UNIVERSIDADE FEDERAL DO ABC
CENTRO DE CIÊNCIAS NATURAIS E HUMANAS
PROGRAMA DE PÓS-GRADUCAÇÃO EM EVOLUÇÃO E DIVERSIDADE

Stephanie Sampronha

AN ESSAY ON MORPHOLOGY AND PHYLOGENETIC
RELATIONSHIPS OF THE FAMILY ATHERICIDAE
(DIPTERA:BRACHYCERA)

Santo André – SP
2018

Stephanie Sampronha

An essay on morphology and phylogenetic relationships of the family
Athericidae (Diptera:Brachycera)

Dissertação apresentada ao Programa de
Pós-graduação em Evolução e Diversidade
da Universidade Federal do ABC como
requisito à obtenção do título de Mestre.
Linha

de

pesquisa:

Sistemática

e

Biogeografia.
Orientador: Charles Morphy Dias dos
Santos

Santo André - SP
2018

Sistema de Bibliotecas da Universidade Federal do ABC
Elaborada pelo Sistema de Geração de Ficha Catalográfica da UFABC
com os dados fornecidos pelo(a) autor(a).

Sampronha, Stephanie
An essay on morphology and phylogenetic relationships of the family
Athericidae (Diptera : Brachycera) / Stephanie Sampronha. — 2018.
59 fls. : il.
Orientador: Charles Morphy Dias dos Santos
Dissertação (Mestrado) — Universidade Federal do ABC, Programa de Pós
Graduação em Evolução e Diversidade, Santo André, 2018.
1. Sistemática Filogenética. 2. Entomologia. 3. Taxonomia. I. Dias
dos Santos, Charles Morphy. II. Programa de Pós-Graduação em Evolução e
Diversidade, 2018. III. Título.

à minha mãe

AGRADECIMENTOS

Agradeço aos meus pais que me deram amor, suporte, empoderamento e todas as
condições para trilhar esse caminho. Agradeço especialmente ao Prof. Dr. Charles Morphy
Dias dos Santos pela maravilhosa orientação, pela paciência e carinho, pela motivação e
dedicação, pelos preciosos ensinamentos e pelo exemplo de profissional a ser seguido.
Agradeço com muito carinho a todos os professores da Biologia, da UFABC, com quem
tive contato, pela construção de conhecimento que possuo hoje. Agradeço aos meus amigos
e principalmente os do LSD que fizeram meus dias alegres, amorosos e engraçados.

"...Creio no mundo como num malmequer,
Porque o vejo. Mas não penso nele
Porque pensar é não compreender ...
O Mundo não se fez para pensarmos nele
(Pensar é estar doente dos olhos)
Mas para olharmos para ele e estarmos de acordo...
Eu não tenho filosofia: tenho sentidos...
Se falo na Natureza não é porque saiba o que ela é,
Mas porque a amo, e amo-a por isso,
Porque quem ama nunca sabe o que ama
Nem sabe por que ama, nem o que é amar ...
Amar é a eterna inocência,
E a única inocência não pensar..."
(Poemas de Alberto Caeiro - O Guardador de Rebanhos)

RESUMO

A família Athericidae (Diptera, Brachycera) foi criada e posicionada como o grupo irmão
da família Tabanidae por Stuckenberg (1973), incluindo vários gêneros anteriormente
associados a Rhagionidae. Ainda não há estudo formal que discuta as relações filogenéticas
entre as espécies de Athericidae. Portanto, as relações entre os gêneros permanecem
incertas. Além disso, a recente descoberta de espécies fósseis previamente atribuídas à
família traz à tona a importância de um correto posicionamento filogenético desse grupo. O
objetivo deste projeto foi contribuir para o conhecimento taxonômico e filogenético da
família, especialmente para a região neotropical, e também resolver as questões de
posicionamento das espécies fósseis em relação à Athericidae. Este estudo possui grande
relevância no sentido de reconstruir as relações entre as espécies da família, bem como
fornecer informações filogenéticas que podem ser úteis para entender mais profundamente
a evolução do grupo.
Palavras-chave: Cladística; Filogenia; Morfologia; Tabanomorpha; Taxonomia.

ABSTRACT

The family Athericidae (Diptera, Brachycera) was erected and positioned as the sistergroup of the family Tabanidae by Stuckenberg (1973), including several genera previously
associated with Rhagionidae. There is still no formal study discussing the phylogenetic
relationships among the species of Athericidae. Hence, the position of most athericid
genera remains unclear. Besides that, the recent discovery of fossil species previously
assigned to the family brings to light the importance of a correct phylogenetic positioning
of this group. The aim of this project was to contribute to the taxonomic and phylogenetic
knowledge of the family, especially to the neotropical region, and also to solve the issues of
positioning of the fossil species in relation to Athericidae. This study has great relevance in
the reconstruction of the relationships among the species of the family, as well as to
provide phylogenetic information that can be useful to understand more deeply the
evolution of the group.
Key-words: Cladistic, Morphology, Plylogeny, Tabanomorpha, Taxonomy.
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INTRODUCTION
The family Athericidae (Diptera, Brachycera) was erected and positioned as the
sister-group of the family Tabanidae by Stuckenberg (1973), including several genera
previously associated with Rhagionidae. Athericidae is a small family of the infraorder
Tabanomorpha (Figure 1) (Yeates et al., 2007; Santos, 2008; Kerr, 2010) comprising 15
genera (Table 1) and 133 species described so far, with ten extant and five extinct genera
(Yeates et al., 2007; Grimaldi, 2016; Pape & Thompson, 2017).
Athericidae has a series of characteristic morphological characters: larva with abdominal
segments one to seven with paired ventral prolegs armed with apical crochets; antennal
flagellum stylate; wing vein R2+3 shortened ending near R1; female with the apical part of
abdomen relatively flattened dorsoventrally, tergites and sternites only narrowly separated
when the abdomen is fully extended, eight tergites always exposed and the postabdomen
forming a discret compact structure separated by expanses of membrane from eight and
seventh sternite (Stuckenberg, 1973).
Biology
Generally, the athericid larval form is elongated, tapering anteriorly, sub cylindrical,
and up to ca. 26 mm long. The head capsule is narrow, and retractable within the thorax.
Mandibles are sickle-shaped and parallel, with a central duct that opens to the exterior preapically on the anterior surface. The thorax is conical, three-segmented, each segment with a
pair of latero-ventral setae (Nagatomi & Stuckenberg, 2004). Each abdominal segment has a
well-developed pair of cylindrical, extrudable prolegs bearing apically two or three rows of
hook-like crochets for grasping onto the substrate. Larvae colours vary from pale brownish
to greenish (Nagatomi, 1979; Nagatomi & Stuckenberg, 2004).
Larval growth is slow, requiring usually two years for full development. The number
of moults is uncertain (Nagatomi & Stuckenberg, 2004). When the mature larvae void their
gut contents, they migrate out of the water, and locate sites for pupation, reporting an
extended prepupal period (Thomas, 1997). They conceal themselves in moist microhabitats
on the banks, in sand, gravel or soft soil, sometimes beneath sheltering hygrophilous plants.
The pupa forms in a vertical position; the duration of pupation varies considerably between
species and may take up to 12 days. Studies in Europe suggest that the larvae are good
indicators of substrate stability, and that pH can be limiting, acidification being unfavourable
(Nagatomi & Stuckenberg, 2004).
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There are few studies on the athericid biology and behavior, none of them dealing
with South American species. In general, immature stages are strictly aquatic, whereas
larvae are rheophilic inhabitants of the beds of streams and rivers (Webb, 1977, 1994),
preying on small soft-bodied insect larvae such as the dipteran Chironomidae and Tipulidae,
and on aquatic larvae from other orders such as Ephemeroptera, Plecoptera and Trichoptera.
The hook-like mandibles impale and secure the prey, and enzymes in the saliva break down
its soft internal tissues, digestion being extra-oral (Nagatomi & Stuckenberg, 2004).
The oviposition is highly characteristic. The females deposit their eggs in a single
event and then die nearby. Each female lays her eggs in a cluster, funded to a preferred
substrate which overhangs the water in which the larvae will live. The eggs are positioned
upright against one another. The first-instar larvae drop from the egg cluster into the water
immediately after eclosion and seek shelter. They do not feed, and they moult within 24
hours into the second instar which commences predatory activity (Nagatomi & Stuckenberg,
2004).
Adults of some genera, including Atrichops Verrall and Suragina Walker, are blood
feeders on mammals, birds and frogs (Nagatomi, 1962; Stuckenberg 1966; Stuckenberg
2000).
Synopsis of the extant fauna
According to Santos (2008a) and Grimaldi (2016), Atherix Meigen is widely
distributed in the Holarctic region with few species in Africa, South America, Australia and
Nepal. Dasyomma Macquart has an Austral distribution including Australia, Tasmania, as
well as Chile, Argentina and Bolivia. Pachybates Bezzi and Trichantha Stuckenberg are
present only in southern Africa, Xeritha Stuckenberg is a monotypic South American genus,
Asuragina Nagatomi & Yang is found in the Asian region, Atrichops Verrall has species in
every biogeographical region (but Neotropics), with a fossil species in the Neartic region,
and Microphora Krober and Suraginella Stuckenberg are both from the Australian region.
The largest genus of Athericidae is the cosmopolitan Suragina Walker (45 species). It is
mostly a Gondwanan genus, with the exception of four species in Japan and one in USA
(Texas), a distribution that may be explained by range expansion through dispersion,
incipient taxonomic knowledge or even doubtful occurrence.
Four of the 15 genera of Athericidae described so far are Neotropical: Atherix,
Dasyomma, Suragina, and Xeritha. Atherix is widely distributed in Paleartic, Oriental and
Afrotropical regions with two species from South America (A. chrysopiliformis, from
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Bolivia, and A. neotropical, from Peru). The widespread distribution of Atherix suggests the
need for a revision of the whole genus: especially concerning the two South American
species, the type material needs to be re-examinated to verify their correct positioning and
classification.
The most diversified genus of Athericidae in South America is Dasyomma, described
from Argentina and Chile. The genus Suragina has only three known species distributed in
the northern portion of Neotropics, in Mexico. A single species of Suragina was described
from Northern Brazil (S. pacaraima), occurring in the Pacaraima Mountains in Rondônia.
The monotypic Xeritha was described from Southern Brazil.
Fossil Record
The family is represented in the fossil record, with seven known fossil species. Four
fossil species have been described from the Cenozoic (Oligocene and Eocene): Atrichops
hesperius† Cockerell, 1914 (Oligocene, USA), Succinatherix avita† Stuckenberg, 1974
(Eocene, Baltic Region), Succinatherix setifera† Stuckenberg, 1974 (Eocene, Baltic Region)
and Eoatrichops jeanbernardi† Myskowiak & Nel, 2014 (Eocene, France) (Cockerell, 1914;
Theobald, 1937; Stuckenberg, 1974; Evenhuis, 1994; Myskowiak & Nel, 2014).
From the Mesozoic, three species are known: Sinocretomyia minuscule† Zhang, 2012
(Early Cretaceous, China), Notoatherix antiqua† Oberprieler & Yates (Late Jurassic,
Australia), 2014 and Qiyia jurassica† Chen et al., 2014 (Middle Jurassic, China) (Zhang,
2012; Chen et al., 2014; Oberprieler & Yates, 2014). Palaepangonius eupterus† Ren, 1998
(Early Cretaceous, China), Palaepangonius finchi† Mostovski et al., 2003 (Lower
Cretaceous, England), Palaepangonius gordoni† Mostovski et al., 2003 (Lower Cretaceous,
England), Palaepangonius kensmithi† Mostovski et al., 2003 (Lower Cretaceous, England),
Palaepangonius sellwoodi† Mostovski et al., 2003 (Lower Cretaceous, England),
Palaepangonius zazicola† Mostovski et al., 2003 (Lower Cretaceous, Russia) and
Galloatherix incompletus† Nel et al., 2014 were originally placed in Athericidae but they
were removed from this family by Grimaldi (2016) and are now considered stem-groups of
Tabanomorpha.
Classification
Formal cladistic analysis corroborated the monophyly of Athericidae and the
positioning of the family as sister-group of Tabanidae (Woodley, 1989; Yeates, 2002; Zloty,
et al. 2005). The sister-group relationship of Athericidae + Tabanidae is well supported
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(Stuckenberg, 1973; Woodley, 1989; Kerr, 2010; Wiegmann et al., 2011). Defining
morphological features include a “scale” (small, flattened lobe) immediately posterior to the
hind thoracic spiracle; a compact, dorsoventrally flattened abdomen; a one-segmented
cercus; R4 and R5 often widely divergent and encompassing the wing tip. Further, the
epandrium is enlarged and elongate in both Athericidae and Tabanidae (Stuckenberg, 1973).
Although the position of Athericidae within Tabanomorpha is well established
(Stuckenberg, 1973; Woodley, 1989; Kerr, 2010; Wiegmann et al., 2011), there is still no
formal study discussing the phylogenetic relationships among the species of Athericidae.
Hence, the position of athericid genera remains unclear. The recent discovery of fossil
species brings at the surface an urgency for their correct phylogenetic positioning, since
many species that were previously assigned for the family are now considered stem-groups
of Tabanomorpha (Grimaldi, 2016). Especially regarding extinct taxa, the greatest difficulty
encountered is the lack of relevant phylogenetic information. In most of the cases, the fossil
species are restrict to wings. Given the similarity of wing venation among tabanomorphan
groups, this fact turns the identification of fossils and their phylogenetic positioning into a
hard task. However, wing venation may be an important source of phylogenetically
informative characters (Grimaldi et al., 2011; Kerr, 2010).
The present study aims to discuss the morphology, taxonomy and phylogenetic
aspects of Athericidae. The analysis focus on morphological features of adults and are based
on direct observation and also on published information of extant and fossils species. The
main aim is to extract the most reliable primary homologies with sufficient pylogenetic
signal to solve the positioning of the taxa in relation and within Athericidae.
The present dissertation is structured in three chapters: (1) description of a new
species of Dasyomma Macquart and three new species of Suragina Walker from the
Neotropical region, and the redescription of Suragina pacaraima Rafael & Henriques with
the inclusion of new morphological data and high definition photos; (2) discussion of the
phylogenetic positioning of the fossil genera of Athericidae and of species described as
phylogenetically related to the family using a data matrix based only on wing venation
characters; (3) a phylogenetic study of the Neotropical species of Athericidae based on
morphological characters from the three tagmas.
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MATERIAL & METHODS

Taxonomy and morphological analysis
The morphological revision (chapter 1) was based on direct analysis of dry material
and dissections of terminalia (already clarified with KOH) preserved in a microvial with
glycerol. Illustrations were made using a Nikon Eclipse E200 optical microscope with
camera lucida, and inked through Adobe Illustrator CC 2018. Photographs were taken with a
Canon EOS Rebel T2i digital camera attached to a Carl Zeiss SteREO Discovery.V12 Stereo
Microscope. The images were treated in Adobe Photoshop CC 2018 and deep focus images
were stacked in Combine ZP software. Measures and scales were taken with Carl Zeiss
AxioVision (Release 4.8) software.
The specimens examined in this study belong to the collections of the Museu de
Zoologia da Universidade de São Paulo (MZUSP, Brazil), Instituto Nacional de
Biodiversidade (INBio, Costa Rica), Instituto Nacional de Pesquisas da Amazônia (INPA,
Brazil) and Laboratório de Sistemática e Diversidade da Universidade Federal do ABC
(LSD, Brazil). All the type specimens of the new species will be deposited in MZUSP.
Descriptive terminology follows Stuckenberg (1973), McAlpine (1981), and Saigusa
(2006). Abbreviations used in the figures are as follows: a spr, anterior spiracle; A, anal
vein; ant, antenna; apm, anepimeron; apst, anepisternum; ar, arista; b, basal cell; br, radial
basal cell; c eye, compound eye; C, costal vein; cerc, cercus; clyp, clypeus; CuA, anterior
cubital vein; cx, coxa; d, discal cell; ff, first flagellomere; fr ca, frontal callus; fr vt, frontal
vitta; frb pt, frontorbital plate; h, humeral vein; hlt, halter; hyp v, hypogynial valves; kpm,
katepimeron; kpst, katepisternum; ktg, katatergite; M, medial vein; m-cu, transverse vein; mm, transverse vein; mr, meron; oc tb, ocellar tubercle; oc, ocellus; ocp, occiput; p spr,
posterior spiracle; p, suprametacoxal pit; pe, pedicel; psc, prescutum; R, radial vein; r-m,
transverse vein; s, sternite; Sc, subcostal vein; sca, subcallus; scp, scape; sct, scutum; sctl,
scutellum; spm d, spermathecal ducts; spm, spermathecae; t, tergite.
Phylogenetic Analysis
The analytical method was Hennig’s phylogenetic systematics (Hennig, 1966),
developed in Kitching et al. (1998) and Schuh & Brower (2009). The heuristic searches used
tree-bisection reconnection (TBR) branch swapping with 10.000 replicates holding up to
1.000 trees per replica. Under the criterion of parsimony, the phylogenetic analyses were
performed with both non-differential character weighting scheme and implied weighting
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with k values varying from 1 to 10 (Goloboff, 1993, 1995). The characters were polarized
through the outgroup procedure (Nixon & Carpenter, 1993) and treated as unordered. The
analyses were made through TNT 1.1 (Goloboff et al. 2008).
For the study of the phylogenetic positioning of fossil species (chapter 2), the
morphological attributes were coded and organized into a list of 10 characters based only on
wing venation, which was the basis for an matrix of taxa/characters (Table 2). Information
on the specimens absent from the aforementioned collections – as the fossil ones – were
gathered from the literature (e.g., Stuckenberg, 1974; Myskowiak & Nel, 2014; Oberprieler
& Yates, 2014). Inapplicable, incomparable and unobserved characters were treated as
missing data.
The ingroup sampling were 14 species (9 extant and 5 extinct) of Athericidae, and
11 fossil species of stem groups of Tabanomorpha (some of them originally placed in
Athericidae). Each taxon of Athericidae is the representative type species of a genus. In the
outgroup sampling were considered 14 species of the families Austroleptidae, Limoniidae,
Oreoleptidae, Pelecorhynchidae, Rhagionidae, Stratiomyidae, Tabanidae, Tipulidae,
Vermileonidae. In total, 39 outgroup and ingroup terminal taxa were included in the data
matrix. A list of the terminal taxa is given in Table 3.
For the phylogenetic study of the Neotropical species of Athericidae based on
morphological characters (chapter 3), the morphological attributes were coded and organized
into a list of 23 characters based on morphological characters from the three tagmas, using
female terminalia characters, which was the basis for an matrix of taxa/characters Table 4.
The ingroup sampling were 15 species (representing 3 of the 4 genera that occur in
the Neotropical region) of Athericidae. In the outgroup sampling were considered 4 species
of the families Rhagionidae, Stratiomyidae, Tabanidae, and Vermileonidae. In total, 19
outgroup and ingroup terminal taxa were included in the data matrix. A list of the terminal
taxa is given in Table 5.
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1
ON NEOTROPICAL ATHERICIDAE (DIPTERA ATHERICIDAE): DESCRIPTION
OF FOUR NEW SPECIES AND REDESCRIPTION OF SURAGINA PACARAIMA
RAFAEL & HENRIQUES

INTRODUCTION
In this chapter, a new species of Dasyomma Macquart and three new species of
Suragina Walker from the Neotropical region were described, and Suragina pacaraima
Rafael & Henriques was redescribed, with the inclusion of new morphological data and high
definition photos.
A detailed morphological study is presented. We took high definition photos from
stereomicroscope to support the description of the new species of Dayomma and Suragina,
and the redescription of S. pacaraima; in this sense, the following descriptions may provide
information for the choice of characters in further phylogenetic analyses (Friedrich et al.,
2014), as presented in chapters 2 and 3 of the present dissertation. Morphological studies are
needed to strengthen taxonomy in its aim to generate an unequivocal, stable and reliable
system of names to depict biological diversity (Costello et al., 2013) and. Figures 2-45
represent the illustrations and photos of these species.
Genus Dasyomma Macquart
Dasyomma Macquart, 1840: 31. Type species: Dasyomma coeruleum (Macquart, 1840: 31).
Diagnosis. Eyes densely haired, basal part of the antennal flagellum ovoid in lateral view
with the arista originating near the apex, extreme lower margin of the meron above the hind
coxa without a deep pit (present in other athericid genera) and a large spur on the fore tibia.
Dasyomma is distributed in Australia, Tasmania, Chile, Argentina and Bolivia. It is a
peculiar Southern world genus that comprises 22 species in the Neotropical region and 11
species in Australia. In Neotropics, the distribution of Dasyomma converges to other
Southern South American fauna, with species occuring mostly throughout the Nothofagus
humid forest biogeographical realm. This covers a very characteristic fauna living in the
Subantartic and Central Chile biogeographical subregion (Cabrera & Willink, 1973;
Coscaron & Coscaron, 1995). No other athericid genus has that type of distribution.
Dasyomma is known in South America since the studies of Macquart (1840). The
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genus can be easily distinguished from the other New World genera of Athericidae (Atherix,
Suragina, and Xeritha) by having (1) eyes densely haired (virtually bare in other genera), (2)
the basal part of the first flagellomere ovoid in lateral view (kidney-shaped in other genera)
with the arista originating near the apex (dorsal in other genera), (3) the extreme lower
margin of the meron above the hind coxa without a deep pit (present in other genera), and
(4) the tibial spur formula consistently 1:2:2 with the spur on the fore tibia large (minute or
absent in other genera)..
Dasyomma sp. n. 1 (Figures 2-9)
Material. Holotype ♀. CHILE, Santiago, Aculeo, El Arbol [33º 50' 47.93"S 70º 54'
57.75"W]. OCT. 1969. L.E. Peña col. MZ000529. Paratypes: 2♀. CHILE, Santiago, Aculeo,
El Arbol [33º 50' 47.93"S 70º 54' 57.75"W]. OCT. 1969. L.E. Peña col. MZ000529.
Diagnosis. Body dark brown (figure 2). First flagellomere ovoid in lateral view, as wide as
long, pedicel smaller than scape, arista originating near the apex. Head yellow (Figures 3-5).
Frontal vitta rounded and protruding, without callus. Ocellar tubercle dark reddish brown,
three whitish ocelli. Clypeus U-shaped, subglobular, slightly protuberant. Legs generally
yellowish brown. Ratio between the wing length and width ca. 2,7. Vein humeral ca. 4,4
times r-m and ca. 1,2 times m-cu. Distance between the tips of M4 and CuA1 ca. 1,4 times
longer than m-cu. Cercus ca. 2,8 times longer than wide. Tergite IX ca. 3 times longer than
wide. Sternite VIII 1,2 times more longer than wide. Three long subovoid spermathecae,
with short spermathecal ducts, thicker and visible. Bifid apodeme 4,4 times shorter than
sternite IX.
Female. Body (Figure 2) length 5,5 mm, dark brown.
Head yellow (Figures 3-5). Frontal vitta rounded and protruding, without callus.
Eyes dichoptic. Ocellar tubercle dark reddish brown, three whitish ocelli. Antenna (Figure 5)
yellow. First flagellomere ovoid in lateral view, as wide as long, pedicel smaller than scape,
with the arista originating near the apex. Arista non-segmented, dark brown, slender with the
distal part tapered. Clypeus U-shaped, subglobular, slightly protuberant. Maxillary palpus
yellow, long and bi-segmented. Proboscis and labella yellowish brown. Hypopharynx
yellowish brown sclerotized, approximately equal in length to the labrum. Mouthparts
morphology sugesting hematophagous habits, since in them the mandibles, hypopharynx are
approximately equal in length to the labrum, instead of shorter (Nagatomi and Soroida,
1985; Grimaldi, 2016).
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Thorax (Figures 6 and 7) dark shine brown, almost black in lateral view. Postpronotal
lobe dark brown. Prescutum, scutum and scutellum black. Mesothoracic spiracle (anterior
spiracle) brown. Halter dark brown. Scale small (flattened lobe) immediately posterior to the
hind thoracic spiracle. Extreme lower margin of the meron above the hind coxa without a
deep pit (present in other athericid genera). Legs generally yellowish brown. Tibial spurs
formula 1:2:2.
Wing (Figure 8) brown hialine, 5, 3 mm. Alula pronounced. Tip of Sc posterior to rm. R2+3 concave in relation to R1, reaching C close to R1. Distance between the tips of Sc and
R1 smaller than the length of Rs. Fork of R4 and R5 with acute angle. Origin of R4 and R5
after to the point where R1 reaches C. Cross vein m-cu 2,5 times longer than r-m. Origin of
discal cell right posterior to the level of the bifurcation of Rs in R2+3 and R4+5. Basal cell ca.
3,8 times longer than wide, ending before the middle of the wing. Discal cell ca. 3,4 times
longer than wide, ending before the origin of R4 and R5. Distance between the tips of M4 and
CuA1 ca. 1,4 times longer than m-cu. Vein m-m anterior to the level of the tips of R1 and
R2+3. Origin of M3 and M4 anterior to the origin of R4 and R5. Origin of CuA1 and CuA2 at the
level of the bifurcation of Rs in R2+3 and R4+5. Vein humeral ca. 4,4 times the length of r-m
and ca. 1,2 times the length of m-cu. Spurious vein present. A2 vestigial. Ratio between the
wing length and width ca. 2,7.
Abdomen (Figure 2 and 9). General color shine dark brown. Cercus one-segmented,
flattened with a rounded triangular shape, ca. 2,8 times longer than wide. Tergite IX
undivided, roughly rectangular, elongated transversally, ca. 3 times longer than wide.
Sternite X with a convex and rounded distal margin. Genital fork Y-shaped (sternite IX) with
bifid apodeme and a convex curvature in relation to the ventral plane. Bifid apodeme 4,4
times shorter than sternite IX Genital fork acuminated with sinuous distal apodemes. Three
long subovoid spermathecae, with short spermathecal ducts, thicker and visible. Sternite VIII
rounded trapezoidal, the proximal margin forming the base of the trapezium, ca. 1,2 times
wider than long. Distal margin curved, convex in relation to the proximal margin.
Male. Unknown.
Distribution. Dasyomma sp. n. 1 is known only for the type-locality: El Arbol, Laguna de
Aculeo, Santiago, Chile.
Although generally similar, Dasyomma sp. n. 1 can be differentiated from D.
atratulum or D.humerale since it has yellow head, antenna and maxillary palpus, and
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proboscis, labella and hypopharynx yellowish brown, as well as sternite VIII 1,2 times more
longer than wide, long spermathecae with oval shape in the end, and bifid apodeme 4,4 times
shorter than sternite IX.
Genus Suragina Walker
Suragina Walker, 1859: 110. Type species: Suragina illucens (Walker, 1859: 110).
Diagnosis. Clypeus large, proeminent in profile, female frons much narrower, postnotum
prominently rounded, more slender flies with long legs.
According to Santos (2008) and Grimaldi (2016), the largest extant genus of
Athericidae is the cosmopolitan Suragina (45 species). Until now, Suragina has four known
species distributed in the Neotropical region. There are three species recorded from Mexico,
S. latipennis Bellardi (Angangueo and Oaxaca), S. longipes Bellardi (Cordoba in Veracruz)
and S. concinna Williston (ranging from Guerrero to Texas, USA), and only one, S.
pacaraima Rafael & Henriques (1990), occurring in northern Brazil.
Suragina was described and separated from Atherix by Walker (1859) and
characterized in details by Malloch (1932) and Webb (1977). The characters that distinguish
Suragina Walker from Atherix Meigen are: presence of a hind-coxal spur, narrow frons of
the female, prominently rounded postnotum, slender body and brighter colouration.
There are few studies on the athericid biology and behaviour, but hematophagous
habits are known in Suragina.
Suragina sp. n. 1 (Figures 10-19)
Material. Holotype ♀, COSTA RICA, Prov. Puntarenas, Golfito, Parque Nacional
Corcovado, Est. Los Patos, Send Guaymí [8º 30' 23.55"N 83º 35' 19.18"W]. 200m. 12.
MAR. 2000, K. Caballero. Manual. L_S_516515_280068 #INBIO 59176. Paratypes: 1 ♀,
COSTA RICA, Prov. Puntarenas, Golfito, Parque Nacional Corcovado, Est. Sirena, Send
Naranjo [8º 32' 27.01"N 83º 34' 15.47"W]. 10m. 10. AUG. 2001, K. Caballero. Manual.
L_S_270500_508300 #INBIO 63759; 1♀, COSTA RICA, Prov. Heredia, Sarapiquí, El
Plastico, Horquetas. [10º 28' 24.68"N 84º 1' 0.27"W]. 700m. 18. AUG. 1993. E. Bushbeck.
Diagnosis. Body brown. First flagellomere kidney-like ca. 2 times longer than wide, bigger
than scape and pedicel. Thorax with two spots silver gray on both sides of prescutum in
dorsal view. Ocellar tubercle brownish gray, two reddish brown and one vitreous hialine
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ocelli. Legs generally yellowish brown with brown coxa. Ratio between the wing length and
width ca. 2,9. R4 slightly curved toward the margin. Vein humeral ca. 2 times the length of rm and ca. 3 times the length of m-cu. Distance between the tips of M4 and CuA1 ca. 3,8 times
longer than m-cu.

Cercus ca. 1,3 times longer than wide. Three piramidal shape

spermathecae, with very long spermathecal ducts, thinner and less visible. Bifid apodeme 20
times shorter than sternite IX.
Female. Body (Figure 10) length 6,9 mm, brown.
Head (Figures 11-13). Frontal vitta with golden callus and brownish gray subcallus.
Fronto-orbital plate brownish gray. Frontal callus in triangular shape, upper crest extension
without touching the eyes. Subcallus with a cross-sectional medial slit in inverted triangular
shape. Gena and occiput silver gray, with strong long bristles. Eyes dichoptic. Ocellar
tubercle brownish gray, two reddish brown and one hialine ocelli. Antenna (Figure 14) light
brownish gray. First flagellomere kidney-like ca. 2 times longer than wide, bigger than scape
and pedicel. Scape slightly bigger than pedicel. Arista non-segmented, dark brown, slender
with the distal part tapered, twice the size of the scape and pedicel taken together. In frontal
view, distal part of scape and pedicel golden brown. Clypeus U-shaped, globular,
protuberant and brownish gray. Maxillary long palpus bi-segmented and brownish gray.
Proboscis and labella dark brown. Hypopharynx sclerotized,

yellowish brown,

approximately equal in length to the labrum. Mouthparts morphology sugesting
hematophagous habits.
Thorax (Figures 15 and 16) brownish gray in lateral view, with two silver gray spots
on both sides of prescutum in dorsal view. Postpronotal lobe light brown. Prescutum and
scutum shining reddish brown. Scutellum shining yellowish brown. Katatergite light
brownish gray with long bristles. Mesothoracic spiracle (anterior spiracle) hialine.
Katepisternun and meron partially dark brown. Halter light yellowish brown, with dark
brown knob. Scale small (flattened lobe) immediately posterior to the hind thoracic spiracle.
Suprametacoxal pit on each side of the thorax extending from the lower end of the
metepimeron to the ventral midline. Legs yellowish brown with brown coxa. Coxa of the
third leg shining. Tibial spurs formula 0:2:2.
Wing (Figure 17) brown hialine, 6,5 mm. Pterostigma dark brown, extending through
half of R1 cell. Alula pronounced. Tip of Sc at the level of r-m. R2+3 strongly concave in
relation to R1, reaching C contiguous to R1. Distance between the tips of Sc and R1 smaller
than the length of Rs. R4 distally curved toward the anterior margin. Fork of R4 and R5 with
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acute angle. Origin of R4 and R5 after the position where R1 reaches C. Cross vein m-cu 2
times shorter than r-m. Origin of discal cell positioned at the same level of the bifurcation of
Rs in R2+3 and R4+5. Basal cell ca. 6,4 times longer than wide, ending before the middle of
the wing. Discal cell ca. 3,4 times longer than wide, ending after the origin of R4 and R5.
Distance between the tips of M4 and CuA1 ca. 3,8 times longer than m-cu. Cross vein m-m
after the level of the tip of R2+3. Origin of M3 and M4 before the origin of R4 and R5. Origin
of CuA1 and CuA2 before the position where Rs bifurcates in R2+3 and R4+5. Vein humeral ca.
2 times r-m and ca. 3 times m-cu. CuA2 and A1 fusing far from margin. Spurious vein
present. A2 vestigial. Ratio between the wing length and width ca. 2,9.
Abdomen (Figures 18 and 19). General color brown with tergites 1 and 2 yellowish
brown. Cercus one-segmented, flattened with a irregular pentagon shape, ca. 1,3 times
longer than wide. Tergite IX undivided, roughly rectangular, elongated transversally, ca. 3
times longer than wide. Sternite X with a convex and rounded distal margin. Genital fork Yshaped (sternite IX) with bifid apodeme and a convex curvature in relation to the ventral
plane. Genital fork acuminated with sinuous distal apodemes. Three piramidal shape
spermathecae, with very long spermathecal ducts, thinner and less visible. Sternite VIII
rounded squared shape, ca. 1,2 times wider than long.
Male. Unknown.
Distribution. Suragina sp. n. 1 is known only for the type-locality: Corcovado Nacional
Park, Province of Putarenas and in Horquetas village, Province of Heredia, Costa Rica.
Suragina sp. n. 2 (Figures 20-29)
Material. Holotype ♀, COSTA RICA, Prov. Puntarenas [9º 23' 1.03"N 83º 20' 10.28"W],
Av. El Pizote, 1.4 km NE. de La Tigra. 1300m. 10-29. JUL. 1996. E. Navarro.
L_S_318500_597100 #INBIO 8334. Paratypes: 1♀, COSTA RICA, Prov. Puntarenas [9º 23'
1.03"N 83º 20' 10.28"W], Av. El Pizote, 1.4 km NE. de La Tigra. 1300m. 10-26. AUG.
1996. E. Navarro. L_S_318500_597100 #INBIO 8339; 1♀, COSTA RICA, Prov. San José,
Est. Santa Elena, Las Nubes [10º 0' 31.25"N 83º 54' 46.06"W]. 1210m. 5-21. JUL. 1996. M.
Segura. L_S_371750_507800 #INBIO 7888; 1♀, COSTA RICA, Prov. Cartago, Paraíso,
Parque Nacional Tapantí [9º 45' 32.55"N 83º 47' 1.29"W], Sandero Catarata. 1450m. 4.
OCT. 1999. K Caballero, M.A. Zumbado. Manual. L_N_318500_597100 #INBIO 8339; 1♀,
COSTA RICA, Prov. Heredia, Cerro Chompipe [10º 4' 55.00"N 84º 3' 58.00"W]. 2100m. 1.
OCT. 1994. M.A. Zumbado. L_N_229900_528600 #INBIO 7665; 2♀, COSTA RICA, Prov.
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San José, Est. Santa Elena, Las Nubes [10º 0' 31.25"N 83º 54' 46.06"W]. 1210m. 13-16.
JUL. 1996. E. Alfaro. L_S_371750_507800 #INBIO 7925.
Diagnosis. Body light brown. Antenna light brownish gray. First flagellomere kidney-like
ca. 1,2 times longer than wider, bigger than scape and pedicel. Ocellar tubercle brownish
gray, two reddish brown and one hialine ocelli. Thorax light brownish gray in lateral view
with distinct dark brown spots in prescutum and scutum in dorsal view. Legs yellow. Ratio
between the wing length and width ca. 2,8. R4 distally curved toward anterior margin. Vein
humeral ca. 2,5 times r-m and ca. 1,1 times m-cu. Distance between the tips of M4 and CuA1
ca. 1,9 times longer than m-cu. Cercus ca. 1,4 times longer than wide. Tergite IX ca. 3 times
longer than wide. Three small subovoids spermathecae with very long spermathecal ducts,
thinner and less visible. Bifid apodeme almost absent.
Female. Body length, 7,8 mm (Figure 20) light brown.
Head (Figures 21-23). Frontal vitta with golden callus and brownish gray subcallus.
Fronto-orbital plate brownish gray. Frontal callus in triangular shape, upper crest extension
without touching the eyes. Subcallus with a cross-sectional medial slit in inverted triangular
shape. Gena and occiput silver gray, with strong long bristles. Eyes dichoptic. Ocellar
tubercle brownish gray, two reddish brown and one hialine ocelli. Antenna (Figure 24) light
brownish gray. First flagellomere kidney-like ca. 1,2 times longer than wide, bigger than
scape and pedicel, robust. Scape slightly bigger than than pedicel. Arista non-segmented,
dark brown, slender with the distal part tapered, twice the size of the scape and pedicel taken
together. In frontal view, distal part of scape and pedicel golden brown. Clypeus U-shaped,
globular, protuberant and brownish gray. Maxillary long palpus bi-segmented and brownish
gray. Proboscis and labella dark brown. Hypopharynx sclerotized, yellowish brown,
approximately equal in length to the labrum. Mouthparts morphology sugesting
hematophagous habits.
Thorax (Figure 25 and 26) light brownish gray in lateral view with distinct dark
brown spots in prescutum and scutum in dorsal view. Postpronotal lobe light brown.
Prescutum and scutum brown. Scutellum shining yellowish brown. Mesothoracic spiracle
(anterior spiracle) hialine. Katepisternun and meron partially dark brown. Halter light brown
with dark brown knob. Scale small (flattened lobe) immediately posterior to the hind
thoracic spiracle. Suprametacoxal pit on each side of the thorax extending from the lower
end of the metepimeron to the ventral midline. Legs yellow. Tibial spurs formula 0:2:2.
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Wing (Figure 27) brown, 8 mm. Pterostigma dark brown, extending through half of
R1 cell. Alula pronounced. Tip of Sc at the level of r-m. R2+3 strongly concave in relation to
R1, reaching C contiguous to R1. Distance between the tips of Sc and R1 smaller than the
length of Rs. R4 distally curved toward anterior margin. Fork of R4 and R5 with acute angle.
Origin of R4 and R5 before the position where R1 reaches C. Cross vein m-cu 1,3 times
longer than r-m. Origin of discal cell positioned after the bifurcation of Rs in R2+3 and R4+5.
Basal cell ca. 6 times longer than wide, ending in middle of the wing. Discal cell ca. 3,4
times longer than wide, ending after the origin of R4 and R5. Distance between the tips of M4
and CuA1 ca. 1,9 times longer than m-cu. Cross vein m-m at the level of the tip of R1. Origin
of M3 and M4 at the level of the origin of R4 and R5. Origin of CuA1 and CuA2 at the level of
the bifurcation of Rs in R2+3 and R4+5. Vein humeral ca. 2,5 times r-m and ca. 1,1 times mcu. CuA2 and A1 fusing far from margin. Spurious vein present. A2 vestigial. Ratio between
the wing length and width ca. 2,8.
Abdomen (Figures 28 and 29). General color yellowish brown with tergites 1 and 2
yellowish brown. Cercus one-segmented, flattened with a irregular pentagon shape, ca. 1,4
times longer than wide. Tergite IX undivided, roughly rectangular, elongated transversally,
ca. 3 times longer than wide. Sternite X with a convex and rounded distal margin. Genital
fork Y-shaped (sternite IX) with bifid apodeme and a convex curvature in relation to the
ventral plane. Genital fork acuminated with sinuous distal apodemes. Three small subovoids
spermathecae with very long spermathecal ducts, thinner and less visible. Sternite VIII
rounded trapezoid shape with the proximal margin forming the base of the trapezium, ca. 1,2
times wider than long. Distal margin deeply curved, convex in relation to proximal margin.
Male. Unknown.
Distribution. Suragina sp. n. 2 is known only for the type-locality: Tapantí Nacional Park,
Province of Cartago; Las Nubes, Province of San José; Cerro Chompipe, Pronvince of
Heredia and Northeast of Puntarenas, Costa Rica.
Suragina sp. n. 3 (Figures 30-38)
Material. Holotype ♀. COSTA RICA, Prov. Cartago, Parque Nacional Barbilla, Turrialba,
Rio Barbilla [10º 0' 59.22"N 83º 22' 30.01"W]. 400m. 5-9. MAY. 2005. D. Briccario, M.
Moraga, Libre. L_N_214392_597785 #INBIO 80270.
Diagnosis. Body dark brown. Antenna with the first flagellomere kidney-like as wide as
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long and slightly bigger than scape and pedicel. Ocellar tubercle brownish gray, three
caramel brown ocelli. Legs yellow with coxa, trochanter and the last tarsomeres brownish
gray, and femur yellow with a brown spot. Ratio between the wing length width ca. 2,3
times. R4 distally curved toward anterior margin. Distance between the tips of M4 and CuA1
ca. 1,8 times longer than m-cu. Cross veins r-m and m-cu are slightly smaller than humeral.
Cercus ca. 2,5 times longer than wide. Three small subovoids spermathecae with long
spermathecal ducts, thinner but more visible than Suragina sp. n. 1 and Suragina sp. n. 2.
Bifid apodeme almost absent.
Female. Body (Figure 30) length, 8,5 mm dark brown.
Head (Figures. 31-33). Frontal vitta with golden callus and brownish gray subcallus.
Fronto-orbital plate brownish gray. Frontal callus in triangular shape, upper crest extension,
without touching the eyes. Subcallus with a cross-sectional medial slit in inverted triangular
shape. Gena and occiput silver gray, with strong long bristles. Eyes dichoptic. Ocellar
tubercle brownish gray, three yellowish brown ocelli. Antenna (Figure 34) dark brownish
gray. First flagellomere kidney-like as wide as long, bigger than scape and pedicel. Scape
bigger than than pedicel. Arista non-segmented, dark brown, slender with the distal part
tapered, twice the size of the scape and pedicel taken together. In frontal view, distal part of
scape and pedicel golden brown. Clypeus U-shaped, globular, protuberant and dark
brownish gray. Maxillary long papus, bi-segmented and dark brownish gray. Proboscis and
labella dark brown. Hypopharynx sclerotized, yellowish brown, approximately equal in
length to the labrum. Mouthparts morphology sugesting hematophagous habits.
Thorax (Figures 35 and 36) dark brown with two longitudinal silver gray bands on
both sides of prescutum in dorsal view. Postpronotal lobe brownish gray. Prescutum and
scutum shining brownish gray. Scutellum shining brown. Katatergite light gray with long
bristles. Mesothoracic spiracle (anterior spiracle) yellow. Halter yellowish brown with knob
dark brown. Scale small (flattened lobe) immediately posterior to the hind thoracic spiracle.
Suprametacoxal pit on each side of the thorax extending from the lower end of the
metepimeron to the ventral midline. Legs generally yellow, with coxa, trochanter and the last
tarsomeres brownish gray, and femur yellow with a brown patch. Tibial spurs formula 0:2:2.
Wing (Figure 37) brown, 8,2 mm. Pterostigma dark brown, extending through half of
R1 cell. Alula pronounced. Tip of Sc at the level of r-m. R2+3 strongly concave in relation to
R1, reaching C close to R1. Distance between the tips of Sc and R1 the same length as Rs. R4
distally curved toward anterior margin. of R4 and R5 with acute angle. Origin of R4 and R5
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before the position where R1 reaches C. Cross vein m-cu equal to r-m. Origin of discal cell
positioned right after the bifurcation of Rs in R2+3 and R4+5. Basal cell ca. 4 times longer than
wide, ending before the middle of the wing. Discal cell ca. 3 times longer than wide, ending
after the origin of R4 and R5. Distance between the tips of M4 and CuA1 ca. 1,8 times longer
than m-cu. Cross vein m-m at the level of the tip of R1. Origin of M3 and M4 right before the
origin of R4 and R5. Origin of CuA1 and CuA2 at the level of the bifurcation of Rs in R2+3 and
R4+5. Cross veins r-m and m-cu are slightly smaller than humeral. CuA2 and A1 fusing far
from margin. Spurious vein present. A2 vestigial. Ratio between the wing length and width
ca. 2,3.
Abdomen (Figure 38). General color dark brownish gray. Cercus one-segmented,
flattened with a a triangular rounded shape, ca. 2,5 times longer than wide. Tergite IX
undivided, roughly rectangular, elongated transversally, ca. 3 times longer than wide.
Sternite X with a convex and rounded distal margin. Genital fork Y-shaped (sternite IX) with
bifid apodeme and a convex curvature in relation to the ventral plane. Genital fork
acuminated with sinuous distal apodemes. Three small subovoids spermathecae with long
spermathecal ducts, thinner but more visible than Suragina sp. n. 1 and Suragina sp. n. 2.
Sternite VIII rounded trapezoid shape with the proximal margin forming the base of the
trapezium, ca. 1,4 times wider than long. Distal margin slightly curved.
Male. Unknown.
Distribution. Suragina sp. n. 3 is known only for the type-locality: Rio Barbilla, Parque
Nacional Barbilla, Turrialba, Prov. Cartago, Costa Rica.
Suragina pacaraima Rafael & Henriques
Suragina pacaraima Rafael & Henriques, 1990:165-168 (Figures 39-45).
Material. Holotype: ♀ BRAZIL, Roraima, Serra Pacaraima [4º 4' 60.00"N 61º 30' 0"W].
BV–8, 27.AUG.1987, A.L. Henriques col., collected in horse's head (INPA). Paratype: 1 ♀,
BRAZIL, Roraima, Serra Pacaraima [4º 4' 60.00"N 61º 30' 0"W]. 25.JUN–5.JUL.1988, J.A.
Rafael and others col., Malaise trap (INPA). Additional material: 2 ♀ specimens, BRAZIL,
Roraima, Serra Pacaraima [4º 4' 60.00"N 61º 30' 0"W]. 1–7.SEP.1995, J.A Rafael and others
col., Malaise trap (INPA). 1 ♀ specimen, BRAZIL, Roraima, Xitei [44' 15.35'' N 4' 30.36''
W]. 16–29.MAR.1996. F. Fernandez, Malaise trap (INPA). 5 ♀ specimens, BRAZIL,
Roraima, Serra da Mocidade [1º 4' 29.18"N 58º 29' 81"]. 25.JAN–06.FEB.2016. T.
Mahlmann and others col., Malaise trap (INPA).
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Diagnosis. Body yellowish brown. First flagellomere kidney-like longer than wide, thin in
lateral view, slightly bigger than scape and pedicel. Scape globular, shorter than the tubular
pedicel. Three golden brown ocelli. Brown yellowish thorax and legs, tibia and tarsus darker
than coxa and femur. Ratio between the wing length and width ca. 2,9. R4 distally slightly
curved toward anterior margin. Vein humeral ca. 1,6 times r-m and ca. 1,5 times m-cu.
Distance between the tips of M4 and CuA1 ca. 1,6 times longer than m-cu. Cercus ca. 1,5
times longer than wide. Three small kidney-like spermathecae with spermathecal ducts.
Bifid apodeme 14 times shorter than sternite IX.
Female. Body (Figure 39). Length 8 mm. General color yellowish brown.
Head (Figures 40 and 41). Frontal vitta with polished black and golden callus and
bright gray subcallus. Frontal callus slenderer than frons in triangular shape, upper crest
extension, without touching the eyes. Fronto-orbital plate golden brown. Subcallus with a
cross-sectional medial slit in inverted triangular shape. Gena and occiput white, with strong
long bristles. Eyes black, dichoptic and glabrous. Homogenous facets. Three golden brown
ocelli. Antenna (Figure 41) yellowish brown. First flagellomere kidney-like longer than
wide, thin in lateral view, slightly bigger than scape and pedicel. Scape globular, shorter than
the tubular pedicel. Arista non-segmented, dark brown, slender with the distal part tapered,
twice the size of the scape and pedicel taken together. In frontal view, distal part of scape
and pedicel golden yellow. Clypeus U-shaped, globular, protuberant, brown-yellowish.
Maxillary long palpus bi-segmented, and black. Proboscis and labella also black.
Hypopharynx approximately equal in length to the labrum. Mouthparts morphology
sugesting hematophagous habits.
Thorax (Figures 42 and 43). Brown in color, with prescutum and scutum darker than
scutellum and postpronotal lobe. Anepisternum partially blackened. Mediotergite and
katatergite with long brown bristles. Halter with brown yellowish and black knob. Scale
small (flattened lobe) immediately posterior to the hind thoracic spiracle. Suprametacoxal pit
on each side of the thorax extending from the lower end of the metepimeron to the ventral
midline. Legs yellowish brown, with darker tibias and tarsi. Tibial spurs formula 1:2:2.
Wing (Figure 44) brown, 7,7 mm. Pterostigma dark brown, extending through half of
R1 cell. Alula pronounced. Tip of Sc posterior to the level of r-m. R2+3 strongly concave in
relation to R1, reaching C contiguous to R1. Distance between the tips of Sc and R1 smaller
than the length of Rs.. R4 distally curved toward anterior margin. Fork of R4 and R5 with
acute angle. Origin of R4 and R5 before to the position where R1 reaches C. Cross vein r-m
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1,3 times longer than m-cu. Origin of discal cell positioned after the bifurcation of Rs in R2+3
and R4+5. Basal cell ca. 4,7 times longer than wide, ending anterior to middle of the wing.
Discal cell ca. 3,8 times longer than wide, ending after the origin of R 4 and R5. Distance
between the tips of M4 and CuA1 ca. 1,6 times longer than m-cu. Cross vein m-m at the level
of the tip of R1. Origin of M3 and M4 at the level of the origin of R4 and R5. Origin of CuA1
and CuA2 at the level of the bifurcation of Rs in R2+3 and R4+5. Vein humeral ca. 1,6 times rm and ca. 1,5 times m-cu. CuA2 and A1 fusing far from margin. Spurious vein present. A2
vestigial. Ratio between the wing length and width ca. 2,9.
Abdomen (Figure 45). General color yellowish brown. Cercus one-segmented,
flattened with a triangular rounded shape, ca. 1,5 times longer than wide. Tergite IX
undivided, roughly rectangular, elongated transversally, ca. 3 times longer than wide.
Sternite X with a convex and rounded distal margin. Genital fork Y-shaped (sternite IX) with
bifid apodeme and a convex curvature in relation to the ventral plane. Genital fork
acuminated with sinuous distal apodemes. Three small kidney-like spermathecae with
spermathecal ducts. Sternite VIII rounded trapezoid shape with the proximal margin forming
the base of the trapezium, ca. 1,2 times wider than long. Distal margin slightly curved.
Male. Unknown.
Distribution. Suragina pacaraima was found in Pacaraima Mountains, Amajari - RR;
Nacional Park of Serra da Mocidade, Caracaraí - RR and Xitei - RR - Brazil.
Suragina pacaraima is similar to Suragina sp. n. 1 because of the yellowish brown
colouration, and the less robust first flagellomere. However, Suragina sp. n. 1 has a shining
reddish brown thorax with the transverse suture very proeminent, remembering the general
morphology of an ant. Suragina sp. n. 1 is also similar to Suragina sp. n. 2 based on the
morphology of the thorax, but Suragina sp. n. 2 has a dark brown colour with two
longitudinal silver gray bands on both sides of prescutum in dorsal view, and a robust first
flagellomere.
Suragina sp. n. 3 is similar to Suragina latipennis because of the dark brown
colouration, and the morphology of thorax and head. However, Suragina latipennis has a
very robust first flagellomere compared to scape and pedicel and Suragina sp. n. 3 has
bigger cross veins m-cu and r-m, as well as the vein R4 with a soft curve, and a vestigial A2.
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Key to the species of Suragina of the New World adapted from Webb (1977) and Rafael
& Henriques (1990)

1. Legs entirely black...............................................................................................................2
Legs brown or yellowish brown...........................................................................................3
2. First flagellomere ca. 1,5 longer than wide (lateral view), bigger than scape and pedicel;
three hialine ocelli; ratio between the wing length and width ca. 3; tip of R2+3 at the level
of tip of CuA1; cross veins r-m and m-cu very smaller than humeral; female distal margin
of T9 sinuous...........................................................................................Suragina latipennis
First flagellomere as wide as long, slightly bigger than scape and pedicel; three reddish
brown ocelli; ratio between the wing length and width ca. 2,3; cross veins r-m and m-cu
slightly smaller than humeral; female distal margin of T9 straight............ Suragina sp n. 3
3. Body light brown or yellowish brown..................................................................................4
Body dark brown; thorax with two spots silver gray on both sides of prescutum in dorsal
view............................................................................................................. Suragina sp n. 1
4. Abdomen showing distinct spots..........................................................................................5
Abdomen without distinct spots...........................................................................................6
5. T1-2 showing distinct yellow spots.........................................................Suragina concinna
T1-2 with large caudolateral spots of grey pruinosity on segments..........Suragina longipes
6. First flagellomere kidney-like longer than wide, thin in lateral view, slightly bigger than
scape and pedicel; three golden brown ocelli; three small spermathecae kidneylike.........................................................................................................Suragina pacaraima
First flagellomere kidney-like ca. 1,2 times longer than wider, bigger than scape and
pedicel; two reddish brown and one hialine ocelli; three small subovoids
spermathecae...................................................................................................Suragina sp. 2
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2

TESTING THE POSITION OF FOSSIL ATHERICIDS (DIPTERA: ATHERICIDAE)
THROUGH

A

PHYLOGENETIC

ANALYSIS

USING

WING

VENATION

CHARACTERS
INTRODUCTION
Athericidae is a relatively small family of Tabanomorpha comprising ten modern and
five extinct genera (Cockerell, 1914; Theobald, 1937; Stuckenberg, 1974; Evenhuis, 1994;
Myskowiak & Nel, 2014). Four species were described from the Cenozoic:
• Atrichops hesperius† Cockerell, 1914 (Oligocene, USA): This fossil species was
collected in the chadronian lacustrine, a large shale in the Florissant Formation of
Colorado, United States. The Florissant lakebeds formed 34.07-0.10 M.a. by the
damming of the original drainage basin by lahars from the Thirty-Nine Mile
Volcanic Field (Evanoff et al, 2001);
• Succinatherix avita† Stuckenberg, 1974 (Eocene, Baltic Region) and Succinatherix
setifera† Stuckenberg, 1974 (Eocene, Baltic Region): The fossils were collected in
the Baltic region. The studies indicated that the climate of the Baltic region at the
time of fossilization was probably Mediterranean with a summer dry season and a
wet winter and spring.
• Eoatrichops jeanbernardi† Myskowiak & Nel, 2014 (Eocene, France): This fossil
species is from the Oise amber deposit, located at the place known as “Le Quesnoy”
(Oise, northern France). The lignite layers containing the amber belong to the Lower
Eocene of the Paris basin (~53 M.a.). This age corresponds to Paleocene-Eocene
Thermal Maximum, one of the most important periods of global warming. Data from
the evaluation of flora and fauna in Oise amber suggest a semideciduous forest under
a hot climate with a wet and a dry season (Myskowiak & Nel, 2014).

Three of the described athericid species are from the Mesozoic (Zhang, 2012; Chen
et al., 2014; Oberprieler & Yates, 2014). The fossils are:
• Sinocretomyia minuscule† Zhang, 2012 (Early Cretaceous, China): The fossil species
was collected Laiyang Formation in the northeastern of China, about 2300m thick, is
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composed of Late Mesozoic well developed and widespread continental sediments
(Zhang, 2012).
• Notoatherix antiqua† Oberprieler & Yates, 2014 (Late Jurassic, Australia): The fossil
species was collected in the Talbragar Fish Bed, located in New South Wales
(Percival, 1979), a fossil deposit from 151.55 ± 4.27 M.a. (Bean, 2006). The
Talbragar Fish Bed is one of the few insectiferous fossil sites of Jurassic age in
Australia and lies at the junction of a terrestrial and an aquatic ecosystem of southern
Gondwana. Its stratigraphy indicates a shallow freshwater environment (Beattie &
Avery, 2012).
• Qiyia jurassica† Chen et al., 2014 (Middle Jurassic, China): The fossil species is a
larvae from the Daohugou beds (Middle Jurassic of Ningcheng County, Inner
Mongolia, China, approximately 165 million years old) (Chen et al., 2014).

In recent years, some fossil species were described as belonging to the family
Athericidae, e.g. Sinocretomyia minuscule†, Eoatrichops jeanbernardi† and Notoatherix
antiqua†, solely based on wing venation features (Zhang, 2012; Oberprieler & Yates, 2014;
Myskowiak & Nel, 2014). Besides, many other fossil species previously assigned for the
family are now considered as stem-group of the infraorder Tabanomorpha (Palaepangonius
eupterus†, Palaepangonius finchi†, Palaepangonius gordoni†, Palaepangonius kensmithi†,
Palaepangonius sellwoodi†, Palaepangonius zazicola† and Galloatherix incompletus†) by
Grimaldi (2016). These taxa were positioned without any formal phylogenetic analysis on
which this classification was based upon. The recent discovery of many athericid-like fossil
species suggests the need for their correct positioning.
In this chapter, the position of athericids fossils and stem-groups of Tabanomorpha
was tested through a phylogenetic analysis using a data matrix based on wing venation
characters (Table 2), including outgroups species belonging from the following families of
Diptera: Austroleptidae, Limoniidae, Oreoleptidae, Pelecorhynchidae, Rhagionidae,
Stratiomyidae, Tabanidae, Tipulidae and Vermileonidae. The inclusion in the phylogenetic
analysis of all fossil species stem-groups of Tabanomorpha is necessary to test their position
in relation to Athericidae –the representative type species of the athericid genera were
sufficient to corroborate the monophyly of the family as discussed bellow.The outgroup
included in the matrix (table 2 and 3) was importantto polarize the characters. The analysis
resulted in a set of sencondary homologies that supports the monophyly of Athericidae, even
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the character coding of the terminal taxons (table 3) being restricted to wing vein characters.
Species of Tabanidae and Rhagionidae were included, as well as representative species of
Austroleptidae, Pelecorhynchidae, Oreoleptidae, Vermileonidae, Stratiomyidae, Limoniidae,
and Tipulidae.
The morphological attributes were coded and organized into a list of ten characters.
As aforementioned, the phylogenetic analysis was based only on wing venation characters;
the inclusion of characters from other tagmas would result in a matrix with many missing
entries, since such kind of information is unavailable in fossil species. The inclusion of a
large amount of missing data would generate unpredictable results that would require indepth and specific study. Besides, using only wing venation characters facilitates the
classification and positioning of possible new fossil species in relation to Athericidae.
The illustrations (Figures 46-84) represent 14 species of Athericidae, 11 species of
stem groups of Tabanomorpha and 14 outgroup species. In total, 39 terminal taxa (Table 3)
and 10 binary characters were included in the data matrix.
CHARACTER LIST
1.

End of Sc vein: (0) in R1 (Figure 58); (1) in C (Figure 46).

2.

R2+3: (0) branched in R2 and R3 (Figure 47); (1) unbranched (Figure 48).

3.

Proportion of the discal cell (d) (ratio between the discal cell length and width): (0) less
or equal than 2,5 - reduced (Figure 54); (1) more than 2,5 - elongated (Figure 59).

4.

Ratio between the length of the wing and the length of the fork of R4 and R5 until the
end of the wing: (0) more or equal than 4,5 (Figure 59); (1) less than 4,5 (Figure 49).

5.

Fork of R4+5 at same level to the end of the discal cell (d): (0) absent; (1) present (Figure
50).

6.

R4 shifted toward R2+3: (0) absent; (1) present (Figure 56).

7.

Tip of R2+3 converging towards the tip of R1: (0) absent; (1) present (Figure 61).

8.

Ratio between the wing length and the distance of tip of R2+3 until the end of the wing:
(0) more or equal than 4 (Figure 78); (1) less than 4 (Figure 71).

9.

R2+3 concave: (0) absent; (1) present (Figure 70).

10. Tip of R2+3 at the same level (or close) of m-m: (0) absent; (1) present (Figure 73).
MATRIX
The data matrix with 39 terminal taxa and 10 characters is shown in Table 2.
Inapplicable, incomparable and unobserved characters were treated as missing data (?).
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ANALYSIS AND DISCUSSION
As outgroups (cf. Nixon & Carpenter, 1993), species of Austroleptidae, Limoniidae,
Oreoleptidae, Pelecorhynchidae, Rhagionidae, Stratiomyidae, Tabanidae, Tipulidae and
Vermileonidae were considered. The analysis resulted in a unique tree (Figure 85). The
discussion of the characteres (numbered black and white circles) was made according to the
nodes (numbered red circles) that was supported by them. In the discussion that follows, it is
provide more details on the relevant nodes and interpretation of characters. In the figure 85
and in the following discussion, L is the number of steps, Ci the consistency index and Ri the
retention index.
Clade 1
Character 1 - all species except Leptotarsus sp. have an unbranched M1+2, which constitutes
a synapomorphy of the clade Edwardsomyia chiloensis +. L: 1, Ci: 1, Ri: 1.
Clade 2
Character 2 - all species except Leptotarsus sp. and Edwardsomyia chiloensis have an
unbranched R2+3, which constitute a synapomorphy of the clade Adoxomyia heminopla+. L:
1, Ci: 1, Ri: 1.
Clade 3
Character 3 - the reduced proportion of the discal cell appears on the clade Vermilyx
jasoni+, separating Leptotarsus sp., Edwardsomyia chiloensis and Adoxomyia heminopla+
from the rest of the taxa. L: 1, Ci: 1, Ri: 1.
Clade 4
Character 4 - in all species, except Leptotarsus sp., Edwardsomyia chiloensis,
Adoxomyia heminopla+ and Vermilyx jasoni, the fork of R4 and R5 does not occur in the most
distal portion of the wing.
Clade 5
Character 8 - The tip of R2+3 does not end in the most distal portion of the wing in
Atherhagiox simulans† and Atherhagiox ambiguum†, supporting the monophyly of the
genus. This character also appears in Austroleptis atriceps+ , suggesting a convergence
between Austroleptis atriceps, all athericids and stem-groups species of Tabanomorpha,
except Tabanipriscus transitivus† and Palaepangonius finchi†. L: 2, Ci: 0.5, Ri: 0.9.
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Clade 6
Character 6 - the presence of R4 shifted toward R2+3 is a synapomorphy of
Tabanidae, and converges to many authors (e.g., Santos, 2008; Kerr, 2010; Wiegmann et al.,
2011). L: 1, Ci: 1, Ri: 1.
Clade 7
Character 5 - the fork of R4+5 at the same level of the end of the discal cell (d)
supports the clade of Glutops rossi+, including all species of Rhagionidae, Pelecorhynchidae,
Austroleptidae,

Athericidae

and

stem-groups

species

of

Tabanomorpha,

except

Tabanipriscus transitivus† and the genus Atherhagiox. L: 1, Ci: 1, Ri: 1.
Clade 8
Character 7 - tip of long R2+3 converging toward the tip of R1 appears in Chrysopilus
plaumanni+,

including

Austroleptidae,

Chrysopilus

Athericidae

and

plaumanni,

stem-groups

all

species

species

of

of

Pelecorhynchidae,

Tabanomorpha,

except

Tabanipriscus transitivus† and the genus Atherhagiox. L: 1, Ci: 1, Ri: 1.
Clade 9
Character 8 - The tip of R2+3 does not end in the most distal portion of the wing in
Austroleptis atriceps+, which includes all athericids and stem-groups species of
Tabanomorpha, except Tabanipriscus transitivus† and Palaepangonius finchi†. This
character also appears in the clade Atherhagiox simulans† and Atherhagiox ambiguum†,
suggesting a convergence. L: 2, Ci: 0.5, Ri: 0.9.
Clade 10
Characters 9 and 10 - R2+3 concave and the tip of R2+3 at the same level (or close) to
m-m corroborates the clade Eoatrichops jeanbernardi†+. This clade includes Galloatherix
incompletus† and almost every species of the family Athericidae, according to Grimaldi
(2016), except Notoatherix antiqua† Sinocretomyia minuscule†.

In the present study, the ingroup sampling were 14 species (9 extant and 5 extinct)
representing all genera of Athericidae, except for Microphora Krober, 1912 due to the lack
of available information and Qiyia† Chen et al.,2014 due the lack of adult information. Each
taxon of Athericidae was the representative type species of a genus, except for
Succinatherix† Stuckenberg, 1974, which was represented by the two fossil species.
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Due to the similarity of the wings within Tabanomorpha, the resultant cladogram of
Figure 85 does not depict exactly the tradicional clades considered witihin the infraorder
Tabanomorpha such as Oreoleptidae + Tabanidae + Athericidae and Tabanidae +
Athericidae (Kerr, 2010; Wiegmann et al., 2011). They share many plesiomorphic features,
making it difficult to reflect, in an anaysis based solely on wings, the relationships supported
in literature, which are corroborated by different character sources.
The presesented hypotesis (Figure 85) raise some interesting questions. The
family Tabanidae appears as monophyletic within a clade that includes Oreoleptis
torrenticola, the genus Atherhagiox, Tabanipriscus transitivus† and Glutops rossi+.
Atherhagiox appears as monophyletic genus closer to Tabanidae than the other stem-group
species. The same occurs to Tabanipriscus transitivus†, wich reflects the hypothesis
presented by Grimaldi (2016).
Rhagionidae appears as paraphyletic (contra Kerr, 2010), with Chrysopilus
plaumanni in a clade that includes including all species of Pelecorhynchidae, Austroleptidae,
Athericidae and stem-groups species of Tabanomorpha, except Tabanipriscus transitivus†
and the genus Atherhagiox. This clade is corroborated by the presence of R2+3 converging
toward the tip of R1. This shows that R2+3 vein converging toward the tip of R1 is not a
synapomorphy of Athericidae, as is often indicated in the literature (contra Stuckenberg,
1973; McAlpine, 1981; Kerr, 2010; Wiegmann et al., 2011).
The genus Palaepangonius Ren, new synonymy of Athericites of Grimaldi (2016),
previously assigned to Athericidae but so far considered incertae sedis in Tabanomorpha
(Grimaldi, 2016), appears in the cladogram in a polytomy and probably is as a paraphyletic
genus, with the apomorfic state of character 8, presented in five of the six Palaepangonius
species: P. gordoni†, P. glossa†, P. zazicola†, P. kensmithi† and P. sellwoodi†. This result
suggests that the wing of P. finchi† is very different from the other species of the genus,
raising questions on its classification. According to the presented phylogenetic hypothesis
(Figure 85), the monophyly of the genus Galloatherix Nel, Ploeg & Perrichot, previously
assigned to the Athericidae, is also disputable.
The characters 9 and 10 do not corroborate the positioning of Notoatherix antiqua†
and Sinocretomyia minuscule† in the clade that includes all the other species of Athericidae.
These two characteres corroborates a clade where Galloatherix incompletus† is also included
within the athericids. This implies that Notoatherix antiqua† and Sinocretomyia minuscule†
may be more related with the stem-groups species of Tabanomorpha than the athericids
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themselves. The hypotesis also suggest that Galloatherix incompletus† may be more related
with to the athericids than to the stem-groups species of Tabanomorpha, questioning the
monophyly of the genus Galloatherix Nel, Ploeg & Perrichot. This positioning is not
convergent to Grimaldi (2016), which does not considered Galloatherix incompletus† within
Athericidae.
FINAL REMARKS
In conclusion, the phylogenetic hypothesis presented here (Figure 85, by the orange
bar) allows us to define Athericidae (node 10) as a clade corroborated by the presence of
R2+3 concave and the tip of R2+3 at the same level or close of m-m. In this way, all the
previously considered stem-groups of Tabanomopha remains the same as pointed by
Grimaldi (2016), except Galloatherix incompletus† that is positioned within the Athericidae.
Still (contra Ren, 1998; Grimaldi, 2016), Palaepangonius Ren and Galloatherix Nel, Ploeg
& Perrichot must be revised since they appear as a paraphyletic genera. Also, Notoatherix
antiqua† and Sinocretomyia minuscule† does not belong to the family Athericidae (contra
Zhang, 2012; Oberprieler & Yeates, 2014).
.

The phylogenetic study presented was the first step to extract maximum amount of

phylogenetic information from wing venation and to position the fossil species described as
Athericidade-like species within Tabanomorpha. This will encourage future investigations to
reconstruct the relationships within the whole infraorder Tabanomorpha. The set of
characters presented here can be used as a method to test the positioning of fossil species in
Athericidae and as evidences to raise new monophyletic groups based on formal
phylogenetic analysis.

54

55

3
PHYLOGENY OF NEOTROPICAL SPECIES OF ATHERICIDAE (DIPTERA:
BRACHYCERA) USING FEMALE TERMINALIA CHARACTERS

INTRODUCTION
Athericidae (Diptera, Brachycera) is a small family of the infraorder Tabanomorpha
erected by Stuckenberg (1973) including several genera previously associated with
Rhagionidae. The sister group relationship between the genera of Athericidae and Tabanidae
is supported based on strong morphological and molecular evidence (Stuckenberg, 1973;
Woodley, 1989; Wiegmann et al., 2011).
There are 33 species of Athericidae in the Neotropical region – including the 4 new
species described in chapter 1 – in the genera Atherix (2 species), Dasyomma (23 species),
Suragina (7 species) and Xeritha (1 species). (Malloch, 1932; Edwards, 1934; Stuardo,
1946; James, 1968; Webb, 1977; Rafael & Henriques, 1990; Coscaron & Coscaron, 1995;
Brown, Pape & Thompson, 2017).
Although the position of Athericidae within Tabanomorpha as the sister-group of
Tabanidae is well established (Stuckenberg, 1973; Woodley, 1989; Kerr, 2010; Wiegmann et
al., 2011), there is still no formal study discussing the phylogenetic relationships among the
species of Athericidae. The few studies including athericids in their taxon sampling treat
them as outgroups (e.g., Carmo & Santos, 2011, and Kerr, 2010). In addition, the sampling
of Athericidae is small in these studies, making it difficult to extract phylogenetic
information from them.
In this chapter a phylogenetic analysis of Neotropical species of Athericidae was
performed using morphological characters, including head, thorax and female terminalia
characters. In total, 23 characters were included in the data matrix (Table 4) with 19 terminal
taxa (Table 5) - 4 outgroup species and 15 neotropical species of Athericidae. The characters
1 to 8 refer to the head, 9 to 14 refer to the thorax - including wing venation- and 15 to 23
refer to female terminalia.
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CHARACTER LIST
Head
1. Segments of arista: (0) more than one; (1) one (Figure 24).
2. Insertion of arista with one segment: (0) terminally (Figure 5); (1) dorsally (Figure
13).
3. First flagelomere kidney-like shaped: (0) absent; (1) present (Figure 40).
4. First flagelomere kidney-like shaped with robust size: (0) absent; (1) present (Figure
22).
5. Clypeus large and prominent in profile: (0) absent; (1) present (Figure 12).
6. Position of the enlarged clypeus: (0) ventrally displaced (Figure 4); (1) distally
displaced and very proeminente (Figure 12).
7. Head size (in frontal view): (0) less or equal than 1,5 times wider than long (Figure
21); (1) more than 1,5 times wider than long (Figure 3).
8. Front width wider than the eye: (0) absent; (1) present (Figure 3).
Thorax
9. Metathorax: (0) without postspiracular plate; (1) with postspiracular plate (Figure
43).
10. Cross vein r-m at the same level of Sc: (0) absent; (1) present (Figure 44).
11. Junction of M4+CuA1: (0) absent; (1) present (Figure 73).
12. Discal cell (d) longer than wide: (0) absent; (1) present (Figure 71).
13. Position of the tip of R2+3 in relation to the end of discal cell (d): (0) very after
(Figure 57); (1) after (Figure 63); (2) at the same level (Figure 73).
14. R2+3 concave: (0) absent; (1) present (Figure 61).
Female terminalia
15. Abdomen compact, flattened dorso-ventrally in the last segments: (0) absent; (1)
presente (Figure 20).
16.

Robust cerci: (0) Absent; (1) Present (Figure 29).

17.

Segments of cerci: (0) more than one segment; (1) one segment (Figure 38).

18.

Bifid apodema in proximal portion of sternite 9: (0) Absent; (1) Present (Figure
19).

19.

Thin spermathecal ducts: (0) Absent; (1) Present (Figure 29).

20.

Very long spermathecal ducts: (0) Absent; (1) Present (Figure 29).

21.

Size of spermathecae: (0) reduced; (1) elongated (Figure 9).
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22.

Sinuous elongated spermathecae (0) absent; (1) present (Figure 86).

23. Size of bifid apodema in proximal portion of sternite 9: (0) short (Figure 45); (1)
long (Figure 9); (2) very long (Figure 29).
MATRIX
The data matrix with 19 terminal taxa and 23 characters is shown in Table 4.
Inapplicable, incomparable and unobserved characters were treated as missing data (?).
PHYLOGENETIC ANALYSIS AND DISCUSSION
As outgroups (cf. Nixon & Carpenter, 1993), species of Rhagionidae, Stratiomyidae,
Tabanidae and Vermileonidae were considered. The analyses resulted in a unique tree
(Figure 88). The discussion of the characteres (numbered black and white circles) was made
according to the nodes (numbered red circles) that was supported by them. In the discussion
that follows, it is provide more details on the relevant nodes and interpretation of characters.
In the figure 88 and in the following discussion, L is the number of steps, Ci the consistency
index and Ri the retention index.
Clade 1
Character 12 state 1 (discal cell (d) longer than wide) and character 16 state 1
(robust cerci) corroborates Vermileo sp.+. Here, it represents the infraorder Tabanomorpha
lato sensu (Santos, 2008).
Clade 2
Character 5 state 1 (clypeus enlarged and prominent in profile) corroborated
Tabanomorpha stricto sensu, consistent with the literature (e.g., Santos, 2008; Kerr, 2010;
Wiegmann et al., 2011).
Clade 3 - Tabanidae + Athericidae
Character 9 state 1 (metathorax with postspiracular plate), character 15 state 1
(abdomen compact, flattened dorso-ventrally in the last segments) and character 17 state 1
(cerci with one segment) support the monophyly of Tabanidae + Athericidae, a relationship
accepted by many authors (e.g., Stuckenberg, 1973; Nagatomi, 1984; Woodley, 1989;
Sinclair et al., 1994; Yeates, 2002; Zloty et al., 2005; Santos, 2008; Kerr 2010; Wiegmann et
al., 2011).
Clade 4 - Athericidae
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Character 1 state 1 (arista with one segment), character 13 state 1 (position of the tip
of R2+3 after the end of long discal cell (d)), character 14 state 1 (R2+3 concave), character
18 state 1 (bifid apodema in proximal portion of sternite 9) and character 23 state 1 (long
bifid apodema in proximal portion of sternite 9) supports the monophyly of Athericidae. The
monophyly status of Athericidae has not been inquired since the first definition of the family
by Stuckenberg (1973).
Clade 5 - Xeritha + Suragina
Character 2 state 1 (insertion of arista with one segment dorsally), character 3 state
1 (first flagelomere with kidney-like shaped), character 10 state 1 (Cross vein r-m at the
same level of Sc), character 19 state 1 (thin spermathecal ducts) supports the clade Xeritha
Stuckenberg + Suragina Walker as suposed by Nagatomi (1984).
Clade 6 - Suragina
Character 6 state 1 (clypeus distally displaced and very proeminent), character 13
state 2 (position of the tip of R2+3 at the same level of long discal cell (d)), character 23
state 0 (short bifid apodema in proximal portion of sternite 9) as a possible revertion
corroborates the monophyly of the genus Suragina Walker.
Xeritha Stuckenberg is a monotypic genus, therefore the characters of the taxon
become autapomorphies: character 11 state 1 (junction of M4+CuA1) - and character 23 state
2 (very long bifid apodema in proximal portion of sternite 9). It is important that these
characters remain in the cladogram (Figure 88) for future studies involving the description of
new species of this genus.
Clade 7
Character 4 state 1 (first flagelomere kidney-like shaped and robust) supports the
clade including Suragina latipennis + Suragina sp. n. 1 + Suragina sp. n. 2 + Suragina sp. n.
3. This atribute is remarkable and clearly distinct from state 0 (in Suragina pacaraima and
Suragina concinna).
Clade 8
Character 20 state 1 (very long spermathecal ducts) supports Suragina sp. n. 1 +
Suragina sp. n. 2, two of the new species described in chapter 1.
Clade 9 - Dasyomma
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Character 21 state 1 (elongated spermathecae) supports the monophyly of the
genus Dasyomma Macquart. This genus appears as sister-group of the other genera of
Athericidae as suposed by Nagatomi (1984).
Clade 10
Character 7 state 1 (head size wider than long) supports the clade including:
Dasyomma croceicornis + Dasyomma coeruleum + Dasyomma sp. n. 1 + Dasyomma
trivittatum + Dasyomma univittatum.
Clade 11
Character 8 state 1 (front width wider than the eye) supports Dasyomma sp. n. 1 +
Dasyomma trivittatum + Dasyomma univittatum.
Clade 12
Character 22 state 1 (presence of a sinuous elongated spermathecae) supports D.
trivittatum + D. univittatum.

A previous phylogenetic analysis performed with a larger number of terminal taxa with the inclusion of another 7 species of Dasyomma Macquart - using the same set of
characters, resulted in a matrix with many missing data and a thousands equally most
parsimonious trees. Their consensus does not result in any resolution within the family,
therefore it does not aggregate any phylogenetic information about the relations of the
ingroup. Thus, as aforementioned, it was included in the final matrix (Table 4) those taxa
(Ingroup) with reliable phylogenetic signal (i.e., with enough morphological information
available).
Species of the outgroup was chosen as representants of the sister-group of Athericidae
(Scaptia sp. - Tabanidae), of the family which previously included all of the species of
Athericidae (Atherimorpha lamasi - Rhagionidae), of the family out of Tabanomorpha
stricto sensu but within lato sensu (Vermileo sp. - Vermileonidae) and of the family of
another infraorder (Stratiomyiomorpha) but within Brachycera (Hermetia myieriades Stratiomyidae). A single representant of each of these families was enough to polarize the
characteres, because the aim of the study was to understand the relationships within
Athericidae, since the monophyly of the family is already supported by literature. (Santos,
2008; Kerr 2010; Wiegmann et al., 2011).
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In the cladogram of figure 88, the sister-group relationship of Athericidae + Tabanidae
is very well supported (Stuckenberg, 1973; Nagatomi, 1984; Woodley, 1989; Sinclair et al.,
1994; Yeates, 2002; Zloty et al., 2005; Santos, 2008; Kerr 2010; Wiegmann et al., 2011).
Defining morphological features of the clade include a “scale” (small, flattened lobe)
immediately posterior to the hind thoracic spiracle, a compact, dorsoventrally flattened
abdomen and a cercus with one segmented (Grimaldi, 2016). The condition of a cercus with
two segments is probably plesiomorphic and present in the ground plan of Diptera
(Cumming & Wood, 2009), remaining in the base of the infraorder Tabanomorpha and
changing in the clade Athericidae + Tabanidae (Santos, 2008; Carmo & Santos, 2011).
Athericidae, in the hypotesis considered here, is corroborated by the presence of an
arista with one segment, the position of the tip of R2+3 after the end of long discal cell and
the presence of a bifid apodema in proximal portion of sternite 9. These characters are
different from the diagnostic attributes used by Stuckenberg (1973), when erecting the
family, as follows: presence of the postmetaspiracular scale, closure of the marginal cell
through the fusing of R1 and R2+3, third antennal segment kidney-like shaped. This reveals
the difference between diagnostic attributes raised in a taxonomic study without formal
phylogenetic analysis and synapomorphic characters raised in a study using phylogenetic
systematics.
In the study mabe by Stuckenberg (1973), the diagnostic attributes all together used by
him was sufficient to separate the species from Rhagionidae, family in which were
previously included all of the species of Athericidae, and to create a new family. However,
in the present cladogram of figure 88 the presence of the postmetaspiracular scale is shared
by Athericidae and Tabanidae, supporting this clade (node 3). The third antennal segment
kidney-like shaped appears in Suragina Walker and Xeritha Stuckenberg, and the character
is not as a support for the monophyly of Athericidae. The fusing or convergence of R 1 and
R2+3 occurs in all Athericidae and many other species in Rhagionidae, wich makes this a very
homoplastic character in a cladogram with rhagionids including in the outgroup. Therefore,
the latter is not a sinapomorphy of the family as appears consistently in literature (contra
Stuckenberg, 1973; McAlpine, 1981; Kerr, 2010; Wiegmann et al., 2011).
Within the Athericidae, Dasyomma Macquart is distinct due to several morphological
features. The genus lacks the suprametacoxal pit distinctive of the Athericidae, and has an
antenna with an ovoid basal flagellomere and apical style (vs. reniform with dorsal
attachment) (Stuckenberg, 1973). Dasyomma Macquart, in the presented hypotesis, is the
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living sister-group to all the other extant athericids (Stuckenberg, 1973; Nagatomi, 1984;
Woodley, 2007). The monophyly of the genus is corroborated by the presence of a long
spermathecae, very different from Suragina Walker and Xeritha Stuckenberg. The resultant
topology corroborates the subfamilies Daysomminae (including every species of Dasyomma)
and Athericinae (all the other genera of Athericidae) (Stuckenberg, 1973).
As Dasyomma Macquart, Suragina Walker is also monophyletic, supported by clypeus
distally displaced and very proeminent, position of the tip of R2+3 at the same level of long
discal cell (d) and short bifid apodema in proximal portion of sternite 9. Xeritha Stuckenberg
is a monotypic genus, therefore the characters of the taxon become autapomorphies. As
mentioned above, these characters remain in the cladogram (Figure 88) for future studies
involving the possible future description of new species of this genus.
Although the relationships within Athericidae were already have been supposed by
some previous studies (e.g., Stuckenber, 1973; Nagatomi 1984), it was the first time that a
study of this family was performed using the cladistic method with a considerable taxa
sampling, and using female terminalia characters. In addition, to the big picture regarding
the position of the genera, relationships were found between species within these genera.
In the infraorder tabanomorpha, most of the phylogenetic studies include male
terminalia characters (e.g., Zloty, 2005; Santos, 2008; Kerr, 2010), which are believed to
possess important information to understand the relations between taxa. Female terminalia
usually stays in the background, not appearing in the studies. However, in the vast majority
of cases, only females of Athericidae were collected in the Neotropical region, and little
information about the males is available, inciting the use of female terminalia characters in
the present phylogenetic analysis.
In our study, the characteres of female terminalia used were informative enough to
corroborate Tabanidae + Athericidae (cerci with one segment), the monophyly of
Athericidae (long bifid apodema in proximal portion of sternite 9), Suragina Walker +
Xeritha Stuckenberg (thin spermathecal ducts), the monophyly of Dasyomma Macquart
(only by elongated spermathecae) and Suragina Walker (short bifid apodema in proximal
portion of sternite 9), the clade Suragina sp. n. 1 + Suragina sp. n. 2 (only by very long
spermathecal ducts) and the clade of Dasyomma trivittatum + Dasyomma univittatum (only
by presence of a sinuous elongated spermathecae).
The clades Suragina sp. n. 1 + Suragina sp. n. 2 + Suragina sp. n. 3 + Suragina
latipennis and Dasyomma trivittatum + Dasyomma univittatum + Dasyomma sp. n. 1 +
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Dasyomma coeruleum + Dasyomma croceicornis were also supported by characteres from
other tagmas as aforemention.
FINAL REMARKS
In conclusion, the phylogenetic hypothesis presented here (Figure 88) converges with
clades supported by literature, as well as retains the monophyly of the genera of Athericidae
and provides some new resolution within them.
The present phylogenetic study was the first to have these information about the
relation of the species of Athericidae using a formal method. Possibly with male characteres
or even characters from other sources of evidence, as molecular, it will be possible to resolve
all relations in the cladogram, that remain unsolved.
Neotropical species of the family Athericidae are almost certainly subsampled, and it is
expected that many new species descriptions are yet to come. This will help to understand
the history of the diversification of these species in this region. The study presented here will
also be an important step towards future investigations aiming to reconstruct the
relationships within the family as a whole.
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CONCLUSIONS
In chapter 1, new species were identifying, conducting cladistic analyses and retrieving
information are important components of taxonomy because the final aim of taxonomy is to
provide a comprehensive overview of the origins and diversification of life using a
phylogenetic scheme based on species descriptions (Wheeler, 2014). Also new
morphological data and high definition photos were included, adding to the process of
constructing taxonomic inferences, and it complement.
The phylogenetic study presented in chapter 2 was the first step to extract maximum
amount of phylogenetic information from wing venation, encouraging future investigations
to reconstruct the relationships within the whole infraorder Tabanomorpha, and also to solve
the issues of positioning of the fossil species in relation to Athericidae.
The phylogenetic study presented in chapter 3 has great relevance in the reconstruction
of the relationships among the species of the family, as well as to provide phylogenetic
information that can be useful to understand more deeply the evolution of the group. The
present phylogenetic study was the first to have this information about the relation of the
species of Athericidae using a formal method.
The great and general relevance is in the sense that taxonomy and sistematic remains a
valid and needed science, and a huge amount of work is currently needed. Species names are
essential to phylogenetic and biogeographic studies which underlie any real understanding of
biodiversity, evolution, and their causes. It is such integrative knowledge that is
indispensable to other areas of biology as well as for conservation (Carvalho et al., 2007).
Thus, describing species makes us a step closer to understanding the world we live in.
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MATERIAL LIST OF SPECIMENS EXAMINED
______________________________________________________________________
Athericidae
• Atherix variegata Walker, 1848. ♂. Det. A.E.Pritchard. Minneapolis, Minn. Miss. R.
near “U”. May 25, 1922. Wm. E. Hoffmann (MZSP).
• Dasyomma sp. n. 1. Holotype ♀. Chile, Santiago, Aculeo, El Arbol. OCT. 1969. L.E.
Peña col. MZ000529.
• Dasyomma sp. n. 1. Paratypes: 2♀. Chile, Santiago, Aculeo, El Arbol. OCT. 1969. L.E.
Peña col. MZ000529.
• Dasyomma trivitattum Malloch, 1932. ♀. Argentina, Bariloche. Cerro Catedral. Lane,
Coscaron & Capri. I. 1962 (MZSP).
• Suragina concinna Williston, 1901 ♀. Costa Rica, Prov. Limon, P. Int. La Amistad.
Taramanca, Sabanás, Dúrika. 2400 m. 22. Sep. 2003, M. Alfaro, Libre, L S
37395553827174934.
• Suragina concinna Williston, 1901 ♀. Costa Rica, Prov. Cartago, Paraíso, Parque
Nacional Tapantí, Sandero Catarata. 1200m. 4. oct. 1999. K Caballero, M.A. Zumbado.
Manual. L_N_318500_597100 #INBIO 8339.
• Suragina Pacaraima Rafael & Henriques, 1990. Holotype: ♀ Brazil, Roraima, Serra
Pacaraima. BV–8, 27.aug.1987, A.L. Henriques col., collected in horse's head (INPA).
• Suragina Pacaraima Rafael & Henriques, 1990. Paratype: 1 ♀, Brazil, Roraima, Serra.
25.jun–5.jul.1988, J.A. Rafael and others col., Malaise trap (INPA).
• Suragina Pacaraima Rafael & Henriques, 1990. Additional material: 2 ♀ specimens,
Brazil, Roraima, Serra Pacaraima. 1–7.sep.1995, J.A Rafael and others col., Malaise trap
(INPA).
• Suragina Pacaraima Rafael & Henriques, 1990. Additional material: 1 ♀ specimen,
Brazil, Roraima, Xitei. 16-29.mar.1996. F. Fernandez, Malaise trap (INPA).
• Suragina Pacaraima Rafael & Henriques, 1990. Additional material: 5 ♀ specimens,
Brazil, Roraima, Serra da
Mocidade. 25.jan–06.feb.2016. T. Mahlmann and others col., Malaise trap (INPA).
• Suragina sp. n. 1. Holotype ♀, Costa Rica, Prov. Puntarenas, Golfito, Parque Nacional
Corcovado, Est. Los Patos, Send Guaymí. 200m. 12. mar. 2000, K. Caballero. Manual.
L_S_516515_280068 #INBIO 59176.
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• Suragina sp. n. 1. Paratype: 1 ♀, Costa Rica, Prov. Puntarenas, Golfito, Parque Nacional
Corcovado, Est. Sirena, Send Naranjo. 10m. 10. aug. 2001, K. Caballero.Manual.
L_S_270500_508300 #INBIO 63759.
• Suragina sp. n. 1. Paratype: 1♀, Costa Rica, Prov. Heredia, Sarapiquí, El Plastico,
Horquetas. 700m. 18. aug. 1993. E. Bushbeck.
• Suragina sp. n. 2. Holotype: ♀, Costa Rica, Prov. Puntarenas, Av. El Pizote, 1.4 km NE.
de La Tigra. 1300m. 10-29. jul. 1996. E. Navarro. L_S_318500_597100 #INBIO 8334.
• Suragina sp. n. 2. Paratype: 1♀, Costa Rica, Prov. Puntarenas, Av. El Pizote, 1.4 km NE.
de La Tigra. 1300m. 10-26. aug. 1996. E. Navarro. L_S_318500_597100 #INBIO 8339.
• Suragina sp. n. 2. paratype: 1♀, costa rica, prov. san josé, est. santa elena, las nubes.
1210m. 5-21. jul. 1996. M. Segura. L_S_371750_507800 #INBIO 7888.
• Suragina sp. n. 2. Paratype: 1♀, Costa Rica, Prov. Cartago, Paraíso, Parque Nacional
Tapantí, Sandero Catarata. 1450m. 4. oct. 1999. K Caballero, M.A. Zumbado. Manual.
L_N_318500_597100 #INBIO 8339.
• Suragina sp. n. 2. Paratype: 1♀, Costa Rica, Prov. Heredia, Cerro Chompipe. 2100m.1.
oct. 1994. M.A. Zumbado. L_N_229900_528600 #INBIO 7665.
• Suragina sp. n. 2. Paratypes: 2♀, Costa Rica, Prov. San José, Est. Santa Elena, Las
Nubes. 1210m. 13-16. jul. 1996. E. Alfaro. L_S_371750_507800 #INBIO 7925.
• Suragina sp. n. 3. Holotype ♀. Costa Rica, Prov. Cartago, Parque Nacional Barbilla,
Turrialba, Rio Barbilla [10º 0' 59.22"N 83º 22' 30.01"W]. 400m. 5-9. may. 2005. D.
Briccario, M. Moraga, Libre. L_N_214392_597785 #INBIO 80270.
• Xeritha plaumanni Stuckenberg, 1966. Additional material: ♀. Det. B.R. Stuckenberg,
1968. Rio de Janeiro, Itatiaia. Macieiras, 1800 mts. C.d’Andretta. I-1948 (MZSP).
Rhagionidae
• Atherimorpha lamasi Santos, 2005. Paratipe: ♀. Est. do Rio, Itatiaia, Maromba, 8-1946
(MZSP).
• Chrysopilus plaumanni Santos & Amorim, 2007. Holotipe: ♂. BRAZIL, Estado de Santa
Catarina, Nova Teutônia, 300-500m, X/1971, Fritz Plaumann col. (MZSP).
Tabanidae
• Poeciloderas quadripunctatus Fabricius, 1805. ♀. Argentina, Tucumán, San Jarrier, 3XII-47, col. Duret (MZSP).
• Scaptia sp Walker, 1850. ♂. Contulmo, Arauco, Chile. 23.II.1968. Sanfeliú col. (MZSP).
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TABLES
___________________________________________________________________

Table 1. Extant and extinct genera of Athericidae
GENERA OF ATHERICIDAE
1.

Asuragina Nagatomi & Yang, 1991

2.

Atherix Meigen, 1803

3.

Atrichops Verrall, 1909

4.

Dasyomma Macquart, 1840

5.

Eoatrichops† Myskowiak & Nel, 2014

6.

Microphora Krober, 1912

7.

Notoatherix† Oberprieler & Yeates, 2014

8.

Pachybates Bezzi, 1926

9.

Qiyia† Chen et al.,2014

10. Sinocretomyia† Zhang, 2012
11. Succinatherix† Stuckenberg, 1974
12. Suragina Walker, 1859
13. Suraginella Stuckenberg, 2000
14. Trichacantha Stuckenberg, 1955
15. Xeritha Stuckenberg, 1966
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Table 2. Data matrix with 39 terminal taxa and 10 characters (chapter 2)
1
1234567890
Leptotarsus sp.

000???????

Edwardsomyia chiloensis

100???????

Adoxomyia heminopla

110000????

Vermilynx jasoni

1110000000

Oreoleptis torrenticola

1111000000

Austroleptis atriceps

1111101100

Glutops rossi

1111100000

Cratotabanus newjerseyensis†

1111010000

Poeciloderas quadripunctatus

1111010000

Scaptia sp.

1111010000

Atherimorpha lamasi

1111100000

Chrysopilus plaumanni

1111101000

Palaeorthroteles jurassicus†

1111100000

Palaeorthroteles pallidius†

1111100000

Asuragina yangi

1111101111

Atherix variegata

1111101111

Atrichops crassipes

1111101111

Dasyomma coeruleum

1111101111

Eoatrichops jeanbernardi†

1111101111

Notoatherix antiqua†

1111?01100

Pachybates braunsi

1111101111

Sinocretomyia minuscule†

1111101100

Succinatherix avita†

1111101111

Succinatherix setifera†

1111101111

Suragina concinna

1111101111

Suraginella macalpinei

1111101111

Trichacantha atranupta

1111101111

Xeritha plaumanni

1111101111

Tabanipriscus transitivus†

1111000000

Atherhagiox ambiguum†

1111000100

Atherhagiox simulans†

1111000100

Galloatherix completus†

1111101100

Galloatherix incompletus†

1111101111

Palaepangonius finchi†

1111101000

Palaepangonius glossa†

1111101100

Palaepangonius gordoni†

1111101100

Palaepangonius kensmithi†

1111101100

Palaepangonius sellwoodi†

1111101100

Palaepangonius zazicola†

1111101100
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Table 3. List of species used in chapter 2
OUTGROUP SAMPLING
FAMILY

SPECIES

Austroleptidae

Austroleptis atriceps

Limoniidae

Edwardsomyia chiloensis

Oreoleptidae

Oreoleptis torrenticola

Pelecorhynchidae

Glutops rossi

Rhagionidae

Atherimorpha lamasi

Rhagionidae

Chrysopilus plaumanni

Rhagionidae

Palaeorthroteles jurassicus†

Rhagionidae

Palaeorthroteles pallidius†

Stratiomyidae

Adoxomyia heminopla

Tabanidae

Cratotabanus newjerseyensis†

Tabanidae

Poeciloderas quadripunctatus

Tabanidae

Scaptia sp.

Tipulidae

Leptotarsus sp.

Vermileonidae

Vermilynx jasoni
INGROUP SAMPLING
SPECIES

FAMILY ATHERICIDAE

STEM-GROUP OF TABANOMORPHA

Asuragina yangi

Atherhagiox ambiguum†

Atherix variegata

Atherhagiox simulans†

Atrichops crassipes

Galloatherix completus†

Dasyomma coeruleum

Galloatherix incompletus†

Eoatrichops jeanbernardi†

Palaepangonius finchi†

Notoatherix antiqua†

Palaepangonius glossa†

Pachybates braunsi

Palaepangonius gordoni†

Sinocretomyia minuscule†

Palaepangonius kensmithi†

Succinatherix avita†

Palaepangonius sellwoodi†

Succinatherix setifera†

Palaepangonius zazicola†

Suragina concinna

Tabanipriscus transitivus†

Suraginella macalpinei
Trichacantha atranupta
Xeritha plaumanni
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Table 4. Data matrix with 19 terminal taxa and 23 characters (chapter 3)

0 1 2 3 4 5 6 7 8 9 0 1 2 3
1 2 3 4 5 6 7 8 9 1 1 1 1 1 1 1 1 1 1 2 2 2 2
Hermetia myieriades

0 ? 0 ? 0 ? 0 0 0 0 ? 0 ? ? 0 0 0 0 ? ? ? ? ?

Atherimorpha lamasi

0 ? 0 ? 1 0 0 0 0 0 0 1 0 0 0 1 0 0 ? ? 0 0 0

Scaptia sp.

0 ? 0 ? 1 0 0 0 1 0 0 1 0 0 1 1 1 0 ? ? ? ? 0

Vermileo sp.

0 ? 0 ? 0 ? 0 0 0 0 0 1 0 0 0 1 0 0 ? ? ? ? ?

Dasyomma coeruleum

1 0 0 ? 1 0 1 0 1 0 0 1 1 1 1 1 1 1 0 0 1 0 1

Dasyomma croceicornis

1 0 0 ? 1 0 1 0 1 0 0 1 1 1 1 1 1 1 0 0 1 0 1

Dasyomma gonzalezi

1 0 0 ? 1 0 0 0 1 0 0 1 1 1 1 1 1 1 0 0 1 0 1

Dasyomma poecilogaster

1 0 0 ? 1 0 0 0 1 0 0 1 1 1 1 1 1 1 0 0 1 0 1

Dasyomma sp. n. 1

1 0 0 ? 1 0 1 1 1 0 0 1 1 1 1 1 1 1 0 0 1 0 1

Dasyomma trivittatum

1 0 0 ? 1 0 1 1 1 0 0 1 1 1 1 1 1 1 0 0 1 1 1

Dasyomma univittatum

1 0 0 ? 1 0 1 1 1 0 0 1 1 1 1 1 1 1 0 0 1 1 1

Dasyomma vittatum

1 0 0 ? 1 0 0 0 1 0 0 1 1 1 1 1 1 1 0 0 1 0 1

Suragina concinna

1 1 1 0 1 1 0 0 1 1 0 1 2 1 1 1 1 1 1 0 0 0 0

Suragina latipennis

1 1 1 1 1 1 0 0 1 1 0 1 2 1 1 1 1 1 1 0 0 0 0

Suragina pacaraima

1 1 1 0 1 1 0 0 1 1 0 1 2 1 1 1 1 1 1 0 0 0 0

Suragina sp. n. 1

1 1 1 1 1 1 0 0 1 1 0 1 2 1 1 1 1 1 1 1 0 0 0

Suragina sp. n. 2

1 1 1 1 1 1 0 0 1 1 0 1 2 1 1 1 1 1 1 1 0 0 0

Suragina sp. n. 3

1 1 1 1 1 1 0 0 1 1 0 1 2 1 1 1 1 1 1 0 0 0 0

Xeritha plaumanni

1 1 1 0 1 0 0 0 1 1 1 1 1 1 1 1 1 1 1 0 0 0 2
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Table 5. List of species used in chapter 3

OUTGROUP SAMPLING
FAMILY

SPECIES

Rhagionidae

Atherimorpha lamasi

Stratiomyidae

Hermetia myieriades

Tabanidae

Scaptia sp.

Vermileonidae

Vermileo sp.

INGROUP SAMPLING
SPECIES

OCCURENCE

FAMILY ATHERICIDAE
Dasyomma coeruleum

Chile

Dasyomma croceicornis

Chile

Dasyomma gonzalezi

Chile

Dasyomma poecilogaster

Chile

Dasyomma sp. n. 1

Chile

Dasyomma trivittatum

Chile

Dasyomma univittatum

Chile

Dasyomma vittatum

Chile

Suragina concinna

Mexico

Suragina latipennis

Mexico

Suragina pacaraima

Brazil

Suragina sp. n. 1

Costa Rica

Suragina sp. n. 2

Costa Rica

Suragina sp. n. 3

Costa Rica

Xeritha plaumanni

Brazil
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FIGURES
___________________________________________________________________

Figure 1. Phylogeny of the infraorder Tabanomorpha stricto sensu (modified from Yeates
& Wiegmann, 2005; Santos, 2008; Kerr, 2010)

Figure 2. Habitus (lateral view) of Dasyomma sp. n. 1
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Figure 3. Head (frontal view) of Dasyomma sp. n. 1

Figure 4. Head (lateral view) of Dasyomma sp. n. 1
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Figure 5. Head (dorsal view) with antenna details of Dasyomma sp. n. 1

Figure 6. Thorax (dorsal view) of Dasyomma sp. n. 1
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Figure 7. Thorax (lateral view) of Dasyomma sp. n. 1

Figure 8. Wing of Dasyomma sp. n. 1
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Figure 9. Female terminalia (ventral view) of Dasyomma sp. n. 1

Figure 10. Habitus (lateral view) of Suragina sp. n. 1
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Figure 11. Head (frontal view) of Suragina sp. n. 1

Figure 12. Head (lateral view) of Suragina sp. n. 1
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Figure 13. Head (dorsal view) of Suragina sp. n. 1

Figure 14. Antenna of Suragina sp. n. 1
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Figure 15. Thorax (dorsal view) of Suragina sp. n. 1

Figure 16. Thorax (lateral view) of Suragina sp. n. 1
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Figure 17. Wing of Suragina sp. n. 1

Figure 18. Abdomen (dorsal view) of Suragina sp. n. 1
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Figure 19. Female terminalia (ventral view) of Suragina sp. n. 1

Figure 20. Habitus (lateral view) of Suragina sp. n. 2
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Figure 21. Head (frontal view) of Suragina sp. n. 2

Figure 22. Head (lateral view) of Suragina sp. n. 2
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Figure 23. Head (dorsal view) of Suragina sp. n. 2

Figure 24. Antenna of Suragina sp. n. 2
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Figure 25. Thorax (dorsal view) of Suragina sp. n. 2

Figure 26. Thorax (lateral view) of Suragina sp. n. 2
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Figure 27. Wing of of Suragina sp. n. 2

Figure 28. Abdomen of Suragina sp. n. 2
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Figure 29. Female terminalia (ventral view) of Suragina sp. n. 2

Figure 30. Habitus (lateral view) of Suragina sp. n. 3
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Figure 31. Head (frontal view) of Suragina sp. n. 3

Figure 32. Head (lateral view) of Suragina sp. n. 3
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Figure 33. Head (dorsall view) of Suragina sp. n. 3

Figure 34. Antenna of Suragina sp. n. 3
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Figure 35. Thorax (dorsal view) of Suragina sp. n.

3
Figure 36. Thorax (lateral view) of Suragina sp. n. 3
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Figure 37. Wing of Suragina sp. n. 3

Figure 38. Female terminalia (ventral view) of Suragina sp. n. 3

98

Figure 39. Habitus (lateral view) of Suragina pacaraima Rafael & Henriques.

Figure 40. Head (lateral and frontal view) of Suragina pacaraima Rafael & Henriques.

99

Figure 41. Head (dorsal view) with antenna details of Suragina pacaraima Rafael & Henriques

Figure 42. Thorax (dorsal view) of Suragina pacaraima Rafael & Henriques
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Figure 43. Thorax (lateral view) of Suragina pacaraima Rafael & Henriques

Figure 44. Wing of Suragina pacaraima Rafael & Henriques
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Figure 45. Female terminalia (ventral view) of Suragina pacaraima Rafael & Henriques

Figure 46. Wing of Austroleptidae atriceps (Austroleptidae) - OUTGROUP TAXON
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Figure 47. Wing of of Edwardsomyia chiloensis (Limoniidae) - OUTGROUP TAXON

Figure 48. Wing of Oreoleptis torrenticola (Oreoleptidae) - OUTGROUP TAXON

Figure 49. Wing of Glutops rossi (Pelecorhynchidae) - OUTGROUP TAXON
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Figure 50. Wing of Atherimorpha lamasi (Rhagionidae) - OUTGROUP TAXON

Figure 51. Wing of Chrysopilus plaumanni (Rhagionidae) - OUTGROUP TAXON

Figure 52. Wing of Palaeorthroteles jurassicus† (Rhagionidae) - OUTGROUP TAXON
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Figure 53. Wing of Palaeorthroteles pallidius † (Rhagionidae) - OUTGROUP TAXON

Figure 54. Wing of Adoxomyia heminopla (Stratiomyidae) - OUTGROUP TAXON

Figure 55. Wing of Cratotabanus newjerseyensis† (Tabanidae) - OUTGROUP TAXON
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Figure 56. Wing of Poeciloderas quadripunctatus (Tabanidae) - OUTGROUP TAXON

Figure 57. Wing of Scaptia sp. (Tabanidae) - OUTGROUP TAXON

Figure 58. Wing of Leptotarsus sp. (Tipulidae) - OUTGROUP TAXON
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Figure 59. Wing of Vermilynx jasoni (Vermileonidae) - OUTGROUP TAXON

Figure 60. Wing of Asuragina yangi (Athericidae) - INGROUP TAXON

Figure 61. Wing of Atherix variegata (Athericidae) - INGROUP TAXON
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Figure 62. Wing of Atrichops crassipes (Athericidae) - INGROUP TAXON

Figure 63. Wing of Dasyomma coeruleum (Athericidae) - INGROUP TAXON

Figure 64. Wing of Eoatrichops jeanbernardi† (Athericidae) - INGROUP TAXON
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Figure 65. Wing of Notoatherix antiqua† (Athericidae) - INGROUP TAXON

Figure 66. Wing of Pachybates braunsi (Athericidae) - INGROUP TAXON

Figure 67. Wing of Sinocretomyia minuscule† (Athericidae) - INGROUP TAXON
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Figure 68. Wing of Succinatherix avita† (Athericidae) - INGROUP TAXON

Figure 69. Wing of Succinatherix setifera† (Athericidae) - INGROUP TAXON

Figure 70. Wing of Suragina concinna (Athericidae) - INGROUP TAXON
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Figure 71. Wing of Suraginella macalpinei (Athericidae) - INGROUP TAXON

Figure 72. Wing of Trichacantha atranupta (Athericidae) - INGROUP TAXON

Figure 73. Wing of Xeritha plaumanni (Athericidae) - INGROUP TAXON
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Figure 74. Wing of Atherhagiox ambiguum† (Stem-group of Tabanomorpha) - INGROUP TAXON

Figure 75. Wing of Atherhagiox simulans† (Stem-group of Tabanomorpha) - INGROUP TAXON

Figure 76. Wing of Galloatherix completus† (Stem-group of Tabanomorpha) - INGROUP TAXON
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Figure 77. Wing of Galloatherix incompletus† (Stem-group of Tabanomorpha) - INGROUP TAXON

Figure 78. Wing of Palaepangonius finchi† (Stem-group of Tabanomorpha) - INGROUP TAXON

Figure 79. Wing of Palaepangonius glossa† (Stem-group of Tabanomorpha) - INGROUP TAXON
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Figure 80. Wing of Palaepangonius gordoni† (Stem-group of Tabanomorpha) - INGROUP TAXON

Figure 81. Wing of Palaepangonius kensmithi† (Stem-group of Tabanomorpha) - INGROUP TAXON

Figure 82. Wing of Palaepangonius sellwoodi† (Stem-group of Tabanomorpha) - INGROUP TAXON
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Figure 83. Wing of Palaepangonius zazicola† (Stem-group of Tabanomorpha) - INGROUP TAXON

Figure 84. Wing of Tabanipriscus transitivus† (Stem-group of Tabanomorpha) - INGROUP TAXON
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Figure 85. Single most parsimonious tree, L = 11, Ci = 90, Ri = 98. The characters are
represented by numbered black and white circles, with the number of the character above
the circle and the character state under the circle. Each node appears numbered in red
circles. The name of species are colored according to outgroup taxa (dark grey), stemgroup taxa (green) and athericids (blue). Colored bar (orange) on the right represent the
family Athericidae as considered after the phylogenetic analysis discussed here.
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Figure 86. Female terminalia (ventral view) of Dasyomma trivittatum

Figure 87. Female terminalia (ventral view) of Xeritha plaumanni
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Figure 88. Single most parsimonious tree, L = 26, Ci = 96 , Ri = 98. The characters are
represented by numbered black and white circles, with the number of the character above
the circle and the state under the circle. Each node appears numbered in red circles.
Colored bar (red) on the right represent Athericidae.
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