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Abstract

The general trends of evolutionary transformations in the male copulatory apparatus of the lower ditrysian Lepidoptera,
family Gelechiidae, on the base of functional morphological analysis are similar to those in the order Trichoptera. Evolu-
tion of the genitalia in both groups was directed to improvement of efficiency of mating mechanisms. It is found that one
of the general trends in trichopterans, reduced of gonopods, corresponds to the main direction of valvae transformation in
lower ditrysian moths Gelechiidae. These structures, being of importance in grasping the female in other groups of Lepi-
doptera, lost this function in some genera and they completely disappeared in most advanced groups of gelechiid moths.
That phenomenon is associated with transformations of other structures in copulatory apparatus, which functionally com-
pensate for the lack of valvae. Such functional analogues are found in the course of comparative morphological analysis
of the male genitalia in both groups. Similar changes and similar traits of the genital appendages in both groups, trichopter-
ans and lower ditrysian lepidopterans, can be considered as evidence of parallel evolution. The possible parallelisms as
indicators of common evolutionary trends in transformation of copulatory apparatus within the two lineages, Trichoptera
and Lepidoptera, having a common ancestor, are discussed.
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Introduction

The superorder Amphiesmenoptera Kiriakoff 1948 consists of two large orders, Lepidoptera and Trichoptera.
Their monophyly was established on the basis of a complex of reliable synapomorphies: wings are densely
covered by setae or scales, forewings have forked 4,, larvae each have a spinneret and females are
heterogametic (Kristensen 1981; Morse 1997). In the course of further investigations the monophyletic origin
of these groups was confirmed by one more morphological trait, glands of sternum V. A series of publications
are devoted to detailed study of glandular morphological diversification and their distribution within both
groups (Davis 1975; Kristensen & Nielsen 1979; Kristensen 1984; Nielsen & Kristensen 1996; Ivanov &
Melnitsky 1999, 2002; Lofstedt et al. 2008; Djernas 2010; Djernas & Sperling 2011). Molecular
phylogenetic research also has confirmed the sister relationship between Trichoptera and Lepidoptera (Beutel
et al. 2010). The lineages of lepidopterans and trichopterans diverged, probable, from the Jurassic period, and
have evolved independently for a long time, during which period each group obtained a number of specific
specializations. The independent development of related lineages having a common origin is defined as
parallel evolution (Gould 2002). Scientific interest with parallel evolution is traced back to Darwin (1859)
who wrote about parallelisms in the development of species and genera in animal and plant world. This
subject arouses high interest up to the present time that is evident from numerous recently published papers on
different groups of animal and plants (Rodman ez al. 1998; Morrison et al. 2002; Foster & Baker 2004;
Schluter et al. 2004; Boughman et al. 2005; Shapiro et al. 2006; Tehler & Irestedt 2007; Adams 2010; Monnet
et al. 2011; Kidd 2012). It has been shown with numerous examples that two related taxa during development
can obtain similar traits on the common genetic base inherited from their common ancestor. The number of
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parallelisms is in an inverse ratio from the phylogenetic distance between the two lineages. It is known that
the number of homoplasies in the most closely related taxa, of species rank, is much more than in related
genera, tribes, families, etc. Furthermore, it has been confirmed that it is possible to predict the discovery of
the same peculiarities in related species and genera, similar to the way that chemists anticipate the discovery
of unknown chemical elements with certain peculiarities due to the empty place in the Mendeleev periodic
table (Vavilov 1935). Parallel evolution is less pronounced in phyla corresponding to taxa of higher rank, e.g.
of family-group rank, but in such a case the revealed similar traits can be considered as markers of common
trends of morphological transformation. In addition, the morphological trends defined in one of the sister
groups could help to understand similar specialization and polarity of morphological changes in the related
group.

The two groups, caddisflies and moths, have been studied unequally with regard to the functional
morphology of the copulative apparatus. The skeletal-muscular apparatus of the male genitalia has been
studied and described in Lepidoptera much more comprehensively. There are functional morphological data
on the genitalia of representatives from almost of all lepidopteran taxa of family-group ranks, although it has
not been done with equal depth. Despite these differences in the level of knowledge on each order, the ground
plans of the copulatory apparatus for Amphiesmenoptera and for both Trichoptera and Lepidoptera has been
reconstructed (Birketh—Smith 1974; Kuznetzov & Stekolnikov 2001; Ivanov 2003b; Kristensen 2003) and
probable common trends in morphological transformations in both orders have been inferred (Ivanov 2003a,
2003b). The main tasks of the present work are the detection of possible parallelisms on the basis of
comparative analysis of the male genitalia in representatives of some groups of trichopterans and
lepidopterans, and development of the concept of a common trend in morphological evolutionary
transformations within related groups.

Material and methods

The considered conclusions on evolutionary tendencies in transformations of the genital structures in
Lepidoptera from examples of gelechiid moths are based on the great material which was analyzed during
more than 20 years of study. The detailed descriptions of functional morphology of the genitalia are published
in a series of publications (Ponomarenko 1992, 1995, 1997, 2004, 2005, 2006, 2008, 2009a, 2009b). Data on
the genital morphology of Trichoptera were borrowed from literature (Arefina 1997; Arefina & Levanidova
1997; Vshivkova et al. 1997; Vshivkova 2003; Ivanov 2003a, 2003b; Chamorro-Lacayo & Holzenthal 2004;
Zhong et al. 2006; Holzenthal et al. 2007) and from my own examination of specimens from various families.

The subject of investigation. In the order Lepidoptera, the Gelechiidae, a family of lower ditrysian
moths, is selected for comparative morphological investigations. This family includes 4570 species from 509
genera in the world (Pogue 2009). Thus, this group is comparable on the generic diversity with order
Trichoptera, numbering about 600 genera. The gelechiid moths are characterized by their wide morphological
diversity and by the fact that they combine in their genitalia both the characters of the lepidopteran ground
plan and strongly specialized ones, which are a result of deep morphological transformations. That made it
possible to reconstruct the morphoclines for some genital structures and outline the main directions of their
transformations. The polarity of morphological series was defined by outgroup comparison. In the order
Trichoptera, representatives from both suborders, Annulipalpia (families Psychomyiidae, and
Polycentropodidae) and Integripalpia (family Leptoceridae), whose genitalia possess structures considered as
functional analogues, were studied.

Methods. The study of the skeleton of the Gelechiid copulatory apparatus was conducted according to the
traditional methods in lepidopterological investigations. The maceration of the soft tissues was made by
boiling the abdomens in a 10% aqueous solution of KOH followed by boiling in water. After detailed
investigation of the genitalia in glycerol, they were mounted on a microscope slide in Euparal for illustration
and permanent preservation. The membranous parts of the genitalia were stained with Chlorazol Black. For
functional morphological study, specimens mainly fixed in 70% alcohol were used. Their dissection followed
the method described by Kuznetzov & Stekolnikov (2001). Flexibility in dry specimens was obtained by the
author’s method (Ponomarenko 2005). Before dissection every specimen was stained with an aqueous
solution of eosin. The skeletal-muscular apparatus in the male genitalia were examined using
stereomicroscopes (Carl Zess and Nikon SMZ-10). During dissections a photo of every layer was made with
a digital camera (Nikon Coolpix 8700).
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The terminology in Lepidoptera follows Kuznetzov & Stekolnikov (2001), taking into account some
changes for Gelechiidae by Ponomarenko (2004, 2005). The terminology for genital structures of
trichopterans and lepidopterans is different. Therefore according to previously proposed homologation
(Kuznetzov & Stekolnikov 2001; Ivanov 2003b) the correlated terms for homological structures in both
groups are followed by a "/" [slash] in the text and in illustrations (first term for lepidopterans, second term for
trichopterans). To avoid misunderstanding, a table with corresponding numerical and Latin nomenclature for
muscles is proposed (Tabl. 1).

TABLE 1. Correspondence of numerical and Latin nomenclature for muscles (the muscles mentioned in the text and
indicated on the illustrations are included only).

Latin name of muscles Abbreviation Numerical name
Lepidoptera/ Trichoptera

musculus tergalis intersegmentalis 9—10 mt. 9-10 m,
musculus gonopodalis externus dorsolateralis mg. ed—1/ mge dl m,
musculus gonopodalis externus dorsomedialis mg. ed—m / mge dm m,
musculus phallicus externus posterior/ musculus phallicus mph. ep / mph epv m;
externus posterior ventralis

musculus phallicus externus anterior mph. ea m;
musculus phallicus internus longitudinalis mph. il-t / mph ilt a
musculus tergosternalis intrasegmentalis 9 mt-s. 9 m,,

The abbreviations used in the text and illustrations:

aed/ phb—aedeagus/ phallobase

c.o—copulative organ

ccl/ d.p.g—cucullus/ dorso-distal part of gonopod
dbp—dorsobasal process of valva/ gonopod
gl—gland

gl.d—glandular ductus

gld—glandiductor

gn—gnathos/ derivative of sternite X

Jjux/ m.p—juxta/ medial plate

op—opening on the tergite VIII of female
p.an—opapilla analis

prm — paramer

scl/ v.p.g—sacculus/ ventral part of gonopod

st VIII—sternite VIII of female

teg/ terg IX—tegumen/ tergite IX

terg Vill—tergite VIII

unc/ terg X—uncus/ tergite X

vlv/ gnpd—valva/ gonopod or inferior appendages
vnc/ st IX—vinculum/ sternite IX

Results and discussion

Analysis of the function of the copulative apparatus of the two sexes, as well as modeling of mating
mechanisms and field observations allowed imaging the mechanisms of engagement of the male and female
in copula in some gelechiid moths (Ponomarenko 2005, 2009). In most gelechiid moths, as in most
Lepidoptera, terminal segments of the female are held by valvae/ gonopods (inferior appendages), uncus, and
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gnathos (derivatives of segments X and XI). If valvae/ gonopods hold the terminal segments of the female
laterally in all studied families of Lepidoptera, engagement by the uncus and the gnathos is accomplished
differently. In the family Gelechiidae, the female is held by the male uncus and gnathos at tergite VIII,
whereas for other lepidopterans, where mating mechanism is known (Tortricidae, Hesperiidae, Pieridae,
Lycaenidae, Saturniidae), sternite VIII or the sternal area of the female is a usual place of engagement.
Gelechiid method is confirmed by the correspondence of shapes of both the uncus in the male and tergite VIII
in the female. For example, in tribe Anarsiini a hook-shaped uncus and gutter-like relief of tergite VIII
correspond as a “key and lock” in shape (Figs 1-4); similarly, in tribe Chelariini the females have a round,
sclerotized, tergal plate at the place where they are held by the male uncus (Faristenia Ponom.).

It is known that most moths are positioned “tail-to-tail,” with their heads oriented in opposite directions in
copula. The same pose has been observed in caddisflies at the end of the copulation process (Ivanov 2003a).
In Ivanov’s (2003a) paper, that last stage was called a "copulative turn" and it was assumed that a similar
position in the Trichoptera and Lepidoptera is probable a synapomorphy of the two orders. It is very likely
that the similar position of the sexes in copula could be associated with similar mating mechanisms, functions,
and transformations in genital structures.

unc/terg X

unc/terg X

terg Vil

terg Vil
teg/terg IX

FIGURES 1-5. Terminal segments of the male and female genitalia of Lepidoptera and the male genitalia of Trichoptera. 1-4,
Uncus of male genitalia and tergite VIII of female genitalia in tribe Anarsiini (Gelechiidae): 1, Anarsia stepposella
Ponomarenko, dorsal; 2, A. halimodendri Christoph, dorsal; 3, Ananarsia lineatella (Zeller), dorsal; 4, A. stepposella, locking
in copula, female below in left lateral, male above in right lateral. 5, Male genitalia of Limnephilus Leach. (Limnephilidae),
dorsal. 1-4, after Ponomarenko 2009b; 5, after Vshivkova 2006.
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To the ground plan of Amphiesmenoptera

The morphology of genitalia in the hypothetic ancestor of Amphiesmenoptera was discussed in a series of
publications (Kristensen 1984, 2003; Kuznetzov & Stekolnikov 2001; Ivanov 2003b), and there are
disagreements in ancestral state of some structures. There are two viewpoints on the primary state of the
genital segment in ancestral Amphiesmenoptera. According to one of them the ring—shaped genital segment
was transitional between a primarily divided tergite and sternite in the ancestor and a secondarily divided
tergite and sternites in taxa of recent Amphiesmenoptera (Birket—Smith 1974; Kuznetzov & Stekolnikov
2001). Thus, in the amphiesmenopteran common ancestor, segment IX was divided into a tergite and sternite
and the fusion of these sclerites into a united ring (annulus) took place in trichopterans and in lepidopterans
independently. According to another view the ancestor possessed a ring—shaped genital segment and its
dividing into tergite and sternite occured within the two lineages Trichoptera and Lepidoptera independently
(Kristensen 1984). The last opinion is reflected in the paper by Ivanov (2003b). There are no convincing
arguments supporting or rejecting either of these hypotheses. With respect to gelechiid moths, the genital
segment is divided into a tergite and a sternite in almost all groups. Only some representatives, often with
specialized characters, have secondarily joined tergal and sternal sclerites, but sutures remain more or less
visible where they joined. In summary, the fusion and division of the genital segment within lepidopteran
groups probably occurred repeatedly.

Transformation of valvae/ gonopods and their parts

The valvae/ gonopods are paired appendages of the genital segment. Being two-segmented in the ancestors of
recent groups, valvae/ gonopods have changed into one-segmented structures in more-advanced
representatives. Despite differences in details of evolutionary change, this general trend of transformation of
valvae/ gonopods is shared in all above-mentioned works.

The direction of the subsequent transformation of these structures is disputable. On the basis of study of
trichopterans, it has been indicated that gonopods can hold only the smooth lateral surfaces of female sternites
and, after obtaining the above-mentioned mating pose, these structures became less useful; they only steer the
female abdomen and therefore are reduced in most species (Ivanov 2003a). It difficult to agree with the
opinion in Ivanov’s (2003a) work that the phenomenon of reduced valvae is common for both orders,
Trichoptera and Lepidoptera. The valvae are the main structures holding the female during copulation and are
well developed in most groups of Lepidoptera. A more or less conspicuous reduction of valvae has occurred
very rarely in Lepidoptera and has been found within higher ditrysian moths in family Lasiocampidae only.
As to a total disappearance of these structures, the phenomenon is known only in representatives of the lower
ditrysian moths, in the family Gelechiidae, described for the first time within Lepidoptera by Ponomarenko
(2005). The absence of valvae was found only in the most advanced gelechiid moths. Actually, the
transformation of the valvae within Lepidoptera has occurred in several different directions.

1. Most common direction of valva transformation within order Lepidoptera is intensification of its
grasping function. The result is attained in several ways, notably (Figs 6-9):

a) by stronger sclerotization of these structures (representatives of many families in Lepidoptera);

b) by differentiation of the valvar surface and the appearance of strong armature (Tortricidae, Choreutidae,
Carposinidae, Pyraustidae, Geometridae, Bombicidae and etc.);

¢) by the differentiation of a valva into parts: a dorso-distal part (cucullus), a ventral part (sacculus), and
sometimes with the presence of dorsobasal processes;

d) by development of dense setae and thorns on the medial surface and along the valvar margins, helping to
hold the female by the setose lateral sides of her terminal abdominal segments, etc.

2. The less frequently distributed direction of valva transformation within order Lepidoptera is a loss of its
grasping function. This trend is common with the outlined direction of genitalia transformation in
trichopterans (Ivanov 2003a) and a general tendency of valva transformation in gelechiid moths. There are
several transformations as follows:
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a) Fusion of valva with the tergal part of the genital segment (tegumen/ tergite 1X) that causes complete or
partial loss of valval mobility.

In the course of comparative morphological analysis, it was discovered that the depth of the tegminal and
valvar transformation is directly dependent on the degree of their fusion. In the case of a point or small area of
fusion, the abductors of the valva mg.e—dl/ m, are kept almost in the initial state but are attached to the place of
fusion (Fig. 10). As result of the extensive fusion of the valvae with the tegumen (till ankylosed sclerite) the
muscles have disappeared. The latter disappearance is correlated with a dilation of the intersegmental muscles
mt. 9—10/ m,, compression of their lateral branches and subsequent partial or complete division into two
separate muscles m,, and m . If the first muscles keep the original function typical for muscles m¢. 9-10/ m,,
the last ones become a functional analogue of musclesmg. e—dl/ m, (Fig. 11).

b) Fusion of valvae with the sternal part of the genital segment (vinculum/ sternite IX) that causes full or
partial loss of valval mobility. Further transformation is directed to the deep integration of skeletal
structures (valvae and sternite) till their full ankylosing. As result of this fusion the valval and phallic
muscles partly disappear. The extreme state of this morphocline is found in tribe Litini, where 1 or 2 pairs
from 4 pairs of phallic muscles are kept and no one pair of muscles is attached to aedeagus/ phallobase in
some genera (Pseudotelphusa Janse) (Fig. 15).

¢) Division of the valvae by distal excaving towards the base. The continuation of that process leads to
complete separation of the dorsal part of a valva (cucullus) from the ventral part of the valva (sacculus)
along the lateral side of the valva (Fig. 12). The ventral part of the valva (sacculus) almost always
integrates with the vinculum, whereas the dorsal part of the valva (cucullus) has two ways of transforming
that are traced within family Gelechiidae. The first of them is demonstrated by the morphocline in the
subfamily Dichomeridinae, where the originally well-sclerotized cuculli, bearing strong setae, are shifted
dorsally, fused with the tergal part of the genital segment (tegumen), and modified into semimembranous
structures, losing their main role in holding the female during copulation (Figs 13, 14). This described
transformation of the cuculli is coupled with a reduction of the abductor muscles of the valvae (mg. e—dl/
m,) (Fig. 13c). The second direction of cucullus transformation is revealed in the tribe Litini, where
cuculli are kept as thin membranous structures only in some representatives (Fig. 16) and in most genera
they have fully disappeared (Figs 17, 28). In the tribe Litini, functional analogues to valvae (or cuculli)
were found: The sclerotized distal parts of the glands of the genital segment take part in grasping the
female during copulation instead of the absent dorsal parts of the valvae. These sclerotized parts of the
glands in the genital segment are the one of the points of present work.

Glands of genital segment

In the male genitalia of tribe Litini (lower ditrysian moths, family Gelechiidae), the glands of the genital
segment have been discovered and described (Ponomarenko 2005, 2008, 2009b). They consist of paired
(rarely unpaired) bodies and ducti (or ductus) penetrating sclerotized conic or horn—shaped structures. These
sclerotized structures were named as glandiductors in those above-mentioned papers. In previously published
papers, the glandiductors were wrongly considered as strongly transformed valvae/ gonopods. What is the
reason of such misinterpretation? The glandiductors were found in the genera where the valvae/gonopods are
completely absent. The glandiductors have shifted from a medial position to a lateral one, and have taken the
place of the missing valvae. As result of comparative morphological analysis within Litini, the glandiductor
transformation was traced, passing through the following stages: In the male genitalia the glandiductors are
placed initially dorsal of the aedeagus and the valvae are present (Agonochaetia intermedia Sattler, fig. 22);
subsequently the male glandiductors became placed laterally and genitalia with a slightly sclerotized thin
valvae (Exoteleia dodecella L., fig. 16); and finally the male glandiductors are in their lateral position and
genitalia with the valvae completely absent (Schneidereria pistaciella (Weber), fig. 17). The homology of the
glandiductors (their paired and unpaired states) and their origin were established on the basis of a functional
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morphological study within the gelechiid moths. The glandiductors of all genera, wherever they are found, are
homologous because they are attached with the same muscle mg. e—dl/ m,.

viv/ignpd

viv/ignpd

dbp scliv.p.g 8

vne/st IX aed/phb

FIGURES 6-9. Male genitalia of Lepidoptera. 6, Carposina sasakii Matsumura (Carposinidae), caudal; 7, Ctenognophos
grandinaria (Motschulsky) (Geometridae), caudal; 8, Neofriseria peliella (Treitschke) (Gelechiidae), left lateral; 9,
Rhopalovalva pulchra (Butler, 1879) (Tortricidae), left caudolateral. 6, 8, after Ponomarenko 1999, 2005; 7, after Beljaev 1994;
9, after Kuznetzov 2001.
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FIGURES 10-12. Male genitalia of Gelechiidae. 10, Pexicopia malvella (Hiibner), left lateral; 11, Ptocheuusa paupella
(Zeller), uncus, tegumen and valva, view from medial side; 12, Neofaculta ericitella (Geyer), valva, left lateral. 10—12, after
Ponomarenko 2004, 2005.
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FIGURES 13-15. Male genitalia of Gelechiidae. 13, morphocline of cuculli transformation in Gelechiidae, dorso-ventral
plane: a, Hypatima Hiibner, b, Helcystogramma Zeller, ¢, Dichomeris Huibner; 14, Dichomeris oceanis Meyrick, tegminal part
of skeletal-muscular apparatus, from medial side; 15, Parastenolechia collucata Omelko, skeletal-muscular apparatus, left
lateral. 13—15, after Ponomarenko 2004, 2005.
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FIGURES 16-18. Skeletal-muscular apparatus of the male genitalia of Gelechiidae, left lateral. 16, Exoteleia dodecella
(Linnaeus); 17, Schneidereria pistaciella (Weber) (Gelechiidae); 18, Mirificarma eburnella ([Denis & Schiffermiiller]). 16—18,
after Ponomarenko 2005.
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FIGURES 19-23. Male genitalia and their details in Gelechiidae (Lepidoptera) and Polycentropodidae (Trichoptera). 19,
Neofriseria peliella (Treitschke) (Gelechiidae), valva, medial; 20, Polyplectropus nocturnus Arefina (Polycentropodidae), male
genitalia: a, left lateral, b, dorsal; 21, Parastenolechia collucata Omelko (Gelechiidae), skeletal-muscular apparatus (part),
dorsal; 22, Agonochaetia intermedia Sattler (Gelechiidae): a, tergum and sternum separated and illustrated together, dorsal/
ventral; b, aedeagus, left lateral; 23, Setodes punctatus (Fabricius) (Leptoceridae), a, phallus, left lateral; b, male genitalia,
dorsal. 19, 21, after Ponomarenko 2005; 22, after Povolny; 20, after Arefina 1997, 23, after Vshivkova et al. 1997.
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FIGURES 24-26. Male genitalia and their details in Gelechiidae (Lepidoptera) and Psychomyiidae and Leptoceridae
(Trichoptera). 24, transformation of glands of the genital segment in Gelechiidae: a, paired glands in Schneidereria pistaciella
(Weber), left lateral; b, unpaired gland in Mirificarma eburnella ([Denis & Schiffermiiller]), genitalia, medial; 25, Paduniella
amurensis (Martynov) (Psychomiidae), left lateral: a, male genitalia; b, phallus with unpaired paramere; 26, Ylodes jakutanus
(Martynov) (Leptoceridae), left lateral. 24, after Ponomarenko 2005; 25, 26, after Martynov 1910, 1934.

THE MALE GENITALIA IN SUPERORDER AMPHIESMENOPTERA Zoosymposia 10 © 2016 Magnolia Press - 351



29

FIGURES 27-29. Glands of genital segment in Gelechiidae (Lepidoptera) and male genitalia of Leptoceridae (Trichoptera).
27, Mirificarma eburnella ([Denis & Schiffermiiller]) (Gelechiidae), genital segment and gland with unpaired body, left lateral;
28, Teleiodes saltuum (Zeller) (Gelechiidae): a, genital segment and paired glands, left lateral; b, inflated basally glandiductor
with glandular body inside, left lateral; 29, Setodes obscurus Schmid & Levanidova (Leptoceridae): a, left lateral; b, parameres
and phallus, left dorsolateral. 27, 28, after Ponomarenko 2008; 29, original.

352 - Zoosymposia 10 © 2016 Magnolia Press PONOMARENKO



As to probable origin of glandiductors, the following scenario is inferred: The same muscles (mg. e—dl/
m,) extended from a pair of long processes in the genus Neofriseria Sattler (Figs 8, 19) and the two processes
joined each other in the middle and became supplied in that place with a membranous sac. These processes
could be considered as homologous with glandiductors. On the base of genital morphology of Neofriseria the
hypothetical origin was initiated. It was supposed that the ectodermal origin of the glandiductors was by
invagination of the wall into processes like those in Neofriseria genus; also their primary paired condition is
assumed. More advanced (secondary) state were found in the genus Mirificarma Gozméany, where the rounded
glandular body is unpaired, and the channel arising from it penetrates the long glandiductor with two small
lobes on the apex, surrounding the excretory opening (Figs 18, 24b). This long glandiductor is positioned
dorsally and is codirected with the copulative organ.

What is the function of these glands and glandiductors?

The morphology of the described glands (rounded body, ductus, and opening, surrounded by lobes) is similar
to the glands of segment V, which are known in Trichoptera and primitive Lepidoptera (see cited papers
above). The peculiarities of the connection of the muscles mg. e—dl/ m,, which surround the inflated base of
the glandiductors (Fig. 21), make it possible to presume the performance of two functions by these
glandiductors. The first of them is to support the glandular ductus, and second one is participation in grasping
the female. The sclerotized glandiductors are inserted in genital tract of female and moved outward due to
muscular traction. Thus, glandiductors are functional analogues of valvae and functionally compensate weak
or disappeared valvae.

Tentative parallelisms in lineages Trichoptera and Lepidoptera

There is major background for development of parallel traits in the related lineages Trichoptera and
Lepidoptera. The origin from a common ancestor and the underlying patterns of genetic variation define
similarity in evolutionary changes. That has become apparent from the similar ground plan of the
musculoskeletal apparatus of the male genitalia and similar the mating mechanism in these two groups.

New compensatory formations. The development of armature in the copulative organ and sclerotized
periphallic processes are common phenomena for different groups in Trichoptera and Lepidoptera, as has
already been indicated (Ivanov 2003a).

Hook-shaped segment X/ uncus. Transformation of tergite X into hook-shaped processes in higher
representatives of family Limnephilidae (Fig. 5) in Trichoptera and the hook-shaped uncus (derivative of
tergite X) in moths from tribe Anarsiini (Figs 1-4, subfamily Dichomeridinae) are considered here as a
parallelism resulting in morphological and functional analogues. Both structures play a role in grasping the
female during copulation.

Processes of gonopods/ valvae and processes of superior appendages. The ancestral valvae/ gonopods of
lower ditrysian moths, probably were rounded, each with a relatively wide base and moderately divided into
parts. The valvae and its parts in the genus Neofriseria Sattler (Figs 8, 19) are most complete and in
accordance with the valvae described above. Caddisflies of the genus Polyplectropus Ulmer
(Polycentropodidae) have appendages similarly divided into parts. Besides, these structures are each with a
long dorsobasal process (Fig. 20) (Arefina 1997; Chamorro-Lacayo & Holzenthal 2004; Zhong et al. 2006),
and these processes are directed in the same direction as the copulatory organ. Also in genus Tinodes Curtis
(Psychomyiidae), the superior appendages with long dorsal parts (Li & Morse 1997). It has been established
that in Neofriseria these processes play a role in grasping the female. Presumably the processes of the
appendages in Polyplectropus and in related genera are functional analogues of those of Neofriseria.

Glandiductors in moths and parameres in caddisflies as functional analogues. In the copulative apparatus
of Trichoptera there are structures which have been called parameres. Their position in genitalia is different
within Trichoptera, and described in detail by Vshivkova (2006).

The male genitalia of Setodes Rambur (Leptoceridae) have paired parameres placed over the copulatory
organ (Figs 23, 29). Unfortunately, wide functional morphological analysis within Trichoptera was not
conducted and homology of mentioned parameres is unknown. However, it is possible to suppose that they,
being inserting into genital tract of female, take part in its fixing. A similar hypothesis was stated by
Vshivkova (2006) in her PhD Dissertation, where the morphological diversity of parameres and their possible
function in some limnephilids were considered: “Usually small-sized limnephiloids possess simple stick-like,
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weakly armed parameres, whereas large-bodied limnephilids (including even some advanced Dicosmoecinae)
possess long, strong and well-armed parameres. In Limnephilus, they are extremely strong, apically widened,
very often well-sclerotized, covered with strong setae and even have strong sclerotized tooth/ teeth on the
proximal paramere branch. Probably, one of the male paramere functions is to anchor itself in the female at
copulation.” Thus, the parameres in Sefodes could be considered as functional analogues of the processes in
Neofriseria. Their position over the aedeagus is the same as the sclerotized parts (glandiductors) of glands in
the genital segment described in gelechiid moths (Figs 15-18, 22, 27, 28).

Are there glands of the genital segment in trichopterans? The glands of segment V described in
Trichoptera and in primitive Lepidoptera are considered as one of the synapomorphies supporting their
monophyly. These glands independently disappear in many groups of Trichoptera and Lepidoptera. Therefore
the study of a few representatives from order Trichoptera is not enough to answer this question. A narrow
channel is visible inside parameres with broken apices in Setodes obscurus Schmid & Levanidova (Figs. 29a,
b). However, the base of these parameres is inflated and the distinct glandular bodies were not found in
examined trichopteran specimens. The confirmation or rejection of the presence of similar glands in genital
segment is possible only after more thorough investigation within the group.

Within gelechiid moths paired glandiductors became unpaired in advanced groups, relocated over
copulative organ and shaped as a long and slender filament (Figs 24a, 24b). The homology of these processes
is affirmed on the basis of their connection with the same muscles m,/ mg. e—dl. All of them play a role in
holding the female by being inserted into its genital tract and they also support the glandular ductus in many
gelechiid genera. One of the genera where an unpaired glandiductor (filament) was found is the genus
Mirificarma, which is one of the more-advanced groups in tribe Gelechiini. The long unpaired parameres in
species from the more-advanced trichopteran family Leptoceridae can be considered as functional analogous
with similar structures in Gelechiidae. The family Leptoceridae, belonging to suborder Integripalpia, is treated
as one of the more-advanced trichopterians (Holzenthal et al. 2007). The direction of paramere transformation
is in accordance with that of glandiductors in lower ditrysian moths, Gelechiidae. Earlier, Nielsen (1970) had
already assumed that paired parameres became unpaired secondarily in both Annulipalpia and Integripalpia.

Summarizing the above data, it can be concluded that similar traits observed in the genitalia may be
considered as evidence of a parallel evolutionary transformation in the sister groups of trichopterans and
lower ditrysian moths. Their evolutionary changes were co—directed into improving of grasping of females in
copula. From the general tendencies in the transformations of the male genitalia, it can be inferred that the
weakening of valvae (or cuculli) / gonopods and partial or complete loss by them of the function of female
holding is a parallel development. The process of weakening, reduction and disappearing of genital structures
correlated, on the one hand, with changes in the muscles, often with complete disappearance of muscles, and
on the other hand, with the appearance of special compensatory morphological complexes consisting of
functional analogues and new formations, partly or completely substituting for the structures which lost their
function.
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