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Abstrakt

Palaeodictyopterida jsou pozoruhodnym nadiddem hmyzu,
ktery tvofil znaCnou cast diverzity hmyzu svrchniho
paleozoika, koncem permu vSak z fosilniho zdznamu mizi.
Hlavni synapomorfii zastupct nadiadu je bodavé-saci Ustni
ustroji ve formé rostra, které bylo tvofeno péti stylety. Toto
rostrum pravdépodobné slouzilo k nabodavani rostlinnych
pletiv a sani §tav. Stejny typ ustniho ustroji sdilely s dospélci
i larvy Palaeodictyopterida. Vné&jsi genitalie nadfadu vykazuji
také dulezité morfologické znaky. Saméi genitalie jsou
tvofeny parem gonostylii a dvéma laloky penisu, podobnou
morfologii genitalii nalézdme u recentnich Ephemeroptera.
Samici genitalie Palacodictyopterida jsou vyvinuty v kladélko,
které lze srovnat s endofytickym kladélkem nékterych
recentnich Odonata. Tyto morfologické znaky také ukazuji na
mozné postaveni Palacodictyopterida jako sesterského taxonu
k Odonatoptera + Panephemeroptera.

Hlavnim cilem prace bylo popsat nové zastupce fadu
Megasecoptera, druhé nejpocetnéjsi  skupiny nadifadu
Palacodictyopterida. ~ Kfidelni  zilnatina =~ Megasecoptera
vykazuje ve srovndni s bazdlnim fadem Palaeodictyoptera
postupnou redukci podélnych ipfiénych zilek. Dalsi télni
struktury byly pozorovany hlavné u celedi Brodiopteridae
a Protohymenidae, u kterych byly nalezeny rozdily v délce
ustniho ustroji a morfologii genitalii. To nam poskytuje
pfedstavu o specializaci na riizné potravni zdroje v ramci
jednoho ftadu. Vedlej$im cilem bylo studium larev tadu
Palacodictyoptera, jejichz morfologie oblasti artikulace
ktidelnich pochev poskytla podporu pro duélni teorii vzniku
hmyziho kiidla.



Abstract

Palaeodictyopterida is remarkable insect superorder, which
formed a significant part of the diversity of upper Paleozoic
insects, but disappeared by the end of the Permian. The main
synapomorphy of the superorder is the piercing-sucking
mouthparts in the form of a rostrum consisting of five styles.
This rostrum was probably used to pierce on plant tissue and
the juice sucking. The same type of mouthparts shared by
adults was present also in larvae of Palacodictyopterida. The
external copulatory organs of the superorder members was
also showed some morphological interests. The male genitalia
consist of a pair of gonostyli and two penial lobes, similarly to
the genitalia of recent Ephemeroptera. The female genitalia of
Palaeodictyopterida are developed in a form of the ovipositor
that can be compared with the endophytic ovipositor of some
recent Odonata. This morphological features support
placement of Palaeodictyopterida as sister group of
Odonatoptera + Panephemeroptera.

The main aim of the work was to describe new
representatives of the order Megasecoptera, the second largest
group of Palaeodictyopterida. @~ Wing  venation of
Megasecoptera exhibits a reduction of the longitudinal and
cross veins in comparison with the order Palaeodictyoptera.
Other body structures were examined mainly in the families
Brodiopteridae and Protohymenidae, where differences in the
length of the mouthparts and genital morphology were found.
This gives us the idea of specializing in a variety of food
sources within a single order. The secondary task was to study
the larvae of the order Palaecodictyoptera, whose morphology
of the articulation of the wing sheats given support for the dual
theory wing origin hypothesis.
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1 Uvod

Studium fosilntho hmyzu piindsi nenahraditelny zdroj
informaci, tykajicich se evoluce adiverzity jedné =z
nejuspésnéjSich  skupin zivo€ichd. Nejcastéji nalézanymi
fosiliemi hmyzu jsou jejich k¥idla. Podle uspotradani kiidelni
zilnatiny lze kiidla pfifadit kjednotlivym fadim i
systematicky niz§im taxontim. Navzdory tomu jsou kiidla
ancestralnich skupin Pterygota pomémé problematicka,
charakteristické¢ znaky na nich nejsou jesté vyvinuty a nebo
zde nalézame ojedin€lé znaky, jejichz srovnani s recentnim
hmyzem neni mozné. O to vétsi vyznam maji fosilni nalezy
kompletnich jedinct, které poskytuji informace o morfologii
dalsich télnich struktur jako napf. ustniho ustroji, artikulaci
kiidel a genitalii.

Nadiad Palaeodictyopterida je povazovan za
sesterskou  skupinu  k  Panephemeroptera+Odonatoptera
(recentni jepice a vazky s jejich ancestralnimi liniemi) (napf.
Kukalova-Peck, 1991). Alternativni hypotézu ptedstavuje
postaveni Palaeodictyopterida jako sesterské k Neoptera,
tvorici tak spolu skupinu Neopterygota (Sroka a kol., 2015).
Fylogeneze Panephemeroptera byla v nedavné dobé studovana
napf. Staniczkem a kol. (2011) a Odonatoptera byly
pfedmétem studii autorti Petrulevicius a Gutiérrez (2016) nebo
diive Bechlym a kol. (2001). V posledné¢ zminé€né praci je
popsan unikatni material patfici zastupci Meganisoptera, kde
je patrny parovy penis — mozna synapomorfiie Palaeoptera,
ktera se vyskytuje jak u Panephemeroptera tak pravé i u
Palaeodictyopterida.



2 Cile prace

Hlavnim cilem prace bylo prostudovat dosud nepopsany
material fosilntho hmyzu nadifadu Palaeodictyopterida. V
prvni radé se jednalo o =zastupce nékolika celedi fadu
Megasecoptera. Rozsahly material ze svrchniho karbonu Ciny
byl pouzit jako podklad ke zpracovani diplomové prace na
téma: Morfologie a taxonomie nové objevenych zastupcl
skupiny Megasecoptera ze svrchniho karbonu severni Ciny
(Insecta: Palaeodictyopteroida), obhdjené v roce 2013. V
diplomové praci vSak byl hlavni diraz kladen na aplikovani
metod geometrické morfometrie na soubor kiidel a nemohl tak
byt vénovan dostatecny prostor ke zhodnoceni ostatnich télni
struktur. Zachovani materialu se pozd¢ji navic ukazalo jako
vhodné pro studium pomoci skenovaci elektronové
mikroskopie. Dalsi dostupny material z permu Ruska, nalezici
Celedim Protohymenidae a Scytohymenidae, se taktéz
vyznacoval zachovanim nékterych dal§ich télnich struktur,
napf. ustniho uUstroji. Do celedi Brodiidae byl zafazen novy
nalez ze svrchniho karbonu Kanady. DalSim zdrojem
informaci byl material ze sideritovych konkreci z lokality
Mazon Creek (USA), z kter¢ho byl popsan novy zéstupce
Celedi Protohymenidae. Stejny material slouzil i jako zaklad
pro vedlejsi cil prace, kterym bylo prostudovani novych i jiz
popsanych larev Palaeodictyoptera a srovnani téchto poznatki
v novych souvislostech.



3 Material a metodika

V této Casti jsou shrnuty informace o fosilnim materialu
pochéazejicim z né€kolika lokalit, na jehoz zaklad¢ byla
vypracovana stézejni ¢ast studii.

Permska lokalita Tshekarda (kungur) se nachazi na
levém biehu feky Sylva, zdpadnim svahu pohoti Ural v Rusku.
Fosilie se zde nachazeji v jilovcich souvrstvi Koshelevka
(Ponomaryova a kol., 1998). Pocetny material ze svrchniho
karbonu Ciny (lokalita Xiaheyan, autonomni oblast Ningxia)
pochazi ze souvrstvi Tupo, z baskiru (ekvivalent namuru B-C,
stafi cca 315 Ma). Hmyz je zde zachovan v podobé
kompresnich fosilii v nejvySe poloZzené jednotce souvrstvi
Tupo, ve vrstvach SedoCernych a Cernych biidlic (Zhang a
kol., 2012). Dalsi zkoumany material pochazi ze sideritovych
konkreci svrchniho karbonu lokality Mazon Creek (Illinois,
USA), ktera je opravnéné povazovana za Lagerstditte. Timto
terminem se oznacuji nalezi$t€ s unikatnim zplsobem
zachovani fosilii zivo¢ichtl i rostlin. Zachovani v sideritovych
konkrecich umozituje oproti kompresnim fosiliim studovat
reliéf, fosilie je zachovana viceméné trojrozmérné (Wittry,
2012). Je proto mozné tyto je zkoumat pomoci mikro-CT.
Dalsi fosilie pochazi z Fosilnich utesi Joggins (= Joggins
Fossil Cliffs, souvrstvi Joggins, pennsylvan, Cumberlandska
panev, Nova Scotia, Kanada), které patii k svétovému dédictvi
UNESCO. Ostatni material, pochazejici z dalSich lokalit
karbonu a permu, slouzil primarn€ pro srovnani s nové
popisovanym materidlem a jeho piivod je podrobné popsan v
jednotlivych studiich.



Pro pozorovani fosilnich vzorkdi byl primdrné pouzivan
stereomikroskop Nikon SMZ 645 a Leica MZ 12.5. Kresby
byly vytvoteny bud’ pomoci Leica MZ 12.5 s nastavcem
camera lucida (umoznujici piimé kresleni pii soucasném
pozorovani vzorku) nebo ze slozenych fotografii se soub&Znou
korekci kresby se vzorkem pod stereomikroskopem.
Fotografie vzorkd byli pofizeny digitalnim fotoaparatem
Canon D550 s objektivy MP-E 65 mm a EF 50 mm, nésledn¢
slozeny v programu Helicon Focus Pro a poté poptipade
upraveny v Adobe Photoshop CS6. Nékteré vzorky byly pied
fotografovanim pokryty vrstvou ethanolu pro zvyraznéni
struktur.

Digitalni mikroskop Keyence VHX VH-Z20UR
umistény na paleontologickém oddéleni Narodniho muzea byl
vyuzit k vytvofeni 3D modelt, napf. detaild thoraxu larev.
Vyhodou modeld je moznost uprav v softwaru VHX-5000
communication software a pozd¢&jsi vyuziti v dalSich studiich.

Skenovaci elektronovy mikroskop (SEM) je dnes
velmi rozsifeny pfistroj pro studovani povrchu nejriznéjsich
materiali. Jeho oblibenost v minulosti vyznamn¢ narostla po
jeho zdokonaleni na environmentalni skenovaci elektronovy
mikroskop (ESEM), ktery byl uveden v roce 1988 (Joy, 2006;
Danilatos, 2009). Pro pozorovani vzorkii pomoci SEM je
nutné, aby byl vzorek zbaven vody, jejiz evaporace by ve
vakuu by zptsobila smr$téni a znehodnoceni vzorku. Pokud
vzorek neni dobrym elektrickym vodicem, je nezbytné ho
opatfit vrstvou kovu, obvykle 3—10 nm silnou vrstvou zlata
(Joy, 2006). Tento proces u ESEM vsak odpada, vzorek je
pozorovan pii nizkém tlaku vzduchu v komote (kolem 50-70
kPa), proto nepotiebuje byt zcela zbaven vody. Také neni
zapotiebi pozlaceni, které u fosilniho materidlu Casto neni



mozné. Pomoci ESEM byly v ramci vyzkumu pozorovany
vzorky ze sideritovych konkreci i kompresni fosilie.
Nejlepsich detaild bylo dosazeno u materidlu z Ciny,
pravdépodobné diky dobré vodivosti horniny, obsahujici
hodné uhliku a také diky jemnosti sedimentu. Snimky byly
pofizeny  pomoci  ESEM  Hitachi S-3700N  na
paleontologickém oddéleni Narodniho muzea a poté upraveny
pomoci Adobe Photoshop CS6

Data pro vytvoreni 3D modelii byly ziskdny pomoci
rentgenové pocitaové mikrotomografie (mikro-CT) ve
Stfedoevropském technologickém institutu CEITEC v Brné
prostfednictvim pfistroje GE phoenix|X-ray tomography
system v|tome|x. Jednotlivé 3D modely hmyzu z konkreci byly
vytvofeny za pomoci softwaru Amira.



4 Vysledky a diskuse

V ramci prace byli v prvni fad¢ studovani zastupci péti ¢eledi
fadu Megasecoptera. Mensi, avSak neméné diilezitou soucasti
prace, bylo studium larev fadu Palaeodictyoptera.

V ramci pivodné permské celedé¢ Protohymenidae
byl pfidan novy rod a druh, rozsifujici vyskyt celedé¢ do
svrchniho karbonu. Dale byl popsan novy druh rodu
Protohymen Tillyard, 1924, ktery zachovanim baze ustniho
ustroji a tentoria (endoskeletu hlavy) vyznamné pfiispiva
k poznani dosud neznamé morfologie téchto struktur. P¥ibuzna
Celed’ Scytohymenidae byla doplnéna o nového jedince druhu
Scytohymen extremus Martynov, 1937, ktery jako prvni v
ramci Celed¢ ukazuje morfologii télnich struktur véetné detailii
jednotlivych facet slozenych o¢i.

Studium materidlu ze svrchniho karbonu Ciny
doplnilo poznatky o ¢eledich Brodiopteridae a Aykhalidae.
Novy druh Brodioptera sinensis Pecharova, Ren a Prokop,
2015 (Brodiopteridae, viz Pecharova a kol., 2015a) umoznil
vedle studia rozsdhlého souboru kiidel také zhodnoceni
jedine¢nych télnich struktur jako napt. extrémné dlouhého
ustniho ustroji a samcich i1 samicich genitalii. Pomoci
environmentalniho skenovaciho elektronového mikroskopu
byly odhaleny mikrostruktury na povrchu téla B. sinensis (viz
Prokop a kol., 2016b). Celed’ Aykhalidae byla rozsifena o dva
nové rody (druhy Sinopalaeopteryx olivieri, S. splendens a
Namuroptera minuta popsany Pecharova, Prokop a Ren, 2015
v Pecharovi a kol., 2015b) a morfologii ustniho ustroji.

Novy druh ¢eledi Brodiidae ze svrchniho karbonu,
Brodia jogginsensis Prokop a kol., 2017, jako prvni v rdmci
Celedé ukazuje pozici vSech kiidel. Prace je také rozsifena o



diskuzi tykajici se nckterych larev, které by mohly patfit
zastupcum této Celedé.

Studie zaloZzend na larvalnich stadiich ftadu
Palaeodictyoptera muze poslouzit jako podpora nejnovejsi
teorie dualniho puivodu k¥idla z elementt pronota i pleury. Na
n¢kolika larvach je predstavena morfologie baze kiidelni
pochvy, kde je zietelné¢ oddé€lena anteriorni artikulovana ¢ast
(ptivodem z pleurdlnich elementtl) a posteriorni ¢ast, plynule
propojena se skutelem nota (piivodem z nota).

Posledni ¢lanek se veénuje zastupcim  Celedi
Spilapteridae (fddu Palaeodictyoptera) ze svrchniho karbonu.
Vedle popisu nového jedince Homaloneura cf. dabasinskasi
Carpenter, 1964 je zde popséana jedinecné zachovana larva
Bizzarea obscura Prokop a kol,, 2016, kterd s jistou
pravdépodobnosti nalezi do stejné celedé. Tato larva se
morfologicky vyrazné odliSuje od dosud popsanych larev
Palaeodictyoptera.

5 Zavéry

Doplnéni morfologie rozlicnych télnich struktur fadu
Megasecoptera bylo vyznamné rozsifeno o detaily tykajici se
hlavy (Ustni ustroji, endoskelet, slozené oci, tykadla), thoraxu
(konCetiny), abdomenu (sam¢i i1 sami¢i genitalie, cerky).
Pouzitim ESEM byly objeveny sety na membrané kiidla,
zoubky valvul endofytického kladélka.

Morfologie baze kiidelnich pochev larvalnich stadii
fadu Palaeodictyoptera se ukazala jako mozna podpora pro
dudlni hypotézu vzniku kiidla a je také prvnim krokem ve
srovnani  morfologie artikulace u dospélci nadiadu
Palaeodictyopterida.
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English version

1 Introduction

The study of fossil insects provides us an exeptional source of
information on the evolution and diversity of one of the most
successful animal groups. The most common insects fossils
are their wings. According to wing venation arrangement, the
wings can be assigned to specific insect orders as well as
systematically lower taxa. Despite this, the wings of the
ancestral groups of Pterygota are quite problematic, some
characters are not yet developed, or there can be found unique
features that are not comparable to recent insects. Thus the
fossil material of complete individuals that provide
information on the morphology of other body structures such
as the mouthparts, articulation of the wings and genitals is
very important.

Palaeodictyopterida is considered to be a sister group
to Panephemeroptera + Odonatoptera (recent mayflies and
dragonflies with their ancestral lines) (e.g. Kukalova-Peck,
1991). An alternative hypothesis is the position of
Palaeodictyopterida as a sister group to Neoptera, thus forming
the Neopterygota group (Sroka et al., 2015). Phylogeny of
Panephemeroptera has been recently studied by Staniczek et
al. (2011) and Odonatoptera were the subject of studies by
Petrulevicius and Gutiérrez (2016), or earlier by Bechly et al.
(2001). In the lastly mentioned work, there were described
unique material belonging to representative of Meganisoptera
with paired penis — presumable synapomorphy of Palaeoptera,
which occurs  both in  Panephemeroptera  and
Palacodictyopterida.



English version

2 Aims of the study

The main aim of the work was to study the previously
unpublished material of the fossil insect of superorder
Palaeodictyopterida. The first objective is to describe
representatives of several families of the order Megasecoptera.
On the basis of extensive material from the Upper
Carboniferous of China diploma thesis were written, the topic
was: Morphology and taxonomy of the newly discovered
representatives of the Megasecoptera from the Upper Carbon
of North China (Insecta: Palacodictyopteroida), defended in
2013. In the diploma thesis, however, the main part focused on
applying methods of geometric morphometrics to a set of
wings, and thus lacking sufficient space to evaluate other body
structures. Preservation of this material later turned out to be
suitable for study by scanning electron microscopy. Other
material for study was available from the locality in Russia,
belonging to Protohymenidae and Scytohymenidae and was
also characterized by the preservation of some special body
structures, such as the mouthparts etc. A new specimen from
the Upper Carboniferous material of Canada was included in
the Brodiidae family. Another source of information was a
material from siderite nodules from Mazon Creek (USA), also
from which a new representative of the Protohymenidae
family was described. The same material served as a basis for
the secondary aim of the work, which was to study the new
and already described larvae of order Palaeodictyoptera and to
compare these findings in new context.
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3 Material and methods

This section summarizes information on fossil material from
several localities, on the basis of which the main part of the
studies was created.
The Permian locality Tshekarda (Kungurian) is located on the
left bank of the Sylva River, on the western slope of the Ural
Mountains in Russia. Fossils are found in mudstone strata of
the Koshelevka Formation (Ponomaryova et al., 1998).
Numerous material comes from Upper Carboniferous of China
(Xiaheyan, Ningxia Autonomous Region), from Tupo
Formation, Bashkirian (equivalent to Namurian B-C, about
315 Ma). The insects here are preserved in the form of
compression fossils in the uppermost unit of the Tupo
Formation, in the layers of grayish black and black shales
(Zhang et al., 2012). The other studied material comes from
the siderite nodules of the Upper Carboniferous of Mazon
Creek (Illinois, USA), which is considered as Lagerstdtte. This
term labels a site with an exceptional preservation of the fossil
animals and plants. Conservation in siderite nodules allows to
study the relief, the fossil is preserved more or less three-
dimensional in contrast to compression fossils (Wittry, 2012).
Nodules are therefore available to examination by micro-CT.
Other fossil come from the Joggins Fossil Cliffs
(Pennsylvanian, Cumberland Basin, Nova Scotia, Canada), a
UNESCO World Heritage Site. The remaining material
originating from other carbon and perm locations served
primarily for comparison with the newly described material,
and its details are described in certain studies.

For observation of fossil samples, the Nikon SMZ 645
and Leica MZ 12.5 stereomicroscopes were primarily used.
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Drawings were created either with the Leica MZ 12.5 with
camera lucida attachment (allowing direct drawing while
observing the sample), or from composite photographs with
simultaneous correction with the specimen under the
stereomicroscope. Sample photos were taken with the Canon
D550 digital camera with 65 mm MP-E and 50 mm EF lenses,
then stacked with Helicon Focus Pro and then edited in Adobe
Photoshop CS6. Some samples were coated with an ethanol
layer before shooting to highlight structures.

The Keyence VHX VH-Z20UR digital microscope,
located at the Department of Palaeontology of National
Museum in Prague, was used to create 3D models, such as
details of thorax of larvae. The advantage of these models is
the possibility of editing in the VHX-5000 communication
software and later use in other studies.

The scanning electron microscope (SEM) is today a
very widespread device for studying the surface of various
materials. Its popularity has grown significantly since its
enhancement to the Environmental Scanning Electron
Microscope (ESEM), which was introduced in 1988 (Joy,
2006; Danilatos, 2009). For sample observation using SEM, it
is necessary for the sample to be get rid of water, the
evaporation of could cause shrinkage and deterioration of the
sample in the vacuum. If the sample is not a good electrical
conductor, it is necessary to provide it with a layer of metal,
usually 3-10 nm thick layer of gold (Joy, 2006). However, this
process is not necessary in ESEM, the sample is observed at
low air pressure in the chamber (about 50-70 kPa), therefore it
does not need to be completely dehydrated. Also, there is no
need for adding the layer of gold that is often impossible for
fossil material. Using ESEM, samples from siderite nodules
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and compression fossils were observed. The best detail has
been achieved with material from China, probably due to good
conductivity of the sediment, containing a lot of carbon and
also due to the fine-grained sediment. Images were taken using
the ESEM Hitachi S-3700N at the Department of
Palacontology of National Museum in Prague and then edited
using Adobe Photoshop CS6

Data for the creation of 3D models were obtained by
GE phoenix|X-ray tomography system v|tome[x (micro-CT) at
the CEITEC (Central Institute of Technology) in Brno.
Individual 3D models of insects from nodules were created
using the Amira software.

4 Results and discussion

In the first part of the work, representatives of five families of
the order Megasecoptera were studied. Minor but not less
important part of the work was the study of the
Palaeodictyoptera larvae.

In the originally Permian family Protohymenidae, a
new genus and species have been added to extend the range of
the family into the Upper Carboniferous. In addition, a new
species of Protohymen Tillyard, 1924, was described with the
bases of the mouthparts and the tentorium (head endoskeleton)
preserved, significantly contributes to the knowledge of
unknown morphology of these structures. The related family
Scytohymenidae was supplemented by a new specimen of
Scytohymen extremus Martynov, 1937, the first specimen of
the family to show the morphology of the body structures,
including the details of the individual facets of the compound
eyes.
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The study of material from the Upper Carboniferous of China
supplemented the knowledge of the families Brodiopteridae
and Aykhalidae. The new species of Brodioptera sinensis
Pecharova, Ren and Prokop, 2015 (Brodiopteridae, see
Pecharova et al., 2015a), in addition to an extensive set of
wings, also allowed the evaluation of unique body structures
such as extremely long mouthparts and male and female
genitalia. Using an environmental scanning electron
microscope, microstructures on the body surface of B. sinensis
were detected (see Prokop et al., 2016b). The family
Aykhalidae was extended by two new  genera
(Sinopalacopteryx olivieri, S. splendens and Namuroptera
minuta, all described by Pecharové, Prokop and Ren, 2015 in
Pecharova ef al., 2015b) and morphology of the mouthparts.

The new species of the Upper Carboniferous family
Brodiidae, Brodia jogginsensis Prokop et al., 2017, is the first
specimen in the family to show the position of all the wings.
The work is also expanded with a discussion of some larvae
that could be linked with this family.

A study based on the Palaeodictyoptera larval stages
can serve as support for the latest dual origin of the wings
from the pronotal and pleural components. Several larvae
present the morphology of the base of the wing sheats, where
is the distinctly separated anterior articulated part (originating
from the pleural elements) and the posterior part, continuously
connected with the scuttelum of notum (originating from
dorsal part of thorax).

The last article is dedicated to representatives of the
family Spilapteridae (order Palaeodictyoptera) from the
Upper Carboniferous. In addition to describing the new
individual of Homaloneura cf. dabasinskasi Carpenter, 1964,
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there is described the uniquely preserved larva Bizzarea
obscura Prokop et al., 2016, which probably belongs to the
same family. This larva differs markedly from the previously
described larvae of Palaeodictyoptera.

5 Conclusions

The morphology of various body structures of the
Megasecoptera was significantly extended by head details
(mouthparts, endoskeleton, compound eyes, antennae), thorax
(limb), abdomen (male and female genitalia, cerci). Using
ESEM, setac were found on the wings membrane, and the
teeth of the endophytic ovipositor.

The morphology of wing sheats of larval stages
(Palaeodictyoptera) has proved to be a possible support for the
dual wing origin hypothesis and is also the first step in the
comparison of morphology of articulation in adults of
Palaeodictyopterida.
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