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Abstract
The representatives of the lacewing families Myrmeleontidae, Ascalaphidae, and Nemopteridae (the sub-
order Myrmeleontiformia) were studied with reference to the number of testicular follicles in males and 
the number of ovarioles in females. We have found that the number of follicles is highly variable, at least in 
the first two families. In the comparatively more fully explored family Myrmeleontidae, the species studied 
have three to several hundred follicles per testis, the dominant values being six and five. In Ascalaphidae, 
two main patterns were revealed: testes with a low number of follicles (six and twelve per testis) and testes 
with multiple follicles (several dozens). Moreover, differences in the follicle number were often observed 
both between males of the same species and different testes of a male. In Nemopteridae, considered a sister 
group to the [Myrmeleontidae + Ascalaphidae] clade, the testes in males were found to consist of six or five 
follicles each. This implies that a low number of follicles, most likely six, is an ancestral trait in Myrmele-
ontiformia. All other numbers are thus the derived traits and are probably due to a simple oligomerization 
or a simple polymerization, the latter process having been very intensive in the evolution of the suborder. 
Conversely, females were found to have ten ovarioles per ovary in each of the three families studied.
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Introduction

Many studies have been conducted on the internal reproductive organs in insects (see 
review books: Matsuda 1976; Büning 1994; Chapman 2013; Klowden 2013). It was 
shown that the gross morphology of both male and female reproductive systems is, for 
the most part, similar in different insects. In males, it is generally constituted by a pair 
of testes formed by a variable number of seminiferous tubules known as the testicular 
follicles, accessory glands, seminal vesicles, ejaculatory duct and ejaculatory bulb. The 
number of follicles, where development of initial diploid spermatogonia to fully dif-
ferentiated haploid spermatozoa takes place, is closely related to sperm production by 
an insect. Follicles can vary in number from one per testis, e.g., in some psocids (Golub 
2003), psyllids (Maryańska-Nadachowska et al. 2001a), true bugs (Castanhole et al. 
2012), wasps and ants (Palomeque et al. 1990; Fiorillo et al. 2008), dipterans (Hassan 
et al. 2017) and beetles (Schubert et al. 2017), to a few dozens and even hundred per 
testis. For example, some grasshoppers (Acrididae) have up to 100 follicles in each of 
the paired testes whereas some Hymenoptera have up to 300 follicles per testis (Chap-
man 2013). The most common numbers in most insects seem to range from four to 
ten. The number of follicles is usually constant, symmetrical in the male (at least in 
cases of lower numbers), and species-specific. Moreover, some higher-level insect taxa 
show the same or close numbers of follicles in different species. For example, about 
two thirds of psyllids (Hemiptera: Psylloidea) have two follicles per testis; however, 
some subfamilies of the families Carsidaridae (Carsidarinae) and Psyllidae (Rhino-
colinae, Spondyliaspidinae) are characterized by one follicle per testis (Maryańska-
Nadachowska et al. 2001a). In true bugs (Hemiptera: Heteroptera), the number of 
follicles varies from one to seven per testis with, however, greater proportions of species 
showing seven follicles (Leston 1961; Akingbohungbe 1983). In bees (Hymenoptera: 
Apoidea), the number of follicles is predominantly three or four per testis (Moreira 
et al. 2008). In great majority of Antliophora (Diptera + Mecoptera + Siphonaptera), 
the testis consists of a single follicle or if there are several (three to five) follicles, they 
are fused medially into a simple, undivided sac, which also may be regarded as a single 
follicle (Sinclair et al. 2007; Chapman 2013).

In females, the internal reproductive organs are generally presented by a pair of 
ovaries formed by a variable number of ovarian tubes termed the ovarioles (comparable 
with the testicular follicles in the male) and connected via a pair of lateral oviducts to 
a median oviduct, ending in the vagina and genital opening. Each ovariole contains 
sequentially developing egg chambers at progressively advanced stages of oogenesis. 
Overall, two basic types of ovarioles (ovaries) are distinguished in insects, the panoistic 
and meroistic ones (Büning 1994; Bilinski 1998). In the panoistic ovary, all germline 
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cells differentiate into oocytes, whereas in the meroistic ovary, some of the germline 
cells differentiate into oocytes, while others become nurse cells (trophocytes). The mer-
oistic ovaries in turn may be of either a polytrophic or a telotrophic type depending 
on the spatial relations between the oocyte and the nurse cells within the ovariole. In 
the polytrophic ovarioles, each oocyte possesses its own group of trophocytes and is 
connected to them by intercellular bridges. In the telotrophic ovarioles, trophocytes 
remain in the trophic chamber and are connected to oocytes in the vitellarium by 
long nutritive cords. In insects, ovariole architecture is related to both phylogeny and 
life history (Štys and Biliński 1990; Büning 1993, 1994, 2005, 2006; Bilinski 1998). 
Ovarioles are known to vary considerably in number in different taxa, ranging from one 
in each of the paired ovaries, e.g. in some apterygotes, beetles and aphids, to approxi-
mately 1000, e.g. in termite queens, coccids, and some beetles (Büning 1994; Gillot 
2005; Klowden 2013; Faille and Pluot-Sigwalt 2015). The most common numbers in 
most insects range from four to ten per ovary (Klowden 2013) and coincide thus with 
those of testicular follicles in males. The number of ovarioles is controlled differently 
across various insect groups (Hodin 2009). In some taxa, this pattern is genetically 
fixed being highly invariant. For example, females of almost all Lepidoptera, including 
many macro- and micro-moths and butterflies, have four ovarioles per ovary (Hodin 
2009; Zhang et al. 2017). By contrast, in the approximately 13,000 known species of 
grasshoppers, ovariole number varies largely, from four to 297 per ovary (Stauffer and 
Whitman 1997). Likewise, in Coleoptera, ovariole number varies from one to 1000 
in the ovary (Büning 1994). Specifically, among as little as 20 ground beetle species 
(from six genera) of the tribe Trechini (Carabidae) ovariole number extends from one 
to seven per ovary (Faille and Pluot-Sigwalt 2015). Besides, ovariole number can show 
substantial interspecific and interpopulation variation being influenced by different 
factors such as, e.g., environmental differences or a particular way of life (Taylor and 
Whitman 2010; Faille and Pluot-Sigwalt 2015).

Information on the ovaries and testes is of significance in questions dealing with 
insect development, life cycles, reproductive biology, evolution, taxonomy, and phy-
logeny. A significant body of literature on the subject has been published to date (e.g., 
Akingbohungbe 1983; Emeljanov and Kuznetsova 1983; Kuznetsova 1985; Glowacka 
et al. 1995; Maryańska-Nadachowska et al. 1996, 2001a, 2001b, 2006; Kubrakie-
wicz et al. 1998; Emeljanov et al. 2001; Kuznetsova et al. 2002, 2009; Wieczorek and 
Wojciechowski 2003; Fereira et al. 2004; Büning 2005; Wieczorek 2006; Sinclair et 
al. 2007; Papáček and Soldán 2008; Tworzydło et al. 2010; Mróz and Wojciechowski 
2011; Dias et al. 2013; Green 2014; Faille and Pluot-Sigwalt 2015). Unfortunately, 
studies dealing with follicles and ovarioles mostly concern single species, and compara-
tive data across multiple species of a group are still rare. Nevertheless, as shown in some 
publications, the number of testicular follicles can provide an informative taxonomic 
and phylogenetic character at different levels among higher taxa. More specifically, 
follicle number appeared constant at the taxonomic levels of tribes and/or subfamilies 
within the hemipteran families Delphacidae and Dictyopharidae (Auchenorrhyncha), 
with the changes in this character being correlated with their evolution (Kuznetso-
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va 1985; Kirillova 1989; Kuznetsova et al. 2009). Several studies on the jumping plant 
lice (Hemiptera: Psylloidea) indicated a taxonomic and phylogenetic significance of 
the number of follicles showing them as reliable synapomorphies of the higher-level 
taxa (Maryańska-Nadachowska et al. 2001a, b). Moreover, differences in the follicle 
number have helped to discover hidden species within the psyllid genus Cacopsylla 
Ossiannilsson, 1970 (Psyllidae) (Kuznetsova et al. 2012) and the hymenopteran genus 
Neoponera Emery, 1901 (Formicidae) (Barcellos et al. 2015).

Neuroptera (lacewings) are an ancient and highly heterogeneous order of holome-
tabolous insects, also known as Planipennia, containing 5803 species described in 16 
families (Oswald 2016). The state of knowledge of testes and ovaries in lacewings is 
very poor and inadequate. Though limited to a few species, the results currently avail-
able show that the testis of the neuropteran males may comprise one, five, 40 or “nu-
merous” follicles (Brauer 1854; Stitz 1909; Quartey and Kumar 1973; Matsuda 1976; 
Walker et al. 1994; De Jong 2011). As it appears from a series of more recent original 
papers (Kubrakiewicz 2002; Garbiec and Kubrakiewicz 2012; Garbiec et al. 2016; 
Vacacela et al. 2017), the ovary of the neuropteran females may include from eight to 
24 ovarioles, and their ovarioles are of the meroistic-polytrophic type. Neuroptera are 
one of the oldest holometabolous insect orders with this type of ovaries (Garbiec and 
Kubrakiewicz 2012).

The present study was focused on the number of follicles and ovarioles in lacewings 
of the families Myrmeleontidae (antlions), Ascalaphidae (owlflies), and Nemopteridae 
(spoonwings). Myrmeleontidae comprise the most species-rich and most widespread 
neuropteran family, with over 1500 valid extant species in 191 genera (Stange 2004). 
The closely related Ascalaphidae are a moderately speciose family encompassing ap-
proximately 400 valid extant species assigned to approximately 65 genera, with wide 
distributional range in tropical and temperate areas of the world (Sekimoto and Yoshi-
zawa 2007). Extant Nemopteridae encompass 146 valid species worldwide distributed 
between two subfamilies, Nemopterinae (spoon- and ribbon-wings, 98 species) and 
Crocinae (thread-wings, 48 species) (Sole et al. 2013). All these families, together with 
another two small extant families, Psychopsidae (silky lacewings) narrowly distributed 
in Australasia, Asia, and Africa, and Nymphidae (split-footed lacewings), endemic to 
the Australasian region, make up a derived monophyletic clade within Neuroptera, the 
suborder Myrmeleontiformia (Aspöck et al. 2001, 2003; Grimaldi and Engel 2005; 
Badano et al. 2016; Song et al. 2019).

Materials and methods

Insect samples

Lacewings were collected from May to October 2013–2018 in the Republic of Arme-
nia, the Eastern Caucasus by G. Karagyan, T. Ghrejyan, I. Stepanjan, and A. Dantch-
enko, in the Republic of Dagestan, the North-East Caucasus, Russia by G. Khabiev 
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and E. Ilyina, and in the Astrakhan region, Russia by E. Ilyina. Adult males and females 
were fixed in 3:1 (ethanol: acetic acid) fixative and then stored at 4 °C until required. 
Collection sites, sampling dates, and the number of studied specimens are given in Ta-
ble 1. Species identification was made by G. Khabiev and/or V. Krivokhatsky. Voucher 
specimens have been deposited in the insect collections of Zoological Institute RAS 
(St. Petersburg, Russia).

Microscopic observation of gonads

The current study is part of a larger research project on Neuroptera, their cytogenetics 
and evolution. For the last decade, we have prepared dozens of cytological preparations 
to study the karyotypes and male meiosis of lacewings represented by a quite wide 
taxonomic range (Kuznetsova et al. 2015, 2016). For those purposes, the insects were 
fixed in the Carnoy fixative (ethanol and glacial acetic acid, 3:1), the gonads were then 
dissected out of the abdomen in a drop of 45% acetic acid on a microscope slide and 
squashed. Before squashing for the subsequent chromosome analyses, the testicular 
follicles of the male and the ovarioles of the female were carefully separated from each 
other and counted under a stereomicroscope SZX7, Olympus. Those data became a 
basis for the present paper. While estimating the variation of the number of follicles 
per testis and ovarioles per ovary, we calculated the arithmetic mean and its standard 
deviation (SD) in a given set of data.

Results

In males, the internal reproductive organs were found to locate in the area of abdomi-
nal segments IV to VIII (depending of the species and the stage of development of 
the individual) and consist of the various parts commonly found in insects, including 
two symmetrical testes with various numbers of follicles, seminal vesicles, efferent 
ducts, accessory glands and the ejaculatory duct. Within the testis, follicles connect 
each other at the base, each follicle being enclosed in a yellow to red scrotal sheath. 
In females, the internal reproductive organs usually occupy the area of abdominal 
segments II to III and consist of a pair of ovaries, a pair of lateral oviducts, a common 
central oviduct, accessory glands, and a spermatheca. Within the ovary, the ovarioles 
are transparent and join each other by the terminal filaments. The investigation of 
the complete structure of the reproductive organs falls outside the scope of our study, 
which has almost exclusively focused on the number of follicles in males and the 
number of ovarioles in females.

Overall 18 species belonging to 15 genera of the families Myrmeleontidae (14 spe-
cies, eleven genera, five subfamilies), Ascalaphidae (two species, two genera, one sub-
family), and Nemopteridae (two species, two genera, one subfamily) were explored. All 
species, except Euroleon nostras (Geoffroy in Fourcroy, 1785) (Myrmeleontidae) and 
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Table 1. Number of testicular follicles and ovarioles in Myrmeleontidae, Ascalaphidae, and Nemopteridae.

Taxon Number of 
males and 

females studied 

Number of 
follicles in each of 
the paired testes

Number of 
ovarioles in each of 
the paired ovaries

Place and date of 
collection 

Reference

Myrmeleontidae
Palparinae
1. Palpares libelluloides 

(Linnaeus, 1764)
6♂ 305/* – Russia, Dagestan, 

Makhachkala, May 2013
Present study

267/378
351/396
346/319
312/472
337/338

2. Palpares sp. ?♂ 40/40 – Ghana, Legon Quartey and 
Kumar 1973

Acanthaclisinae
3. Acanthaclisis occitanica 

(Villers, 1789)
1♂ 50/51 – Russia, Dagestan, 

Makhachkala, July 2015
Present study

1♀ – 10/10 Armenia, Azat Reserve, 
June 2017

Nemoleontinae
4. Creoleon plumbeus 

(Olivier, 1811)
6♂ 6/6 (3) – Russia, Dagestan, Gazard 

Cala, July 2015
Present study

5/6 (1)
5/*(1)
5/5 (1)

1♀ – 10/10 Armenia, Ararat prov., 
Lanjar 18.08.2016

5. Creoleon griseus (Klug 
in Ehrenberg, 1834)

1♀ – 10/10 Armenia, Yerevan, 
15.08.2016

Present study

6. Distoleon 
tetragrammicus 
(Fabricius, 1798)

4♂ 4/4 (1) – Russia, Dagestan, 
Makhachkala, Karaman, 

2016

Present study
4/5 (1)
5/5 (2)

1♀ – 10/10 Russia, Dagestan, 
Makhachkala,

July 2015
7. Delfimeus irroratus 

(Olivier, 1811)
1♀ – 10/10 Armenia, Ararat prov., env. 

Dashtakar, 6.08.2016
Present study

8. Neuroleon lukhtanovi 
Krivokhatsky, 1996

1♂ 5/5 – Russia, Dagestan, Chirkata, 
15.07.2013

Present study

9. Neuroleon sp. ?♀ – 10/10 Ghana, Legon Quartey and 
Kumar 1973

10. Macronemurus 
bilineatus Brauer, 1868

3♂ 5/* – Russia, Dagestan, 
Makhachkala, June 2013

Present study
6/5
5/5

Myrmecaelurinae
11. Nohoveus zigan H. 

Aspöck, U. Aspöck et 
Hölzel, 1980

1♂ 9/9 – Armenia, Goravan, 31.05. 
2017

Present study

1♀ – 10/10 Armenia, Armavir prov., 
Yervandashat, 21.09.2016

12. Myrmecaelurus 
trigrammus (Pallas, 
1771)

6♂ 9/9 (5) – Russia, Astrakhan reg., 
Tinaki, 9.07.2016

Present study
9/10 (1)

26♂ 10/10 (10) – Russia, Dagestan, 
Makhachkala, June-July 

2013
10/8 (3)
10/* (8)

5♀ 11/7 (1) 10/10 Russia, Dagestan, 
Makhachkala, June-July 

2013
8/8 (2) 
9/* (1) 
6/6 (1)

13. Myrmecaelurus solaris 
Krivokhatsky, 2002

3♀ 10/10 Russia, Dagestan Present study

Myrmeleontinae
14. Myrmeleon inconspicuus 

Rambur, 1842
4♂ 6/6 (2) – Russia, Astrakhan reg., 

Tinaki, 9.07.2016
Present study

6/5 (1)
5/5 (1)
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Taxon Number of 
males and 

females studied 

Number of 
follicles in each of 
the paired testes

Number of 
ovarioles in each of 
the paired ovaries

Place and date of 
collection 

Reference

15. Myrmeleon immanis 
Walker, 1853

3♂ 5/5 – Russia, Dagestan, 
Makhachkala, July 2015

Present study

16. Myrmeleon formicarius 
Linneaus, 1767

?♂ 5/5 – ? Stitz 1909

17. Euroleon nostras 
(Geoffroy in Fourcroy, 
1785) 

2♂ 3/3 – Russia, Dagestan Present study
?♀ – 10/10 SW Poland Garbiec and 

Kubrakiewicz 2012
Ascalaphidae
Ascalaphinae
18. Libelloides macaronius 

kolyvanensis (Laxmann, 
1770)

1♂ 12/12 (at least) – Armenia, Aygedzor, 
4.06.2017

Present study

3♀ – 10/10
18a. Libelloides macaronius 

macaronius (Scopoli, 
1763) 

?♂ 6/6** – Germany, Kalenderberge Brauer 1854 
(as Ascalaphus 
macaronius/
hungaricus)

19. Ascalaphus Fabr. cf. 
africanus (McLachlan, 
1871)

?♀ – 10/10 Ghana, Peduase (Accra 
district)

Quartey and Kumar 
1973 [Ascalaphus 
sp. =Ascalaphus 

Fabr. cf. africanus 
(McL.)]

20. Bubopsis hamata (Klug 
in Ehrenberg, 1834)

2♂ 33/56 – Russia, Dagestan, Chirkata Present study
50/44

Nemopteridae
Nemopterinae
21. Lertha ledereri (Sélys-

Longchamps, 1866)
2♂ 6/6 – Armenia, Goravan, August, 

2017
Present study

22. Nemoptera sinuata 
Olivier, 1811

2♂ 6/6 – Armenia, Aygedzor, 
4.06.2017

Present study

4♂ 6/6 – Armenia, Meghri, 
Artsvakar, 2017

2♀ – 10/10 Armenia, Azat Reserve, 
2017

23. Palmipenna cf. 
pilicornis Tjeder, 1967

?♂ 5/5 – South Africa, Biedouw 
Valley, Namaqualand (Cape 

Province)

Walker et al. 1994

24. Palmipenna aeoleoptera 
Picker, 1987

32♂ 5/5 – South Africa, Biedouw 
Valley, Namaqualand (Cape 

Province)

Walker et al. 1994

*Another testis was not found;
** In the original paper, the number of follicles is questioned.

Libelloides macaronius (Scopoli, 1763) (Ascalaphidae) examined previously in respect 
to the number of ovarioles (Garbiec and Kubrakiewicz 2012) and the number of fol-
licles (Brauer 1854), respectively, were studied for the first time.

Myrmeleontidae

Palparinae
Six adult males of Palpares libelluloides (Linnaeus, 1764) were available for examina-
tion. Their bean-shaped testes were encapsulated each by the yellow scrotal membrane. 
In a sample of eleven testes examined (Table 1), the number of follicles varied in the 
range of 267–472 (mean 347.4, SD 54.18).
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Acanthaclisinae
An adult male and an adult female of Acanthaclisis occitanica (Villers, 1789) were 
examined. In males, the bean-shaped testes were enclosed by the yellow sheath. We 
counted 51 follicles in one testis and 50 follicles in another testis of the male. In the 
female, the paired ovaries consisted each of the ten transparent ovarioles.

Nemoleontinae
Six species from five genera were studied, namely, Creoleon plumbeus (Olivier, 1811) 
(6♂, 1♀), C. griseus (Klug in Ehrenberg, 1834) (1♀), Distoleon tetragrammicus (Fab-
ricius, 1798) (4♂, 1♀), Delfimeus irroratus (Olivier, 1811) (1♀), Neuroleon lukhtanovi 
Krivokhatsky, 1996 (1♂), and Macronemurus bilineatus Brauer, 1868 (3♂). In males, 
testes were spindle-shaped and yellow in color. In all studied species, regardless of the 
tribe they belong, the number of follicles per testis varied between six and four (Ta-
ble 1). In the male of N. lukhtanovi each of the testes comprised five follicles. In males 
of C. plumbeus, D. tetragrammicus and M. bilineatus, a variation of the follicle number 
was observed both between conspecific males and/or between different testes of a male. 
Specifically, eleven testes checked in C. plumbeus consisted each of five or six follicles 
(mean 5.63, SD 0.5), eight testes examined in D. tetragrammicus consisted each of four 
or five follicles (mean 4.6, SD 0.52), and five testes examined in M. bilineatus consisted 
each of five or six follicles (mean 5.8, SD 0.45). Each of the four species studied in 
respect to the ovary structure, Creoleon plumbeus, C. griseus, D. tetragrammicus, and 
Delfimeus irrotatus, displayed ten transparent ovarioles per ovary.

Myrmecaelurinae
Three species from two genera of the tribe Myrmecaeluruni were studied, namely, 
Novoheus zigan H. Aspöck, U. Aspöck & Hölzel, 1980 (1♂, 1♀), Myrmecaelurus tri-
grammus (Pallas, 1771) (32♂, 5♀), and M. solaris Krivokhatsky, 2002 (3♀). In males, 
testes were spindle-shaped and yellow to orange in color. The only studied male of 
N. zigan displayed nine follicles per testis. In two geographically distant populations 
of M. trigrammus (Russia: Astrakhan region and Dagestan), a variation in the follicle 
number was observed between different males and different testes of a male (Table 1). 
Overall, in a sample of 53 testes examined the number of follicles varied in the range 
of 6–11 (mean 9.42, SD 0.99). Each of the three species studied in respect to the ovary 
structure, N. zigan, M. trigrammus, and M. solaris, displayed ten transparent ovarioles 
per ovary.

Myrmeleontinae
Three species from two genera were studied, namely, Myrmeleon inconspicuus Rambur, 
1842 (4♂), M. immanis Walker, 1853 (3♂), and Euroleon nostras (2♂). In males, testes 
were spindle-shaped and yellow to orange in color. Testes of M. immanis comprised 
each five follicles in each of the males explored. In M. inconspicuus, a variation was 
observed between both males and different testes of a male (Table 1). Specifically, of 
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the eight testes dissected, four had six follicles, two had five follicles, and two had six 
and five follicles, respectively (mean 5.62, SD 0.52). In E. nostras, each of the males 
had three follicles per testis.

Ascalaphidae

Ascalaphinae
Two species from two genera were studied, namely, Libelloides macaronius kolyvanensis 
(Laxmann, 1770) (1♂, 3♀) and Bubopsis hamata (Klug in Ehrenberg, 1834) (2♂). 
Unfortunately, in the male of L. m. kolyvanensis we were unable to calculate exactly 
the number of follicles; however, there were no less than twelve follicles in each of the 
testes. Every female had ten transparent ovarioles per ovary. In B. hamata, one male 
had approximately 33 and 56 follicles in different testes, whereas the other one had 
approximately 44 and 50 follicles in different testes (mean 45,75, SD 9,8).

Nemopteridae

Nemopterinae
Two species from two genera were studied, namely, Lertha ledereri (Sélys-Longchamps, 
1866) (2♂) and Nemoptera sinuata Olivier, 1811 (6♂, 2♀). In both species, males had 
six follicles in each of the paired testes. The testes were spindle-shaped and light yellow 
in color. The females of N. sinuata had ten transparent ovarioles per ovary.

Discussion

A summary of all information currently available on the number of follicles and 
ovarioles in the lacewing species of the families Myrmeleontidae, Ascalaphidae, and 
Nemopteridae, derived mainly from the present study but also from five other studies 
conducted at different times by different researchers, is presented in Table 1. To our 
knowledge, no species of Psychopsidae and Nymphidae, the two other families of the 
suborder Myrmeleontiformia, have yet been studied in respect to testes and ovaries.

The general morphology of male and female internal reproductive system

As mentioned above, we did not study the internal reproductive organs of males and 
females in depth. In species under study, the male and female reproductive organs 
seem to correlate with those figured by Quartey and Kumar (1973) for Palpares sp., 
Neuroleon sp. and Ascalaphus sp. (= Ascalaphus Fabr. cf. africanus (McLachlan, 1871), 
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by Walker et al. (1994) for Palmipenna spp. (Nemopteridae), and by Brauer (1854) 
for Ascalaphus macaronius/hungaricus (= Libelloides macaronius macaronius (Scopoli, 
1763); see Krivokhatsky et al. 2018 for synonymy).

Testicular follicles

More two-thirds of all hitherto studied species (Table 1) were found to have relatively 
low number of follicles per testis lying in the range between three (Euroleon nostras) 
and eleven, the latter number having been revealed in only one of the 53 testes exam-
ined in the polymorphic for this trait species Myrmecaelurus trigrammus. Both species 
belong to the family Myrmeleontidae, in which 14 species from eleven genera and five 
subfamilies were studied. Low numbers (3–11) were found in the subfamilies Nemo-
leontinae, Myrmecaelurinae, and Myrmeleontinae, but not in Palparinae and Acan-
thaclisinae. In the Palparinae, males of Palpares sp. and P. libelluloides showed 40 and 
347.4 (on average) follicles per testis, respectively (Table 1). In the only studied male 
of Acanthaclisis occitanica (Acanthaclisinae) 50 and 51 follicles were counted in dif-
ferent testes. In the family Nemopteridae, all the four studied species in three genera, 
Lertha Navás, 1910, Nemoptera Latreille, 1802, and Palmipenna Tjeder, 1967, were 
found to have low numbers, namely, six in the first two genera and five in the last one. 
The family Ascalaphidae seems to display a rather wide margin of the follicle numbers, 
although the existing data are scarce and partly controversial. We found that the two 
studied males of Bubopsis hamata have a relatively high number of follicles, 45,75 (in 
average) per testis. On the other hand, Libelloides macaronius macaronius and L. m. 
kolyvanensis showed a relatively low number of follicles although their actual number 
remained uncertain for both. According to Brauer (1854), males of L. m. macaronius 
possess approximately six follicles per testis; however, in the only studied male of L. 
m. kolyvanensis we were able to count at least twelve follicles in each of the testes. It 
is worth noting that many species showed a variation in the follicle number between 
both different males and even different testes of a male, this being equally true for 
species with high and low number of follicles. It is interesting that a variability of the 
follicles number was likewise reported in some species of Raphidioptera (snakeflies) 
and Megaloptera (alderflies and dobsonflies), the two other orders of the superorder 
Neuropterida (Neuropteroidea) (Stitz 1909).

In the majority of genera, the only species was unfortunately studied. The excep-
tions are the genera Palpares Rambur, 1842 and Palmipenna, each with two explored 
species, and Myrmeleon Linnaeus, 1767 with three studied species. An important point 
is that in every case, the congeneric species share similar trends, namely, Palpares spp. 
have high numbers (40 and higher) while the two other genera have low numbers (five 
and/or six).

Note that the species differing significantly in the number of follicles seem to 
have no evident ecological, physiological, and developmental differences; then, it is 
not quite clear what could be the cause of such a wide variety of testes. It may be that 
the variation in follicle number manifests adaptation to the male abdomen size and, 
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then, one might expect that the larger the insect the more follicles it has. Indeed, males 
of Palpares libelluloides, Acanthaclisis occitanica, and Bubopsis hamata, the three species 
characterized by numerous follicles, have very voluminous (long and/or thick) abdo-
mens. Moreover, P. libelluloides showing the highest number of follicles, 267–472 per 
testis (mean 347.4, SD 54.18), is known as the largest species in the antlion fauna of 
Russia: in males, the abdomen (together with ectoprocts) can reach 45 mm in length 
(Krivokhatsky 2011).

Working with aphids, Blackman (1987) introduced the possibility that the reduc-
tion of the number of testicular follicles is related to the transfer of spermatogenesis 
to early larval stages. Our observation is that in the neuropteran males, meiosis does 
generally occur in the very young individuals. Nevertheless, this is equally true for spe-
cies with both high and low number of follicles.

Thus, our study resulted in the discovery of many novel values of the follicle num-
ber in Myrmeleontiformia. Our results also indicate that the limits of the variation in 
the follicle number are very broad, much more than previously known both for this 
group and the order Neuroptera as a whole. However, the mechanisms underlying the 
diversity of the follicle number in the group must be explored further.

Ovarioles

In all hitherto studied species of the families Myrmeleontidae (ten species, eight gen-
era), Ascalaphidae (two species, two genera), and Nemopteridae (one species), ovaries 
were found to consist of ten ovarioles each (Brauer 1854; Stitz 1909; Quartey and 
Kumar 1973; Garbiec and Kubrakiewicz 2012; present paper). The same ovarian struc-
ture was considered the most characteristic of the Neuroptera as a whole (Garbiec and 
Kubrakiewicz 2012). It should be noted, however, that the number of ovarioles per 
ovary is known to vary significantly (8–20) within the green lacewing family Chrys-
opidae (the suborder Hemerobiiformia) and even in the species of the genus Chrysopa 
Leach, 1815 (Vacacela et al. 2017).

The number of ovarioles in ovaries does not show a correlation with the female abdo-
men size, at least in the families studied here, considering that the same ovary structure 
was observed in all species, including relatively large Acanthaclisis occitanica. However, 
relevant data on other large species, such as Palpares libelluloides, are absent.

Large female insects were postulated to tend having comparatively higher potential 
fecundity (Berger et al. 2008). Moreover, the number of ovarioles per ovary is sug-
gested to play a direct role in the number of eggs produced by a female and largely 
determines potential fecundity of an insect (Sarikaya et al. 2012). Even so, we can 
infer that in the neuropteran females the number of ovarioles is not the key factor 
responsible for their fecundity. An interesting avenue for future research would be 
to test whether there is a correlation between the size of ovarioles and the number of 
oocytes produced by these ovarioles, on the one hand, and the fecundity, on the other 
hand, in neuropteran females. Hodin (2009) suggested that plasticity in the number of 
ovarioles might be more prevalent for organisms living in fluctuating environments. In 
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Myrmeleontidae and Ascalaphidae, the larvae are known to be underground inhabit-
ants, mostly psammophilous (Mansell 1999). It is conceivable, that there is a certain 
relationship between this lifestyle and the stability of the ovary structure. In this con-
text, the above-mentioned variation of the number of ovarioles in chrysopids (Vacacela 
et al. 2017) may be related to the open lifestyle of their larvae.

The evolutionary changes of testes and ovaries in Myrmeleontiformia

We have shown that lacewings, at least in the families Myrmeleontidae, Ascalaphidae, 
and Nemopteridae, are highly conservative in the number of ovarioles in females, and, 
conversely, highly diverse in the number of testicular follicles in males. It is assumed 
that testes and ovaries of insects were initially arranged by segments, and they fell into 
a common seminal duct or oviduct, respectively, on each side of the abdomen. The 
evolutionarily initial number of follicles per testis as well as ovarioles per ovary is there-
fore suggested to be seven as the number of the pregenital segments in adult males and 
females (Sharov 1966; Emeljanov et al. 2001). Since all so far studied species of the 
Myrmeleontiformia have ten ovarioles per ovary, it is likely that this pattern is a charac-
teristic feature of the suborder as a whole. This character gives thus additional support 
for the monophyly of Myrmeleontiformia substantiated both by morphological and 
genomic data (Aspöck et al. 2001, 2003; Badano et al. 2016; Song et al. 2019). Taken 
seven ovarioles per ovary as an ancestral state of this character, the occurrence of ovaries 
with ten ovarioles might represent a result of a simple polymerization.

Despite a great variability of the follicle number among Myrmeleontiformia, 
at least in Myrmeleontidae and Ascalaphidae, the majority of studied species have 
relatively low numbers, three to eleven, with an apparent mode of 6–5 follicles per 
testis. Moreover, only these two numbers were discovered in the family Nemopteri-
dae considered a sister-group of the [Myrmeleontidae + Ascalaphidae] clade (see for 
review Song et al. 2019). Taking into account that no testes with seven follicles are 
presently known in Myrmeleontiformia (likewise in Neuroptera as a whole), either 
six or five follicles per testis could be considered a plesiomorphic condition in Myr-
meleontiformia. At present, it is tempting to believe that the testis with six follicles 
represents the ancestral character state, since it is the only pattern encountered in each 
of the three families explored. Both lower and higher numbers are, thus, the derived 
traits in Myrmeleontiformia. In the evolution of the families Myrmeleontidae and 
Ascalaphidae, the processes leading to increasing the follicle number were intensive. 
In these families, the number of follicles has increased up to 40–56 in some species 
(Palpares sp., Acanthaclisis occitanica, Bubopsis hamata) and further still has dramati-
cally increased up to several hundred in Palpares libelluloides. It is of interest that the 
species of the genus Palpares have significantly different number of testicular follicles 
even though it is high in both cases. We can speculate, based on the currently available 
data, that the increasing of the follicle number in Ascalaphidae and Myrmeleontidae is 
the result of homoplasy, and the polymerization of the follicles has thus independently 
occurred in these two families (Fig. 1).
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Figure 1. The proposed ancestral numbers of follicles per testis (white circles) and ovarioles per ovary 
(black circles) and limits of their variation across the families Myrmeleontidae, Ascalaphidae, and Nem-
opteridae (Myrmeleontiformia)

Conclusions

Overall, the data presented here show that testes and ovaries demonstrate quite differ-
ent evolutionary trends within the families Myrmeleontidae, Ascalaphidae, and Nem-
opteridae. The variable number of testicular follicles suggests that this structure is evo-
lutionarily rather labile and, conversely, the number of ovarioles is invariable in these 
families and probably in the suborder Myrmeleontiformia as a whole. Our knowledge 
of testes and ovaries in this group as well as in Neuroptera as a whole is currently very 
limited. These key reproductive traits need in a further detailed study based on the 
extensive and broadly representative taxon sampling.

Acknowledgements

We thank A. Dantchenko (Moscow, Russia), E. Ilyina (Makhachkala, Russia), T. Ghre-
jyan and I. Stepanyan (Erevan, Armenia) for collecting some specimens. We thank Prof. 
Alexi Popov (Sofia, Bulgaria) for his valuable comments on the manuscript. The study 
was performed within the state research projects No AAAA-A19-119020790106-0 
(VK) and No AAAA-A19-119020690082-8 (VKr). Partial financially supported by 
the research grant from the Russian Foundation for Basic Research (No 19-54-18002) 
and by the Presidium of the Russian Academy of Sciences, Program № 41 “Biodiver-
sity of natural systems and biological resources of Russia” (VK).



Valentina G. Kuznetsova et al.  /  ZooKeys 894: 33–51 (2019)46

References

Akingbohungbe AE (1983) Variation in testis follicle number in the Miridae (Hemiptera: Het-
eroptera) and its relationship to the higher classification of the family. Annals of the Ento-
mological Society of America 76: 37−43. https://doi.org/10.1093/aesa/76.1.37

Aspöck U, Plant JD, Nemeschkal HL (2001) Cladistic analysis of Neuroptera and their sys-
tematic position within Neuropterida (Insecta: Holometabola: Neuropterida: Neuroptera). 
Systematic Entomology 26: 73–86. https://doi.org/10.1046/j.1365-3113.2001.00136.x

Aspöck U, Aspöck H, Haring E (2003) Phylogeny of the Neuropterida – morphological evi-
dence and the molecular advocatus diaboli. Entomologische Abhandlungen 61: 157–158.

Badano D, Aspöck U, Aspöck H, Cerretti P (2016) Phylogeny of Myrmeleontiformia based 
on larval morphology (Neuropterida: Neuroptera). Systematic Entomology 42: 94−117. 
https://doi.org/10.1111/syen.12200

Barcellos MS, Martins LC, Cossolin JF, Serrão JE, Delabie JH, Lino-Neto J (2015) Testes 
and spermatozoa as characters for distinguishing two ant species of the genus Neopon-
era (Hymenoptera: Formicidae). Florida Entomologist 98: 1254–1256. https://doi.
org/10.1653/024.098.0441

Berger D, Walters L, Gotthard K (2008) What limits insect fecundity? Body size- and tem-
perature-dependent egg maturation and oviposition in a butterfly. Functional Ecology 22: 
523–529. https://doi.org/10.1111/j.1365-2435.2008.01392.x

Bilinski S (1998) Introductory remarks. Folia Histochemica et Cytobiologica 36(4): 143−145.
Blackman RL (1987) Reproduction, cytogenetics and development. In: Minks AK, Harrewijn 

P (Eds) Aphids: Their Biology, Natural Enemies and Control. 2. Elsevier, Amsterdam, 
163–195.

Brauer F (1854) Beiträge zur Kenntniss des inneren Baues und der Verwandlung der Neu-
ropteren (Ascalaphus macaronius Scop., Myrmeleon tetragrammicus Pallas, Fabr., Burm.). 
Verhandlungen der Zoologisch-Botanischen Gesellschaft in Wien 4 (1852): 463−472. 
[Separate: S. 1–9]

Büning J (1993) Germ cell cluster formation in insect ovaries. International Journal of In-
sect Morphology and Embryology 22: 237–253. https://doi.org/10.1016/0020-
7322(93)90013-Q

Büning J (1994) The Insect Ovary. Ultrastructure, Previtellogenic Growth and Evolution. 
Chapman & Hall, London, 400 pp. https://doi.org/10.1007/978-94-011-0741-9

Büning J (2005) The telotrophic ovary known from Neuropterida exists also in the myxophagan 
beetle Hydroscapha natans. Development Genes and Evolution 215: 597–607. https://doi.
org/10.1007/s00427-005-0017-8

Büning J (2006) Ovariole structure supports sistergroup relationship of Neuropterida and Co-
leoptera. Arthropod Systematics and Phylogeny 64(2): 115–126.

Castanhole MM, Pereira LL, de Souza HV, Itoyama MM (2012) Spermatogenesis of rif-
fle bugs, Rhagovelia whitei and Rhagovelia sp. (Veliidae), and backswimmers Martarega 
sp. (Notonectidae). Genetics and Molecular Research 11(3): 2003–2020. https://doi.
org/10.4238/2012.August.6.5

https://doi.org/10.1093/aesa/76.1.37
https://doi.org/10.1046/j.1365-3113.2001.00136.x
https://doi.org/10.1111/syen.12200
https://doi.org/10.1653/024.098.0441
https://doi.org/10.1653/024.098.0441
https://doi.org/10.1111/j.1365-2435.2008.01392.x
https://doi.org/10.1016/0020-7322(93)90013-Q
https://doi.org/10.1016/0020-7322(93)90013-Q
https://doi.org/10.1007/978-94-011-0741-9
https://doi.org/10.1007/s00427-005-0017-8
https://doi.org/10.1007/s00427-005-0017-8
https://doi.org/10.4238/2012.August.6.5
https://doi.org/10.4238/2012.August.6.5


Testicular follicles and ovarioles 47

Chapman RF (2013) The Insects: Structure and Function. 5th ed. Cambridge University Press, 
New York, 788 pp. [Chapter 12, 282–312: male; Chapter 13, 313–343: female]

De Jong GD (2011) Observations on the biology of Polystoechotes punctatus (Fabricius) (Neu-
roptera: Ithonidae): Adult trophic status, description of the male reproductive system, and 
associations with mites. Proceedings of the Entomological Society of Washington 113(3): 
291–298. https://doi.org/10.4289/0013-8797.113.3.291

Dias FA, Gandara AC, Queiroz-Barros FG, Oliveira RL, Sorqine MH, Braz GR, Oliveira 
PL (2013) Ovarian dual oxidase (Duox) activity is essential for insect eggshell hardening 
and waterproofing. Journal of Biological Chemistry 288(49): 35058–35067. https://doi.
org/10.1074/jbc.M113.522201

Emeljanov AF, Kuznetsova VG (1983) The number of seminal follicles as a phylogenetic and 
taxonomic feature in the Dictyopharidae (Hemiptera) and other leafhoppers. Zoologich-
eskii Zhurnal 62: 1583–1586. [In Russian, English abstract]

Emeljanov AF, Golub NV, Kuznetsova VG (2001) Evolutionary transformation of testes and 
ovaries in booklice, birdlice, and sucking lice (Psocoptera, Phthiraptera: Mallophaga, Ano-
plura). Entomologicheskoe Obozrenie 80(3): 557–577. [in Russian; English transl. in En-
tomological Review 81(7): 767–785]

Faille A, Pluot-Sigwalt D (2015) Convergent reduction of ovariole number associated with 
subterranean life in beetles. PLoS ONE 10(7): e0131986. https://doi.org/10.1371/jour-
nal.pone.0131986

Fereira A, Abdalla FC, Kerr WE, Da Cruz-Landim C (2004) Comparative anatomy of the 
male reproductive internal organs of 51 species of bees. Neotropical Entomology 33(5): 
569–576. https://doi.org/10.1590/S1519-566X2004000500005

Fiorillo BS, Lino-Neto J, Báo SN (2008) Structural and ultrastructural characterization of male 
reproductive tracts and spermatozoa in fig wasps of the genus Pegoscapus (Hymenoptera, 
Chalcidoidea). Micron 39(8): 1271–1280. https://doi.org/10.1016/j.micron.2008.03.005

Garbiec A, Kubrakiewicz J (2012) Differentiation of follicular cells in polytrophic ovaries of 
Neuroptera (Insecta: Holometabola). Arthropod Structure and Development 41(2): 165–
176. https://doi.org/10.1016/j.asd.2011.12.003

Garbiec A, Kubrakiewicz J, Mazurkiewicz-Kania M, Simiczyjew B, Jędrzejowska I (2016) 
Asymmetry in structure of the eggshell in Osmylus fulvicephalus (Neuroptera: Osmylidae): 
an exceptional case of breaking symmetry during neuropteran oogenesis. Protoplasma 
253(4): 1033–1042. https://doi.org/10.1007/s00709-015-0860-z

Gillot C (2005) Entomology. Springer, Canada, 831 pp.
Glowacka E, Kuznetsova VG, Maryańska-Nadachowska A (1995) Testis follicle number in 

psyllids (Psylloidea, Homoptera) as an anatomical feature in studies of systematic relations 
within the group. Folia biologica (Krakow) 43(3–4): 115–124.

Golub NV (2003) The reproductive system of Psocoptera. Entomologicheskoe Obozrenie 
82(1): 90–101 [in Russian; English translation in Entomological Review 83(1): 4–15.

Green DA (2014) Developmental and genetic mechanisms of ovariole number evolution in 
Drosophila. PhD Thesis, Cambridge: Harvard University. http://nrs.harvard.edu/urn-
3:HUL.InstRepos:12274190

https://doi.org/10.4289/0013-8797.113.3.291
https://doi.org/10.1074/jbc.M113.522201
https://doi.org/10.1074/jbc.M113.522201
https://doi.org/10.1371/journal.pone.0131986
https://doi.org/10.1371/journal.pone.0131986
https://doi.org/10.1590/S1519-566X2004000500005
https://doi.org/10.1016/j.micron.2008.03.005
https://doi.org/10.1016/j.asd.2011.12.003
https://doi.org/10.1007/s00709-015-0860-z
http://nrs.harvard.edu/urn-3:HUL.InstRepos:12274190
http://nrs.harvard.edu/urn-3:HUL.InstRepos:12274190


Valentina G. Kuznetsova et al.  /  ZooKeys 894: 33–51 (2019)48

Grimaldi D, Engel M (2005) Evolution of the Insects. Cambridge University Press, New York 
and Cambridge, 755 pp.

Hassan MI, Amer MS, Hammad KM, Gabarty A, Tharwat A, Selim TA (2017) Latent ef-
fect of gamma irradiation on reproductive potential and ultrastructure of males’ testes of 
Culex pipiens (Diptera; Culicidae). Journal of Radiation Research and Applied Sciences 10: 
44–52. https://doi.org/10.1016/j.jrras.2016.11.003

Hodin J (2009) She shapes events as they come: plasticity in female insect reproduction. In: Whit-
man DW, Ananthakrishnan TN (Eds) Phenotypic Plasticity of Insects: Mechanisms and 
Consequences. Science Publishers, Enfield, 423–521. https://doi.org/10.1201/b10201-12

Kirillova VI (1989) The anatomy of the male reproductive system in Homoptera (Cicadinea, 
Delphacidae) and the use of its structure in the taxonomy of the family. Zoologicheskii 
Zhurnal 68: 143–148. [in Russian, English abstr.]

Klowden MJ (2013) Male reproductive systems. Physiological Systems in Insects. University of 
Idaho, Moscow, 203–214. https://doi.org/10.1016/B978-0-12-415819-1.00004-0

Krivokhatsky VA (2011) Antlions (Neuroptera: Myrmeleontidae) of Russia. KMK Scientific 
Press Ltd, St. Petersburg-Moscow, 334 pp. [In Russian]

Krivokhatsky VA, Bagaturov MF, Prokopov GA (2018) Owlflies (Neuroptera: Ascalaphidae) 
of Crimea and allied taxa from the West Palaearctic. Caucasian Entomological Bulletin 
14(Suppl.): 41–72. https://doi.org/10.23885/18143326201814S4172

Kubrakiewicz J (2002) Extrachromosomal rDNA amplification in the oocytes of Polystoechotes 
punctatus (Fabricius) (Insecta-Neuroptera-Polystoechotidae). Arthropod Structure and De-
velopment 31(1): 23–31. https://doi.org/10.1016/S1467-8039(02)00014-2

Kubrakiewicz J, Jedrzejowska I, Biliński SM (1998) Neuropteroidea – different ovary structure 
in related groups. Folia Histochemica et Cytobiologica 36: 179–187.

Kuznetsova VG (1985) Phylogenetic analysis of chromosome variability and karyosystematics 
of Cicadina of the family Dictyopharidae (Homoptera, Auchenorrhyncha). Entomolog-
icheskoe Obozrenie 64: 539–553. [in Russian; English transl. in Entomological Review 
65(2): 88–106]

Kuznetsova VG, Nokkala S, Shcherbakov D (2002) Karyotype, reproductive organs, and pat-
tern of gametogenesis in Zorotypus hubbardi Caudell (Insecta: Zoraptera, Zorotypidae), 
with discussion on relationships of the order. Canadian Journal of Zoology 80: 1047–
1054. https://doi.org/10.1139/z02-074

Kuznetsova VG, Maryańska-Nadachowska A, Emeljanov AF (2009) A contribution to the 
karyosystematics of the planthopper families Dictyopharidae and Fulgoridae (Hemip-
tera: Auchenorrhyncha). European Journal of Entomology 106: 159–170. https://doi.
org/10.14411/eje.2009.019

Kuznetsova VG, Labina ES, Shapoval NA, Maryańska-Nadachowska A, Lukhtanov VA (2012) 
Cacopsylla fraudatrix sp. n. (Hemiptera: Psylloidea) recognised from testis structure and mi-
tochondrial gene COI. Zootaxa 3547: 55–63. https://doi.org/10.11646/zootaxa.3547.1.5

Kuznetsova VG, Khabiev GN, Krivokhatsky VA (2015) Chromosome numbers in antlions 
(Myrmeleontidae) and owlflies (Ascalaphidae) (Insecta, Neuroptera). ZooKeys 538: 
47−61. ttps://doi.org/10.3897/zookeys.538.6655

https://doi.org/10.1016/j.jrras.2016.11.003
https://doi.org/10.1201/b10201-12
https://doi.org/10.1016/B978-0-12-415819-1.00004-0
https://doi.org/10.23885/18143326201814S4172
https://doi.org/10.1016/S1467-8039(02)00014-2
https://doi.org/10.1139/z02-074
https://doi.org/10.14411/eje.2009.019
https://doi.org/10.14411/eje.2009.019
https://doi.org/10.11646/zootaxa.3547.1.5


Testicular follicles and ovarioles 49

Kuznetsova VG, Khabiev GN, Anokhin BA (2016) Cytogenetic study on antlions (Neuroptera: 
Myrmeleontidae): first data on telomere structure and rDNA location. Comparative Cy-
togenetics 10(4): 647–656. https://doi.org/10.3897/CompCytogen.v10i4.10775

Leston D (1961) Testis follicle number and the higher systematics of the Miridae (Hemiptera-
Heteroptera). Proceedings of the Zoological Society of London 137: 89–106. https://doi.
org/10.1111/j.1469-7998.1961.tb06163.x

Mansell MW (1999) Evolution and success of antlions (Neuropterida: Neuroptera, Myrmel-
eontidae). Stapfia 60: 49–58.

Maryańska-Nadachowska A, Kuznetsova VG, Yang Ch-T, Woudstra IH (1996) New data on 
karyotypes and the number of testicular follicles in the psyllid families Aphalaridae, Psyl-
lidae, Carsidaridae and Triozidae (Homoptera, Psylloidea). Caryologia 49(3–4): 279–285. 
https://doi.org/10.1080/00087114.1996.10797372

Maryańska-Nadachowska A, Taylor GS, Kuznetsova VG (2001a) Meiotic karyotypes and struc-
ture of testes in males of 17 species of Psyllidae: Spondyliaspidinae (Hemiptera: Psylloidea) 
from Australia. Australian Journal of Entomology 40: 349–356. https://doi.org/10.1046/
j.1440-6055.2001.00230.x

Maryańska-Nadachowska A, Kuznetsova VG, Taylor GS (2001b) Meiotic karyotypes and 
structure of testes in males of 12 species of Psyllidae: Acizziinae, Carsidaridae and Triozidae 
(Hemiptera: Psylloidea) from Australia. Australian Journal of Entomology 40: 357–364. 
https://doi.org/10.1046/j.1440-6055.2001.00231.x

Maryańska-Nadachowska A, Kuznetsova VG, Gnezdilov VM (2006) Variability in the karyo-
types, testes and ovaries of planthoppers of the families Issidae, Caliscelidae, and Acanalo-
niidae (Hemiptera: Fulgoroidea). European Journal of Entomology 103: 505–513. https://
doi.org/10.14411/eje.2006.066

Matsuda R (1976) Morphology and Evolution of the Insect Abdomen. With special reference 
to developmental patterns and their bearings upon systematics. Pergamon Press, Oxford, 
New York, Toronto, Sydney, Paris & Frankfurt, 534 pp.

Moreira PA, Araújo VA, Zama U, Lino-Neto J (2008) Morphology of male reproductive 
system in three species of Trypoxylon (Trypargilum) Richards (Hymenoptera: Crabro-
nidae). Neotropical Entomology 37(4): 429–435. https://doi.org/10.1590/S1519-
566X2008000400012

Mróz E, Wojciechowski W (2011) The systematic position the tribe Stenodemini (Heteroptera: 
Cimicomorpha: Miridae: Mirinae) in the light of the male internal reproductive system. 
Journal of Natural History 45(25–26): 1563–1588. https://doi.org/10.1080/00222933.2
011.559595

Oswald JD (2016) LDL Neuropterida Species of the World (version Oct 2013). In: Roskov 
Y, Abucay L, Orrell T, Nicolson D, Flann C, Bailly N, Kirk P, Bourgoin T, DeWalt RE, 
Decock W, De Wever A (Eds) Species 2000 & ITIS Catalogue of Life, 31st October 
2016. Species 2000 Naturalis, Leiden. https://www.catalogueoflife.org/col [accessed 5 
May 2016]

Palomeque T, Cano MA, Chica E, Diaz de la Guardia R (1990) Spermatogenesis in Tapinoma 
nigerrimum (Hymenoptera, Formicidae). Cytobios 62: 71–80.

https://doi.org/10.3897/CompCytogen.v10i4.10775
https://doi.org/10.1111/j.1469-7998.1961.tb06163.x
https://doi.org/10.1111/j.1469-7998.1961.tb06163.x
https://doi.org/10.1080/00087114.1996.10797372
https://doi.org/10.1046/j.1440-6055.2001.00230.x
https://doi.org/10.1046/j.1440-6055.2001.00230.x
https://doi.org/10.1046/j.1440-6055.2001.00231.x
https://doi.org/10.14411/eje.2006.066
https://doi.org/10.14411/eje.2006.066
https://doi.org/10.1590/S1519-566X2008000400012
https://doi.org/10.1590/S1519-566X2008000400012
https://doi.org/10.1080/00222933.2011.559595
https://doi.org/10.1080/00222933.2011.559595
https://www.catalogueoflife.org/col


Valentina G. Kuznetsova et al.  /  ZooKeys 894: 33–51 (2019)50

Papáček M, Soldán T (2008) Structure and development of the reproductive system in Aphe-
locheirus aestivalis (Hemiptera: Heteroptera: Nepomorpha: Aphelocheiridae). Acta Ento-
mologica Musei Nationalis Pragae 48(2): 299–318.

Quartey SQ, Kumar R (1973) Structure of the alimentary and reproductive organs of 
some adult Neuroptera. Insect Systematics and Evolution 4: 91–99. https://doi.
org/10.1163/187631273X00110

Sarikaya DP, Belay AA., Ahuja A, Dorta A, Green DA, Extavour CG (2012) The roles of cell 
size and cell number in determining ovariole number in Drosophila. Developmental Biol-
ogy 363(1): 279–289. https://doi.org/10.1016/j.ydbio.2011.12.017

Schubert LF, Krüger S, Moritz GB, Schubert V (2017) Male reproductive system and spermat-
ogenesis of Limodromus assimilis (Paykull, 1790). PLoS ONE 12(7): e0180492. https://
doi.org/10.1371/journal.pone.0180492

Sekimoto S, Yoshizawa K (2007) Discovery of the genus Suhpalacsa Lefèbvre (Neuroptera: 
Ascalaphidae: Ascalaphinae) in Japan, with description of a new species. Entomological 
Science 10: 81–86. https://doi.org/10.1111/j.1479-8298.2006.00201.x

Sharov AG (1966) Basic arthropodian stock with special reference to insects. International 
series of monographs in pure and applied biology. (Division: Zoology) 30: 1–271.

Sinclair BJ, Borkent A, Wood DM (2007) The male genital tract and aedeagal components of 
the Diptera with a discussion of their phylogenetic significance. Zoological Journal of the 
Linnean Society 150: 711–742. https://doi.org/10.1111/j.1096-3642.2007.00314.x

Sole CL, Scholtz CH, Ball JB, Mansell MW (2013) Phylogeny and biogeography of southern 
African spoon-winged lacewings (Neuroptera: Nemopteridae: Nemopterinae). Molecular 
Phylogenetics and Evolution 66: 360–368. https://doi.org/10.1016/j.ympev.2012.10.005

Song N, Li X-X, Zhai Q, Bozdoğan H, Yin X-M (2019) The mitochondrial genomes of Neu-
ropteridan insects and implications for the phylogeny of Neuroptera. Genes 10(2): 1–108. 
https://doi.org/10.3390/genes10020108

Stange LA (2004) A systematic catalog, bibliography and classification of the world antlions 
(Insecta: Neuroptera: Myrmeleontidae). Memoirs of the American Entomological Institute 
74: 1–565.

Stauffer TW, Whitman DW (1997) Grasshopper Oviposition. In: Gangwere SK, Muralirangan 
MC, Muralirangan M (Eds) The Bionomics of Grasshoppers, Katydids and their Kin. CAB 
International, Wallingford, 231–280.

Stitz H (1909) Zur Kenntnis des Genitalapparats der Neuropteren. Zoologische Jahrbücher. 
Abteilung für Anatomie und Ontogenie der Tiere 27: 377–448. https://doi.org/10.5962/
bhl.part.21341

Štys P, Biliński S (1990) Ovariole types and the phylogeny of hexapods. Biological Reviews 65: 
401–429. https://doi.org/10.1111/j.1469-185X.1990.tb01232.x

Taylor BJ, Whitman DW (2010) A test of three hypotheses for ovariole number determination 
in the grasshopper Romalea microptera. Physiological Entomology 35: 214–221. https://
doi.org/10.1111/j.1365-3032.2010.00732.x

Tworzydło W, Biliński SM, Kocárek P, Haas F (2010) Ovaries and germline cysts and their evo-
lution in Dermaptera (Insecta). Arthropod Structure and Development 39(5): 360–368. 
https://doi.org/10.1016/j.asd.2010.05.004

https://doi.org/10.1163/187631273X00110
https://doi.org/10.1163/187631273X00110
https://doi.org/10.1016/j.ydbio.2011.12.017
https://doi.org/10.1371/journal.pone.0180492
https://doi.org/10.1371/journal.pone.0180492
https://doi.org/10.1111/j.1479-8298.2006.00201.x
https://doi.org/10.1111/j.1096-3642.2007.00314.x
https://doi.org/10.1016/j.ympev.2012.10.005
https://doi.org/10.3390/genes10020108
https://doi.org/10.5962/bhl.part.21341
https://doi.org/10.5962/bhl.part.21341
https://doi.org/10.1111/j.1469-185X.1990.tb01232.x
https://doi.org/10.1111/j.1365-3032.2010.00732.x
https://doi.org/10.1111/j.1365-3032.2010.00732.x
https://doi.org/10.1016/j.asd.2010.05.004


Testicular follicles and ovarioles 51

Vacacela HE, Alvarez-Zapat A, Gonzales AC, Martins EF, Martinez LC, Serrão JE (2017) Anat-
omy and histology of the alimentary canal and ovarioles of Ceraeochrysa cubana adults. 
Bulletin of Insectology 70(2): 181–188. http://www.bulletinofinsectology.org/

Walker MH, Picker MD, Leon B (1994) Eversible abdominal vesicles and some observa-
tions of the male reproductive system of the spoon wing lacewing Palmipenna (Neurop-
tera: Nemopteridae). Journal of Morphology 219(1): 47–58. https://doi.org/10.1002/
jmor.1052190107

Wieczorek K (2006) Anatomical investigations of the male reproductive system of five spe-
cies of Calaphidinae (Hemiptera, Aphidoidea). Insect Systematics and Evolution 37: 457– 
465. https://doi.org/10.1163/187631206788831434

Wieczorek K, Wojciechowski W (2003) The use of the structure of the male reproductive sys-
tem of aphids (Hemiptera, Aphidoidea) in their phylogeny. Aphids and other Homopter-
ous Insects 9: 173–180.

Zhang Z, Men L, Peng Y, Li J, Deng A, Chen Y, Liu X, Ma R (2017) Morphological differ-
ences of the reproductive system could be used to predict the optimum Grapholita mo-
lesta (Busck) control period. Scientific Reports 7(8198): 1–14. https://doi.org/10.1038/
s41598-017-08549-y

http://www.bulletinofinsectology.org/
https://doi.org/10.1002/jmor.1052190107
https://doi.org/10.1002/jmor.1052190107
https://doi.org/10.1163/187631206788831434
https://doi.org/10.1038/s41598-017-08549-y
https://doi.org/10.1038/s41598-017-08549-y

	Variation in the number of testicular follicles and ovarioles among 18 lacewing species of the families Myrmeleontidae, Ascalaphidae, and Nemopteridae (Insecta, Neuroptera, Myrmeleontiformia)
	Abstract
	Introduction
	Materials and methods
	Insect samples
	Microscopic observation of gonads

	Results
	Myrmeleontidae
	Ascalaphidae
	Nemopteridae

	Discussion
	The general morphology of male and female internal reproductive system
	Testicular follicles
	Ovarioles
	The evolutionary changes of testes and ovaries in Myrmeleontiformia

	Conclusions
	Acknowledgements
	References

