂ 2♀♀ MZUFPA];
same locality. 16.XII.2012. [1♂ CERPE]; Três Marias. XI.1991. J.N.C.
Louzada. [1♀  CEMT]; same locality XI.1991. J. C. Zanúcio. [3♀♀  CEMT]
same location, but X.1989. [1♂ CEMT]; Divisa Alegre. XI.1977. C.
Godinho [1♂ 1♀ CEMT]. Uberlândia. 18◦45.494S; 048◦18′.986W.
XII.2106. Carvalho, R. [1♂ 1♀ CEMT]. São Paulo: Batatais, XII.1943
[1 specimen unsexed, MNRJ]; same data, but XII.1945, Ginásto
S. José [1♂ CMNC]. Maranhão:  Geraldina. 3.XII.2009. C.M. Meier
[1♂ CEMT]; Mirador. Parque Estadual Mirador. Base da Geraldina.
06◦37′25′′S; 45◦52′08′′W.  12–20.X.2012. Light trap. F. Limeira-de-
Oliveira, L. S. Santos and C.F. Barros. [1♂ CEMT]; same data but [1♂
1♀ CERPE]. No data: [3♀♀  CEMT].

Diagnosis

The current definition of Dichotomini (sensu Tarasov and
Dimitrov, 2016) comprises four Neotropical/Neartic genera:
Dichotomius, Chalcocopris Burmeister, 1846, Holocephalus Hope,
1838, and Isocopris Pereira and Martínez, 1960. Dichotomius (H.)
smaragdinus is assigned to Dichotomius based on the following
combinations of morphological characters: antenna with nine
antennomeres; elongated antennal club; second labial palpomere
triangular, not covering the third palpomere in ventral view;
clypeal ventral process present (coniform to apically bifurcate).
Within Dichotomius, the species has been isolated in a separated
subgenus namely Dichotomius (Homocanthonides). This subgenus
(and its only species) has the following differences: it differs from
the subgenus D. (Dichotomius) by having a body with a green metal-
lic sheen and ventral thoracic sternites glabrous, lacking long dense
setae; it differs from D. (Selenocopris) by clypeo-genal junction lack-
ing angulation, ventral clypeal process pronounced into a small
tubercle, not bifurcated, and sixth abdominal sternite of females
not differentiated by the presence of tubercles, lobe or emargina-
tions; and it differs from D. (Luederwaldtinia) by its single rounded
tooth on clypeal margin, and all meso and metatarsomeres with a
row of yellow setae on ventral surface.
Redescription Male: Length: 11–16 mm.  Maximum width (prono-
tum): 6–9 mm.  Body mainly green with metallic green, red or
yellow sheen (Fig. 1). Head: surface finely punctated. Clypeal mar-
gin distinctly emarginated. Clypeal and genal margins with a
single row of ventral orange setae. Ventral clypeal process pro-
nounced into a short pointed tubercle. Clypeo-genal suture weakly
impressed. Clypeo-genal junction slightly notched, lacking angula-
tion. Clypeo-frontal surface with a single, central tubercle [broken
in the lectotype]. Antenna with nine antennomeres; club elongated,
with orange and yellow setae. Pronotum:  distinctly convex with a

wide anterior declivity with two feeble excavations (Fig. 1A–E). Sur-
face of anterior angles with ocellate punctures, punctures becoming
weakly defined toward pronotal disc (Fig. 3B–E). Lateral portion
of pronotum with coarse punctures. Posterior margin with coarse



M.E. Maldaner et al. / Revista Brasileira de Entomologia 62 (2018) 237–242 239

Fig. 1. Dichotomius (Homocanthonides) smaragdinus (Perty, 1830). (A) Lectotype of Copris smaragdina Perty, 1830 [ZSM]. (B) Male habitus, green variation. (C) Female habitus,
green variation. (D) Female habitus, dark elytra variation. (E) Male habitus, green with red and yellow sheen variation. (F) Male abdominal sternites. (G) Female abdominal
sternites.
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ig. 2. Aedeagus of Dichotomius (H.) smaragdinus. (A) Endophallus and dissected sc
omplex of axial and sub-axial sclerites; SRP, superior-right peripheral sclerite. (B) L
ubgenital plates.

rregular granules, preceded by a more or less wide band of coarse
unctures. Glossy pronotal disc with weakly defined longitudinal
ulcus. Anterior margin well defined throughout, with nar-
owly produced posterior along midline. Anterior angles rounded.
ypomeron: weakly excavated anterior. Anterior portion filled with
ense setae, surface covered with irregular ocellate punctures;
unctures spaced by approximately half or less their diameter
n central portion of excavation. Lateral margins with a row of
etae shorter than those on excavation. Central region slightly
unctated and posterior portion with setose punctures. Proster-

um: with ocellate punctures. Mesosternum: divided by smooth
entral area. Lateral portion with ocellate punctures irregularly
paced. Meso-metasternal suture almost straight, and medially
bsolete. Mesepisternum: glabrous, with deep ocellate punctures.
, dorsal view. LC, lamella copulatrix; FLP, frontal lateral peripheral sclerite; A + SA,
a copulatrix, left view. (C) Aedeagus, lateral view. (D) Dorsal view of paramera. SGP:

Metasternum: anterior lobe coarsely punctated. Flat disc, that is
finely punctated. Lateral, glaborous lobes, with dense ocellate punc-
tures. Elytra:  glossy, with green sheen. Interstriae convex, simply
punctated. Punctures larger than striae, shallowly impressed and
spaced by two  times their diameter (Fig. 3C, E, F). Elytra with nine
elytral striae; first to seventh striae broader basally; nineth stria
not reaching base. Legs: with long orange pilosity. External margin
of protibiae quadridentate. Apical spur of protibiae curved down,
and pointed at the apex. Ventral surface of profemur is punctated
on posterior half; apical portion with setose punctures, setae very

short. Meso and metatarsomeres I-IV slightly enlarged toward the
apex. Apical metatarsomere cylindrical, almost two  times longer
than IV. Apical spur of metatibia is truncated. Abdomen: stern-
ites narrowed medially. Sternites with a row of punctures along
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nterior margin. Fifth sternite approximately two times shorter
han sixth medially (Fig. 1F). Pygidium: wider than long. Shiny, with
pars and feeble punctures. Phalobase:  almost as long as parameres.
arameres: subgenital plates (SGP) of aedeagus reduced, weakly
clerotized (Fig. 2D). In lateral view, apex dorso-ventrally flattened,
trongly curved ventrally. In dorsal view, apex laterally expanded,
xternal margins rounded (Fig. 2C, D). Inner margin straight on api-
al fourth, remaining parts of margin curved outward, converging
t the base (Fig. 2D). Endophallus [in the dorsal view]: as in Fig. 2A.
amella copulatrix (LC) with a square-shaped dorsal projection
Fig. 2A); in left view with a pointed projection (Fig. 2B, arrow).
emale:  Length: 11–16 mm.  Maximum width (pronotum): 6–9 mm.
lypeal surface transversally ridged; posterior portion coarsely
unctated. Genal surface wrinkled. Clypeofrontal surface with a
hort notched tubercle. Interocular surface with coarse elongated
unctures except for posteromedian with smooth surface. Fifth
ternite is as long as sixth medially (Fig. 1G).

orphological variation

Dichotomius (Homocanthonides) smaragdinus is a widespread
pecies in Brazilian Cerrado with considerable chromatic variation
Figs. 1 and 3). Some specimens have the pronotal disc with yellow
r red sheen; or elytra entirely black, lacking green reflections (see
iscussion section).

axonomic remarks

Copris smaragdina Perty, 1830 and C. hesperus (Olivier, 1789)
ere originally characterized by their colored body with green,

ed or yellow coloration. Burmeister (1846) described the sub-
enus Copris (Chalcocopris) for C. hesperus and C. smaragdina based
n the presence of eight antennal segments and metallic body
oloration. Ten years later, Lacordaire (1856) argued that C. smarag-
ina was a synonym of C. hesperus describing nine antennal
egments to Copris,  except for C. hesperus which had only eight
ntennal segments (as he explained in a footnote). Harold (1859)
tated eight antennal segments for C. smaragdina, but corrected
t to nine segments later (Harold, 1969a). Additionally, Harold
1859) examined and redescribed Perty’s specimen of C. smarag-
ina concluding that this species is completely different from C.
esperus. Later, Cupello et al. (2016) designated C. hesperus as
he type-species of Chalcocopris. In 1869, Harold transferred C.
maragdina to Pinotus Erichson. Luederwaldt (1929) described the
ew subgenus Homocanthonides and redescribed Pinotus (Homo-
anthonides) smaragdinus, its single and then type-species, based on

 female specimen. Martínez (1951) made the new, currently valid
ombination Dichotomius (Homocanthonides)  smaragdinus (Perty,
830), considering the precedence of Dichotomius Hope, 1838 over
inotus Erichson, 1847.

istribution

Brazilian Cerrado, in the states of Mato Grosso, Mato Grosso do
ul, Goiás, Distrito Federal, Maranhão, Minas Gerais and São Paulo
Fig. 3A).

ollecting information

Nine specimens were found burying seeds of Attalea palm (Are-
aceae) in the municipality of Diamantino, Mato Grosso state

Eurides Furtado, collector notes). Other species of Dichotomius
ave been reported from fruits (Halffter and Halffter, 2009). How-
ver, apart of this single report of D. (H.) smaragdinus in Attalea
ruits, the species has been known to be captured only at light,
e Entomologia 62 (2018) 237–242

flight interception traps, and rarely in pitfall traps, independent of
bait type or even of being baited (our observation).

Discussion

Here we were concerned with the taxonomy of the monospecific
subgenus Dichotomius (Homocanthonides), describing morpholog-
ical variations, and providing a redescription and diagnosis for its
single species D. (H.)  smaragdinus. In early classifications, D. (H.)
smaragdinus was closely related to Chacolcopris hesperus based
on their body color (metallic green) and antenna supposedly
with eight antennomeres. Harold (1869a) correctly described nine
antennal segments for D. (H.) smaragdinus and transferred it from
Copris Geoffroy, 1762 to Dichotomius (cited as Pinotus Erichson,
1847). In revising Dichotomius, Luederwaldt (1929) treated D. (H.)
smaragdinus in a separated subgenus based on its single tooth on
clypeal margin.

Among Dichotomius subgenera, the colored body of D. (H.)
smaragdinus resembles some D. (Luederwaldtinia) species in the D.
(L.) speciosus and D. (L.) carbonarius species-groups, D. (L.)  glaucus
(Harold, 1869b) and D. (L.) lycas (Felsche, 1901). Plus, the two sub-
genera have very similar sexual dimorphic characters, such as the
clypeal surface of female with transversal ridges, and the male’s
sixth abdominal sternite being two  times longer than fifth. For
the first time, the aedeagus and the endophalic sclerites of D. (H.)
smaragdinus are described and illustrated (Fig. 2). In this species,
the subgenital plates (SGPs) of aedeagus are small and weakly scle-
rotized, contrasting with large and well-sclerotized SGPs found
in most Dichotomius species. The Lamela copulatrix (LC) is well-
developed and bears a square-shaped dorsal projection resembling
the basic plan of LC in the D. sericeus species-group (Valois et al.,
2017). Previous studies have demonstrated the high taxonomic and
phylogenetic value of the endophalic sclerites in dung beetle evolu-
tion (Tarasov and Solodovnikov, 2011; Rossini et al., 2018), however
these structures are still poorly known in most Dichotomius species.

Despite the morphological similarities between species of D.
(Luederwaldtinia) and D. (H.) smaragdinus we decided to maintain
its current taxonomic status since its diagnostic characters contrast
with those used to define all other Dichotomius subgenera (see Diag-
nosis). However, the phylogenetic value of these characters was
not tested since the phylogenetic relationships among Dichotomius
species remain unclear. Therefore, we  believe that a possible close
relation between D. Luederwaldtinia and D. (H.) smaragdinus should
first be tested in a phylogenetic study before taxonomic changes are
proposed.

We  have not examined specimens from Bahia, Piauí and
Tocantins states, but we believe that D. (H.)  smaragdinus may  occur
in its Cerrado habitats and it may  be collected using light or flight
interception traps. The color variation illustrated here is present in
specimens from all localities and does not show exclusive regional
variations. However, we found two distinct patterns of sculpture
and punctuation on pronotum and elytra for D. (H.) smaragdinus
specimens. Populations from western Cerrado (comprising locali-
ties as Diamantino and Barra do Garç as, Mato Grosso State) exhibit
strong sculpturing on pronotal lateral declivities (Fig. 3B), elytral
striae and interstriae (Fig. 3C). As opposed to populations from
extreme eastern Cerrado, which have pronotal lateral declivities
that are almost smooth, and with indistinct punctures or impres-
sions, thin and sparsely punctated elytral striae and an interstrial
surface that is finely punctated (Fig. 3F–G). These patterns are
linked by intermediate sculptural forms from localities in Distrito

Federal and Minas Gerais State (Fig. 3D–E). The east-west cline of
sculpturing variation, combined with the lack of definite genital
differences among populations studied, led us to believe that these
phenotypes represent variations of a single species.
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