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ABSTRACT

This doctoral thesis is focused on flat-footed fly families Opetiidae, Platypezidae and genus
Microsania (Insecta: Diptera). The thesis consists of general introduction to the systematics,
taxonomy, diversity, zoogeography, phylogeny, and biology of the flat-footed flies.
Systematics and taxonomy are summarized based on historical as well as recent literature.
Each important taxon is shortly introduced and information about its taxonomy, morphology,
diversity, distribution, and biology is provided. The next two chapters deal with fossil species
and research on species diversity. The following part is a summary and plan for future
research. Final chapter consists of 9 published peer-reviewed articles (5 in impacted
international journals and 4 in journals without impact factor).

The first article is a molecular phylogeny study of relationships between genera of flat-
footed flies. The results show Platypezidae consisting of two well-supported clades, the first
with the subfamilies Melanderomyiinae + Callomyiinae and the second formed by subfamily
Platypezinae. Genus Microsania was resolved as a separate lineage distant from Platypezidae
which clustered with Opetiidae as its sister group, both together forming a sister group to
Platypezidae. The genus Agathomyia proved to be paraphyletic. Bifurcated setae on legs of
adult Platypezidae were proposed as a new synapomorphy of the family, exclusive of
Microsania. Outstretched wings and only a small overlap of their surfaces at resting position
were considered as a new synapomorphy for the subfamily Platypezinae. Other
phylogenetically important characters defining main clades were documented, and their
relevance in phylogenetic studies is discussed. The current systematic concept of Platypezidae
is discussed, and new phylogenetic hypotheses were proposed.

Second article is detailed description of the species Callomyia triangulata Tkoc, 2012
found in south China (Yunnan Province). The species is compared with the only other species
of Callomyia known from the Oriental Region, C. coei from Nepal, from which it differs
mainly by the thoracic and abdominal coloration. All relevant characters of the new species
were illustrated and photographed. It is discussed, that both species are probably Palaearctic
elements from the higher altitudes of the Oriental Region.

Third article is study of the biodiversity and faunistic of Romanian species of Opetiidae
and Platypezidae, with 18 species recorded in this country. Three species are new records for

Romania as Agathomyia vernalis, Callomyia saibhira, and Lindneromyia hungarica. The



male of Callomyia saibhira is diagnosed and redescribed. Information about distribution and
biology of all 18 species is provided and figured.

Fourth article is thematically non-related to the main theme of this dissertation. It is a
description of Microphorites moravicus (Dolichopodidae sensu lato) from rare Paleogene
amber of Studlov locality (Moravia, Czech Republic).

Fifth article is a description of a new fossil species of Platypezidae, Agathomyia
eocenica, from the middle Eocene of Kishenehn Formation (Montana, USA). It is the first
known fossil species of Agathomyia. Diagnostic morphological characters were described and
photographed in detail and compared with the recent species 4. antennata.

Last four articles are biology, faunistic and biodiversity studies: (i) Records of
Polyporivora picta from the Czech Republic and Greece, its larval biology and distribution in
Bohemia and Slovakia; (iv) Biodiversity of Opetiidae and Platypezidae of the Jizerské hory

Mts. and adjacent regions.

Key words
Opetiidae; Platypezidae; Microsania; flat-footed flies; smoke flies; systematics; diversity;

zoogeography; distribution; phylogeny; biology



CZECH ABSTRACT

Tato disertacni prace je zaméfena na stlacenkovité Celedi Opetiidae, Platypezidae a na rod
Microsania (Insecta: Diptera). Prace obsahuje obecny tvod do systematiky, taxonomie,
diverzity, zoogeografie, fylogeneze a biologie stlacenkovitych. Systematika a taxonomie jsou
shrnuty na zaklad¢ historické i soucasné literatury. Kazdy dilezity taxon je kratce predstaven
a jsou poskytnuty informace o jeho taxonomii, morfologii, diverzité, rozSifeni a biologii.
Dalsi dvé kapitoly se vénuji fosilnim druhiim a vyzkumu druhové diverzity. Néasleduje shrnuti
a plan budouciho vyzkumu. Zaveérecna kapitola se skladd z deviti publikovanych
recenzovanych ¢lankt (5 v impaktovanych mezinarodnich Casopisech a 4 v Casopisech bez
impakt faktoru).

Prvni Clanek je studie molekularni fylogeneze vztahii mezi rody stlaCenkovitych. Ve
vysledném stromu byla celed” Platypezidae tvofena ze dvou dobfe podpofenych
fylogenetickych linii, prvni s pod¢eledémi Melanderomyiinae + Callomyiinae a druhé tvoteny
podceledi Platypezinae. Rod Microsania byl vyclenén jako samostatnd linie vzdalend od
Platypezidae, kterd vykazovala ptibuznost s Celedi Opetiiddae jako sesterskou skupinou,
piicemz ob¢ skupiny spolecné tvofily sesterskou skupinu k celedi Platypezidae. Rod
Agathomyia byl vyhodnocen jako parafyleticky. Rozvétvené sety na nohou dospélct
Platypezidae jsou navrhovany jako nova synapomorfie celedi, kromé rodu Microsania.
Roztazena kiidla a jen malé piekryti jejich povrchii v klidové poloze jsou povazovany za
novou synapomorfii podceledi Platypezinae. Déale byly zdokumentovany dalsi fylogeneticky
dalezit¢ znaky definujici hlavni fylogenetické vétve a diskutuje se jejich vyznam ve
fylogenetickych studiich. Byla zde komentovana soucCasnd systematicka koncepce celedi
Platypezidae a byly navrzeny nové fylogenetické hypotézy.

Druhy ¢lanek je podrobny popis druhu Callomyia triangulata Tko&, 2012 z jizni Ciny
(provincie Yunnan). Tento druh byl srovnan s jedinym dalSim druhem Callomyia zndmym z
orientalni oblasti, C. coei z Nepalu, od kterého se lisi hlavné zbarvenim hrudi a zadecku.
Vsechny relevantni znaky nového druhu byly ilustrovany a vyfotografovdny. V praci jsou
povazovany oba druhy za pravdépodobné palearktické prvky z vysSich nadmotskych vysek v
orientalnim regionu.

Treti Clanek je studie biodiverzity a faunistika rumunskych druhd Opetiidae a
Platypezidae s vysledkem 18 celkem zaznamenanych druhii. Tfi druhy jsou pro Rumunsko

novymy zaznamy: Agathomyia vernalis, Callomyia saibhira a Lindneromyia hungarica.



Samec Callomyia saibhira byl diagnostikovan a redeskribovan. Jsou zde poskytnuty
informace o rozsifeni a biologii vSech 18 druht a jejich fotografie.

Ctvrty ¢lanek tematicky nesouvisi s hlavnim tématem této disertaéni prace. Jedna se o
popis druhu Microphorites moravicus (Dolichopodidae sensu lato) ze vzacného paleogenniho
jantaru z lokality Studlov (vychodni Morava, Ceska republika).

Patym clankem je popis nového fosilntho druhu Platypezidae, Agathomyia eocenica, ze
sttedniho eocénu, formace Kishenehn (Montana, USA). Je to doposud prvni znamy fosilni
druh rodu Agathomyia. Diagnostick¢é morfologické znaky byly podrobné popsany a
porovnany s recentnim druhem 4. antennata.

Posledni ¢tyii €lanky jsou biologické, faunistické a biodiverzitni studie: (i) Nalezy
Polyporivora picta z Ceské republiky a Recka, jejich larvalni biologie a rozsiteni v Evropé; (ii
+ iii) Dvé& studie s novymi nalezy Platypezidae z Ceské republiky, Cech a Slovenska; (iv)

Biodiverzita Celedi Opetiidae a Platypezidae Jizerskych hor a ptilehlych oblasti.

Klicova slova
Opetiidae; Platypezidae; Microsania; stlatenkoviti; koufomilkoviti; systematika; diverzita;

zoogeografie; rozsifeni; fylogeneze; biologie
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1. INTRODUCTION

Life and its diversity will always be of interest to scientists and biologists. Insects are
the world’s most diverse group of animals, making up more than 58 % of the known global
biodiversity. They inhabit all habitat types, except the seas and oceans (with few
exceptions) and play major roles in the function and stability of terrestrial and aquatic
ecosystems. Globally, more than one million insect species are currently known and
described (FOOTTIT & ADLER 2017).

Diptera are among the four most diverse insect orders (the other three are Coleoptera,
Lepidoptera and Hymenoptera), current world number of extant species is more than
155,000 (STORK 2018, PAPE et al. 2011). This diversity is result of long evolutionary
history. The current phylogeny of the group is summarized on Fig. 1. Traditionally, there
are two major groups of Diptera: Nematocera and Brachycera. While Brachycera are
monophyletic, Nematocera are a paraphyletic group. From a morphological and pedagogical
point of view, this division is still used and justified. From a phylogenetical point of view, a
different division is already used, and this is also reflected in the current taxonomy of the
whole group. There are three major episodes of rapid radiation in the evolution of Diptera
reflecting the following groups: lower Diptera (220 Ma), lower Brachycera (180 Ma), and
Schizophora (65 Ma) (WIEGMANN et al. 2011).

Within Brachycera, four major monophyletic groups are recognized: Eremoneura
(flies with three larval instars), Cyclorrhapha (flies that pupate in a puparium, the hardened
skin of the last larval instar), Schizophora (flies that escape from their puparium using an
evertable frontal pouch, the ptilinal sac) and Calyptratae (larger flies with wings that have
an enlarged basal lobe, the calypter). Within Cyclorrhapha, the earliest branched group is
the Phoroidea (named Platypezoidea according to some authors). Superfamily Phoroidea or
Platypezoidea consists of 5 extant fly families: Lonchopteridae, Opetiidae, Platypezidae,
Ironomyiidae, and Phoridae (Fig. 1).

The Platypezidae, flat-footed flies, are a small family of brachycerous flies comprising
more than 250 species in 19 extant genera of worldwide distribution. The highest number of
known genera occurs in the Nearctic and Palaearctic regions, 15 and 13, respectively (Table
5), and the platypezid fauna is best explored in these two zoogeographical regions. The
adults live mostly in forested habitats and can be usually observed sitting or running rapidly
on broad leaves or hovering above them. The adults of Microsania Zetterstedt, 1837 exhibit

a special type of behaviour - both sexes are attracted to smoke of bonfires, sometimes
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forming swarms in the smoke, where they have been reported to mate (SNODDY & TIPPINS
1968; CHANDLER 1978; MILBERG et al. 2015). All known larvae are mycophagous, feeding
on fruiting bodies or fungal mycelia of a diverse array of fungal hosts (CHANDLER 2001;
STAHLS et al. 2014, 2015; SEVCIK 2004, 2010). Although several cases of polyphagy are
known, most of the species are monophagous or oligophagous. Larval morphology and
biology of species from the following genera are unknown: Opetia Meigen, 1804;
Microsania; Grossoseta Kessel and Kirby, 1968; Platypezina Wahlgren, 1910; Metaclythia
Kessel, 1952 and Pamelamyia Kessel & Clopton, 1970.

EREMONEURA

:
S
5

Figure 1. The Diptera tree of life with highlighted position of Opetiidae and Platypezidae. Tree
adopted from WIEGMANN & YEATES (2017).



The aim of this thesis is to provide information about the diversity, systematics, and
phylogeny of flat-footed families. The thesis is mainly based on molecular phylogenetic study
(TKOC et al. 2017 - PUBLICATION 1), supplemented with several taxonomical, biodiversity
and faunistic studies. A special chapter is devoted to fossil species of Opetiidae and
Platypezidae. The paper with description of fossil species, Microphorites moravicus Tkoc,
Nel & Prokop, 2016 (Diptera: Dolichopodidae) is also included as one of the included
publications (TKOC et al. 2016 - PUBLICATION 4). It was found in rare Palacogene
Moravian amber (Studlov amber), unfortunately no Opetiidae or Platypezidae was found in
this amber so far. It was included in this thesis to show the ability of the author to work with

fossil species, even it belongs to another group of flies.

2. SYSTEMATICS, TAXONOMY, AND DIVERSITY

The first European monograph (CZERNY 1930) deals with 41 species (one species
described as new) belonging to 6 genera. A key was created for all species, the key for genera
was processed separately. There are 26 figure plates in the text, important for determination.
A morphological description with drawings was created for each species, and distribution data
were given. The work contains descriptions of larval stages and puparia of three species,
including figures.

TANASITSHUK (1970) published the key to the European part of the former USSR (25
species, 6 genera). The first key in the current taxonomical concept was published by
CHANDLER (1973) for the British Isles (25 species, 11 genera, 3 subfamilies). The work also
contains a description of the generalized wing. A year later, CHANDLER (1974) extended this
key (31 species, 12 genera) and revised the Palaearctic species of the genus Callomyia.

SHATALKIN (1985) published the key to the fauna of both families of the former USSR.
There is a key of all 13 currently valid genera and for each genus there is also a key of
individual species. Most descriptions of a total of 81 species are supplemented by schematic
drawings. Further information on the distribution, findings, biology and phylogeny are in the
accompanying text.

In the Catalog of Palaearctic Diptera (CHANDLER 1991), the replacement of the genus
Opetia into a separate family Opetiidae (three species, two of which from Japan) was
accepted for the first time. For the family Platypezidae there are three subfamilies, the
subfamily Microsaniinae included the genus Microsania with 6 species, the subfamily
Callomyiinae with three genera (Platypezina, Agathomyia and Callomyia) and a total of 35
species. The third subfamily Platypezinae included 8 genera (Protoclythia, Seri, Bolopus,
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Polyporivora, Kesselimyia, Platypeza, Paraplatypeza, and Linderomyia) with a total of 29
species. Thus, according to the catalog, the fauna of the Palaearctic Region counts of 70
species from the Platypezidae family (CHANDLER 1991).

The Manual of Palaearctic Diptera summarized the findings and descriptions of both
families (CHANDLER 1998, CHANDLER & SHATALKIN 1998). An important part is also the key
of genera for adults and the key of larval stages and puparia. The taxonomy and classification
are the same as in the monograph below commented.

The current systematics, presented in the European monograph of flat-footed flies
(CHANDLER 2001), includes two families, the family Opetiidae with one species and the
family Platypezidae with the subfamilies Melanderomyinae, Microsaniinae, Callomyiinae and
Platypezinae comprising 12 genera with a total of 43 species. The current taxonomy of
families follows the system presented in this work. The phylogenetic part is processed based
on 52 morphological features. The taxonomic part includes morphological descriptions of
adults of all species with emphasis on identification characters, morphological descriptions of
known larval stages and puparia with a key as well as keys of adults to all genera. For each
species, information on biology, its distribution and on the type material is given.
Furthermore, in the work we can find a historical overview of the study of families, an

overview of fossil finds and general morphological diagnoses of higher taxa (family, genus).
2.1 FAMILY OPETIIDAE

GRIFFITHS (1972) was the first to note the numerous differences of Opetia (Fig. 3a) from
other platypezids, and HENNIG (1976) also commented on its distinctness from other
Muscomorpha based on the male genitalia and antennal structure. CHVALA (1981) accepted these
findings and proposed the monotypic family Opetiidae of which a detailed diagnosis was
published later (CHVALA 1983). However, DISNEY (1987) considered Opetia not to belong to
Cyclorrhapha based on presence of two-jointed arista and very short ejaculatory duct, which does
not allow the circumversion! of the genitalia. CUMMING et al. (1995), proved this observation
(DISNEY 1987) incorrect by finding in Opetia a short vasa deferentia but a long ejaculatory duct,
thus demonstrating that the circumversion' of the genitalia is also present in Opetia.

Since the description of Opetia nigra Meigen, 1830, the family Opetiidae was known only
as the Palaearctic group. Later AMORIM et al. (2018) described the first known opetiid known

from Southern Hemisphere — Puyehuemyia chandleri. The description is based on a female

1 Hypopygial circumversion, a term first proposed by FEUERBORN (1922) for the characteristic 360° clockwise
rotation of terminalia of Cyclorrhapha. For more details see SINCLAIR et al. (2013) and GALINSKAYA et al. (2019).
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specimen (Fig. 3b) collected in Valdivian Forest? in the Province of Osorno (Fig. 3¢), south Chile.
The three-articled condition of the stylus-like arista in Puyehuemyia (Figs 3c, 3d) corroborates the
hypothesis that the two-articled condition in Opetia is independently derived, as it is in the
Empidoidea and many schizophorans. Puyehuemyia chandleri has female terminalia typical of
parasitoid groups, as does Opetia, although life history of both species is not known (according to
AMORM et al. 2018).

There are 5 species in two genera currently known in the world (Tab. 1). Species of the
genus Opetia are members of the Palaearctic fauna (Opetia nigra in the western Palaearctic and

three other Opetia species in the eastern Palaearctic, see Fig. 2).

Table 1. Family Opetiidae. Overview of all currently known extant species.

Genus Species Zoogeography Author
Opetia nigra PA Meigen, 1830
Opetia anomalipennis PA Saigusa, 1963
Opetia alticola PA Saigusa, 1963
Opetia ussuriensis PA Shatalkin, 1985
Puyehuemyia chandleri NT Amorim, Silva & Brown, 2018

Figure 2. Distribution of family Opetiidae. @: Opetia nigra; O: Opetia anomalipennis; ®: Opetia
alticola; ®: Opetia ussuriensis; ©: Puyehuemyia chandleri.

2 The Valdivian temperate forest is an ecoregion on the west coast of southern South America, in Chile and
extending into Argentina. The forests are named after the city of Valdivia.
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Figure 3. Family Opetiidae and genus Microsania: a — Opetia nigra, male; b — Puyehuemyia chandleri,
female; ¢ — P. chandleri, female head with antenna sublaterally; d — P. chandleri, female head
dorsally; e — habitat of P. chandleri; f — M. Tko¢ showing technique of collecting Microsania sp.; g —
Microsania pectipennis, female; h — M. meridionalis, male with mites under the abdomen. Photos b-e
from AMORIM et al. (2018). Photos a, f, g by J. Rohacdek; photo h by R. Andrade.
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2.2 GENUS MICROSANIA Zetterstedt, 1837

The world fauna of Microsania is represented by 22 species (Tab. 2). Its distribution has an
interesting pattern. It is not limited to one or two zoogeographical regions as other platypezid
genera; it is distributed in all six main zoogeographical regions. Both sexes of the genus have
entirely dark body coloration. Larval biology is still unknown, but adults are usually attracted to
smoke in which the males form aerial swarms (CHANDLER 2001). The females (Fig. 3g) are also
occasionally attracted to smoke and both sexes can be collected by sweeping around or in smoke
(Fig. 31).

This genus is also present in the Neotropical Region (Brazil) and mainland south-east Asia
(Thailand) (both M. Tko¢, unpublished data). There is one published record from Panama without
further details (MELANDER 1922), and some undescribed species are known from Panama,
Dominica, and Costa Rica (CHANDLER 2010).

Species of Microsania commonly have clusters of phoretic mites on the abdomen (Fig. 3h),
unrecorded in other Platypezidae. CHANDLER (2001) and TKOC et al. (2017) summarized all such
observations. These mites are often occurring on fungi, compost, soil, manure, mammal, and bird

nests. This might indicate possible terrestrial habitat of Microsania spp.

Table 2. Genus Microsania. Overview of all currently known extant species.

Species Zoogeography Distribution Author
Microsania albani OR Philippines Chandler, 1994
M. alticola AF Dem. Rep. of the Congo Collart, 1955
M. arthuri AUS S. Australia, Tasmania Chandler, 1994
M. australis AUS S. Australia Collart, 1938
M. boycei AUS S. Australia Chandler, 1994
M. capnophila PA N. Europe, Russia Shatalkin, 1985
M. collarti PA Europe, European Russia Chandler, 2001
M. fijiensis AUS/OCE Fiji Sinclair & Chandler, 2007
M. fumida PA Russia Shatalkin, 1985
M. ghesquierei AF Dem. Rep. of the Congo Collart, 1936
M. hebridensis AUS Vanuatu Chandler, 1994
M. imperfecta NE USA, Canada (Loew, 1866)
M. lanka OR Sri Lanka Chandler, 1994
M. meridionalis PA Europe Collart, 1960
M. nigralula AUS/OR Australia, Papua New Guinea Chandler, 1994
M. occidentalis NE USA, Canada Malloch, 1935
M. pallipes PA Europe (Meigen, 1830)
M. pectipennis PA Europe, Eur. Russia, Far E. of Russia (Meigen, 1830)
M. straeleni PA Europe Collart, 1954
M. tonnoiri AUS New Zealand Collart, 1934
M. unicornuta AUS/OR Papua New Guinea Chandler, 1994
M. vrydaghi PA Europe Collart, 1954
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2.3 FAMILY PLATYPEZIDAE

The family Platypezidae is basal cyclorrhaphous family of Diptera, belonging to the
superfamily Phoroidea (= Platypezoidea). They are small brachycerous flies ranging from 1.4
to 10.0 mm in wing length. Their coloration is often black (males) or composed of black,
orange, and grey (females), and some species have silvery grey reflective patterns. Males
have holoptic eyes, the female eyes are dichoptic. The larvae could be flat or cylindrical. All
known larvae are mycophagous and live burrowed in the fungus fruiting bodies tissue or
under bark of dead trees on fungal mycelia; one species is gall-forming on sporocarps of a
polypore — Agathomyia wankowiczii (Schnabl, 1884). Adults can be spotted on broad leaves
in forested habitats, during fast erratic movements, females can be observed during
oviposition on host fungi. Swarming behaviour is also recorded in some species.

The European flat-footed flies were treated by CHANDLER (2001), and some other recent
studies of the world fauna (ROTHERAY et al. 2004; KRIVOSHEINA 2008a,b; TKOC & VANHARA
2008a; CHANDLER 2010; CUMMING & CUMMING 2011; TKOC 2012; STAHLS et al. 2014, 2015;
CUMMING & WHEELER 2016; REEMER & DE JONG 2016; TKOC et al. 2017) have resulted in
relatively detailed assessment of the morphology of adults and immature stages, including
data on their biology, behaviour, phenology and distribution. ROTHERAY et al. (2004)
provided generic descriptions of immature stages of 11 Holarctic genera. KRIVOSHEINA
(2008a,b) reviewed the biology and provided detailed descriptions of the immature stages of
Palaearctic species of Callomyia Meigen, 1804, Polyporivora Kessel and Maggioncalda,
1968, Seri Kessel and Kessel, 1966 and Bolopus Enderlein, 1932. Platypezidae belong to the
group of cyclorrhaphous families without ptilinal fissure (together with Lonchopteridae,
Opetiidae, Ironomyiidaec and Phoridae) formerly named Aschiza, currently known as lower
Cyclorrhapha (YEATES & WIEGMANN 1999). MCALPINE (1989) divided lower Cyclorrhapha
into Platypezoidea (Lonchopteridae, Opetiidae, Platypezidae, Ironomyiidae, Phoridae,
Sciadoceridae) and Syrphoidea (Syrphidae, Pipunculidae). Other authors classified lower
cyclorrhaphan families differently, and thus, the concept of this group is not uniform (e. g.,
HENNIG 1948; GRIFFITHS 1972; DISNEY 1988). BROWN (1992) summarized previous concepts
of taxon names Hypocera, Phoroidea and Phoridea and considered Phoroidea to include
families Sciadoceridae and Phoridae. After detailed study of morphology (mainly the pleuron
and wings), BROWN et al. (2015) changed the former family Sciadoceridae to Sciadocerinae, a
subfamily of Phoridae. Relationships of lower cyclorrhaphan families and concepts of

Platypezoidea/Platypezidae, Hypocera/Phoroidea/Phoridea and Syrphoidea/Syrphidae were
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reviewed, analysed and debated by many authors (GRIFFITHS 1972; MCALPINE 1989; BROWN
1992, 1995; DISNEY 1994; CUMMING et al. 1995; ZATWARNICKI 1996; YEATES & WIEGMANN
1999; COLLINS & WIEGMANN 2002; ROTHERAY & GILBERT 2008; BROWN et al. 2015; L1 &
YEATES 2018) who suggested often different hypotheses of their relationships, resulting in
inconsistent phylogenies among lower cyclorrhaphan families. In this dissertation thesis I
follow the classification of lower Cyclorrhapha and Platypezoidea as presented by COLLINS &
WIEGMANN (2002) and WIEGMANN et al. (2011). According to their analyses of molecular
data matrices, the Platypezoidea are considered to represent a sister group to all other
Cyclorrhapha, whilst Syrphidae are not sister to Pipunculidae. Platypezoidea are probably an
old cyclorrhaphan lineage, formed and radiated in the Early Cretaceous (145-100 Mya),
which took place much before the early Tertiary radiation of Schizophora (6540 Mya)
(WIEGMANN et al. 2011).

The world fauna of Platypezidae (including Microsania and fossil species) had 252
known species according to PAPE et al. (2011). Several new species have been described or
resurrected from synonymy since the year 2011 (TKOC 2012 — 1 new species; STAHLS et al.
2015 — 4; HAN & YANG 2016 — 3; HAN & YANG 2017a — 4; HAN & YANG 2017b — 5), so the

current species number is 269.

Modern systematic history of Platypezidae

KESSEL & MAGGIONCALDA (1968), in their first modern generic revision of
Platypezidae, erected three new subfamilies based on morphological evidence: Opetiinae
(containing Opetia, Atelestus Walker, Microsania Zetterstedt and Melanderomyia Kessel),
Platypezininae (Platypezina Wahlgren, Grossoseta Kessel & Kirby, Callomyia Meigen and
Agathomyia Verral) and Platypezinae (Protoclythia Kessel, Platypeza Meigen, Paraplatypeza
Kessel & Maggioncalda, Plesioclythia Kessel & Maggioncalda, Symmetricella Kessel,
Grossovena Kessel & Maggioncalda, Penesymmetria Kessel & Maggioncalda, Polyporivora
Kessel & Maggioncalda, Calotarsa Townsend, Seri Kessel & Kessel, Metaclythia Kessel, and
Lindneromyia Kessel).

The genus Atelestus was affiliated to the subfamily Hybotinae within Empididae by
COLLIN (1961) in contrast to KESSEL (1960, as Platycnema Zetterstedt) and KESSEL &
MAGGIONCALDA (1968) who placed it in Platypezidae. This view was not accepted by
GRIFFITHS (1972) and consequently CHVALA (1981, 1983) erected a separate family

Atelestidae within Empidoidea. Currently the Atelestidae is considered either a sister group to

18



remaining Empidoidea (COLLINS & WIEGMANN 2002; MOULTON & WIEGMANN 2004, 2007),
or a sister group to the Hybotidae (SINCLAIR & CUMMING 2006).

SHATALKIN (1985) and CHANDLER & SHATALKIN (1998) reviewed the classification of
Opetiidae and Platypezidae and subsequently CHANDLER (2001) developed the currently
accepted classification of Platypezidae based on analysis of adult morphological characters. A
review of all currently valid genera with their distribution in the main zoogeographical

regions is provided in Tab. 3.

Table 3. Worldwide distribution of the genus Microsania and Platypezidae genera. Assembled according to
SMITH (1980); KESSEL (1987); CHANDLER (1989, 1994, 2010); CHANDLER & SHATALKIN (1998) and TkoC et al. (2017).

Subfamily Genus Author Neotropical Nearctic Palaearctic  Oriental tergiZ-al A::i::l'
Microsania Zetterstedt, 1837 + + + + + +
Melanderomyiinae ~ Melanderomyia  Kessel, 1960 + - - -
Grossoseta Kessel & Kirby, 1968 + - - -
Platypezina Wahlgren, 1910 + + - -
Callomyiinae Agathomyia Verrall, 1901 + + + + - +
Bertamyia Kessel, 1970 + + - +
Callomyia Meigen, 1804 + + + + -
Calotarsa Townsend, 1894 + + - -
Protoclythia Kessel, 1950 + + -
Seri Kessel & Kessel, 1966 + + -
Bolopus Enderlein, 1932 - + -
Polyporivora Kessel & Maggioncalda, 1968 + + +
Platypezinae Kesselimyia Vanhara, 1981 - - + -
Platypeza Meigen, 1803 + + + + -
Pamelamyia Kessel & Clopton, 1970 - - - - +
Paraplatypeza Kessel & Maggioncalda, 1968 - + + +
Lindneromyia Kessel, 1965 + + + + + +
Metaclythia Kessel, 1952 + -

2.4 SUBFAMILY MELANDEROMYIINAE

Genus Melanderomyia Kessel, 1960

The monotypic genus Melanderomyia was described by Kessel, 1960 to include the
species M. kahli from the Nearctic Region (KESSEL 1960). M. kahli is associated with Phallus
sp. (Phallaceae) (KESSEL 1961c), from which no other Platypezidae species is known to
develop, oviposit or has been reared (SMITH 1956, CHANDLER 2001). Both sexes are
unicolorous, brown to black (Figs 5b, 5¢). The females can be spotted ovipositing on Phallus
sp. fruiting bodies and can be collected or trapped in such situations (Fig. 5a). The current
distribution is restricted to Canada and USA (Fig. 4).

Molecular results of TKOC et al. (2017) do not support sister group relationship of
Melanderomyia and Microsania as was published by CHANDLER (2001). The morphological
resemblance of these two genera is rather superficial, not supported by real synapomorphies

(TKOC et al. 2017).
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Fig. 4. Distribution of Melanderomyiinae. @: Melanderomyia kahli Kessel, 1960.

2.5 SUBFAMILY CALLOMYIINAE

Subfamily Callomyiinae includes five genera (Tab. 3), the genus Chydaeopeza Shatalkin,
1992 was synonymized with Agathomyia Verrall, 1901 (TKOC et al. 2017). Majority of the species
are distributed in the Nearctic and Palaearctic regions, but some species from Agathomyia,
Bertamyia and Callomyia also occur outside these two regions (see Tab. 4).

The Callomyiinae is a monophyletic group according to molecular (TKOC et al. 2017) and
morphological data analyses (CHANDLER 2001). The morphological synapomorphies of
Callomyiinae are: (i) The presence of strong bent posteroventral seta (= oxhorn seta) in fore femur
in males (missing in Platypezina, but it is a secondary loss, because its sister genus Grossoseta has
this character well developed); (i) The presence of strong posteroventral seta near the base of hind
femur; (iit) Eight processes (= lappets) on each larval segment; (iv) position of wings and their
overlap ratio of surfaces ‘in situ’ in the normal resting position .

The early stages are known for some species from genera Agathomyia, Callomyia and
Bertamyia. Callomyia differs remarkably in morphology of larvae and puparia from other
platypezid larvae. While Agathomyia develop internally in polypore fungi, Callomyia lives

externally on encrusting fungi. Larvae of Berfamyia live on fungi from family Phallaceae (Fig. 5a).
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Table 4. Subfamily Callomyiinae. Overview of extant genera and species from the bitypic genera.

Genus Species Zoogeography Author
Agathomyia 62 species NT, NE, PA, OR, AUS Verral, 1901
Bertamyia notata NE, NT (Loew, 1866)
Bertamyia umacibise AT Kessel & Clopton, 1830
Callomyia 21 species NT, NE, PA, OR Meigen, 1804
Grossoseta pacifica NE (Kessel, 1948)
Grossoseta johnsoni NE (Kessel, 1961)
Platypezina connexa PA (Boheman, 1858)
Platypezina diversa NE (Johnson, 1923)

Genus Agathomyia Verral, 1901

Genus Agathomyia is represented by 62 species in the world. This genus is distributed
mainly in the Palaearctic and Nearctic regions and it is missing in the Afrotropical Region.

There are 26 known species of Agathomyia from the Nearctic Region (KESSEL 1987),
but some of them are in fact described based only on one sex. The Neacrtic Agathomyia needs
systematic revision.

Two species are known from the Neotropical Region, one from Mexico (CHANDLER
2010), Agathomyia bella (Williston, 1903), and one from Paraguay A. argentata Oldenberg,
1917.

Altogether 28 species are currently known from the Palaearctic Region (CHANDLER
1980, CHANDLER 1991; CHANDLER & SHATALKIN 1998; SHATALKIN 1985, 1992; STAHLS et
al. 2015; HAN & YANG 2017a). CHANDLER (2001) recognized four species groups for the
European species of Agathomyia based on characters of male genitalia that corresponds with
female morphological types: Agathomyia viduella group (one species), 4. antennata group
(four species), 4. falleni group (two species) and A. elegantula group (8 species).

There are three species from the Oriental Region (CHANDLER 1994, HAN & YANG
2017b): A. semirubra (Indonesia: Java), A. thoracica (Taiwan; Philippines), and 4. yunnana
(China: Yunnan).

And finally, two species are known from the Australasian Region, A. austrocollinella
Chandler, 1994, from the New South Wales, Australia, and 4. pluvialis from Chimba prov.,
Papua New Guinea (CHANDLER 1994).

Males of Agathomyia (Fig. 51) are usually not so brightly colored as the females.
Coloration of females is often used as diagnostic character, it is composed of patterns of
black, grey, yellow, orange, or red markings (Fig. 5g). So far known larvae live in tissues of

various polypore fungi from the genera Trametes, Phellinus, Bjerkandera, Inonotus,
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Ischnoderma, and Antrodiella (CHANDLER 2001, REEMER & DE JONG 2016, STAHLS et al.
2015). The larvae of 4. wankowiczii are gall-forming, they make galls on sporocarps of a

polypore Ganoderma applanatum (Polyporales).

Genus Bertamyia Kessel, 1970

A genus with two species occurring in the Afrotropical, Nearctic and Neotropical
regions. One species, Bertamyia umacibise (Kessel & Clopton, 1970), occurs in the
Afrotropics, recorded from South Africa and Zimbabwe (CHANDLER 2021). It was originally
described in the genus Agathomyia, consequently transferred to Bertamyia by KESSEL (1970),
a genus that otherwise includes only the New World species B. notata (Loew, 1866), recorded
from Canada to Argentina. WOODLEY (2005) recorded B. notata from Costa Rica, Panama,
Mexico (Chiapas), and Caribbean islands.

Both sexes are black, with a pattern of metallic bluish green shiny spots (Fig. 6f, 6h).
Agathomyia has a postsutural supra-alar seta above the wing base in front of the postalar
callus, which is absent in Bertamyia. The biology of B. umacibise remains unknown, but B.
notata is known to develop in the soft fungus Tyromyces (Polyporaceae) growing on wood

(KESSEL 1957).

Genus Callomyia Meigen, 1804

The world fauna of the genus Callomyia is currently represented by 21 species. This
genus is distributed mainly in the Palaearctic and Nearctic regions and it is apparently missing
in the Neotropical and Australasian regions; in the Oriental Region it is represented by two
species, Callomyia coei Kessel, 1966 described from Nepal (KESSEL 1966a) and C.
triangulata Tko¢, 2012 from South China (TKOC 2012 - PUBLICATION 2). Both species
are known only from the female, C. coei was redescribed and figured by CHANDLER (1994)
within his revision of the Oriental and Australasian Platypezidae.

CHANDLER (1974) recognized four species of Callomyia in Europe in his original
revision and later described one additional species from Bulgaria (CHANDLER 1976). Thus,
genus Callomyia has currently 5 species in Europe (CHANDLER 2001) and another four were
described from Siberia and the Far East of Russia (SHATALKIN 1980, 1982, 1992). All 9
Palaearctic species are known in both sexes.

KESSEL & BUEGLER (1972) revised the genus Callomyia of the Nearctic Region,

recognizing a total of 10 species. Only two of these species were known from both sexes,
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among the remaining 8 species, 5 were described from males and three from females only.
The most recent Nearctic revision of genus Callomyia resulted in total of 10 species
CUMMING & WHEELER (2016). Three species were described as new (C. argentea Cumming,
2016, C. arnaudi Cumming, 2016 and C. browni Cumming, 2016), and three species were
synonymized.

Males of Callomyia are mostly black-colored (Fig. 5k) with silver-grey patterns on
thorax and abdomen in some species. Coloration of females is composed of black, yellow,
brown, and grey silver dusted reflective areas (Fig. 5j). The adult characters are supplemented
also by typical morphology of larvae which live on surfaces of fungal mycelia: larvae
dorsoventrally flattened, their metathoracic and first abdominal segment fused, and marginal

processes duplicated on each segment.

Genus Grossoseta Kessel & Kirby, 1968

This genus is known from Nearctic Region only. It consists of two species, Grossoseta
pacifica and G. johnsoni. It is phylogenetically closely related to Holarctic genus Platypezina
(TKOC et al. 2017). Their resemblance is also morphological, only the males of Grossoseta do
have the strong bent posteroventral seta (= oxhorn seta) on the base of front femur; this seta is

missing in Platypezina. However, their biology is unknown.

Genus Platypezina Wahlgren, 1910

A Holarctic genus with two species, Platypezina connexa (Figs 5d, 5e) and P. diversa.
Both sexes possess typical pterostigma on their wings. Males of Platypezina are dark brown
to black colored with the wings notably brownish tinted (Fig. 5¢). The females are steel grey
colored, with wide frons, their wings are not so dark as in males (Fig. 5d). The larval biology
is still unknown. However, the adults of P. connexa were repeatedly reared from strongly
decayed (brown-rot) and softened trunk of spruce (Picea abies) (STAHLS & KAHANPAA 2006),
so it is very probable that larvae feed on fungal growth of dead Picea trunks or branches.

The species P. connexa is known mainly from northern Europe. It is a rare species;
however, adults could be locally abundant during the peak period of their activity (M. Tkoc,
pers. obs.). The flight period in central Europe ranges from August to October (TKOC et al.
2020 - PUBLICATION 9).
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Figure 5. Subfamilies Melanderomyinae and Callomyiinae (Platypezidae): a — Melanderomyia kahli
on its host fungus Phallus ravenelii; b — M. kahli, male; ¢ — M. kahli, female; d — Platypezina
connexa, female; e — P. connexa, male; f — Bertamyia notata, male; g — Agathomyia sexmaculata,
female; h — Bertamyia notata, female; i — Agathomyia falleni, male; j — Callomyia speciosa, female;
k — C. amoena, male. Photos a-c by P. Coin; photos d, e, i by J. Rohacek; photo f by S. Luk; photo h by
K. Schulz; photos g, j, k by D. Gavryushin.
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2.6 SUBFAMILY PLATYPEZINAE

Subfamily Platypezinae includes 11 genera (Tab. 5), the genera Grossovena Kessel &
Maggioncalda, 1968, Penesymmetria Kessel & Maggioncalda, 1968, Plesioclythia Kessel &
Maggioncalda, 1968, and Symmetricella Kessel & Maggioncalda, 1968 are synonyms of
Lindneromyia Kessel, 1965 (sensu CHANDLER 2001 and TKOC et al. 2017). Most of the
species are distributed in the Nearctic and Palaearctic regions as in Callomyiinae, but some
species from genera Calotarsa Townsend, 1894, Lindneromyia, Polyporivora Kessel &
Maggioncalda, 1968, and Platypeza Meigen, 1803 also occur in other regions (see Tab. 5).

The Platypezinae is a monophyletic group according to molecular (TKOC et al. 2017)
and morphological data analyses (CHANDLER 2001). The morphological synapomorphies of
Platypezinae are: (i) first tarsomere of hind tarsus shorter than second—fourth tarsomeres
together (Fig. 12); (i1) acrostichal setae absent; (iii) only short scattered frontal setae present
in females. TKOC et al. (2017) proposed additional synapomorphy for subfamily Platypezinae:
the position of wings and their overlap ratio of surfaces ‘in situ’ in the normal resting position.
Members of Platypezinae have their wings more outstretched and they overlap only by 30% at
most (Figs 16 and 18 in TKOC et al. 2017). On the contrary, members of Melanderomyiinae
and Callomyiinae have ‘in situ’ wing overlap almost completely to about 50% of each wing

surface (Figs 15 and 17 in TKOC et al. 2017).

Table 5. Subfamily Platypezinae. Overview of extant genera and species.

Genus Species Zoogeography Author
Bolopus furcatus PA (Fallén, 1815)
Calotarsa 6 species NE, NT Townsend, 1894
Kesselimyia chandleri PA Vanhara, 1981
Lindneromyia 87 species NT, NE, PA, AT, OR, AUS Kessel, 1965
Metaclythia currani NE Kessel, 1952
Pamelamyia stuckenbergorum NE Kessel & Clopton, 1970
Paraplatypeza 7 species NE, PA Kessel & Maggioncalda, 1968
Platypeza 25 species NE, PA, OR Meigen, 1803
Polyporivora 8 species NE, PA, OR Kessel & Maggioncalda, 1968
Protoclythia 3 species NE, PA Kessel, 1949
Seri dymka NE (Kessel, 1961)
Seri obscuripennis PA (Oldenberg, 1917)

The early stages are known for some species from the genera Bolopus, Calotarsa,
Kesselimyia, Lindneromyia, Paraplatypeza, Platypeza, Polyporivora, Protoclythia, and

Seri. Their larvae have 6 processes (= lappets) per each segment and can be divided into
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three groups according to the morphology: (i) elongate, slightly depressed dorsoventrally,
but laterally rounded, mesothorax with 6 processes (Protoclythia, Calotarsa); (ii) more
cylindrical larvae, not dorsoventrally depressed, mesothorax with six processes (Seri,
Bolopus, Polyporivora); (iii) dorsoventrally depressed with more prominent marginal
processes, mesothorax with only four processes (Kesselimyia, Lindneromyia,
Paraplatypeza, Platypeza). The immature stages of Metaclythia and Pamelamyia are
unknown. The known larvae live in tissues of various fungi from the genera Polyporus,
Armillaria, Macrolepiota, Agaricus, and Pluteus (CHANDLER 2001). There are also other

recorded genera as their host fungus, but these records need confirmation.

Genus Bolopus Enderlein, 1932

The genus Bolopus with the single European species B. furcatus (Fig. 7e) is known to
develop in the soft polypore fungus Polyporus squamosus (CHANDLER 2001). Its closely
related taxa are genera Seri and Polyporivora (CHANDLER 2001; TkOC et al. 2017).
Coloration of both sexes is dark greyish brown to black; thorax of males and females is

slightly shiny (Fig. 7e).

Genus Calotarsa Townsend, 1894

Nearctic and Neotropical genus with 6 described species. Species of this genus have
extensively modified tarsomeres (Figs 7a, 7b). KESSEL & YOUNG (1974) described
Calotarsa mexicana from a single male found in Chiapas province, Mexico, confirming that
this genus previously known only in the Nearctic extends into the northern Neotropical
Region. Also C. durangoensis was described from Durango province, Mexico, in the same
paper (KESSEL & YOUNG 1974).

Four species are known from the Nearctic Region, C. calceata (Snow, 1894), C.
insignis Aldrich, 1906, C. pallipes (Loew, 1866), and C. simplex Kessel & Young, 1974.
Biology of C. insignis is known, it develops in honey fungus (4Armillaria sp.) growing on

wood (KESSEL 1963).

Genus Kesselimyia Vanhara, 1981

The monotypic genus Kesselimyia with the species K. chandleri (Fig. 71) was
described from the type series found in Moravia (Czech Republic) by VANHARA (1981).
The type series was reared from an unidentified Lepiota (most probably Macrolepiota

procera) (CHANDLER 2001). This Palaearctic species is also known from Hungary,
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European part of Russia (CHANDLER 2001, 2014), Bulgaria (BESCHOVSKI 2004) and The
Netherlands (REEMER & DE JONG 2016).
Genus Lindneromyia Kessel, 1965

A genus with 87 deescribed species occurring in all 6 main zoogeographical regions
(CHANDLER 2021). In the current sense (CHANDLER 2001, CHANDLER 2021), the genus
Lindneromyia includes the genera Grossovena, Penesymmetria, Plesioclythia and
Symmetricella as synonymes. Similarly, all Afrotropical species described in genus
Paraplatypeza are synonymes of Lindneromyia (CHANDLER 2021).

Eight species are recorded in the Neotropical Region (OLDENBERG 1916, COLLIN
1931, AczeL 1958, KESSEL 1966b). Nine species are known from the Nearctic Region
(KESSEL 1963, KESSEL 1987, POOLE & GENTILI 1996). Six species are reported from the
Palaearctic Region, three from Europe (L. dorsalis (Meigen, 1804) ) — Fig. 7m, L. hungarica
Chandler, 2001) — Fig. 7n; L. tenebrica (Shatalkin, 1981)), two from the Far East of Russia
(L. cirrhocera (Shatalkin, 1982); L. nigella (Shatalkin, 1980)), and one species, occurring
predominantly in Oriental Region, is recorded from Japan (L. argyrogyna (de Meijere,
1907)).

Thirty-eight species of Lindneromyia are known from the Afrotropical Region
(CHANDLER 2021). Mainly from the African mainland, but some also from Comoros Is.,
Madagascar, and Afrotropical parts of the Arabian Peninsula (KESSEL & CLOPTON 1970,
CHANDLER 2021). In the Afrotropical Region it is the most dominant genus of Platypezidae.
Some of the Afrotropical species are synonyms, however, there are still many undescribed
species in the collections. One Afrotropical species, Paraplatypeza ikekeba Kessel &
Clopton, 1970, is mainly orange-yellow in body coloration (only the male is known). No
identification key to Afrotropical species is currently available and the genus needs careful
revision (CHANDLER 2021).

There are 16 species in the Oriental Region (CHANDLER 1994; HAN & YANG 2016;
HAN & YANG 2017b). The Australasian fauna of Lindneromyia consists of 16 described
species (CHANDLER 1994).

The males are predominantly black, velvety, the females often with grey (yellow in
some species) markings on abdomen (Figs 7m, 7n). Where the biology is known, species of

the genus mainly develop in terrestrial gill fungi, especially of the genus Agaricus.

Genus Metaclythia Kessel, 1952
A Holarctic monotypic genus with the species Metaclythia currani Kessel, 1952. M.

currani has long been known only from the Nearctic Region, however it was also found in Far
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East of Russia, Primorskiy Krai (SHATALKIN 1992). Their larval biology and host fungus are
unknown. Its phylogenetical position is uncertain (CHANDLER 2021).
Genus Pamelamyia Kessel & Clopton, 1970

An Afrotropical endemic monotypic genus, with the single species, P. stuckenbergorum
Kessel & Clopton, 1970, described from South Africa and later recorded also from Namibia
and Kenya (CHANDLER 2021). The coloration is entirely dark in both sexes. The immature
stages are unknown. TKOC et al. (2017) confirmed that the genus belongs to a clade including

Lindneromyia and Paraplatypeza (Fig. 8).

Genus Paraplatypeza Kessel & Maggioncalda, 1968

A Holarctic genus with 7 described species. Two species are from the Nearctic Region,
Paraplatypeza coraxa (Kessel, 1950) and P. velutina (Loew, 1866). For the Palaeartic region
5 species are known; two from Europe (P. atra (Meigen, 1804); P. bicincta (Szilady, 1941) —
Fig. 71), and three from Far East of Russia (P. angustifrons Shatalkin, 1982; P. rara
Shatalkin, 1982; P. triangulata Shatalkin, 1982). The former 5 Afrotropical species are now
placed under Lindneromyia (CHANDLER 2021).

The males are black, with a tuft of divergent frontal setae, the females of some species
have grey markings on abdomen. Both sexes have facial setac. The host fungus is known for

some species, they develop in terrestrial gill fungi, especially of the genus Pluteus.

Genus Platypeza Meigen, 1803

Holarctic and Oriental genus, with uncertain number of the world species, according all
information sources available to me, it is 25 species. Many species have been initially
described in this genus but currently belong to Lindneromyia or to some other genus of
Platypezinae. In fact, only two species from Burma (P. burmensis; P. malaisei) were
confirmed to exist outside the Holarctic Region (CHANDLER 1994, CHANDLER 2021). Thirteen
species are known from the Nearctic Region (KESSEL 1987, POOLE & GENTILI 1996), but this
number is not definitive, as the Nearctic Platypeza needs revision. Ten species are recorded in
the Palaearctic Region, four from Europe (CHANDLER 2001), 5 from Russia, and one from
Japan and Kuril Island (CHANDLER & SHATALKIN 1998). The formerly Nearctic species, P.
hunteri Kessel, 1959 was also found in Far East of Russia (CHANDLER 2001; CHANDLER &

SHATALKIN 1998).
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Platypeza species develop in a range of gill fungi but especially in honey fungus
(Armillaria species) growing on wood. The males are usually dark brown to black and
females grey with black pattern on abdomen (Figs 7j, 7k).

Genus Polyporivora Kessel & Maggioncalda, 1968

Altogether 8 species of Polyporivora are known from the Holarctic and Oriental
Regions. Two species are in the Nearctic Region (P. polypori, P. hunteri). However, P.
hunteri (described as P. amurensis Shatalkin, 1981) is also known from Far East of Russia in
the Palaearctic Region (CHANDLER 1991). Three species are European (P. boletina, P. ornata
(Fig. 7f), P. picta (Figs 7g, 7Th)), one is from Israel (P. canomela Chandler, 1980) and one
from Nepal and Sri Lanka (P. nepalensis Kessel, 1966).

All recorded rearings of larvae was from fungus Trametes sp. The development from
Trametes versicolor, larval biology and distribution in Europe of the species P. picta (Meigen,

1830) was documented in detail by TKOC (2011 - PUBLICATION 6).

Genus Protoclythia Kessel, 1950

A Holarctic genus, only three species of this genus are known in the world fauna:
Protoclythia modesta (Fig. 7c), P. rufa (both Palaearctic), and P. californica (Nearctic). All
three species are known to develop in Armillaria mellea or similar Armillaria sp. (CHANDLER
2001). They have autumnal flight period, together with Calotarsa and Platypeza, which are

also known to develop in honey fungus (4rmillaria sp.).

Genus Seri Kessel and Kessel, 1966

Genus Seri was described by KESSEL & KESSEL (1966) to include one rare species, S.
dymka, originally described in Clythia Meigen from western North America (KESSEL 1961b).
CHANDLER (1974) transferred the not-well known Palaearctic species Clythia (synonym of
Platypeza) obscuripennis Oldenberg to Seri based on similar wing venation.

The genus is known from the Palaearctic, S. obscuripennis (Fig 7d) and Nearctic, S.
dymbka, regions. Adult specimens of Seri are usually recognized by their notably tinted wings,
which are covered with microtrichia. The wings of other platypezids are usually glossier and
clearer. CUMMING & CUMMING (2011) redescribed and diagnosed the genus Seri, diagnosed
both species, reviewed all records and material of Nearctic S. dymka, and redescribed the male

of this species for the first time. They supported the validity of both species.
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Figure 7. Subfamily Platypezinae (Platypezidae): a — Calotarsa insignis, male; b — C. insignis, detail of
tarsus; c — Protoclythia modesta, female; d — Seri obscuripennis, male; e — Bolopus furcatus, female; f —
Polyporivora ornata, male; g — P. picta, female; h — P. picta, female; i — Kesselimyia chandleri, female; j —
Platypeza aterrima, female; k — P. aterrima, male; | — Paraplatypeza bicincta, female; m — Lindneromyia
dorsalis, female; n — L. hungarica, female. Photo a by P. Bedell; photo b by M. Hauser; photos c, g, h by
J. Rohacek; photos i, k, | by M. Tko¢; photos d, e, f, j, m, n by D. Gavryushin.
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3. PHYLOGENY

The family was traditionally subdivided into four subfamilies: Melanderomyiinae
Chandler, Microsaniinae Enderlein, Callomyiinae Rondani and Platypezinae Fallén.
CHANDLER (2001) divided these four subfamilies of platypezids into two basic clades based
on 19 morphological characters but identified no true synapomorphy for the family itself. The
first clade consists of Microsaniinae (Microsania) and its sister group Melanderomyiinae
(Melanderomyia kahli); second clade is composed of Callomyiinae (Platypezina, Grossoseta,
Callomyia, Agathomyia and Bertamyia) and its sister group Platypezinae (Protoclythia,
Calotarsa, Seri, Bolopus, Polyporivora, Metaclythia, Kesselimyia, Platypeza, Paraplatypeza,
and Lindneromyia). According to the phylogenetic scheme of CHANDLER (2001)
Microsaniinae share the following 6 adult apomorphies with Melanderomyiinae: (1) crossvein
dm-cu absent; (2) vein R1 short; (3) hairs on anal lobe and alula thickened; (4) sides of
prothorax bare; (5) mouth margin medially produced and (6) scape bare. The sister pair
Callomyiinae + Platypezinae is supported by a single synapomorphy: tarsi of females with

depressed less sclerotized areas devoid of setulae (= soles).

r— B Microsania
L B Melanderomyia

_: Platypezina
$) Grossoseta
—— g Callomyia
— [ = Agathomyia
® Chydaeopeza
— — | Bertamyia
Protoclythia
{ Calotarsa :l_
Seri
Bolopus ——--- _}_
Polyporivora
Metaclythia
Kesselimyia
Platypeza

Paraplatypeza
Lindneromyia —!  Rotheray et al., 2004

Figure 8. Summary of generic phylogenetic relationships of Platypezidae and genus
Microsania based on morphological characters. After CHANDLER (2001) (mainly adult
characters) and ROTHERAY et al. (2004) (immature characters). Long dashed line means
uncertain position of the genus Metaclythia; green square: Microsaniinae; red square:
Melanderomyinae. From TKoC et al. (2017).
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The Callomyiinae clade is defined by four apomorphies: (1) tibia and hind tarsus
having uniformly dark setulae; (2) presence of strong bent posteroventral seta (= oxhorn
seta) on the base of front femur of males and corresponding anteroventral notch on middle
femur (missing in Platypezina); (3) presence of strong posteroventral seta near the base of
hind femur (missing in Bertamyia) and (4) 8 processes per segment in the larva. The
Platypezinae clade is defined by three apomorphies: (1) first tarsomere on hind leg
shortened; (2) acrostichal setae absent and scutum bare between dorsocentral rows of setae;
(3) frons of female with only sparsely distributed short frontal setae. ROTHERAY et al.
(2004) analyzed the immature characters of 15 species belonging to 10 genera of Palaearctic
Callomyiinae and Platypezinae and the Nearctic species Melanderomyia kahli, but their
parsimony analysis results supported only the monophyly of Platypezinae. A summarizing
tree of these two phylogenetic hypotheses is shown in Fig. 8.

GRIFFITHS (1972) placed Platypezidae (including Opetia) as sister group to
Syrphoidea + Schizophora, and these all together forming sister group to Ironomyiidae +
Phoridae + Sciadoceridae. MCALPINE (1989) considered Platypezidae (incl. Opetia) sister to
all other families of Platypezoidea. A molecular study of COLLINS & WIEGMANN (2002)
based on maximum likelihood analysis of 28S rDNA sequences placed Opetia as sister
group to Lonchopteridaec which together represent the sister group to Platypezidae +
Phoridae; their maximum parsimony analyses showed different composition or unresolved
polytomy, but in all cases Opetia was found to be more related to Lonchopteridae than to
the Platypezidae clade. In a combined (based on molecular and morphological data)
phylogenetic hypothesis Platypezidae were shown as a sister group to Phoridae +
Ironomyiidae, all together forming a sister clade to Opetiidae, all together showing as sister
to Lonchopteridae (WIEGMANN et al., 2011).

TKOC et al. (2017) supported the monophyly of the Platypezidae clade, exclusive of
Microsania. Platypezidae consists of three well-supported monophyletic clades, which are
in accordance with current subfamilial classification of Platypezidae: Melanderomyiinae,
Callomyiinae, and Platypezinae. The Melanderomyiinae clade is sister to the clade
Callomyiinae (Fig. 9). Genus Microsania was resolved as a separate lineage distant from
Platypezidae which clustered with Opetiidae as its sister group, both together forming a
sister group to Platypezidae. Melanderomyia was resolved as sister to Callomyiinae

subfamily.
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Within Callomyiinae, the clade of Grossoseta + Platypezina was placed in a sister
relationship to the rest of the subfamily. All remaining taxa from the Callomyiinae clade are
sister to Agathomyia viduella, which would make the genus Agathomyia paraphyletic. This
clade is composed of a branch of Agathomyia + Chydaeopeza + Callomyia, which is sister
clade to Bertamyia notata. The genera Agathomyia, Bertamyia, Chydaeopeza, and
Callomyia form a paraphyletic composition. However, the analysed Agathomyia species
represent four clades which fully agree with the species groups morphologically defined by
CHANDLER (2001). The genus Agathomyia was not resolved as a monophyletic group in the
analysis. The A. viduella group covers the single species A. viduella and is the earliest
branched clade of the mentioned paraphyletic group, so its position might in fact show a
different generic affiliation. The A. elegantula group includes the analyzed species A.
elegantula, A. lundbecki, A. woodella, and A. zetterstedti. The A. antennata group includes
A. sexmaculata and covers also the closely related species Chydaeopeza tibialis, excluded
from the genus Agathomyia by SHATALKIN (1985, 1992). Based on these results, the genus
Chydaeopeza was synonymized with Agathomyia. The A. falleni group consists of two
analyzed species A. falleni and A. unicolor and shows sister relationship to the A.
sexmaculata + Chydaeopeza tibialis pair. The Callomyia clade is in the analysis (TKOC et
al. 2017) represented by three species with the following composition: C. dives + (C.
amoena + C. admirabilis). Callomyia is a morphologically well-defined genus characterized
mainly by its typical flattened larva and puparium with sharply pointed processes (=
lappets) (Fig. S10 in TKOC et al. 2017) and by the presence of spines on the first radial vein
— R1. Its relationships to other taxa within Agathomyia clade remain unclear (its sister group
has not been recognized).

Within Platypezinae, all the included genera form monophyletic clades (TKOC et al.
2017). Their relationships were resolved as follows: (Calotarsa + Protoclythia) + (Seri +
(Bolopus + Polyporivora)) + (Kesselimyia + (Platypeza + (Pamelamyia + (Paraplatypeza +
Lindneromyia)))) (Fig. 9). A polytomy with three clades, comprising two (Calotarsa,
Protoclythia), three (Seri, Bolopus, Polyporivora) and five genera (Kesselimyia, Platypeza,
Pamelamyia, Paraplatypeza, Lindneromyia) form monophyletic clusters with compositions
like the phylogenetic hypothesis based on morphology of CHANDLER (2001). Bifurcated
setae on legs of adult Platypezidae are documented as a new synapomorphy of the family,
exclusive of Microsania. Outstretched wings and only a small overlap of their surfaces at

resting position are considered a new synapomorphy for the subfamily Platypezinae.
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Figure 9. The phylogenetic tree of Opetiidae, Microsania and Platypezidae. From TkoC et al. (2017).

Monophyly of Platypezidae

GRIFFITHS (1972) defined the monophyly of Platypezidae based on a single
apomorphic character, the compressed hind tarsi. MCALPINE (1989) did not exclude

Opetia and suggested that Platypezidae in this concept are supported by following
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apomorphies: reduced prothoracic pupal spiracular horns; absence of a filter apparatus in
the pharynx of the larva; presence of pad-like empodia on all tarsi. However, since the
immature stages of Opetia spp. and Microsania spp. are unknown, two of these three
apomorphic characters cannot be verified.

CHANDLER (2001) debated several plesiomorphic characters common to all
Platypezidae genera, but he stated that there is no real synapomorphy for the family with
respect to Cyclorrhapha. As probable synapomorphies he considered: uniserial
acrostichal setae (lost in Platypezinae); compressed hind tarsi (however, the soles, which
are the depressed less sclerotized areas without setulae, are present only in Callomyiinae
and Platypezinae) and M1+2 forking beyond crossvein dm-cu (fork, crossvein or both
may be lost in some genera).

The presence of uniserial acrostichal setae was also used as synapomorphy in
studies of HENNIG (1976), BROWN (1992) and CUMMING et al. (1995). Additionally, the
compressed hind tarsi were also considered to be a synapomorphy by HENNIG (1976)
and CUMMING et al. (1995).

Most recently, TKOC et al. (2017) supported the monophyly of the Platypezidae
clade, exclusive of Microsania. They proposed the following synapomorphies for
Platypezidae: (i) bifurcated setae present on femora and tibiae of all legs of both sexes
(Figs 3—6 in TKOC et al. 2017): this character is shared by all Platypezidae genera; (ii)
compressed hind tarsi with soles (Figs 9—12 in TKOC et al. 2017); (iii) larva of typical
cylindrical or flattened form (Figs S9-S11 in TKOC et al. 2017); (iv) mycophagous

larvae (unknown in Grossoseta, Platypezina, and Metaclythia).

4. FOSSIL FAUNA OF FLAT-FOOTED FLIES

Although the families Opetiidae and Platypezidae are not numerous (more than 250
spp.), their fossil record is relatively rich. Thirty fossil species of flat-footed flies are currently
known (Tab. 6). The fossil evidence of flat-footed flies is richer from the Cretaceous with 21
described species (ZHANG 1987, MOSTOVSKI 1995a, GRIMALDI & CUMMING 1999, GRIMALDI
2018) than it is for the Tertiary deposits — 9 species (CHANDLER 2001, GRIMALDI 2018,
GREENWALT et al. 2019).

The first known fossil species of Platypezidae was Callomyia torporata from the

Middle Eocene of the Green River Formation (Wyoming, USA) described by Scudder (1890).
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New genus, Oppenheimiella, was erected for the species O. baltica from the Late Eocene of
Baltic amber by Meunier (1893). Unfortunately, this species is problematic, because of
uncertain family placement since the original description is ambiguous and the type specimen
is lost (GRIMALDI 2018). COCKERELL (1909) described Callomyia hypolitha from the Green
River Formation (Colorado, USA). Another species, Eucallimyia fortis, was described from

the Early Oligocene of Florissant Formation (Colorado, USA) by COCKERELL (1911).

Table 6. List of all fossil species of Opetiidae and Platypezidae. (NT — Neotropical; NE —
Nearctic; PA — Palaearctic; OR — Oriental).

Reference Family Genus Species Locality Era / Period
Scudder (1890) PLATYPEZIDAE Callomyia torporata NE: USA Eocene
Meunier (1893) PLATYPEZIDAE Oppenheimiella  baltica PA: Baltic Eocene
Cockerell (1909) PLATYPEZIDAE Callomyia hypolitha NE: USA Eocene
Cockerell (1911) PLATYPEZIDAE Eucallimyia fortis NE: USA Oligocene
Statz (1940) OPETIIDAE Opetia atra PA: Germany Oligocene
Zhang (1987) OPETIIDAE Lithopetia hirsuta PA: China Early Cretaceous
Zhang (1987) OPETIIDAE Pseudopetia exilis PA: China Early Cretaceous
Zhang (1987) OPETIIDAE Pseudopetia grandis PA: China Early Cretaceous
Mostovski (1995a) PLATYPEZIDAE Maritulus sospes PA: Russia Early Cretaceous
Mostovski (1995a) PLATYPEZIDAE Promittor malus PA: Russia Early Cretaceous
Mostovski (1995)  PLATYPEZIDAE Parnasos firmipes PA: Russia Early Cretaceous
Mostovski (1995)  PLATYPEZIDAE Parnasos dissimilis PA: Russia Early Cretaceous
Mostovski (1995)  PLATYPEZIDAE Parnasos pessimus PA: Russia Early Cretaceous
Mostovski (1995)  PLATYPEZIDAE Proplatypeza parva PA: Russia Early Cretaceous
Mostovski (1995)  PLATYPEZIDAE Proplatypeza secunda PA: Mongolia  Early Cretaceous
Mostovski (1995)  PLATYPEZIDAE Proplatypeza caelebs PA: Russia Early Cretaceous
Mostovski (1995)  PLATYPEZIDAE Proplatypeza amabilis PA: Russia Early Cretaceous
Mostovski (1995) PLATYPEZIDAE Proplatypeza bontsaganica  PA: Mongolia  Early Cretaceous
Mostovski (1995)  PLATYPEZIDAE Oloplatypeza munusculum  PA: Russia Early Cretaceous
G"mal.d' & PLATYPEZIDAE Electrosania cretica NE: New Cretaceous
Cumming (1999) Jersey amber
(cz‘gg(’)‘;' etal. OPETIIDAE  Opetiala shatalkini  PA: UK Early Cretaceous
Grimaldi (2018) PLATYPEZIDAE Burmapeza radicis OR: Burmese Cretaceous
Grimaldi (2018) PLATYPEZIDAE Canadopeza biacrosticha NE: Canada Late Cretaceous
Grimaldi (2018) PLATYPEZIDAE Lebanopeza azari PA: Lebanon  Early Cretaceous
Grimaldi (2018) PLATYPEZIDAE Microsania sp. PA: Baltic Eocene
Grimaldi (2018) PLATYPEZIDAE Calvopeza divergens OR: Burmese Cretaceous
Grimaldi (2018) PLATYPEZIDAE Chandleromyia  anomala OR: Burmese Cretaceous
Grimaldi (2018) PLATYPEZIDAE Lindneromyia neomedialis  NT:Dominican Miocene
Grimaldi (2018) PLATYPEZIDAE Lindneromyia dominicana ~ NT: Dominican Miocene
Tkot in Greenwalt PLATYPEZIDAE Agathomyia eocenica NE: USA Eocene

et al. (2019)
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Opetia atra, as the first known representative of Opetiidae was described from the
Late Oligocene of Rott Formation by STATZ (1940). Other 5 new species attributed to
four new genera of Opetiidaec were described by ZHANG (1987) from the Laiyang
Formation (China). Later, two of them were excluded from Platypezidae/Opetiidae and
trasferred to Ironomyidae by MOSTOVSKI (1995a, 1995b). HONG & WANG (1988)
described a new subfamily Sinolestinae within Platypezidae with one new species,
Sinolesta lata, but this subfamily was also excluded from Platypezidae and later
transferred into Ironomyiidae by MOSTOVSKI (1995b).

Catalogue of Fossil flies includes 11 fossil species in 9 genera of Opetiidae and
Platypezidae (EVENHUIS 1994). After the works of MOSTOVSKI (1995a, 1995b) three species
in three different genera should be excluded from this list (see above). MOSTOVSKI (1995)
described 5 new genera and 11 new fossil species of Platypezidae from the Cretaceous
deposits of Russia and Mongolia. GRIMALDI & CUMMING (1999) described a new genus and
species as Electrosania cretica from the Late Cretaceous of New Jersey Amber (USA).
CorAM et al. (2000) added a new species of Opetiidae, Opetiala shatalkini, from the Early
Cretaceous (Berriasian age) of the Durslton Formation in Dorset (UK).

Detailed description of 8 new species found in amber was reported by GRIMALDI
(2018). Five new Cretaceous genera were described from Burmese, Lebanese, and Canadian
ambers. Two new species assigned to the extant genus Lindneromyia were described from the
Miocene of Dominican amber. Additionally, an unnamed species of Microsania was
described from the Late Eocene of Baltic amber.

The first fossil species of the genus Agathomyia as A. eocenica was described by Tko¢
in GREENWALT et al. (2019 - PUBLICATION 5). This species was found in the Middle
Eocene deposits of Kishenehn Formation at Dakin site, Montana (USA).

During the study of fossil representatives we have also discovered a specimen which
does not belong to flat-footed flies, but it was so interesting in respect of morphology and
taxonomy that we decided to include this new species in this dissertation thesis (TKOC et al.
2016 - PUBLICATION 4). This species was described as Microphorites moravicus and
belongs to the family Dolichopodidae (sensu lato). It was found in the Paleogene Moravian

amber (Studlov locality).

37



5. FAUNISTIC RESEARCH

Faunistic research is essential for obtaining basic data and knowledge about the studied
families and their species. Here, I am presenting the most important and recent faunistic and

biodiversity research on flat-footed flies.

5.1 CZECH AND SLOVAK REPUBLIC

Based on 1742 new specimens and 1591 already published records of Opetiidae and
Platypezidae, the fauna of the Czech and Slovak Republics was treated by VANHARA (1995).
Thirty-two species were found in the Czech Republic and 27 species in Slovakia. Also, species
quality index was determined, and vertical and horizontal distribution was evaluated for each
species.

VANHARA & ROHACEK (1995) presented results of faunistic research in Bukovské vrchy
hills is eastern Slovakia, 19 species of Opetiidae and Platypezidae were found and 7 of them
were new for Slovakia. VANHARA (1998) published faunistic research of Palava Biosphere
reserve with following results — 19 species. VANHARA & BARTAK (2000a, b) reported 15 species
from Bilina and Duchcov environs (North-Wester Bohemia). VANHARA et al. (2005) evaluated
the fauna of the Podyji National Park, they found 19 species of Platypezidae, but Opetia nigra
was not found. TKOC & VANHARA (2008b) published 12 species from Jizerské hory Mts and
Frydlant region. The following biodiversity study of Jizerské hory Mts and its surroundings
resulted in finding of 22 species (TKOC et al. 2020 - PUBLICATION 9), including one new
species for the Czech Republic and 8 species new for the studied area.

ROHACEK & SEVCIK (2009) published faunistic data of Polana Protected Landscape Area
(Slovakia) with 23 species of flat-footed flies. SEVCIK (2010) published a monograph of the
Czech and Slovak Diptera associated with fungi, where rearing records of 10 species of
Platypezidae are listed. ROHACEK & SEVCIK 2011 also evaluated the fauna of Gemer, 18 species
of Opetiidae and Platypezidae were found.

TkoC (2011 - PUBLICATION 6) published a new species record for the Czech
Republic, Polyporivora picta, and added information on its larval biology and distribution in
Europe. Two new regional records from Bohemia (Lindneromyia hungarica, Platypeza
aterrima) and one new record from Slovakia (Kesselimyia chandleri) of Platypezidae were
added by TKOC et al. (2012 - PUBLICATION 7). Additional two species (Polyporivora picta,
Seri obscuripennis) were recorded from Bohemia and one new species (Agathomyia cinerea)

was found in the Czech Republic for the first time (TKOC 2016 - PUBLICATION 8).
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5.2 EUROPE

CLAUSSEN (2013) recorded 22 species of flat-footed flies (Diptera: Platypezidae) from
the district of Schleswig (Northwest Germany: Schleswig-Holstein). The material for this study
was collected over the period 1989-2011 by sweeping and by rearing from the host-fungi.

The diversity of Romanian fauna was evaluated by TKOC & ROHACEK (2014 -
PUBLICATION 3) with three new country records, expanding the number of know species
from Romania to 18. Biology and distribution of all species was commented. Additionally, male
of Callomyia saibhira was redescribed and its genitalia figured in detail.

REEMER & DE JONG (2016) published detailed monographic study of Dutch flat-footed
fauna. The key to all 37 Dutch (and 12 more from surrounding countries) species is
supplemented with many illustrations and photographs.

Formerly, the species number for these two families in Europe was 44 (CHANDLER
2001, 2014), however two new records have been recently added by STAHLS & RATTEL (2013)
and STAHLS et al. (2014). Further revision was made by STAHLS et al. (2015), who added four
more species from the genus Agathomyia to the European fauna, two were described as new and
two were resurrected from synonymy of Agathomyia elegantula Chandler in Shatalkin, 1985. In
Europe, these two families currently comprise 50 species in 13 genera, 34 of them are known
from the Czech Republic (30 from Bohemia and 32 from Moravia) (for detailed summary see
Tab. 7).

Table 7. Species numbers of Opetiidae and Platypezidae in Czech Republic & Slovakia, in Czech
Republic, Bohemia, Moravia, Slovakia and Europe. (* — Czech and Slovak Diptera Checklist; ** —
Fauna Europaea; BOH — Bohemia; CZ — Czech Republic; MOR — Moravia; SK — Slovakia).

Reference CZ & SK cz BOH MOR SK EUROPE
VANHARA 2009" 36 32 25 31 31 -
RoH. & Sev. 2011 - - - - +1 -
Tkoc 2011 - +1 - +1 - R
Tkoc€ et al. 2012 - - +2 - +1 R
Tko€ 2016 - +1 +3 - - R
CHANDLER 2001 - - - - = 44
CHANDLER 2014™ = - - - i a4
STAHLS & RATTEL 2013 - - - - = +1
STAHLS et al. 2014 - - - - - +1
STAHLS et al. 2015 - - - - - +4

TOTAL 36 34 30 32 33 50
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6. CONCLUSIONS AND PROSPECTS

The flat-footed flies are not numerous, but suprisingly diverse group of Diptera with
very interesting biological role in the ecosystems. In previous chapters, I have tried to
summarize their diversity, systematics, biology and phylogeny. In many respects, the state of
knowledge of this group is still insufficient and offers interesting topics for further study. I
have contributed by attached publications to some of the knowledge of these peculiar flies.
But this is not the end my scientific journey, on the contrary, this is just the beginning.
Several important questions arose during my studies of flat-footed flies. Here, I will try to

summarize the most important research topics, that I will try to resolve in my future studies:

(1) Identification of the morphological characters with the high phylogentical value
(evolutinary novelties, real synapomorphies) and carefull construction of the morphology-
based phylogenetical tree using modern computational methods. Detailed comparison with

previous studies (based on larval morphology, adult characters or molecular characters).

(11) Description of new taxa, revision of selected taxa. Currently I am working on revision of

Palaearctic Callomyia and description of two new species of Agathomyia from central Europe.

(111) Biodiversity and faunistic studies of local fauna. I am currently involved in several
projects dealing with fauna of several protected areas in the Czech Republic and Slovakia.

Also complete investigation of Hungarian fauna is on the way.

(iv) Compiling of catalogues and checklists. Checklist of the Czech and Slovak fauna is under

preparation. A catalogue of world species is planned in the future.

(v) Further taxonomy studies with description of new fossil taxa are planned. I am currently
preparing descriptions of few new species from Baltic amber. I will also continue to

investigate the fauna of the Kishenehn Formation (Montana, USA).

(vi) Coevolutional, biological and ecological questions: (i) Determine the role of adults and
larvae in the reproduction, distribution and evolution of their fungal hosts; (ii) Does the
biological activity of flat-footed flies help the reproduction and spreading of their fungal

hosts? (iii) Coevolution of flat-footed flies and the fungal hosts.
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