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ABSTRACT

Erioscelis emarginata is a Cyclocephalini beetle known for pollinating various
Araceae species. Recent observations revealed a significant variation in form
among specimens, especially between males and females, which exceeds
previously known characteristics — particularly concerning the protibia. This
study aimed to assess sexually dimorphic traits in E. emarginata, focusing on
protibial shape and body size. A total of 57 specimens from Brasilia (Brazil)
were selected for analysis. Photographs (n = 51) of the left protibia were taken
using an Axiocam 105 color camera mounted on a Leica MZ6
stereomicroscope, and 17 landmarks and semi-landmarks were digitized using
the software TPSdig2 v. 2.32. A Generalized Procrustes Alignment was
performed to standardize the size and position of the images, and the resulting
shapes were analyzed using Morphod v. 1.07, applying Procrustes ANOVA and
PCA. Additionally, total length, pronotum width, and protibia length were
measured and analyzed by one-tailed Welch f-tests. The analyses revealed
clear dimorphisms, with distinct protibia shape and the presence of a third tooth
only in females. This contradicts the species' original description but is
consistent with other species of the genus, which possess three protibial teeth
in both sexes. Furthermore, males exhibited greater body length and longer

protibiae. Significant protibial wear was also observed on these beetles,
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supporting the hypothesis that E. emarginata has soil-dwelling habits. In
conclusion, we believe this study contributes to the current taxonomic
delimitation of E. emarginata and enhances the understanding of the its biology.
Keywords: Protibial shape; Protibial tooth; Geometric morphometry;
Cyclocephalini.

RESUMO

Erioscelis emarginata € um besouro Cyclocephalini conhecido por polinizar
diversas espécies de Araceae. Recentemente, foi observada uma grande
variedade de formas nos espécimes, especialmente entre machos e fémeas,
que vai além dos caracteres ja conhecidos, especialmente quando se trata da
protibia. Portanto, este estudo se propbés a avaliar caracteres sexualmente
dimorficos de E. emarginata, com foco na protibia e no tamanho. Para isso,
foram selecionados 57 exemplares de Brasilia (Brasil). Fotos da protibia
esquerda (n = 51) foram capturadas com uma camera Axiocam 105 color,
acoplada a um estereomicroscépio Leica MZ6, e 17 marcos e semi-marcos
foram digitalizados no software TPSdig2 v. 2.32. Um Alinhamento Generalizado
de Procrustes foi realizado para padronizar o tamanho e a posicao das
imagens e as formas obtidas foram analisadas com Morphod v. 1.07, através
de ANOVA de Procrustes e APC. Comprimento total, largura do pronoto e
comprimento da protibia também foram mensurados e analisados por Testes-T
Welch unicaudais. As analises revelaram diferencas claras entre machos e
fémeas, com diferentes formas da protibia e presenca de um terceiro dente
apenas nas fémeas. Isso contradiz a descricdo original da espécie, mas é
consistente com outras espécies do género, que possuem trés dentes em
ambos os sexos. Além disso, os machos apresentaram maior comprimento
corporal e protibias mais longas. Também foi observado um grande desgaste
na protibia destes besouros, em concordancia com as hipoteses de que E.
emarginata de fato apresentaria habitos edaficos. Por fim, acreditamos que
esse estudo pbde contribuir com a atual delimitacdo taxondébmica de E.

emarginata, bem como uma melhor compreensao da biologia da espécie.
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Palavras-chave: Forma da protibia; Dente protibial; Morfometria geométrica;

Cyclocephalini.

INTRODUCTION

Erioscelis emarginata (Mannerheim, 1829) is a Cyclocephalini
(Scarabaeidae) beetle known for pollinating various aroid species from the
Araceae family (Moore et al., 2018). This species is distinguished from its
congeners primarily by two characteristics: a deeply emarginate clypeus, as
opposed to truncate or only slightly emarginate, and the presence of only two
protibial teeth instead of three (Endrodi, 1985). However, recent observations
revealed considerable variation in the external morphology of this species
(unpublished data), including differences in the elytral and pronotal shape
(Barros et al., 2020). Such findings raised questions regarding the taxonomic
status of these beetles, especially considering that E. emarginata is known to
be attracted to at least four aroid species (Gottsberger et al., 2013; Moore et al.,
2018; Pereira et al., 2014). This is an unusually high amount, as Dynastinae
(Scarabaeidae) beetles are generally expected to be more species-specific
pollinators (Silberbauer-Gottsberger et al., 2001). This complexity is further
emphasized by their intricate pollination system, involving attraction by specific
odors and rewards, including both heat and food sources (Moore et al., 2018,
Pereira et al., 2014).

In addition to population-level variations, the external morphology of E.
emarginata also appears to exhibit sexual dimorphism beyond what was
originally described. Currently, males are known to differ from female in three
main characteristics: pygidium’s subapical punctation dense (pygidium’s
subapical punctation sparse in females); VI sternite doubly emarginate (VI
sternite not emarginate in females); hind tarsi about 1/3 longer than the tibiae
(hind tarsi similar in length in females) (Endrodi, 1966). Furthermore, upon
examining preserved specimens, additional differences were also observed in
both on overall size and protibial morphology between males and females.
However, these differences appear to be subtle enough not to be described in

previous morphological analyses of E. emarginata (Endrodi, 1966; Mannerheim,
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1829; Saylor, 1946). This suggests the need for further evidence to determine
whether these variations are significant. A geometric morphometric approach
could be particularly helpful in this context, as it allows for a more detailed
examination of the form, potentially revealing subtle yet significant differences
between groups (Budecevic et al., 2021; Zinetti et al., 2013).

Therefore, to enhance the understanding of the morphological variation
found in these beetles and contribute to further its taxonomic knowledge, this
study aimed to verify the characters that are sexually dimorphic in E.
emarginata specimens, focusing on the shape of the protibiae and overall

specimen size.

MATERIAL AND METHODS

For this study, we selected 57 specimens (342 239) of E. emarginata
deposited in the following entomological collections (curator in parenthesis):
CEUFPE - Colegao Entomoldgica da Universidade Federal de Pernambuco,
Recife, Pernambuco, Brasil (Luciana lannuzzi); CERPE - Colegéo
Entomologica da Universidade Federal Rural de Pernambuco, Recife,
Pernambuco, Brasil (Paschoal Coelho Grossi); ZIN - Russia, St. Petersburg,
Russian Academy of Sciences, Zoological Institute (Mark Volkovitsh). All
specimens analyzed were originally collected in Brasilia (Federal District,
Brazil), except for the lectotype and paralectotype (from ZIN) that were also
included, from the type location Serra do Cipé (Minas Gerais, Brazil). We
decided to focus on Brasilia due to the apparent greater morphological variation
and better preservation of the specimens sampled there, while the inclusion of
the type specimens was intended to strengthen the results.

To investigate the shape of the protibiae, we applied geometric
morphometrics to quantitatively determine if the observed differences persist
even when they appear to be subtle. This methodology has been widely used to
better understand shape diversity and facilitate comparisons between groups of
beetles (Barros et al., 2020; BudecCevi¢ et al., 2021; Zinetti et al., 2013). For that
reason, photos of the dorsal face of the left protibiae of 51 specimens (295

229) were taken using an Axiocam 105 Color coupled to a Leica MZ6

Revista Nordestina de Zoologia, 15(1): 22-32. 2025 25



Revista Nordestina de Zoologia
ISSN 1808-7663

>
W9910°1

1980

stereomicroscope. Six specimens were excluded from the analysis due to the
absence of the left protibia or excessive wear to its surface. Using the software
TPSdig2 v. 2.32, 17 landmarks and semi-landmarks (Figure 1) were selected
and digitalized, with each one parsimoniously chosen to accurately represent
the observed shape (Perez et al., 2006). The data was then processed in
MorphoJd v. 1.07 (Klingenberg, 2011), subjected to a General Procrustes
Alignment to standardize the size and orientation of the shapes (Rohlf & Slice,
1990). The resulting shapes were compared through Procrustes ANOVA and
graphed with a Principal Component Analysis (PCA), with the objective of
reducing the number over variables while keeping most of the variation pattern

in order to better illustrate how the groups variates (Ringnér, 2008).

Figure 1. Left protibia of Erioscelis emarginata in dorsal view; (A) male, (B) female. Circles:

landmarks (blue) and semi-landmarks (red).
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To assess size variation, photos were also taken from the dorsal view of
the pronotum and elytra of all 57 specimens (342 22%). Through TPSdig2 v.
2.32 (Ronlf, 2017), measurements were taken for total length (from clypeus
apex to elytral apex) and maximum pronotal width. The length of the protibiae
was also extracted from its internal margin (n = 51). All measurements were
analyzed using one-tailed Welch t-tests in excel, in order to compare the
variance between female and male, with groups presenting normal distribution
(P > 0.5), unequal sample size (with different standard deviation) and that
already have a hypothesis of there being a difference (West, 2021). The size
effect was also evaluated by Cohen’s d on the R program (R Core Team, 2022)
to facilitate interpretation of the results. Data dispersal was represented by

standard deviation ().

RESULTS AND DISCUSSION

As a result of the analyses, we found different shape patterns of the
protibiae when comparing males and females of E. emarginata (Figure 2)
(F30,1470 = 20.10; P < 0.01; Pillai’sTrace = 0.94; n = 51). No other grouping of the
specimens was apparent through the PCA graphs (Figure 2). We also found
that males exhibited a significantly greater body length and protibiae length
when compared to females (P = 0.02, |d| = 0.56; and P < 0.01, |d] = 2.14,
respectively).

Regarding these linear measurements, males (n = 34) had an average
body length of 20.99 £ 0.71 mm, while females (n = 23) averaged 20.61 + 0.65
mm, making females only slightly smaller on overall length. But the difference
was even more pronounced in the protibiae, with males presenting them
roughly 10% longer (1.88 £ 0.85 mm on average for males and 1.69 + 0.1 mm
for females), from a maximum of 2.1 mm to a minimum of 1.4 mm for both
sexes. The maximum pronotum width did not differ considerably between sexes
(P =0.07, |d| = 0.39), with males having averaged 8.76 + 0.35 mm width and for

females averaging 8.63 £ 0.28 mm.
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Figure 2. Principal Component Analysis (PCA) of the left protibia of Erioscelis emarginata. Red
circles - female specimens, blue circles - male specimens (P < 0.0001). Variables summarize
58.8% of the total variation.

The size difference observed contradicts the typical pattern usually
observed in beetles with sexual dimorphism related to size, where in female
beetles are usually the ones to have a larger size (Mori et al., 2022). Therefore,
the fact that E. emarginata has larger males suggests a male-biased sexual
selection, as may be seen in other Dynastinae (Kojima, 2019). Although little is
known about the biology of E. emarginata, previous accounts describe mating
occurring inside the pollinating chambers of their host plants, at times involving
a high great density of individuals in each inflorescence (Gottsberger, 1984;
Gottsberger et al., 2013; Moore et al., 2018). In such conditions, larger male
size could provide a competitive advantage during male-male interactions, an
effect well documented for the rhinoceros beetles such as Trypoxylus
dichotomus (Linnaeus, 1771) (Kojima, 2019). Another possibility is that the size
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could better align with female preference, with there being cases of female
beetles that avoid males according to size or even offer assistance during
mating (Beeler et al., 2002; Harari et al., 1999).

In addition to size differences, this is the first report of a third pair of
protibial teeth, although reduced and exclusive to females, in E. emarginata, a
species previously known as the only of its genus with just two pairs of protibial
teeth (Endrédi, 1985). Reduced or vestigial basal teeth are not uncommon in
Cyclocephalini beetles, such as found in Cyclocephala abrelata Ratcliffe &
Cave, 2002 (Moore et al., 2018; Ratcliffe & Cave, 2002). Yet, in E. emarginata
both a reduction of the third teeth in females and its complete absence in males
were observed. According to the principles of parsimony, the origin of this
differentiation remains uncertain: a secondary loss of the third pair of teeth by
males would require two evolutionary steps (reduction of the pair of teeth in
both sexes followed by loss only in males); but atavism would also involve a
two-step process (loss of the teeth in both sexes followed by a reduced
reappearance only on females). Further studies focusing on the function and
histology of these structures could help clarify the most probable evolutionary
path of E. emarginata.

Furthermore, varying degrees of wear were observed on the protibiae of
most specimens. This wear not only supports the hypothesis that E. emarginata
inhabit the soil for most of the year, similarly to many other Cyclocephalini
(Moore et al., 2018), but also might explain why previous taxonomic reviews did
not describe this structure (Endrodi, 1966; Saylor, 1946), as the difference
between a worn female tooth and their absence in a male is not always visually
apparent. In this sense, caution is recommended when studying protibial shape
in Coleoptera, especially in edaphic groups, as it could induce errors in the
delimitation of the shape of the structure, making it crucial to exclude heavily

damaged individuals from the samples.

CONCLUSIONS
As a main conclusion, this study confirmed the presence of new patterns

of sexual dimorphism in E. emarginata, including differences in protibial shape,
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with the presence of a new protibial pair of teeth, and greater body and protibial
size in males.

Future morphometric studies on this group and other soil-dwelling beetles
should exclude worn protibiae from analyses to prevent errors.

These findings contribute to a better understanding of the morphological
differences observed among E. emarginata specimens, facilitating not only
future taxonomic and ecological studies but also species identification and the

evolution of the genus.
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