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Abstract—The morphology of the skeleton and musculature of the male genitalia of the subfamily Aphnaeinae 
(Lycaenidae), distributed mainly in the Afrotropical Region, were studied and compared with those in other ancient 
taxa of the family Lycaenidae. The position of Aphnaeinae in the system of the family Lycaenidae is discussed 
based on the analysis of new comparative morphological data and with reference to the literature data. The male 
genital musculature was studied for the fi rst time in Phasis thero (Linnaeus, 1764), Chrysoritis pyroeis (Trimen, 
1864), and Aloeides pierus (Cramer, [1779]), representing distantly related genera of Aphnaeinae. The composition 
and topography of their muscles, unlike those of the previously studied Middle Asian species Cigaritis epargiros 
(Eversmann, 1854), were found to correspond to the ground plan of the nymphaloid group of families (Nymphalidae + 
Lycaenidae) and to show archaic features as compared with those in such early branches of Lycaenidae as the sub-
families Curetinae and Riodininae. Symplesiomorphic similarity of the musculature features of Aphnaeinae and 
Lipteninae (Liptenini) was established. The subfamilies Aphnaeinae, Poritiinae s. str., Lipteninae, and Miletinae share 
such a common feature as the lower wall of the saccus elongated into a narrow caudal plate (“saccus directed caudal”). 
However, it remains unknown whether this character is a synapomorphy of these subfamilies or a result of parallel 
evolution, i.e., a homoplasy.
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Detailed studies of the skeleto-muscular system of 
genitalia in the family Lycaenidae started only at the end 
of the 20th century, although the characters of genital 
skeleton have been successfully used in the taxonomic 
and phylogenetic research of Lepidoptera for nearly 
a century. At present, the genitalia musculature has been 
studied in most subfamilies of Lycaenidae: Lycaen inae, 
Polyommatinae, Theclinae (Kuznetzov and Stekol-
nikov, 1998, 2001; Stekolnikov and Kuznetzov, 2005; 
Stekolnikov, 2011; Stekolnikov et al., 2014; Stekolnikov 
and Korzeev, 2019a), and also in tropical representa-
tives of the ancient subfamilies Riodininae, Curetinae, 
Lipteninae, and Miletinae (Kuznetzov and Stekolnikov, 
1998; Stekolnikov and Korzeev, 2017, 2019b; Korzeev 
and Stekolnikov, 2021). The subfamily Aphnaeinae 
Distant, 1884 is mainly distributed in Africa with only 
small enclaves in the Oriental and Palaearctic regions. 

Until recently this taxon was considered a tribe within 
the subfamily Theclinae (Eliot, 1973; Scott, 1985; Hep-
pner, 2003). At the same time, a study of the skeleto-
muscular system of the male genitalia in Cigaritis epar-
giros (Eversmann, 1854) (Kuznetzov and Stekolnikov, 
1998), along with other features, supported the idea that 
the tribe Aphnaeini might be more primitive than other 
groups within Theclinae. The recent molecular studies 
(Kaliszewska et al., 2015; Espeland et al., 2018) showed 
this taxon to be ancient and not directly related to the 
subfamily Theclinae. As a result, the tribe Aphnaeini 
was promoted again to the subfamily Aphnaeinae (Wil-
liams, 2015), but its phylogenetic position remains ob-
scure. For instance, in the opinion of Z.A. Kaliszewska 
and co-authors (Kaliszewska et al., 2015, fig. 1), the 
subfamily Aphnaeinae is contrasted with the phylo-
genetic branch consisting of two sister subfamilies 
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Poritiinaes. l. (Poritiinae + Lipteninae) and Miletinae; 
according to other data (Espeland et al., 2018, fig. 1), 
Aphnaeinae and Poritiinae s. l. form a sister group to the 
subfamily Miletinae. We hope that the study of the 
skeleto- muscular system would help to clarify this dis-
crepancy and determine the similarities and differences 
of morphological evolution in these closely related sub-
families of Lycaenidae.

The genital apparatus of males of the subfamily Aph-
naeinae includes all the main elements: the tegumen, 
vinculum, uncus, subunci, valvae, juxta, and aedeagus. 
The genital skeleton in this taxon was studied earlier, 
and schematic drawings of the genital structures of  
a number of species are available in the literature 
(Stempffer, 1967; Eliot, 1973; Heath, 1997). The mus-
cles were described earlier only in Cigaritis epargiros 
(Kuznetzov and Stekolnikov, 1998, fig. 3). 

MATERIALS AND METHODS

We have studied the skeleton and muscles of the male 
genitalia in three species of the subfamily Aphnaeinae: 
Phasis thero (Linnaeus, 1764), Chrysoritis pyroeis (Tri-
men, 1864), and Aloeides pierus (Cramer, [1779]). Spe-
cimens of the first two species were fixed in 70% etha-
nol immediately upon collection in nature. The male 
genital muscles of A. pierus were studied in a single dry 
specimen. In addition, data on the muscle topography of 
the previously studied Middle Asian species Cigaritis 
epargiros (Eversmann, 1854) (Kuznetzov and Stekol-
nikov, 1998) were included in comparative analysis.

The genital apparatus of the butterflies preserved in 
70% ethanol was extracted with forceps and cleaned of 
fat tissue. Then elements of the genitalia together with 
their muscles were removed one after another, using for-
ceps and a scalpel, in order to determine the attachment 
sites of the muscles. To study muscles in dry specimens, 
the abdomen was softened by gently boiling it first in 
water and then in weak alkali solution; the degree of 
tissue softening was controlled under a microscope with 
approximately 1-min intervals.

The male genitalia in most species of Lycaenidae can 
be most effectively dissected in the following four steps. 

1. Dorsal transection of the vinculum above the inser-
tion site of the valvar adductors m4, followed by dissec-
tion of the adductors themselves. This makes it possible 
to extract the dorsal part of the genitalia together with 

the uncus depressors m1 and the anal cone retractors 
m2(10). If muscles m4 are inserted on the upper portion 
of the vinculum or on the tegumen, the vinculum and the 
muscles should be transected simultaneously.

2. Extraction of the aedeagus with forceps after longi-
tudinal dissection of the tegumen and transection of the 
phallic muscles m6(5) and m7(6).

3. Visual detection of the insertion sites of the phallic 
muscles m6(5) and m7(6), and also the valvar adductors 
m4 and the ventral valvar abductors m8(3), on the lower 
part of the genitalia after removal of the aedeagus.

4. Examination of the valvar muscles m4 and m5(7) 
by gradually removing the median membrane of the 
valva. The position of the muscles should be prelimi-
narily studied with a microscope in transmitted light.

If the genitalia are strongly modified, the dissection 
procedure may have to be emended.

None of the studied species has a protected status in 
the Republic of South Africa (Henning et al., 2009). 

The nomenclature of muscles used herein combines 
two common naming systems. The part preceding the 
parentheses corresponds to the nomenclature of Forbes 
(1939), and the part in the parentheses corresponds to 
the numeration used earlier by the Russian researchers 
(Kuznetzov and Stekolnikov, 2001).

RESULTS

Phasis thero (Linnaeus, 1764)

Skeleton

Schematic drawings of the male genitalia of Phasis 
thero were published earlier by Stempffer (1967, fig. 154) 
and Heath (1997, figs. 92, 124).

Abdominal segment IX is represented by the annulus 
(Fig. 1, 1).

The tegumen (Fig. 1, 1) is dome-shaped and slightly 
extended anteriad. In its distal part the convex median 
area is merged with the uncus, and its proximal angles 
continue laterally into the vinculum.

The uncus (Fig. 1, 1, 2) is a broad convex lobe with 
laterally rounded edges and a blunted median protrusion 
at the distal end. The uncus is merged with the tegumen 
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Fig. 1. Phasis thero (L.), skeleton and muscles of male genitalia: (1) genitalia in lateral view; (2) uncus and tegumen in dorsal view; 
(3) uncus and tegumen in ventral view. Designations in Figs. 1–5: aed, aedeagus; anl, anellus; ann, annulus; c. p. sac, caudal plate of saccus; 
c. pn, caecum penis; crn, cornuti; dp, dorsal process of valva; htrs, hemitranstilla; jx, juxta; sac, saccus; san. pl, subanal plate; scl, sacculus; 
sunc, subuncus; teg, tegumen; unc, uncus; vin, vinculum; vlv, valva; designations of muscles are given in the text.
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Fig. 2. Phasis thero (L.), skeleton and muscles of male genitalia: (1) right valva, view of the median surface; (2) aedeagus in right-side view; 
(3) aedeagus in left-side view.



ENTOMOLOGICAL REVIEW  Vol.   102   No.   1   2022

KORZEEV, STEKOLNIKOV86

medially but separated from it by membranous areas 
laterally.

The subunci are falciform and articulated with the 
tegumen near the basal angles of the uncus (Fig. 1, 1, 3).

The anal cone (Fig. 1, 1) has an elongate cymbiform 
subanal plate. 

The vinculum (Fig. 1, 1) is narrow and merged dor-
sally with the tegumen, while ventrally it continues into 
a flat triangular saccus. The ventral surface of the saccus 
extends caudally to form the caudal plate, correspond-
ing to the “saccus directed caudal” (see Eliot, 1973).

The valvae are wide, trapezoidal, with strongly scle-
rotized lateral walls (Fig. 1, 1). The median walls of the 
valvae (Fig. 2, 1) are membranous but include a vast 
sclerotized zone at the costal margin and the sacculi. 
The costal margin of the valvae distally forms rounded 
dorsal outgrowths, and its proximal region extends into 
the lobe of the hemitranstilla. The valvae are articulated 
with the vinculum along nearly its entire length by a rel-
atively wide articular membrane. The sacculi are posi-
tioned close together at their base.

The juxta (Fig. 2, 1) consists of a pair of flat triangu-
lar lobes, positioned lateral of the aedeagus at the base 
of the valvae.

The aedeagus (Fig. 2, 2, 3) is large and divided in the 
interzonal area by a transverse sclerotized fold into two 
approximately equal parts: the internal subzone and the 
external suprazone. The subzone has a massive caecum 
penis. The ductus ejaculatorius enters the subzonal part 
of the aedeagus dorsally. The suprazone bears large 
acicular cornuti on the vesica.

Muscles

Seven pairs of muscles were found: m1, m2(10), m4, 
m5(7), m6(5), m7(6), and m8(3).

Muscles m1 are depressors of the uncus (Fig. 1, 3). 
They extend as flat and wide ribbons from the anterior 
margin of the tegumen into the uncus and are inserted on 
its membranous ventral wall close to its distal margin.

Muscles m2(10) are retractors of the anal cone 
(Fig. 1, 1, 3). They originate on the anterior margin of 
the tegumen ventral to the basal attachment sites of the 
uncal depressors and extend to the lateral margins of the 
subanal plate in its distal region.

Valvar muscles (Fig. 1, 1; Fig. 2, 1). 

Muscles m4 are adductors of the valvae; they extend 
from the dorsal part of the vinculum to the lobes of the 
hemitranstilla.

Muscles m5(7) are longitudinal intravalvar muscles. 
They occupy almost the entire cavity of the valvae, ex-
tending from the sacculi and the articular margin of the 
valvae to the bases of their dorsal outgrowths.

Muscles m8(3) are abductors of the valvae; they ex-
tend from the ventrolateral angle of the sacculi base to 
the dorsolateral angles of the juxta. Contraction of these 
muscles probably contributes to slight lateral abduction 
of the valvae.

Muscles of the aedeagus (Fig. 1, 1; Fig. 2, 2, 3).

Muscles m6(5) are protractors of the aedeagus. They 
extend from the lateral arcs of the vinculum to the cae-
cum penis.

Muscles m7(6) are retractors of the aedeagus. They 
originate from the entire dorsal surface of the saccus and 
are inserted ventrally and laterally on the interzonal area 
of the aedeagus.

Chrysoritis pyroeis (Trimen, 1866)

Skeleton

The genitalia of the genus Chrysoritis Butler, [1897] 
were illustrated by Stempffer (1967, fig. 159) by the 
example of the type species Ch. oreas (Trimen, 1891). 
Schematic drawings of some genital elements of many 
species of the subfamily Aphnaeinae, including Ch. py-
roeis studied by us, were published earlier by Heath 
(1997).

The tegumen (Fig. 3, 1–3) is dome-shaped and merged 
with the uncus into a single structure. Proximally the 
tegumen forms a median tubercle continuing into the 
lateral parts of the vinculum.

The uncus (Fig. 3, 1–3) is lobe-shaped, with rounded 
lateral parts extending ventrally. The caudal margin of 
the uncus has a very short and blunt median protrusion. 
Although the uncus and tegumen are merged medially, 
their lateral parts are separated by membranous areas. 

The subunci (Fig. 3, 1, 3) are articulated with the teg-
umen. The branches of the subunci extend from their 
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Fig. 3. Chrysoritis pyroeis (Trimen), skeleton and muscles of male genitalia: (1) genitalia in lateral view; (2) uncus and tegumen in dorsal 
view; (3) uncus and tegumen in ventral view.



ENTOMOLOGICAL REVIEW  Vol.   102   No.   1   2022

KORZEEV, STEKOLNIKOV88

base ventrally and continue distally into straight caudal 
outgrowths. At the bases of the straight parts of the sub-
unci there are shorter processes directed ventrally.

The anal cone has a cymbiform subanal plate. 

The vinculum is merged with the tegumen (Fig. 3, 1). 
Its narrow ribbon-shaped lateral parts ventromedially 
form the massive saccus with a slightly bifurcated cra-
nial end, while the ventromedian saccus wall extends 
caudally into a short pointed caudal plate of the saccus.

The valvae are oval, with strongly sclerotized lateral 
walls and a long dorsal outgrowth (Fig. 4, 1). On their 
median wall, the base of the costal margins is dilated 
near the hemitranstilla (Fig. 4, 1). The valvae are articu-
lated with the vinculum by a broad membrane narrow-
ing ventrally to a narrow stripe near the saccus, so that 
the valvae look “suspended” from the annulus. The val-
vae are movable, although the bases of the sacculi are 
closely approximate.

The juxta (Fig. 4, 1) consists of a pair of flat, strongly 
sclerotized triangular lobes positioned between the 
bases of the median valvar walls and the aedeagus.

The aedeagus is cylindrical, with a well-developed 
caecum penis (Fig. 4, 2). The ductus ejaculatorius enters 
the subzonal part of the aedeagus dorsally.

Muscles

The composition of the muscles is the same as in 
Phasis thero. 

Muscles m1 are depressors of the uncus (Fig. 3, 3), 
connecting the anterior margin of the tegumen with the 
membranous ventral wall of the uncus close to its distal 
margin.

Muscles m2(10) are retractors of the anal cone, ex-
tending from the anterior margin of the tegumen to the 
lateral margins of the subanal plate in its distal region.

The valvar muscles are represented by three pairs: 
m4, m5(7), and m8(3) (Fig. 3, 1; Fig. 4, 1):

Muscles m4 are adductors of the valvae. These are 
thick muscles extending from the lateral part of the vin-
culum to the lobes of the hemitranstilla.

Muscles m5(7) are longitudinal intravalvar muscles, 
extending from the sacculi to the distal region of the 

valvae and inside their dorsal outgrowths. Their con-
traction results in median bending of these outgrowths.

Muscles m8(3) are ventral abductors of the valvae, 
extending from the base of the sacculi to the dorsal 
angles of the juxta.

Muscles of the aedeagus (Fig. 3, 1; Fig. 4, 2).

Muscles m6(5) are protractors of the aedeagus, ex-
tending from the lateral arcs of the vinculum in their 
ventral part to the caecum penis.

Muscles m7(6) are retractors of the aedeagus, origi-
nating from the entire dorsal surface of the saccus and 
inserted ventrally and laterally on the interzonal area of 
the aedeagus.

Aloeides pierus (Cramer, [1779])

Skeleton and Muscles

The genital skeleton of this species was illustrated in 
detail by Heath (1997, figs. 44, 119, 157) and earlier, 
together with that of two other species of this genus, 
by Stempffer (1967, fig. 155). Aloeides pierus differs 
slightly from the other two studied species of Aphnaeinae 
in the shape of the aedeagus and valvae, but the three 
species do not differ in the composition and attachment 
sites of the muscles (Fig. 5, 1, 2).

Cigaritis epargiros (Eversmann, 1854)

Skeleton and Muscles

Cigaritis epargiros differs from all other species of 
the subfamily (Kuznetzov and Stekolnikov, 1998) in the 
presence of an additional muscle m32, occupying the 
vinculo-valvar position. Otherwise, the musculature and 
skeleton of the male genitalia of C. epargiros and the 
rest of Aphnaeinae are similar.

DISCUSSION

Ancestral Type of Musculoskeletal System 
of Genitalia in Aphnaeinae

The male genitalia in the subfamily Aphnaeinae have 
a relatively uniform morphology (Heath, 1997), and all 
their elements are included in the ground plan of the 
nymphaloid group of families (Kuznetzov and Stekol-
nikov, 2001). These are, in particular, a dome-shaped 
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tegumen, a unilobate uncus in some species, falciform 
subunci, a well-developed saccus, a distinct sacculus, 
a rigidly sclerotized juxta, and a tubular aedeagus with 
a caecum penis. Thus, the genital skeleton is less modi-
fied in Aphnaeinae than in more ancient taxa of Lycaen-
idae: Curetinae and Riodininae (Stekolnikov and Kor-
zeev, 2017), in which the anellus is differentiated and 
the valvae are modified, especially in Curetinae. 

The muscles found in Aphnaeinae (with the exception 
of m32), namely m1, m2(10), m4, m5(7), m6(5), m7(6), 

and m8(3), belong to the ground plan of Ditrysia and 
occupy the positions characteristic of ancestral groups 
(Kuznetzov and Stekolnikov, 2001). The uncus depres-
sors m1 extend from the tegumen to the base of the 
uncus. Muscles m2(10) connect the tegumen with the 
anal cone. The valvar adductors m4 extend from the 
lateral part of the vinculum to the valvae. The intra-
valvar muscles m5(7) are longitudinal, while m8(3) con-
nect the valvae with the juxta (a state characteristic of 
Lycaenidae). The phallic muscles m6(5) extend from the 
lateral part of the vinculum to the caecum penis, and 
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Fig. 4. Chrysoritis pyroeis (Trimen), skeleton and muscles of male genitalia: (1) right valva, view of the median surface; (2) aedeagus in 
right-side view.
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m7(6) connect the saccus with the zonal area of the 
aedeagus.

Diff erences between the Genera of Aphnaeinae 
in Musculoskeletal Features of Male Genitalia

The subfamily Aphnaeinae forms a single phylo-
genetic lineage with Poritiinae, Lipteninae, and Milet-
inae (Espeland et al., 2018) and differs from these taxa 
in relatively uniform morphology of the male genital 
apparatus. Still, when the skeleton characters illustrated 

by Heath (1997) are plotted on the phylo genetic tree of 
Aphnaeinae, certain evolutionary changes can be de-
tected within the subfamily.

According to the proposed phylogenetic hypothesis 
(Boyle et al., 2015), the subfamily Aphnaeinae com-
prises two large clades. The basal position in one of 
these clades is occupied by the genera Tylopaedia (Tri-
men, 1868) and Phasis Hübner, [1819], having a uni-
lobate uncus with a small median protrusion (Heath, 
1997, figs. 50, 51). In other genera of this clade, namely 
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Fig. 5. Aloeides pierus (Cramer), skeleton and muscles of male genitalia: (1) aedeagus, right valva, and juxta, view of the median surface; 
(2) right valva, view of the median surface.



ENTOMOLOGICAL REVIEW  Vol.   102   No.   1   2022

MUSCLES OF THE MALE GENITALIA IN THE BUTTERFLY SUBFAMILY APHNAEINAE 91

Trimenia Tite et Dickson, 1973, Axiocerses Hübner, 
[1819], Aphnaeus Hübner, [1819], and Aloeides Hübner, 
[1819], the uncus is also unilobate, with a straight or 
slightly convex posterior margin (Heath, 1997, figs. 44–
49), or rarely with a shallow median incision, as in Zeri-
tis neriene Boisduval, [1836] (Heath, 1997, fig. 41).

The other large clade comprises the genera Crudaria 
Wallengren, 1875, Cigaritis Donzel, 1847, Lipaphnaeus 
Aurivillius, 1916, Chloroselas Butler, [1886], Chryso-
ritis Butler, [1897], and Pseudaletis H.H. Druce, 1888. 
This phylogenetic branch demonstrates evolutionary 
transformation of the uncus with two inconspicuous 
rounded lobes, as in Crudaria or Chrysoritis (Heath, 
1997, figs. 18–31), into a typical bilobate structure, as 
in Cigaritis (Heath, 1997, figs. 35–39) and closely re-
lated genera. At the same time, the genus Pseudaletis 
H.H. Druce, 1888, placed at the base of this phylo-
genetic branch, already has a bilobate uncus, i.e., differ-
ences in the uncus morphology have appeared inde-
pendently in different genera of this clade.

The two major clades also differ in the manner of 
articulation of the valvae with the vinculum. The clade 
including Phasis thero is characterized by compact val-
vae, more or less tightly articulated with the vinculum 
along its entire length by a narrow articular membrane 
(see Fig. 1, 1). The valvae of Chrysoritis, Cigaritis, and 
other closely related genera are somewhat elongated, 
triangular, with the base of their costal margin posi-
tioned much farther from the vinculum than the base of 
the sacculi (Fig. 3, 1). Both evolutionary trends can be 
traced in the schematic drawings published by Heath 
(1997). 

Thus, within the subfamily Aphnaeinae we can distin-
guish two evolutionary trends of the uncus and valvae, 
which correspond to the divergence of the taxon (ac-
cording to Boyle et al., 2015) into two major clades. The 
genital skeleton of Phasis is more primitive than that of 
Chrysoritis and Cigaritis. 

The uniform morphology of the genital skeleton 
within Aphnaeinae is consistent with very similar mus-
cle topography in the studied species: Phasis thero, 
Chrysoritis pyroeis, Aloeides pierus, and Cigaritis epar-
giros. The only considerable difference between these 
taxa is the presence of the unique paired vinculo-valvar 
muscles m32 in Cigaritis epargiros (Kuznetzov and 
Stekolnikov, 1998). It was earlier suggested that these 

muscles appeared as the result of splitting of the ances-
tral aedeagus protractors inserted on the valvae (Stekol-
nikov, 2008), which gave rise to two separate pairs of 
muscles: the aedeagus protractors m6(5) and the vinculo-
valvar muscles. However, a serious argument against 
the hypothesis of m6(5) splitting in Cigaritis epargyros 
is the fact that neither Nymphalidae nor the related Ly-
caenidae demonstrate insertion of the aedeagus protrac-
tors m6(5) on the valvae, as in Hesperidae, Papilionidae 
or Pieridae. Therefore, it would be more feasible to con-
sider the origin of m32 as the result of splitting of the 
valvar adductors m4 into two pairs of muscles. This 
hypothesis is supported by the vinculo-valvar position 
of the original m4 and the derived muscles in Cigaritis 
epargyros. The splitting of valvar adductors is sporadi-
cally observed in some Lepidoptera, including Curet-
inae (Stekolnikov and Korzeev, 2017). It remains un-
known whether the presence of m32 (= m4) is a feature 
shared by all the species of the Middle Asian genus 
Ci garitis and distinguishing this genus from the African 
representatives of Aphnaeinae.

Position of Aphnaeinae in the System 
of Lycaenidae

Aphnaeinae, Curetinae, and Riodininae. Accord-
ing to the results of phylogenetic analysis of Rhopalo-
cera (Espeland et al., 2018), the subfamily Aphnaeinae 
together with Poritiinae s. l. (Poritiinae + Lipteninae) 
and Miletinae forms a large phylogenetic branch con-
trasted with another vast group that includes the sub-
families Lycaeninae, Theclinae, and Polyommatinae. 
The ancient groups Curetinae and Riodininae lie at the 
base of both lineages. The subfamily Aphnaeinae is 
a younger group that originated approximately 60 MYA, 
whereas Curetinae and Riodininae diverged about 
80 MYA. However, comparison of the male genital 
skeleton and muscles of Aphnaeinae with the previously 
studied genitalia of Riodininae and Curetinae has shown 
that the genitalia of Aphnaeinae are much more primi-
tive than those of the ancestral groups that possess 
several clear autapomorphies. For instance, the valvae 
of Curetinae are strongly differentiated and have harpae, 
and the anellus is modified into the dorsal fultura above 
the aedeagus (Stekolnikov and Korzeev, 2017). Besides, 
their valvar adductors have split, and the derived mus-
cles m4b have changed both their attachment sites and 
their function: they connect the vinculum with the dor-
sal fultura. The subfamily Curetinae is also character-
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ized by reduction of the ventral valvar abductors m8(3). 
Two previously studied species of Riodininae, Poly-
caena tamerlana (Staudinger, 1886) (Kuznetzov and 
Stekolnikov, 1998) and Paralaxita damajanti (C. Felder 
et R. Felder, 1860) (Stekolnikov and Korzeev, 2017), 
revealed splitting of the aedeagus protractors m6(5). 
Besides, the male genitalia of Polycaena tamerlana in-
clude the transverse intervalvar muscle m18; the attach-
ment sites of the aedeagus retractors m7(6) have shifted 
from the median part of the aedeagus to the caecum 
penis, while the attachment sites of muscles m4 have 
shifted from the valvae to the basal dorsal region of the 
anellus.

No synapomorphies uniting Aphnaeinae, Curetinae, 
and Riodininae have been found.

Aphnaeinae and Lipteninae. The subfamily Aphnae-
inae and the sister pair Poritiinae + Lipteninae are now 
regarded as members of a single original clade (Espe-
land et al., 2018). The subfamily Aphnaeinae probably 
diverged in the Paleocene, about 60 MYA.

Comparison of the male genital skeleton and muscles 
in the ancestral tribes Epitolini and Liptenini (Stekol-
nikov and Korzeev, 2019b) with the corresponding fea-
tures in Aphnaeinae has revealed many symplesio-
morphic similarities. For instance, Phasis and closely 
related genera, similar to the ancestral Lipteninae, have 
an entire segment IX (an annulus), a unilobate uncus, 
a caecum penis, a compact juxta, and a complete set of 
muscles included in the ground plan of Papilionomorpha: 
m1, m2(10), m4, m6(5), m5(7), m7(6), and m8(3). The 
attachment sites of all the above muscles in Aphnaeinae 
are typical of the ancestral groups, while in Epitolini and 
Liptenini some muscles have different attachment sites. 
As opposed to the ground plan of Papilionomorpha, the 
aedeagus protractors m7(6) in these tribes are inserted 
on the caecum penis (a synapomorphy of Epitolini and 
Liptenini). In addition, the juxta is considerably modi-
fied, and this feature seems to be related to the reduction 
of m8(3) in Epitolini (an autapomorphy of the tribe).

Thus, the subfamilies Aphnaeinae and Lipteninae are 
characterized by predominantly symplesiomorphic sim-
ilarity of both skeleton and musculature of the male 
genitalia. The only synapomorphy in the genital skele-
ton of these taxa is the presence of a narrow caudal plate 
formed by the ventral wall of the saccus. Unlike 
Aphnaeinae, the representatives of Epitolini and Lipten-

ini do not have a distinct saccus, but the ventral wall of 
the median area of the vinculum still forms a similar 
pointed protrusion; this character was earlier described 
as “saccus, when developed, directed caudal” (Eliot, 
1973). 

Aphnaeinae and Miletinae. The subfamilies Aphnae-
inae and Poritiinae s. l. belong to the same phylogenetic 
branch (Espeland et al., 2018), but Z.A. Kaliszewska 
and co-authors (Kaliszewska et al., 2015) considered 
Aphnae inae as a group opposed to the sister pair 
Milet inae + Poritiinae s. l. (= Poritiinae + Lipteninae).

It is difficult to compare the skeleton and muscles of 
the male genitalia in Miletinae and Aphnaeinae, because 
within Miletinae the genital musculature has been stud-
ied only in the highly specialized tribe Miletini (Kor-
zeev and Stekolnikov, 2021). The skeleton of the basal 
groups of Miletinae can be analyzed only based on the 
published descriptions and schematic drawings 
(Stem pf fer, 1967; Eliot, 1973; Sáfián, 2015), demon-
strating the ancestral morphological type, for example, 
in the genera Liphyra Westwood, 1864 and Auslaga 
Kirby, 1890. The features of the genital skeleton in these 
genera correspond to the ground plan of Papilionomor-
pha: the presence of an annulus, a well-developed 
saccus, a lamellar uncus, a cylindrical aedeagus with a 
caecum penis, and a well-developed juxta. Correspond-
ingly, the subfamily Aphnaeinae reveals symplesiomor-
phic similarity with the ancestral taxa of Miletinae in the 
skeletal characters. At the same time, Aphnaeinae and 
the ancient Miletinae, as well as the ancestral Lipteninae 
(Liptenini), have a single synapomorphy: the ventral 
wall of the saccus extended into a narrow caudal plate 
(Eliot, 1973).

CONCLUSIONS

Our study of the skeleto-muscular apparatus of male 
genitalia in three species from two distantly related 
phylogenetic lineages of Aphnaeinae (Phasis thero, 
Chrysoritis pyroeis, and Aloeides pierus) has shown 
this subfamily to be very archaic. The main features of 
the skeleton as well as the composition and topo graphy 
of the muscles correspond to the ground plan 
of the nymphaloid group of families (Nymphalidae + 
Lycaenidae). In the genital morphology, the subfamily 
Aphnaeinae is more archaic than such ancient taxa of 
Lycaenidae as Curetinae or Riodininae, and almost 
completely corresponds to the ancestral state for the 
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family Lycaenidae. The only autapomorphic character 
of the ancient phylogenetic branch including Miletinae, 
Poritiinae s. str., Lipteninae, and Aphnaeinae is the 
ventral wall of the saccus extended into a narrow caudal 
plate.

At the early stage of formation of the family Lycaen-
idae, its morphological diversity was probably quite 
low, and some of its phylogenetic lineages, such as 
Aphnaeinae, Poritiinae s. l., Lipteninae (Liptenini), and 
Miletinae (Liphyrini), have retained in full the ancestral 
type of organization.
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