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�)�L�J�V�����������í�������� Type locality of Calliarcys van sp.n.:���������í������: 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: Pa ra -
leptophlebia submarginata (Leptophlebiinae). 52: Ca sta no  phle bia 
sp. (Castanophlebiinae).
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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 
Le pto phle biinae 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, Calliar cyinae 
forming the sister lineage to Habrophlebiinae + Atalo-
phle biinae 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 
Cal liar cyinae 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-
phle biinae 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  - 
liar cyinae shares one apomorphy with Habrophlebiinae 
+ Atalophlebiinae s.l. (absence of maxillary canines), but 
lacks four apomorphies of the Atalophlebiinae s.l. + Ha-
bro phlebiinae 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.  
+ Ha bro phlebiinae.

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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