
MITTEILUNGEN DER SCHWEIZERISCHEN ENTOMOLOGISCHEN GESELLSCHAFT 
BULLETIN DE LA SOCIETE ENTOMOLOGIQUE SUISSE 

68, 103 - 132, 1995 

A reclassification of Siphlonuroidea (Ephemeroptera) 

N. J. KLUGE 1, D. STUDEMANN2*, P. LANDOLT2* & T. GONSER3 

'Department of Entomology, St. Petersburg State University, St. Petersburg 199034, Russia 
2Department of Entomology, Institute of Zoology, Perolles, CH-1700 Fribourg, Switzerland 
3Limnological Research Center, EA WAG, CH-6047 Kastanienbaum, Switzerland 

The superfamily Siphonuroidea is proposed, its phylogenetic position discussed and definitive char­
acteristics are presented for all the families contained. New characters of the thorax, the female gen­
italia, and the egg chorion are used. The Siphlonuroidea consist of a Northern Hemisphere group of 
families (Siphlonuridae s. str., Dipteromimidae, Ameletidae, Metretopodidae, Acanthametropodidae 
and Ametropodidae) and a Southern Hemisphere group of families (Oniscigastridae, Nesameletidae, 
Rallidentidae, and Ameletopsidae). The family Dipteromimidae and the subfamily Parameletinae are 
established. The synonymy of lsonychia polita and Acanthametropus nikolskyi is documented. Fossil 
Siphlonuroidea of uncertain family status are included . The relationships between the families are di s­
cussed. 
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INTRODUCTION 

The taxonomy and the phylogeny of Siphlonuroidea or Siphlonuridae sensu 
Lato are subject to different opinions. The authors that have worked on the rank and 
composition of this taxon (EDMUNDS, 1972; MCCAFFERTY & EDMUNDS, 1979; 
LANDA & SOLDAN, 1985; M CCAFFERTY, 1991; TOMKA & ELPERS, 1991; KLUGE, in 
press, and others) have used the taxon Siphlonuridae in different senses. These dif­
ferences are based on (1) the importance attached to adult versus larval characters, 
(2) the interpretation of characters as being synapomorphic or symplesiomorphic, 
(3) the paraphyletic nature of the group, and ( 4) inadequate diagnoses of many tax a. 
We describe additional characters for the diagnoses and present a new classifica­
tion of the Siphlonuroidea. 

MA TERlAL AND METHODS 

The species and stages examined are listed in Tab. I. 
The internal genitalia of female imagines (which in Siphlonuridae s. str. con­

sist of a sclerotized copulatory pouch inside abdominal segment VII - Figs 9-14) 
are a very important character for differentiation. For its examination the following 
procedure was used : The dissected abdomen with an intact sternum VII was boiled 
in a solution of KOH or NaOH with a concentration of about 10% for several min­
utes in order to release the cuticula from soft tissues. 

*Reprint requests, address for correspondence 
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Table 1. Species and stages examined. L = larva; S = subimago; I = imago. 

Family, Genus Species Stages examined 

L s 0 s '? 1 0 I '? egg 
SIPHLONUR!DAE 
Siphlonurus aestivalis (EATON, 1903) + + + + + + 

alternatus (SAY, 1824) + + + + + + 
armatus EATON, 1870 + + + + + + 
chankae THERNOVA, 1952 + + + + + + 
croaticus ULMER, 1919-20 + + + + + + 
jlavidus (PICTET, 1865) + + + + + + 
hispanicus (DEMOULIN, 1958) + + + + + + 
immanis KLUGE, 1985 + + + + + 
lacustris EATON, 1870 + + + + + + 
lusoensis PUTHZ, 1977 + + + + + + 
montanus STUDEMANN, 1992 + + + + + + 
occidenta/is EATON, 1885 + + + + + 
palaearcticus TSHERNOVA, 1930 + + + + + + 
zhelochtsevi TSHERNOVA, 1952 + + + + + + 

Parameletu.1· chelifer BENGTSSON, 1908 + + + + + + 
minor BENGTSSON, 1909 + + + + + + 
sp. + 

Siphlonisca aerodromia NEEDHAM, 1909 + + + + + 
DIPTEROMIMIDAE 
Dipteromimus tipuliformis M CLACHLAN, 1875 + + + + + + 
AMELET!DAE 
Ameletus alexandrae BROODSKY, 1930 + + + + + + 

camtshaticus ULMER, 1927 + + + + + + 
cedrensis SINITSHENKOVA, 1977 + + + + + + 
celer M cDUNNOUGH, 1934 + 
costalis MATSUMURA, 1931 + + + + + + 
inopinatus EATON, 1887 + + + + + + 
montanus IMANISHI, 1930 + + + + + + 
parvus KLUGE, 1979 + + + + + + 
proceru.1· BAJKOVA, 1976 + + + 
similior McDUNNOUGH, 1928 + 
suffusus McDUNNOUGH, 1936 + 
validus M cDUNNOUGH, 1924 + 

Metreletus halcanicus (ULMER, 1919-20) + + + + + + 
METRETOPOD!DAE 
Metretopu.1· alter BENGTSSON, 1930 + + + 

borealis (EATON, 1871) + + + + + + 
sp. n. + + + + + + 

Siphloplecton sp. I + + + 
sp. 2 + + 

ACANTHAMETROPOD!DAE 
Acanthametropus nikolskyi TSHERNOVA, 1948 + + + 
Analetris eximia EDMUNDS, 1972 + 
AMETROPOD!DAE 
Ametropus fragilis ALBARDA, 1878 + + + + + + 
ONISCIGASTRIDAE 
Oniscigaster wakefieldi MCLACHLAN, 1873 + + + 
Siphlonella sp. + 
Tasmanophlebia nigrescens TILLY ARD, 1933 + 
NESAMELETIDAE 
Nesameletus flavitinctus (TILLY ARD, 1923) + + + + + 
Ameletoides lacusalbinae TILLY ARD, 1933 + 
Metamonius sp. + + 
RALLIDENTIDAE 
Rallidens mlfarlanei PENNIKET, 1966 + + + 
AMELETOPS!DAE 
Ameletopsi.~ perscitus EATON, 1899 + + + + 
Chiloporter sp. + + + + 
Mirawara sp. + 
Chaquihua? sp. + 
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Eggs were di ssected from the abdomen of females (imagines, subimagi nes, or 
mature larvae) and transferred to an alcohol solution (80%). The eggs were dehy­
drated through a stepwise immersion in alcohol (absolute), a mixture of alcohol/ace­
tone (I : 1) and acetone (100%) and then dried by critical point drying. The mounted 
eggs were coated with a 75nm Au/Pd layer and examined with a Hitachi H700 scan­
ning electron microscope at 25 kV. 

The detail s of the pterothorax structure described by KLUGE (1994) are marked 
in the text by one asterisk (*). The details of the maxillary structure, marked in the 
text by two asterisks (**), are described by KLUGE (in press). 

PHYLOGENETIC POSITION AND STATUS OF SIPHLONUROIDEA 

According to recent research, the phylogenetic relationships of actual groups 
of Ephemeroptera seem to be as shown in Fig. l (for a detailed discussion - see 
KLUGE, in press). The taxon regarded here as being the superfamily Siphlonuroidea 
was previously divided into two or three families - Siphlonuridae s. l. , Ametropo­
didae, and Metretopodidae (EDMUNDS et al. , 1976). The family Siphlonuridae s. l. 
thus included all Siphlonuroidea except Ametropus, Metretopus, and Siphloplecton. 
In this wide sense it was characterized primarily by the similar fore wing venation 
in all of its representatives, which have a series of veins running in the cubital fi eld 
from CuA to the hind margin ("type S" in the present paper). The larvae of the 
majority of Siphlonuridae s. l. have the same swimming specialization, which ear­
lier authors regarded as evidence of the close relationship between members of thi s 
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Fig. I . Phylogeny of recent superfam ilies of Ephemeroptera 
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taxon. According to the majority of recent authors (MCCAFFERTY & EDMUNDS, 1979, 
and others), these characters of Siphlonuroidea are plesiomorphic. This opinion is 
based on (I) the discovery of Palaeozoic (Lower Permian) larvae of Protereisma 
americana (DEMOULIN, 1970) and others, which belong to the family Protereis­
matidae (suborder Permoplectoptera) and combine the archaic features of this sub­
order (e. g. homonomous wings, 9 pairs of tergaliae) with the swimming special­
ization of the Siphlonuroidea-type (particularly caudal filaments with primary 
swimming setae on the inner sides of cerci and lateral sides of paracercus) (CAR­
PENTER, 1979); (2) the presence of many different Siphlonuroidea-like larvae and 
imagines in Mesozoic deposits; (3) the occurrence of swimming specializations of 
larvae in many different groups of Ephemeroptera; many mayfly larvae which have 
lost this specialization preserve some of its elements (in particular, the ability to 
make dorsoventral swimming movements with their abdomens, sometimes rudi ­
mentary primary swimming setae on caudal filaments) (KLUGE et al., 1984). An 
alternative opinion is that the Ephemeroidea is the most primitive group of 
Ephemeroptera. This opinion is based on the description of Lower Permian larvae 
of the genus Phtharthus HANDLIRSCH, 1904. These larvae were described as having 
caudal filaments and tergaliae of the Ephemeroidea-type and wing pads directed 
backwards (HANDLIRSCH, 1906-1908). The type specimens of Phtharthus rossicus 
HANDLIRSCH, 1904, and Ph. netschajevi HANDLIRSCH, 1904, preserved in the Geo­
logical-Mineralogical Museum of Kazan University (Tatarstan, Russian Federa­
tion), have recently been reexamined by Kluge. HANDLIRSCH' s descriptions and fig­
ures are incorrect. These larvae have caudal filaments of the Siphlonuroidea-type, 
lamellate tergaliae 1 , and lack wing pads. Probably the larvae of Phtharthus are con­
specific with the specimen described as the larva of Misthodotes sharovi by TSHER­
NOV A ( 1965). 

Since the characters of Siphlonuridae s. l. are now regarded as being symple­
siomorphic, this taxon is assumed to be paraphyletic. Therefore, some authors divide 
it into smaller groups in order to make a system, based on holophyletic taxa. Groups 
such as the Isonychiinae and the Coloburiscinae, which were initially placed in the 
Siphlonuridae s. l., have been transferred to the superfamily Oligoneurioidea, since 
their similarity with Siphlonuroidea is symplesiomorphic, while their similarity with 
Oligoneurioidea is synapomorphic (MCCAFFERTY & EDMUNDS, 1979). Onisci­
gastridae, Nesameletidae, Rallidentidae, and Ameletopsidae are regarded as sepa­
rate families by some authors (MCCAFFERTY, 1991), although initially they were 
placed in the Siphlonuridae s. l. In recent years the genera Ameletus and Metrele­
tus, which were formerly placed in Siphlonuridae, have been moved to the family 
Rallidentidae (TOMKA & ELPERS, 1991) or to the family Ameletidae (MCCAFFERTY, 
1991 ; STUDEMANN et al., 1994). MCCAFFERTY ( 1991) established the separate fam­
ily Acanthametropodidae. 

Distinct diagnoses have never been given for the families into which the for­
mer Siphlonuridae s. l. have been divided. Each of these families can be character­
ized by unique features of the larvae, but problems exist with characters of the 
winged stages. The structures traditionally used to separate taxa (wing venation, leg 
proportions, and structure of genitalia) are not sufficient for this purpose because 
wing venation is nearly the same in the majority of Siphlonuroidea, and genital 

1 About the usage of the term "tergaliae" (as homologous organs) and the term " tracheal gills" (as 
analogous organs) see KLUGE, 1989 
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structure demonstrates marked variability between species. Some characters of the 
thorax (described here for the first time) and egg (examined by scanning electron 
microscope) are useful for this purpose. 

A preliminary classification of Siphlonuroidea is given here. We are unable 
to give complete diagnoses for the winged stages of all the siphlonuroid families 
because the thorax and egg structures of some genera have not been examined as 
yet. Thorax and egg structures of all Southern Hemisphere genera examined are 
figured here in order to promote the discovery of common family characters. Some 
new family characters are described here for the winged stages, eggs, and larvae. 

SUPERFAMIL Y SIPHLONUROIDEA 

Comparative characteristics. According to KLUGE (in press), Siphlonuroidea 
belong to the suborder Anteritorna (Fig. I), which differs from the suborder Pos­
teritorna (that includes Baetiscidae and Prosopistomatidae) by having the tornus of 
the fore wing between the ends of CuA and CuP (Fig. 32). 

The infraorder Pisciforma, including Siphlonuroidea, can be separated from 
the two other infraorders (Setisura and Furcatergalia) by the following characters 
(KLUGE, in press): (1) The larval maxilla usually bears three dentisetae (stout spe­
cialized setae in the inner-dorsal row of setae)** (Fig. 39). In a few cases the num­
ber of dentisetae is reduced (Figs 20, 21). In the infraorders Setisura and Furcater­
galia no more than two dentisetae are present. (2) In contrast to Furcatergalia, the 
first tarsal segment of the winged stages in Siphlonuroidea is not shortened. (3) In 
contrast to Setisura, the eggs of Siphlonuroidea never have anchors consisting of a 
single spirally coiled thread with apical knob, but anchors of other structures may 
be present (Figs 62, 66, 70, 76). 

Whithin the Pisciforma, the superfamily Siphlonuroidea differs from the 
superfamily Baetoidea (which includes Siphlaenigmatidae and Baetidae) by the fol­
lowing plesiomorphic characters of the winged stages: (1) The mesonotum has a 
distinct mesonotal suture* which can be transverse (Fig. 7) or curved backwards 
medially forming an angle (Fig. 3). In Baetoidea the mesonotal suture is very 
strongly turned backwards laterally or disappears. (2) All tarsi are 5-segmented. In 
Baetoidea at least tarsi of fore and hind legs are 4-segmented. (3) In the fore wing 
CuA and CuP are connected basally, forming an acute angle (Fig. 32). In Baetoidea 
CuP is basally curved or not connected to CuA. 

Siphlonuroidea is probably paraphyletic and the most primitive group of 
recent Ephemeroptera, most of its representatives having a complex of plesiomor­
phies. The larvae are usually of the swimming type and their caudal filaments bear 
primary swimming setae (i . e., setae arranged in a regular row on each lateral side 
of the paracercus and on the inner side of each cercus). The tergaliae usually con­
sist of a plate with two costae (Fig. 6). The imagines of the majority of 
Siphlonuroidea have a similar fore wing venation: their cubital field is narrow with 
a series of veins running from CuA to the hind margin of the wing; in a few cases 
(Metretopodidae, Ametropodidae, Metreletus and Cretoneta), intercalaries are pre­
sent between CuA and CuP; Ametropodidae have a distinctive fore wing venation. 
The paracercus in the imagines can be rudimentary or developed (Tab. 2). 

Classification. The Siphlonuroidea can be divided into two groups of fami­
lies: a group of families distributed only in the Northern Hemisphere and a group 
of families distributed only in the Southern Hemisphere. These two groups differ in 
the mesosternum structure of the winged stages. 
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Sr A 

SLS 

7 

FC 

8 

Figs 2-8. Siphlonuridae. 2-4 - Siphlonurus aestiva/is , male imago: 2 - pterothorax (lateral view), 3 -
mesonotum (dorsal view) ; 4 - ri ght half of subimaginal skin of mesonotum . 5-6 - S. palaearcticus: 5 
- sternum IX and styliger (dorsa l view), 6 - tergalia of pair Ill. 7 - Parameletu.1· chelifer, imago, mesono­
tum (dorsal view); 8 - Siphlonisca aerodromia, right half of subimagina l skin of mesonotum. 
FC - fore costa, HC - hind costa, i - incision of scutum, LPs - lateroparapsidal suture, LS- lateroscutum, 
LSs - latera l scutal suture, MNs - mesonotal suture, MPs - medioparapsidal suture, MS - medioscutum, 
PA - posterior arm of prealar bridge, SLS - sublateroscutum, SMS - submedioscutum, SrA - suralare. 

A) NORTHERN HEMISPHERE GROUP OF FAMILIES 

Composition. Siphlonuridae s. str., Dipteromimidae, Ameletidae, Metretopo­
didae, Acanthametropodidae, Ametropodidae. 

Characteristics of the imago and subimago. Furcasternal protuberances* of 
mesothorax contiguous over their entire length (Fig. 31) (plesiomorphic character); 
paracoxal suture of mesothorax running across the ventral side of the episternum, 
completely dividing it into an episternum and a katepisternum (Fig. 31); venation 
of cubital field of fore wing variable (Tab. 2); paracercus rudimentary or as large 
as cerci (Tab. 2). 
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Table 2. Characte ri stics of families from the Northern Hemisphere. 

' 1 simi lar= on each leg both c laws simi lar, po inted and hooked 
' 2 di ss imi lar= on each leg one claw pointed and hooked, the other blunt 
' 3 type S = cubital fi e ld with a seri es of vei ns running from CuA to the hind margin of the wing (Figs 
11 a-c in STUDEMANN & TOMKA, 199 1) 
' 4 ty pe M = cubital fi eld with intercalaries (Figs 1-6 in BERNER, 1978) 
' 5 type A = A I and CuP terminate c lose to tornus, cubi tal fi e ld wi th interca lari es (Fig. 54.8 in TSHER ­
NOVA et al., 1986) 
' 6 see Figs 53-57 in STUDEMANN et al., 1988 
' 7 see Figs 60-6 1 in STUDEMANN et al. , 1988 
' 8 movable terga li ae can make rhythmical respi ratory movements 
' 9 slightly movable tergali ae are unable to make rhythmica l respi ratory movements 

Siphlonuridae: 
- Siph lonurini 

- Parameletini 

Dipte romimidae 

Ameletidae 

Metretopodidae 

Acanthametro-
podidae 

Ametropodidae 

subi mago and imago 

mesonotal claws of cu bi ta I subgenital subanal 
suture legs fi eld of plate of plate of 

~ore wing female female 

turned s imi lar' ' type S ' 3 small moderately 

backwards developed' 6 

(Fig. 3) 
transverse similar type S small moderate ly 

(Fig . 7) deve loped 
transverse similar type S well with median 

developed process 

turned di ssimi lar' 2 types small well 

S and M developed' 7 

transverse di ssimilar type M' 4 we ll moderate ly 
developed deve loped 

transverse dissimilar type S small small 

transverse d iss imilar type A' 5 small absent 

Family Siphlonuridae B ANKS, 1900 (s. str.) 

(Figs 2-14, 61 -63) 

paracercus 

reduced 

reduced 

we ll 
deve loped 

reduced 

reduced 

we ll 
deve loped 

well 
deve loped 

larva 

tergalia 

movable' 8 

movable 

9 

sli ghtly 

movable' 9 

movable 

? 

9 

Composition. This fami ly includes the Holarctic genera Siphlonurus (more 
than 20 species) and Parameletus (6 species), and the Nearctic genera Edmundsius 
(one species) and Siphlonisca (one species). 

Characteristics. Besides the characters listed in Tab. 2, the fo llowing di stinc­
tive characters are present: ( I) in the larva, hind cos ta of tergalia very far from hind 
margi n and very weak (Fig. 6); (2) in the subimago the lateral sclerotized pigmented 
area of mesonotum biramous, stretching along lateroparapsidal and lateral scutal 
sutures* (Figs 4, 8) (as in Oniscigastridae) ; (3) in the female imago (not in the 
subimago!) sclerotized copulatory pouch present (Figs 9- 14) (found in Siphlonurus, 
Parameletus, and Siphlonisca; unique structure, not found in other Ephemeroptera); 
(4) eggs with convex rough spots formed by the tops of threads closely pressed 
together; these spots are situated close to the micropyle and dispersed on the egg 
surface (Figs 61 -63 ; Figs 65-75 in STUDEM ANN et al., 1988) (in contrast to other 
fa mil ies where, if bundles of threads are present, they are terminated with knobs, 
Figs 65-76, 79-8 1 ). 
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Classification. We divide this family into two subfamilies - Siphlonurinae and 
Parameletinae sub/am. nov. 

Subfamily Siphlonurinae BANKS, 1900 

Composition. This subfamily includes Siphlonurus EATON, 1868 ( = 
Siphlurella BENGTSSON, 1909; = Andromina NAVAS, 1919) and presumably 
Edmundsius DAY, 1953. According to the description of DAY (1953), Edmundsius 
shows similarities with Siphlonurus in imaginal and larval structures. 

CP 

CP VllS 

Figs 9-14. Siphlonuridae - copulatory pouch of female imago. 9, 10 - Siphlonurus aestivalis: 9 - dor­
sal view (in left half) and ventral view (in right half), 10 - longitudinal section. 11 - S. lacustris - dor­
sal view (in left half) and ventral view (in right half). 12 - Parameletus chelifer - the same. 13 - P. 
minor - the same. 14 - Siphlonisca aerodromia - dorsal view. 
CP - copulatory pouch, RS - receptaculum seminis, VII S, VIII S - sternum VII, VIII. 
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Characteristics. In the larva at least the first two pairs of tergaliae double; pos­
terior margin of tergites with spines (Fig. 9a in STUDEMANN & TOMKA, 1991 ). In 
the female imago copulatory pouch variable (Figs 9-11 ), but not as in Parameletini . 

Subfamily Parameletinae subfam. nov. 

Composition. This subfamily includes Parameletus BENGTSSON, 1908 ( = 
Siphlonuroides McDUNNOUGH, 1923; = Palmenia ARO, 191 O; = Potameis BENGTS­
SON, 1909; = Sparrea PETERSEN, 1909) and Siphlonisca NEEDHAM, 1909. 

Characteristics. In the larva all tergaliae simple; posterior margin of tergites 
without spines (Fig. 9b in STUDEMANN & TOMKA, 1991). In the female imago cop­
ulatory pouch with two basal lobes; the pigmented area of sternum VIII has ante­
rior median projection that turns between these lobes (Figs 12-14). Additionally, 
there are similarities between Parameletus and Siphlonisca in the form of their ter­
galiae and penis (Figs 3A - 3D, 41 - 41 in SODERSTROM & NILSSON, 1986, and Figs 
I 0, 24 in BURIAN & GIBBS, 1988). 

Family Dipteromimidae fam. nov. 
(Figs 15, 64) 

Composition. Thi s family includes the Japanese genus Dipteromimus 
MCLACHLAN, 1875 ( = Dipteromimodes MATSUMURA, 1931) (one species) . 

Characteristics. Besides the characters listed in Tab. 2, the following distinc­
tive characters are present: in the larva ( 1) glossa and paraglossa pedunculated (Fig. 
28G in UENO, 1931 ); (2) maxilla with small galea-lacinia, with big palpus, the sec­
ond segment of the pal pus is the smallest (Fig. 28E in UENO, 1931 ); (3) in the imago 
and subimago posterior wing greatly reduced (Fig. 21 in UENO, 1931 ); (4) in the 
subimago the pigmented areas on mesonotum as in Fig. 15 . 

Family Ameletidae MCCAFFERTY, 1991 
(Figs 18-22, 65, 66) 

Composition. This family includes the Holarctic genus Ameletus EATON, 1865 
( = Chimura NAVAS, 1915; = Palaeoameletus LESTAGE, 1940) (more than 40 
species) and the European genus Metreletus DEMOU LIN , 1951 (one species). 

Characteristics. Besides the characters listed in Tab. 2, the following distinc­
tive characters are present: in the larva (I) the length of the labrum exceeds its width; 
(2) mandibles elongated with a reduction of the prostheca of the right mandible; (3) 
maxilla with broadened truncate anterior margin, apical bri stles long and pectinate, 
maxillary canine** reduced, only one dentiseta** present (Figs 20, 21 ); (4) glossa 
of labium truncated with wide anterior margin (Pl. 49 in EATON, 1883-1888) ; in the 
imago and subimago (5) epimerum of mesothorax with membranous area between 
anepimerum and katepimerum (Fig. 18) (in contrast to other families - Figs 2, 36, 
43, 50, 55); (6) lateroparapsidal suture* of mesonotum elongated (Fig. 22) (as in 
Metretopodidae); (7) in subimago the lateral sclerotized pigmented area of mesono­
tum very large, occupying submedioscutum* up to the medioparapsidal suture* 
(Fig. 22); (8) in the male imago styliger plate with membranous area dorsally (Fig. 
19) (in contrast to Siphlonuridae and other families - Fig. 5); (9) chorion of egg 
usually with knobs situated inside small cells of reticulation (Figs 65, 66; Figs 76-
79 in STUDEMANN et al., 1988) (a similar structure is also present in Metretopus, 
Figs 67, 68) . 
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MS 

MPs 

SMS 

L Ps -+---r--

16 

Figs 15- 17. Dipteromi midae and Metretopodidae - right half of subi maginal mesonotu m. 15 -
Dipteromimus tipuliformis, subimago; 16 - Metre/op us sp. n. (Siberi a) , subimaginal skin; 17 - Si11h/o­
plec1011 busale, subimaginal sk in . 
Labeling terms as in Figs 2-8. 

Family Metretopodidae TRAVER, 1935 
(Figs 16, 17, 67-7 1) 

= Siphloplectonidae LESTAGE, 1938 
Composition. Thi s fa mily includes the Holarctic genus Metretopus EATON, 

190 I (3 species) and the Nearctic genus Siphloplecton CLEMENS, 19 15 (5 spec ies). 
Characteristics. Besides the characters listed in Tab. 2, the fo llowing distincti ve 

characters are present: in the larva ( I) claw of foreleg bifid (Figs 43-46 in BERNER, 
1978); (2) maxillary palpus with small second segment; (3) labial palpus two-seg­
mented; (4) in the imago and subimago lateroparapsidal suture* elongated (Figs 16, 17) 
(as in Ameletidae); (5) in the subimago the lateral sclerotized pigmented area of mesono­
tum long, but not reaching posterior end of lateroparapsidal suture* (Figs 16, 17). 

Family Acanthametropodidae EDMUNDS, 1963 
(Figs 23-35, 72-75) 

= Analetrididae DEMOU LJ N, 1974 
Composition. This family includes the Nearctic and East-Palearctic genus 

Acanthametropus THERNOVA, 1948 ( = Metreturus BURKS, 1953) (I or 2 species) 
and the Nearctic genus Analetris EDMUNDS, 1972 (one species) . 

Characteristics. Besides the characters listed in Tab. 2, the fo llowing distinctive 
characters are present: in the larva ( I) wide median invagination of labrum (Fig. 27; 
Fig. 19 in LEHMKUHL, 1976); (2) mandible modified (of carnivorous type), short and 
wide, lamellous structures on mola reduced (Figs 24, 29); (3) max illa modified, with 
canines** and dentisetae** situated in the same plane; only two canines are present, 
two dentisetae are canine-like, third dentiseta rudimentary or absent (Figs 23, 28); 
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Figs 18-22. Ameletidae. 18-20 - Metre/etus balcanicus: 18, 19 - male imago: 18 - pterothorax (lateral 
view), 19 - sternum IX and styliger - dorsa l view (in left half) and ven tral view (i n right half); 20 -
larva, apex of left max illa . 21 - Ameletus costalis, the same. 22 - A. montanus, ri ght half of subimag­
ina l skin of mesonotum. 
OS - denti seta, LPs - lateroparaps idal suture, ma - membranous area, MNs mesonotal suture, MPs -
medio parapsidal suture, SMS - submedioscutum. 

(4) second segment of labial palpus widened (Figs 25, 30); (5) median tubercles pre­
sent at least on prostemum and mesostemum (Fig. 15 in L EHMK UHL, 1976); (6) femur 
of fore and middle leg widened, distinctly wider than femur of hind leg (Figs 20-22 
in L EHMKUHL, 1976); (7) tarsus much longer than tibia (Figs 20-22 in L EHMKUHL, 

1976); (8) tarsal claw of hind leg longer than the others; (9) tergalia with double ven­
tral lamella (Fig. 26; Fig. 9a in L EHMKUHL, 1976); in the imago and subimago (I 0) 
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Figs 23-30. Acanthametropodidae, larva. 23-27 - Acanthametropus nikolskyi: 23 - apex of left max­
illa, 24 - left mandible, 25 - labial palp, 26 - tergalia VI (ventral portion detached and spread) , 27 -
labrum (24, 25, 27 in the same scale) . 28-30 - Analetris eximia: 28 - apex of left maxilla, 29 - left 
mandible, 30 - labial palp (29, 30 in the same scale) . 
C 1, C2 - maxi llar canines, OS 1, DS2, DS3 - denti setae, M - mo la. 
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prostemum with median projection (Pl. 57 Fig. 15 in TsHERNOYA et al. , 1986); (11) on 
fore wing CuP relatively longer than in most Siphlonuridae, veins arising from CuA 
to the hind margin strongly oblique (Fig. 32, 34; Fig. 3 in LEHMKUHL, 1976); (12) tar­
sus of middle and hind legs very long, first tarsal segment longer than tibia (Fig. 31 ). 

Family Ametropodidae BENGTSSON, 1913 
(Fig. 76) 

Composition. This family includes the Holarctic genus Ametropus ALBARDA, 
1878 (4 or 5 species). 

Characteristics. Besides the characters listed in Tab. 2, the following distinctive 
characters are present: in the larva ( 1) foreleg reduced, palp-like, with projection on coxa 
and setae on claw; (2) middle and hind legs with very long claws; (3) tergalia with long 
marginal setae (Plate II and III in KEFFERMDLLER, 1959); (4) in the imago and subimago 
CuP of fore wing terminates close to tomus, Al is very long, with a series of veins run­
ning from it to the hind margin of the wing (Pl. 54 Fig. 8 in TSHERNOYA et al, 1986). 

8) SOUTHERN HEMISPHERE GROUP OF FAMILIES 

Composition. Oniscigastridae, Nesameletidae, Rallidentidae, Ameletopsidae. 
Characteristics of the imago and subimago. Furcastemal protuberances* of 

mesothorax separated by a median invagination* at least in their posterior portion 
(Figs 37, 44, 51, 54 ); paracoxal suture of mesothorax running across ventral side of 
epistemum (Figs 37, 44, 54) or not (Fig. 51). Fore wing of Siphlonurus type ("type 
S" = cubital field with a series of veins running from CuA to the hind margin of the 
wing) . Paracercus variable within a family, several times shorter than cerci (Figs 
45, 56) or nearly as long as cerci. 

Family Oniscigastridae LAMEERE, 1917 
(Figs 36-42, 77) 

Composition. This family includes the New Zealand genus Oniscigaster 
MCLACHLAN, 1873 (3 species), the Neotropical genus Siphlonella NEEDHAM & 
MURPHY, 1924 (one species), and the Australian genus Tasmanophlebia TILLY ARD, 
1921 ( = Tasmanophlebiodes LESTAGE, 1935) (3 species) . 

Characteristics. Besides the characters listed in Tab. 3, the following distinc­
tive characters are present: in the larva (1) median protuberance present at least on 
abdominal terga I-IV; (2) tergaliae disposed dorsally; (3) in the imago and subimago 
median invagination of furcastemum of mesothorax with parallel sides, not widened 
posteriorly (Fig. 37); (4) in the subimago the lateral pigmented sclerotized area of 
mesonotum, if developed, biramous, as it stretches along lateroparapsidal and lat­
eral scutal sutures* (Figs 40, 41) (as in Siphlonuridae). Only the thoraci of Onisci­
gaster and Siphlonella have been examined. 

Family Nesameletidae RIEK, 1973 
(Figs 43-49, 78) 

= Metamoniidae MCCAFFERTY, 1991 
Composition. This family includes the New Zealand genus Nesameletus TILL­

Y ARD, 1933 (one species), the Australian genus Ameletoides TILLYARD, 1933 (one 
species), and the Neotropical genus Metamonius EATON, 1885 (one species). 
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31 

Figs 31-35. Acanthametropodidae: Acantahametropus nikolskyi. 31-33 - male imago (holotypus of 
lsonychia polita): 31 - head and thorax (ventral view, nerve ganglions shown by interrupted lines) , 
32, 33 - fore and hind wings; 34, 35 - fore and hind wings extracted from mature female larva (the 
same specimen as in Figs 23-27, 72-75) . 
AES - anepisternum, KES - katepisternum, FS - furcasternum, Ps - paracoxal suture, T 1 - first tarsal 
segment, Ti - tibia. 

Table 3. Characteristics of the imagines of fami lies from the Southern Hemisphere . 

• , diss imilar= on each leg one claw pointed and hooked, the other blunt 
' 2 simi lar = on each leg both claws similar, pointed and hooked 

claws of legs subgenital plate 
of female 

Oniscigastridae dissimilar ' 1 absent (in Oniscigaster) 
Fig. 38 

Nesameletidae similar ' 2 well developed, Fig. 45 
(in Nesameletus) 

Rall identidae dissimilar well developed, 
Fig. 52 

Ameletopsidae dissimi lar well developed 
(in Ameletopsis, 

Chiloporter) , Fig. 56 
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subanal plate 
of female 

absent, Fig. 38 
(in all three genera) 

well developed, Fig. 45 
(in Nesameletus) 

moderately developed 
Fig. 52 

well developed 
(in Ameletopsis, 

Chiloporter) , Fig. 56 
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39 

a 
40 41 

Figs 36-42. Oni sc igastridae . 36-40 - Oniscigaster sp. 36-38 - female imago: 36 - head and thorax (lat­
era l view), 37 - pterothotax (ventral view, nerve ganglions shown by interrupted lines) , 38 - apex of 
abdomen (lateral view) ; 39 - larva, apex of left max illa; 40 - subimaginal cuticula ex tracted from 
mature male larva, ri ght half of mesonotum. 41 , 42 - Siphlone/la sp., subimaginal cuti cula ex tracted 
from mature female larva: 4 1 - right half of mesonotum, 42 - dorsal view of mesonotum . 
AES - anepisternum, C 1-3 - three max i liar canines, DS 1, DS2, DS3 - denti setae, FS - furcasternum, 
KES - katepisternum, LPs - lateroparapsidal suture, LSs - lateral scutal suture, MNs - mesonotal suture, 
Ps - paracoxa l suture . 
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Characteristics. Besides the characters listed in Tab. 3, the following distinctive 
characters are present: in the larva (I) mandibles elongated with fused canines (Fig. 
61 in PHILLIPS, 1930 and Fig. 6 in TILLYARD, 1933); (2) maxilla with stout and scle­
rotized first dentiseta** ; second and third dentisetae rudimentary and situated on a 
common plate (Figs 47, 48); (3) third segment of maxillary palpus short (Fig. 63 in 
PHILLIPS, 1930, and Fig. 7 in TILLY ARD, 1933); (4) labium with long and narrow glos­
sae and paraglossae (Fig. 62 in PHILLIPS, 1930, and Fig. 8 in TILLY ARD, 1933 ), glos­
sae with stout apical setae (Fig. 64 in PHILLIPS, 1930); in the imago and subimago (5) 
occiput with unpaired projection (Fig. 46); (6) the mesonotal suture* very close to 

Figs 43-49 Nesameletidae: Nesameletus flavitin ctus. 43-46 - female imago: 43 - pterothorax (lateral 
view), 44 - the same (ventral view), 45 - apex of abdomen (lateral view), 46 - head; 47, 48 - larva, 
apex of left maxilla; 49 - right half of subimaginal skin of mesonotum. 
Labeling terms as in Figs 36-42. 
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anteronotal transverse impression*, moderately curved backwards medially and later­
ally, medially forming a distinct angle (Figs 43, 49); (7) in the subimago the lateral 
sclerotized pigmented area of mesonotum occupies sublateroscutum* between pig­
mented parts of lateroparapsidal and lateral scutal sutures* (Fig. 49) (as in Ameletop­
sidae). Characters (5) to (7) have been examined in the subimago of Nesameletus and 
the subimaginal parts dissected from mature larvae of Ameletoides and Metamonius. 

Family Rallidentidae PENNIKET, 1966 
(Figs 50-53, 79-81) 

Composition. This family includes the monospecific New Zealand genus Ral­
lidens PENNIKET, 1966. 

Characteristics. Besides the characters listed in Tab. 3, the following distinc­
tive characters are present: in the larva (1) mandibles with a broad ridge from which 
arises a straight series of 10-11 oblique rows of long, strongly curved setae 

',---
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Figs 50-53. Rallidentidae: Rallidens mcfarlanei. 50-52 - female imago: 50 - pterothorax (lateral view), 
51 - the same (ventral view, nerve ganglions and inner borders of bases of subalar-sternal muscles 
shown by interrupted lines), 52 - apex of abdomen; 53 - larva, left maxilla. 
Labeling terms as in Figs 36-42; PA - posterior arm of prealar bridge. 

119 



N. J. KLUGE, D. STUDEMANN, P. LANDOLT & T. GONSER 

(Figs 11-15 in PENNIKET, 1966); (2) maxilla very wide and short, maxillary 
canines** and dentisetae** strongly modified (Fig. 53); (3) tergaliae with ventral 
fibrillous lamellae (Fig. 16 in PENNIKET, 1966); in the imago and subimago (4) para­
coxal suture of mesothorax does not cross ventral side of episternum (Figs 50, 51) 
(in contrast to other examined Siphlonuroidea); (5) on hind wing MP furcates dis­
tally; (6) on eggs micropyles situated on convexities of the chorion (Figs 79-81 ). 

Family Ameletopsidae EDMUNDS, 1957 

(Figs 54-60, 82, 83) 

= Chiloporteridae LANDA , 1973 

Composition. This family includes the New Zealand genus Ameletopsis 
PHILLIPS, 1930 (one species), the Australian genus Mirawara HARKER, 1954 (3 
species), and the Neotropical genera Chiloporter LESTAGE, 1931 (2 species), and 
Chaquihua DEMOULIN, 1955 (2 species). 

Characteristics. Besides the characters listed in Tab. 3, the following distinc­
tive characters are present: in larva (I) head flattened and large (in contrast to all 
other Siphlonuroidea); (2) mandibles specialized for carnivorous feeding, with very 
long canines and long molar area; molar area without lamellous structures, pros­
theca absent (Pl. 53 Fig. 4-5 in EATON, 1883-1888); (3) maxilla apically with five 
movable appendages of unknown origin (in contrast to dentisetae* *, the appendages 
of the next instar develop inside the old ones) (Figs 59, 60); (4) maxillary and labial 
palpi with multiple secondary segmentation (Fig. 59; Pl. 53 Figs 7-8 in EATON, 1883-
1888); (5) legs with 2- or 3-segmented tarsi (Fig. 74 in PHILLIPS, 1930); (6) tergalia 
with tufts of fibrillous filaments (in Chiloporter and Mirawara) or without (in 
Ameletopsis); (7) in the subimago the lateral sclerotized pigmented area of mesono­
tum occupies sublateroscutum* between the pigmented parts of latero parapsidal 
and lateral scutal sutures* (Figs 57, 58) (as in Nesameletidae). 

C) FOSSIL SIPHLONURO/DEA OF UNCERTAIN FAMILIES 

Since the majority of the fossil Siphlonuroidea species are known as a single 
stage or only as details of one stage and the diagnoses of the recent families of 
Siphlonuroidea include character complexes of various stages (larvae, subimagines, 
imagines, and eggs), the fossils cannot with certainty be attributed to a family. 

Winged stages or fragments of winged stages are known of the following 
Mesozoic (Jurassic and Cretaceous) genera of Siphlonuroideafam. incert.: Stack­
elbergisca TSHERNOVA, 1967; Olgisca DEMOULIN, 1970; Cretoneta TSHERNOVA, 
1971 (transferred from Leptophlebiidae and redescribed by KLUGE, 1993); 
Proameletus SINITSHENKOY A, 1976, and of the following Palaeogenic species from 
Baltic amber: Baltameletus DEMOULIN, 1968; Balticophlebia DEMOULIN, 1968; 
Xenophlebia DEMOULIN, 1968, which was originally placed in Leptophlebiidae, 
probably also belongs to the Siphlonuroidea. 

A number of Mesozoic genera is described from larvae which have a 
Siphlonuroidea-like appearance (swimming specialization of the body and primary 
swimming setae on caudal filaments) . However, these larvae can not be attributed 
even to the superfamily with certainty since the same larval appearance is also pre­
sent in other ephemeropteran superfamilies. 
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60 

Figs 54-60. Ameletopsidae. 54-57 - Ame le tops is perscitus: 54, 55 - male imago: 54 - pterothorax ( ven­
tral view, nerve ganglions shown by interrupted lines), 55 - the same (lateral view); 56 - female 
subimago, apex of abdomen; 57 - right half of subimaginal skin of mesonotum. 58-60 - Ch iloporter 
sp.: 58 - subimaginal cuticula extracted from mature male larva; 59-60 - left maxilla of larva: 59 -
dorsal view (appendages of the next instar inside the old ones shown by interrupted lines) , 60 - view 
from inner-apical side (five movable appendages removed). 
Labeling terms as in Figs 36-42, m = muscle. 

121 



N. J. KLUGE, D. STUDEMANN, P. LANDOLT & T. GONSER 

DISCUSSION 

Each of the Siphlonuroidea families is probably holophyletic, based on the 
presence of unique characters (see above). Some of these characters may be apo­
morphic. The phylogenetic relationships of these families remain uncertain. 

Relationships of Siphlonuroidea with Baetoidea and Heptagenioidea 

TOMKA & ELPERS (1991) suggest a phylogenetic tree for Ephemeroptera, in 
which some Siphlonuroidea families are regarded as being more closely related to 
the Baetoidea and to the Setisura than to other siphlonuroid families . This para­
phyletic nature of the Siphlonuroidea is quite probable. However, some of the posi­
tions in the phylogenetic tree and some of the synapomorphies on which this tree 
is based appear to be doubtful. The Setisura, together with all Pisciforma other than 
Ametropodidae, are supposed to be a sister group of Ametropodidae on the basis of 
a single synapomorphy: absence of a nerve ganglion in abdominal segment I (this 
ganglion is moved to the metathorax and united with the metathoracic ganglion) 
(character 4 of Fig. 1 in TOMKA & ELPERS, 1991). Ameletopsidae, Acan­
thametropodidae, and Metretopodidae are assumed to be related to Baetoidea and 
Setisura on the basis of a single synapomorphy: absence of a nerve ganglion in 
abdominal segment VIII (character 6 of Fig. 1 in TOMKA & ELPERS, 1991 ). Accord­
ing to this tree, the same changes (dislocation of nerve ganglions from segments I 
and VIII) must have taken place independently in the Furcatergalia. Similar changes 
in the nervous system - the forward relocation of ganglia and their integration with 
others - have occurred independently in various insect taxa, therefore such char­
acters are not sufficient to prove the monophyly of the group. Metretopodidae are 
viewed as being related to the Baetoidea and Setisura since they have intercalaries 
in the cubital field of the forewing (character 10 of Fig. I in TOMKA & ELPERS, 
1991). However, a similar venation is also present in the genus Metreletus of the 
Ameletidae. On the other hand, in Coloburiscinae (which belong to the Setisura) 
the venation of the cubital area of the forewing is exactly the same as in the 
Siphlonuridae s. str., in Ameletus, and in the Southern Hemisphere Siphlonuroidea. 
The Metretopodidae are assumed to be related to Setisura on the basis of the fol­
lowing synapomorphy: 2-segmented labial palp (i. e., second and third segments of 
labial palp are fused together; character 14 of Fig. 1 in TOMKA & ELPERS, 1991 ). 
However, the same fusion of these segments takes place independently in various 
other groups of Ephemeroptera (e. g. in Brachycercus of the family Caenidae, in 
Baetopus of the family Baetidae). At the same time in some Setisura (e. g. in 
Coloburiscinae) a rudimentary suture between the second and the third segments of 
the labial palp is present. 

TOMKA & ELPERS (1991) regard Ameletopsidae and Acanthametropodidae as 
being closely related and they give three synapomorphies of these families : (1) vis­
ceral tracheae are present only in abdominal segments II-VIII; (2) larval tibiae are 
shorter than tarsi; (3) larval stomodaeum with a crop (characters 9 of Fig. 1 in TOMKA 
& ELPERS, 1991). Actually the characters (1) and (2) are not constant within the 
Ameletopsidae and the characters (1) and (3) are not described for the Acan­
thametropodidae. Moreover, these characters are found in some other mayfly fam­
ilies (LANDA & SOLDAN, 1985). Therefore, the relationship of Ameletopsidae and 
Acanthametropodidae is not proven. 
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Status of Dipteromimidae 

Formerly the genus Dipteromimus (which includes the single Japanese species 
D. tipuliformis MCLACHLAN, 1875) was placed in the subfamily Siphlonurinae or 
in the family Siphlonuridae s. str. For this genus we establish the new family 
Dipteromimidae, because all common characters of Siphlonuridae and 
Dipteromimus are only symplesiomorphic and the unique apomorphic characters of 
Siphlonuridae s. str. are absent in Dipteromimus: the female imago of D. tipuli­
formis does not have a sclerotized copulatory pouch and the eggs of this species 
lack spots formed by the tops of threads (Fig. 64). The imago and larva of 
Dipteromimus have sufficient unique characters to be distinguished from 
Siphlonuridae s. str. and other families . 

Composition and characteristics of Acanthametropodidae 

EDMUNDS & Koss ( 1972) place the recent genera Acanthametropus, Analetris, 
Siphluriscus, and the Jurassic genus Stackelbergisca in the Acanthametropodinae. 

Siphluriscus is known only as a male imago (ULMER, 1920) and a female 
subimago (DEMOULIN, 1955). DEMOULIN ( 1955) placed the genus in Isonychiidae 
which is more appropriate because the claws of the middle and hind legs are simi­
lar, the form of the cubital field is more simjlar to Isonychiidae than to Siphlonuri­
dae, and the paracercus is rudimentary. However, it is necessary to study larvae to 
confirm this. 

EDMUNDS & Koss ( 1972) place the fossil Stackelbergisca in the subfamily 
Acanthametropodinae due to the two following characters: the legs of the larvae are 
directed posteriorly and the mouthparts are carnivorous. However, these two char­
acters were not described in the original description by TSHERNOVA ( 1967). The legs 
of Acanthametropus and Analetris larvae have the same position as other 
Ephemeroptera. If Stackelbergisca larvae did have carnivorous mouthparts it would 
be a good character, but TSHERNOVA ( 1967) mentions only that "the mandibles are 
poor I y preserved". 

DEMOULIN (1974) placed Analetris and Acanthametropus in different sub­
families. However, we find enough synapomorphies to leave them together in the 
family Acanthametropodidae. In thi s we agree with EDMUNDS & Koss ( 1972) who 
placed them in the same group, the subfamily Acanthametropodinae. 

lsonychia polita BAJKOYA, 1970 (described as a single male imago from the 
Russian Far East), is conspecific with Acanthametropus nikolskyi TSH ERNOVA, 1948 
(known only as larvae) . This synonymy was published in "Key to the insects of Far­
Eastern USSR" (TSHERNOVA et al., 1986) without comment. The identification of 
"/sonychia" polita as Acanthametropus nikolskyi was made by comparing the 
/sonychia polita holotype (male imago) with parts of the Acanthametropus nikol­
skyi subimago, which was well developed in the mature female larva collected from 
the river Never in 1948. This larva was described and figured by TSHERNOVA ( 1952) 
(Figs 54-57) (see also Figs 23-27, 34, 35, 72-75 of this paper). Both specimens have 
the following characters: (I) a pair of pointed projections below the bases of the 
antennae (Fig. 31 ); (2) a pair of pointed projections lateral on the pronotum (Fig. 
31 ); (3) a pair of pointed projections on the hind margin of the pronotum; (4) 
unpaired pointed projection on the prosternum (Pl. 57 Figs 14-15 in TS HER NOV A et 
al., 1986); (5) CuP of forewing relatively long (Figs 32, 34); (6) tibia greatly short­
ened, shorter than the first tarsal segment (Fig . 31); (7) claws of each leg dissimi-
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Figs 61-66. Eggs of Siphlonuridae, Dipterom imidae, and Ameletidae. 61 , 62 - Siphlonurus lacustris, 
63 - Siphlonisca aerodromia, 64 - Dipteromimus tipuliformis, 65, 66 - Amelerus, undescribed species. 
(Scale line represents: SO mm in Figs 61, 64, 65; S mm in Figs 62, 63, 66) 
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Figs 67-7 1. Eggs of Metretopodidae. 67, 68 - Metreiopus borealis, 69, 70 - Siphloplecton sp. I, 71 -
Siphloplecton sp. 2. 
(Scale line represents: 50 mm in Figs 67, 69, 7 1; 5 mm in Figs 68, 70) 
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Figs 72-77 . Eggs of Acanthametropodidae, Ametropodidae, and Oniscigastridae. 72-75 - Acan­
thametropus nikolskyi, 76 - Ametropus fragilis, 77 - Oniscigaster sp. 
(Scale line represents: 50 mm in Figs 72-74, 76, 77; 5 mm in Fig. 75). 
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Figs 78-83. Eggs of Nesameletidae, Rallidentidae, and Ameletopsidae. 78 - Nesameletus flavitinctus, 
79-81 - Rallidens mcfarlanei, 82 - Ameletopsis perscitus, 83 - Chiloporter sp. 
(Scale line represents: 50 mm in Figs 78, 79, 82, 83; 5 mm in Figs 80, 81) 
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Jar; (8) paracercus as large as cerci. These characters are all absent in lsonychia. 
This combination of characters is absent in any other known mayfly, thus these two 
specimens are regarded as being conspecific. 

Position of Oniscigastridae 

MCCAFFERTY (1991) joined Oniscigastridae (his infraorder Venulata) with 
Furcatergalia into the suborder Rectracheata on the basis of the single following 
synapomorphy: presence of tracheal anastomoses in abdominal segments IV-VII . 
However, such a character is not sufficient to prove the monophyly of Rectracheata, 
because in certain abdominal segments tracheal anastomoses occur independently 
in different groups of Ephemeroptera. Particularly in the segments IV-VII, anasto­
moses are present not only in Oniscigastridae and Furcatergalia, but also in some 
representatives of the Ameletopsidae - in Chiloporter, but not in Ameletopsis and 
Mirawara (LANDA & SOLDAN, 1985). 

Position of Rallidentidae 

Although this family has some similar characters to the Setisura, most of these 
are not synapomorphic. (I) The presence of gills on the maxilla is not synapomor­
phic, because in Setisura (only in the superfamily Oligoneurioidea) gills are situ­
ated on the cardo, while in Rallidentidae the gill is situated on the stipes. (2) The 
presence of ventral fibrillose portion of tergalia can not be a unique synapomorphy 
of these groups, because in some of the Ameletopsidae (in Chiloporter and 
Mirawara, but not in Ameletopsis) such ventral fibrillose portions of the tergaliae 
are also present. The single probable synapomorphy between Rallidentidae and 
Setisura concerns the thorax: (3) in the imago and subimago the posterior arm of 
prealar bridge is rudimentary and does not reach the incision of scutum (Fig. 50; 
cf. Fig. 2); nevertheless, this synapomorphy is not sufficient to move the Ralliden­
tidae to the Setisura. Therefore, we retain it in the paraphyletic taxon Siphlonuroidea 
until further proof of their relationship to Setisura is given. 

Position of Ameletopsidae 

In KLUGE's (in press) publication the Ameletopsidae are placed in the sepa­
rate infraorder Ameletopsimorpha, which, in contrast to the infraorders Bidentiseta 
and Tridentiseta, is characterized by the presence of five dentisetae on the larval 
maxilla. Subsequent examination of these five "dentisetae" in Ameletopsidae lar­
vae has revealed that these movable appendages (which have exactly the same struc­
ture in all Ameletopsidae genera) do not originate from setae and thus cannot be 
dentisetae, because the new ones develop inside the old ones (Fig. 59). However, 
the present knowledge of the maxillary structure of the Ephemeroptera does not 
allow a phylogenetic interpretation. 

Relationship of Ameletidae and Metretopodidae 

These two families have common characters which probably are synapomor­
phies: (I) elongated lateroparapsidal suture* on mesonotum of the winged stages 
(Figs 16, 17, 22), and (2) similar structure of the egg chorion in the majority of the 
Ameletidae and in Metretopus (Figs 65-68). It can be assumed that these characters 
indicate a close relationship of these two families. 
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Relationship of Acanthametropodidae and Ametropodidae 

These two fami lies have similarities in the structure of the larvae, which 
demonstrates their psammophilous adaptation: the body is flattened, the legs (at least 
the middle and hind pairs) have shortened tibiae and elongated claws. MCCAFFERTY 
( 1991) established the infraorder Arenata for mayflies with this type of larval struc­
ture, placing the families Acanthametropodidae, Ametropodidae, and Pseudironidae 
in this infraorder. Recent investigations of the maxilla (KLUGE, in press) and thoracic 
structures (KLUGE, unpublished data) show that the Pseudironidae must belong to the 
superfamily Heptagenioidea, and their similarity to the Acanthametropodidae and 
the Ametropodidae is the result of convergency. Probably the similarity of the Acan­
thametropodidae to the Ametropodidae is also the result of convergency, as it was 
assumed by MCCAFFERTY & EDMUNDS (1979) and LANDA & SOLDAN ( 1985). 

Relationships of families in Southern Hemisphere group 

It is possible that the Southern Hemisphere group of families is holophyletic, 
because all of the examined representatives have the same progressive character: the 
furcastemal protuberances* of the imaginal mesothorax are separated by a median 
invagination* at least in their posterior portion (Figs 37, 44, 51 , 54). The presence 
of this invagination is determined by the position of the metathoracic nerve ganglion 
(Figs 37, 51 , 54 ), which is displaced from the metathorax to the furcasternum of the 
mesothorax between the bases of the subalar-sternal muscles (which are attached to 
the furcastemal protuberances and determine their form). In contrast, the structure of 
mesothoracic furcasternum is primitive in all examined Northern Hemisphere 
Siphlonuroidea: the furcastemal protuberances (and bases of the subalar-furcaster­
nal muscles) are contiguous, and the metathoracic nerve ganglion is situated in the 
meta thorax (Fig. 31 ). The progressive structure of the thorax stern a in the Southern 
Hemisphere Siphlonuroidea is not a unique apomorphy, since the same structural 
changes of the thorax have occurred independently in other groups ofEphemeroptera: 
in Baetoidea (Baetidae have the progressive structure, while Siphlaenigmatidae have 
the primitive one), in Setisura (Heptagenioidea have the progressive structure, while 
Oligoneurioidea have the primitive one), in Furcatergalia (Ephemeroidea have the 
primitive structure, while the others have the progressive one). Thus this character is 
not enough to prove the holophyly of the group with certainty. 

Probably, the Siphlonuroidea have a Northern Hemispherean (Laurasian) ori­
gin, and one of its representatives penetrated to Gondwana and radiated there into 
four families - Oniscigastridae, Nesameletidae, Ameletopsidae, and Rallidentidae. 
The formation of these families must have occurred before the separation of South 
America, Antarctica, Australia, and New Zealand. Since these families are not pre­
sent on the other Gondwanian land masses India, Madagascar, and Africa, they were 
probably formed after the connections to these land masses had been severed. How­
ever, since the representives of these families are generally cool-adapted, an alter­
native explanation is that these families were formed earlier and have become extinct 
in Africa, India, and Madgascar as a result of climatic change. The relationships 
within the families Ameletopsidae, Oniscigastridae, and Nesameletidae reflect the 
sequence of geologic events (GONSER, 1990): New Zealand separated first, while 
Australia and southern South America remained connected via an Antarctic land 
bridge (SMITH & HALLAM, 1970; RAVEN & AXELROD, 1972; MARKL, 1974; SCHb­
NENBERG, 1975; TARLING, 1981 ; SAVAGE, 1987). Within all of these families the rep-
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resentatives of southern South America and Australia are more closely related to each 
other than to those of New Zealand (EDMUNDS, 1975, 1981 ). Similar relationships 
have been documented in numerous biogeographical studies on other taxonomic 
groups (BRUDIN, 1966; ZWICK, 1974, 1981 ; MCLELLAN, 1975 ; COWLEY, 1978; 
PESCADOR & PETERS, 1980; TOWNS & PETERS, 1980; CAMPBELL & SUTER, 1988). 

Relationship of Nesameletidae, Rallidentidae, and Ameletopsidae 

The families Nesameletidae and Ameletopsidae have the same form of the lat­
eral sclerotized pigmented area of subimaginal mesonotum (Figs 49, 57, 58) and the 
same form of mesothoracic furcasternal invagination* (Figs 44, 54). In Rallidentidae 
the structure of the subimaginal mesonotum has not been examined. The form of 
mesothoracic furcasternal invagination differs from that of Nesameletidae and 
Ameletopsidae, being more progressive (Fig. 51). In the three mentioned families the 
structure of the larval max illa is highly specialized and quite dissimilar, but one com­
mon apomorphic character can be identified: the muscle which runs from the outer 
side of the stipes to the inner side of the galea-lacinia is strongly thickened (Fig. 59). 

Relationship of Siphlonuridae and Oniscigastridae 

These two families have the same form of the lateral sclerotized pigmented 
area of the subimaginal mesonotum (Figs 4 , 8, 40, 41 ). It is not clear if thi s 
character is synapomorphic or symplesiomorphic. If it is synapomorphic , it 
contradicts the proposition that the Southern Hemisphere group of families is 
holophyletic. 

Relationship of Ameletidae, Nesameletidae, and Rallidentidae 

On the basis of egg structure Koss AND EDMUNDS (1974) proposed that 
Nesameletidae ("Metamonius-complex"), Ameletidae ("Ameletus-complex"), and 
Rallidentidae have the same origin due to the presence of "large-mesh reticulation 
on at least part of the chorion" in all of these groups. Besides Ameletidae and 
Nesameletidae (Figs 65, 78), a similar reticulation is also found in some Metre­
topodidae (Figs 67, 68), Acanthametropodidae (Figs 72-75), Ameletopsidae (Fig. 
82, 83), and in Dipteromimidae (Fig. 64). Such reticulation is absent in some of the 
other representatives of Metretopodidae (Figs 69, 71 ). In a number of other 
Ephemeroptera taxa (e.g. in Baetidae) such reticulation can be present or absent in 
different species of the same genus, thus it is not a good indicator of phylogenetic 
relationships. The same groups were united into the family Rallidentidae sensu 
TOMKA & ELPERS, 1991 , on the basis of a proposed synapomorphy- relatively nar­
row base of the mandibles (character 8 on Fig. 1 and Fig. 4 in TOMKA & ELPERS, 
1991 ). Actually, these groups have specialized mandibles, but their structure is quite 
dissimilar in Ameletidae, Nesameletidae, and Rallidentidae. Therefore, a common 
origin of Ameletidae with Nesameletidae and Rallidentidae seems to be doubtful. 
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