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Abstract. The mesopleuron of Bethylidae has many structures that are used in taxonomic and phylogenetic studies. The lack
of understanding of these structures has generated independent terminologies and a series of confusing terms, hampering
effective scientific communication. A morphological study and literature review were made in order to solve these problems.
Our study resulted in an anatomic glossary with 49 terms that presented a large number of synonyms and polysemies. The
glossary standardizes the terms used in the Bethylidae mesopleuron and in other Hymenoptera groups, which will facilitate
hypotheses of primary homology in comparative biology.
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INTRODUCTION

Most of the morphological studies of
Hymenoptera have a generalized anatomical
approach, in which all or large areas of the body
are analyzed together (e.g,, Gibson, 1985, 1993;
Matsuda, 1970; Snodgrass, 1910; Vilhelmsen et al.,
2010; Lanes etal.,, 2020). In addition, many of these
studies are restricted to only a few groups within
the order (e.g., Ibaliidae — Ronquist & Nordlander,
1989; Platygastridae — Masner, 1979 and Miké et al.,
2007; Vespidae - Duncan, 1939 and Michener,
1944, Braconidae - Karlsson & Ronquist, 2012 and
Wharton, 2006; and Eupelmidae — Gibson, 1986).

Although these studies provided great con-
tributions to the understanding of Hymenoptera
and insect anatomy, anatomical studies restricted
to more limited anatomical regions allow their
characters to be discussed in more detail, and
facilitates a more comprehensive comparative
analysis. Examples are Shcherbakov (1980, 1981)
and Gibson (1993), who contributed considerably
to the understanding of the thoracic pleura of
Hymenoptera, accomplishing a detailed study of
the external and internal morphology, comparing
structures, standardizing terms and discussing
the variations in different taxa.

Despite the various morphological studies,
many cladistic and taxonomic studies explore
the anatomy of taxa in a restricted and particular
way, creating new terms for the analyzed char-
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acters or using previous terms without further
exploring the homology between the characters.
Such factors contribute to a progressive increase
in the number of polysemy and synonyms in
the terminology. This is evident in groups within
Hymenoptera, in which evolutionary events have
caused the loss or fusion of various anatomical
structures (e.g., mesopleural and mesopleuroster-
nal sutures). To try to minimize these problems
in Bethylidae, Kawada et al. (2015) carried out a
study of the skeletomusculature of the metapost-
notum to solve problems of delimiting the bound-
ary between the metanotum and the propodeum.
However, there are areas that still need a skeleto-
muscular study to understand their structures and
propose homologies, such as the mesopleuron.
The Bethylidae mesopleuron presents a wide
variety of structures of sulci, pits, foveae and im-
pressions that are frequently used as taxonomic
and cladistic characters (see: Evans, 1959; Alencar
& Azevedo, 2011a; Azevedo et al., 2018b; Alencar &
Azevedo, 2013; Waichert & Azevedo, 2009). Many
of them are poorly understood, unexploited and
there is no clarity about their homologies (e.g.,
mesepimeral sulcus in Ramos & Azevedo (2012),
Alencar & Azevedo (2013), Barbosa et al. (2014);
sub-anterior fovea in Alencar & Azevedo (2011a);
lower mesopleural fovea in Waichert & Azevedo
(2009)). Moreover, the variety of structures has
generated many terms, resulting in high quantities
of synonyms and polysemies, hampering the taxo-
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nomic and cladistic analysis (e.g., synonymous structures:
mesepimeral suture by Ramos & Azevedo (2012); meso-
pleural groove by Alencar & Azevedo (2013) and postpec-
tal carina by Lanes & Azevedo (2008). Polysemous struc-
tures: sub-tegular groove by Waichert & Azevedo (2009);
subalar pit by Richards (1956) and Miké et al. (2007)).

In an attempt to mitigate the overlapping of terms,
many authors (e.g., Gibson, 1986; Karlsson & Ronquist,
2012; Lanes et al.,, 2020; Miké et al,, 2007; Ronquist &
Nordlander, 1989) have comparatively analyzed the ter-
minology applied to Hymenoptera characters (e.g., HAO,
Antbase - Agosti & Johnson (2005), Antkey - Sarnat &
Suarez (28/04/2021)). Nevertheless, the characters of the
mesopleuron are still little understood by many authors,
being necessary a more detailed organization of the con-
cepts and terminology of these characters.

This study aims to propose a detailed glossary of the
terms and concepts of mesopleural structures, as well as
a list of synonyms, which will assist in future investiga-
tions of mesopleuron in Bethylidae and other groups of
Hymenoptera, serving as a basis for comparison, under-
standing and character recognition as well as their use in
phylogenies.

MATERIAL AND METHODS
Sample

Specimens of 33 genera of Bethylidae belonging to
all five extant subfamilies were examined covering most
of the diversity of the mesopleuron (Table 1). The homol-
ogies with other Hymenoptera families were made by
comparisons with literature.

The examined material is from the following institu-
tions: CASC: California Academy of Sciences, USA, San
Francisco (R. Zuparko); CZMA: Colecao Zooldgica do
Maranhao, Brazil, Caxias (F. Limeira-de-Oliveira); ISAM:
Iziko South African Museum, South Africa, Cape Town
(S. van Noort); MNHN: Museum National d’Histoire
Naturelle, France, Paris (Agniéle Touret-Alby, Bernardo
Santos); NMKE: National Museum of Kenya, Kenya,
Nairobi (R. Copeland); QMSB: Queensland Museum South
Bank, Australia, Brisbane (Chris Burwell); QSBG: Queen
Sirikit Botanic Garden, Thailand, Chiang Mai (W. Srisuka);
UFES: Laboratory of Bethylidae at Universidade Federal
do Espirito Santo, Brazil, Vitéria (Celso O. Azevedo).

Dissection techniques and images

Critical-point-dried and air-dried specimens (Gibson,
1985; Vilhelmsen et al, 2010; Kawada et al., 2015) were
used for morphological analysis, dissected with insect
pins and razor blades. The specimen’s parts were glued
on a card with information on the sample’s provenance
and stored as vouchers.

The external and internal part of the mesopleuron
was photographed with a Leica Z16 APO stereomicro-
scope coupled to a Leica DFC 2 video camera by Leica
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Table 1. Genera examined.

Subfamily Genera
Goniozus Forster

Bethylinae
Odontepyris Kieffer
Prosierola Kieffer
Sierola Cameron

Epyrinae Anisepyris Kieffer
Aspidepyris Evans
Bakeriella Kieffer
(hlorepyris Kieffer
Disepyris Kieffer
Epyris Westwood
Formosiepyris Terayama
Holepyris Kieffer
Laelius Ashmead
Trachepyris Kieffer

Mesitiinae Anaylax Méczdr
Heterocoelia Dahlbom
Incertosulcos Méczdr
Mesitius Spinola
Sulcomesitius Méczar
Zimankos Argaman
(leistepyris Kieffer

Dissomphalus Ashmead

Pristocerinae

Pristocera Klug
Pristepyris Kieffer
Propristocera Kieffer
Prosapenesia Kieffer
Protisobrachium Benoit
Pseudisobrachium Kieffer

Scleroderminae Cephalonomia Westwood
Sclerodermus Latreille
Prorops Waterston
Plastanoxus Kieffer

Proplastanoxus* Terayama

*The specimen information was taken from the literature.

Microsystems (Switzerland) following the lighting proce-
dures of Kawada & Buffington (2016). The image stacks
were combined with Leica Application Suite V3.6.0 by Leica
Microsystems (Switzerland) or Helicon Focus (HeliconSoft).

Terminology

The terms and descriptions of the morphologi-
cal characters and muscles follow The Hymenoptera
Anatomy Ontology project (Seltmann et al,, 2012) avail-
able through The Hymenoptera Glossary (HAO http://
glossary.hymao.org) and Lanes et al. (2020). The homol-
ogisation of structures (primary homology) between
Bethylidae and other Hymenoptera was made by com-
paring the shape, location and muscles associated with
the structures. When it was not possible to establish ho-
mology through association with the musculature, we
applied the criterion of the topographical sameness of
structures (see Seltmann et al,, 2012).

Lanes et al. (2020) and Seltmann et al. (2012) use the
term homonymy when the same name is used for more
than one structure. However, according to Martins (2015),
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the homonymy is related to cases in which two or more
meanings are presented by words with the same spelling
and/or sound, but have different semantic roots, while
polysemy is characterized when a word with the same
semantic root has two or more meanings. Furthermore,
Alves (2000) explains that polysemy and homonymy may
represent cases in which the same term is used to name
different concepts, but polysemy deals with concepts
from the same area or conceptual network, while hom-
onymy from different conceptual areas or networks.

From that, we will adopt polysemy rather than hom-
onymy when one name is applied to two or more struc-
tures and synonymy when the same structure has more
than one different name applied to itself. We establish
three criteria according to the order of the importance to
define the preferential term: (1) was preferred the term
that best represents the skeletal structure (shape and
location in the body) according to Lanes et al. (2020),
Ronquist & Nordlander (1989) and HAO. (2) more widely
used term in the scientific community; (3) oldest propo-
sition of the term. The criteria adopted are informed in
the description of the structure.

In polysemy cases or if the adopted terminology was
not adequate (second criterion described in the previous
paragraph), a new name was proposed. Some descrip-
tions have been expanded because the previous defini-
tions were insufficient to describe the characters. These
definitions were structured following the genus differen-
tia format, using the existing definition and from it we
add the new part to cover the structural concept.

The positioning of characters in relation to the body
follows the Biological Spatial Ontology — BSPO (Dahdul
et al, 2014; BSPO) and the interpretation follows The
Hymenoptera Anatomy Ontology (Yoder et al, 2010;
Seltmann etal,, 2012; HAO).

From the terminological glossary by Lanes et al. (2020)
and the bibliography consulted, which presents informa-
tion about structures of the mesopleuron in Hymenoptera
(mainly morphological terms and concepts) and Bethylidae
specifically (including taxonomic, morphological and cla-
distic terms applied to structures in mesopleuron), a new
glossary for the mesopleural structures was made, in which
the detailed description of the morphological characters
and the commonly used synonyms were included. Valid
terms and abbreviations are in bold and new terms are
marked with one asterisk (¥). In case of articles written in a
non-English language, we translated the terms and kept the
term in the original language in parentheses and marked
with a double asterisk (**). When the term represents only
part of a structure, we include the term“in part”.

RESULTS

General description of the
mesopleuron in Bethylidae

Mesopleuron occupies a large part of the mesopec-
tus (mesopleuron + mesosternum), being divided into
lateral and ventral surfaces. Located dorsally in the lateral
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surface, the mesepimeral sulcus (epm2s) separates the
posterior mesepimeral area (epm2pa) from the rest of
the mesopleuron, which is composed of the mesepister-
num and part of the mesepimeron. The posterior mese-
pimeral area is projected anteriorly, forming the mese-
pimeral lobe (mlo). The subalar area (saa) is located
anterodorsally in the mesopleuron and is ventrally limit-
ed by the subalar impression (sai), within which are the
anterior subalar pit (asup) and posterior subalar pit
(psup). Ventral to the subalar impression may have the
anterior mesopleural fovea (pl2af). Posteriorly to this
fovea there are a mesopleural callus (pl2c) or an upper
mesopleural fovea (pl2uf) or a posterior oblique sul-
cus of the mesopleuron (pl2pos). Centrally in the me-
sopleuron, the mesopleural pit (pl2p) is present, which
can be internal to the upper mesopleural fovea or to the
posterior oblique sulcus of the mesopleuron. Ventrally in
the lateral surface, the lower mesopleural fovea (pl2If)
is usually present and at the posterior extremity there is
the mesopleural epicoxal lobe (pl2el), which may be
limited by the mesopleural epicoxal sulcus (pl2es). In
the ventral surface, subpleural signum (sps) and ster-
naulus (st) are usually present.

Integumentary structures

Acropleural apodeme (acra: Figs. 1A, 2D) = The apo-
deme located anterodorsally on the mesopleuron and
correspondent to the site of origin of the third meso-
pleuro-mesonotal muscle (HAO_0000083). Although the
acropleural apodeme is present in Bethylidae, we were
not able to see the third mesopleuro-mesonotal muscle.

acropleural apodeme by Gibson (1986); Lanes et al. (2020);
Miko et al. (2007); Vilhelmsen et al. (2010).

Anterior mesopleural fovea (pl2af: Figs. 1B, C) = The
small depression located near the anterior margin of the
mesopleuron and ventral to the anterior end of the sub-
alar impression (Lanes et al., 2020). Criterion 1.

anterior fovea by Alencar & Azevedo (2013); Azevedo
& Alencar (2010a, b); Azevedo & Barbosa (2010);
Azevedo et al. (2005, 2018b); Barbosa & Azevedo
(2009, 2010, 2011b, 2014a, b, 2015); Barbosa et al.
(2013); Lanes & Azevedo (2008); Stein et al. (2011);
Waichert & Azevedo (2009).

anterior mesopleural fovea by Azevedo (2014); Barbosa &
Azevedo (2011a); Lanes et al. (2020).

Anterior subalar pit (asup: Fig. 1C) = The pit located
anterodorsally on the mesopleuron that corresponds in-
ternally to the acropleural apodeme*. Criterion 1.

acropleural sulcus by Miké et al. (2007).

subalar pit by Richards (1956).

subtegular fovea by Azevedo & Lanes (2009); Barbosa &
Azevedo (2009, 2011a); Barbosa et al. (2013); Lim et al.
(2010).
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Dorsal mesopleural inflection (pl2di: fig. 21B in Lanes
et al., 2020) = The inflection extending along the dorsal
margin of the mesopleuron anterior to the posterior sub-
alar pit, which articulates with the second axillary sclerite
(HAO_0000257).

dorsal mesopleural inflection by Lanes et al. (2020); Miké
etal. (2007).

Brito, C.D. et al.: Mesopleural structures in Bethylidae

Lateral coxal articular process of the mesopleuron
(lcapp2: http://api.hymao.org/public/figure/show
zoom/12802 in HAO) = The articular process located
ventrolaterally on the mesopleuron, where bears the lat-
eral coxal condyle of the mesopleuron (HAO_0001464).

lateral coxal articular process of the mesopleuron by
Boudinot (2015); Lanes et al. (2020).

Figure 1. Mesopleuron. (A) Chlorepyris. (B) Epyris. (C) Chlorepyris. (D) Anisepyris. (E) Chlorepyris. (F) Pseudisobrachium. (A) dorsal view. (B-F) lateral view. Abbreviations:
acra = acropleural apodeme; pl2af = anterior mesopleural fovea; psup = posterior subalar pit; pl2c = mesopleural callus; asup = anterior mesopleural pit; pl2If =
lower mesopleural fovea; pl2uf = upper mesopleural fovea; epm2s = mesepimeral sulcus; pl2pos = posterior oblique sulcus of the mesopleuron.
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Lower mesopleural fovea (pl2If: Figs. 1C, D, E) = Wide
depression located ventrally to the mesopleural pit
(Lanes et al., 2020). Criterion 2.

curved carina (in part) by Krombein (1992).

inferior margin of lower fovea by Alencar & Azevedo
(2011b); Stein et al. (2011).

lower fovea (or **fovea inferior) by Alencar & Azevedo
(2013); Azevedo (1992, 1999a, ¢, 2011, 2014);
Azevedo & Alencar (2010a, b); Azevedo & Barbosa
(2010); Azevedo & Mugrabi (2014); Azevedo et al.
(2005); Barbosa & Azevedo (2011a); Barbosa et al.
(2013); Corréa & Azevedo (2002); Evans (1964, 1965,
19664, 1967b, 1969¢, 1978); Gobbi & Azevedo (2006);
Kawada & Azevedo (2003); Krombein (1992); Moreira
& Azevedo (2003); Rosmann & Azevedo (2005); Santos
H.S. & Azevedo (2000); Santos L.M. & Azevedo (2008);
Terayama (2006, 2008); Vargas & Azevedo (20164, b);
Waichert & Azevedo (2009).

lower margin (in part) by Azevedo (2014); Azevedo &
Alencar (2010a, b); Azevedo & Mugrabi (2014); Santos
L.M. & Azevedo (2008).

lower mesopleural fovea by Azevedo et al. (2018b);
Evans (1959, 1966b, 1970); Lanes et al. (2020); Lim &
Azevedo, 2014; Stein & Azevedo (2007).

lower part of lower fovea (in part) by Evans, 1978.

posterior fovea by Azevedo (1999a).

prepectal carina (in part) by Waichert & Azevedo (2009).

prepectal depression (in part) by Vargas & Azevedo
(2016b).

transepisternal line (in part) by Azevedo et al. (2018b);
Lanes et al. (2020).

upper margin of lower févea (in part) by Alencar & Azevedo
(2013); Azevedo (1994); Azevedo & Alencar (2010b);
Stein & Azevedo (2007).

Medial coxal articular process of the mesopleuron
(mcapp2: figs. 20B and 21A in Lanes et al., 2020) =
The articular process located on the ventral margin of the
mesopectus medially of the mesocoxal foramen, where
bears the medial coxal condyle of the mesopectus (HAO/
Lanes et al., 2020). Criterion 1.

medial coxal articular process of the mesopectus by (HAO).

medial coxal articular process of the mesopleuron by Lanes
etal. (2020).

median mesocoxal articulation by Vilhelmsen et al. (2010).

mesocoxal condyle by Karlsson & Ronquist (2012).

Mesepimeral inflection (epm2i: Fig. 2B) = The inflec-
tion extending along the dorsal margin of the mesopec-
tus (HAO_0000536). Criterion 1.

mesepimeral inflection by Lanes et al. (2020); Ronquist &
Nordlander (1989).
posterior mesepimeral inflection by Miko et al. (2007).

Mesepimeral lobe (mlo: Fig. 2F) = The posterodorsal
mesepimeral lobe covering the posterior thoracic spira-
cle (Karlsson & Ronquist, 2012). Criterion 1.
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epimeral lobe by Richards (1956).
mesepimeral lobe by Karlsson & Ronquist (2012).

Mesepimeral ridge (epm2r: Figs. 2A, B) = The ridge ex-
tending along the posterior margin of the mesopectus
(HAO_0000537). Criterion 1.

mesepimeral ridge by Karlsson & Ronquist (2012); Lanes
etal. (2020); Miké et al. (2007); Ronquist & Nordlander
(1989); Vilhelmsen et al. (2010).

posterior mesopleural apodeme by Duncan (1939).

Mesepimeral sulcus (epm2s: Figs. 1E, 2C) = The sulcus
extending along the posterior margin of the mesopectus,
which delimits the mesepimeral area and corresponds to
the mesepimeral ridge (HAO_0000538). Criterion 1.

acropleural fovea (in part) by Barbosa & Azevedo (2014a).

acropleural sulcus (in part) by Barbosa & Azevedo
(20144, b, 2015, 2016); Barbosa et al. (2017).

episternal furrow by Azevedo & Barbosa (2010); Azevedo
& Mugrabi (2014); Barbosa & Azevedo (2010; 2011b, ¢,
2012); Barbosa et al. (2013); Lim & Azevedo (2014);
Stein etal. (2011).

episternal groove by Alencar & Azevedo (2011a); Alencar
et al. (2016); Azevedo (2008a, 2014); Azevedo et al.
(2018a); Azevedo & Alencar (2009); Barbosa &
Azevedo (2011a); Waichert & Azevedo (2009).

mesepimeral sulcus by Azevedo et al. (2018b); Karlsson &
Ronquist (2012); Miké et al. (2007); Vilhelmsen et al.
(2010).

mesepimeral suture by Ramos & Azevedo (2012).

mesopleural groove by Alencar & Azevedo (2013).

mesopleural suture by Barbosa & Azevedo (2014a, b, 2015,
2016); Barbosa et al. (2014, 2017); Lanes et al. (2020).

postpectal carina by Lanes & Azevedo (2008).

pleural sulcus by Richards (1956).

sub-alar fovea (in part) by Barbosa & Azevedo (2009,
2010, 2011a); Lim etal. (2010).

subtegular fovea (in part) by Azevedo (2011); Azevedo &
Alencar (2010b); Azevedo & Barbosa (2010); Azevedo
& Lanes (2009); Barbosa & Azevedo (2011b, ¢, 2012).

subtegular furrow (in part) by Ramos & Azevedo (2012);

subtegular groove (in part) by Alencar & Azevedo (2009,
2011a, b); Alencar et al. (2016); Azevedo (2014);
Azevedo & Alencar (2009, 2010a); Azevedo & Mugrabi
(2014); Azevedo et al. (2018a, b); Lanes & Azevedo
(2007, 2008); Lim & Azevedo (2014); Lim & Lee (2013).

sub-tegular groove (in part) by Waichert & Azevedo
(2009).

subtegular groove of mesopleuron (in part) by Lanes &
Azevedo (2008).

subtegular mesopleural fovea (in part) by Azevedo (2014).

Mesepimeron (epm2: http://api.hymao.org/public/
figure/show zoom/10827 in HAO) = The epimeron

that is located on the mesopleuron (HAO_0000539).
Criterion 1.

epimeron of mesopleuron by Snodgrass (1942).
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mesepimeron by Karlsson & Ronquist (2012); Lanes et al. mesepisternum by Lanes et al. (2020); Snodgrass (1910).
(2020); Michener (1944). mesothoracic episternum by Snodgrass (1942).

Mesepisternum (eps2: http://api.hymao.org/public/ Mesocoxal foramen (cx2f: http://api.hymao.org/pub-
figure/show zoom/10826 in HAO) = The episternum lic/figure/show zoom/29356 in HAO) =The coxal fora-
located on the mesopleuron (HAO_0000541). Criterion 1. men located on the mesopectus (HAO_0001785).

cx2-sa2

Figure 2. Mesopleuron. (A) Odontepyris. (B) Pristepyris. (C-D) Pristocera. (E) Pseudisobrachium. (F) Cleistepyris. (A, B, D, E) internal view. (C, F) lateral view.
Abbreviations: epm2r = mesepimeral ridge; pl2dp = mesopleural dentate process; epm2i = mesepimeral inflection; x2-sa2 = mesocoxo-mesosubalar muscle;
sai = subalar impression; epm2pa = posterior mesepimeral area; epm2s = mesepimeral sulcus; st = sternaulus; ste = sternaular elevation; acra = acropleural
apodeme; pl2a-fu2 = anterior mesopleuro-mesofurcal muscle; pl2a = mesopleural apodeme; pl2-cx2 = mesopleuro-mesocoxal muscle; mlo = mesepimeral lobe;
pl2es = mesopleural epicoxal sulcus; pl2el = mesopleural epicoxal lobe.



http://api.hymao.org/public/figure/show_zoom/10826
http://api.hymao.org/public/figure/show_zoom/10826
http://api.hymao.org/public/figure/show_zoom/29356
http://api.hymao.org/public/figure/show_zoom/29356

Brito, C.D. et al.: Mesopleural structures in Bethylidae

mesocoxal foramen by Karlsson & Ronquist (2012); Lanes
et al. (2020); Vilhelmsen et al. (2010).

Mesopectus (pec2: http://api.hymao.org/public/fig-
ure/show zoom/28201 in HAO) = The sclerite which
is U-shaped in cross section, and connected anteriorly
with the pronotum and the propectus, dorsally with the
basalare, the mesonotum, the second axillary sclerite
and the subalare, posteriorly with the metapectus and
bears the mesodiscrimenal lamella and the mesofurca
(HAO_0000557).

mesopectus by Karlsson & Ronquist (2012); Lanes et al.
(2020); Vilhelmsen et al. (2010).

Mesopleural apodeme (pl2a: Figs. 2E, 3B) = The apo-
deme correspondent to the site of origin of the second
mesopleuro-mesonotal and the mesopleuro-mesocoxal
muscles (HAO_0001359). Criterion 1.

mesopleural apodeme by Karlsson & Ronquist (2012);
Lanes et al. (2020); Vilhelmsen et al. (2010).
pleural apodeme by Miké et al. (2007).

Mesopleural callus (pl2c: Figs. 1B, F) = The area corre-
sponding to the site of origin of the second mesopleu-
ro-mesonotal muscle and part of the mesofurco-meso-
pleural muscle. Externally, it is a bulging area located on
the anterodorsal region of the mesopleuron, that is gen-
erally smoother than the rest*. Criterion 1.

acropleural area by Lanes et al. (2020).

callus by Azevedo (2004, 2007, 2008a); Azevedo et al.
(2018b); Corréa & Azevedo (2001, 2006;) Evans (1961,
1963a, b, 1964; 1966a, 1967a, ¢, 1969a, b, 1978);
Gobbi & Azevedo (2014, 2016); Leal & Azevedo
(2001); Ramos & Azevedo (2009); Waichert & Azevedo
(2004).

mesopleural callus by Alencar & Azevedo (2011a); Alencar
etal. (2016); Azevedo & Alencar (2009); Azevedo et al.
(2018a); Evans (1961, 1963b, 1973, 1978); Gobbi &
Azevedo (2010); Zamprogno & Azevedo (2014).

mesopleural elevation by Alencar & Azevedo (2009).

mesopleural upper elevation by Alencar & Azevedo (2013).

supra-posterior callus by Alencar & Azevedo (2013).

Mesopleural dentate process (pl2dp: Fig. 2A) =
Projection located posterodorsally in mesopleuron
(Lanes et al., 2020). Criterion 1.

blunt tooth by Krombein (1996).

dentate process by Alencar & Azevedo (2011b); Azevedo
etal. (2018b); Lim & Lee (2013); Polaszek & Krombein
(1994).

dentate prominence (**dent aigii) by Polaszek &
Krombein (1994); Kieffer & Marshall (1904-1906).

mesopleural dentate process by Lanes et al. (2020).

Mesopleural epicoxal lobe (pl2el: Fig. 2F) = Posterior
region of the mesopleuron, anteriorly delimited by the
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mesopleural epicoxal sulcus. It usually overlaps the base
of the mesocoxa*. Criterion 1.

mesopleural epicoxal lobe by Lanes et al. (2020); Ramos &
Azevedo (2012).
trochantial lobe by Richards (1956).

Mesopleural epicoxal ridge (pl2er) = Internal ridge
correspondent to the mesopleural epicoxal sulcus (Lanes
etal, 2020).

mesopleural epicoxal ridge by Lanes et al. (2020).

Mesopleural epicoxal sulcus (pl2es: Fig. 2F) = The epi-
coxal sulcus located on the mesopleuron (HAO_0000560).
Criterion 1.

mesopleural epicoxal sulcus by Lanes et al. (2020); Miké
etal. (2007).
postpectal carina by Waichert & Azevedo (2009).

Mesopleural pit (pl2p: Fig. 3C) = The pit correspondent
to the mesopleural apodeme (HAO_0001358). Criterion 1.

antero-central pit by Azevedo (2007).

central pit by Alencar & Azevedo (2009); Azevedo (1999b,
2005, 2006, 2008b, 2009a, b, 2014); Azevedo &
Alencar (2010a); Azevedo & Barbosa (2010); Azevedo
& Lanes (2009); Barbosa & Azevedo (2011b); Corréa &
Azevedo (2002); Gobbi & Azevedo (2006, 2014); Gupta
etal (2017); Kawada & Azevedo (2003); Santos L.M. &
Azevedo (2003); Vargas & Azevedo (2008, 20164, b);
Waichert & Azevedo (2012).

episternal scrobe by Michener (1944); Richards (1956).

mesopleural pit (or **die zentrale mesopleurale Grube)
by Alencar & Azevedo (2011b, 2013); Alencar et al.
(2016); Argaman (2003); Azevedo & Mugrabi (2014);
Azevedo et al. (2018b, c); Evans (1969c¢); Lanes &
Azevedo (2008); Lanes et al. (2020); Ramos & Azevedo
(2012); Ramos et al. (2014); Sorg (1988); Stein et al.
(2011); Vilhelmsen et al. (2010); Waichert & Azevedo
(2009, 2012).

mesopleural scrobe by Karlsson & Ronquist (2012).

pleural aphophysis by Snodgrass (1942).

pleural pit by Masner, 1979; Miko et al. (2007).

small pit by (or **fossette) by Benoit (1952, 1957); Kieffer
(1904, 1905, 1906, 1908, 1910, 1911).

Mesopleural wing process (pl2wp: figs. 28, 50 in
Gibson, 1986) = Projection of the anterodorsal corner of
the mesopleuron (Lanes et al,, 2020). Criterion 1.

mesopleural wing process by Gibson (1986).
pleural wing process by Duncan (1939); Gibson (1993);
Snodgrass (1909, 1935).

Posterior mesepimeral area (epm2pa: Fig. 2C) = The
area extending along the posterior margin of the meso-
pleuron, which is delimited anteriorly by the mesepime-
ral sulcus (HAO_0000751). Criterion 1.


http://api.hymao.org/public/figure/show_zoom/28201
http://api.hymao.org/public/figure/show_zoom/28201
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mesepimeral flange by Karlsson & Ronquist (2012).
posterior mesepimeral area by Lanes et al. (2020); Mikd
etal. (2007).

Posterior oblique ridge of the mesopleuron (pl2por:
Fig. 3B) = The internal oblique ridge corresponding to

;@, __,," L

A i a
K 8 pl2-3ax2c
pl2-3ax2b’#

‘5; pl2-ba2
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the posterior oblique sulcus of the mesopleuron (Lanes
etal., 2020). Criterion 1.

oblique mesopleural ridge by Vilhelmsen et al. (2010).

posterior oblique ridge of the mesopleuron by Lanes et al.
(2020).

pl2-3ax2c

Figure 3. Mesopleuron. (A-B) Dissomphalus. (C) Prosierola. (D) Cleistepyris. (E) Pseudisobrachium. (F) Epyris. (A, C, D) lateral view. (B, E, F) internal view. Abbreviations:
pl2pos = posterior oblique sulcus of the mesopleuron; sps = subpleural signum; pl2a = mesopleural apodeme; pl2por = posterior oblique ridge of the mesopleuron;
saa = subalar area; sai = subalar impression; pl2p = mesopleural pit; st = sternaulus; pl2-ba2 = mesopleuron-mesobasalar; pl2-3ax2b = second mesopleuro-third
axillary sclerite of forewing muscle; pl2-3ax2c = third mesopleuro-third axillary sclerite of forewing muscle; pl2-t2b = second mesopleuro-mesonotal muscle;
pl2-cx2 = mesopleuro-mesocoxal muscle; pl2a-fu2 = anterior mesopleuro-mesofurcal muscle.
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Posterior oblique sulcus of the mesopleuron (pl2pos:
Figs. 1F, 3A, D) = Oblique sulcus arising close to meso-
pleural pit, which follows to the anteroventral direction
(Lanes et al., 2020). Criterion 1.

longitudinal groove (or **sillon longitudinal) by Kieffer
(1910); Muesebeck (1934).

mesopleural sulcus by Barbosa & Azevedo (2011¢, 2012).

oblique espisternal sulcus by Argaman (2003).

oblique groove (or **sillon oblique) by Benoit (1956, 1957,
1968); Evans (1964, 1966a); Kieffer (1908).

oblique mesopleural sulcus by Vilhelmsen et al. (2010).

posterior oblique sulcus of the mesopleuron by Barbosa &
Azevedo (2016); Lanes et al. (2020); Richards (1956).

posterior oblique suture by Richards (1956); Shcherbakov
(1981).

transversal furrow by Gobbi & Azevedo (2016).

transverse groove by Argaman (1990); Barbosa & Azevedo
(2011¢).

Posterior subalar pit (psup: Fig. 1B) = The pit located
posterodorsally on the mesopectus corresponding to the
posterodorsal edge of the mesopleuron (HAO_0000961).
Criterion 1.

posterior subalar pit by Ronquist & Nordlander (1989).

subalar pit Gibson (1985); Karlsson & Ronquist (2012);
Krogmann & Vilhelmsen (2006); Lanes et al. (2020);
Michener (1944); Miké et al. (2007); Vilhelmsen et al.
(2010).

Posterodorsal edge of the mesopleuron (pdem:
figs. 12, 108 in Miko et al., 2007) = The edge located at
the intersection of the mesepimeral ridge and the inflect-
ed dorsal margin of the mesopleuron (HAO_0000771).
Criterion 1.

posterodorsal edge of the mesopleuron by Lanes et al.
(2020); Miké et al. (2007).

process on mesepimeral ridge by Ronquist & Nordlander
(1989).

Sternaular elevation (ste: Fig. 2D) = Internal elevation
of the mesopleuron corresponding to the sternaulus ex-
ternally (¥).

Sternaulus (st: Figs. 2C, 3D) =The line or fovea marking
the site of origin of the mesopleuro-mesobasalar mus-
cle* (HAO_0000953). Criterion 1.

sternaulus by Castro et al. (2011); Lanes et al. (2020);
Wharton (2006).

sub-anterior fovea by Alencar & Azevedo (2011a); Stein
etal. (2011).

Subalar area (saa: Fig. 3C) = The area delimited by the
mesepimeral inflection, corresponding to the subalar
ridge externally, which bears the mesopleural wing pro-
cess (HAO_0000960). Criterion 1.
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subalar area by Karlsson & Ronquist (2012); Lanes et al.
(2020); Michener (1944); Ronquist & Nordlander
(1989).

subtegular plate by Linsley & Michener (1939).

Subalar impression (sai: Figs. 2C, 3C) = Depression an-
terodorsal of the mesopleuron that generally is posteri-
orly connected to the mesepimeral sulcus (Lanes et al,
2020). Criterion 1.

acropleural fovea by Barbosa & Azevedo (2014a).

acropleural sulcus by Barbosa & Azevedo (2014a, b, 2015,
2016); Barbosa et al. (2017); Vilhelmsen et al. (2010).

sub-alar fovea by Barbosa & Azevedo (2009, 2010, 201 1a);
Lim etal. (2010).

subalar impression by Karlsson & Ronquist (2012); Lanes
etal. (2020).

subtegular fovea by Azevedo (2011); Azevedo & Alencar
(2010b); Azevedo & Barbosa (2010); Azevedo & Lanes
(2009); Barbosa & Azevedo (2011b, ¢, 2012).

subtegular furrow by Ramos & Azevedo (2012);

subtegular groove by Alencar & Azevedo (2009,
2011a, b); Alencar et al. (2016); Azevedo (2014);
Azevedo & Alencar (2009, 2010a); Azevedo &
Mugrabi (2014); Azevedo et al. (2018a, b); Lanes &
Azevedo (2007, 2008); Lim & Azevedo (2014); Lim &
Lee (2013).

sub-tegular groove by Waichert & Azevedo (2009).

subtegular groove of mesopleuron by Lanes & Azevedo
(2008).

subtegular mesopleural fovea by Azevedo (2014).

Subalar tubercle (sat: see fig. 5A in Karlsson &
Ronquist (2012)) = The projection located posteriorly
on the subalar area, which accommodates the posterior
end of the second axillary sclerite of the forewing at the
beginning of the upstroke of the wing (HAO_0001475).
Criterion 1.

cup-shaped socket on pleuron by (HAO).
subalar tubercle by Karlsson & Ronquist (2012).

Subpleural signum (sps: Figs. 3A, C) = The signum lo-
cated submedially on the ventral face of the mesopleu-
ron, which corresponds to the site of origin of the first me-
sopleuro-mesonotal (pl2-t2a) muscle (HAO_0000975).
Criterion 3.

precoxal sulcus by Richards (1956).

precoxal suture by Richards (1956).

subpleural signum by Lanes et al. (2020); Michener (1944);
Vilhelmsen et al. (2010).

Upper mesopleural fovea (pl2uf: Figs. 1D, E) = Fovea
located centrally in the mesopleura around the meso-
pleural pit (Lanes et al., 2020). Criterion 1.

mesopleural fovea by Alencar & Azevedo (2009, 2011b);
Azevedo & Alencar (2010a); Azevedo & Barbosa
(2010); Azevedo & Lanes (2009); Azevedo & Mugrabi
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(2014); Barbosa & Azevedo (2010, 2011a, b); Evans
(1966b, 1969¢); Lim & Lee (2013); Lim et al. (2010);
Stein & Azevedo (2007); Stein et al. (2011); Vargas
& Azevedo (2016a); Waichert & Azevedo (2009);
Zamprogno & Azevedo (2014).

oval fovea by Cameron (1905).

pleural fovea by Gordh & Witethom (1995).

upper fovea (or **févea superior) by Rosmann & Azevedo
(2005); Waichert & Azevedo (2009).

upper mesopleural fovea by Lanes et al. (2020).

Musculature

Anterior mesopleuro-mesofurcal muscle (pl2a-fu2:
Figs. 2D, 3F) = The mesofurcal muscle that originates at
the mesopleuron and inserts distally on the mesofurca
(HAO_0000118). Criterion 1.

anterior mesopleuro-mesofurcal muscle by Vilhelmsen
etal. (2010).
mesopleuro-mesofurcal muscle by Miké et al. (2007).

First mesopleuro-mesonotal muscle (pl2-t2a: http://
api.hymao.org/public/figure/show zoom/8424 in
HAO) = The mesonotal muscle that arises ventrally
from the mesopectus and inserts on the mesoscutum
laterally of the notauli and medially parascutal carina
(HAO_0000332).

first mesopleuro-mesonotal muscle by Miké et al. (2007);
Vilhelmsen et al. (2010); Willsch et al. (2020).

Mesocoxo-mesosubalar muscle (cx2-sa2: Fig. 2B) =
The mesosubalare muscle that arises from the meso-
coxa and inserts on the mesosubalare (HAO_0000544).
Criterion 2.

mesocoxo-mesosubalar muscle by Miké et al. (2007);
Vilhelmsen et al. (2010); Willsch et al. (2020).
mesocoxo-mesosubalare muscle by Miko et al. (2007).

Mesopleuro-mesobasalar muscle (pl2-ba2: Figs. 3E, F) =
The mesobasalar muscle that originates anteroventral-
ly at the mesopleuron and inserts on the mesobalare
(HAO_0000563). Criterion 1.

mesopleural-basalare muscle by Wharton (2006).
mesopleuro-mesobasalar by Vilhelmsen et al. (2010).
mesopleuro-mesobasalar muscle by Willsch et al. (2020).
mesopleuro-mesobasalare muscle by Mikoé et al. (2007).

Mesopleuro-mesocoxal muscle (pl2-cx2:Figs. 2E, 3F) =
The mesocoxal muscle that arises from the mesopleuron
and inserts on the mesocoxa (HAO_0000564). Criterion 1.

basalar muscle of the mesothorax by Snodgrass (1942).

mesopleuro-mesocoxal by Willsch et al. (2020).

mesopleuro-mesocoxal muscle by Miké et al. (2007);
Willsch et al. (2020); Vilhelmsen et al. (2010).
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Prepecto-mesobasalar muscle (pre-ba2: http://
api.hymao.org/public/figure/show zoom/8930 in
HAO) =The mesobasalar muscle that arises from prepec-
tus (HAO_0001805).

prepectus mesobasalar Vilhelmsen et al. (2010).

Second mesopleuro-mesonotal muscle (pl2-t2b:
Figs. 3E, F) = The mesonotal muscle that arises me-
dially from mesopleuron and inserts on the ventral
surface of the lateral axillar area (HAO_0000924).
Criterion 1.

second mesopleuro-mesonotal muscle by Miké et al.
(2007); Willsch et al. (2020).
second mesopleuro-mesonotal by Vilhelmsen et al. (2010).

Second mesopleuro-third axillary sclerite of fore-
wing muscle (pl2-3ax2b: Figs. 3E, F) = The fore wing
third axillary muscle that arises anteroventrally from the
mesopleuron (HAO_0001742). Criterion 1.

anterior mesopleuro-third axillary sclerite of forewing by
Miké et al. (2007); Vilhelmsen et al. (2010).

second mesopleuro-third axillary sclerite of forewing by
Vilhelmsen et al. (2010).

second mesopleuro-third axillary sclerite of forewing mus-
cle by Willsch et al. (2020).

Third mesopleuro-third axillary sclerite of forewing
muscle (pl2-3ax2c: Figs. 3E, F) = The fore wing third
axillary muscle that originates posterolaterally from the
mesopleuron (HAO_0001214). Criterion 1.

posterior mesopleuro-third axillary sclerite of forewing
muscle by Miko et al. (2007).

third mesopleuro-third axillary sclerite muscle by
Vilhelmsen et al. (2010).

third mesopleuro-third axillary sclerite of forewing by
Willsch et al. (2020).

Axillary sclerites

First axillary sclerite of the forewing (1ax2: fig. 44 in
Gibson, 1986) = The axillary sclerite that articulates an-
teriorly and medially with the anterior notal wing process
laterally with the second axillary sclerite, and posteriorly
with the posterior notal wing process (HAO_0001772).
Criterion 1.

first axillary sclerite by Gibson (1986); Ronquist &
Nordlander (1989); Snodgrass (1909).
first axillary sclerite of the forewing by Lanes et al. (2020).

Mesobasalare (ba2:figs.9,10,12-16in Gibson, 1985) =
The basalare located in the mesothorax (HAO_0000542).

mesobasalare by Lanes et al. (2020); Miké et al. (2007).


http://api.hymao.org/public/figure/show_zoom/8424
http://api.hymao.org/public/figure/show_zoom/8424
http://api.hymao.org/public/figure/show_zoom/8930
http://api.hymao.org/public/figure/show_zoom/8930
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Mesosubalare (sa2: http://api.hymao.org/public/fig-
ure/show zoom/16875 in HAO) = The subalare located
in the mesothorax (HAO_0000581).

mesosubalare by Lanes et al. (2020); Miké et al. (2007).

Second axillary sclerite of the forewing (2ax2: fig. 44
in Gibson, 1986) = The second axillary sclerite that is lo-
cated on the mesothorax (HAO_0001673). Criterion 1.

second axillary sclerite by Gibson (1986); Snodgrass
(1909).

second axillary sclerite of the forewing by Lanes et al.
(2020).

Third axillary sclerite of the forewing (3ax2: fig. 44 in
Gibson, 1986) = The third axillary sclerite that is located
on the mesothorax (HAO_0001632). Criterion 1.

third axillary sclerite by Gibson (1986).
third axillary sclerite of the forewing by Lanes et al. (2020).

DISCUSSION

As proposed by Freixa (2006), denominative variation
in terminology responds to linguistic needs of differ-
ent natures, being that they occur in a natural way and,
sometimes, they can result from the enhancement about
the interpretation of the studied objects (evolution of
concepts). However, contrary to what was defended
by Alves (2000) and Martins (2015), we believe that, in
some cases, the presence of synonyms, homonyms and
polysemies can be considered problematic in specialized
communication, especially when different denomina-
tions for the same concept are a product of imprecise
and/or ambiguous definitions of conceptual boundaries
(i.e., denominative variation caused by conceptual im-
precision; see cognitive causes in Freixa, 2006).

Based on the morphological analysis of several
Bethylidae taxa and their respective descriptions and
terminologies adopted, we verify that over the years, a
large number of imprecise terms have been proposed
to name the same mesopleural characters applied to
Bethylidae or even to Hymenoptera. We believe that the
huge number of terminological synonyms presented in
the anatomical glossary can be evidence of that.

Many terms are not identified due to the conceptual
imprecision regarding the structure to which it was refer-
ring, usually caused by incomplete descriptions and lack
of illustrations. Among the characters identified, many are
difficult to interpret and the factors that contribute to this
are: the structural equivalence between the structure is
difficult to establish, the lack of knowledge about what it
represents morphologically and the lack of a clear delimi-
tation of the structures in some cases (e.g., subalar impres-
sion, mesepimeral sulcus, sternaulus). Moreover, many
areas and characters are little explored in taxonomic and
cladistic contexts (e.g., anterior and posterior subalar pit,
sternaulus, mesopleural epicoxal lobe and subalar area).
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Synonymous and polysemous terms

In this topic we will discuss the main cases of the
synonymous and polysemous terms found in Bethylidae
literature (mainly) and, in some cases, groups of
Hymenoptera.

In Bethylidae, the posterior oblique sulcus of the me-
sopleuron is present in Pristocerinae and Mesitiinae, and
despite showing little variation in size, position and for-
mat, it has been labelled differently in both subfamilies
(see Argaman, 2003; Barbosa & Azevedo, 20113, b; 2012;
Gobbi & Azevedo, 2016).

The use of names such as mesopleural sulcus (see
Barbosa & Azevedo, 2011¢; 2012), for example, can lead
to misidentification with another sulcus present in the
mesopleuron e.g.,, sometimes, the lower margin of the
mesopleural fovea form a structure like a sulcus exter-
nally. Names such as transversal furrow (see Gobbi &
Azevedo, 2016) and other terms present in Bethylidae
literature can make identification by systematists diffi-
cult, because in the name there is no inference about the
location of the character, making it difficult to correlate
the name and the structure it represents through liter-
ature, especially when interpreted by non-specialists in
Bethylidae. Furthermore, this sulcus is also found in other
Hymenoptera groups, e.g., Chrysididae and Pompilidae,
and was termed posterior oblique sulcus of the meso-
pleuron by Richards (1956), the same term established in
Bethylidae as described by Lanes et al. (2020).

Establishing the correspondence of the structure can
be difficult, even when there is little structural variation,
as the mesopleural callus. This area was named by Evans
(1961) as “a more or less well defined swelling just below
thebase of the hind wings”to the genus Pseudisobrachium
that belongs to Pristocerinae. Because of this, the term
was widely used in workers of this subfamily. However,
in some genera of the Epyrinae, this area is more accen-
tuated, which took Alencar & Azevedo (2013) to name it
as upper mesopleural elevation. Lanes et al. (2020) stan-
dardized the term acropleural area to this region, but our
muscular analysis is in disagreement with the definition
presented by them (see definition proposed by Lanes
et al. (2020) and our definition in the glossary section).
Because of this, we will keep the term mesopleural callus
(as proposed by Evans (1961), but with a new concep-
tion. This terminological unification based on an ana-
tomic study will make the works in Bethylidae safer and
more understandable and it can serve as an area to be
explored and studied in other groups of Hymenoptera.

The subalar impression has recently been proposed
for Bethylidae and it has received many terms. Externally,
this structure is fused posteriorly with mesepimeral sul-
cus, being considered and named as a single structure in
the publications of the Bethylidae. Therefore, the terms
found in the literature review refers to the subalarimpres-
sion and part of the mesepimeral sulcus. Of all citations
of this term, only the publications by Barbosa & Azevedo
(20144, b; 2015; 2016), and Barbosa et al. (2017) seem to
have followed the original proposition of Gibson (1986),
which used the term acropleural sulcus to this area.


http://api.hymao.org/public/figure/show_zoom/16875
http://api.hymao.org/public/figure/show_zoom/16875
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The problems related to the terminology of the mese-
pimeral sulcus arises mainly from the lack of the knowl-
edge and the misinterpretation of the type of structure
it represents, whether a groove (e.g., episternal groove
and mesopleural groove), suture (e.g., mesepimeral suture)
or carina (e.g., postpectal carina) that do not represent
the structure, more complete definitions and names
about the structures can be found in Lanes et al. (2020),
Ronquist & Nordlander (1989) and HAO. Despite these
terms, the names mostly used in Bethylidae are episternal
furrow and episternal groove, which was cited for the first
time by Azevedo (2008a) and Barbosa & Azevedo (2010).
However, they did not define the term.

The mesopleural pit is an example of the lack of uni-
formity in terminology not just in Bethylidae, but also in
other families of Hymenoptera (e.g., episternal scrobe
to bees — Michener (1944); pleural apophysis to bees —
Snodgrass (1942); mesopleural scrobe to Braconidae -
Karlsson & Ronquist (2012); pleural pit Platygastroidea
- Miko et al. (2007)). Although there are no doubts about
the identity of the mesopleural pit, several terms have
been applied to this structure, which shows the impor-
tance in using the uniform terminology in taxonomy, cla-
distic and morphologic works. To adopt this practice can
make the use of data from the literature more reliable
and less laborious.

The lack of consistent criteria for proposing primary
homologies (sensu De Pinna, 1991) may be one of the
factors that promotes proliferation of terminological pol-
ysemy or synonyms. Even when there is concern with the
proposal of homologies through comparative anatomy,
the superficial analysis of the characters is not always
sufficient, since some of them may be externally similar,
but internally they represent totally different structures.
An example of the lack of the consistent criteria is the
case of the “transepisternal line”. Lanes et al. (2020) used
the term “transepisternal line” to name a ventral sulcus
of the lateral surface of the mesopleuron, but for Gibson
(1985) the “transepisternal line” marks the origin of mus-
cles that does not originate from this sulcus, which, in
fact, appears to be only the inferior margin of the lower
mesopleural fovea.

Many works, mainly taxonomic, prioritize the descrip-
tion of the specimens, with no concern for recognizing
whether the analyzed characters have already been de-
scribed in other taxa that do not belong to the group of
the study, which leads to the creation of new terms for
such characters. In addition, terminological polysemy
or synonyms may be the result of a lack of extensive re-
search on the terminology (e.g., databases such as HAO
and Antkey) and of the different motivations by sys-
tematics and morphologists. Thus, the stability in terms
requires agreement as to which terms should be used to
name the structures without affecting the scientific com-
munication (Gibson, 1993).

The “subalar pit” is an example of the importance in
agreement between systematics and morphologists. The
mesopleuron has two small pits in the subalar region, an-
terior and posterior, however, in some taxa only one of
the pits is present, so that Richards (1956) used the term
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“subalar pit” to name the anterior subalar pit, whereas
Gibson (1985) used the same term to name the posterior
subalar pit.

Poorly explored characters

The study of the mesopleuron showed not only the
large number of synonyms existing for its structures, but
also revealed many little explored characters that can be
useful in systematics.

Some of them are certainly under-explored because
of the location and size of the structure, e.g., the ante-
rior subalar pit, posterior subalar pit, subalar area and
mesepimeral lobe. All of them are located at the anterior
extremity of the mesopleuron, and are often difficult to
observe because the wing generally covers them. They
are small compared to other structures. In these cases,
the state of preparation of the specimen can greatly in-
fluence observability, because the position of the wing
can not only make it difficult to observe, but to correct-
ly identify and interpret the structures. Thus, this area of
mesopleuron probably is neglected due to the uncer-
tainty of their homology, or because of the risk of dam-
age to the specimen while studying them.

However, sternaulus and epicoxal mesopleural lobe
are easy to observe, but little investigated in Bethylidae.
The sternaulus, for example, was mentioned only three
times for Bethylidae, as sub-anterior fovea by Alencar &
Azevedo (2011a) and Stein et al. (2011) and sternaulus
by Lanes et al. (2020). The mesopleural epicoxal lobe was
mentioned only once by Ramos & Azevedo (2012). In our
study we observed that these structures vary consider-
ably and can be useful for the taxonomy of the group, as
well as Hymenoptera.

Although we did not used any specific methodology
to explicitly evaluate character usage throughout the
literature, we believe that the little use of them may be
related to some factors: (i) researchers generally follow
standardized descriptions previously adopted, without
considering their inherited descriptive and/or explana-
tory limitations for particular groups; (ii) researchers ex-
plore only a fixed set of characters determined by their
historical usage in a particular group; and (iii) specialized
literature that provides explicit information and expla-
nation of characters is virtually absent for a particular

group.

Negative effects of the absence
of uniform terminology

The lack of a specific literature and the wide range
of morphological variability lead specialists of different
taxonomic groups to develop their terminologies inde-
pendently, without standardized vocabularies, which
generates many synonyms (Gibson, 1985; Seltmann et al.,
2013). This may result in the accumulation of terms that
often are confusing or that do not represent the struc-
ture and uncertain homology, making the taxonomic
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and cladistic work mostly ineffective and constitutes a
barrier to clear and accurate scientific communication.

According to Komarek & Beutel (2006) insufficient
morphological knowledge of the characters can result
in imprecise or inadequate observations, and import-
ant features may be overlooked or misinterpreted. This
shows the importance of morphological knowledge and
consequently terminological standardization in a taxo-
nomic context, especially to new taxonomists. At the be-
ginning of their careers, many of them are unable to have
a clear understanding of some structures, may replicate
any eventual error or find the work dull and difficult, es-
pecially for under-studied taxonomic groups.

For cladistic analysis, the effects on the lack of uni-
formity of terminology can result in a character matrix
with many problems, because the incorrect identifica-
tion of the structure may not correspond to the primary
hypotheses of homology. Examples of this problem can
be found at Waichert & Azevedo (2009) and Alencar &
Azevedo (2013). In the first situation, the term subteg-
ular groove is used in their matrix of the characters, but
it corresponds to two distinct structures, the subalar im-
pression and mesepimeral sulcus, which are not delimit-
ed externally, and, therefore, seem to form a single struc-
ture. In the second situation, the terms supra-posterior
callus and posterior elevation on upper fovea in Alencar
& Azevedo (2013), are used to name the same structure,
present in different groups that is the mesopleural callus.

Furthermore, in groups with sexual dimorphism,
some structures are difficult to correlate. Thus, the stan-
dardization of terms and determination of homologous
regions among species is important to infer phylogenet-
ic relationships (Gibson, 1986).

CONCLUSION

The study of the mesopleuron of bethylids showed
how much a study of certain regions of the body is nec-
essary and how much it can not only add new characters,
but also understanding about certain structures. The
standardization of the terminology of the mesopleural
structures will facilitate the study of the mesopleuron
of Bethylidae, generating uniformity in future studies,
which can serve for comparison and understanding not
only within the family, but in other groups.

Even understanding the importance of terminologi-
cal variation, especially when it relates to the improve-
ment of concepts, we believe that the standardization
of terminologies should be managed with due care, re-
specting recommended standards and established by
consensus, considering terminological variation as part
of the process.

Thereby, the efforts of The Hymenoptera Anatomy
Ontology (HAO) and many other morphological studies
have contributed to reducing the problem related to this
subject. Gibson (1993) stated that systematics and mor-
phology are inextricably related because each is depen-
dent on the other for its own success, which is increas-
ingly necessary.
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