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FOREWORD

The first draft version of this book, written in
English and named "Draft revision of supraspecies
taxa of Ephemeroptera (without Atalophlebiinae)",
was prepared as an Internet publication in 1998;
thanks to Dr. Michael Hubbard (Florida A &M Uni-
versity), it has been available from the web site
"Ephemeroptera Galactica" since 1998. The second
version, written in Russian and named "Revision of
supra-species taxa of Ephemeroptera (except for
Atalophlebia/fgl)", was prepared as an Internet
publication in 2000; from 2001 till now it has been
available from the web site of Biological Facuity of
S-Petersburg University, http://www.bio.pu.ru/win/
entomol/KLUGE/EPHEMER /content .htm. Both
versions contain the systematics of all mayflies
except for Atalophlebia/fgl. The present Volume 1
does not contain the systematics of Turbanoculata
(i. e. Baetidae auct.) nor of all Leptophlebia/fgl (i. e.
Leptophlebiidae auct.), the largest part of which
belongs to Atalophlebia/fgl. The reasons for such a
restriction are objective and subjective difficulties in
baetid and leptophlebiid systematics. Both groups
are really difficult for taxonomic revision, being
geologically young, abundant and richly represented
in poorly investigated tropical areas. Last years, after
revisions of Holarctic baetid taxa (Novikova & Kluge
1987, Waltz & McCafferty 1987, et al.) a lot of new
baetid "genera" have been described from non-
Holarctic areas; many of these descriptions are
insufficient and based on a few specimens only.
While there is some progress in supraspecies baetid
taxonomy (Kluge 1991b, 1992a, 1992b, 1997c;
Novikova & Kluge 1987, 1994; Kluge & Novikova
1992), for a comprehensive revision examination of
more material is necessary. That’s why the systema-
tics of Turbanoculata is excluded from this volume.
As for leptophlebiids, their supraspecies revision is
only started (Kluge 1994b, 1994c) and is far from
finished; here also a lot of material should be
examined. In future, the author hopes to prepare for
publication two other volumes of this book -
"Volume 2. Turbanoculata" and "Volume 3. Lepto-
phlebia/fgl". -

Parallel with the mayfly revision, a work on the
book on general insect systematics is continued. The
first volume of this book (which does not include

xi

systematics of Neoptera) had two different editions
in Russian — in 1999 and in 2000 (Kluge 2000).
English version of this first volume is also prepared,
but not published yet.

NEW TERMS, TAXA NAMES AND
SYNONYMS

New terms: plesiomorphon (instead of wrongly
used "plesion", p.16); basitornal margin, tornoapical
margin, amphitornal margin of wing or wing bud
(p.31); tergalius (instead of formerly used "tergalia"
or "tergalium", p.35); caudalius, tricaudale, basitri-
caudale, cercotractor (p.38).

For some morphological terms type taxa are
designated. Till now this was not practised, but in
some cases the type taxon can help to dissolve
disagreements concerning usage of the term. As well
as the type taxon of a taxon's name, the type taxon
of a morphological term is an arbitrarily chosen
taxon, for which the original usage of this term
should be regarded to be correct independently of
subsequent opinions concerning homology of this
part of the body.

New circumscriptional names: Discoglossata (p.
136), Geminovenata (p.139), Fimbriatotergaliae (p.
218), Pantricorythi (p.316), Tricoryptera (p.326),
Afrotricorythi (p.327), Tricorygnatha (p.327).

New family-group name: Epeorus/f (p.201).

New genus-group names: Ecdyogymnurus (p.181),
Thamnodontus  (p.182), Himalogena (p.195),
Sibirigena (p.196), Proepeorus (p.204), Albertiron
(p.205), Sinephemera (p.235), Tillyardocaenis (p.
287), Notacanthella (p.306).

New synonymy in species names: alexandrae
Brodsky 1930 [Ameletus] = asiacentralis Soldan
1978 [Ameletus] SYN.NOV.; ignota Walker 1853
[Baetis] = hainanensis She et You 1988 [Isonychia]
SYN. NOV.; pallida Hagen 1855 [Oligoneurial =
mongolica Soldan et Landa 1977 [Oligoneuriella)
SYN. NOV.; tskhomelidzei Sowa et Zosidze 1973
[Oligoneuriella]l = baskale Soldan et Landa 1977



[Oligoneuriella] SYN. NOV. = zanga Sold4n et Landa
1977 [Oligoneuriella] SYN. NOV.; kurenzovi Bajkova
1962 [Cinygma)] = kaszabi Landa et Soldin 1983
[Cinygmula) SYN. NOV.; stackelbergi Sinitshenkova
1973 [Rhithrogenal = angulata Braasch 1980
[Rhithrogena] SYN.NOV.; pellucida Brodsky 1930
[Cinygma]l = tshernovae Braasch 1979 [Epeorus]
SYN. NOV.; pseudorivulorum Keffermuller 1960
[Caenis] = beskidensis Sowa 1973 [Caenis]
SYN. NOV.; lepnevae Tshernova 1949 [Ephemerella)
= fusongensis Su et Gui 1995 [Drunella] SYN. NOV.;
submontana Brodsky 1930 [Ephemerella] = traverae
Allen et Edmunds 1963 [Ephemerella (Drunella)]
SYN. NOV. = nasiri Ali 1971 [Ephemerellal SYN.
NOV.; ignita Poda 1761 [Ephemera] = antuensis Su et
You 1989 [Ephemerella (Ephemerella)] SYN. NOV.

COLLECTION DEPOSITION

Most of the mayflies mentioned in "Material exami-
ned" are deposited in Saint-Petersburg (Russia). The
place of permanent deposition of this collection is the
Laboratory of Insect Systematics of the Zoological
Institute of Russian Academy of Sciences (RAS), but
recently most part of this collection is located in the
Department of Entomology of Saint-Petersburg State
University, where the author works. Material
deposited in other places is specially mentioned in the
text as following: Albany Mus. ~ Albany Museum,
Grahamstown, South Africa; Entomol. Inst. —
Entomological Institute, Czech Academy of Sciences,
Ceské Budgjovice, Czech Republic;
Florida A&M Univ. - Florida Agricultural and
Mechanical University, Tallahassee, USA.; Kazan.
Univ. — Geological Faculty of Kazan’ State Univer-
sity, Tatarstan, Russian Federation; Mus. Nat. Hist.
of Inst. Syst. Evol. Anim. in Krakow — Museum of
Natural History of Institute of Systematics and
Evolution of Animals, Polish Academy of Sciences,
Krakow; Paleontol. Inst. - Palacontological Institute,
Russian  Academy of Sciences, Moscow;
Purdue Univ. — Purdue University, West Lafayette,
USA.
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WARNINGS

In contrast to other taxonomic papers, this one is done
in such an improved form, which makes wordily taxa
diagnoses meaning. The traditional layout does not
allow to do this, so readers of taxonomic papers use to
study illustrations, keys, legends for phylogenetic
dendrograms and other supplementary materials
rather than the main text. In contrast to such literature,
here all useful information is concentrated in the
main text (Chapters I-VII). The book is supplied
with figures; these are illustrations for the text, but
not an atlas, and the reader should not try to learn
mayfly system watching the figures only.

The "Index of characters" represents an important
component of the layout used here. But the reader
should be prevented from possible mistakes: 1) This
is an index of characters, but not an account of them;
it only sends the reader to certain places of the main
text, but does not give final information about taxa
and their characters. For example, if there is written
"Larva flattened dorsoventrally: Acanth-
ametropus/fgl (6), Ametropus (1), Chiloporter (2),
Heptagennota (1)", it does not mean that larvae of
these taxa are especially flattened, and others are not;
here are only indicated places in the main text, where
something is written about flatness of larva (the
character No.6 in the characteristics of
Acanthametropus/fgl, etc.). It is the same as a

well-known alphabetic index, but with subjects
accounted not alphabetically, but according to parts
of the body. 2) While this index somewhat resembles
a matrix of characters used in numeric cladistics, do
not try to count the characters in this index! Only
those who do not understand Darwin’s theory,
Hennig’s method, and elementary mathematics, think
that counting characters can be useful (for detailed
explanation see Kluge 2000 and Internet publication
http://www .bio.pu.ru/win/entomol/ KLUGE /sys-ins.
htm).

Instead of traditional rank-based nomenclature,
here is used a system of two non-ranking nomencla-
tures: the hierarchical nomenclature based on the
ICZN, and the circumscriptional nomenclature; the
first one is applied for each taxon, the second — for a
few taxa only. All former attempts to write a serious
comprehensive taxonomic analysis of large groups
using the rank-based nomenclature only were not
successful; this made me use a more complicated but
more powerful nomenclatural system. In contrast to
some other nomenclatural systems proposed in the
last years, this one does mnot contradict the
International Code of Zoological Nomenclature and
allows the more effective use of all names
accumulated in zoological literature since 1758.
Principles of nomenclature are explained here in the
Introduction.



INTRODUCTION

A BRIEF HISTORY OF MAYFLY
CLASSIFICATION

In the early classifications (Linnaeus 1758, et al.) all
mayflies, constituting a single holophyletic genus
Ephemera Linnaeus 1758 (placed to artificial order
Neuroptera), were divided into two groups according
to the number of imaginal caudalii — 3 or 2. Each of
these groups was actually polyphyletic. The imaginal
paracercus is developed in the majority of European
Furcatergaliae and vestigial in the majority of
European Tridentiseta and Branchitergaliae; thus if
one studies superficially the European species only,
an impression could appear that this character allows
one to divide mayflies into natural groups. However,
more detailed examination of mayflies reveals that
representatives with 3 and 2 caudalii occur in many
evidently holophyletic taxa (see Index of characters
[2.3.20]). After Latreille (1802) introduces a rank of
family to zoological systematics, it became possible
to raise the rank of mayflies from genus to family and
to attribute generic ranks to subordinated groups. In
the beginning of the XIX century there were attempts
to divide mayflies into subordinate groups based of
presence or absence of hind wings (Leach 1815, et
al.); all mayflies were divided into 4 genera:
Ephemera (3 caudalii and 4 wings), Brachycercus
Curtis 1834 (3 caudalii and 2 wings), Baetis Leach
1815 (2 caudalii and 4 wings) and Cloeon Leach 1815
(2 caudalii and 2 wings). However, the type species
of the generic names Baetis and Cloeon appear to be
related (recently both are placed to Turbanoculata),
and the genus Baetis in such sense appears to be very
heterogenous. Later, the number of genera was
increased (Pictet 1843-1845, et al.), but the
classification remained artificial.

Eaton (1883-1888 et al.) made a comprehensive
revision of mayfly species and suggested a new
classification. His taxa diagnoses are based on adult
characters only and are rather formal; larval structu-
res are excellently illustrated but insufficiently
described; for many taxa larvae were unknown or
associated wrongly. It is even difficult to understand
how such detailed and absolutely correct drawings of
larvae could be made by the investigator, who did not

know the taxonomic significance of many characters
shown on them. Many supraspecies taxa established
by Eaton were natural, although they did not have
sufficient diagnoses.

Later (Lestage 1917, et al.) ephemeropterologists
paid more and more attention to larval characters
rather than to imaginal ones, and established classifi-
cations based mainly or solely on larval characters.

Since the artificial Linnaean order Neuroptera
was completely divided into smaller natural orders
(the process started by Burmeister 1829, and finished
by Packard 1886 and Handlirsch 1903), mayflies got
ordinal rank and were divided into a number of
families and superfamilies, which in large degree
corresponded to sections, series and groups proposed
by Eaton (1883-1888) to the former family
Ephemeridae. Basing mainly on larval characters,
authors of new classifications changed many of these
taxa to make the classification more natural and
suggested different phylogenetic schemes (Ulmer
1920b, Edmunds & Traver 1954, Demoulin 1958,
Tshernova 1970, Landa 1969, Riek 1973, et al.).
Recently it is usual to accept several superfamilies,
approximately from 10 to 40 families and several
hundred genera.

Attempts to divide mayflies into highest taxa has
undergone the following evolution.

1) McCafferty and Edmunds (1979) divided all
mayflies into Pannota and Schistonota, regarding
Pannota to be holophyletic, and Schistonota to be
paraphyletic. Even if one agrees with the phylogene-
tic hypothesis of these authors, this classification is
not good, because here the paraphyletic taxon is
larger than the holophyletic one.

2) Because of this, Kluge (1989), based on the
same phylogenetic theory, suggested dividing may-
flies into Furcatergalia (which included Pannota and
a part of Schistonota) and Costatergalia (which
included a part of Schistonota), regarding Furcater-
galia to be holophyletic, and Costatergalia to be
paraphyletic. In this classification, the two taxa
regarded to be holophyletic and paraphyletic have
subequal species numbers, which is also not good,
but better than the previous classification.

3) The next step was made by McCafferty (1991),
who divided the paraphyletic taxon Costatergalia into
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(1991), who divided the paraphyletic taxon Costater-
galia into two, thus dividing mayflies into three taxa
of equal rank — Pisciforma (paraphyletic), Setisura
(assumed to be holophyletic) and Rectracheata
(subequal to Furcatergalia and assumed to be holo-
phyletic).

4) The next step in this direction was made by
Kluge (oral presentation 1992 and publication 1998),
who united the taxon Eusetisura (subequal to Seti-
sura) with Furcatergaliae (subequal to Furcatergalia
and Rectracheata) to form a large holophyletic taxon
Bidentiseta.

Such subsequent change of classification agrees
with the general rule, according to which in course
of investigation, classification always approximates
to the cladistic ideal never reaching it (Kluge 2000).

If one ignores disagreements conceming the
systematic position of some small taxa (Baetisca,
Prosopistoma, Pseudiron and Vetulata) which made
us create new circumscriptional names for higher
taxa, the change of classification can be shown as
following (TABLE 1).

However, the phylogenetic hypotheses on which
the classifications by McCafferty & Edmunds (1979),
Kluge (1989) and McCafferty (1991) were based,
are now regarded to be not quite correct: attributing
Baetisca and Prosopistoma to taxa Pannota, Furca-

tergalia and Rectracheata now is regarded to be
wrong (Kluge 1992-1998, McCafferty 1997); attri-
buting Pseudiron to Setisura now is also regarded to
be wrong (Kluge 1992-1998, Wang & McCafferty
1995); the taxa Ractracheata (uniting Vetulata with
Furcatergalia) and Pannota are polyphyletic.

Taking into account these corrections, a new
classification was suggested, where mayflies are
divided into Posteritorna and Anteritorna, and the
later — to Tridentiseta and Bidentiseta (Kluge 1992
1998). In the present monograph, this classification
is accepted.

The general classification of mayflies can be
correctly understood only by taking into account
particular classifications of subordinate taxa. A lot
of papers on systematics of selected mayfly taxa
were published; especially useful ones appeared in
the last decades. Review of this literature would take
too much space; the reader can find references to the
most important papers in the Special Part of this
book, where references for each taxon under
consideration are given. Several taxa that are not
recognized in the presented classification, are here
also characterized and supplied with references (see
divisions "Classifications of .." and "Systematic
position of ..." in the Special Part).

Table 1. Simplified version of development of higher mayfly classification from 1979 to 1998. Taxa shown in the same
line, do not exactly mach in circumscription, thus they have different circumscriptional names. Names of wittingly
paraphyletic taxa are shown by bold. For other explanations see text and alphabetic Index of supraspecies taxa names.

Ranking names of 6
taxa which include

General classification of Ephemeroptera by:

Phylogeny most part of

McCafferty &
Ephemeroptera

Edmunds 1979

Kluge 1989 McCafferty 1991 | Kluge 1992-1998

Baetis/fg

Heptagenia/f1=
Oligoneuria/gl

Leptophlebia/fgl
Ephemera/fg

Schistonota

Pisciforma Tridentiseta

Costatergalia
Setisura
Bidentiseta

Caenis/fl=
Brachycercus/gl

Ephemerella/fgl

Pannota

. Rectracheata
Furcatergalia




METHODS OF ASSOCIATING
LARVAE AND ADULTS

Mayfly systematics is based on a combination of
larval, subimaginal and imaginal characters; however,
larvae and winged stages (subimago and imago) are
so different, that their association represents a special
problem. In literature one can find many mistakes,
when such association was made wrongly, so that
larvae and imagoes of different species were regarded
as belonging to the same species, and vice versa, that
of the same species were described as different
species. Such confusions were made not only on the
species level, but on the level of supra-species taxa
(genera and families) as well.

Some features of winged stages can be found in
the larval stage; this helps to associate them. As in
other Pterygota, wing venation is the same in larval
wing buds and adult wing (FIGS 37:A; 75:A). Some
authors confuse venation with tracheation; trachea-
tion strongly changes during larval development,
while venation remains constant. In the larval wing
bud venation represents a system of internal hypo-
dermal channels, which can be seen on translucent
slide as light lines. For this purpose it is necessary to
take such larva, which is not preparing to moult to
next instar or to subimago, in other case wing
hypodermis with its channels is crumpled under the
larval cuticle.

Mature larvae, which are preparing to moult to
subimago, can be used to extract and study subima-
ginal features — thorax sclerotization (FiG.102:A-B),
caudalii, sometimes genitals (FIG.84:B—C) and others.
Subimaginal wings extracted from mature larva, can
be spread after treating by alkali. Structure of
subimaginal tarsus with claws can be studied on
translucent slide of total larval leg in Canadian
balsam; in shortly-moulting mayflies the same slide
allows to study structure of imaginal tarsus with
claws as well (F1G.98:A-B).

Examination of mature larva allows one to study
only selected adult characters, but not all of which are
necessary; particularly, in many mayfly species
crumpled subimaginal genital buds inside mature
larvae differ from imaginal genitals so strongly, that
their comparison does not allow the association of
larvae and adults correctly.

In most cases exact association of larvae and
imagoes can be made by rearing only. The aim of
rearing is to get such specimens, each of which has:
(1) exuviae of mature larva of last instar, (2) exuviae

of subimago, (3) imago. In order to do this, it is
necessary to collect mature larvae, put them in a cage
with water, wait until larva moults to subimago, then
take its larval exuviae to alcohol and move subimago
to another cage without water, than wait until
subimago moults to imago and put imago and its
subimaginal exuviae in alcohol together with the
larval exuviae. Here are given suggestions how to do
it successfully.

Some larval mayflies, especially those, which
normally inhabit stagnant waters, can be kept in a
simple aquarium or a can, until moulting to subimago.
But larvae normally inhabiting running waters,
especially mountain streams, can not live in stagnant
water for a long time. For all species it is best to use
special water-cages made of net and put into natural
running water (not obligatory to the same stream
where these larvae inhabit).

The author uses water-cages of original construc-
tion, which can be folded and packed compactly
when travelling, and can be used in all kinds of
running waters, including mountain streams and
greatest rivers, independently of weather and water
level. Here are shown two variants of such
water-cage: The 1* variant (FIG.1:A-B) has 2 frames
made of aluminium attached from outside by threads
to an integral cube of polyamide (kapron) net, which
has 5 equal walls — 4 side walls + bottom. The 2™
variant (FIG.1:C-D) has 2 walls made of translucent
plastic and 3 walls (2 side walls + bottom) made of an
integral band of polyamide net.

In the both cases the net cube (either made of the
polyamide net or the polyamide net and translucent
plastic) continues above by a tube made of textile.
Framework (made of aluminium or translucent
plastic) is supplied with 4 floats made of foamy
plastic, two of which are attached to the framework,
and other two are removable and serve to make the
whole construction rigid when ready for work.
Removable bracket with a string on its top allows
closing the textile part and at the same time
supporting it, in order not to allow emerged
subimagoes to fly away. A plummet under the
water-cage prevents overturning by wind (that is
especially likely in rain when the textile above is wet
and heavy). A long polyamide cord serves to tie the
water-cage to something on the bank.

If there is no necessity to pack water-cages
compactly for travelling, the water-cage can have
simpler construction. In all cases it must have
following details. The water-cage is supplied with
floats in such a manner that when floating, a half of
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the water-cage is located in the water, and a half
above the water, to allow subimagoes escape from the
water. Water-cage must be not large, about 12 cm
high (without the textile part) and 12 cm with: in
larger water-cage it is difficult to find larval exuviae
of small species, and smaller water-cage does not
allow looking into it by both eyes when searching for
larval exuviae and emerged adults. Walls (at least
partly) are made of fine polyamide (kapron) net (cell
0.4 mm). The bottom is made of the same net, as the
walls: the dust brought by water current through the
walls must fall down thorough the bottom not
accumulating on it. Inside the water-cage, there must
be no places where larvae or their exuviac can be
hidden; the framework and sutures must be outside,
but not inside. No objects (stones, sand, leaves, sticks,
etc.) should be putted into the water-cage; the
polyamide net is a comfortable substrate for mayfly
larvae, and water current brings enough food though
the net for that larvae, which are not mature enough to
stop feeding. The polyamide part of the water-cage is
opened from above and continued by a textile tube,
which has the same width as the polyamide part and
subequal length. This allows to open and close the
water-cage wider or narrower depending on beha-
viour of the emerged subimagoes, not allowing them
to fly away. Cotton textile is a comfortable substrate
for subimagoes. When closed, the textile part should
have the form of a high roof to give more space for
subimagoes, and to protect them from rain. The
water-cage floating in running water should be fixed
by a cord to something on the bank (tree branch, stone
or something other).

Many (up to several dozens) larvae can be placed
at once into the same water-cage, but it is better to use
several water-cages.

It is preferable to check water-cages often, not
less than three times a day, in extreme cases not less
that once a day: if larval exuviae stay in water longer
than one day, they are destroyed. Emerged subima-
goes should be removed from the water-cage to an
air-cage.

Such air-cage can be a glass tube about 10 cm
length and about 2.5-3 cm in diameter, and is closed
by cotton-wool (FIG.1:E). Inside the tube it is
necessary to put a piece of paper, which is somewhat
shorter than the tube and somewhat wider than its
diameter; this paper must be immovably pressed to a
wall of tube. It has three functions: (1) a comfortable
substrate for subimago, that makes it to sit quietly and
not to spend energy for flying; (2) water absorption;
(3) label, on which a specimen number is written by

pencil (the same number has the tube with alcohol
containing larval exuviae of this specimen). It is
necessary to move subimagoes from the water-cage
to the air-cage, not touching them by fingers or pincer.
Subimago sitting on the wall of the water-cage, can
be covered by the air-cage; subimago sitting on the
water surface can be moved with help of thin stick, to
which it crawls if place the stick in front of subimago.
It is very important to note, that glass air-cage with
subimago never should be kept at direct sun light,
even for a moment; it must be always in shade orina
box. Most subimagoes (apart of shortly-moulting
ones) develop in about 24 hours — some times less or
some times more, quicker in the warm and longer in
the cold.

A usual error made when rearing, is confusing of
larval exuviae and adults of externally similar species
when several larvae are kept together in the same
water-cage. In order to avoid this, it is necessary
either to use individual water-cages for each
specimen (that is rather difficult), or to take out
carefully all emerged subimagoes and larval exuviae
each time when check the water-cage. For this
purpose, it is important not to confuse exuviae of
mature larvae from which subimagoes emerged, with
exuviae of younger larvae, from which larvae of next
instar emerged.

All stages of mayflies can be preserved in alcohol
of high concentration (75% and higher). As these
insects are delicate, it is better to put them into tubes
full of alcohol and closed by cotton wool, and to put
these tubes into a hermetically closed glass with
alcohol: in this case tubes should not contain air bulbs,
which could destroy mayflies if shaken.

For examination, it is useful to make slides of all
parts of mayflies and their exuviae. Separated parts
can be mounted in Canadian balsam; this allows to
study not only cuticle, but muscles as well. Delicate
translucent cuticular parts — colourless wings, tergalii,
subimaginal exuviae and cuticular parts treated by
alkali — can be mounted in glycerine to see better their
details (in this case cover glass can be glued to the
mount by Canadian balsam by sides).
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Figure 1. Cages for rearing mayflies.

A-D - Two different variant of water-cages for rearing subimagoes from larvae: A~B — 1* variant of water-cage, made of
polyamide net with aluminium framework: A —in assembled condition ready to use; B — in disassembled condition; C—D — 2™
variant of water-cage, made of polyamide net and translucent plastic: C — in assembled condition ready to use; D — scheme of
horizontal section, to show method of fastening of plastic walls, net walls and non-removable floats. E — air-cage for rearing
imagoes from subimagoes.

a — cube (without upper wall) made of polyamide net; b — textile tube; ¢ — 2 aluminium frameworks attached to polyamide
net by threads; d — 2 foamy plastic floats attached to framework; e — 2 removable foamy plastic floats; f — 4 metallic staples to
fix removable foamy plastic floats; g — removable metallic bracket with string; h — polyamide cord; i — plummet; j — 2 walls of
thick translucent plastic; k — 2 square plates of thin translucent plastic; 1 — band of polyamide net forming two walls and
bottom; m — schematically shown two spaces, where thick and thin plastic plates are glued together by the same translucent
plastic dissolved in chloroform.
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PRINCIPLES OF NON-RANKING
ZOOLOGICAL NOMENCLATURE

Classification of living organisms always reflects
ideas about phylogeny (or "natural system" of older
authors), independently which explanation to prin-
ciples of systematics was given by these or that
authors. The main problem in phylogenetic investi-
gation, is a necessity to use a great number of facts
concerning characters and their distribution among
organisms. There are no direct methods for recon-
structing phylogeny; thus we have to use a single
known indirect method — cladistic analysis (it can be
called also scientific cladistic analysis, in order to
avoid confusion with the numerical cladistic
analysis). The scientific cladistic analysis, or analy-
sis of apomorphies, never gives a correct final result,
but allows an approximation of it; the process of
such approximation is endless when more and more
characters are taken into account. In this situation
strict principles of text layout and nomenclature of
taxa become important components of scientific
work. C. Linnaeus elaborated such principles for the
XVIII century scientific level, and they allowed
reaching great success during the subsequent quarter
of the millennium. Thanks to this, a great number of
facts was accumulated, and phylogenetic theory was
elaborated, which, in its turn, made the Linnaean
principles out of date.

Particularly, the ranking zoological nomenclature
elaborated by Linnaeus (1758) and Latreille (1802)
and adopted by the modem International Code of
Zoological Nomenclature (2000) in our days is not
enough to supply with names all taxa in a serious
scientific classification. Working on the present
monograph and the book "Modem systematics of
insects", the author had to restudy general principles
of biological nomenclatures and to elaborate a new
system of non-ranking nomenclatures for zoology
(Kluge 1999a, 1999b, 1999c).

Problems of reconstructing phylogeny, principles
of systematics and principles of all zoological
nomenclatures are discussed in detail in the book
"Modern systematics of insects. Part I" (Kluge
2000); the English translation of the chapter on
systematics and nomenclature from this book is
available from the Internet, http://www.bio.pu.ru/
win/entomol/KLUGE/sys-ins.htm. Here are repeated
only the most important explanations for the non-
ranking nomenclature used in the present book.

Why do different types of nomenclature coexist?

Classification cannot be permanent; instead, it is
subject to incessant change, because it is based on
phylogeny, and there is no direct way to reconstruct
phylogeny; as all methods of reconstructing phylo-
geny are indirect and rely on the entire body of
biological knowledge, and the latter is continuously
growing, the process of adjusting our idea of phylo-
geny, and hence changing classification, will be
endless as well. So there is no hope that a perfect
and final classification of living organisms would
ever be built. Should a constant classification
appear, rules of nomenclature would become
redundant, as the names of all taxa in such classifi-
cation will only need to be validated once and for
all. It is the inability to create such a classification
that forces us to set universal rules of naming taxa.

All principles of nomenclature pursue a single
aim: to have names firmly stick to taxa. Yet any
taxon has many different attributes, which include
its circumscription, diagnosis, rank, position in the
classification, etc. It is impossible to make a name
refer to all such attributes at once, because any
change of the classification entails changes in these
attributes. For example, in different classifications
taxa of the same circumscription may have different
ranks, different diagnoses or be assigned to different
higher taxa; and vice versa, taxa of the same rank
can have different circumscriptions, and so on.
Nomenclature must support ever-changing classifi-
cation, which implies that a name can only be
associated with just one attribute of a taxon.

Based on the attribute with which a name is
associated, several fundamentally different types of
nomenclatures can be recognised, viz. rank-based,
circumscription-based, description-based, phyloge-
ny-based, hierarchy-based, etc. Among them, only
rank-based, hierarchy-based, and circumscription-
based ones are meaningful. Their difference is
shown in FIG. 2.
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Circumscriptional nomenclature

Five variants of ranks arrangement (1-5)
are shown; one rank (genus) and one name
(A-us) are everywhere marked by bold to
demonstrate that certain name (A-us)
always belongs to taxa of the same
circumscription (the darkest rectangle), in-
dependently of their ranks.

Ranking non-typified nomenclature

Five variants of ranks arrangement (1-5)
are shown; one rank (genus) and one name
(A-us) are everywhere marked by bold to
demonstrate that certain name (A-us)
always belongs to taxa of the same rank
(genus), while these taxa can have
different circumscriptions.

Ranking typified nomenclature

Five variants of ranks arrangement (1-5)
are shown; one rank (genus) and one name
(A-us) are everywhere marked by bold
(see above). A-oidea, A-idae, A—inac and
A-ini are typified names formed from the
generic name A-us; rank-depending
endings are given according to ICZN (in
different ranking typified nomenclatures
different endings are used).

Hierarchical nomenclature

[eoe]| [eee]

Figure 2. Difference between circumscriptional, ranking and hierarchical nomenclatures. Different nomenclatures are
applied here for the same classification of 12 species (black dots) united in 7 hierarchically subordinated supra-species taxa
(rectangles) of 3 ranks; names are applied to 3 subordinated supra-species taxa (rectangles with shaded borders), which
have 3 different ranks.
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Rank-based (ranking) nomenclatures

In these nomenclatures a name is associated with a
certain rank of taxon (such as genus, family, etc.) and
is subject to change whenever the rank changes, but
remains the same when other attributes (such as
circumscription or position) change (FiG.2). The
ranking nomenclature still plays a major role in
taxonomy, because all international codes, including
the International Code of Zoological Nomenclature,
are based on this principle. A significant shortcoming
of ranking nomenclature is that names are associated
with a purely conventional taxon’s attribute, i. e. its
rank. In different classifications the same ranking
name can be assigned to taxa of different
circumscription while taxa consisting of the same
members (i. e. having identical circumscriptions)
should be given different names within the same
ranking nomenclature if such taxa have different
ranks. As a result, ranking nomenclature may cause
confusion (Kluge 1996¢, 1999a—, 2000).

Hierarchy-based (hierarchical) nomenclatures

In hierarchy-based nomenclature a name is associated
with the taxon’s placement within hierarchical
classification and does not depend on rank (FiG.2).
This nomenclature is based on the recently enacted
International Code of Zoological Nomenclature
(ICZN), yet overcomes some important flaws of the
ICZN’s ranking principle.

Generic names, that fall under rules of ICZN and,
thus, are rank-based by definition, can be used not
only in rank-based nomenclature but to derive
hierarchy-based names as well, in which case type
species of generic names, authorship, priority and
co-ordination all work just as provided by the ICZN.
Unlike in the ICZN’s nomenclature, in the
hierarchy-based nomenclature no name is assigned
absolute rank (such as genus, family, etc.), but refers
rather to a relative rank indicated by the number of
higher hierarchically subordinated taxa. That’s why
the hierarchy-based nomenclature can be used in
non-ranked classification.

The hierarchy-based, or hierarchical name
(NOMEN HIERARCHICUM) consists of an available
generic name (or, better, of an available name of
genus-group in terms of the ICZN) to which, after a
slash, are attached the letter(s) "f" and/or "g" and a
number ("1" or higher). Here is the procedure to
create a hierarchy-based name: first we pick the
oldest generic name within the taxon in question.

Since in our classification we use no ranks and just
disregard them, the priority of the generic name can
be established based on authorship of either
genus-group or family-group names (according to
ICZN, they may not be the same). After the slash we
insert either a "g" (as in "genus") if the priority gets
established based on genus-group names, or an "f" (as
in "familia" — family) if we establish it based on
family-group names. Number "1" is attached to the
taxon, which in our hierarchical classification is the
largest (highest) among taxa, for which this generic
name is the oldest within the chosen group of names
(i. e. within the genus-group for names followed by
"g" or within the family-group for names followed by
"f"). Subordinated taxa with the same generic name
are numbered according to their order of
subordination in such a way that the smaller (lower)
is the taxon, the higher is the number.

For example, the taxon uniting Behningia ulmeri,
Dolania americana and Protobehningia asiatica,
in hierarchical nomenclature can be named
Behningia/gl. The generic name Behningia
Lestage 1930 is the oldest among genus-group
names whose type species are included into this
taxon (i. e. Dolania Edmunds & Traver 1959 and
Protobehningia Tshemova & Bajkova 1960). The
number "1" is attributed to this taxon, because this
is the highest taxon for which the generic name
Behningia is the oldest. If we take a higher taxon
(in our classification it is Fossoriae), it will include
the type species of the older name Ephemera, thus
its hierarchical name should be formed from
"Ephemera", but not from "Behningia". The taxon
subordinated to Behningia/gl can be named
Behningia/g2, and the taxon subordinated to it —

Behningia/g3:
Behningia/gl
/ \
Protobehningia Behningia/g2
/ \
Dolania Behningia/g3

The taxa with the same oldest generic name are
numbered from the highest to the lowest, not vice
versa, because the highest one can be easily identified
based on priority, while taxa splitting can be
unlimited.

Based on genus-group priority rules alone, one
can assign unique hierarchy-based names to all taxa
within a classification. However, as the current Code
provides for a separate priority for family-group
names, the hierarchy-based names generated under
the rules for the genus-group give no idea what
should taxa names be in a rank-based nomenclature if
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assigned family-group ranks (i. e. if we treat these

taxa as tribes, subfamilies, families, or superfamilies).

In this book hierarchy-based names are presented in
such a format that allows converting them into
familiar-looking rank-based names without recurring
to any additional information. All we need to make a
hierarchy-based name convertible to rank-based one
is adding to it, with an "=" in between (no spaces),
another hierarchy-based name, this time the one
obtained based on family-group priority. In this case
the name base is spelled out in its original form (. e.
as a generic name, without family-group endings)
followed by a slash and an "f" instead of "g". Both the
generic name and the number established based on
genus- and family-group rules often match; in such
cases we just write down one generic name with the
letters "fg" and the number.

For example, the generic name Behningia is a base
for family name Behningiidae Motas & Bacesco
1937 and other available family-group names with
the same authorship; thus, in the example given
above, taxa names can be written as following:

Behningia/fgl
/ \
Protobehningia Behningia/fg2
/ \
Dolania Behningia/fg3

If the generic names are identical but the numbers
are not, we insert into the hierarchy-based name both
numbers with their respective letters, separated by an
"=" without spaces. If the generic names are not
identical we write down both generic names
(separated by an "=" without spaces) with their
respective letters and numbers.

For example, there is a taxon that includes type
species of two generic names: Caenis Stephens
1835 and Brachycercus Curtis 1834, of which the
latter is older; however, the oldest family-group
name derived from the name Caenis — Caenidae
Newman 1853 — is older than the oldest
family-group name derived from Brachycercus —
Brachycercidae Lestage 1924. The taxon including
both type species will have the hierarchy-based
name Caenis/f1=Brachycercus/gl. Such spelling
means that under ICZN rules, if this taxon is
assigned genus-group rank its name will be
Brachycercus, while if assigned family-group rank
its name should be derived from the generic name
Caenis. One of subordinated taxa within
Caenis/f1=Brachycercus/gl also includes both type
species, and its hierarchy-based name will be
Caenis/f2=Brachycercus/g2. In rank-based nomen-
clature this taxon also can be either named

Brachycercus or get a typified name derived from
Caenis, depending on whether we consider it a
genus-group or a family-group taxon. This taxon, in
turn, contains two taxa: one including the type
species of the generic name Caenis, and another —
the type species of the generic name Brachycercus.
The hierarchy-based names of these taxa will be

Caenis/f3=gl and Brachycercus/f1=g3,
respectively. Hierarchy of these taxa looks as
follows:

Caenis/f1=Brachycercus/gl
/ \

Neoephemera/fgl Caenis/f2=Brachycercus/g2

/ \
Caenis/f3=gl  Brachycercus/f1=g3

As  classification changes, numbering in
hierarchy-based names also shifts, so depending on
classification taxa of the same circumscription may
have different names, while taxa of different
circumscriptions may be named identically.
Hierarchy-based and rank-based nomenclature share
such disadvantage, only circumscription-based
nomenclature (see below) is free of it. The important
benefit of hierarchy-based nomenclature is that the
names shift only if there are changes in the
classification, i.e. if the subordination of taxa is
modified, while in rank-based nomenclature names
change with any rank shift as well. Unlike rank
changes, always purely discretional, classification
changes are always based on evidence and can be
discussed.

If a hierarchy-based name is used, it may be
helpful to provide details on how taxa are arranged in
this classification, as a comment on the name’s
number. This can be done when the name is first
mentioned, listing (in parentheses) generic names of
closest excluded taxa (using "sime", Latin for
"without") and those of directly subordinated taxa
(using "incl." — incluso, including).

For example:
Behningia/fg2 (sine Protobehningia; incl. Dolania).

If the name mentioned for the first time has
number much larger than "1", it can be helpful to list
also excluded generic names of higher taxa.

For example, in this book classification starts with
the taxon Gnathopoda Lankester 1881, which
hierarchical name is written as "Araneus/fg6 (*sine
Spongia; *sine Fasciola, Medusa et al.; *sine Homo;
Ssine Limax; Ssine Lumbricus; incl. Peripatus,
Macrobiotus, Linguatula)". This means that the
highest taxon, to which the oldest generic name
Araneus Clerck 1958 can be attributed, is
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Arancus/fgl (incl. Spongia) (circumscriptional
name — Metazoa Haeckel 1874); its subordinated
taxon is Araneus/fg2 (sine Spongia; incl. Fasciola,
Medusa et al) (circumscriptional name -
Eumetazoa Biitschli 1910); its subordinated taxon
is Araneus/fg3 (sine Fasciola, Medusa et al.; incl.
Homo) (in circumscription matches Coelomaria
sensu Haeckel 1898); its subordinated taxon is
Arancus/fg4 (sine Homo; incl. Limax) (circum-
scriptional name - Trochozoa Beklemischev
1944); its subordinated taxon is Araneus/fg5 (sine
Limax; incl. Lumbricus) (circumscriptional name —
Polymeria HadZi 1953; widely used name -
Articulata auct.); its subordinated taxon is
Araneus/fg6 (sine Lumbricus; incl. Peripatus,
Macrobiotus, Linguatula) (circumscriptional name
— Gnathopoda Lankester 1881).

Circumscription-based (circumscriptional)
nomenclatures

Under this approach a name is associated with a
certain circumscription of a taxon without regard of
its rank or position (FIG.2). Special circumscription-
based names have a wider circulation. Such a name
can be called either circumscription-based, or
circumscriptional (NOMEN CIRCUMSCRIBENS); in
the previous papers this term was translated from
Russian as "volumetric name" (Kluge 1999a,
1999b). Each circumscription-based name is
attached to a taxon of a given circumscription (i. €. a
certain set of members included, but not the number
of species). Most generally accepted circumscrip-
tion-based names are those of major taxa, but there
were no rules governing their usage until recently,
when such rules were suggested (Kluge 1999) based
on long established and well-proven custom.

To make a decision on using a circumscription-
based name, we assess the name based on three
criteria: 1) availability, 2) circumscription match,
and 3) validity (rank-based names are assessed by
availability and validity only). The key concept of
circumscription-based nomenclature is the "admis-
sible membership"”, based on which one can decide
whether several taxa are identical in terms of
circumscription. To determine whether taxa match in
circumscription, the following parameters have been
introduced (Kluge 1996):

Listed membership: the set of species, expli-
citly or implicitly referred to in the publication as
members of the taxon.

Net membership: listed membership less (1)
species whose position is considered uncertain in the

publication, and (2) species erroneously listed as
members of the taxon contrary to the diagnosis
provided for that taxon in the same publication.

Excluded membership: a set of species
explicitly or implicitly (see above) referred to in the
publication as non-members of the taxon or as
members of taxa other than those subordinated to it.

Net excluded membership: excluded member-
ship less (1) species whose position is considered
uncertain in the publication, and (2) species errone-
ously listed as members of another taxon contrary to
the diagnoses provided in the same publication.

Admissible membership, or admissible cir-
cumscription: any set containing all species of net
membership and no species of net excluded mem-
bership.

Original listed membership, original net mem-
bership, original excluded membership, origi-
nal net excluded membership, and  original
admissible membership — all refer to their respec-
tive parameters in the context of the publication
where the name in question was first published.

Criteria of availability for circumscription-based
names. Since rank- and circumscription-based
nomenclatures are inherently incompatible, it would
be helpful to effectively separate rank-based names
from circumscription-based ones. We propose to do
so using such criteria of availability that would make
names available as rank-related unavailable for
purposes of circumscription-based nomenclature,
and vice versa.

It would be appropriate to consider available for
purposes of circumscription-based nomenclature all
scientific names published since 1758 other than
species-, genus-, and family-group names subject to
ICZN, and other than typified names (those derived
from type-genera names using only suffixes, endings
and/or the stems "-form-" and "-morph-"). In that
case all species-, genus-, and family-group names
and all typified names (including both family-group
names and typified names of higher taxa) would be
available only as rank-based ones.

Examples: Odonata, Odonatoidea, Odonatop-
tera and Odonatopterata are available circum-
scription-based names, as they are derived from
"Odonata", which is not a generic name (though
some of these names have been first introduced as
rank-based). Ephemeroptera, Ephemeropteria
and Ephemeropteroidea are available circum-
scription-based names, as they are derived by
adding the stem"-pter-" to the generic name
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scription-based names, as they are derived by
adding the stem"-pter-" to the generic name
"Ephemera”. Oniscomorpha may be either an
available circumscription-based name if assigned
to a taxon within Diplopoda (where there is no
genus named Oniscus), or a typified rank-based
name if assigned to an eucrustacean group
containing the genus Oniscus.

Circumscription match. Depending on how well
names match taxa in terms of circumscription, names
may be mismatching, non-univocally matching, or
exactly matching.

Mismatching name is such an available circum-
scription-based name whose admissible circumscrip-
tion is inconsistent with the taxon's circumscription.
In circumscription-based nomenclature such a name
cannot be valid for this taxon by definition.

Non-univocally matching name (NOMEN CIR-
CUMSCRIBENS NON UNIVOCUM) is such an available
circumscription-based name whose admissible cir-
cumscription is not inconsistent with the circum-
scriptions of both the taxon in question and another
taxon (taxa) within the same classification.

Exactly matching name (NOMEN CIRCUMSCRI-
BENS UNIVOCUM) is such an available circumscrip-
tion-based name whose admissible circumscription is
not inconsistent with the circumscription of the taxon
while being inconsistent with the circumscription of
any other taxon within the classification.

Example: for the name Plectoptera Packard 1886,
the admissible circumscription would be any set
including its original listed membership (the family
Ephemeridae as it was generally accepted at that
time) and not including the original excluded
membership (all other insect taxa, which Packard
mentioned in the same paper as not belonging to his
Plectoptera). Adding new mayfly taxa described
thereafter into Plectoptera is not inconsistent with
the original admissible circumscription of the name
Plectoptera, because Packard, being unaware of
them, didn’t refer to them as non-members of
Plectoptera. Likewise, Packard said nothing on
whether Triplosoba, Protereisma and other extinct
Palacozoic groups remotely related to extant
mayflies are part of Plectoptera. This means that if
we use a classification where a taxon includes all
mayflies and Palacozoic groups, while its
subordinate taxon includes all extant mayflies but
no Palaeozoic groups, the name Plectoptera should
be considered non-univocally matching either
taxon.

The name Agnatha Cuvier 1798, which was
used by some authors (Borner 1904, Martynov

1924-1938 and others) for the same taxon as
Plectoptera, actually has original admissible
circumscription mismatching circumscription of
the taxon under consideration. Originally this name
(as "Agnathes" in French spelling) was attributed to
a taxon uniting the genus Phryganea (i.e.
caddisflies — Trichoptera) and the genus Ephemera
(i. e. mayflies). Because of this, its subsequent
attributing to mayflies only was regarded to be
wrong (Handlirsch 1904); this decision agrees with
recently proposed principle of circumscriptional
nomenclature (that can not be said about other
Handlirsch’s nomenclatural suggestions).

Circumscription-based synonymy. Different na-
mes matching the same taxon are
circumscription-based synonyms. Such synonyms
may be exact (SYNONYMA CIRCUMSCRIBENTIA
UNIVOCA) or non-univocal (SYNONYMA CIRCUM-
SCRIBENTIA NON UNIVOCA). Circumscription-based
synonymy fundamentally differs from the rank-based
synonymy, including synonymy as defined by ICZN;
unlike rank-based synonyms, circumscription-based
synonyms apply to taxa identical in circumscription,
but not necessarily in rank. Therefore, whenever we
mean circumscription-based synonyms we should
always make it clear. The valid circum-
scription-based name should be chosen among
circumscription-based synonyms, if any.

Validity of circumscription-based names. The va-
lid circumscription-based name is the oldest one
among exactly or non-univocally matching available
names of the taxon. If an exactly matching name is
also the oldest, it becomes the only valid name of the
taxon; if the oldest name is only non-univocally
matching, then the oldest exactly matching name
becomes the second valid name of the taxon.

Thus, unlike the rules for rank-based names, those
for circumscription-based names allow for more than
one valid name for a taxon.

For example, the taxon uniting extant mayflies
excluding Palacozoic groups, has the oldest
univocally matching name Euplectoptera Tillyard
1932, and more old non-univocally matching name
Plectoptera Packard 1886.

In the circumscription-based nomenclature,
exceptions can be made in usage of the principle of
priority, but never in usage of the principle of
circumscriptional matching. In exceptional cases a
younger name can be used instead of the oldest one;
reason for this can be homonymy, hemihomonymy,
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or other inconvenience of the oldest name, or general
acceptance and stability of the younger name.

The name Plectoptera Packard 1932, being not
preoccupied, nevertheless has an inconvenient
similarity with the name Plecoptera Burmeister
1839 (stoneflies); it was substituted by a younger
name Ephemeroptera Hyatt & Arms 1891, which
has the same admissible membership and in our
days is generally accepted.

Some authors (Demoulin 1956b, Tshermnova
1970) adopted the name Plectoptera for mayflies
including Permian representatives, but excluding
Carboniferous ones, and the name Ephemeroptera —
for mayflies in the widest sense, including Permian
and Carboniferous representatives. Other authors
(Tillyard 1932) used the name Plectoptera for
mayflies in the widest sense. According to the
principle of circumscriptional nomenclature, the
names Plectoptera and Ephemeroptera having the
same original admissible membership, can not be
arbitrarily used for different taxa of the same
classification.

The taxon uniting recent mayflies can be called
either Euplectoptera (if it is important to indicate
that it does not include the Palacozoic groups), or
Ephemeroptera (= Plectoptera) (in the cases when
this is not important, for example in faunistic lists
of recent species).

Combining circumscription-based and
hierarchy-based nomenclatures

Use of different nomenclatures. Among supraspe-
cific taxa, the hierarchy-based nomenclature based on
the natural hierarchy of the phylogenetic tree works
better than the rank-based one relying on purely
artificial absolute ranks, while on the species level the
rank-based nomenclature is adequate because it relies
on evidence-based definition of species.

Therefore it would be only appropriate to switch
to hierarchy-based nomenclature dealing with
supraspecific taxa while retaining the rank-based
nomenclature for species-group names. However,
circumscription-based nomenclature is  better
equipped to satisfy taxonomic needs than
hierarchy-based nomenclature, so if there is a choice
between hierarchy-based and circumscription-based
names, the latter should be preferred.
Hierarchy-based nomenclature has only one, yet very
important advantage over the circumscription-based
one: to codify the circumscription-based
nomenclature new rules are to be introduced
(including homonymy rules — see Kluge 1999),

published names catalogued and many new names
created, while to adopt the hierarchy-based
nomenclature all we need is current ICZN rules and
already available pool of genus-group and
family-group names, so we may go ahead converting
these rank-based names into hierarchy-based ones
using a simple procedure.

Format of species name in non-rank-based no-
menclature. Rejecting absolute ranks in supraspe-
cific taxa would mean getting rid of the generic rank
as well. But under ICZN any species name may only
exist as a binomen, i. e. combined with a name of a
genus (but not of a taxon of another rank). Specific
epithet can not be used unless in such a combination
since many epithets are used more than once
throughout the nomenclature; it is also impossible to
replace generic names in binomina with names of
supraspecific taxa of another rank(s) because this
would upset homonymy.

In a non-rank-based nomenclature, a species
name might have the following format: first goes the
specific epithet, then authorship and year (parenthesis
is never used: secondary binomina do not exist since
there is no binomina whatsoever), then the original
generic name in square brackets (whether it reflects
currently recognized position of the species or not); if
the original combination included a subgeneric name,
such name (in parentheses) may follow the generic
name in square brackets. This or similar format is
widely used in catalogues. The generic name works
here as a surname: initially given based on kinship, it
is not subject to change and is used for identification
purposes no matter how accurately it describes actual
relationship.

To indicate current position of the species we may
add, before the epithet, a hierarchy-based name of
any higher taxon where this species belongs; such
names will not be mistaken for generic part of a
binomen because of their distinct hierarchy-based
format. If the species is a type for the hierarchical
name, number in the hierarchical name before such
species name can be substituted by asterisk — "*".

The same species name can be written either as
Behningia/fg3 ulmeri [Behningial,

or.
Behningia/fg* ulmeri [Behningial.

Unlike the original generic name (the one in
square brackets) which can never be altered, the
hierarchy-based name in front is subject to change to
reflect progress in taxonomy.
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Such format has obvious advantages over the one
currently in use. The generic name within a binomen
is charged with two conflicting functions: (1) ensu-
ring the uniqueness of the species name, and (2) ref-
lecting the taxonomist’s opinion on the species
position. Each of these tasks is difficult in itself, and
trying to accomplish both at once it hardly practical.
As species position changes, homonyms may emerge
or vanish, thus creating the need to replace epithets;
this may lead to extremely puzzling situations where
the very identity of the species under discussion is not
clear and downright confusing. On the other hand,
there are cases requiring either more or less details
about species position, so generic name alone may
not be enough.

For example, in two different papers the names of
two obviously different species look like this:
species 1:

Epeorus znojkoi (Tshernova 1938),
species 2:

Epeorus znojkoi (Tshernova 1938).
Such name format sends confusing message on
which species is referred to in each case. The
following format carries much more information:
species 1:

nojkoi Tshermova 1938 [Ecdyonurus],
species 2:

znojkoi Tshernova 1938 [Iron].
If our knowledge about these two species would be
limited to original descriptions and type specimens
(adults only), their respective positions could be
presented as follows:
species 1:

Rhithrogena/fg2 znojkoi Tshernova 1938 [Ecdyonurus],
species 2:

Epeorus/g2 znojkoi Tshernova 1938 {Iron],
since the taxa Rhithrogena/fg2 and Epeorus/g2 are
well-defined based on adult stage. In current
classification, Rhithrogena/fg2 is divided into
Cinygmula/gl and Rhithrogena/fg3; Cinygmula/gl
and Rhithrogena/g3 are defined based on larvae
only. Epeorus/g2 is divided into Ironodes/g(1) and
Epeorus/g3, and the latter into Epeorus/g4,
Caucasiron/g(1) and other subordinated taxa;
Ironodes, Epeorus/f4 and Caucasiron are defined
based on larvae only. Now that the larvae of both
species are known, we may elaborate:
species 1:

Rhithrogena/fg3 znojkoi [ Ecdyonurus},
species 2:

Caucasiron/g(1) znojkoi [Iron};
or in a more detailed way:

Epeorus/g3 Caucasiron/g(1) znojkoi [1.].

All these alternative names showing the position of

species 2 are correct and differ only in the amount of
details they provide. In contrast, traditional name
format makes all but one binomen incorrect, while
the only "correct" binomen turns to be different
depending on publication.

The traditional binary format is very concise and
convenient whenever species taxonomy is not an
issue, €. g., in papers on ecology, physiology and
other non-taxonomic texts. In papers dealing with
species position and status it is advisable to use more
elaborate non-rank-based name format.

New names. In order to confer availability of a new
genus or family group name, this name should be
once published satisfying all provisions of availabi-
lity proposed by the ICZN. Theoretically, it would be
not important to indicate rank of the taxon in such
publication, but enough to indicate if the new name
belongs to the genus group or to the family group,
because in all ICZN’s rules the original rank is
ignored. However, it is not clearly said in the ICZN, if
a taxon name originally introduced without a rank,
becomes available, or not. In order to avoid confusion,
in this book new names are supplied with arbitrary
ranks. For example, a new family group name
Epeorini is here arbitrarily and temporarily supplied
with a tribal rank, in spite of the fact that its highest
taxon Epeorus/fgl is a subordinate taxon inside
Rhithrogena/fgl, which in its turn was earlier
proposed to be a tribe. In the same manner, new
genus group names are here arbitrarily and tempo-
rarily supplied with subgeneric ranks, while they can
belong to taxa subordinate to traditional subgenera
or/and divided into traditional subgenera.

Sliding binomina and polynomina. To show the
hierarchical subordination concisely, names may be
presented as binomina or polynomina. To do so,
names of two or more taxa are to be arranged
consecutively starting from the highest one; names of
circumscription-based,  hierarchy-based  and/or
rank-based nomenclatures may be used. There can be
either no punctuation marks between names, just like
between elements of binomina in the current
nomenclature, or hyphens can be inserted.

For example, names of selected taxa from this book
can be written as following:
Ephemeroptera Anteritorna Bidentiseta Branchitergaliae;
Branchitergaliac Heptagennota Pseudiron,;
Heptagennota Pentamerotarsata;
Pentamerotarsata Radulapalpata Rhithrogena/fg2;
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Rhithrogena/fg2 Cinygmula/g] cavurn Ubmer 1927 [Cinygmal;
or:
Ephemeroptera-Anteritorna-Bidentiseta-Branchitergaliae;
Branchitergaliac-Heptagennota-Pseudiron;
Heptagennota-Pentamerotarsata;
Pentamerotarsata-Radulapalpata-Rhithrogena/fg2;
Rhithrogena/fg2-Cinygmula/g1-cavum [Cinygma].

The layout of a taxonomic paper. Modern taxono-
mic papers of Linnaean tradition tend to give each
taxon a separate diagnosis, a description, and a
differential diagnosis (also called comparison or
discussion); the diagnosis is supposed to contain a
summary of diagnostic characters, the description to
provide a detailed characteristics of the taxon, and the
differential diagnosis to pinpoint what distinguishes it
from other individual taxa. Such reiteration of the
same characters is impractical, since description,
diagnosis and differential diagnosis are but vaguely
special. As a matter of fact, the description is just an
elaborate diagnosis, while the latter is nothing but a
concise description: both reflect only a part of the
taxon’s characters (the number of characters of any
taxon being infinitely large), and only those of
taxonomic importance. Differential diagnosis is
believed to be special in that the characters are
described in comparison with those of other taxa.
However, any character is meaningful only in a
comparative context, so the only thing which sets the
differential diagnosis aside is that it presents the
comparison expressly, while in both the description
and diagnosis the comparison is implicit. Yet a
scientific paper is no place for implicit statements: its
very aim is to expose the author’s findings and
opinions. That’s why it is essential for any taxonomic
text (be it a description, a diagnosis, differential
diagnosis or whatever you choose to call it) to
provide comparison in an explicit form.

Within the Linnaean tradition taxonomic diagno-
ses usually follow a certain plan whose standard vary
depending on rank. For example, if a diagnosis of an
order says that fore wings are transformed into elytra,
the diagnoses of other orders within the same class
will state that the fore-wings are not so transformed,
while the diagnoses of superorders may not mention
this character. Such an approach makes it easier for
the reader to find a character of interest while
avoiding redundancy in diagnoses of consecutively
subordinated taxa. But in papers following such a
plan the diagnoses of taxa would depend on purely
artificial absolute ranks, thus inconsistent with the
goal of building a natural system where taxa are

supposed to be natural entities.

In this book we use another approach to meet
taxonomic requirements. Each supraspecific taxon is
characterized following a universal rank-independent
scheme allowing to do without assigning absolute
ranks to taxa, i.e. to switch to non-rank-based
post-Linnaean classification. First the autapo-
morphies are listed, then the characters of unclear
phylogenetic status, then the plesiomorphies; finally,
or perhaps among plesiomorphies, variable charac-
ters of the taxon may be mentioned (usually referring
to lower taxa not discussed here). There is no special
paragraph for synapomorphies: all the apomorphies
shared with any other taxa are listed under
"Autapomorphies” of a higher taxon rather than
among characteristics of this one. All doubtful
synapomorphies are listed as "Characters of unclear
phylogenetic status"; this paragraph may be
subdivided as necessary. Each character is not only
described but also compared, whenever possible, to
other taxa; its unique or otherwise status is indicated.
If necessary, references are given [in square brackets)
to the description of a more general character in a
higher taxon.

All characters are numbered with the only
purpose to facilitate looking for similar items in
descriptions, not for counting characters. Character
counting used in all recent cladistic computer
programs deprives such programs of any scientific
meaning. One cannot assign numbers to characters
unless for the sake of convenience, as we do when we
arrange a text into sentences, paragraphs, chapters,
etc.; the numbers may not be attributed any biological
meaning.

A general "Index of Characters" is attached to the
main text (taxa characteristics). In the index, the
characters are arranged by structural parts to which
they belong; the arrangement of the structural pats
follows the usual pattern. Under each character entry,
taxon names are listed, each followed by a reference
number under which the character is described. To
facilitate the search, some characters are mentioned
in the index more than once. From the outside, the
index may look like the character list and matrix of a
cladistic paper, but it is just an index (like a table of
contents or an alphabetic index), not a base for
conclusions. The index lists all hierarchically
subordinated taxa discussed in the text, not only
"operational units" to be included into a matrix (the
cladistic "operational unit" is rank-related, which
makes it artificial and bhardly meaningful). The
numbers of structural parts used in the index are by
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no means a universal character numbering; each
character is given a number to refer to the taxon
description.

Authorship of each supraspecies taxon name is
given just below the corresponding title. In order not
to repeat several times the same authorship for
hierarchical names based on the same generic name,
authorship is everywhere given only for the
hierarchical name with number "1". Together with
authorship, there are given objective synonyms and
those subjective synonyms, which are based on type
species regarded to be conspecific.

Other subjective supraspecies synonyms are
absent in hierarchical nomenclature. In ranking
nomenclature, synonyms are taxa of the same rank. In
circumscriptional nomenclature, synonyms are taxa
of the same circumscription. In hierarchical
nomenclature, name has no fixed rank or circum-
scription; thus it has no subjective synonyms. Taxa
can have one or several genus-group names included
(in this book, all these names are listed in the end of
the taxon characteristics); these are not synonyms,
but names for subordinate taxa which can be
established.

Fonts. In agreement with recommendation of the
ICZN (Supplement B6), all names of genus-group
and species-group are given in Italics, and all other
names, including hierarchical names, are given in
normal font; it is not necessary to use Italics for
hierarchical names, because the symbol "/g" indicates
availability of the genus-group name.

Citation of authors and dates. Citation of authors
of taxa names used in this book, may seem to be
non-traditional. Actually there are no good rules or
traditions for such citation. Even in modern literature,
we can often see citation of author’s name without
date, such as "Ephemera L.", or "Ephemera danica
Miiller". Such kind of citation comes from tradition
existed in the XVIII and beginning of XIX century,
when it was well justified: At that time rules of
nomenclature did not exist, and there were no
concepts of availability, validity, priority, and
starting point of nomenclature. Many names came to
zoology from ancient Latin and Greek languages, and
no one zoologist could be regarded as the author of
such name. If different zoologists applied different
names for the same animal, or applied the same name
for different animals, no one of these zoologists could
be regarded to be wrong, and each zoologist

continued to use the same nomenclature in all his
publications. So, in order to clarify which animal is
understood under the certain name, one had to cite the
author after the animal’s name. Such author’s name
was often separated from the animal’s name by a
comma, and it was referred to the author in whose
sense the name us used, but not to the author
responsible for the name’s availability. In this case
date was not important, because the same author
often used the same name in all his publications, and
it was not important who used this name earlier.

Recently, according to the Code (51.2), when the
author is cited after the taxon’s name without
punctuation mark, this is the author responsible for
the name’s availability, but not for its current usage.
The availability is conferred by a certain publication,
which has a certain date. In accordance with principle
of priority, validity of an available name is provided
by the date of publication, but not by personal
services of the author (as it was proposed by
Linnaeus). Thus, in fact, the author’s name is cited in
order to cite the date, and its citation without date is
meaningless.

Nevertheless, there are no strict rules for the date
citation; it can be written without punctuation mark,
but often is separated from author’s name by a
comma. When a taxon name is used as a part of the
sentence (for example, as a subject), such comma
inside it can lead to grammatical confusion. The same
happens when there are more than two authors of the
publication conferring the name availability, and
their names are separated by commas.

In order to avoid commas, and at the same time
clearly distinguish taxon’s name from author’s names,
and to distinguish names of several authors (which
can consist of more than one word each), here date is
used without comma, and between all author’s names
ampersand is inserted: rubromaculata You & Wu &
Gui & Hsu 1981 [Cinygminal, or Coryphoridae
Molineri & Peters & Zuiiiga de Cardoso 2001.

Phylogenetic status of taxon

It is generally accepted to divide all taxa into
holophyletic [the term introduced by Ashlock (1971)
instead of "monophyletic" sensu Hennig],
paraphyletic [the term introduced by Hennig] and
polyphyletic [the term introduced by Haeckel] ones
(for detailed explanation — see Kluge 2000 and
English translation of this chapter in Internet,
http://www.bio.pu.ru/win/entomol/KLUGE/syst_1_2
.htm). Phylogenetic (cladistic) principle of systema-
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tics declares that all taxa should be holophyletic only,
but never polyphyletic or paraphyletic. However,
besides evidently holophyletic, paraphyletic and
polyphyletic taxa, there are many those which
phylogenetic status is not clarified yet, and they exist
in all classifications together with holophyletic ones.
Some authors call them "plesions"”, to distinguish
from holophyletic taxa; in the preliminary text of this
revision, the term "plesion" was also used in this
meaning. Dr J.G. Peters paid my attention to the fact
that in modern literature the term "plesion" is used in
various meanings, and helped to find its original
definition.

Indeed, Patterson and Rosen (1977) who intro-
duced the term "plesion" (in plural "plesions"),
applied it for taxa of any phylogenetic status,
including holophyletic ones, and used it to represent a
phylogenetic tree as a sequence of taxa rather than a
hierarchy of taxa: in their classification, several
plesions written one after another, mean that this is a
pectinate portion of phylogenetic tree, in which each
plesion is a sister group of all those that succeed it. In
this sense, the term "plesion” indicates systematic

position of the taxon and substitutes traditional
Linnaean ranks, but does not characterize the taxon
itself. In the ancient Greek, the word "plesion” (plural
"plesia") means neighbour in direct and indirect
meanings, that is close to the meaning of the term
"plesion" proposed by Patterson and Rosen. In the
same paper (Patterson & Rosen 1977:163) it was
suggested to put into quotation marks name of a taxon
which is "nonmonophyletic, or ... no longer contains
its type genus, or both". In order to avoid confusion, it
would be better not to use the term "plesion” and
quotation marks to signify paraphyletic taxa.

Instead, here 1is suggested a new term
"plesiomorphon" (in English plural "plesiomor-
phons", but not Greek "plesiomorpha"): plesiomor-
phon is a taxon characterized by plesiomorphies only;
thus, its holophyly is not proven, and possibly (or
probably) this taxon is paraphyletic, but its paraphyly
is also not proven yet. Plesiomorphon can be a taxon
of any size and systematic position in ranking or
non-ranking classification, living or fossil, with any
name (ranking, hierarchical, circumscriptional or
other).
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Chapter I

Systematic position of Ephemeroptera

Comprehensive discussion on various opinions
concerning the systematic position of mayflies
among other insects, and the position of insects
within arthropods is given in the book "Modern
Systematics of Insects” (Kluge 2000).

Here is a brief account of selected subordinated
taxa mentioned in this book:

1. Gnathopoda Lankester 1881, or Arthropoda s.L
Circumscriptional synonyms: Lobopeda Snodgrass
1938, Podophora Waggoner 1996, Panarthropoda
Zrzavy & Stys 1997, Antennopoda De-Haro 1998,
Hierarchical name: Araneus/fgé (*sine Spongia;
3sine Fasciola, Medusa et al.; “sine Homo; ’sine
Limax; sine Lumbricus; incl. Peripatus, Macrobio-
tus, Linguatula). Holophyly of this taxon is proven by
autapomorphies — reduction of coelome, opened
blood system, presence of chitin-containing cuticle,
and others. An opposite idea about polyphyletic
origin of different arthropod groups from different
annelids in course of independent "atrhropodization”
is not grounded. Particularly, absence of coelomic
sacs in all arthropods and their presence in all
annelids, vertebrates, et al., can be explained neither
by their function, nor by animal’s mode of life, as
each this group contains extremely diverse animals.
Gnathopoda are divided into Onychophora
Grube 1853 (or Peripatus/fgl), Linguatula/fgl,
Tardigrada Spallanzani 1776 (or Macrobiotus/fgl
[nomen oblitum: Arctiscon/fgl]), and Euarthro-

poda.

1.1. Euarthropoda Lankester 1904, or Arthropoda
s. str. Hierarchical name: Araneus/fg7 (sine Peri-
patus et al.; incl. Calymene, Scarabaeus). Holophyly
of this taxon is proven by autapomorphies — presence
of sclerites and articulated legs, unique complicate
visual system consisting of ocelli and facetted oculi,
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unique arthropod setae and others. An opposite idea
about polyphyly of this taxon (repeatedly erected in
the second half of the XIX century and in 60-70"
years of the XX century) is not grounded by any
apomorphies.

Euarthropoda are divided into a plesion Trilobi-
tomorpha Stgrmer 1944 (or Calymene/fgl) and two
holophyletic taxa — Pseudognatha Latreille 1821 (or
Araneus/fg8) and Mandibulata.

1.1.1. Mandibulata Snodgrass 1935 (non Mandi-
bulata Clairville 1798, nec Mandibulata Latreille
1825). Circumscriptional synonyms: Polygnatha
Latreille 1821 (non Polygnatha Cuvier 1805),
Cormogradi Crampton 1928, Entomomorpha
Lameere 1936. Hierarchical name: Scarabaeus/fgl
(incl. Cancer). Assumed autapomorphies of this
taxon are: peculiar structure of ommatidium of
facetted eye; mandibles bearing incisor, kineto-
dontium and mola (see Chapter II); presence of
superlinguae (see ibid.) and some others. However,
these characters are well-expressed in Eucrustacea
and Hexapoda, but not in Myriapoda; their absence in
Myriapoda can be explained either as a secondary
reduction, or as an independent origin of Myriapoda
and Pancrustacea Zrzavy & Stys 1997 (the taxon
uniting Eucrustacea and Hexapoda). The last idea
contradicts the assumption about holophyly of
Atelocerata.

With some doubt, we accept division of
Mandibulata into Eucrustacea Kingsley 1894 (or
Cancer/fgl) and Atelocerata.

1.1.1.1. Atelocerata Heymons 1901. In circum-
scription matches: Insecta SENSU Cuvier 1817 (non
Linnaeus 1758), Tracheata SENSU Pocock 1893 (non
Haeckel 1866). Hierarchical name: Scarabaeus/fg2
(sine Cancer; incl. Scolopendra). In favour of
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holophyly of this taxon testify reduction of first
postoral (tritocerebrum-innervated) limbs, reduction
of pretarsal extensor and some other apomorphies.

Atelocerata are divided into holophyletic taxa
Myriapoda Latreille 1802 (non Myriapodes Latreille
1796) (or Scolopendra/fgl) and Hexapoda.

1.1.1.1.1. Hexapoda Blainville 1816. In circum-
scription matches: Insecta SENSU Leach 1815 (non
Linnaeus 1758). Hierarchical name: Scarabaeus/
/g3 (sine Scolopendra; incl. Podura). Holophyly of
this taxon is well-proven by unique autapomorphies,
and no one fact is known that would testify against; in
spite of this, some authors regard Hexapoda to be
polyphyletic, that is a result of confusion provoked by
formerly used nomenclature (Kluge 1996c, 1999c,
2000).

Hexapoda are divided into holophyletic taxa
Entognatha Stummer-Traunfels 1891 (or Podura/
/fgl) and Amyocerata.

1.1.1.1.1.1. Amyocerata Remington 1954. Circum-
scriptional synonym: Ectognathata Boudreaux
1979; in circumscription also matches: Ectognatha
SENSU Hennig 1953 (non Stummer-Traunfels 1891),
Insecta SENSU Handschin 1958 (non Linnaeus 1758).
Hierarchical name: Scarabaeus/fgd (sine Podura,
incl. Lepisma). Holophyly is proven by peculiar
structure of antennae and some other apomorphies.

Amyocerata are divided into Triplura and
Pterygota.

1.1.1.1.1.1-1. Triplura Ewing 1942. Circumscrip-
tional synonyms: Ectotropha = Ectotrophi Grassi
1888, Ectognatha Stummer-Traunfels 1891,
Euthysanura Schepotieff 1909, Thysanuradelphia
Crampton 1916, Phanerognatha Krausse & Wolff
1919, Panthysanura Crampton 1928, Apterentoma
Chen 1958, Thysanurata Bey-Bienko 1962,
Zygoentomata Brusca & Brusca 1990. In circum-
scription also matches: Thysanura SENSU Lameere
1895 (non Latreille 1796) and Apterygota SENSU
Scharov 1966 (non Lang 1888). Hierarchical name:
Lepisma/ fgl.

Triplura unite Zygentoma Bomer 1904 (or
Lepisma/fg2) and Microcoryphia Verhoeff 1904 (or
Machilis/fg1). Possibly, Triplura is a holophyletic
taxon; an opposite idea about holophyly of
Dicondylia Hennig 1953 (uniting Pterygota and
Zygentoma) is not grounded (Kluge 2000).

1.1.1.1.1.1-2. Pterygota Lang 1888. Older circum-
scriptional synonym: Pterygogenea Brauer 1885;
younger circumscriptional synonyms: Eupleo-
merentomata Krausse & Wolff 1919, Pterentoma
Chen 1958. Hierarchical name: Scarabaeus/fg5 (sine
Lepisma; incl. Ephemera). Besides wings, which
have quite mysterious origin) and undoubtedly
evolved once (Kluge 1989a, holophyly of Pterygota
is proven by some other autapomorphies — integral
tentorium, presence of lateral cervical sclerites,
characteristic thoracic apodemes and sutures, and
others.

Pterygota are divided into Ephemeroptera (see
Chapters II-IIT) and Metapterygota.

The huge taxon Metapterygota Bo6rner 1909
units all winged insects except for mayflies and is
regarded to be holophyletic on the basis of the
following apomorphies (Kluge 2000).

(1) Only one winged stage is present — imago; i. e.
the moult, at which acting wings appear, is the last
moult in cycle of development. It is assumed, that the
imago of Metapterygota corresponds to the subimago
of Ephemeroptera, which lost ability to moult and got
ability to reproduce (Edmunds & McCafferty 1988).

Some authors regard the presence of single
winged stage in all Metapterygota to be not a syn-
apomorphy, but a convergence; according to their
opinion, in different phylogenetic branches of
Pterygota the primitive representatives had stages of
subimago and imago, and during further evolution
the stage of subimago was lost. This opinion is based
on the fact that for some extinct Palaeozoic
representatives of Palacodictyoptera and Poly-
neoptera, forms regarded to be "subimagoes" were
described(Sharov 1957, Sinitshenkova 1979, et al.).
These forms have smaller sizes of wings and smaller
number of branches of some veins, than in "imago"
attributed to the same species. In this respect, they in
essence differ from the subimago of Ephemeroptera,
which wings always have the same size and venation
as in imago. If it is assumed that the Palacozoic
long-winged "imagoes" were developed from the
short-winged "subimagoes", we would have to admit
that during ontogenesis there was disproportionate
growth of selected fields of the wing, where new vein
branches appeared. However, in ontogenesis of
recent insects such does not occur, wing buds grow
proportionally, retaining constant arrangement of
veins. Most probably, the Palaeozoic short-winged
insects are not "subimagoes", but definitive forms.
Similar definitive short-winged non-flying forms are
present also in many recent groups of insects
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(including Ephemeroptera, among which there is one
undescribed short-winged species with variable size
of wings — FIG.8:E-F). For some Palaeodictyoptera
"subimagoes" of another kind were described: Their
wings have size and venation as in imago, but with
tops curved backward, like wing buds of the larvae of
the same species (Kukalova-Peck & Peck 1976). In
recent insects the similar form of wing is observed in
the imago when a wing spreads only partially after
moult. Thus, there are no insects, besides
Ephemeroptera, where the stage of subimago would
be discovered; it permits one to think that the
assumption about holophyly of Metapterygota is
correct.

(2) Mandible base is diminished; because of this
the posterior (lateral) condyle is approximated to the
anterior (medial) condyle and located behind it; due
to this, mandibles close nearly exactly towards one
another. Mandibular-tentorial muscles attached
inside the mandibles (i.e. the ventral mandibular
muscles) are partly lost (Staniczek 2000), sometimes
disappear completely. In this character Metaptery-
gota differ from Ephemeroptera, primary wingless
insects, eucrustaceans and myriapods, where the
mandible retains well-developed ventral muscles and
long basis with the posterior condyle located far from
the anterior one.

(3) Superlinguae (initially present in Mandi-
bulata) are lost. Non-unique apomorphy: the super-
linguae had also reduced several times in some
extremely specialized carnivorous mayfly larvae;
they are absent in Zygentoma and Protura. In lite-
rature statements are found that some Metapterygota
have superlinguae. In these cases processes of hypo-
pharynx for were taken the superlinguae; in contrast
to true superlinguae, these processes arise from the
hypopharynx itself, but not from ventral wall of the
head. Similar processes are present also in some
larvae of Ephemeroptera, particularly in majority of
Atalophlebia/fgl, where they exist together with the
true superlinguae.

(4) Structure of caudalii is simplified: in contrast
to Triplura and Ephemeroptera, the paracercus and
basi-basal muscles are lost (only muscles going from
cerci bases to tergite X, are retained). Besides Meta-
pterygota, reduction of paracercus took place in
various groups of Euplectoptera also.

A statement was expressed that the paracercus is
retained in some Metapterygota, particularly in larvae
of Amphinotic stoneflies Austroperla/fgl; in
connection with this, a theory was suggested about
common origin of Ephemeroptera and Plecoptera

from Palaeozoic Protephemeroidea (Illies 1960). In
this case for the paracercus was taken a secondary gill
process. Some other representatives of Metapterygota
also have an unpaired caudal process, which has no
relation to the paracercus.

(5) Into each wing, branches from two different
leg tracheae come, one of which arises from the
intersegmental spiracle lying ahead of the wing, and
another from the intersegmental spiracle lying behind
the wing (in contrast to Ephemeroptera where all
wing tracheae arise from the ahead lying spiracle).
We can not exclude that this character is not an
apomorphy of Metapterygota, but vice versa, an
apomorphy of Ephemeroptera (or of Euplectoptera
only).

The alternative opinion is to unite Ephemeroptera
and Odonatoptera Lameere 1900 (or Odonata
Fabricius 1793 s.1., or Libellula/fgl) in a taxon
Subulicornes Latreille 1807 (circumscriptional
synonyms: Raphiacera Billberg 1820, Subulicornia
Burmeister 1839 and Hydropalaeoptera
Rohdendorf 1968), which in its turn is united with an
extinct  Palaeozoic taxon  Protorrhynchota
Rohdendorf 1968 (or Dictyoneura/fgl) to a taxon
Palaeoptera Martynov 1923.

The following characters were named as possible
apomorphies of Subulicornes or Palacoptera.

(1) In all Palaeoptera wings are unable to fold on
back, thus in rest are either spread by sides or raised
upwards. Many authors follow the opinion by
Martynov, who regarded this character to be a
plesiomorphy. However, some investigators accept
another hypothesis about wing evolution, according
to which the wings were initially able to fold on the
back, but in Ephemeroptera, Odonata and Proto-
rrhynchota this ability was lost in connection with
specialization (Rasnitsyn 2002). This opinion can be
supported by the fact that Ephemeroptera retain a
suture separating the posterior articulatory process of
basal plate (FIG.6:APP) from the remaining part of
the wing basal plate; this suture is invariably present
in all mayflies, but does not enable any mobility or
flexibility. Possibly, the posterior articulatory process
of Ephemeroptera is homologous to the 3" axillary
sclerite of Neoptera (Brodsky 1974). In Neoptera, the
3" axillary sclerite is movably articulated with the
wing base, and when turning over, makes the wing to
fold on back.

(2) In all Palacoptera longitudinal veins arising
from wing base, alternate as concave and convex
(while in Neoptera such regular alternation is
characteristic only for anteriormost veins — marginal
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C, concave Sc, and convex RA). In Subulicornes,
besides this, triad principle of vein branching is
present, which serves regular alternating of all
longitudinal veins, including branches and intercala-
ries (Fig.7:B); in Ephemeroptera triad principle is
expressed in branching of the majority of veins, while
in Odonata in branching of RS only. Both in
Ephemeroptera and Odonata, the vein RS (which in
all Subulicornes except for Protephemeroidea arises
not from RA, but from MA) has the same manner of
branching: it divides into two concave branches and a
convex intercalary between them (RSa, iRS, RSp),
and then the anterior branch divides into two concave
branches and a convex intercalary between them
(RSa,, iRSa, RSay) (FIG.7:C).

(3) It is assumed that the maxillary galea is fused
with lacinia: Ephemeroptera have an integral biting
lobe and a segmented palp; Odonata have an integral
biting lobe and a non-segmented appendage, which
can be regarded either as a palp or as a galea. In the

both cases, the biting lobe bears on its inner side two
parallel longitudinal rows of denticles and stout setae
(FIG.3:E) (while in many other Hexapoda denticles
and setac form a single row). Maxillae of
Protorrhynchota are highly modified, and their
structure is poorly known.

(4) In Subulicornes (but not in Protorrhynchota)
imaginal (but not larval) antennae are diminished,
with flagellum vestigial. Non-unique apomorphy.
Most probably antennae were reduced independently
in Ephemeroptera and in Odonata. In Ephemeroptera
the antennae retain primitively indeterminate number
of segments (FIG.76:B), while in Odonata they are
constantly 7-segmented.

(5) Larvae are aquatic and sharply differ from
imagoes. Most probably, this feature appeared
independently in Ephemeroptera and Odonata, as
larvae of these two taxa have no any common
morphological characters connected with their
aquatic inhabitancy.
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Morphology of mayflies

Table 2. Size range in main mayfly taxa

1 Protephemerida

t Permoplectoptera
Prosopistoma/fi=g2
Baetisca/f2=gl
Siphlonurus/fgl
Dipteromimus
Ameletus/fgl
Metretopus/fgl
Acanthametropus/fgl
Ametropus
Tetramerotarsata
Nesameletus/fl=Metamonius/g1
Oniscigaster/fg2
Tasmanophlebia/g1
Ameletopsis/fgl
Rallidens
Coloburiscus/fg!
Isonychia/fgl
Chromarcys
Geminovenata
Heptagennota
Potamanthus/fgl
Euthyplocia/fgl
Ichthybotus
Ephemera/fg9
Protobehningia
Behningia/fg2
Palingenia/f2=g1
Polymitarcys/f1=Ephoron/g2
Neoephemera/fgl
Caenoptera
Ephemerella/fg2
Vietnamella
Austremerella
Melanemerella/fgl
Teloganodes/fgl
Tricoryptera
Leptophlebia/fg]l

Fore wing length (mm)
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Morphological characteristics given below are based
mainly on recent representatives, i. e. on Euplectop-
tera only (see Chapter III); for many derived
characters it is unclear if they are autapomorphies of
Euplectoptera, or that of Euephemeroptera, or that of
Panephemeroptera.

Mayflies are insects of medium size, body length
ranges from 2 mm to more than 40 mm (TABLE 2);
size is species-specific, being either equal in both
sexes, or larger in females; sometimes specimens
developed in warmer water are smaller that those
developed in colder water.

STAGES OF DEVELOPMENT

The characteristic feature of Pterygota is splitting of
postembryogenesis (which, as in all Gnathopoda,
consists of several instars separated by moults) to
sharply different wingless and winged stages: the
wingless stage(s) never have movable wings, while
the winged stage(s) have acting wings, modified
pterothorax and other features connected with ability
to fly. Some authors believe that ancient insects had
stages intermediate between wingless and winged
ones, with movable but not fully grown wings;
however such instars (erroneously called "subima-
go") have not been found in any living or fossil
insects, and probably could not exist (Kiuge 2000).
Ephemeroptera differ from all other insects by
having not one, but two winged stages separated by
moult ~ subimago and imago (FiG.4). Both
subimago and imago have completely developed
wings with equal size and venation.

LARVA
(Fig. 3)

In contrast to subimagoes and imagoes, wingless
stages of mayflies are always aquatic and obtain
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oxygen dissolved in the water. Their tracheostia (i. e.
mouths of tracheal system) are closed, and other
adaptations for aquatic respiration are present: abdo-
minal tergalii are often used as tracheal gills, and
other tracheal gills can appear independently on
various parts of the body (see Index of characters
[1]). This aquatic wingless stage is called either
larva, nymph, or naiad; younger instars (lacking
wing buds) can be called larva, and older ones (with
wing buds) — nymph or naiad. The youngest instar(s)
without tergalii and wing buds can be called
larvula. Here we use the term larva for all wingless
instars. Larva has large and often indeterminate
number of instars; first instar never has tergalii and
wing buds (as in all other insects), and during
subsequent moults tergalii and wing buds appear and
increase gradually, so that it is difficult to mark
boundaries between larvula, larva in strict sense, and
nymph.

Initially mayfly larvae have a peculiar swimming
siphlonuroid specialization (well-expressed in
Siphlonurus/fgl): the body is slender, with long
abdomen and relatively small thorax; legs are able to
be pressed to the body, being stretched posteriorly;
abdomen is elongate and able to make undulate
dorsoventral swimming movements; caudalii are not
long, much shorter than in imago, with primary
swimming setae forming a horizontal caudal flipper
(see below). Pressing its legs to the body and
making undulate movements up and down by its
abdomen, the larva can swim rapidly for a short time
(F1G.9:A-B). This specialization is initially present
at least in Euephemeroptera (larvae of Protepheme-
roidea are unknown): it is present in Permoplectop-
tera (F1G.14:C-D), in majority of Mesozoic repre-
sentatives of Euplectoptera and in many recent
mayflies (see Index of characters [1]). In some cases
this swimming specialization is secondarily lost:
larvae of many mayflies are adapted not for swim-
ming, but for fixing on stones in rapid stream, or for
burrowing, or for other modes of life in aquatic
environment. But the primary swimming setae are
retained in many non-related groups of mayflies (see
Index of characters [1.3.66]); sometimes the swim-
ming specialization disappears, but vestigial primary
swimming setae are retained. A very constant
character of Ephemeroptera is a manner of swim-
ming: mayfly larvae move by their abdomen up-and-
down, in contrast to aquatic larvae of Odonata and
Plecoptera, which when swimming, always move by
their abdomen from side to side. The abdominal
movement up-and-down is very effective in the case

when the larva has the siphlonuroid specialization,
but it appears to be useless if there is another shape
of body and caudalii. In spite of this, such kind of
movement is retained even in some mayfly larvae
that have completely lost siphlonuroid specialization
(F1G.9: C-D, F-H). Only in rare cases have larvae
lost ability of the dorsoventral swimming move-
ments (FIG.9:E) (Kluge & al. 1984).

SUBIMAGO AND IMAGO
(Fig. 4)

Both winged stages — subimago and imago, in cont-
rast to larva, are non-feeding, able to fly and inhabit
air environment; they sharply differ from larva in
structure of head, thorax, legs, abdomen and
caudalii, have functional wings and lack tergalii
(F1G.4). Transformation from larva to subimago is
supplied by great changes comparable with complete
metamorphosis, but in contrast to it, is not supplied
by immobility: during the whole development before
ecdysis the subimaginal leg anlage is located inside
the larval leg cuticle in such a manner that
subimaginal and larval knee articulations always
coincide, and allows active mobility of the leg
(FIG.3:A).

Subimago

Subimago has the same shape and size as imago, but
differs in cuticle structure and setation; male
subimagoes, besides this, have less expressed sexual
characters in structure of eyes, fore legs, genitals and
caudalii (see below).

Subimaginal cuticle in most part is covered with
microtrichia — densely and evenly situated small
(about 0.01 mm) immobile crescent-shaped cuticular
processes resembling setae; each microtrichion
arises from the centre of cuticular area produced by
one hypodermal cell. Subimaginal wings are always
entirely covered with microtrichia (because of this
they look dull); in imago the microtrichia are always
absent, and at least the wing membrane is always
bare. Possibly, the microtrichia play a positive role,
as they keep a layer of air, which protects the wing
against getting wet when the insect moults from
larva to subimago on water surface or under the
water. Besides mayfly subimagoes, similar microtri-
chia on wings are present in imagoes of many other
insects, and allows one to conclude that subimago of
mayflies corresponds to imago of Metapterygota.

Subimaginal and imaginal pterothoracic sclerites
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usually have different outlines (about differences in
mesonotum and mesopleuron sclerites — see below).

Subimaginal cuticle of wing is uniform, thin,
elastic, non-sclerotized, equal on veins and on
membrane (in contrast to the imaginal one, which is
thickened and sclerotized on veins); this allows the
insect to take off imaginal wing from the subima-
ginal cuticle when it moults from subimago to
imago. As subimaginal wing veins lack any scleroti-
zation, rigidity of wing necessary for flight is served
only by goffered wing form (due to alternating of
convex and concave veins — see below) and possibly
by hemolymph pressure in veins. Subimago is able
to spread wings and fly immediately after escaping
from larval exuviae.

In subimago posterior margin of wing always has
a row of setae (which are longer than microtrichiae
and have different structure), while in imago these
setae are nearly always absent, being present only in
some specialized groups (see Index of characters
[2.2.27]).

When the subimago transforms to imago, its
exuviae are taken away as an integral cover (as at
other moults), together with covers of wings. Only
in some specialized forms that have short-living
imago with non-functional legs, the moult to imago
is lost, and the subimago becomes a reproductive
stage (see Index of characters [2]); in some of these
short-living forms males moult in air and throw their
exuviae only partly.

Imago

Imaginal organization is adopted to the peculiar
mating flight of male: it flies vertically upward, and
then passively parachutes down, keeping its wings
semi-spread in a V-shape, abdomen turned
somewhat upward, and cerci in a V-shape turned to
sides and somewhat upward. The male repeats such
flying up and down above the same place,
sometimes in a swarm with other males of the same
species, attracting females. Upon seeing a female
coming to the swarm, the male flies to it from
beneath, orienting with help of its dorsal eyes (see
below). Mating can take place at flight or on ground
(FIG.10:G); the male is located under the female by
its dorsal side directed upward and holds wing bases
of the female by its fore tarsi, arching them dorsally-
posteriorly (see below); abdominal apex of the male
is curved dorsally-anteriorly, thus gonostyli appear
to be directed upward and fix the female’s abdo-
minal apex, overlapping it from sides, and the penis

also appears to be directed upward and is inserted
into the female genital opening, located between
sterna VII and VIII (about genital structure — see
below). Such mating flight and manner of copulation
are peculiar at least for Euplectoptera, and only in
some mayfly taxa are secondarily changed (Brodsky
1973). Possibly, some of peculiarities in structure of
pterothorax and wings of mayflies (see below)
evolved in connection with the mating behaviour of
males, but are present in both sexes.

HEAD
EYES

Facetted eyes (oculi) and all 3 ocelli are always
developed in mayfly larvae, imagoes and subima-
goes (FIG.3—4) (presence of the facetted eyes and
ocelli is an autapomorphy of Euarthropoda, and
reduction of ocelli number to three is a peculiarity of
Amyocerata). Sexual dimorphism in structure of
facetted eyes is initial for Ephemeroptera (at least
for Euplectoptera), being expressed in majority of
mayflies: eyes of male are enlarged and divided into
two portions — dorsal and ventral ones; the ventral
portion is more or less similar to the eye of females
(F1G.4:B—C). The dorsal portion of the male eye is
the largest in imago, can be smaller in subimago,
smaller in mature larva and absent in young larva. In
the most primitive case (which is characteristic for
the majority of mayflies) the division of male eye
into two portions is only slightly expressed
(F1G.4:B). Evolutionary changing of male eyes took
place in two opposite directions, independently
several times in each direction: (1) in some cases the
dorsal portion of male eye is strongly enlarged,
separated from the ventral portion and transformed
to turban eye (in Turbanoculata and some Lepto-
phlebia/fgl); (2) in other cases the dorsal portion is
diminished or disappears at all, thus male eye
becomes similar to that of female (see Index of
characters [2.1.3]).

ANTENNAE

Antenna of Amyocerata consists of scapus (first
muscle-bearing segment), pedicellus (second,
muscle-less, sensory segment) and flagellum (third,
muscle-less, secondarily segmented part). Structure
of mayfly antennae is primitive for Amyocerata:
flagellum is bristle-like and consists of
indeterminate number of segments, which become
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narrower toward apex of flagellum and multiply by
division of the proximalmost segment. Larval
antennae are well-developed, multisegmented
(F1Gs 3:A; 76:B), while in imago and subimago
flagellum is vestigial, segmentation of flagellum
often being indistinct or absent (FiG.4). Reduction of
antennae in winged stages is probably an autapo-
morphy of Euplectoptera: long multisegmented
antennae are reported for winged Protereisma
(Carpenter 1933, 1979).

MOUTH APPARATUS
(Fig. 3)

Mouth apparatus is developed in larva, and all
features of mouthparts described below relate to
larva only. In imago and subimago of Euplectoptera
mouth apparatus is always absent; anterior margin of
the frons forms a projected lamella — face fold
(FIG.4:B); this lamella is usually directed ventrally
and limits anteriorly a concavity, which corresponds
to the area of clypeus and mouth apparatus. Someti-
mes more or less developed soft non-functional
processes arise from this concavity (FIG.50:C); these
processes are not vestigial mouthparts of the imago
(as some investigators assumed), but are remainders
of larval mouthparts that had not disappeared during
metamorphosis: their structure repeats that of specia-
lized larval mouthparts of the same specimen. Thus,
in phylogenesis these processes originated indepen-
dently many times, and their presence is not a
plesiomorphy. In larva of the last instar, subimaginal
mouthpart tissues located under larval cuticle
diminish gradually, thus, at moult, only empty
cuticle sheds from them (in contrast to tergalii and
sometimes paracercus, which cuticle sheds together
with remainders of tissues). Absence of mouth
apparatus in winged stages is probably an autapo-
morphy of Euplectoptera, as developed sclerotized
mouthparts are reported for Protereisma (Carpenter
1979).

Mandibles

The majority of Ephemeroptera have a mandibular
structure (FIG.3:F—G) which is probably initial for
Mandibulata and occurs in various groups of
eucrustaceans. Similarly to Eucrustacea and wing-
less insects (Entognatha and Triplura), but differing
from Metapterygota, the mandibular basis is long, so
the posterior condylus is far from the biting edge.
In Ephemeroptera, besides the posterior one, two

more condyli are present, being situated in one line:
a middle condylus has a form of concavity on
mandible, into which a projection of margin of the
head capsule enters (it corresponds to the anterior
condylus of Metapterygota); an anterior condylus
has a form of sclerotized projection of mandible,
which enters into concavity on the head capsule
margin. Here we shall use the term "mandible
flatness" for the flatness, in which lie all three
mandible condyli and incisor.

In many mayflies the mandible has well-expres-
sed incisor, kinetodontium, prostheca and mola.

Incisor (usually called "apical canine") represents an
apical-median process of mandible, usually pointed
and dentate; in contrast to kinetodontium, it is never
separated from the mandible corpus by a suture.

Kinetodontium (usually called "subapical canine")
is the same as lacinia mobilis of eucrustaceans. The
term "kinetodontium" proposed by Kukalova-Peck
(1991:151) is more convenient for transliteration
from Latin to other languages, than the old term
"lacinia mobilis". The kinetodontium represents a
median process of mandible proximad of the incisor;
base of the kinetodontium closely adjoins the incisor
base. Like the incisor, the kinetodontium is usually
pointed and dentate. In contrast to the incisor, the
kinetodontium is often separated from mandible
corpus by a suture; sometimes it has mobile articu-
lation with the mandible corpus (F1G.26:C); but in
some mayflies, as well as in majority of insects, the
kinetodontium is completely fused with the mandi-
ble corpus, sometimes it is fused also with the
incisor (FIG.29:B). Besides insects, the kinetodon-
tium is present in some Eucrustacea — Peracarida,
Thermosbaena/fgl and Remipedia; probably, it is
initial for Mandibulata (Kluge 1999d, 2000). In all
cases the kinetodontium never has muscle and is
unable to make active movements.

Prostheca is located on median margin of mandible
proximad of the kinetodontium; this is an appendage
separated by a suture from the mandibular corpus.
Usually the prostheca is short and distally divided
into a bunch of setiform processes (FIGS 3:F-G;
26:C); sometimes (in many Turbanoculata) prosthe-
ca has a form of integral stick with dentate apex
(F1G.29:B); sometimes the prostheca is vestigial or
lost (FIG.54:E-F) (see Index of characters [1.1.24]
and [1.1.25]). Many authors (Snodgrass 1935, and
others) erroneously took the prostheca for lacinia
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mobilis (i. e. kinetodontium); actually it is probably
a result of fusion of group of setae. Because of this
error in identification of the kinetodontium in
mayflies (and insects in general), there were stated
doubts conceming the possibility of comparing
mandibles of Hexapoda with mandibles of Eucrusta-
cea, that led to doubts concerning common origin of
mandibles and monophyly of Mandibulata.

Mola represents a proximal-median projection of the
mandible; distal surface of the mola, faced toward
the mola of opposed mandible, has a form of grater
with dense dentate ridges stretching perpendicular to
the mandible flatness. Probably such mola, as well
as the incisor and the kinetodontium, is initial for
Mandibulata: it is present in many Eucrustacea and
Hexapoda. The overwhelming majority of mayflies
have mola well-developed, only in some specialized
carnivorous mayflies has the mola lost its grater,
become dentate, or is completely lost (see Index of
characters [1.1.26]).

Mandibles are asymmetrical. As well as in other
Hexapoda (and probably in other Mandibulata in
general), in Ephemeroptera the mandible with mola
most projected in its distal part, is the left mandible,
and the mandible with mola most projected in
proximal part, is the right one (FIG.3:F-G). An
exception is made only by selected taxa (supra-
species taxa, species and infra-species taxa) among
Pentamerotarsata, which mandibles look as mirror
reflection of the normal ones. In rare cases the
asymmetry of mandibles is lost (see Index of
characters [1.1.17]).

Superlinguae

A pair of well-developed superlinguae is present in
nearly all mayflies, except for a few highly
specialized camivorous groups where superlinguae
are reduced (see Index of characters [1.1.27]).
Superlinguae are a pair of non-segmented appen-
dages belonging to mandibular segment and situated
between mandibles and maxillae (FI1G.3:A, C) (they
are often erroneously regarded as lateral parts of
hypopharynx, while hypopharynx belongs to
maxillary segment). Probably superlinguae are
characteristic for Mandibulata, being known in
Eucrustacea under names "paragnatha" or "labium";
among Hexapoda superlinguae are developed,
besides Ephemeroptera, only in Entognatha and
Microcoryphia (in other Hexapoda they are not
described or described erroneously, when lateral

parts of hypopharynx are taken for superlinguae).
Thus, the presence of superlinguae in Ephemerop-
tera is a unique plesiomorphy among Pterygota.

Macxillae

Maxilla of Ephemeroptera always has only one
biting lobe (F16.3:B), which is regarded by many
authors to be a result of complete fusion of galea and
lacinia (which are initially peculiar for Hexapoda);
but another assumption is possible, that this lobe is
lacinia without galea, while galea is completely lost.

Apex of maxilla bears maxillary canines (the
term introduced by Kluge 1994c: 35, type of the
term is Habrophlebiodes americana, designated
here) — tooth-like processes, which are not separated
from corpus of maxilla. Usually there are 3
maxillary canines (FIG.3:E), and probably this
number is initial for Ephemeroptera; sometimes the
number of maxillary canines is less than three, or
they are lost (see Index of characters [1.1.33]);
sometimes maxillary canines have additional
denticles.

In various non-related groups of Ephemeroptera
the distal margin of the maxilla (laterad of the
maxillary canines) bears a regular row of more or
less pectinate setae directed distally or ventrally;
here this row is called an apical-ventral row (see
Index of characters [1.1.31]).

The inner (median, or biting) margin of maxilla
proximad of the canines, nearly in all Ephemerop-
tera bears 2 longitudinal rows of setae — the inner-
dorsal and the inner-ventral rows. Setae of these
rows can be modified in variable manner; some
setae can be thickened, immovable and tooth-like.
Modified setae in distal part of the inner-dorsal (but
not inner-ventral!) row are named dentisetae (the
term introduced by Kluge 1994c: 35, type of the
term is Habrophlebiodes americana, designated
here). Number and structure of the dentisetae is
constant for large taxa (see Index of characters
[1.1.37]-[1.1.40]).

Maxillary palps are 3-segmented (FIG.3:B). The
1** segment contains two muscles — adductor and
abductor of 2™ segment; the 2™ segment lacks
muscles. Sometimes the 2" and the 3™ segments are
fused together; in this case maxillary palp is 2-
segmented, with distal segment representing 27431
segment (see Index of characters [1.1.42]). Only in
one taxon — Ameletopsis/fgl — maxillary palp is
secondarily multisegmented (but has no muscles)
(F1G.34:D). In some taxa maxillary palp lacks
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muscles and can be vestigial up to complete
disappearance (see Index of characters [1.1.41]).

The 3-segmented maxillary palp is an apomor-
phic character (being autapomorphy of Euplectopte-
ra, or Euephemeroptera, or probably Panephemerop-
tera in general), but not a unique apomorphy of this
taxon. Initial for Amyocerata, and probably for
Hexapoda in general, is 5-segmented maxillary palp:
it is characteristic for Zygentoma, Polyneoptera,
Zoraptera and many Oligoneoptera. In many other
Amyocerata, as well as in all Entognatha, the
number of maxillary palp segments is diminished,
more rarely increased.

Labium

Majority of Ephemeroptera have typical for
Hexapoda labium structure with division of unpaired
portion to submentum (sometimes named
postmentum) and mentum (sometimes named
prementum), bearing paired glossae, paraglossae
and palps; in some taxa glossae and/or paraglossae
are fused (see Index of characters [1.1.50], [1.1.52]).

Labial palps are 3-segmented (FIG.3:D). The 1¥
segment contains two muscles — adductor and
abductor of 2™ segment; the 2™ segment contains a
single muscle — adductor of 34 segment (sometimes
this muscle is absent). Sometimes the 2™ and the 3
segments are fused together, in this case maxillary
palp is 2-segmented, with distal segment represen-
ting 2"+3™ segment (see Index of characters
[1.1.55]); only in one taxon — Ameletopsis/fgl —
labial palp is secondarily multisegmented
(FI1G.35:A).

In contrast to maxillary palp (see above), 3-seg-
mented labial palp is a plesiomorphy within Amyo-
cerata and probably within Hexapoda in general: it is
characteristic for Microcoryphia, Polyneoptera,
Zoraptera, and many Oligoneoptera. In other taxa of
Amyocerata, as well as in all Entognatha, number of
labial palp segments is diminished, more rarely
increased.

THORAX
GENERAL STRUCTURE

Thorax of Ephemeroptera is integral, mobility
between three thoracic segments and first abdominal
segment is limited or lost because of following
modifications:

In larva posterior-lateral angles of pronotum and
anterior-lateral angles of mesonotum are brought

together (FIG.3P:A) or even fused (FIG.37:A), and
articulatory membrane is well-developed only in
median part of pronotum-mesonotum joint; because
of this, prothorax can make only limited dorso-
ventral movements relatively to mesothorax. Imagi-
nal and subimaginal mesonotum strongly differs
from larval one, has no anterior-lateral angles and no
direct connection with pronotum (FIGS 4-6);
however, a nearly immobile connection of prothorax
and mesothorax is served by means of prealar bridge
(see below).

Both in larva and winged stages sterno-pleural
areas of mesothorax and metathorax are connected
immobile. Furcasternum of metathorax is complete-
ly fused with first abdominal sternite, without any
trace of suture between them (while suture between
metanotum and first abdominal tergite is retained)
(FIGS 4-5; 35:A).

Probably, initially for Pterygota, thoracic seg-
ments have following apodemes: paired furca (or
sternal apodemes) in each segment; paired pleural
apodemes in each segment; unpaired spina behind
furca in prothorax and mesothorax only. In Epheme-
roptera spinae are completely lost. In connection
with this, most sternal thoracic muscles are lost, and
only muscles inserted on furcae are retained;
muscles connecting mesothoracic and metathoracic
furcae are also lost. Pleural apodemes and muscles
connected with them are also lost on all segments (in
larvae of Furcatergaliae propleura are transformed to
secondary apodemes, which are not homologous to
the pleural apodemes of other Pterygota).

PTEROTHORAX OF IMAGO AND SUBIMAGO
(Figs 5-6)

Structure of mayfly pterothorax is discussed in the
separate paper (Kluge 1994a); for all terms that are
introduced in that paper and marked there as "new
term", the type taxon should be Siphlonurus
aestivalis (designated here).

Prealar bridge

Prealar bridge of mesothorax (PAB) represents a
sclerotized ring, which firmly connects anterior end
of mesonotum with anterior end of mesosternum; the
stenothoracic spiracle (anterior most spiracle of
Hexapoda, initially located on the boundary between
prothorax and mesothorax) is located behind the
prealar bridge — i. e. in limits of the mesothorax. In
this respect the prealar bridge of mayflies differs
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from the prealar bridge of some other Pterygota, in
which it passes behind the spiracle (the prealar
bridge is not present in all Pterygota and probably
independently evolved in various groups). The
prealar bridge of mayflies consists of the dorsal,
lateral, and ventral arcs. The dorsal arc (PAB:DA)
(term by Kluge 1994a) may contain the anterior and
posterior costae separated by a groove — anterior
phragma (PhA); so the anterior costa of the dorsal
arc belongs to acrotergite, and its posterior costa — to
notum. The lateral arc of prealar bridge (PAB:LA)
(term by Kluge 1994a) may also consist of two or
three costae separated by grooves. The ventral arc
(PAB:VA) (term by Kluge 1994a) is known also as
presternite. From the lateral and dorsal arcs begins
a pair of posterior arms of prealar bridge
(PAB:PA) (term by Kluge 1994a); each of these
arms goes posteriorly toward the wing base and joint
with a small distinct emargination on the lateral
margin of prelateroscutum (PLS — see below).
Anteriad of this joint, between the prealar bridge, the
posterior arm, and the prelateroscutum, is located a
narrow membranous area. Only in Branchitergaliae
the posterior arms of prealar bridge are strongly
shortened, do not reach the emarginations of prela-
teroscutum margins, while these emarginations are
retained (F1G.45:A, C).

Mesonotum

In anterior part of mesonotum just behind the dorsal
arc of prealar bridge there is an unpaired
anteronotal protuberance (ANp) (term by Kluge
1994a) separated from the remainder part of notum
by the anteronotal transverse impression (ANi)
(see Index of characters [2.2.5] and [2.2.6]).

Along the median line of notum goes the median
(or median longitudinal) suture (MLs). It is
distinctly developed along the largest part of notum,
but disappears in its anterior part (usually near the
anteronotal impression) and in its posterior part
(usually near the scuto-scutellar impression).
Usually the median suture is concave, but in selected
Tetramerotarsata it is convex.

Laterad of the median suture there is a pair of
medioparapsidal sutures (MPs) (term by Kluge
1994a). These narrow concave sutures separate
unpaired convex medioscutum (MS) (term by
Kluge 1994a) (which contains the anterior bases of
the pair of largest median tergal muscles — MTm)
from paired convex submedioscutum (SMS) (term
by Kluge 1994a) (which contains the dorsal bases of

the pair of large scuto-episternal muscle — S.ESm).

Laterad of the medioparapsidal sutures there is a
pair of lateroparapsidal sutures (LPs) (term by
Kluge 1994a) (see Index of characters [2.2.9]).
These deep wide strongly sclerotized concave sutu-
res, or furrows, bear mechanical function and at the
same time separate the submedioscutum from the
paired convex sublateroscutum (SLS) (term by
Kluge 1994a), which contains the dorsal bases of the
anterior and posterior scuto-coxal muscles
(S.CmA and S.CmP) (see Index of characters
[2.2.10]). Lateroparapsidal sutures can go exactly
between muscle bases or somewhat touch them
(FIGS 56:L-M; 63:D-E).

Anteriorly the lateroparapsidal suture turns to
antelateroparapsidal suture (ALPs) (term by
Kluge 1994a), which sets off anteriorly the sub-
medioscutum, separating it from the anterolateral
scutal costa (ALSC) (term by Kluge 1994a). The
anterolateral scutal costa is well developed in all
mayflies, separating the dorsal side of notum from
the narrow prelateroscutum (PLS) (term by Kluge
1994a), which is usually not visible from above. As
said earlier, prelateroscutum usually has articulation
with the hind end of the posterior arm of prealar
bridge. Posteriorly prelateroscutum is connected
with suralare (SrA), sublateroscutum (SLS) and
lateroscutum (LS), which can be separated by more
or less developed sutures or ridges of various forms.

Suralare (SrA) is a portion of scutum which
bears the anterior notal wing process; it can be
separated from the remainder scutum by the
anteronotal scutal suture (ALSs) (Matsuda 1970:
Fig4).

Lateroscutum (LS) (term by Kluge 1994a) is
separated from the sublateroscutum by the
lateroscutal suture (LSs) (term by Kluge 1994a)
(see Index of characters [2.2.12]) and contains in its
anterior portion the dorsal base of the scuto-
trochanteral muscle (S.Trm).

Posteriad of the sublateroscutum is usually pre-
sent a pair of posterior scutal protuberances (PSp)
(term by Kluge 1994a) — large convex areas, usually
indistinctly outlined, which contain the dorsal bases
of large scuto-lateropostnotal muscles (S.LPNm)
(see Index of characters [2.2.11]).

Behind the posterior scutal protuberances, is
situated the prominent scutellum (SL) (term
adopted by Audouin 1824), which is separated from
the posterior scutal protuberances by a shallow
scuto-scutellar impression (SSLi). Laterally scu-
tellum is separated from parascutellum (PSL) by an
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indistinct invagination, which is called recurrent
scuto-scutellar suture (RSSLs) (Matsuda 1970).

Parascutellum (PSL) (term used by Crampton
1914) is a large area laterad of scutellum, which
bears the posterior notal wing process and
contains a single small base of the parascutellar-
coxal muscle (PSL.Cm). Parascutellum is separated
from sublateroscutum and lateroscutum by the
scuto-parascutellar suture (SPSLs). This suture
allows to bend the notum when the median tergal
muscles contract, that leads to wing depression; it is
well developed on mesothorax of all mayflies.
Lateral margin of parascutellum bears a sclerotized
costa — parascutellar lateral convexity (PSLcvx),
which is separated from the remainder part of
parascutellum by a groove — parascutellar lateral
concavity (PSLccv).

Behind the notum, winged stages have a sclero-
tized postnotum, which corresponds to an interseg-
mental articulatory membrane of larva. Postnotum
consists of an unpaired infrascutellum, unpaired
mediopostnotum and a pair of lateropostnota. The
infrascutellum (ISL) (term by Kluge 1994a) repre-
sents a transverse shelf-like sclerotized convexity
located on the deeply concave hind wall of notum
under scutellum (FIG.89:A); usually it is separated
from mediopostnotum by a transverse membranous
suture. Laterally infrascutellum can be produced as a
pair of infrascutellar-postsubalar arms, which
unite it with posterior-dorsal angles of postsubalar
sclerites belonging to lateropostnota. Sometimes
infrascutellum is reduced (see Index of characters
[2.2.13]). The mediopostnotum (MPN) lies behind
infrascutellum, and continues posteriorly-ventrally
as an anterior wall of middle phragma — i.e.
phragma between mesonotum and metanotum (thus
it is also called phragmanotum); laterally medio-
postnotum is continued as a pair of lateropostnota
(LPN), uniting there with the infrascutellar-postsu-
balar arms. About the structure of lateropostnotum
see below, in characteristic of mesopleuron.

Besides the sutures whose position is fixed by
their mechanical role or by position of muscle bases,
there is a suture whose position is not determined by
any internal causes — it is the mesonotal suture
(MNs) (term by Kluge 1994a). In the primitive case
the mesonotal suture goes across scutum in its
anterior part, behind the anteronotal transverse
impression, and laterally connects with the anterior
ends of medioparapsidal sutures (FIG.61:A-B).
Sometimes the mesonotal suture is stretched
backward medially in its point of crossing with the

median suture (FIG.6). In other cases lateral parts of
the mesonotal suture are strongly curved and
stretched backward (FI1G.7:E). Sometimes these
lateral portions of mesonotal suture are so strongly
shifted backward, that nearly reach the posterior
scutal protuberances; in this case it seems that there
is not a single suture, but two pairs of longitudinal
sutures, the median of which goes parallel to the
median suture, and the lateral ones go parallel to the
lateroparapsidal sutures close to them (FIG.83:F).
Sometimes the mesonotal suture, being strongly
curved and stretched backward, is indistinct in
imago, and can be seen only in subimago because in
front of it is located a pigmented field with
microtrichia, and behind it — a light field without
microtrichia. Sometimes such mesonotal suture is
non-expressed both in imago and subimago. In other
cases the mesonotal suture disappears without
curvation and stretching backward (see Index of
characters [2.2.8]).

In literature when structure of the insect thorax is
described, the terms "praescutum", "praescutal
suture" and "parapsidal suture" are often used,
whose meanings are initially indeterminate (Kluge
1994a). The term "praescutum"” was introduced by
Audouin (1824), and as its type should be regarded
the beetle Dytiscus circumflexus, because only its
structure is illustrated. Originally, on the beetle
mesothorax the term "praescutum"” was attributed to
the anterior phragma, while on the beetle metathorax
the same term was attributed to the medioscutum.
The term "parapsides” (in plural) was introduced
by MacLeay (1830) for a pair of lateral lobes of
mesonotum in the vesp Polistes billardieri; later pair
of sutures separating these lobes were -called
"parapsidal sutures". Among Hymenoptera some
species have the parapsidal sutures, some species
have notaulici — another pair of sutures, which
correspond to the medioparapsidal sutures of
mayflies, and some species have both pairs of
sutures — the parapsidal sutures and the notaulici
(Tulloch 1929). Authorship of the term "notaulix"
(plural "notaulici") or "notaulus" (plural "notauli")
is unclear.

Sclerotization of mesonotum is markedly diffe-
rent in subimago and imago. Imaginal mesonotum is
nearly evenly sclerotized (if there are colour
patterns, they have hypodermal origin); subimaginal
mesonotum has distinctly outlined sclerotized pig-
mented areas and light areas between them. Intensity
of pigmentation of these sclerotized areas can
strongly vary individually, but their shape allows to
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characterize supra-species taxa (see Index of
characters [2.2.14]-[2.2.15]). Usually there is an
unpaired anterior pigmented area, limited from
behind by the mesonotal suture, and a paired lateral
pigmented area. Probably, initially the lateral
pigmented area bifurcates backward, forming a
lateroparapsidal stripe, which stretches along the
lateroparapsidal suture, and a lateral portion, which
occupies antero-lateral part of sublateroscutum and
whole lateroscutum (FIG.18:E). Such shape of the
lateral pigmented area is peculiar for selected groups
both among Tridentiseta (Siphlonurus/fgl, Vetulata,
Siphluriscus) and Branchitergaliae (Coloburiscoides,
Heptagennota). In other taxa lateral pigmented area
is larger, occupying sublateroscutum and sometimes
other areas.

Wing base

Wing base (FIG.6) is connected with lateral margin
of notum by two movable sclerites: the anterior
axillary sclerite (AxA) (term used by Becker 1954:
aAx) and posterior axillary sclerite (AxP) (term by
Kluge 1994a). Both of them are movably connected
with the wing base and with notal wing processes:
AxA with the anterior notal wing process of
suralare, and AxP with the posterior notal wing
process of parascutellum. In the FIG.6 wing base is
shown stretched with axillary membrane torn, so the
both movable sclerites AxA and AxP are visible; on
intact wing base one of these axillary sclerites is
turned over and appears under the corresponding
wing process, while another one is stretched. It
allows the wing to move forward (when AXxA is
turned over) and backward (when AxP is turned
over). AxA is flat, not so strongly sclerotized as
AxP, its form differs among mayfly taxa. The
proximal axillary sclerite (AxPr) (term by Kluge
1994a) may be either well-developed (FiG.6), or
vestigial, or absent. It is connected with
lateroscutum and can not make such movements as
AxA and AxP. The middle axillary sclerite (AxM)
(term by Kluge 1994a) is movably connected with
AxA and with the middle articulatory process of
basal plate (APM) (term by Kluge 1994a). Form of
AxM is similar in all mayflies; it has in its posterior
part a distinct projection directed medially. The
basal plate of wing represents a large roundish
sclerite convex dorsally and concave ventrally; it
consists of immovably fused together basisubcosta-
le (BSc), basiradiale (BR), the middle articulatory

process (APM) and the posterior articulatory
process (APP).

Mesopleuron

Lateral surface of mesothorax has following
structure. The most developed suture is a suture
composed of the dorsal part of the pleural suture (i.e.
superior pleural suture — PLsS) and the anterior
part of the paracoxal suture (i.e. anterior paracoxal
suture — PCxA); this combined suture represents a
deep wide sclerotized groove running from the
pleural wing process (PWP) to the episternum; it
prevents the pleuron from deformation during
contracting of the scuto-episternal muscle (S.ESm).
Judging by the form of the anterior paracoxal suture
in various mayflies, we can assume that the
plesiomorphy is the condition when it is complete,
i.e. crosses the whole episternum, completely
dividing it to anepisternum (AES) and
katepisternum (KES), turns to its ventral side and
reaches the sternite. In some taxa the anterior
paracoxal suture is incomplete, i. €. does not turn to
the ventral side of episternum and does not divide it
completely (see Index of characters [2.2.19]). The
remaining parts of the pleural and the paracoxal
sutures, i.e. the inferior pleural suture (PLsI) and
the posterior paracoxal suture (PCxsP) are weak
and sometimes disappear. In contrast to mayflies, in
majority of other Pterygota the mostly developed
suture of the pleurite is the whole pleural suture,
running from the pleural wing process to the dorsal
coxal articulation, and dividing the pleurite into
episternum and epimeron (see Index of characters
[2.2.20]). Subalar sclerite (SA) is usually large,
with its lower portion containing the dorsal base of
large subalar-sternal muscle (SA.Sm) (see below).
The portion of lateropostnotum (LPN) situated
exactly under the wing base is named postsubalar
sclerite (PSA) (= posterior subalare: Crampton
1914). Posterior-dorsal angle of the postsubalar
sclerite can continue dorsally as an infrascutellar-
postsubalar arm (see above). Ventrad of the
postsubalar sclerite, along the lateropostnotum in
dorsoventral direction usually runs a
lateropostnotal crest (LPNC) (term by Kluge
1994a). Often outlines of the postsubalar sclerite and
the lateropostnotal crest are most distinctly
expressed in subimago (see Index of characters
[2.2.16]).
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Mesosternum

Sternite of mesothorax in Ephemeroptera has an
especially strongly developed furcasternum (area
behind furcal pits); this is connected with the fact
that in contrast to Neoptera, it includes bases of
large subalar-sternal muscles (SA.Sm). The porti-
ons of furcasternum, which contain the bases of
SA.Sm are strongly convex and are named furca-
sternal protuberances (PSp). The furcasternal
protuberances may be brought together (F1G.5:C) or
separated by means of furcasternal longitudinal
impression (FSi). Form of this impression depends
upon the position of bases of the subalar-sternal
muscles (SA.Sm), while their position depends upon
structure of the nerve system. In primitive cases the
metathoracic nerve ganglion is located in metatho-
rax, being connected with the mesothoracic ganglion
(located in mesothoracic basisternum) by a pair of
long slender connectives, which lie at some distance
of body wall, thus allowing the bases of SA.Sm to
connect medially (FIG.8:B); in this case furcasternal
impression is absent (FIG.39:B) or represented by a
slender line (FIG.23:E). In some mayfly taxa the
metathoracic nerve ganglion is transferred into
furcasternum of mesothorax, nearer to the
mesothoracic ganglion, and lies between the bases of
SA.Sm separating them (Fig.8:D); in this case
between the furcasternal protuberances appears a
more or less wide furcasternal impression
(FIGS 32:D; 34:C). If the metathoracic ganglion is
located in the hind part of mesothoracic furca-
sternum, the furcasternal impression is narrow in its
fore part and widened posteriorly (FIG.56:C-D); if
the ganglion is transferred into the middle or anterior
part of furcasternum, the furcasternal impression
becomes wide all over its length (FI1G.57:A-B) (see
Index of characters [2.2.23]-[2.2.24]). Among
Ephemeroptera only in Caenoptera are the subalar-
sternal muscles completely lost, but even in this case
the furcasternal protuberances are retained, being
diminished and widely separated (F1G.87:F).

Metathorax

Metanotum of all Euplectoptera is diminished in
connection with anteromotority and diminishing or
disappearance of hind wings. Relatively complete
development of metathoracic structures is shown in
FIG.5. In some mayfly taxa the metathorax is more
strongly reduced: pleural wing process and subalar
sclerite may disappear; alinotum (scutum + scutel-

lum) becomes shorter while mediopostnotum may
become longer, or the whole metathorax becomes
shorter. The wing indirect musculature of metatho-
rax may be nearly completely developed (FIG.5:B)
or more or less reduced. In metathorax of all
Euplectoptera the direct wing depressor — subalar-
sternal muscle (SA.Sm) — is lost. In different taxa
reduction of hind wings, metathoracic exoskeleton,
and metathoracic wing musculature has unequal rate.
For example, many Turbanoculata have no vestiges
of hind wings or hind wing buds at any stages of
development, however their metathorax is rather
large and contains very strong wing musculature,
which can not function (FIG.8:D); in some other
mayflies the hind wings are relatively large, but the
metathorax is strongly shortened and its wing
musculature is very weak (for example in
Posteritorna — F1G.16:H). Most constant metathora-
cic wing muscles are the median tergal muscle
(MTmlIII) and scuto-epistenal muscle (S.ESmIII);
they undergo reduction only in Caenoptera and
Tricorythodes/fgl (see Index of characters [2.2.26]).

WINGS
(Figs 7-8)

Nearly in all mayflies fore wings are well developed,
and length of fore wing is subequal to trunk length
(F1G.8:A, C) (because of this, in taxa characteristics
fore wing length should be given rather than body
length). In contrast to many other insects, in
mayflies wing length never exceeds markedly trunk
length. The reason is that mayflies have to moult
from subimago to imago and shed subimaginal
exuviae by abdominal movements. If during the
moult imaginal abdominal tip becomes free from
subimaginal cuticle earlier than wing tips, the wing
tips remain in the subimaginal cuticle forever; such
insect can not fly and dies.

Only a few mayfly species are flightless and can
have fore wings shorter than trunk (Fig.8:F) (see
Index of characters [2]).

In Euplectoptera the hind wings are reduced,
their length never exceeds 1/2 of fore wing lengths;
in flight they are coupled with fore wings, because
the basitornal (hind-proximal) margin of fore wing is
bent ventrally, and the costal (fore) margin of hind
wing is bent dorsally; in some mayflies the hind
wing bears a special costal process. In many groups
of Euplectoptera independent reduction of hind
wings takes place up to their complete disappearance



MORPHOLOGY OF MAYFLIES 31

(see Index of characters [2.2.59]).

Fore wing usually has characteristic triangular
form with more or less prominent obtuse hind angle
— tornus; this angle separates the hind-proximal
portion of wing margin, which couples with hind
wing, from the rest forewing margin (the same in
many other non-related anteromotoric insects which
fore wing is able to couple with hind wing).

In entomological literature wing margins are
usually called "anterior" (or costal), "outer", and
"posterior" ones. Such terminology is not convenient
when used for wing buds of Ephemeroptera larva: in
this case the margin of wing bud corresponding to
outer margin of wing is directed inward, and the
margin of wing bud corresponding to posterior
margin of wing is directed anteriorly. Below, the
following terms are used: Costal margin — anterior
margin of wing and lateral (or ventral) margin of
wing bud, from base to apex. Basitornal margin
(new term) — hind-proximal margin of fore wing and
anterior margin of fore wing bud, from base to
tornus. Tornoapical margin (new term) — outer
(hind-distal) margin of fore wing and median (or
dorsal) margin of fore wing bud, from tornus to
apex. Amphitornal margin (new term) — basitornal
and tornoapical margins combined, independently if
the tornus is expressed or not.

In winged stages (imago and subimago) at rest
the wings are never folded; usually they are raised
upwards but some mayflies keep their wings spread
laterally.

Larval wing buds

In all Pterygota larval wing buds represent immobile
outgrowths of notum margin (i. e. paranota), appear
in certain larval instar (but never in the first instar)
and subsequently transform to adult wings. In recent
mayflies larval wing buds arise from the posterior
margin of notum and are directed by their apices
posteriorly, by costal margin laterally-ventrally, and
by dorsal surface dorsally-laterally (F1G.3:A) — thus,
they have the same pose as folded wings of
Neoptera, while adult mayfly wings never can strike
such an attitude.

Based on wing buds position of recent mayflies
and on Handlirsch’s reconstruction of Permian
Phtharthus (in which posteriorly directed wing buds
were shown), some authors believed that this was
the initial position of wing buds, and even assumed
that insect wings evolved from outgrowths of
posterior margin of the notum.

Actually the most primitive insects, including
Permian mayflies — Protereisma — have wing buds
arising not from posterior, but from lateral margins
of the notum (FIG.14:D). All three specimens, on
which the description of Phtharthus was based, have
no wing buds preserved (F1G.14:C) (that is rather
strange, because usually wing buds are well-
preserved on fossils, and all three specimens of
Phtharthus have well-preserved meso- and metano-
tal relief typical for Pterygota).

Among recent mayflies, in the primitive case
wing buds are attached to the body only by their
bases (Fig.25:A). Hind wing buds always retain this
condition, but fore wing buds can be more strongly
fused with mesonotum: in many taxa basitornal
margins of fore wing buds are fused with posterior
margin of mesonotum; in some taxa tornoapical
margins are also partly or completely fused with
notum or one with another (see Index of characters
[1.2.5]). Even being strongly integrated with notum,
the wing bud retains its outline as a relief line on the
surface of the notum, and when the subimaginal
wing develops, it is crumpled inside this outline;
only in Posteritorna are wing buds completely
integrated with notal shield (FIG.15).

Wing venation

In the larva wing venation appears at the earliest
stages of development of wing buds as a net of
lacunas (canals) inside the wing bud. Sometimes
certain or all veins are visible as convexities on
surface of the wing bud (Fig.3:A). Larval wing bud
venation matches imaginal wing venation
(FIGS 37:A; 75:A-B); in exceptional cases larval
venation can be even more complete than imaginal
one [see Geminovenata (3)]. Some authors mix
veins and tracheae, which penetrate into some of the
veins, which leads to wrong conclusions on vein
homology.

Homology and nomenclature of insect wing
veins is a subject of long-term discussion. Comstock
and Needham (1898-1899 and later publications)
proposed a universal usage of insect vein abbrevia-
tions C (costa), Sc (subcosta), R (radius), M
(media), Cu (cubitus), 1*A (first analis), 2™A and
3™A: their R divides into R, and Rs (radius sector);
these names were taken from older literature, where
they were differently used for different groups of
insects. Recently Comstock’s interpretation is most
widely accepted for wing venation of many insect
groups, but not Ephemeroptera. For Ephemeroptera,
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the most generally accepted vein abbreviations are
C, Sc, R, MA, MP, CuA, CuP, 1A. The names MA
(media anterior), MP (media posterior), CuA
(cubitus anterior) and CuP (cubitus posterior) were
introduced by Martynov (1924), but their recently
used interpretation for Ephemeroptera was suggested
by Tillyard (1932).

Possibly most of the veins in wings of mayflies
and other Palacoptera are not homologous to any
vein in Neoptera: in Palaeoptera each longitudinal
vein is either convex or concave, and can not change
this feature in course of evolution; in Neoptera a
homologous vein in various representatives can be
convex, concave or neutral. In order to avoid
confusion, probably it would be expedient to use
Comstock’s vein nomenclature for Neoptera only,
designating a stonefly Nemoura sp. (Comstock &
Needham 1898, p.238, Fig.8) as a type taxon for the
vein names C, Sc, R, Rs, M, Cu, 1A, 2A and 3A.

For Ephemeroptera, here are used following
names: C and Sc — both homologous to that of
Neoptera; RA (term by Kukalova-Peck 1983) — a
separate vein homologous to Comstock’s R-R; of
Neoptera; RS — a separate vein, which homology
with Rs of Neoptera is unclear; MA, MP, CuA,
CuP - four veins, possibly not homologous to
branches of M and Cu of Neoptera, AA and AP
(terms by Kukalova-Peck 1983) — two veins
corresponding to Tillyard’s 1A and 2A, possibly not
homologous to 1A and 2A of Neoptera. Tillyard
regarded RA (=R;) and RS to be secondarily
separated branches of the same vein R, and because
of this supplied branches of RS with numbers 2, 3
and 4+5. Here branches of RS are supplied with
letters "a" (anterior) and "p" (posterior) and numbers
(see below), to avoid confusion with the Tillyard’s
numbers (Kluge 2000).

In Ephemeroptera convex and concave veins are
alternating forming triads. The triad is such a form
of branching, when a convex vein is branched to two
convex branches with a concave intercalary between
them, and a concave vein is branched to two
concave branches with a convex intercalary between
them (such triads are characteristic for Subulicornes,
i. e. Odonata + Ephemeroptera). Veins Sc (concave,
as in other Pterygota) and RA (convex, as in other
Pterygota) are non-branched, at least on fore wings
go parallel to the costal margin (which is armed by
the costal vein), reaching the wing apex. On fore
wing distal part of the field between C and Sc has
membrane slightly thickened and, thus, represents a
pterostigma. Veins Sc and RA are firmly fused with

a sclerotized plate in wing base; near wing base C,
Sc and RA are connected together by a costal brace
(see Index of characters [2.2.29]). Other veins have
soft bases or are secondarily firmly fused with the
base of RA. In Euephemeroptera RS and MA are
fused in proximal part. Vein RS is concave and is
branched forming subordinate triads: its first triad
contains concave branches RSa and RSp and a
convex intercalary iRS; RSa forms a second triad,
which contains concave branches RSa; and RSa,
and a convex intercalary iRSa; RSa, forms a third
triad, which contains concave branches RSa,' and
RSa," and a convex intercalary iRSa, [on hind wing
only the first of these triads is present — see
Euplectoptera (1) below]. Vein MA is convex and
forms a single triad with convex branches MA; and
MA,; and a concave intercalary iMA. Vein MP is
concave and forms a triad with concave branches
MP; and MP; and a convex intercalary iMP. Vein
CuA is convex; in Euplectoptera it is either non-
branched or has one or several secondary branches
arising posteriorly [see below, Anteritorna (1)]. Vein
CuP is concave. Vein AA is convex, vein AP is
concave; behind them two or more alternating
convex and concave veins can be present. In some
triads the intercalary vein incorporates basally with
one of branches, thus looking not like intercalary,
but like a branch; sometimes, vice versa, a branch
becomes free in its basis and looks like intercalary;
in rare cases some branches and intercalaries are lost
(see Index of characters [2.2.32]-[2.2.54]). Someti-
mes between the longitudinal veins, their branches
and intercalaries, there are present additional
intercalary veins (see Index of characters [2.2.55]-
[2.2.56]). Usually longitudinal veins are connected
by large indeterminate number of cross veins (except
for a few extremely specialized groups — see Index
of characters [2.2.57]).

LEGS
(Figs 3-4;10)

While dorsally the coxa is always articulated with
katapleurite (as in other Hexapoda), ventral coxal
articulation is variable among mayflies: Mesothorax
and metathorax always lack trochantines, and coxae
are articulated either directly to sternite (mesothorax
in FiG.52:B), or to movable paired sclerites articula-
ted with sternite (FiG.35 and metathorax in F1G.52:
B); non-functional vestiges of these sclerites can be
present on prothorax as well (FiG.35). Prothorax can
have a pair of trochantines, which serve ventral
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coxal articulations (FIG.35), or trochantines are lost,
and coxa have direct articulation with sternite
(FIG.70:A-B).

As well as in all other Hexapoda, the leg of
Ephemeroptera consists of coxa, trochanter,
femur, tibia (sometimes called metatibia — see
below), tarsus (see below) and pretarsus (i. . claw
or claws — see below).

Tibia

Probably the tibia (or metatibia) of Hexapoda is
formed as a result of fusion of patella and telotibia
(or tibia itself). In the majority of Hexapoda,
including all known primary wingless insects
(Entognatha and Triplura), fusion of patella and
telotibia is complete, without trace of suture between
them. But in Ephemeroptera and Odonata vestigial
patella-tibial suture is retained. This suture is non-
functional, patella and telotibia are connected
immobile. Patella-tibial suture is strongly oblique, so
patella is very short on its outer side, being several
times longer on its inner side. On outer side of leg,
the patella-tibial suture always has a form of distinct
wide transverse concavity; it can be continued on
anterior (dorsal) side and sometimes on other sides —
in larva in a form of distinct narrow oblique grove,
in subimago and imago in a form of indistinct longi-
tudinal-oblique concavity. Sometimes such oblique
grove or concavity is absent (everywhere below, the
sentence "patella-tibial suture is absent” means that
only the concavity on outer side is present).

Most Euplectoptera have patella-tibial suture on
middle and hind legs only, while on fore legs it is
absent (FIGS 3-4). In selected taxa patella-tibial
suture disappears also on middle and/or hind legs
(see Index of characters [1.2.18] and [2.2.82]). Only
in two non-related taxa (Tridentiseta-Turbanoculata-
Anteropatellata and Bidentiseta-Rhithrogena/fg3)
the patella-tibial suture has secondarily restored on
larval fore legs. Even in the cases when larval fore
tibiae have the same structure as middie and hind
tibiae, adults often (but not always) retain distinct
vestiges of patella-tibial suture on middle and hind
legs only.

Such difference of fore leg from middle and hind
leg occurs in all principal phylogenetic branches of
Ephemeroptera, being present in majority of species,
independently of their leg specialization. In contrast
to Ephemeroptera, in Odonata patella-tibial suture is
equally developed on all legs. This allows one to
conclude that reduction of the patella-tibial suture on

fore legs only is an autapomorphy of Ephemeroptera
(either Euplectoptera, or Euephemeroptera, or Pan-
ephemeroptera, as structure of extinct Protephe-
meroidea and Permoplectoptera is unknown).

Tarsus

Tarsi of Ephemeroptera have peculiar structure.
Tarsus is immovable or slightly movable: usually
tarsi of middle and hind legs lack adductors and
abductors (being moved only by adductor of claw)
and tarsus of fore leg has a single adductor;
sometimes this muscle is also absent. Tarsus has
different structure in larva and winged stages. In
winged stages (i. e. imago and subimago) the first
tarsal segment is usually immobile fused with tibia,
while other tarsal segments are joined mobile
(FIG.4).

In contrast to winged stages, larval tarsus
(including its first segment) is mobile joined with
tibia, but all tarsal segments are immobile fused
together. Often larval tarsus is non-segmented,
without any traces of segmentation; in Siphlonu-
rus/fgl and some others, slightly visible traces of
tarsal segmentation are retained (FIG.3:A); only in
Ameletopsis/fgl are several (but not all) tarsal
segments separated by more or less developed
articulations (F1G.35:A). Probably non-segmented
larval tarsus is an autapomorphy of Euplectoptera, as
for the known larva of Permoplectoptera (americana
[Kukalova]) segmented tarsi are described. This
apomorphy is not unique, as non-segmented tarsus
occurs also in some other Hexapoda.

In Pentamerotarsata and some other mayflies,
imaginal and subimaginal tarsus has 1* segment
mobile articulated with tibia (see Index of characters
[2.2.84]) and externally looks like primitive insect
tarsus (probably movable 5-segmented tarsus is
initial for Amyocerata). Because of this, one can
think that among Ephemeroptera such a completely
segmented tarsus should be a plesiomorphy, and
fusion of 1% tarsal segment with tibia — an
apomorphy; but in this case we would have to
assume, that in different phylogenetic branches of
Ephemeroptera the same fusion of 1 tarsal segment
with tibia took place independently, while in other
insects such tendency is not expressed. It is much
more probable that the common ancestor of
Ephemeroptera had 1% tarsal segment fused with
tibia, while in some taxa it became secondarily
separated; in all cases tibio-tarsal muscles remain to
be reduced. The restoration of the adult tibia-tarsal
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joining in some mayflies does not contradict to the
principle of irreversibility of evolution, as all
mayflies retain mobility of tibia-tarsal joining in
larval stage.

Usually winged stages of Ephemeroptera have 5
tarsal segments (including the first segment fused
with tibia), but sometimes number of tarsal segments
is less than five (see Index of characters [2.2.78] and
[2.2.83]). S-segmented tarsus is probably plesiomor-
phic within Amyocerata (and possibly within
Hexapoda in general), as 5-segmented tarsi occur in
many groups of Amyocerata, and number of tarsal
segments never increases five.

Pretarsus

Pretarsus of Ephemeroptera has peculiar structure
and differs in different stages. As well as in majority
of Pterygota and in some other insects, in winged
stages of Ephemeroptera pretarsus consists of two
claws articulated with a single unguitractor. In
majority of mayflies one of these claws (the
anterior one, if the leg is directed laterally with its
knee articulation directed dorsally) is blunt, while
another claw (the posterior one) has form typical
for a claw — pointed, curved and sclerotized.
Everywhere below this claw structure is called
ephemeropteroid claws. Such structure is probably
an autapomorphy of Euplectoptera, or Euepheme-
roptera, or Panephemeroptera; this apomorphy is
unique, being never found in other insects. In
selected taxa of Euplectoptera both claws are similar
— pointed, curved and sclerotized (see Index of
characters [2.2.85]). Some authors regarded this
structure of pretarsus to be plesiomorphic, because it
is the same as in the outer-group — many non-
ephemeropterous Hexapoda; but this assumption
requires that ephemeropteroid claws appeared
independently many times among Ephemeroptera,
but never appeared in other insect groups. Much
more reliable is the assumption that ephemeroptero-
id claws appeared once, being an autapomorphy of
Ephemeroptera, but all Ephemeroptera retain genetic
potentiality to form ancestral pointed claws, and this
potentiality is realised independently in some taxa of
Ephemeroptera.

In contrast to the winged stages, in larvae of all
Euplectoptera the pretarsus consists of a single claw;
only on the fore leg of Metretopus/fgl is the claw
bifurcate (Fig.22:C), but this bifurcation probably is
not connected with double claws of adults. Probably
the single claw is an autapomorphy of Euplectop-

tera, as for the known larva of Permoplectoptera
(americana [Kukalova]) double claws are described.
This apomorphy is not unique, as a single claw
occurs in some other insect groups. Some authors
believe that the single claw of Ephemeroptera larvae
is a plesiomorphic condition, because in many
arthropods only a single unpaired claw is present —
in Eucrustacea, Diplopoda, Chilopoda, Ellipura and
marine Pseudognatha. At the same time, paired
claws are secondarily substituted by unpaired claw
in larvae of many Oligoneoptera and some other
insects. In Ephemeroptera this character also can be
a secondary one.

Fore leg of male

Fore leg of the male imago is specialized for
grasping female at copulation. It is elongate, usually
tibia and tarsal segments are especially long.
Articulation of tibia and tarsus has such a
construction, which allows to turn the tarsus around
at 180° (F1G.10:A—F); thanks to this, the tarsus can
be arched upward to hold the female wing base at
copulation (FIG.10:G). Claws of male imaginal fore
legs can have the same structure as claws of other
legs; but in some mayflies they have another
structure, being blunt (this character appears

independently several times - see Index of
characters [2.2.77]).
ABDOMEN
GENERAL STRUCTURE

In all stages the abdomen consists of ten segments —
condition initial for Hexapoda. Many authors
assume that the abdomen of Hexapoda, and particu-
larly that of Ephemeroptera, consists of 11 or 12
segments, regarding some structures at the end of
abdomen to be vestiges of segments XI and XII;
however, such assumptions are not proved (see
below).

In the winged staged each of segments I-IX has
tergite and sternite distinctly separated by soft
pleura. In the larva the sutures between tergite,
pleura and sternite are lost, so borders of these parts
of segment can be found only by tracing how inside
them the corresponding parts of the subimago
develop. Posterolateral angles of abdominal seg-
ments are usually stretched forming paired flat
denticles or spines; in the primitive case (characte-
ristic for majority of mayflies) such posterolateral
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spines are larger in larva and smaller in adults, and
are the largest on segment IX, being progressively
smaller on previous segments; sometimes they are
modified or lost.

Abdominal tergites and sternites of the imago
and subimago are weakly sclerotized and lack
setation (in subimago they are covered by microtri-
chia — see above). In the larva the abdominal cuticle
has the same degree of sclerotization as that on its
head and thorax, varying from moderate in the
majority of mayflies, to rather hard in some taxa,
and often bears peculiar setation. The posterior
margin of the larval tergite (and sometimes sternite)
is often armed with a regular row of small flat
denticles (possibly modified setae), which project
posteriorly as a continuation of the tergite surface
and overlap the intersegmental membrane; in many
cases these denticles are vestigial or absent (for
some of them — see Index of Characters [1.3.5]).

TERGALII
(Fig. 13)

In the larva abdominal segments bear paired
movable joined appendages — tergalii (singular —
tergalius). In previous publications this term was
used either as feminine — "tergaliae" in plural and
"tergalia" in singular (Kluge 1989a: 49; 1996: 73),
or as neuter — "tergalia” in plural (Kluge 1989a: 77).
In order to avoid confusion between plural and
singular, gender of the Latin term is now changed to
masculine (Tiunova & Kluge & Ishiwata 2003), while
in Russian it remains to be feminine ("reprams" in
singular, "tepraman” in plural). Type of the term is
Siphlonurus lacustris (F1G.13:A, reproduced from
Kluge 1989a: Fig.4; designated here). Tergalii are
often called “"tracheal gills"; the term "tergalii" is
attributed to a set of homologous organs, while the
"tracheal gills" are analogous organs of various
origin (Kluge 1989a, 1996a, 2000). A tergalius may
or may not serve as a gill, and a gill may or may not
be a tergalius; sometimes the tergalius bears a
special gill (F1G.36:B), sometimes gills are present
on other body parts (see Index of characters [1],
[1.3.25] and [1.3.30-32]).

In winged stages tergalii are absent, so here all
characters connected with tergalii structure are
attributed to larvac only (see Index of characters
[1.3.191-{1.3.59]). In the larva of 1* instar tergalii
are never present, they appear after one of next
moults. Tergalii of young larva can strongly differ in
their structure and number from tergalii of mature

larva; so here in descriptions of taxa all characters
connected with tergalii are attributed only to mature
larva (several last instars) and would be wrong if
apply them to young larvae.

In Euplectoptera seven pairs of tergalii can be
present on abdominal segments I-VII. In some
euplectopteran taxa number of tergalii pairs is less,
as the tergalii are retained only on some of these
segments (see Index of characters [1.3.19]-[1.3.20]);
only in abnormal specimens tergalii can be present
on abdominal segment VIII. In extinct Permo-
plectoptera nine pairs of tergalii were present on
abdominal segments I-IX. Here certain pairs of
tergalii are indicated by Roman numerals correspon-
ding to abdominal segments; for example, "tergalius
III" means tergalius of third abdominal segment,
independently of the presence or absence of tergalii
on the two first abdominal segments.

Tergalii are joined at the sides of the posterior
margin of the tergite, nearly always on the dorsal
side of the body; only in rare cases are their bases
translocated together with the lateral margin of
tergite to the ventral side; in some specialized
mayflies the bases of some tergalii are shifted to the
anterior part of the tergite (see Index of characters
[1.3.22]).

Tergalius always has mobile articulation with the
body, being articulated to it by narrow base and
moved by special tergalial muscles located inside the
segment (inside the tergalius itself muscles are
absent). Tergalial muscles are the most lateral group
of muscles of the segment; they are more lateral than
dorsoventral muscles and run from the basis of
tergalius obliquely anteriorly-ventrally, to the
ventral wall of the segment — sternopleuron. In some
cases each tergalius has only one tergalial muscle
(F1G.13:C), in other cases a bunch of 2-4 parallel
muscles which can work as antagonists arises from
the basis of each tergalius. In larvae of many
mayflies tergalii are able to make fast rhythmic
fluctuations and are used by the larva to create a
water current around its body. Such an ability to
create a water current is very important for
respiration of larvae inhabiting stagnant waters, but
has no practical significance for rheophilous (lentic)
larvae inhabiting fast streams. In some rheophilous
mayfly larvae tergalii have the same mobility, in
others they are able only to slow movements, and
can not create a water current. Mobility of tergalii is
an important systematic character of some taxa (see
Index of characters [1.3.30]).

As a whole, the character of musculature and the
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places of attachment of tergalii on the abdomen in
mayfly larvae correspond to musculature and places
of attachment of wings on mesothorax and metatho-
rax of adult Pterygota (Kluge 1989a), so the tergalii
are most probably the serial homologues of wings.
The bunch of tergalial muscles probably corresponds
to a complicatedly differentiated complex of wing
muscles of direct action running from the basalar,
subalar and axillary sclerites to the pleurite, sternite
and furca (stermal apodeme). Some researchers
stated the alternate point of view — that these
appendages on the abdomen of mayfly larvae are
homologous not to the wings, but to the limbs, thus
the places of their attachment were considered to be
located not on the tergite, but on the sternopleurite.
It is quite difficult to compare a segment of abdomen
with a segment of thorax, because of the great
difference in their structure, but it is possible to
compare structure of different abdominal segments
and to trace development of a segment from larva to
imago (F1G.13:A-B). Such comparison shows that
styliger and gonostyli of male (being homologous to
coxites and styli, that is, limb derivatives) have
another, more ventral, position on a segment than
tergalii do; that is, tergalii can not be homologous to
limbs. With the idea about homology of tergalii and
wings some theories about origin of wings and
phylogeny of Pterygota are connected. Some
authors, naming tergalii "tracheal gills", compare
them with tracheal gills of other insects, in
particular, with paired abdominal gills of some
Odonata, Plecoptera, Megaloptera and some other
insects. However tergalii essentially differ from
these gills, as they are articulated to the tergite, and
the muscles, which move them, run not dorsally, but
ventrally to the sternum. Though it is supposed that
tergalii have a very ancient origin, their homologues
in other groups of insects are not found. Ideas about
the phylogeny of Ephemeroptera strongly depend
upon point of view on tergalii origin (if they are
homologous to wings or to legs), as in these cases
the initial plan of tergalii structure is assumed
differently.

Tergalial form and structure are diverse. Usually
the tergalius is lamellate, its dorsal surface is
directed dorsally or anteriorly, and its ventral surface
is directed ventrally or posteriorly. One of margins
(from tergalius base to its apex) is named here costal
margin; this is the margin which can be directed
anteriorly or ventrally (if tergalius apex is directed
laterally) or laterally (if tergalius apex is directed
posteriorly). The opposite of it is an anal margin —

this is the margin, which can be directed posteriorly
or dorsally (if tergalius apex is directed laterally) or
medially (if tergalius apex is directed posteriorly).
As a rule, the tergalius has two sclerotized ribs — a
costal rib (running from tergalius basis by its costal
margin or at some distance from it) and an anal rib
(running from tergalius basis by the anal margin, or
at some distance from it) (FI1G.13:C-G); sometimes
these ribs are vestigial or lost (see Index of charac-
ters [1.3.27] and [1.3.28]). Inside tergalius, more or
less advanced tracheae pass. In difference from
wings, in which tracheae pass inside sclerotized
veins, in tergalius tracheae always pass irrespective-
ly of sclerotized ribs, so tergalii have no true veins.
Basing on a wrong reconstruction of the Permian
Phtharthus, where ventral stylus-like abdominal
appendages were shown (Handlirsch 1904a, 1906
1908, 1925), some authors believed that ventral
attachment (occurring in recent Behningia/fg2 as
well) and slender shape (characteristic for recent
Pinnatitergaliae in general) were initial features of
the mayfly abdominal appendages, which they
regarded to be limb derivatives. This led to the
assumption of a very ancient origin of the
Pinnatitergaliae. Actually abdominal appendages of
Phtharthus have posterior-lateral-dorsal attachment
typical for mayfly tergalii, and probably lamellate
shape (F1G.14:C), as well as tergalii of another
Permian mayfly — Protereisma (F1G.14:D), that is
most probably the initial tergalial structure.
Functions of tergalii are various. In some
mayflies they create a water current necessary for
respiration. In many cases tergalii are used as
tracheal gills (as far as they increase the body
surface and this facilitates respiration). Tergalii can
execute a role of organs of attachment (overlapping
one another by their edges and forming one large
sucker in larvae of some Holarctic Radulapalpata
and Australian Atalophlebia/fgl — see Index of
characters [1.3.31]). Sometimes tergalii are
transformed into protective gill opercula (see Index
of characters [1.3.32]). In Coloburiscus/fgl tergalii,
being sclerotized and covered by large spine-like
setae, probably, execute a protective role. In a many
cases tergalii lack any function, but nevertheless are
retained together with the tergalial musculature.

GENITALS
(Figs 11, 18:A-D)

In the female imago, the sexual aperture opens
between abdominal sternites VII and VIII. Usually
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on this place no external morphological structures
are present (FIG.18:A-B); the sternite VII can be
produced posteriorly, forming a pregenital plate; in
rare cases (in some Leptophlebia/fgl) the pregenital
plate forms a tubular process — an unpaired
secondary ovipositor. If pregenital plate is present, it
is expressed only in imago and subimago, but not in
larva. Mayflies have no any vestiges of the primary
ovipositor (inherent in many other Amyocerata).

Abdominal sternum IX is produced posteriorly in
the form of a plate. In the female this is a simple
plate called postgenital, or preanal plate (see Index
of characters [2.3.6]). In the male this plate, named
styliger (see Index of characters [2.3.7]), bears a
pair of mobile appendages — gonostyli, or forceps
(see Index of characters [2.3.8]-[2.3.14]). Gonostyli
are used by the male imago at copulation for holding
female abdomen (FIG.10:G-H). Gonostylus is a
derivative of the abdominal stylus — such styli are
developed on abdominal segments I-IX (or at least
some of them) in Triplura, on abdominal segments
I-VII (or some of them) in Diplura, and only on
abdominal segment IX of males and/or females in
some Pterygota. In all insects which have abdominal
styli or their derivatives the stylus is non-segmented;
in some Diplura and Triplura the stylus bears an
apical pointed appendage — tarsellus (only in some
palaeontological publications segmented styli are
described for extinct insects, but these descriptions
are quite doubtful, not being supported by fossils).
Gonostylus of Ephemeroptera looks segmented, but
its segments are secondary ones, they have no active
mobility and no muscles or apodemes inside.
Gonostylus is moved only by a muscle located in the
styliger and attached to its first segment. A lateral
paired portion of styliger, which contains the muscle
of gonostylus, is named here a pedestal of
gonostylus; in some mayflies the styliger is strongly
reduced, but its gonostyli pedestals are prominent,
segment-like, thus sometimes they are erroneously
taken for proximal segments of gonostyli. Gonosty-
lus usually consists of the following 4 secondary
segments: a short thick 1* (proximal) segment is
immobile connected with a long 2™ segment, further
follow two passively-mobile articulated distal
segments — 3™ and 4" ones. In some mayfly taxa the
number of gonostylus segments is reduced, in more
rare cases it is increased (see Index of characters
[2.3.10]-{2.3.14]). Inner surface of the gonostylus
often bears numerous mechanoreceptorial globular
papillae representing modified setae (Gaino &
Rebora 2002).

The projection of abdominal sternum IX (the
subanal plate of female and the styliger with
gonostyli of male) is better developed in the imago,
and usually is present not only in imago and
subimago, but in the larva as well (in contrast to the
subanal plate of female). Larval gonostyli are small
and have no more than one distal segment, from
which the both subimaginal distal segments are
developed; often larval gonostyli are non-segmen-
ted, sometimes reduced or fused with styliger. In the
majority of mayflies structure of abdominal sternum
IX allows to distinguish male and female larvae;
only in Turbanoculata larval gonostyli are reduced,
and in Caenoptera larval gonostyli are completely
fused with styliger, thus in these two taxa sexual
dimorphism in larval abdominal sternum IX is not
expressed (see Index of characters [1.3.60]).

In the male imago, from a membrane between
styliger base and paraproct bases (i.e. from the
boundary of segments IX and X), a penis arises.
Cuticle laterad of penis base is sclerotized in such a
manner that forms a pair of curved sclerotized
penial arms. Each penial arm has a lateral-ventral
angle articulated with a peculiar small proximal-
dorsal projection of styliger, and a lateral-dorsal end
articulated with posterior margin of tergite IX
somewhat mediad of its lateral-posterior corner.
Styliger is able to bent ventrally by contraction of
longitudinal sternal muscles. At rest, the articulation
of lateral styliger margin with immobile lateral
margin of sternite is located somewhat distad of the
articulation of styliger with penial arm; thanks to
this, when styliger bents ventrally, penis is
protracted posteriorly and dorsally (FiG.11). The
penial arms are well developed in the overwhelming
majority of mayflies, with exception for a few taxa
(see Index of characters [2.3.17]).

Penis is usually paired (in contrast to majority of
other insects); its left and right lobes can be either
completely separated, or more or less fused together.
Paired seminal ducts usually open on penis by a pair
of gonopores, rarely by an unpaired gonopore
(particularly, in fragilis [Ametropus]); seminal ducts
can be paired all aver their length (F1G.23:G) or are
fused in penial base (F16.93:C) (see below).

Form and structure of the penis are extremely
diverse, it can have complex musculature and
movable spines — titillators (see Index of characters
[2.3.15]-{2.3.17)).

Subimaginal and larval penis (FIG.18:D) never
has sclerotized arms and can have other differences
if compared with the imaginal one — its structure can
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be more simple, rarely more complex than in imago;
in a few taxa larval penis is lost (see Index of
characters [1.3.60]).

ABDOMINAL SEGMENT X AND CAUDALIT
(FIG.12)

The last, tenth abdominal segment has a well-
developed tergite, whose lateral-anterior angles are
produced ventrally more strongly than that of
preceding tergites, but do not meet on the ventral
side (in contrast to Microcoryphia, Odonata, some
Plecoptera and some other insects). Tenth tergite is
well-outlined both in adults and larvae (in contrast to
preceding tergites, which are not laterally outlined in
larva); its posterior margin is produced posteriorly as
a flap above bases of caudalii.

Ventral wall of the tenth segment is formed by a
pair of paraprocts. In the larva paraprocts have a
form of distinct sclerites (see Index of characters
[1.3.62]), while in the imago they are usually soft
and indistinct. As the tenth tergite is interrupted
ventrally, paraprocts are directly articulated to
sternum IX.

Posterior wall of the tenth segment is formed by
a tricaudale (new term) — integral sclerotized
formation consisting of a basitricaudale (new term)
— transverse sclerite of body wall, and caudalii (new
term) — three processes arising from the basitricau-
dale in caudal direction. Formerly caudalii of
mayflies were called "caudal filaments", as they
often have a thread-like form, especially in adults.
Lateral paired caudalii are cerci, and median
unpaired caudalius is paracercus. Between lateral
margin of basitricaudale, lateral-posterior margin of
paraproct and lateral-posterior margin of tergite,
body wall is formed by a paired sclerite —
cercotractor (new term). Type taxon of the new
terms tricaudale, caudalius, basicaudale and
cercotractor is aestivalis [Siphlurus] in FIG.12:A-E.
Usually the cercotractor has triangular shape, is
movably connected with tergite, movably articulated
with lateral base of cercus and fused with paraproct
(F1G.12:A-F); but in some taxa the cercotractor has
another shape, can be separated from paraproct (FIG.
12:G) and/or fused with cercus (see Index of
characters [1.3.62] and [2.3.18]). Basitricaudale has
a pair of deep dorsoventral grooves, which serve its
flexibility and divide it into three portions each
bearing one caudalius; direct caudalial muscles
stretch from tergite to these grooves and serve as
adductors of cerci. Probably no primary direct

abductors of cerci are present in insects. Abduction
is served by tergo-cercotractoral muscles (Figs.12:
A-E); in the cases when cercotractors are fused with
cercal bases, the tergo-cercotractoral muscles look as
direct cercal abductors (FiG.12:G). Each caudalius
has a basi-basal muscle, which connects dorsal and
ventral edges of its base. Such basi-basal muscles
are well developed in all mayflies, being retained
even in vestigial paracercus of that mayflies, which
look as two-tailed. Besides Ephemeroptera, basi-
basal muscles are developed in Triplura (both in
Zygentoma and Microcoryphia), but lost in Meta-
pterygota.

Some authors (Snodgrass 1935, et al.) errone-
ously regard paraprocts to be coxites of abdominal
segment XI, cerci to be leg derivatives of abdominal
segment XI (i. e. appendages of paraprocts), and the
paracercus to be a dorsal appendage of another
origin. This assumption is based on examination of
Microcoryphia and some other insects with specia-
lized abdomen, where abdominal tergite X forms an
integral ring, separating paraprocts from sternum IX
(so the ring formed by tergite X is taken for a fusion
of tergite X and sternite X). Such homologization
contradicts to muscles arrangement, as no special
sternal muscles are attached to the "sternite X"
(which is actually a ventral part of the tergite X).
Abdominal structure of Ephemeroptera (as well as
that of Zygentoma and some other insects) is more
primitive, so the sternite X (pair of paraprocts) is
situated here not behind, but ventrad of the tergite X
and just behind the sternum IX. In all Amyocerata
the cerci and paracercus are in the equal manner
articulated with abdominal tergite X and all muscles
going from their bases are attached to the tergite X
only. Most probably, cerci and paracercus are organs
of the same origin, being dorso-posterior appendages
of tergite X (Kluge 1999d, 2000). In contrast to leg
derivatives, the caudalii never have primary segmen-
tation, never have muscles or apodemes inside.

In Ephemeroptera caudalii have such a kind of
secondary segmentation, which is most primitive
among Amyocerata, being the same as in all
Triplura: the number of segments is large and
indeterminate; at each moult it increases thanks to
division of proximal segments half-and-half; each
caudalius is thickest in its base, and becomes thinner
toward apex (i. e. has a bristle-like shape); proximal-
most segments are shortest and indistinctly divided
one from another, and in distal part segments
become longer and distinctly separated. This
structure and kind of growth resembles that of the
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antennal flagellum of primitive representatives of
Amyocerata, including Triplura and Ephemeroptera
(but not of antenna as a whole, which have besides
the flagellum, also scapus and pedicellus).

Besides Ephemeroptera, cerci are retained in
many other Pterygota, but the paracercus is lost in
all Matapterygota (in some Plecoptera and some
other Metapterygota presence of paracercus was
erroneously stated in literature). In Ephemeroptera
cerci are always developed, and the paracercus can
be as long as cerci or even somewhat longer, or it is
more or less reduced, up to a non-segmented vestige
(see Index of characters [1.3.64] and [2.3.20]). In
many mayflies the paracercus is reduced only in
winged stages, being developed in the larva; in this
case, when subimaginal tissues are developed under
larval cuticle, hypodermal paracercus narrows and
breaks near base, thus subimaginal vestige of
paracercus develops only from the basal part of
larval paracercus, and at moult larval cuticle shads
together with remainder of hypoderm of most part of
paracercus (in contrast to mouthparts — see above).
Sometimes the paracercus is reduced in larva of first
instar, being developed in mature larva; sometimes it
is developed in larva of first instar, being reduced in
mature larva and winged stages; sometimes it is
reduced in all stages.

In male imagoes nearly of all Ephemeroptera
caudalii are longer than the body (see Index of
characters [2.3.18]) and are used in the mating
flight: most mayflies have in their mating flight a
stage of parachuting, when the insect passively
moves down with its wings are V-like elevated
upwards, and its cerci are widely divergent. In male
subimagoes caudalii are not so long as in the imago.
In female imagoes caudalii are less long, little longer
than the body or shorter than it.

Larval caudalii often have denticles on posterior
margins of segments, similar to denticles on poste-
rior margins of abdominal tergites (see above).

In larvae of the primitive siphlonuroid type (see
above), caudalii have a peculiar structure (FIG.28:
A): they are not long (much shorter than in imago,
shorter than the body); paracercus is subequal to
cerci; cerci have oblique margins of segments, so
each segment on lateral (outer) side is situated more
distally, than on median (inner) side; primary
swimming setae are present — these are setae
arranged in four regular rows — one row on median
(inner) side of each cercus and a pair of rows on
lateral sides of paracercus. Such structure of caudalii
allows larva to swim, moving by its abdomen up-

and-down (FIG.9:A-B). In various mayfly taxa this
primary siphlonuroid specialization is secondarily
lost or changed to other specialization. Sometimes
on lateral (outer) sides of cerci secondary
swimming setae can be developed, they differ in
structure from the primary swimming setae (see
Index of characters [1.3.67]). Sometimes primary
swimming setae are reduced (see Index of characters
[1.3.66]) or substituted by secondary swimming
setae, which have the same structure on both lateral
and median sides of cerci and lateral sides of
paracercus. Margins of segments of cerci can be not
oblique, paracercus can be more or less shortened,
and cerci elongate, being more similar to cerci of
winged stages; such modification is especially usual
for rheophilous larvae, which lost ability to active
swimming.

Based on a wrong reconstruction of Permian
Phtharthus, where cerci were shown as fringed by
setae on both sides (Handlirsch 1904a, 19061908,
1925), some authors believed that such setation
(occurring in recent Pinnatitergaliae as well) was
initial for mayflies. Actually caudalii of Phtharthus
have typical siphlonuroid setation with cerci bearing
setae on median sides only (Fi1G.14:C), as well as
that of another Permian mayfly — Protereisma (FIG.
14:D). The same siphlonuroid setation is most
common for Mesozoic and Recent mayflies (see
Index of characters [1.3.66]), which leads to the
assumption of its primary nature.

INTERNAL ANATOMY
ALIMENTARY CANAL AND MALPIGHIAN TUBES

The alimentary canal is functional in larvae and non-
functional in subimagoes and imagoes; it is straight
and simple; the stomodaeum is slightly separated or
non-separated from the mesenteron, thin-walled and
lacking sclerotized formations (characteristic for
ectodermal proventriculus of many other insects);
the proctodaeum is more differentiated (Needham et
al. 1935: P1.6), varying among mayfly taxa (Landa &
Soldan 1985: Figs 44-59).

Malpighian tubes are numerous (from several
dozens to several thousand) and have unique struc-
ture: each tube consists of a distal portion usually
coiled spirally or S-like, and of a very thin duct
arising from the inner end of the spiral (Needham &
al. 1935:P1.7:5-10). Ducts of Malpighian tubes fall
either directly into the intestine, or into special
projections of the intestine — trunks of Malpighian
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tubes (Landa 1969b:Fig.12; Kluge 1993a:Figs 1-19;
1998:Figs 32-34). The trunks of Malpighian tubes
occur in many (but not all) mayfly taxa and have
various number, length and arrangement, can be
simple or branched; most of the trunks are directed
anteriorly. Number, arrangement and branching of
the trunks were regarded to be characters of high
level taxa (Landa 1969b, Landa & Soldan 1985), but
actually the number of trunks and their branches is
under great individual variability; it can differ in
specimens of the same species and in left and right
halves of the same specimen (Kluge 1993a:Figs 1-
19). Most constant are longest trunks, while short
trunks and short branches can easily appear and
disappear, varying individually (Kluge 1993a,
1998). In many taxa examined (Posteritorna, Isony-
chia/fg2, Fimbriatotergaliae) there are 2 longest
lateral trunks directed anteriorly; sometimes anterior
end of each trunk bears a peculiar straight Malpi-
ghian tube partly fused with its duct (Kluge 1998:
Figs 32-34); an identical pair of peculiar Malpighian
tubes directed anteriorly occur also in some may-
flies, which have no trunks — Turbanoculata (LL.anda
1968:Fig.12BR) and some Ephemerella/fgl. So, the
lateral paired position of Malpighian tubes is usual
for many non-related groups of Ephemeroptera.
Some other mayflies, particularly Radulapalpata,
instead of one pair, have 2 equal pairs of longest
trunks directed anteriorly (Kluge 1993a: Figs 1-19).

TRACHEAL SYSTEM

Mayflies have all 10 pairs of tracheostia (mouths of
tracheal system) that are initial for Amyocerata: 2
intersegmental thoracic pairs - stenothoracic
(between prothorax and mesothorax) and cryptotho-
racic (between mesothorax and metathorax), and 8
segmental abdominal pairs — one pair on each
abdominal segment I-VIII (Kluge 2000). All trache-
ostia are lateral, each abdominal tracheostium is
located at the anterior part of its segment (FIG.13). In
subimago and imago the both pairs of thoracic
tracheostia have a form of widely opened spiracles
lacking closing apparatus, and the abdominal
tracheostia are either closed or have a form of smalli
spiracles (FiG.4). In the larva all tracheostia are
closed, but at each moult serve for escaping of old
tracheal intima thorough them.

The tracheal system of mayflies is described and
figured in detail by Landa (1948). Tracheae origina-
ting from different tracheostia are connected by a
single pair of thick lateral longitudinal trunks (the

same in many other insects). Left and right trunks
are connected one with another only by transverse
anastomoses, which have no passage for the air:
each transverse anastomose is formed by a pair of
tracheal branches meeting medially and fused by
their apical cuticular thickenings. One of such
transverse anastomoses, named Palmen’s body, is
located in the head dorsad of oesophagus and is
formed by fusion of apices of two pairs of tracheae
meeting at one point; some other transverse
anastomoses can be present in the head, thorax and
abdomen. Abdominal anastomoses, if present, are
located ventrad of the intestine close to the nerve
cord, no more than one anastomose per a segment.
They can be present in abdominal segments VIII
and/or IX only, or in other abdominal segments as
well. Arrangement of transverse abdominal anasto-
moses was regarded as an important character of
high rank taxa (Landa 1968b; Landa & Soldén 1985;
McCafferty 1991a); however, the number of anasto-
moses varies individually. During ontogenesis, new
anastomoses are added, thus their number is less in
the young larva and more in the mature one.

Arrangement of visceral tracheae was regarded
as another character of high rank taxa (Landa 1968b;
Landa & Soldan 1985). Sometimes tracheae penetra-
ting into the same internal organs or muscles
originate from different tracheostia; this can vary
individually or in the left and right sides of the same
individual. Taking into account that examination of
thin tracheae is rather difficult and needs special
methods, characters connected with the tracheal
system are hardly usable in taxonomy.

Thoracic and abdominal tracheae arising from
different pairs of tracheostia are connected by the
single pair of lateral trunks only, and have no other
longitudinal anastomoses; particularly, in contrast to
Metapterygota, there are no loops connecting steno-
thoracic and cryptothoracic tracheostia and giving
rise to mesothoracic leg and wing tracheae, and no
loops connecting cryptothoracic and first abdominal
tracheostia and giving rise to metathoracic leg and
wing tracheae. Instead of this, each leg and each
wing is supplied by a single trachea; mesothoracic
leg and wing get trachea from stenothoracic trache-
ostium, and metathoracic leg and wing get trachea
from cryptothoracic tracheostium only.

The single trachea coming into the wing divides
into several branches, which penetrate through the
wing base either passing as a single bunch anteriad
of the basal wing plate, or a branch going to MP and
CuA passes separately from others posteriad of the



MORPHOLOGY OF MAYFLIES 41

basal plate, and then unites with others just before
the place where tracheae diverge penetrating into
RA, RS+MA and MP. Among the taxa examined,
only Campsurus/fgl have unusual separate entering
of the trachea into CuA (see Index of characters
[2.2.50] and FIGS 79-80).

NERVE SYSTEM

As in other Hexapoda, the central nerve system of
Ephemeroptera initially consists of a supraoesopha-
geal synganglion (fused preoral brain and tritocereb-
rum), suboesophageal ganglion (fused ganglia of
mandibular, maxillary and labial segments), 3
thoracic ganglia and 8 abdominal ganglia (last of
which is probably a synganglion of abdominal
segments VIII-X). This or that thoracic or
abdominal ganglion can be shifted anteriorly, and is
sometimes fused with ganglion of the preceding
segment. Thus, the 1* abdominal ganglion is often
fused with the metathoracic ganglion, and the last
two abdominal ganglia can be fused together; nerve
connectives can be fused together partly or comple-
tely (Landa & Soldén 1985:Figs 1-4). Position of the
metathoracic ganglion in adults is well-indicated
externally, thanks to the structure of the mesothora-
cic furcasternal protuberances (see paragraph
"Mesosternum" and Index of characters [2.2.23]).
Location of abdominal ganglia in this or that
abdominal segment is not well-fixed, as abdominal
segments are able to protract backward and retract
into preceding ones.

REPRODUCTIVE SYSTEM

It is usual to regard that mayfly gonads and
gonoducts are paired all over their length and always
open by paired gonopores. Actually, this is true for a
part of mayflies only (FiGS 23:G; 59:B). In males of
various non-related mayflies, left and right seminal
ducts are fused one with another inside the penial
base, and in the distal part of the penis diverge
again, thus open by a pair of gonopores (FIG.93:C);
rarely there is an unpaired gonopore. In females, left
and right oviducts often unite to form a short unpai-
red genital chamber opened by an unpaired gono-
pore; in Siphlonurus/fgl this chamber is sclerotized
(F1G.18:A—C), in other mayflies membranous.

Some authors regarded the paired gonopore of
mayflies to be a plesiomorphy unique among
insects. This opinion is based only on a general idea
about the primary nature of paired organs and secon-
dary nature of unpaired ones, being not supported by
comparison of this structure in concrete insect
groups. Most probably, Hexapoda initially have an
unpaired gonopore, which is present in all Ento-
gnatha, Triplura and majority of Pterygota. Paired
gonopore of male mayflies can be a new formation
connected with the peculiar genital structure (see
above and FiG.11): As the penis is constantly
articulated with a ninth abdominal tergite by a pair
of penial arms, its movement should be limited by
rotation around a single transverse axis; more
composite movements can be made only if left and
right halves of the penis are movably connected one
with another; this becomes possible only if gono-
ducts are paired all along their length. As well as
other insects, mayflies have great specific diversity
in genital structure and manner of genital movement
(that probably serves species reproductive isolation).
Due to this, most mayfly species have paired
gonoducts, and only a few species have a penis with
limited mobility and unpaired gonopore. Other
insects are able to combine diversity in penis
structure with an unpaired gonopore, because they
have no such penial arms.

Mayfly ovaria have a large indeterminate number
of ovarioles (approximately from 100 to 500 in
different species). Formerly it was regarded that the
ovaria of mayflies have the primitive panoistic type,
i.e. lack trophocytes (Soldan 1979c); however,
detailed examination of a few species indicated that
mayfly ovarioles belong to the meroistic telotrophic
type, with linear clusters of trophocites concentrated
in the apical zone of each ovariole. (Gottanka &
Buning 1993). In the end of development, the
trophocytes degenerate, the oocytes lost connection
with them, and all ovarioles with oviduct fuse to a
common sack containing numerous eggs.

Testes have a large indeterminate number of
testacular follicles, each falling directly to a seminal
duct.

Shape and position of ovaria and testes some-
what differs among mayfly taxa (Landa & Soldén
1985:Figs 18-20).
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Figure 3. Larva of Siphlonurus/fg4 aestivalis {Siphlurus].
A — Anterior half of male larva of last instar, lateral view (tergalius Il removed; subimaginal hind leg shown by interrupted
line); B — left maxilla, ventral view (muscles shown by interrupted lines); C — hypopharynx and superlinguae, dorsal view;
D — labium, ventral view (muscles shown by interrupted lines); E — apex of left maxilla, median view (dentisetaec shown by
dots); F — left mandible; G — right mandible. (A, B, E-G — from Kluge 1997 and 2000).

Abbreviations: c.mx — maxillary canines; cly — clypeus; crd — cardo; ds — dentisetae; fe — femur; fr — frons; gl — glossa;
hyp — hypopharynx, i — incisor; kd — kinetodontium; Ibr — labrum; m — mola; mx — maxilla; pgl — paraglossa; p.Ib — labial
palp; p.mx — maxillary palp; prs — prostheca; pt — patella, sl — superlingua; stp — stipes; ta — tarsus; ti — telotibia.
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Figure 4. Winged stages of Siphlonurus/fg4 aestivalis [Siphlurus].
A — male subimago, head and thorax, lateral view; B — male imago, the same; C — female imago, head, lateral view. (B, C -
from Kluge 2000)

Abbreviations: BS — basisternum of mesothorax; fr — face fold (frons); FS — furcasternum of mesothorax; PCxsA —
anterior paracoxal suture of mesothorax; PhM — middle phragma; pt — patella; ta — tarsus; ti — telotibia; tol — stenothoracic
tracheostium (first thoracic spiracle); to2 — cryptothoracic tracheostium (second thoracic spiracle).



44 CHAPTERIT

Figure 5. Pterothorax of Siphlonurus/fg4 aestivalis [Siphlurus].
A-C — imaginal pterothorax: A-B — lateral view; C — anterior view (muscles shown by interrupted lines and dotted, muscle
bases outlined by dotted lines); D — subimaginal exuviae of left mesopleuron. (From Kluge 1994a).

Abbreviations: AEM - anepimeron; AES — anepisternum; ALPs — antelateroparapsidal suture; ALSc — anterolateral scutal costa;
ALSs — anterolateral scutal suture; ANi — anteronotal transverse impression; ANp — anteronotal protuberance; AN.Pm — anteronoto-
pleural muscle; Ax.Fm - axillar-furcal muscle; Ax.PmlI — inferior axillar-pleural muscle; BA — basalare; BA.Cm — basalar-coxal muscle;
BA.Sml - inferior basalar-sternal muscle; BA.SmS — superior basalar-sternal muscle; BR — basiradiale; BS — basisternum,;
BSc - basisubcostale; CxC — coxal conjunctiva, Cx.Cxm — coxo-coxal muscle; F — furca; F.Cm ~ furca-coxal muscle; F.CmP — posterior
furca-coxal muscle; F.CmS — superior furca-coxal muscle; Fm — furcal muscle; FS — furcasternum; FSp — furcasternal protuberance;
HP - humeral plate; iFm — intersegmental furcal muscle; ISL - infrascutellum; KEM - katepimeron; KES — katepisternum; KESsA —
anterior katepisternal suture; KESsP — posterior katepisternal suture; LPN — lateropostnotum; LPNC - lateropostnotal crest; LPs —
lateroparapsidal suture; LSs — lateral scutal suture; MLs — median longitudinal suture; MNs — mesonotal suture; MPN — mediopostnotum;
MPs — medioparapsidal suture (notaulix); MS — medioscutum; MTm — median tergal muscle; PAB:DA — dorsal arc of prealar bridge;
PAB:LA - lateral arc of prealar bridge; PAB:PA — posterior arc of prealar bridge; PAB:V A — ventral arc of prealar bridge; P.Cm — pleuro-
coxal muscle; PCxsA — anterior paracoxal suture; PCxsP — posterior paracoxal suture; PhA — anterior phragma; PhM — middle phragma;
PhP ~— posterior phragma; PLS — prelateroscutum; PLsI — inferior pleural suture; PLsS — superior pleural suture; PSA — postsubalar
sclerite of lateropostnotum; PSL.Cm — parascutellar-coxal muscle; PSp — posterior scutal protuberance; P.Trm — pleuro-trochanteral
muscle; PWP — pleural wing process; SA — subalare; SAC — subalar conjunctiva; SA.Cm — subalar-coxal muscle; SA.Fm — subalar-furcal
muscle; SA.Sm - subalar-sternal muscle; S.CmA — anterior scuto-coxal muscle (tergal promotor of coxa); S.CmP — posterior scuto-coxal
muscle (tergal remotor of coxa); S.ESm — scuto-episternal muscle of mesothorax; S.ESm3 — scuto-episternal muscle of metathorax;
SL — scutellum; S.LPNm — scuto-lateropostnotal muscle; SLS — sublateroscutum; SMS — submedioscutum; S.PSLs — scuto-parascutellar
suture; S.Trm - scuto-trochanteral muscle; SrA.Pm — suralare-pleural muscle; S.SLi — scuto-scutellar impression; Teg — tegula.
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Figure 6. Right half of imaginal mesonotum and forewing base of Siphlonurus/fg4 aestivalis [Siphlurus], smoothed on
slide (membrane between axillary sclerites broken, the break shown by black) (from Kluge 1994a).

Abbreviations: ALPs — antelateroparapsidal suture; ALSc — anterolateral scutal costa; ALSs — anterolateral scutal
suture; ANi — anteronotal transverse impression; ANp — anteronotal protuberance; APM — middle articulatory process
of wing base; APP — posterior articulatory process of wing base; AXA — anterior axillary sclerite; AxC — axillary cord;
AxM - middle axillary sclerite; AxP — posterior axillary sclerite; AxPr — proximal axillary sclerite; BA — basalare;
BAn - basanale; BSc — basisubcostale; BR — basiradiale; cb — costal brace; HP — humeral plate; ISL — infrascutellum;
LPN - lateropostnotum; LPs — lateroparapsidal suture; LS — lateroscutum; LSs — lateral scutal suture; MLs — median
longitudinal suture; MNs — mesonotal suture; MS — medioscutum; MPs — medioparapsidal suture (notaulix);
PAB:DA — dorsal arc of prealar bridge; PAB:PA — posterior arc of prealar bridge; PhA — anterior phragma;
PLS - prelateroscutum; PSL — parascutellum; PSLccv — parascutellar lateral concavity; PSLcvx — parascutellar lateral
convexity; PSp — posterior scutal protuberance; RSSLs — recurrent scuto-scutellar suture; SL — scutellum;
SLS — sublateroscutum; SMS ~ submedioscutum; S.PSLs — scuto-parascutellar suture; SrA — suralare; S.SLi — scuto-
scutellar impression; Teg — tegula.
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Figure 7. Wings.
A — Scheme of wing base and venation of Ephemeroptera (compare with D); B — scheme of triad branching of veins;
C-D - right fore and hind wings of Siphlonurus/fg4 aestivalis [Siphlurus]; E — scheme of wing base and venation of
Neoptera (compare with A) (B and C — from Kluge 2000).

Abbreviations: cb — costal brace; pts — pterostigma.
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Figure 8. Reduction of wings and pterothorax among mayflies.
A-B - Siphlonurus/fg3 spp., mayflies with most usual plesiomorphic proportions: A — general view; B — median section of
pterothorax. C-D — Turbanoculata, mayflies with reduced hind wings: C — vernus Curtis 1834 [Baetis], mayfly with
vestigial hind wings; D — median section of pterothorax of Clocon/fg* diptera [Ephemera], mayfly without hind wings.
E-F — individual variability of wing size in an undescribed short-winged species of Rhithrogena/fg2 from Chukotka (River
Amguema 12 km below meteorological station, 1 IX 1976, leg. E. Makarchenko). (A — from Tshernova 1964, B — from
Kluge 2000, C — from Kluge 1997d).

Abbreviations: MTm2 — median tergal muscle of mesothorax; MTm3 — median tergal muscle of metathorax; PhM —
middle phragma; SA.Sm — subalar-sternal muscle; S.ESm2 — scuto-episternal muscle of mesothorax; S.ESm3 — scuto-
episternal muscle of metathorax; S.LPNm — scuto-lateropostnotal muscle.
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Figure 9. Movements of larvae.

A-B — Siphlonurus/fg] (larva with primary siphlonuroid swimming specialization): A ~ lateral view of swimming larva;
B - dorsal view of its caudalii. C-E — swimming larvae of various Radulapalpata (rheophilous taxon, in which swimming
siphlonuroid specialization is partly or completely lost): C — Rhithrogena/fg3 (leg pose differs from siphlonuroid);
D — Heptagenia/f6=g5 (legs free); E — Ecdyonurus/fgl (swims by legs rather than by abdomen). F-H - rheophilous
representatives of Turbanoculata: F-G - Baetiella/gl tuberculatum Kazlauskas 1963 [Pseudocloeon (Baetiella)];
H - Acentrella/gl grnom Kluge 1983 [Pseudocloeon). I-N — Respiratory movements: I-M — respiratory movements of
Ameletus/fgl representing modified primary siphlonuroid swimming movements; N — special respiratory movements of
Baetis/fg* different from its swimming movements. (F-N — from Kluge & Nivikova & Brodsky 1984).
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Figure 10. Copulation.

A-F — Tibia-tarsal articulation of male fore leg of Metretopus/fg* borealis [Heptagenia] (each leg lies with knee
articulation directed up and tarsus directed to the right); left figures (A, C, E) — left leg in median view;
right figures (B, D, F) — right leg in lateral view: A—-B — subimago; C-D — imago with normal position of tarsus (arrow
shows future rotation which leads to position on Figs E and F); E-F — imago with tarsus tumed around at 180°.
G—H — Pose of copulation of Parameletus/fg2 chelifer [ Parameletus] (from Kluge 2000 based on Brinck 1957).
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Figure 11. Genitals of male imago of Ameletus/fg2 camtschaticus [Ameletus}.

A — Abdominal sternum IX with styliger, gonostyli and penis, ventral view (muscles of styliger and right half of penis are
shown by interrupted lines). B — Apex of abdomen, lateral view. C — Apex of abdomen with genitals in excited condition,
lateral view (left cercus removed). D — the same, posterior view.

Abbreviations: 1, 2, 3, 4 — segments of gonostylus; gp — gonopore; gsty — gonostylus; p — penis; p.a — penial arm;
pc — paracercus; sIX — abdominal sternite IX; sg — styliger.
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Figure 12. Larval 10th abdominal segment.
A-E — Siphlonurus/fg4 aestivalis [Siphlurus] (intestine and all muscles connecting intestine with body wall are removed):
A — posterior view (cerci and paracercus removed, instead them three round sections are shown); B — anterior view, from
inside; C — dorsal view (hidden sclerites shown by interrupted lines and dotted, muscles shown by interrupted lines, their
dorsal bases — by dotted polygons); D — longitudinal section; E — lateral view (muscles shown by interrupted lines). F —
scheme of structure usual for Ephemeroptera (corresponds to A—E); G — scheme of sctructutru peculiar for Geminovenata,
Fossoriae and Caenotergaliae.

Abbreviations: btc — basitricaudale; ¢ — cercus; ¢:B-B — basi-basal muscle of cercus; ctr — cercotractor; pc — paracercus;
pc:B-B — basi-basal muscle of paracercus; pp — paraproct; X — abdominal tergite X.
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Figure 13. Tergalii.
A-B — Abdomen of male Siphlonurus/fg4 lacustris [Siphlonurus] (boundaries of pigmented spots shown by dotted lines):
A —larva; B — imago (arrow shows trace of tergalia attachment). C — Scheme of musculature of larval abdominal segment
(tergalial muscle shown by longitudinal striation, tracheal trunks — by transverse striation). D-G — position of ribs and
tracheae in tergalii of various mayflies (ribs shown by integral lines and dotted, tracheae shown by dotted lines):
D — procerus [Ameletus]; E — montanus [Ameletus]; F — immanis [Siphlonurus); G — eugeniae [Rhithrogena). (A-B, D-F —
from Kluge 1989a; C — from Kluge 2000).

Abbreviations: a.r — anal rib; c.r — costal rib; gsty — gonostyli buds of larva and gonostyli of imago; ter — tergalius;
Tm - tergalial muscle; to — tracheostium.
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Chapter III

Ephemeroptera in wider and narrower senses

If only Recent representatives are to be discussed,
the taxon Ephemeroptera (mayflies) looks distinctly
outlined. However, there are known several fossil
Palaeozoic forms which have relationship with
Recent mayflies, but do not fall into the taxon
Ephemeroptera if characterize it by structure of
Recent representatives. These extinct forms together
with Recent mayflies form a group which can be
called Ephemeroptera in widest sense, or
Panephemeroptera; it includes a subordinate taxon
which also can be called Ephemeroptera, or
Euephemeroptera; in its turn, Euephemeroptera
include a subordinate taxon Ephemeroptera in
narrowest sense, or Euplectoptera, to which all
Recent mayflies belong. Phylogenetic relationships
of these taxa are assumed as following:

1 Protephemeroidea
1 plesiomorphon Permoplectoptera

Posteritorna

lesiomorphon Tridentiseta

Branchitergaliae

Euplectoptera
Euephemeroptera

Bidentiseta

Anteritorna

Furcatergaliae

Below, following classification of mayflies is given:

{1} Panephemeroptera, or Ephemeroptera s.1., or Ephemera/fgl
{1.1} Protephemeroidea, or Triplosoba/fgl

{1.2} Euephemeroptera, or Ephemeroptera s.1., or Ephemera/fg2
{1.2.1} Permoplectoptera, or Protereisma/f1=Phtharthus/gl
{1.2.2} Euplectoptera, or Ephemeroptera s.str., or Ephemera/fg3
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{1} Panephemeroptera,
or Ephemeroptera sensu latissimo, or
Ephemera/fgl
(Figs 3-106)

Nomen hierarchicum: Ephemera/fgl (incl. Triplosoba)
[f: Ephemerinae Latreille 1810: 273; g: Ephemera
Linnaeus 1758: 546, typus E. vuigata Linnaeus 1758
(design. Latreille 1810)].

Nomina circumscribentia univoca:

— Panephemeroptera Crampton 1928: 85;

— Ephemeropteria Crampton 1938: 170;

— Ephemeropteroidea Rohdendorf 1968: 61.

Nomina circumscribentia non-univoca (in circumscription
matching also Euephemeroptera and Euplectoptera) —
see below, Euplectoptera.

In circumscription exactly matches:

— ordo Ephemeroptera: Demoulin 1956b: 8;

— ordo Ephemerida: Rohdendorf 1977: 20;

— superordo Panephemeroptera Crampton 1928: 83;

— superordo Panephemeroptera,
or Ephemeropteria Crampton 1938: 170;

— superordo Ephemeroptera: Martynov 1938: 32;

— superordo Ephemeropteroidea Rohdendorf 1968: 61;

— superordo Ephemeridea: Rasnitsyn 2002: 86;

— cohors Ephemeriformes: Rohdendorf 1977: 20;

— sectio Ephemerata: Boudreaux 1979: 196,

— subclassis Ephemeroidea: Handlirsch 1906: 37;

— Panephemeroptera, or Ephemera/fgl: Kluge 2000: 241.

In circumscription non-univocally matches taxa listed
below, under Euplectoptera.

References. Martynov 1938: ©*; — Tshernova 1962b:
®*; — Kluge 2000: &*; — Rasnitsyn 2002: ©*.

Characters of unclear phylogenetic status.

(1) Wings are unable to fold on back: in rest are
directed dorsally (FIG.8:A) or spread laterally (FIG.
14:A). The same in Odonatoptera Lameere 1900 (or
Odonata Fabricius 1793 s. 1., or Libellula/fgl) and
Protorrthynchota Rohdendorf 1968 (or Dictyoneura/
/fgl), in contrast to Neoptera Martynov 1923.

(2) At least fore wing is costalized: veins Sc and
RA go parallel to C nearly up to wing apex; RS
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begins as a common stem (FIGS 7:C-D; 14:A-B).
The same in Protorrhynchota and many others.

(3) Convex and concave veins are regularly alter-
nating (FIGS 7:A-D, 14:A-B): there are concave RS,
convex MA, concave MP, convex CuA, concave
CuP and others (besides concave Sc and convex RA
which are common for Pterygota). The same in
Protorrhynchota; Odonatoptera have less number of
regularly alternating veins; Neoptera have different
composition of veins behind RA (FIG.7:E) Among
Panephemeroptera these veins can be lost only on
vestigial hind wings of some Euplectoptera.

(4) Triad branching of veins provides regular
alternating of convex and concave branches (FIGS 7:
B-D, 14:A-B). Vein RS [concave — see (3)] forms a
triad of concave RSa and RSp and convex iRS
between them; RSa forms a triad of concave RSa,
and RSa, and convex iRSa between them (the same
in Odonatoptera, but in contrast to Protorrhynchota).
MP [concave — see (3)] forms a triad of concave
MP, and MP, and convex iMP. Euplectoptera have
also triads formed by RSa, and MA (FIGS 7:
C, 14:B). Only in extremely specialized represen-
tatives of Euplectoptera some of these veins are lost.

Plesiomorphy of Panephemeroptera. Paracer-
cus is present, often long and multisegmented (FIGS
12, 14), sometimes reduced to a non-segmented
vestige; presence of paracercus is a unique plesio-
morphy among Pterygota.

Size. Fore wing length 240 mm.

Age and distribution. Carboniferous (see Prot-
ephemeroidea) — Recent; world-wide.

Panephemeroptera are divided into Protephemero-
idea and Euephemeroptera.

{1.1} Extinct taxon Protephemeroidea,
or Triplosoba/fg(1)

(Panephemeroptera Protephemeroidea)

(Fig. 14:A)

Nomen hierarchicum: Triplosoba/fg(1) [f: Triplosobidae
Handlirsch 1906: 312; g: Triplosoba Handlirsch 1906:
312, typus Blanchardia pulchella Brongniart 1893
(monotypy); syn. obj.: Blanchardia Brongniart 1893:
325 (non Blanchardia Castelnau 1875)].

Nomina circumscribentia:

— Protephemeroidea Handlirsch 1906;

— Protephemerida Krausse & Wolff 1919;

— Protephemeroptera Crampton 1928;

— Protephemerodea Hamilton 1972.

In circumscription matches:

— gen. Blanchardia Brongniart 1893: 325 (nom. pracocc.);

— gen. Triplosoba Handlirsch 1906: 312;

— subfam. Triplosobinae: Demoulin 1956b: 7;

— fam. Troplosobidae Handlirsch 1906: 312;

— superfam. Triplosoboidea: Demoulin 1956b: 7;

— ordo Protephemeroidea Handlirsch 1906: 311;

— ordo Protephemerida Krausse & Wolff 1919: 156;

-— ordo Protephemeroptera Crampton 1928: 83;

— ordo Protephemerodea Hamilton 1972: 146;

— Protephemeroidea, or Triplosoba/fgl: Kluge 2000: 242.
Monospecific taxon.

References. Brongniart 1893: @; — Lameere 1917: ®;
— Carpenter 1963: ®.

Characters of unclear phylogenetic status.

(1) On wings of both pairs RS is basally fused
with RA and independent from MA (F1G.14:A) (in
contrast to Euephemeroptera).

(2) RSaj, is non-branched (probably on wings of
both pairs, but for certain known for hind wings only
— F1G.14: A) (in contrast to many Euephemeroptera).

(3) MA is non-branched (FIG.14:A) (in contrast
to majority of Euephemeroptera).

Size. Fore wing length more than 21 mm.

Age. Carboniferous (France).

Species composition of Protephemeroidea. One spe-
cies — pulchella Brongniart 1893 [Blanchardia], known as
a single adult specimen.

Material examined: —.

%k %

{1.2} Euephemeroptera,
or Ephemeroptera sensu lato, or
Ephemera/fg2
(Panephemeroptera Euephemeroptera)

(Figs 3—13; 14:B-D; 15-106)

Nomen hierarchicum: Ephemera/fg2 (sine Triplosoba;
incl. Phtharthus).

Nomen circumscribens univocum:

— Euephemeroptera Kluge 2000: 242.

Nomina circumscribentia non-univoca (in circumscription
matching also Panephemeroptera and Euplectoptera) —
see below, Euplectoptera.

In circumscription exactly matches:

— subordo Ephemerina: Tshernova 1980: 31;

— ordo Plectoptera: Handlirsch 1906: 37;

— ordo Ephemerida: Handlirsch 1919: 63 [573];

— ordo Ephemeroptera: Krausse & Wolff 1919: 157;

— Euephemeroptera, or Ephemera/fg2: Kluge 2000: 242.

In circumscription non-univocally matches taxa listed
below, under Euplectoptera.

References. Tshernova 1962b: &*; — Carpenter 1963:
O &*; - Kluge 2000: © &*; — Kluge & Sinitshenkova 2002:
O G*.

Characters of unclear phylogenetic status.

(1) Wings of both pairs have a costal brace — a
short vein which goes from wing base between C
and Sc, falls into Sc and at the same place is connec-
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ted by a cross vein with RA. Unique character. For
Protephemeroidea costal brace is not described. In
Permoplectoptera costal brace is situated between C
and Sc (FiG.14:B), but in Euplectoptera it is stout,
convex anteriorly, and projects dorsad-anteriad of C
(F1G.6); in Discoglossata it is modified (F1G.42:A).

(2) Vein RS arises not from RA, but from MA
(in contrast to Protephemeroidea); the common basal
stem RS+MA can be either independent from RA
(F1G.7:C), or basally fused with RA (particularly on
hind wings of Euplectoptera — FIG.7:D), or secon-
dary reduced (FiG.17:A). Non-unique character, the
same in some other Pterygota.

(3) Vein RSa, [concave — see Panephemeroptera
(4)] forms a triad of concave RSa,' and RSa," and
convex iRSa, between them (FIG.7:C). Unique
character. This third triad of RS is present on wings
of both pairs in Permoplectoptera (FiG.14:B) and
fore wings of many Euplectoptera [but not on their
hind wings — see Euplectoptera (1) below]. On fore
wings of some Euplectoptera veins RSa,' and iRSa,
secondarily become intercalaries or lost (see Index
of characters [2.2.37]).

(4) On wings of both pairs MA [convex — see
Panephemeroptera (3)] forms a triad of convex MA,
and MA, and concave iMA between them (FIG.7:C—
D). This branching of MA secondary disappears on
vestigial hind winds of some Euplectoptera and on
fore wings in some groups with especially modified
venation (see Index of characters [2.2.43]). Usually
furcation of MA is situated approximately in middle
of wing, but sometimes it can be secondarily
transferred proximally (on fore wings of some
specialized Euplectoptera) or toward wing margin
(on vestigial hind wings of some Euplectoptera).

(5) Larva is aquatic, initially with a peculiar
swimming siphlonuroid specialization (FIGS 9:A-
B; 14:C-D; 28:A): abdomen is elongate and able to
make undulate dorsoventral swimming movements;
caudalii are not long (shorter than in imago), with
primary swimming setae — i. e. each cercus has a
row of setae on inner side, and paracercus has a pair
of rows of setae of the same kind on its lateral sides;
thanks to this, caudalii can function as a horizontal
caudal flipper. As larvae of other Panephemeroptera
are unknown, it is unclear if this specialization is an
autapomorphy of Euephemeroptera or an autapo-
morphy of a larger taxon. In many Euplectoptera this
swimming specialization is secondarily lost.

(6) Larva has tergalii on abdominal segments I-
IX (F1G.14:D). As larvae of other Panephemeroptera
are unknown for certain, it is unclear, if the presence

of tergalii is a character of Euephemeroptera or of a
larger taxon; if proceed from the assumption that
tergalii are serial homologues of wings, their
presence is a plesiomorphy. In various Euephe-
meroptera tergalii of these or that pairs are lost (see
Index of characters [1.3.19]).

Size. Fore wing length 2—40 mm.

Age and distribution. Permian (see Permoplec-
toptera) — Recent; world-wide.

Euephemeroptera are divided into Palaeozoic ple-
siomorphon Permoplectoptera and Mesozoic—Recent
taxon Euplectoptera. Some fossil mayflies have
uncertain systematic position (see Appendix: p.359).

{1.2.1} 1 Plesimorphon Permoplectoptera,
or Protereisma/f1=Phtharthus/g1
(Panephemeroptera Euephemeroptera Permoplectoptera)

(Figs 14:B-D)

Nomen hierarchicum: Protereisma/f1=Phtharthus/gl [f:
Protereismatidae (orig. Protereismidae) Lameere 1917,
g: Phtharthus Handlirsch 1904a, typus Ph. rossicus
Handlirsch 1904 (design. orig.; syn.subj. Ph. netshaevi
Handlirsch 1904)].

Nomina circumscribentia:

— Protereismephemeridae Sellards 1907: 345;

— Permoplectoptera Tillyard 1932: 117.

In circumscription matches:

— fam. Protereismephemeridae Sellards 1907: 345;

— fam. Protereismidae Lameere 1917: 45;

— superfam. Protereismatoidea: Demoulin 1958: 6;

— subordo Permoplectoptera Tillyard 1932: 117,

— Permoplectoptera, or Protereisma/f1=Phtharthus/g1:
Kluge 2000: 243.

References. Sellards 1907: @; — Tillyard 1932: &; —
Carpenter 1933: ®; — Kukalova 1968: ©; — Tshernova
1970: ®; — Carpenter 1979: © .

Plesiomorphies of Permoplectoptera (in cont-
rast to Euplectoptera). Wings are homonomous — i.e.
hind wings have nearly the same size and venation
as fore wings (FI1G.14:B). At least in some represen-
tatives tergalii are present not only on abdominal
segments I-VII, but on abdominal segments VII-IX
as well (FIG.14:D). For larva of americana [Kukalo-
va), segmented tarsus and two claws are described,
that resembles adult structure and differs from larval
Euplectoptera (Kukalova 1968).

Size. Fore wing length 632 mm.

Age. From Early Permian to Late Jurassic
(Europe and North America).

Classification of Permoplectoptera. Larvac and
winged stages are associated for a single form only [see
(A)]; other forms are described either as winged stages, or
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as larvae with uncertain characters. Thus, only artificial
classification of Permoplectoptera can be used, with
following groups distinguishable.

(A) On wings of both pairs CuA forms a triad; vein
gemination is absent; Permian. Here belong: Protereis-
ma/fg [g: Protereisma Sellards 1907, typus P. permianum
Sellards 1907 (design. orig.)]; Protechma/g [g: Protech-
ma Sellards 1907: 349, typus P. acuminatum Sellards
1907 (design. orig.)]; Prodromites/g [g: Prodromites
Cockerell 1924: 136, typus Prodromus rectus Sellards
1907 (design. orig.); syn. obj.: Prodromus Sellards 1907:
349 (non Prodromus Distant 1904)]; Bantisca/g [g:
Bantisca Sellards 1907: 349, typus B. elongata Sellards
1907 (design. orig.)]; Rekter/g [g: Rekter Sellards 1907:
349, typus R arcuatus Sellards 1907 (design. orig.);
syn. obj.: Recter Sellards 1909: 151]; Pinctodia/g [g:
Pinctodia Sellards 1907: 352, typus P. curta Sellards 1907
(design. orig.)]; Mecus/g [g: Mecus Sellards 1907: 151,
typus Scopus gracilis Sellards 1907 (design. orig.);
syn. obj.: Scopus Sellards 1907: 352 (non Scopus Brisson
1760; nec Oken 1809; nec Scudder 1882)] (all these
names are regarded as generic synonyms by Tillyard 1932:
244); Kukalova/fg [f: Kukalovidac Demoulin 1970b: 6;
g: Kukalova Demoulin 1970b: 6, typus K. americana
Demoulin 1970 (design. orig.)], known as larvae with
well-preserved venation on wing buds (Carpenter 1979).
Other species: directum Carpenter 1979 [Protereismal,
insigne Tillyard 1932 [Protereismal, latum Sellards 1907
[Protereismal, minus Sellards 1907 [Protereismal,
sellardsi Tillyard 1932 [Protereismal), uralicum Zalessky
1947 [Protereismal.

(B) On wings of both pairs CuA is non-branched; vein
gemination is absent; Permian. Here belong: Misthodo-
tes/fg [f: Misthodotidae Tillyard 1932: 260; g: Misthodo-
tes Sellards 1909: 151, typus Dromeus obtusus Sellards
1907 (design. orig.); syn. obj.: Dromeus Sellards 1907:
257 (non Dromeus Reiche 1854)]; Eudoter/fg {f: Eudote-
ridae Demoulin 1954f: 553; g: Eudoter Tillyard 1936b:
443, typus E. delicatulus Tillyard 1936 (design. orig.)],
regarded as a generic synonym of Misthodotes (Carpenter
1979: 237). Other species: biguttatus Tillyard 1932
[Misthodotes), edmundsi Carpenter 1979 [Misthodotes],
ovalis Tillyard 1932 [Misthodotes], sharovi Tshernova
1965 [Misthodotes], stapfi Kinzelbach & Lutz 1984
[Misthodotes], zalesskyi Tshernova 1965 [Misthodotes).
Adults of sharovi [M.] have mayfly features (wing
venation of Misthodotes-type and three caudalii), but at
the same time have unusually elongate mouth apparatus of
unclear structure resembling that of Protorrhynchota.

(C) At least on hind wing CuA forms a triad, CuP is
sinuous, and veins geminate forming pairs RSp+MA; and
iMP+MP,; Permian. This is Palingeniopsis/fg [f: Palin-
geniopsidae Martynov 1938: 35; g: Palingeniopsis Marty-
nov 1932: 10, typus P. praecox Martynov 1932 (design.
orig.)]. This taxon known as a single wing, was regarded
to be related with Palingenia and some other Recent taxa
which also have CuP curvation and vein gemination

(Martynov 1932, Demoulin 1958, Tshernova 1980).
Actually such kind of gemination occurs in non-related
taxa (see Index of characters [2.2.41] and [2.2.44]); CuP
of Palingeniopsis is curved in opposite direction than in
Fimbriatotergaliae.

(D) Poorly preserved winged insects.

(D.1) Permian. Loxophlebia/g [g: Loxophlebia
Martynov 1928: 8, typus L. apicalis Martynov 1928
(design. orig.)], Permian, known as distal fragment of a
wing, regarded as a generic synonym of Protereisma
(Rohdendorf 1957: 76). Other species: rossenrayensis
Guthorl 1967 [Protereismal.

(D.2) Jurassic. Mesephemera/fg [f: Mesephemeridae
Lameere 1917: 47; g: Mesephemera Handlirsch 1906: 600,
typus Ephemera procera Hagen 1862 (design. Hubbard
1981: 69)]; redescribed by Demoulin 1955i. Other formal
species (according to Demoulin 1955i): lithophilus
Germar 1842 [Tineites], palaeon Weyenbergh 1874
[Anomalon], prisca Germar 1839 [Sciaria), speciosa
Oppenheim 1888 [Ephemera) nom. pracocc., weyenberghi
Handlirsch 1906 [Mesephemeral.

(E) Larvae with unknown wing venation.

(E.1) Permian. Phtharthus/g [sec above, Protere-
isma/fl1=Phtharthus/g1]. Originally the genus Phtharthus
was described basing on 3 specimens deposted in Kazan'
University — 2 syntypes of Ph. netshaevi Handlirsch 1904
(16-17 mm long) and holotype of Ph. rossicus Handlirsch
1904 (24 mm long); each specimen represents a reverse
replic of dorsal side of body, lacks cuticle or pigmentation
and locates at a bottom of an ovoid concavity on a
separate stone. Lectotype of Ph. netshaevi (designated
here) is a larger specimen (body 17 mm, caudalii 5 mm)
(Fig.14:C). All three specimens are conspecific (Kluge &
Sinitshenkova 2002). In the former descriptions and
reconstruction by Handlirsch (1904, 1906-1908, 1925) it
was stated that Phtharthus had wing buds directed
posteriorly; tergalii attached ventrally, stick-like and
setose; caudalii covered by setae on all sides. Basing on
these descriptions, some authors concluded that initial
position of insect wings is posterior rather than lateral, that
mayfly tergalii originated from ventral limbs, and that
most primitive recent mayflies are Pinnatitergaliae, whose
larval cerci have setaec on both sides. Re-examination of
the fossils revealed the following: in all three specimens
wing buds are not preserved at all (that is strange, because
moso- and metanota of all three specimens are well-
preserved, each with distinct postrior scutal protuberances
and scutellum characteristic for a wing-bearing segment);
tergalii are attached not ventrally, but to posterior-lateral
angles of segment, and probably are lamellate and rugose
(so look as being stick-like and pectinate); caudalii have
primary swimming setation only (Kluge & Studemann &
Landolt & Gonser 1995; Kluge & Sinitshenkova 2002). On
the place where a replic of the head should be, each
specimen has a sharp impression of an unusual form.

Other Permian larvae are: Jarmila/fg [f: Jarmilidae
Demoulin 1970b: 7; g: Jarmila Demoulin 1970b: 7, typus
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J. elongata Demoulin 1970 (design. orig.)]; Oboriphle-
bia/fg [f: Oboriphicbiidac Hubbard & Kukalova-Peck
1980: 29; g: Oboriphlebia Hubbard & Kukalova-Peck
1980: 29, typus Kukalova moravica Demoulin 1970
(design. orig.)]. Other species: tertia Hubbard & Kukalova-
Peck 1980 [Oboriphlebial, quarta Hubbard & Kukalova-
Peck 1980 [Oboriphlebial, quinta Hubbard & Kukalova-
Peck 1980 [Oboriphlebia). Other specimen: larval para-
type of sharovi Tshernova 1965 [Misthodotes], possibly
conspecific with the type specimens of Phtharthus.

(E.2) Triassic. Mesoplectopteron/fg [f: Mesoplecto-
pterinae Demoulin 1955g: 345; g: Mesoplectopteron
Handlirsch 1918, typus M. longipes Handlirsch 1918: 112
(design. orig.)].

Material examined: netshaevi [Phtharthus] and
rossicus [Ph.]): © (Kazan. Univ.); sharovi [Misthodotes]:
@ (Paleontol. Inst.); larva ascribed to sharovi [M]: ©
(Paleontol. Inst.); zalesskyi [M.]: ® (Paleontol. Inst.).

* %k

{1.2.2} Euplectoptera,
or Ephemeroptera sensu srticto, or
Ephemera/fg3
(Panephemeroptera Euephemeroptera Euplectoptera)

(Figs 3-13; 15-106)

Nomen hierarchicum: Ephemera/fg3 (sine Phtharthus;
incl. Prosopistoma).

Nomen circumscribens univocum:

— Euplectoptera Tillyard 1932: 267 (non Euplectoptera
Fischer 1853).

Nomina circumscribentia non-univoca (in circumscription
matching also Panephemeroptera and
Euephemeroptera):

— Anisoptera Stephens 1835: 53;

— Plectoptera Packard 1886: 808;

— Ephemeroptera Hyatt & Arms 1891: 13;

— Plectopteradelphia Crampton 1916: 305;

— Archipterygota Bémer 1909: 121;

— Prometabola Chen 1958.

In circumscription exactly matches:

— subordo Euplectoptera Tillyard 1932: 267;

— Euplectoptera, or Ephemera/fg3: Kluge 2000: 245.

In circumscription non-univocally matches following taxa
(each of which also matches Euephemeroptera and
Panephemeroptera):

— gen. Ephemera Linnacus 1758: 546;

— natio Ephemeraedes: Billberg 1820: 97;

— tribus Ephemerides: Leach 1815: 137;

— fam. Ephemerinae Latreille 1810: 273;

— fam. Ephemerina: Burmeister 1829: 20;

— fam. Ephemeridae: Stephens 1835: 54;

— sectio Anisoptera Stephens 1835: 53;

— subordo Ephemerina: Packard 1883: 192;

— ordo Ephemerida: Haeckel 1866;

— ordo Ephemeridae: Brauer 1885: 353;

— ordo Plectoptera Packard 1886: 808;

— ordo Ephemeroptera Hyatt & Arms 1891: 13;

— ordo Agnatha: auct. (non Agnathes Cuvier 1798);

— sectio Plectopteradelphia Crampton 1916: 305;
— supersectio Archipterygota Bomer 1909: 121;
— cohors Prometabola Chen 1958.

References. Tillyard 1932: ®*; — Tshernova 1962b:
©*; — Kluge 2000: ©*.

Characters of unclear phylogenetic status.

(1) Anteromotoric: hind wings are diminished,
coupled with fore ones and modified in following
manner: hind wing veins RA, RS and MA have a
common stem [instead of the stem RS+MA
separated from RA on fore wing — see Euepheme-
roptera (2)]; RS forms a single triad [instead of three
successive triads of fore wing — see Euephemerop-
tera (3)], thus hind wing has maximum three simple
triads alternating as concave and convex — RS, MA
and MP (FiG.7:D). Hind wing length is subequal or
less than a half of fore wing length. At flight hind
and fore wings of each side couple because costal
margin of hind wing is bent dorsally and basitornal
margin of fore wing is bent ventrally. Thus, a
functional diptery is present. In connection with this,
fore wing is triangular, with tornus expressed (the
same independently appeared in other anteromotoric
Pterygota). As tomus of fore wing has different
position in different Euplectoptera [see Posteritorna
(1) and Anteritorna (1) below], its independent
origin can be assumed, as well as independent
shortening of hind wing. In various taxa among
Euplectoptera hind wings undergone further
reduction up to complete disappearance (see Index
of characters [2.2.59]).

(2) Tergalii [see Euephemeroptera (4)] of
abdominal segments VIII-IX are lost, thus tergalii
are present only on segments I-VII or only on some
of them. Pattern of this character is not quite clear,
as larvae of many Permoplectoptera are unknown.

Size. Fore wing length 2—40 mm.

Age and distribution. From Jurassic (see Euse-
tisura INCERTAE SEDIS, Fossoriae INC.SED. and
Anteritorna INC. SED.) — till Recent; world-wide.
Some Triassic fossils were attributed to Euplectop-
teran genera Mesoneta, Mesobaetis and Archaeo-
behningia without enough ground (see below,
"Other species of Euephemeroptera INCERTAE SEDIS"
and "Euarthropoda INCERTAE SEDIS", pp. 360, 361).
Reliable fossils of Triassic Euplectoptera are
unknown.

Euplectoptera are divided into Posteritorna (Chapter
IV) and Anteritorna (Chapters V-VII: p.71). Some
fossil mayflies have uncertain systematic position
(see Appendix: p.356).
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Figure 14. Palacozoic mayflies.

A — Triplosoba/fg* pulchella [Blanchardial, reconstruction of adult (based on description by Carpenter 1963).
B — Protereisma/fg latum [Protereismal, hind wing (based of figure and photograph by Carpenter 1933). C - lectotypus of
Phtharthus netshaevi, larva. D — Protereisma/fg americana [Kukaloval, reconstruction of larva (based on photograph of
holotype in Kukalova 1968 and Carpenter 1979 and description by Carpenter 1979).



Chapter IV

Euplectoptera Posteritorna

Phylogeny of Posteritorna looks as following;:
Prosopistoma/fl1=g2
¥ plesiomorphon Balticobaetisca

Fascioculus Baetisca/f2=gl

Baetisca/f3=g2

Baetisca/fd=g3
to Anteritorna (see Chapter V, p.71)

1. Posteritorna,
or Baetisca/f1=Prosopistoma/gl

(Panephemeroptera Euephemeroptera Euplectoptera
Posteritorna)

(Figs 15-17)

Nomen hierarchicum: Baetisca/f1=Prosopistoma/gl [f:
Baetiscini Banks 1900: 246; g: Prosopistoma Latreille
1833: 33, typus P. variegatum Latreille 1833 (design.
Eaton 1884: 150); syn. obj.: Chelysentomon Joly &
Joly 1872: 438].

Nomina circumscribentia:

— Posteritorna Kluge & Studemann & Landolt & Gonser
1995: 105;

— Carapacea McCafferty 1997: 94.

In circumscription matches:

— "Larves cryptobranches": Lestage 1917: 236;

— subfam. Prosopistominae Lameere 1917: 74;

— superfam. Prosopistomatoidea: Edmundsé& Traver 1954a:240;

— superfam. Baetiscoidea: Peters & Hubbard 1989: 115;

— subordo Posteritorna (as manuscript name): Kluge
1992d: 10; 1992¢: 24;

— subordo Posteritorna Kluge & al. 1995: 105;

— subordo Carapacea McCafferty 1997: 94;

— Posteritoma, or Baetisca/f1=Prosopistoma/gl : Kluge 2000:247.

References. Lameere 1917: ®; — Edmunds & Traver
1954b (Baetisca, Prosopistoma): ®; — Kluge 1998: O* &*.

Autapomorphies of Posteritorna.

(1) Tomus of fore wing is situated behind apex
of CuP, usually behind apex of AA (FIGS 16:B,
17:B) [for discussion — see Anteritorna (1) below].
In connection with this, veins CuA, CuP and AA
[arising independently close to wing base — see (9)]
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are non-branched, nearly parallel to MP,, slightly
diverge, fall to tornoapical margin of the wing.

(2) Nerve ganglia of mesothorax, metathorax and
all abdominal segments are fused together, forming
an integral synganglion in basisternum of mesotho-
rax (FIGS 16:H, 17:E); at the same time, imaginal
and subimaginal furcasternal protuberances and
bases of subalar-sternal muscles (located inside
them) are contiguous medially (FIGS 16:E, 17:E).

In contrast to Posteritorna, in all Anteritorna at
lest thoracic nerve ganglia are non-fused. In that
Anteritoma, whose metathoracic ganglion is more or
less approximated with mesothoracic ganglion, it is
shifted into furcasternum of mesothorax and sepa-
rates bases of subalar-sternal muscles; thus furca-
sternal protuberances appear to be separated, with a
median impression between them (F1G.57:A-B) (see
Index of characters [2.2.23]). As in Posteritorna
furcasternal protuberances retain their initial conti-
guous position, it seems that translocation of the
metathoracic and abdominal ganglia anteriorly took
place here not through that stages, which occur in
certain Anteritorna, but as a saltation, i. e. in such a
way, that ganglia initially situated behind meso-
thoracic furcasternum, appeared before it, never
being inside mesothoracic furcasternum.

(3) Larva has unique structure (FIG.15:B—C):
pronotum, mesonotum and fore wing buds are
completely fused together and strongly enlarged,
constituting an integral notal shield; this shield
covers abdominal terga I-VI, forming a gill
chamber, inside which all tergalii I-VI [see (4)] are
located. In all larval instars notal shield has no any
external or internal traces of division to pronotum
and mesonotum, and no outline of margins of fore
wing buds (Pescador & Peters 1974:Figs 10,11,14),
thus when subimaginal wing develops, it is crump-
led in free space inside notal shield (in contrast to
other mayflies, where wing buds are distinctly outli-



62 CHAPTERIV

ned even if they are fused with notum). Lateral mar-
gins of notal shield are bent to ventral side, being
pressed to sterna and forming epipleura (this term
is taken from coleopterology, where epipleura are
lateral margins of elytra bent to ventral side; epiple-
ura of Posteritorna are partly homoplastic with the
epipleura of Coleoptera, being partly formed by fore
wing buds). Thoracic sterna have a pair of longitudi-
nal ridges. At least abdominal sternum I is not
expressed, abdominal segments up to VI inclusively
are connected nearly immobile (in Baetisca/f2=g1)
or immobile (in Prosopistoma/fi=g2).

When adult fore wings develop inside lateral-
posterior parts of notal shield, a membranous pro-
cess can develop inside notal shield between them;
thus adult can have an unpaired plumidium -
membranous process on apex of scutellum (FIG.16:
F-G); this plumidium is present in Prosopistoma/f1=
=g2, but not in Baetisca/f2=gl (similar, but paired
plumidia exist in some other mayflies with fused
wing buds — see Index of characters and [2.2.13]).

(4) Tergalii [hidden in gill chamber — see (3)]
strongly differ on different segments, have unique
and extremely specialized structure, nearly identical
in Baetisca/f2=gl (Pescador & Peters 1974:Figs 16,
20) and Prosopistoma/fl=g2 (F1G.15:D-1I).

Tergalius I is the longest, with straight costal
margin and dissected anal margin (as tergalii of
Posteritorna are always directed posteriorly, the
costal margin is directed laterally and the anal
margin ~ medially). Tergalius II is modified as gill
operculum, covering tergalii II[-V: it is enlarged,
nearly square, convex. Tergalii III-V have dissected
margins. Tergalius VI is widened distally, rounded,
with integral margin (in some species of Prosopisto-
ma/fl1=g2 lost). Tergalii VII are lost.

Tergalial structure of Posteritorna has some
common features with Caenotergaliae and Leptohy-
phes/fgl: tergalii II are transformed to gill opercula,
tergalii III-V are dissected, tergalii VII are lost. In
connection with this, hypotheses about relationship
of these groups were suggested. But in other respects
tergalial structure of Caenotergaliae and Leptohy-
phes/fgl differs from that of Posteritorna: their
tergalii I are vestigial or lost, tergalii III-VI have
different shape. Each of the named here common
characters in tergalial structure of Posteritorna,
Caenotergaliae and Leptohyphes/fgl occurs also in
some other groups of Ephemeroptera, where it
evolved independently.

As in Posteritorna all tergalii are hidden under
the notal shield and thus are protected better than in

any other Ephemeroptera, the transformation of
tergalii II to gill opercula is not justified functional-
ly. This leads to an assumption, that ancestors of
Recent Posteritorna got specialization of tergalii and
formation of gill opercula before their notal shield
had appeared.

(5) Larval abdominal segment VI is enlarged,
middle of posterior margin of its tergum is elevated,
tergalial bases are shifted anteriorly (F1G.15:B).
Such specialization of segment VI can be functional-
ly connected with gill opercula [see (4)] or with
notal shield [see (3)], because in both these cases
tergum VI closes gill clamber posteriorly. Imago
partly retains this larval character: abdominal seg-
ment VI is longer than others, in imaginal Baetisca/
/f3=g2 tergum VI retains convex form. Youngest
larvae, which have no tergalii, have segment IV non-
enlarged (Pescador & Peters 1974:Fig.10).

(6) Imaginal and subimaginal scutellum is
elongate (FIGS 16:F-H, 17:F) [probably in connec-
tion with presence of notal shield in larva — see (3)].

Characters of unclear phylogenetic status.

(7) Some common characters are present in
mouthpart structure (while mouth apparatus of Bae-
tisca/f2=g] is not specialized, and that of Prosopisto-
ma/fl=g2 is highly specialized). On maxilla apical-
ventral row of pectinate setae is absent
(FIGS 15:A, 17:G) (the same in some other mayflies
— see Index of characters [1.1.31]). Submentum has
lateral lobes produced anteriorly (Eaton 1883—1888:
P1.43:7; P1.52:9) (about particular structure of these
lobes in Prosopistoma/fl=g2 — see below). Paraglos-
sae are fused with mentum (the same in Epheme-
rella/fg1). Probably, all these are autapomorphies.

(8) Anterior paracoxal suture is transferred to
anterior part of episternum, so anepisternum is much
smaller than katepisternum (FIGS 16:E, G, 17:E-F).
Non-unique character (see Index of characters
[2.2.19]).

(9) While wing venation in Baetisca/f2=gl and
Prosopistoma/fl=g2 is quite different, their vein
bases on fore wing are similar (FIGS 16:A, 17:A):
common stem of MA+RS is reduced, so RS, MA,
MP; and CuA arise from the same point; base of
MP, lost connection with MP; and is transferred
proximally; CuA and MP, diverge more strongly
than MP, and MA; base of CuP lost connection with
CuA (but at the same time, in contrast to
Tetramerotarsata and Leptophlebia/fgl, its base is
nearer to CuA than to AA). Other Ephemeroptera
have different combinations of these characters.

(10) On hind wing MA lacks furcation; this is
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clearly visible in Baetisca/f2=g1 which has primitive
wing venation (FI1G.17:C), but is unclear in Proso-
pistoma/f1=g2, where nearly all veins of hind wing
are transformed to intercalaries and can not be
homologized (F1G.16:C). Non-unique apomorphy
(see Index of characters [2.2.67]).

(11) Patella-tibial suture (initially present on
middle and hind legs) is lost on all legs of larva, but
its vestige can be retained on middle and hind legs
of subimago and imago. Non-unique apomorphy
(see Index of characters [1.2.18]).

(12) Imaginal and subimaginal gonostylus has
one distal segment only (instead of two primary
segments). Non-unique apomorphy (see Index of
characters [2.3.12]).

(13) Larval cerci have secondary swimming
setae on lateral sides; these setae form less regular
row, than primary swimming setae on median sides
of cerci and lateral sides of paracercus. Non-unique
apomorphy (see Index of characters [1.3.67)).

Plesiomorphies of Posteritorna. In larva: On
maxilla number of dentisetae can be indeterminate
and more than 3 (FIG.17:G) (in contrast to Anteritor-
na). Maxillary palp is 3-segmented. Labial palp is
3-segmented. Claws have no denticles. Caudalii
have dense primary swimming setae [which differ
from secondary swimming setae — see (13)]; distal
margins of segments of cerci can be oblique (in
Prosopistoma/fl=g2).

In imago and subimago: Anterior paracoxal
suture [see (8)] is complete, i. e. completely crosses
ventral side of episternum (FIG 16:E, 17:E) (in cont-
rast to Furcatergaliae and some others — see Index of
characters [2.2.19]). Hind wing is well-developed, as
long as 0.3-0.4 of fore wing length (FIGS
16:C, 17:C) (in spite of the fact, that metathorax and
its musculature are reduced in greater degree than in
majority of mayflies, and in greater degree than in
many mayflies lacking hind wings — FI1Gs 16:G-H,
17:F).

Size. Fore wing length 2—-16 mm.

Age and distribution. Palacogene (see Baltico-
baetisca) — Recent; Holarctic, Ethiopian, Oriental
and Australian Regions. Late Cretaceous Myanma-
rella rossi was wrongly attributed here and actually
belongs to Liberevenata INCERTAE SEDIS (see
below). Larvae from Early Cretaceous of Australia
described as "Siphlonuridae gen. sp." (Jell & Duncan
1986) have some similarity with Baetisca/f2=g1 and
possibly belong to Posteritorna (while their tergalial
structure, wing venation and other important details
are unknown).

Systematic position of Posteritorna. A relationship
between Posteritorna, Caenotergaliae and Ephe-
merella/fgl was assumed; in connection with this
different authors established following taxa:
Pannota McCafferty & Edmunds 1979 (uniting
Posteritorna, Caenotergaliae and Ephemerella/fgl);
Furcatergalia Kluge 1989 (uniting Posteritorna and
Furcatergaliae); Rectracheata McCafferty 1991
(uniting Posteritorna, Furcatergaliae and Vetulata).
This assumption is not grounded, and the taxa
Pannota, Furcatergalia and Rectracheata are actually
polyphyletic (Kluge 1998).

Posteritorna are divided into Prosopistoma/fl=g2
and Baetisca/f2=g1 (p.68).

1.1. Prosopistoma/fl=g2
(Panephemeroptera Euephemeroptera Euplectoptera
Posteritorna Prosopistoma/f1=g2)

(Figs 15-16)

Nomen hierarchicum: Prosopistoma/fl=g2 (sine Bae-
tisca) [f: Prosopistomatidae (orig. Prosopistomidae)
Lameere 1917: 72].

In circumscription matches:

— gen. Prosopistoma Latreille 1833: 33;

— gen. Chelysentomon Joly & Joly 1872: 438;

— gen. Binoculus: Demoulin 1954b: 102;

— tribus Prosopistomini: Lameere 1917: 75;

— fam. Prosopistomidae: Lestage 1917: 240;

— fam. Binoculidae Demoulin 1954b: 103.

References. Vayssi¢re 1881: © @; — 1890: ©; — Eaton
1883-1888: © @; — Lestage 1917: ©; — Lafon 1953: ©; —
Gillies 1954: © 6 @; — 1956: © ®; — Tshernova 1970: © @.

Autapomorphies of Prosopistoma/fl1=g2.

(1) Mouth apparatus is strongly modified and
specialized for carnivorism (Eaton 1883—1888:P1.43:
4-8). Labrum is widened. Asymmetry of mandibles
is lost; mandible is strongly elongate along axis of
its articulation, mola is completely lost (less
complete reduction of mola took place in some other
carnivorous mayflies). Superlinguae are completely
lost (the same in some other carnivorous mayflies).
Maxilla [see Posteritorna (7)] has a single long
canine (instead of initial three ones) and 3
dentisetae, which being pressed to canine, form
something like an integral claw (FIG.15:A). 2™
segment of maxillary palp is curved so that its inner
side is convex. Submentum is very strongly
enlarged, its lateral lobes [see Posteritorna (7)] are
projected forward, covering from below lateral parts
of the rest of labium with labial palps, and anteriorly
they reach labrum and anterior-lateral margins of
head (unique apomorphy); mentum, glossae and
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paraglossae are fused forming an integral plate
widened distally.

(2) Larva has lens-like body form (F1G.15:B-C,;
Eaton 1883—1888:P1.43:1-2): head is strongly wide-
ned, with rounded anterior margin; lateral margins
of notal shield [see Posteritorna (3)] are rounded,
without projections (in contrast to Baetisca/f2=gl);
when abdominal segments VII-X and caudalii are
retracted [see (3)], larval body together with head in
dorsal view has a shape of regular oval; dorsally it is
evenly convex with median longitudinal keel on
notal shield, ventrally — flat. Integrity of flat ventral
surface is completed by expanded mentum covering
mouthparts from below [see (1)]. Abdominal
segments up to VI inclusively are fused immobile
one with another and with thorax; while dorsally
they are separated by sutures, ventrally only suture
between segments V and VI is retained. Lateral
margins of segment V have a pair of incisions; thus,
between this segment and epipleura [see Posteritorna
(3)] there is a pair of distinctly outlined apertures
which lead to a gill chamber. Femora can be inserted
into concavities on thorax and abdomen, and
concavities for hind femora convergent posteriorly
under acute angle in area of abdominal sternum IV.

(3) Abdominal segment X and caudalii have
unique structure (FIG.15:B). Larval and imaginal
tergite X and paraprocts are elongate, rectangular,
paraprocts are expanded behind bases of caudalii.
Larval (but not imaginal) caudalii can be completely
retracted inside abdomen thanks to a pair of long
apodemes which stretch from anterolateral angles of
tergite X anteriorly and serve for attachment of the
tergal-caudalial muscles.

(4) Winged stages are short-living; moult to
imago takes place in males only; all legs of female
and of male imago, including fore legs, are dimi-
nished and non-functional (only in male subimago
legs are functional, serving moult on substrate).
Non-unique apomorphy (see Index of characters [2]
and [2.2.80]). In male tarsi are 2-segmented, first of
these segments is fused with tibia, each leg has a
single blunt claw; female legs are reduced in greater
degree. Like in other short-living mayflies, subima-
ginal cuticle is entirely thin and colourless, without
pigmented areas (F1G.16:D).

(5) Wing venation is strongly modified, unique
(F1G.16:B—C). Crossveins are completely lost both
on fore and hind wings. Fore wing has only veins
radiating from base in a fan-form manner; RSa and
RSp begin near wing base independently, i. e. have a
form of intercalaries; RSa is non-branching (only

sometimes female has vestige of RSa; arising
anteriorly from RSa; MA lacks furcation, thus MA,
is lost. In female on fore wing intercalaries are lost
besides iRS and iMP (which begin near wing base
and look like other longitudinal veins). In male two
long intercalaries are present by sides of each of fan-
form radiating veins (RSa, iRS, RSp, MA, MP,,
iMP, MP,, CuA, CuP, AA) and several intercalaries
are present before RSa and behind AA. Intercalaries
bordering longitudinal veins are new formations
absent in other mayflies. Hind wing has similar
structure in male and female, narrow, with costal
projection transferred proximally, with numerous
fan-form intercalaries which can be hardly
homologized.

(6) In imago [which is present in male only — see
(4)] amphitornal margin of wing bears setae; these
setae are smaller than in subimago or in female and
in contrast to them, are present on a part of setae-
bearing tubercles only (FiG.16:B). Non-unique
apomorphy (see Index of characters [2.2.27]).

(7) Imaginal and subimaginal mesonotal suture is
strongly curved posteriorly on each side; only its
median portion is expressed as a pair of sutures,
diverging from middle line backward under acute
angle (FIGS 16:D, F, G). Non-unique apomorphy
(see Index of characters [2.2.8]).

(8) Male imaginal eyes are not enlarged, as small
as in female (non-unique apomorphy — see Index of
characters [2.1.3]). In both sexes eyes are small,
spherical, widely separated, with narrow bases
(Gillies 1954:Fig.14).

Character of unclear phylogenetic status.

(9) In winged stages paracercus is developed,
subequal to cerci (in contrast to Baetisca/f2=g1). It
can be a plesiomorphy or a result of secondary
development of imaginal paracercus from larval one.
Caudalii (cerci and paracercus) of winged stages
have no distinct segmentation, in female and in male
subimago are very small (somewhat smaller than
larval ones), in male imago they are several times
longer, soft, with long irregular hairs (Gillies
1954:Figs 1-2).

Size. Small, fore wing length 2-7 mm (see
TABLE 2).

Distribution. Eastern Hemisphere: Ethiopian,
Oriental, Australian and Palaearctic Regions.

Nominal taxon included. Prosopistoma/fl1=g2 inc-
ludes Binoculus/fg (nom. pracocc.) [f: Binoculidae
Demoulin 1954b: 103; g: Binoculus Demoulin 1954b: 102
(non Binoculus Geoffroy 1762 suppressed by ICZN
Opinion 502, 1958)].
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Figure 15. Prosopistoma/f1=g2 foliaceum [Binoculus], larva.

A — apex of left maxilla, dorsal view (dentisetae shown by dots). B — Larva of last instar, dorsal view, with abdominal
segments VII-X protracted and caudalii retracted (right half of notal shield and tergalii I-IV removed; caudalii, their
muscles and apodemes of 10th tergite shown by interrupted lines). C — Abdomen with right tergalii. DI — Right tergalii
-VL
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Figure 16. Prosopistoma/f1=g2 foliaceum [Binoculus], imago and subimago.

A — Base of fore wing. B-C — fore and hind wings of male imago. D — subimaginal exuviae of right half of mesonotum.

E-H - Pterothorax of male imago: E — ventral view, F — dorsal view, G — lateral view, H — longitudinal section.
Abbreviations: AES — anepisternum; FSp — furcasternal protuberance; KES — katepisternum; MNs — mesonotal suture;

n - nerve synganglion; SA.Sm - subalar-sternal muscle.
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Figure 17. Baetisca/f4=g3.

A-F — Imago and subimago of rogersi [Baetiscal: A — base of fore wing; B—C — fore and hind wings of imago;

D —subimaginal exuviae of right half of mesonotum; E — imaginal pterothorax, ventral view (nerve synganglion shown by

interrupted line); F — imaginal pterothorax, lateral view. G-H — Larva of carolina [Baetisca]: G — apex of left maxilla,

dorsal view; H — the same, medial view (dentisetae shown by dots, setae of medio-ventral row shown by black).
Abbreviations: AES — anepisternum; FSp — furcasternal protuberance; KES — katepisternum; MNs — mesonotal suture.
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Species composition of Prosopistoma/fil=g2  (here
[P.]=[Prosopistoma]). About 15 species are described,
mainly as larvae. One European species: foliaceus
Fourcroy 1785 [Binoculus] (synn.subj.: pennigerus Miiller
1800 [Limulus], pisciforme Dumeril 1816 [Binoculus],
punctifrons Latreille 1833 [P.]). African species: afica-
num Gillies 1954 [P.], crassi Gillies 1954 [P.], deguernei
Vayssi¢re 1893 [P.], phoenicum Alouf 1977 [P.] (syn.
subj.: oronti Alouf 1977 [P.]), variegatum Latreille 1833
[P.]. South Asian and Australian species: annamense
Soldan & Braasch 1984 [P.], boreus Peters 1967 [P.],
funanense Soldan & Braasch 1984 [P.], indicum Peters
1967[P.), lieftincki Peters 1967 [P.], palawana Peters
1967 [P.], pearsonorum Campbell & Hubbard 1998 [P.],
sedlaceki Peters 1967 [P.], sinense Tong & Dudgeon 2000
[P.], wouterae Lieftinck 1932 [P.].

Material examined: foliaceus [B.]: ©/0/®, @, G, &,
sp. (Iraq): ©; sp. (Thailand): &.

kkk

1.2. Baetisca/f2=g1

(Panephemeroptera Euephemeroptera Euplectoptera
Posteritorna Baetisca/f2=gl)

(Fig. 17)

Nomen hierarchicum: Baetisca/f2=gl (sine Prosopisto-
ma; incl. Balticobaetisca) [g: Baetisca Walsh 1862:
378, typus Baetis obesa Say 1839 (monotypy)].

In circumscription matches:

— fam. Baetiscidae: Staniczek & Bechly 2002: 7.

Reference. Staniczek & Bechly 2002: @*,

Autapomorphies of Baetisca/f2=gl.

(1) Prostemum has a bispinate projection
between leg bases; this projection is prominent in
imago and subimago (Staniczek & Bechly 2002:Fig.
8), but indistinct in larva.

(2) Hind wing is nearly round (FI1G.17:C).

(3) Imaginal and subimaginal paracercus is
vestigial, non-segmented (Pescador & Peters 1974:
Fig.24D; Staniczek & Bechly 2002:Fig.10). Non-uni-
que apomorphy (see Index of characters [2.3.22]).

Plesiomorphies of Baetisca/f2=gl (in contrast
to Prosopistoma/f1=g2). In larva (known for Baetis-
ca/f3=g2 only): Mouth apparatus is non-specialized:
labrum is not widened; mandible has normal form,
with mola and prostheca; superlinguae are present;
maxilla [see Posteritorna (7)] has 3 canines and 6-8
dentisetae (F1G6.17:G-H) (number of dentisetae
varies individually); anterior-lateral lobes of sub-
mentum [see Posteritorna (7)] are not large, situated
dorsad of the rest part of labium and do not cover it;
glossae and paraglossae are separated one from
another (Eaton 1883-1888:P1.52:5-10; Pescador &
Berner 1981:Fig.5a-f).

In imago and subimago: Fore wing has complete
venation, including all branches and intercalaries of
RS (with RSa, arising from RSa), symmetrical
bifurcation of MA near middle of wing with
intercalary iMA, crossveins and intercalaries; hind
wing with bifurcation of MP near middle of wing
and with crossveins; costal projection is situated at a
distance from base (FIG.17:B—C). Legs are functio-
nal; tarsus is 5-segmented, 1* tarsal segment is fused
with tibia, longer than 2™; claws are ephemeroptero-
id [except for male fore legs — see Baetisca/f3=g2
(5) below]. Moult to subimago takes place in both
sexes. At least in Baetisca/f3=g2 eyes of male are
large, indistinctly separated to two portions;
mesonotal suture is distinct, transverse, stretches
backward medially (FIG.17:D, E).

Size. Fore wing length 6-16 mm.

Age and distribution. Palacogene (see Baltico-
baetisca) — Recent. Recently in Nearctic only (see
Baetisca/f3=g2).

Baetisca/f2=g] is divided into extinct plesiomorphon
Balticobaetisca and Recent taxon Baetisca/f3=g2.

1.2;1. + Plesiomorphon Balticobaetisca/g(1)

(Euephemeroptera Euplectoptera Posteritorna
Baetisca/f2=gl Balticobaetisca)

Nomen hierarchicum: Balticobaetisca/g(1) [g: Baltico-
baetisca Staniczek & Bechly 2002: 7, typus B. velteni
Staniczek & Bechly 2002 (design. orig.)].

In circumscription matches:

— gen. Balticobaetisca Staniczek & Bechly 2002: 7.

Monospecific taxon.

Reference. Staniczek & Bechly 2002: 9.

Plesiomorphies of Balticobaetisca (in contrast
to Baetisca/f3=g2). At least in imago abdominal
tergum VI [enlarged — see Posteritorna (5)] has no
transverse elevation. In female imago abdominal
sternum IX has even posterior margin (Staniczek &
Bechly 2002:Fig.10).

Size. Fore wing length 10 mm.

Age. Palaeogene (Baltic amber).

Species composition of Balticobaetisca/g(1). 1 speci-
es — velteni Staniczek & Bechly 2002 [Balticobaetiscal.

Material examined: —.

*kk
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1.2;2. Baetisca/f3=g2

(Euephemeroptera Euplectoptera Posteritorna
Baetisca/f2=g1 .../f3=g2)

(Fig. 17)

Nomen hierarchicum: Baetisca/f3=g2 (sine Balticobaetis-
ca; incl. Fascioculus).

In circumscription matches:

— gen. Baetisca Walsh 1863: 378;

— tribus Baetiscini Banks 1990: 246,

— subfam. Baetiscinae: Needham & Traver & Hsu 1935:555;

— fam. Baetiscidae: Edmunds & Traver 1954a: 240;

— superfam. Baetiscoidea: McCafferty 1991a: 349.

References. Eaton 1883-1888: ©* &*; — Needham &
Traver & Hsu 1935: ©* ©*; — Edmunds & Allen & Peters
1963: ©*; — Tshernova 1970: ©* &*;— Edmunds & Jensen
& Berner 1976: ©* &*; — Berner & Pescador 1980; —
Pescador & Berner 1981: ©* &*; — Staniczek & Bechly
2002: @*.

Autapomorphies of Baetisca/f3=g2.

(1) In imago abdominal tergum VI [enlarged —
see Posteritomna (5)] has mid-dorsal elevation with
transverse crest, similar to that of larva.

(2) In female imago posterior margin of abdomi-
nal stermum IX produces a pair of projections with a
median cleft between them (Pescador & Peters
1974:Fig.25C). Non-unique character, the same in
many other mayflies (but not in Balticobaetisca).

Characters of unclear phylogenetic status
(unknown for Balticobaetisca).

(3) 2™ (penultimate) segment of labial palp has
apical projection on inner side (Eaton 1883—1888:PL.
52:9; Pescador & Peters 1974:Fig.15E). Non-unique
apomorphy (see Index of characters [1.1.58]); as
mouth apparatus of Prosopistoma is strongly
modified, it is not clear if this is an apomorphy of
Baetisca/f2=gl or Posteritorna in general.

(4) Larval notal shield [see Posteritorna (3)] has
a pair of lateral projections which in different
species have shape from small blunt protuberances
to large pointed spines (Pescador & Berner 1981:Figs
10-14); they can increase from instar to instar
(Pescador & Peters 1974:Figs 10,11,14).

(5) On fore legs of male imago and subimago
both claws are blunt (Pescador & Peters 1974:Fig.
24C). Non-unique apomorphy (see Index of charac-
ters [2.2.77]); possibly this is an apomorphy of
Posteritorna in general, because Prosopistoma has
more simplified claws [see Prosopistoma/fl=g2 (4)
above].

Size. Fore wing length 616 mm.

Distribution. Nearctic; dominate in Eastern Ne-
arctic.

Baetisca/f3=g2 is divided into Fascioculus and Bae-
tisca/f4=g3.

1.2;2,1. Fascioculus/g(1)

(Euephemeroptera Euplectoptera Posteritorna
Baetisca/f2=gl .../f3=g2 Fascioculus)

Nomen hierarchicum: Fascioculus/g(1) [g: Baetisca sub-
gen. Fascioculus Pescador & Berner 1981: 168, typus
Baetisca escambiensis Bemer 1955 (design. orig.)].

In circumscription matches:

— subgen. Fascioculus Pescador & Berner 1981: 168.

Monospecific taxon.

Reference. Pescador & Berner 1981: © ©.

Autapomorphy of Fascioculus.

(1) Larval, subimaginal and imaginal eyes with
vertical alternate light and dark bands (Pescador &
Berner 1981:Fig.12b).

Character of unclear phylogenetic status.

(2) Larval notal shield [see Baetisca/f3=g2 (4)] is
compressed dorsoventrally (in contrast to Baetisca/
/f4=g3).

Plesiomorphy of Fascioculus. In contrast to
Baetisca/f4=g3, larval head has no frontal projecti-
ons between antennae bases; there are only genal
projections latero-ventrad of antennae bases, which
are more or less developed in all Baetisca/f3=g2
(Pescador & Bemner 1981:Fig.12b).

Size. Fore wing length 8—12 mm.

Distribution. Florida (USA).

Species composition of Fascioculus/g(1). 1 species —
escambiensis Berner 1955 [Baetisca].

Material examined: escambiensis [B.]: Q.

k%%

1.2;2,2. Baetisca/f4=g3
(Euephemeroptera Euplectoptera Posteritorna
Baetisca/f2=gl .../f4=g3)

(Fig. 17)
Nomen hierarchicum: Baetisca/f4=g3 (sine Fascioculus).

In circumscription matches:
-— subgen. Baetisca s.str.: Pescador & Berner 1981: 169.

Reference. Pescador & Berner 1981: ©O* &*.

Autapomorphy of Baetisca/f4=g3.

(1) Mature larva has a pair of frontal projections
between antennae bases ventrad of lateral ocelli
(Pescador & Peters 1974:Figs 15 I-J); in different
species these projections have form from small
protuberances to large denticles (Pescador & Berner
1981:Figs 10-12a, 13-14), but are absent in young
larvae (Pescador & Peters 1974:Figs 10—11).
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Character of unclear phylogenetic status.

(2) Larval notal shield [see Baetisca/f3=g2 (4)] is
strongly convex (in contrast to Fascioculus).

Plesiomorphy of Baetisca/f4=g3. In contrast to
Fascioculus, eyes are uniformly coloured.

Size. Fore wing length 6-16 mm.

Distribution. Nearctic; dominate in Eastern
Nearctic.

Species composition of Baetisca/fd=g3. About 10
species — becki Schneider & Berner 1963 [Baetiscal,
berneri Tarter & Kirchner 1978 [Baetisca), callosa Traver

1931 [Baetiscal, carolina Traver 1931 [Baetisca]
(syn. subj.: thomsenae Traver 1937 [Baetisca)), colum-
biana Edmunds 1960 [Baetisca), gibbera Berner 1955
[Baetisca), lacustris McDunnough 1932 [Baetisca)
(syn. subj.: bajkovi Neave 1934 [Baetisca]), laurentiana
McDunnough 1932 [Baetiscal, obesa Say 1839 [Baetis],
rogersi Berner 1940 [Baetiscal, rubescens Provancher
1878 [Cloe].

Material examined: carolina [B.]: ©; rogersi [B.]:
O-0-9.

kkk  kdkok  odkkk  kkk



Chapter V

Euplectoptera Anteritorna:

general diagnosis and systematics of Tridentiseta

Anteritorna include overwhelming majority of may-
flies. Here they are divided into a larger holophyletic
taxon Bidentiseta and a smaller plesiomorphon

Tridentiseta; phylogenetic relationships of taxa
attributed to Tridentiseta remain to be unclear:
o
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2. Anteritorna, or Ephemera/fg4
(Panephemeroptera Euephemeroptera Euplectoptera
Anteritorna)

(Figs 3—-13; 18-108)

Nomen hierarchicum: Ephemera/fg4 (sine Prosopistoma;
incl. Baetis).

Nomen circumscribens: Anteritorna Kluge 1993b: 35.

In circumscription matches:

— "Larves nudibranches": Lestage 1917: 244.

— subordo Anteritorna (as manuscript name):
1992d: 10; 1992e: 24;

— subordo Anteritorna Kluge 1993b: 35;

— Anteritorna, or Ephemera/fg4: Kluge 2000: 247.

Kluge

References. Kluge 1993b: &*; — Kluge & Studemann &
Landolt & Gonser 1995: ®* — Kluge 1998: O* &*.

Autapomorphies of Anteritorna.

(1) Tornus of fore wing is situated between
apices of veins CuA and CuP; thus CuP usually ter-
minates at basitornal margin of wing far from tornus
(F16.7:C), and only in Ametropus — close to tornus
(F16.24:C) (in contrast to Posteritorna, where tornus
is situated behind apex of CuP — F1G.17:B).

The difference in tornus position between Poste-
ritorna and Anteritorna does not depend on size of
hind wings, as Anteritorna include species with hind
wings either well-developed, or vestigial, or comple-
tely lost. In the cases when the hind wing is vestigial
or lost, the tornus of fore wing is usually transferred
proximally (FIG.90:A-B), becomes obtuse or disap-
pears (FIG.101:A-B), but never changes its position
relatively to terminations of the longitudinal veins,
being in Anteritorna always between CuA and CuP.

In connection with presence of tornus between
CuA and CuP, a field between these veins, named
cubital field, is modified: only in proximal part it is
bordered posteriorly by CuP, while in distal part its
posterior border is made by basitornal wing margin;
in this part, instead of usual crossveins, cubital field
has peculiar veins filling the space between CuA and
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basitornal margin (while in Posteritorna cubital field
is a simple narrow field bordered posteriorly by CuP
up to tornoapical wing margin, and bearing the same
venation as in fields anteriad of it).

Various Anteritorna have different venation of
the cubital field. We proceed from an assumption
that initial type of cubital field venation is the
siphlonuroid one: several sigmoid veins go from
CuA to basitornal margin (FIG.7:C). In mayflies with
such venation hind wing usually retains greatest
length (up to 1/2 of fore wing length); correspon-
dingly to this, basitornal margin of fore wing is also
long, CuA passes along it at some distance, so the
cubital field is long and narrow all over its length.
This type of cubital field is present in Siphlonu-
rus/fgl, Ameletus/fg2, Nesameletus/fl=Metamoni-
us/gl, Vetulata, Ameletopsis/fgl, Rallidens, and
Coloburiscus/fgl. In the past, on the base of wing
venation, these taxa were united in a family Siphlo-
nuridae which was surely paraphyletic, because at
least Ameletus/fg2 and Coloburiscus/fgl belong to
the phylogenetic branches, whose other representati-
ves have different wing venation.

In many other mayflies cubital field venation is
modified, and the same several types of its venation
are repeated in non-related taxa (see Index of cha-
racters [2.2.51] and [2.2.52]). Cubital field can be
wider, and veins arising from CuA can be bifurcate
(FIGS 40:A; 68:A) or multibranched. These veins
can be substituted by intercalaries going parallel to
CuA. The cubital intercalaries can originate either as
elongation of middle portions of the sigmoid veins
(in this case the posteriormost intercalaries are the
longest — FIG.53:A, C), or as anastomoses between
the initial sigmoid veins (F1G.24:A, C). There are
intermediate forms between the typical siphlonuroid
sigmoid veins and the intercalaries, so the types of
venation used in the taxa characteristics below, are
rather arbitrary.

In some cases venation of cubital field provides a
regular alternating of concave and convex veins, like
that on the rest part of the wing; while vein alter-
nating in general is an ancient primitive feature of
Ephemeroptera, such alternating in cubital field is
most probably secondary, independently evolving in
several non-related groups of Anteritorna. In some
taxa cubital field has intercalaries arranged in pairs
(see Index of characters [2.2.52]), where each pair
consists of a convex and a concave vein, alternating
with convex CuA and concave CuP. Bifurcate veins
arising from CuA can have hind branch convex and
fore branch convex, providing the same effect. In

Isonychia/fgl two proximalmost veins going from
CuA to basitornal margin, are usually non-branched
(F1G.40:A), the proximalmost is convex (like CuA),
and the next is concave. In some taxa CuA and the
proximalmost vein arising to basitornal margin
(often called "CuA,") together form a strong bifurca-
te convex vein, and a concave intercalary ("iCuA")
is present between its branches (FIG.75:A) (see
Index of characters [2.2.50]); most probably, this
structure is secondary, in spite of the fact that it
resembles a triad of CuA characteristic for permo-
plectopteran mayflies Protereisma (Fi1G.14:B) and
Palingeniopsis (Martynov 1932:PLI:2), and triads
initial for many other veins of mayflies.

A hypothesis was suggested, that Posteritorna
and Anteritorna independently originated from
Permoplectoptera; their hind wings shortened
independently, and in connection with this, their fore
wings got tornus independently, at two different
places (Edmunds & Traver 1954b); this idea does not
contradict the known data (Kluge 1998). It was also
assumed that Anteritorna originated from Protere-
isma-like ancestor which had a primitive triad of
CuA; thus, some authors regard the presence of triad
of CuA in Recent mayflies to be a plesiomorphy
(Edmunds & Traver 1954b). However, this triad is
present only in a few short-living mayflies with
highly modified venation — Behningia/fg2 (but not in
Protobehningia) and some representatives of Anage-
nesia/fgl (but not other Palingenia/f2=g1), and thus,
most probably, it is a secondary one. Triad of CuA is
present also in extinct Hexagenites/fgl which is
regarded to be primitive only because of its Meso-
zoic age; however, wing venation of Hexageni-
tes/fgl is unique and undoubtedly modified.

(2) Maxilla has no more than 3 dentisetae; num-
ber of dentisetae is determinate, in different repre-
sentatives it can be three (FIG.3:E), two, one, or none
(see Index of characters [1.1.37]); a single known
exception is made by Coloburiscus/fgl, where num-
ber of dentisetae can vary individually from 2 to 3.

Size. Fore wing length 240 mm.

Age and distribution. From Jurassic (see Euse-
tisura INCERTAE SEDIS, Fossoriae INC.SED. and
Anteritorna INC. SED.) — till Recent; world-wide.

Anteritorna are divided into Tridentiseta and Biden-
tiseta (Chapters VI-VIL: p.123). Some extinct taxa
and some insufficiently described species have
uncertain systematic position (see Appendix: p.353).
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2.1. Plesiomorphon Tridentiseta, or Baetis/fgl
(Panephemeroptera Euephemeroptera Euplectoptera
Anteritorna Tridentiseta)

(Figs 3—13; 18-36)

Nomen hierarchicum: Baetis/fgl (incl. Siphlonurus, Dip-
teromimus, Ameletus, Metretopus, Acanthametropus,
Ametropus, Metamonius, Oniscigaster, Ameletopsis,
Rallidens) [f: Baetida Leach 1815: 137; g: Baetis
Leach 1815: 137, typus Ephemera fuscata Linnaeus
1761 (design. by ICZN Opinion 787, 1966); syn. obj.:
Brachyphlebia Westwood 1840: 25].

Nomen circumscribens: Tridentiseta Kluge & Studemann
& Landolt& Gonser 1995: 105.

In circumscription matches:

— superfam. Siphlonuroidea: McCafferty 1997: 95;

— infraordo Pisciforma: Kluge & al. 1995: 105 (non
Pisciforma McCafferty 1991a);

— grex infraordines Tridentiseta Kluge & al. 1995: 105;

— Tridentiseta, or Baetis/fgl: Kluge 2000: 247.

References. Kluge & al. 1995: ©* @* — Kluge 1998: ©*.

Plesiomorphies of Tridentiseta. In contrast to
Bidentiseta, maxilla usually has 3 dentisetae [see
Anteritorna (2)] (FI1GS 3:E; 22:D; 25:D; 28:B, D;
31:A,E; 32:E, 36:A). Exceptions are made by
Ameletus/fgl (F1G.20:C) and Acanthametropus/fgl
(F1G.23:B), whose maxillae are specialized and have
less number of dentisetac. Homology of maxillary
parts and systematic position of Ameletopsis/fgl
(F1G.34:D) are unclear; here we conditionally
attribute this taxon to Tridentiseta.

Size. Fore wing length 2-24 mm.

Age and distribution. Jurassic (see Anteritoma
INCERTAE SEDIS) — Recent; world-wide.

Status and systematic position of Tridentiseta.
Here we unite all Anteritorna not belonging to
Bidentiseta, in a taxon Tridentiseta; probably in
future paraphyly of Tridentiseta will be clarified and
this taxon will be disbanded. Earlier, the groups
attributed to Tridentiseta were placed into one of
larger paraphyletic taxa — Schistonota McCafferty &
Edmunds 1979 (uniting Tridentiseta, Branchiter-
galiae, Pinnatitergaliae and Leptophlebia/fgl) or
Costatergalia Kluge 1989 (uniting Tridentiseta and
Branchitergaliae). A taxon, whose circumscription is
close to Tridentiseta, is Pisciforma McCafferty
1991; in contrast to Tridentiseta, Pisciforma do not
include Vetulata, but include Pseudiron, thus being
polyphyletic (Kluge 1998).

Tridentiseta are divided into 11 directly subordinate
taxa: (A) Holarctic taxa: Siphlonurus/fgl, Diptero-
mimus (p.79), Ameletus/fgl (p.80), Metretopus/fgl
(p.86), Acanthametropus/fgl (p.88) and Ametropus

(p.93); (B) widely distributed taxa: Tetramerotar-
sata (or Baetis/fg2) (p.94) and Nesameletus/fl=
=Metamonius/gl (p.105); (C) Amphinotic taxa:
Vetulata (or Oniscigaster/fgl) (p.110), Ameletop-
sis/fgl (p.114) and Rallidens (p.120).

2.1;1. Siphlonurus/fgl

(Euephemeroptera Euplectoptera Anteritorna
Tridentiseta Siphlonurus/fgl)

(Figs 3-7; 9:A-B; 10:G—H; 12:A-E; 13:A-B, F;
18; 19)

Nomen hierarchicum: Siphlonurus/fgl (incl. Paramele-
tus) [f: Siphlonuridae Ulmer 1920b: 131 (1888) (pro
Siphlurines Albarda in Selys-Longchamps 1888: 150)
(Peters & Hubbard 1977); g: Siphlonurus Eaton 1868b:
89, typus Baetis flavida Pictet 1865 (design. orig.);
syn. obj.: Siphlurus Eaton 1871: 125].

In circumscription matches:

— Siphlonurus-complex: Koss & Edmunds 1974: 301;

— fam. Siphlonuridae: Kluge & Studemann & Landolt &
Gonser 1995: 109.

References. Koss & Edmunds 1974: ©%*; — Kluge &
Studemann & Landolt & Gonser 1995: ©* ©* 0* ©*.

Autapomorphies of Siphlonurus/fgl.

(1) In female imago distal portion of seminal
receptacle is sclerotized and transformed to a peculi-
ar copulatory pouch situated in abdominal segment
VIII (FIGS 18:A-C; 19:A-B, G). Posteriorly from
copulatory pouch arises a membranous duct which
opens to copulatory opening (situated at boundary of
abdominal sterna VIII and IX); from postero-lateral
portions of the copulatory pouch arise a pair of
oviducts, and anteriorly from copulatory pouch
arises a membranous seminal receptacle. Structure
of copulatory pouch is species-specific. (As copula-
tory pouch is covered by muscles, it is invisible
neither when abdomen is dissected, nor on translu-
cent slide in Canadian balsam; it can be studied if
treat abdomen by alkali to dissolve all tissues and
retain cuticle only.) In female subimago sclerotized
copulatory pouch is absent. Such copulatory pouch
is found in all the species examined of Siphlonu-
rus/fg3 and Parameletus/fgl (Edmundsius was not
examined). Unique apomorphy: in all other mayflies
(including Dipteromimus, Ameletus/fgl, Metreto-
pus/fgl, Acanthametropus/fgl, Ametropus, Nesame-
letus/f1=Metamonius/gl, Vetulata, Ameletopsis/fgl
and Rallidens which were formerly mixed with
Siphlonurus/fgl) the whole female copulatory
apparatus is membranous.

(2) Egg surface has convex rough spots formed
by tops of threads closely pressed together (Kluge &
al. 1995:Figs 61-63); probably these are vestiges of
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anchors. Such spots ‘are found in all the species
examined of Siphlonurus/fg3 and Parameletus/fgl;
egg structure of Edmundsius is unknown. In other
mayflies, if anchors in a form of bundle of threads
are present, end of each bundle is covered by
integral knob or by a regular rosette-like structure
(in Ameletus/fgl, Metretopus/fgl and some others).
Probably, opened tops of bundles in Siphlonurus/fgl
were formed as a result of reduction of the knobs.

(3) Each paired penis lobe is distally split into
two lobes — gonopore-bearing medial (or ventral)
one and additional lateral (or dorsal) one; shape of
these lobes is species-specific.

Characters of unclear phylogenetic status.

(4) Imaginal and subimaginal claws (initially
ephemeropteroid) on each leg are similar and poin-
ted (F1G.4:A-B). Non-unique apomorphy (see Index
of characters [2.2.85] and [2.2.77]); among Tridenti-
seta the same in Dipteromimus and Nesameletus/f1=
=Metamonius/g].

(5) Imaginal and subimaginal paracercus is vesti-
gial (F1G.18:A). Non-unique apomorphy (see Index
of characters [2.3.22]); particularly, the same in
Ameletus/fgl and Metretopus/fg].

(6) Larval abdominal terga and sterna with more
or less developed spine-like setae (non-unique
character; the same in Metretopus/fgl-Siphloplecton,
some Ameletus/fg2 and others). Posterior margins of
sterna always lack denticles, posterior margins of
terga either with denticles (in Siphlonurus/fg2) or
not (in Parameletus/fgl).

(7) On each tergalius I-VII anal rib is located
very far from anal margin, on dorsal surface, at
anterior half of tergalius, usually close to middle
trachea (while costal rib has usual for mayflies
position on costal margin and is developed at least in
proximal part of tergalius) (FIG.18:F). The same in
Dipteromimus and some others (see Index of
characters [1.3.28]).

Plesiomorphies of Siphlonurus/fgl. Larva has
primary swimming siphlonuroid specialization (FIG.
9:A): legs are able to stretch posteriorly; abdomen is
large, able to make undulate swimming movements;
caudalii are not long, paracercus is well-developed,
primary swimming setac are dense, secondary
swimming setae are absent. Larval head is hypogna-
thous, mouth apparatus is non-specialized (FIG.3);
maxilla has 3 canines and 3 dentisetae [see Anteri-
torna (2)] (FiG.3:B, E), setae of apical-ventral row
can be from simple to pectinate (only in Siphlonisca
absent); maxillary palp is 3-segmented; labial palp is
3-segmented. Larval (and adult) patella-tibial suture

is developed on middle and hind legs only (FIGS 3—
4). Larval claws are slightly curved, without dentic-
les or with very small irregular denticles near base.
Tergalii [see (7)] retain ability of rhythmical respi-
ratory movement.

In imago and subimago: Mesonotal suture can be
stretched backward medially (especially in Siphlo-
nurus/fg3 — FIGS 6, 18:E) or nearly transverse (espe-
cially in Parameletus/fg2 — FIG.19:E). Anterior
paracoxal suture is complete (FI1G.5) (in contrast to
Rallidens and some Bidentiseta). Furcasternal protu-
berances are contiguous (FIG.5:C) (in contrast to
Amphinotic groups of Tridentiseta and some others
— see Index of characters [2.2.23]). Subimaginal
lateral sclerotized pigmented area of mesonotum is
small, bifurcates posteriorly in such a manner, that
one its branch stretches along lateroparapsidal
suture, and another branch — along lateral scutal
suture (FIG.18:E) (see Index of characters [2.2.14])).
In cubital field of fore wing several (3-9) veins go
from CuA to basitornal margin [see Anteritorna (1)];
hind wing is well-developed, as long as 0.4-0.5 of
fore wing length (F1G.7:C-D). Imaginal and subima-
ginal tarsi are S5-segmented, 1% segment is the
longest, fused with tibia (FIG.4). Gonostylus has 2
distal segments.

Size. Fore wing length 924 mm.

Age and distribution. Palaeogene (see Siphlo-
nurus/fgl INCERTAE SEDIS) — Recent; Holarctic.

Siphlonurus/fgl is divided into Siphlonurus/fg2 and
Parameletus/fgl (p.76); one extinct species has
uncertain position (p.79).

2.1;1,1. Siphlonurus/fg2

(Euephemeroptera Euplectoptera Anteritorna
Tridentiseta Siphlonurus/fgl .../fg2)

(Figs 3-7; 12:A-E; 13:A-B, F; 18)

Nomen hierarchicum: Siphlonurus/fg2 (sine Paramele-
tus; incl. Edmundsius).

In circumscription matches:

— subfam. Siphlonurinae: Kluge & Studemann & Landolt &
Gonser 1995: 110.

Reference. Kluge & al. 1995: ©* @*,

Autapomorphy of Siphlonurus/fg2.

(1) Tergalii I and II are bilamellate (FIG.3:A):
ventral (posterior) lamella is an additional one, and
represents an expanded anal-proximal lobe bent
down; in Siphlonurus/fg3 this additional lamella has
nearly the same shape and size as the main lamella,
but in contrast to it has no ribs [see Siphlonurus/fgl
(7] (tergalii III-VII are usually unilamellate, but in



ANTERITORNA TRIDENTISETA 75

Siphlurella became bilamellate by another way — see
below).

Character of unclear phylogenetic status.

(2) Larval paraproct with a spine on inner-apical
margin (F1G.18:D) (Edmundsius was not examined).
The same in Metretopus/fgl, Siphluriscus, Vetulata
and Rallidens.

Plesiomorphies of Siphlonurus/fg2. In contrast
to Parameletus/fgl, larval abdominal terga (at least
VI-X) have pointed denticles on posterior margins
[sterna have no denticles — see Siphlonurus/fgl (6)].

Size. Fore wing length 9-24 mm.

Distribution. Holarctic.

Siphlonurus/fg2 is divided into Edmundsius and
Siphlonurus/fg3.

2.1;1,1-1. Edmundsius/g(1)
(Euplectoptera Anteritorna Tridentiseta
Siphlonurus/fgl .../fg2 Edmundsius)

Nomen hierarchicum: Edmundsius/g(1) [g: Edmundsius
Day 1953: 19, typus E. agilis Day 1953 (design. orig.)].

In circumscription matches:

— gen. Edmundsius Day 1953: 19.

Monospecific taxon.

References. Day 1953: © @; — Edmunds & Jensen &
Berner 1976: © @.

Plesiomorphies of Edmundsius. In contrast to
Siphlonurus/fg3, ventral (additional) lamella of ter-
galii I-1I [see Siphlonurus/fg2 (1)] is much smaller
than dorsal (main) lamella; both lamellae are not
bipointed (Day 1953:Fig.7).

Size. Fore wing length 16 mm.

Distribution. California.

Species composition of Edmundsius/g(1). 1 species —
agilis Day 1953 [Edmundsius].

Material examined: —.

%k %k %

2.1;1,1-2. Siphlonurus/fg3
(Euplectoptera Anteritorna Tridentiseta
Siphlonurus/fgl .../fg3)

(Figs 3-7; 12:A-E; 13:A-B, F; 18)

Nomen hierarchicum: Siphlonurus/fg3 (sine Edmund-
sius; incl. Siphlurella).

In circumscription matches:

— gen. Siphlonurus Eaton 1868b: 89;

— gen. Siphlurus Eaton 1871: 125.

References. Eaton 1883-1888: ®*; — Needham & Tra-
ver & Hsu 1935: ©* ©*;, — Edmunds & Jensen & Berner
1976: ©* @*; — Studemann & Landolt 1997b: © &.

Autapomorphies of Siphlonurus/fg3.

(1) Dorsal and ventral lamellae of tergalii I-II
[see Siphlonurus/fg2 (1)] are subequal, each lamella
has a peculiar bipointed shape, like a fish tail
(F1G.3:A; Kluge 1982:Fig.3; 1985:Fig.3). Unique
apomorphy.

Size. Fore wing length 924 mm.

Distribution. Holarctic.

Siphlonurus/fg3 is divided into Siphlonurus/fg4 and
Siphlurella.

2.1;1,1-1/1. Plesiomorphon Siphlonurus/fg4
(Euplectoptera Anteritorna Tridentiseta
Siphlonurus/fgl .../fg4)

(Figs 3-7; 12:A-E; 13:A-B, F; 18)

Nomen hierarchicum: Siphlonurus/fg4 (sine Siphlurella).
In circumscription matches:

— subgen. Siphlonurus: Jacob 1974a: 2;

— gen. Siphlonurus: Bengtsson 1930: 11;

— gen. Siphlurus: Bengtsson 1909: 9.

References. Eaton 18831888 (gen. Siphlurus, nymph):
O¥; — Bengtsson 1930: ©* &*; — Lestage 1935a: ©O*,

Plesiomorphy of Siphlonurus/fg4. In contrast to
Siphlurella, tergalii III-VII are unilamellate [tergalii
I-1I being bilamellate — see Siphlonurus/fg3 (1)].

Size. Fore wing length 9-24 mm.

Distribution. Holarctic.

Nominal taxon included. Siphlonurus/fg4 includes
Andromina/g [g: Andromina Navéas 1912b: 416, typus A.
grisea Navas 1912 (design. orig.)], regarded as a generic
synonym of Siphlonurus (Edmunds 1960: 24).

Species composition of Siphlonurus/fgd4 (here [S.]=
=[Siphlonurus}]). About 40 species. Eurasian species:
aestivalis Eaton 1903 [Siphlurus] (synn. subj.: spinosus
Bengtsson 1909 [Siphlurus], vernalis Tshernova 1928
[S.]), abraxas Jacob 1968 [S.], armatus Eaton 1870 [S.]
(syn. subj.: latus Bengtsson 1909 [Siphlurus]), binotatus
Eaton 1892 [Siphlurus] (synn.subj.: maculosus Mat-
sumura 1930 [S.], grandiosa Matsumura 1931 [Siphlo-
niscal), chankae Tshernova 1952 [S.], croaticus Ulmer
1920 [S.], davidi Navas 1932 [Siphluriscus), grisea Navas
1912 [Androminal, hispanicus Demoulin 1958 [S],
flavida Pictet 1865 [Baetis}, immanis Kluge 1985 [S.],
ireneae Alba-Tercedor 1990 [S.], lacustris Eaton 1870 [S.]
(synn. subj.: zetterstedti Bengtsson 1909 [Siphlurus],
pyrenaicus Navas 1930 [S.], nuessleri Jacob 1972 [S.]),
lusoensis Puthz 1977 [S.], montanus Studemann 1992 [S],
muchei Braasch 1983 [S.], palaearcticus Tshernova 1930
[Oniscigaster] (syn. subj.: brodskyi Bajkova 1979 [S.]),
sanukensis Takahashi 1929 [Siphlurus], yoshinoensis Gose
1985 [S.], zhelochovtsevi Tshernova 1952 [S.]. North
American species: autumnalis McDunnough 1931 [S.],
barbaroides McDunnough 1929 [S.], barbarus
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McDunnough 1924 [S.), columbianus McDunnough 1925
[S.), decorus Traver 1932 [S.], demarayi Kondratieff &
Voshell 1981 [S.], luridipennis Burmeister 1839 [Baetis],
marginatus Traver 1932 [S.], marshalli Traver 1934 [S.],
minnoi Provonsha & McCafferty 1982 [S.], mirus Eaton
1885 [Siphlurus), occidentalis Eaton 1885 [Siphlurus]
(syn. subj.: inflatus McDunnough 1931 [S.]), quebecensis
Provancher 1878 [Cloe] (syn. subj.: triangularis Clemens
1915 [S.]), rapidus McDunnough 1924 [S.], securifer
McDunnough 1926 [S.], spectabilis Traver 1934 [S]
(syn. subj.: maria Mayo 1939 [S.]), typicus Eaton 1885
[Siphlurus], (synn. subj.: berenice McDunnough 1923 [S.],
novangliae McDunnough 1924 [S.]).

Material examined: Group palaearcticus: palaear-
cticus [Oniscigaster]: ©-0-®/©. Group flavida: flavida
[Baetis]: ©, @, @. Group lacustris: lacustris [Siphlonu-
rus]: ©-0-®/®; grisea [Androminal: ©—0-®/®; occiden-
talis [Siphlurus]: ©, &. Group aestivalis: aestivalis
[Siphlurus]: ©-0-®/®; armatus [Siphlonurus]: ©, ®;
croaticus [Siphlonurus]: ©, O, ®; chankae [Siphlonurus]:
©-0-B/O; zhelochovtsevi [Siphlonurus): ©—-0—®/®; hispa-
nicus [Siphlonurus]: ©, ©-Q, @; lusoensis [Siphlonurus]:
O, ©, ®; immanis [Siphlonurus]: ©-0-&/®; montanus
[Siphlonurus]: ©, 0; sp.S1 (= sp.n.l: Kluge 1985): &.
Unknown group: sp.S2 (China): &, @.

dok ok

2.1;1,1-1/2. Siphlurella/g(1)

(Euplectoptera Anteritorna Tridentiseta
Siphlonurus/fgl .../fg3 Siphlurella)

(Fig. 8:A)

Nomen hierarchicum: Siphlurella/g(1) [g: Siphlurella
Bengtsson 1909: 11, typus S. thomsoni Bengtsson
1909 (design. Hubbard 1979a: 412; syn. subj. Baetis
alternata Say 1824)].

In circumscription matches:

— subgen. Siphlurella: Jacob 1974a: 2;

— gen. Siphlurella Bengtsson 1909: 11.

References. Bengtsson 1909: © ©; — 1930: © &.

Autapomorphy of Siphlurella.

(1) Tergalii III-VII with additional dorsal
(anterior) lamella which represents an expansion of
anal-proximal area bent dorsally [tergalii I and II
with additional ventral (posterior) lamella — see
Siphlonurus/fg2 (1) and Siphlonurus/fg3 (1)]; thus
all tergalii are double, but tergalii I-II and III-VII
have basically different structure.

Size. Fore wing length 12—14 mm.

Distribution. Holarctic.

Species composition of Siphlurella/g(1). 2 species —
phyllis McDunnough 1923 [Siphlonurus] (Nearctic) and
alternata Say 1824 [Baetis] (synn. subj.: annulata Walker
1833 [Baetis], linnaeanus Eaton 1871 [Siphlurus],

thomsoni Bengtsson 1909 [Siphlurellal, oblita Bengtsson
1909 (Siphlurella]) (Holarcti<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>