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(rather slender, almost parallel-sided), described and de-
picted by Eaton (1884: pl. XIV, fig. 23 [genitalia]); Kim-
mins (1960: 298, fig. 42); Peters & Edmunds (1970: 185, 
186, fig. 76); Bauernfeind & Soldán (2012: 419, 420, 
fig. 313 [genitalia]).
	 The larvae of C. van sp.n. differ from larvae of C. 
humilis by the combination of the following characters: 
(i) lack of long setae on the dorsal surface of mandibles 
(Fig. 29) in contract to C. humilis with a group of long 
setae on mandibles dorsally (cf. Peters & DaTerra 

1974: 64, fig. 7); (ii) presence of median processes on 
hypopharyngeal lingua (Fig. 23), that are broadly round-
ed apically and separated by a shallow V-shaped cleft in 
contrast to the shallow U-shaped cleft in C. humilis (Pe-
ters & DaTerra 1974: 64, fig. 8); (iii) superlinguae of 
hypopharynx with strongly curved, broadly rounded out-
er margin (Fig. 22), in contrast to the acute outer margins 
of superlinguae in C. humilis (Peters & DaTerra 1974: 
64, fig. 8); (iv) a pair of a distinct triangular processes on 
mentum dorsally (Fig. 26) in contrast to the small hump 

Figs. 36 − 41. Calliarcys van sp.n.: larvae. 36: Tip of foretarsus (dorsally). 37: Pretarsal claw (dorsally). 38: Bristles on inner margin of 
forefemur, proximally (dorsally); 39: The same, distally (dorsally). 40: Bristles on outer margin of forefemora, proximally (dorsally). 
41: Trochanters of foreleg (dorsally). Scale lines: 100 μm (Fig. 36); 10 μm (Figs. 37 − 41).
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on mentum in C. humilis (Peters & DaTerra 1974: 64, 
fig. 11); (v) posterior margin of abdominal terga I − VI 
with a row of small sharply pointed spines (Fig. 31) ar-
ranged in groups of 2 − 4 in contrast to the regular row 
of stout spines in the same terga in C. humilis (cf. Jacob 
1984: 181, fig. 23).
	 Additional differences between the new species and 
C. humilis can be found in the colour pattern of larvae, 
especially of abdominal terga. Bauernfeind & Soldán 
(2012) considered the larval colour pattern rather varia-
ble and therefore inadequate as a diagnostic character for 
C. humilis. However, in contrast to the Iberian species, 
C. van sp.n. could be characterized by the clear colour 
patter of abdominal terga in all collected larvae (Figs. 15, 
16). Moreover, this pattern markedly differs from that 
depicted by Peters & DaTerra (1974: 64, fig. 5).
	 Both species also differ in the shape of eggs: elongate 
and fusiform in C. van sp.n. (see Figs. 43, 44) in contrast 
to the more regularly oval shaped eggs in C. humilis, cf. 
Bauernfeind & Soldán (2012: 633, fig. 313).

Type material. Holotype: Male imago, E TURKEY, Bitlis Prov-
ince, Kavuşşahap Dağları mountain range, Pınarca Çayı [river] and 
its small unnamed right tributary above Kuşlu village, 38°22′32″N 
42°15′31″E, 1720 m a.s.l., about 20 km S of Tatvan town (west-
ern shore of the Van Lake), 14.vi.2011, J. Bojková & T. Soldán 
leg. — Paratypes: 12 male imagines, 4 female imagines, 32 larvae, 
the same date and place as holotype; one male imago (genitalia 
on slide), W TURKEY, Province Izmir, unnamed brook, 7 km S 
Kamberler, 38°15′N 27°35′E, 430 m a.s.l., 21.v.1992, H. Malicky 
leg. — Type material deposition: IE CAS: holotype (male imago), 
36 paratypes (9 male imagines, 4 female imagines, 23 larvae); SM-
NHL: 7 paratypes: 2 male imagines (genitalia on slides), 6 larvae 
(3 of them on slides); NMW: 1 paratype: male imago; SMNS: 3 
paratypes (male imago, 2 larvae).

Description of type locality. Pınarca Çayı at the type 
locality is a small mountain river (Figs. 47, 48), flowing 
approximately from north to south into Bitlis Çayı, a left 
tributary of the Tigris River (Dicle Nehri in Turkish). The 
type locality is situated at the relatively high altitude of 
1720 m a.s.l., about 10 km from the river source on the 
slopes of the Şikirin Tepe Mt. (2658 m a.s.l.). The river 
stretch can be characterized as a wide and shallow chan-
nel which is branched and anastomosed into numerous 
lateral flows (Fig. 47). Stretches of swift, turbulent flow 
and slow, rather laminar flow irregularly alternate accord-
ing to the floodplain morphology (cf. Figs. 47, 48). The 
channel is 8–15 m wide and 10–40 cm deep. The sub-
strate is coarse, dominated by stones and coarse gravel in 
riffles; fine gravel, sand and silt occur at channel margins. 
The river stretch is characterized by heterogeneous flow 
conditions which vary from riffles with very fast current 
to nearly stagnant pools. Tufts of waterlogged sedges are 
abundant in the shallow marginal parts of the channel. Its 
right tributary (1–1.5 m wide and about 10 cm deep) is 
similar, only with riparian vegetation consisting mainly 
of willows (Fig. 49). Collecting places in the tributary 
were located at the mouth and up to about 20 m from 
the mouth. The river valley is treeless and streams are 
therefore not shaded.

Biology. Larvae were observed mostly in pools, sitting 
on roots and submerged parts of sedges. They inhabited 
the stony bottom too, but only in places with organic de-
bris, never occurring at places with turbulent flow. They 
were very rare in the river but abundant in the mouth of 
the tributary. The taxocene of mayflies associated with 
C. van sp.n. was dominated by Heptageniidae (Iron spp., 

Fig. 42. Calliarcys van sp.n.: larvae, paratypes, gills I − VII (dorsally); roman numbers indicate respective abdominal segments.
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Epeorus assimilis Eaton, 1885, Ecdyonurus autumnalis 
Braasch, 1980 and Rhithrogena spp.) and Baetidae (Bae-
tis spp.). Places with slow flow and pools were inhabited 
by Ephemera romantzovi Kluge, 1988, Baetis (Nigrobae-
tis) sp. and Caenis sp.
	 Since no subimagines were collected (although some 
exuviae have been observed), timing of emergence re-
mained unknown. Most probably last instar larvae moult-
ed from vegetation. Imagines were observed flying in 
the afternoon (2:00–3:00 p.m. local time) showing the 
typical perpendicular fly of males. Flying imagines were 
observed solely above the mouth of the tributary. Some 
individuals were sitting on the riparian vegetation and 
were collected by sweeping. Weather conditions during 
collecting time might have affected flight activity by de-
creased atmospheric pressure and relatively higher tem-
perature before a storm (Fig. 47) and heavy rain.

Notes on zoogeography. Calliarcys van sp.n. was found 
in two quite isolated areas of the Eastern Mediterranean, 
in W Turkey (biogeographic regions Marmara or Aegean) 
and in E Anatolia biogeographic regions. These two areas 
would indicate a somehow disjunctive area. Naturally, this 
is a hypothesis, but supported by the fact that the species 
has so far not been found elsewhere (cf. Kazancı 2001; 
Kazancı & Türkmen 2012). Despite our collecting effort 

(at more than 100 localities) in Central, Southeast and East 
Anatolia, the species has nowhere else been found by us.
	 The genus Calliarcys has been considered monotypic 
for a long time. The only species known was C. humi-
lis described from Portugal and later found also in Spain 
(Alba-Tercedor & Jáimez-Cuéllar 2003; Bauernfeind 
& Soldán 2012) and thus usually considered to represent 
an Atlantomediterranean faunistic element. The present 
finding of another species of the genus Calliarcys indi-
cates that the area of Calliarcys is actually much larger, 
but disjunctive and that the genus probably shows Pale-
omediterranean origin (Oosterbroek & Arntzen 1992). 
This type of area is very unusual in Ephemeroptera, but 
described for other groups of aquatic insects (see e.g. 
Malicky 1990; Sipahiler 2008). As far as we know, the 
only analogous distribution in Europe is represented by 
the genus Thraulus Eaton, 1881 (Leptophlebiidae: Atal-
ophlebiinae). It includes two species: T. bellus Eaton, 
1881 is distributed in Western Europe (Germany, Swit-
zerland and France) and considered an Atlantomediter-
ranean faunistic element, whereas T. thraker Jacob, 1988 
is known from two localities in south eastern Bulgaria 
(Veleka and Ropotamo rivers) and from W Anatolia (Ko-
ruköy, 38°50′N 27°10′E, H. Malicky leg., NMW). How-
ever, further species of Thraulus are known from the Ori-
ental region and the Far East.

Figs. 43 − 46. Calliarcys van sp.n.: eggs. 43 − 44: General view. 45 − 46: Surface of exochorion. Scale lines: 10 μm.
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Figs. 47 − 49. Type locality of Calliarcys van sp.n.: 47 − 48: Pınarca Çayı [river], below Kuşlu village. 49: Right unnamed tributary of Pı
narca Çayı (photos J. Bojková).
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4. 	 Phylogeny and classification

4.1. 	 Subfamilial diagnostic characters of 
	 Leptophlebiidae

In the analysis of the higher Leptophlebiidae phylogeny 
performed in this study, we used a set of 20 subfamilial 
diagnostic characters, compiled from the Leptophlebii-
dae classifications published so far (Peters 1980, 1997; 
Kluge 1994, 2009; Bauernfeind & Soldán 2012). Most 
characters were used without changes. However, some 
ambiguously defined characters were reformulated or 
omitted in the matrix, and some were newly added. We 
provide the reasons for the most substantial changes, as 
follows.

4.1.1. 	Setation on labrum

Maximally three rows of setae can occur on the dorsal 
surface of labrum (Figs. 50 − 53). In this study, we call 
them the first, the second and the third row. We consider 
it useful to clarify the terminology used by various au-
thors in order to avoid confusion. Most anteriorly a first 
row of setae, called “stout bristles on anterior margin 
of labrum” by Kluge (1994), “heavy spines” by Peters 
(1997) and “lateral bristles of labrum” by Bauernfeind & 
Soldán (2012) is situated. These setae are stout, pointed 
to blade-like in Leptophlebiinae, Habrophlebiinae and 
Calliarcyinae; missing in Atalophlebiinae s.l.
	 One or two submarginal rows of setae can occur prox-
imally from the first row of stout bristles. One or both of 
these submarginal rows can be disintegrated into fields 
of setae to a various degree. Therefore, we can observe 
three different rows of labral setae; presence/absence of 
each of these rows being a separate character.
	 Thus, the character given by Kluge (2009), presence 
of “two transverse rows of setae” actually means pres-
ence of second and third row with the first row absent. 
Accordingly, the “distal row of bristles” sensu Kluge 
(1994) is actually the second row and the “second trans-
verse row of bristles proximad to the distal one” sensu 
Kluge (1994) is actually the third row (Kluge 1994: figs. 
22, 23).

4.1.2. 	Setation on maxilla

According to Peters (1997) and Bauernfeind & Soldán 
(2012), anterior margin of maxilla bears bristles more or 
less evenly arranged in rows in Atalophlebiinae s.l. Re-
maining groups exhibit scattered or unevenly arranged 
setae. N.J. Kluge (viz., http://www.insecta.bio.spbu.
ru/) considers these bristles arranged in rows in all Lep-
tophlebiidae and disregards this character in subfamilial 
classification. According to our own investigation of the 
representatives of all subfamilies, we agree with N.J. 
Kluge’s assumption. We also did not observe consistent 
differences in the arrangement of bristles for any of the 
proposed subfamilies (see Fig. 54). Therefore, we do not 

take this character into consideration when compiling the 
matrix for the analysis.

4.1.3. 	Male genitalia

The presence of the “prominent dorsal plate” was men-
tioned by Kluge (1994) as a synapomorphy of Ha-
brophlebiinae and Atalophlebinae s.l. However, the char-
acter is highly variable and currently considered unre-
liable even by its original proponent (N.J. Kluge pers. 
comm). Therefore, we excluded it from the analysis. The 
character presented by Peters (1997) as a synapomorphy 
of Terpides lineage and Castanophlebia, i.e. presence/
absence of ventral rod or ridge of penis was also not in-
cluded, based on its rejection by Kluge (2009).

Figs. 50 – 52. Leptophlebiidae subfamilies, setation on the dorsal side 
of labrum. 50: Habroleptoides confusa (Habrophlebiinae). 51: Para
leptophlebia submarginata (Leptophlebiinae). 52: Castanophlebia 
sp. (Castanophlebiinae).

50

51

52



277

ARTHROPOD SYSTEMATICS & PHYLOGENY  —  73 (2) 2015

4.1.4. 	Exochorion of eggs

Several chorionic structures, characteristic for individual 
genera and subfamilies were described by Bauernfeind 
& Soldán (2012). Analyzed exochorion structure in 
both species of Calliarcys is most similar to those in Ha-
brophlebia. The chorionic surface with large longitudinal 
ridges was described for old and new world representa-
tive of Habrophlebia (e.g. Koss 1968: 708, 709, fig. 29; 
Gaino & Mazzini 1984: 195, fig. 1; Mazzini & Gaino 
1988: 448, figs. 15, 16), and can be used to characterize 
the egg at genus level (Ubero-Pascal & Puig 2007: 333, 
334, fig. 5f). On the other hand, the exochorion of Cal-
liarcys eggs clearly differs from those in Habrophlebia 
by the presence of densely arranged unbranched longi-
tudinal ridges, contiguous along their length in several 
points.
	 Nevertheless, regarding the relatively high variability 
within discussed subfamilies and still small number of 
species with known chorionic surface, we did not use this 
structure in the analysis.
	 Except of Calliarcys + Habrophlebia a similar struc-
ture of exochorion with presence of longitudinal ridges 
was described for Brachycercus Curtis, 1834 (Koss & 
Edmunds 1974: 341, pl. 20, figs. 217 − 219; Kluge 2004: 
388) and Acentrella Bengtsson, 1912 (Ubero-Pascal & 
Puig 2007: 333, 334, fig. 5a), and specified as a clear ge-
neric character of eggs. At the same time, eggs of Brach-
ycercus possess additionally a single polar cap.

4.2. 	 Higher phylogeny of Leptophlebiidae 
	 and systematic placement of 
	 Calliarcys

Our phylogenetic analysis recovered 3 most parsimoni-
ous topologies of 35 steps and a 50% majority rule con-
sensus tree was constructed (Fig. 55). The consistency 

and retention indices were 0.83 and 0.68, respectively. 
From 20 characters used, 14 were parsimony-informa-
tive.
	 The subfamily Leptophlebiinae was recovered as the 
sister lineage to all remaining Leptophlebiidae. This re-
sult supports Kluge (2009), who considers Leptophlebii
nae as the sister lineage to the remaining subfamilies, 
which form the monophyletic group Atalophleboaden-
tata sensu Kluge 2009. It also agrees with the molecular 
results of O’Donnell & Jockusch (2008). Nevertheless, 
the clade containing the remaining subfamilies except for 
Leptophlebiinae gained relatively low support (bootstrap 
value below 50). Within this clade, only Atalophlebiinae 
s.l. (including Terpidinae and Castanophlebiinae) formed 
a highly supported monophyletic cluster (bootstrap value 
95). The branching pattern within Atalophlebiinae s.l. 
revealed a sister relationship of Atalophlebiinae s.str. + 
Castanophlebiinae (bootstrap support 69), which supports 
Kluge’s (2009) monophyletic group Atalophlebomax-
illata. Habrophlebiinae and Calliarcyinae are nested at 
the base of the non-Leptophlebiinae clade, Calliarcyinae 
forming the sister lineage to Habrophlebiinae + Atalo
phlebiinae s.l. Such a pattern also supports the concept of 
Kluge (2009), where Calliarcyinae originates from the 
most basal dichotomy in Atalophleboadentata. However, 
the support for these positions of Habrophlebiinae and 
Calliarcyinae was very weak in our analysis (bootstrap 
values below 50). With regard to the low support values, 
the position of Calliarcyinae as the sister group to Habro
phlebiinae or Atalophlebiinae s.l. (or even Leptophlebii-
nae) can not be fully excluded. A more robust analysis 
containing also multiple molecular markers is needed to 
test this phylogeny of Leptophlebiidae.
	 As shown in Fig. 55, individual clades were char-
acterized by autapomorphic states of several diagnos-
tic characters. In some cases, these characters do not 
represent truly “unique” apomorphies of the groups in 
question, since they occur independently in other may-
fly families (e.g. absence of costal process in hind wings 
occurs in most Leptophlebiinae but also in numerous 
unrelated mayfly taxa). However, if we compare the 
characters mapped on the cladogram on Fig. 55 across 
Leptophlebiidae and with unrelated outgroup taxa, in all 
probability they represent apomorphic states within Lep-
tophlebiidae.
	 Calliarcyinae is characterized by the apomorphic cili-
ation of the foreleg tarsi. It also shows a unique shape of 
the apicolateral processes of the lingua, which are present 
(contrary to Leptophlebiinae), but not projected laterally 
(contrary to Atalophlebiinae s.l. + Habrophlebiinae). Cal- 
liarcyinae shares one apomorphy with Habrophlebiinae 
+ Atalophlebiinae s.l. (absence of maxillary canines), but 
lacks four apomorphies of the Atalophlebiinae s.l. + Ha
brophlebiinae clade (apicolateral processes of lingua pro
jected laterally, curved superlingua, comb-like proximal 
dentiseta and loss of tibiopatellar suture on middle legs). 
This rejects the attribution of Calliarcyinae within this 
clade and places the subfamily beside Atalophlebiinae s.l.  
+ Habrophlebiinae.

Figs. 53 – 54. Leptophlebiidae subfamilies. 53: Setation on the dor-
sal side of labrum of Terpides sp. (Terpidinae). 54: Part of setae 
bases on the apical part of maxilla of Paraleptophlebia submar-
ginata.
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	 The apomorphies involved in this hypothesis repre-
sent well-defined character states and hence support the 
placement of Calliarcys in a separate subfamily Calliar-
cyinae of Leptophlebiidae.

5. 	 Conclusion

Based on our study, the previously monotypic genus 
Calliarcys now includes two well-defined species and its 
distributional area is considerably extended. Based on 
the cladistic analysis of the updated set of morphological 
diagnostic characters, the phylogenetic position of Cal-
liarcys is determined as the sister group to Habrophle-
biinae + Atalophlebiinae s.l. According to the topology 
of the resulting phylogenetic tree, the genus can not be 
included in any other subfamily of Leptophlebiidae ex-
cept for its own. Therefore, we consider the existence of 
a separate subfamily Calliarcyinae sensu Kluge (2009) 
as justified.
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