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Abstract 

Female fritillary butterflies (Lepidoptera: Nymphalidae: Argynnini) are known to have 

diversified genital structures, especially at the entrance of the bursa copulatrix. However, the 

origin and function of such elaborated structures are poorly known to date. We examined the 

male and female genital structures of six Japanese species selected from five 

genera/subgenera (Argynnis (Argynnis), Argynnis (Damora), Argynnis (Argyronome), 

Fabriciana, and Speyeria) of the Argynnini tribe and found that traumatic copulation is 

widespread in Argynnini. Various male genital structures, such as the uncus, valva, and 

phallus, can cause wounds to the female genitalia. The 8th venter of the female, where the 

highest morphological diversity in female genitalia was detected, is hooked and held by the 

male uncus during copulation. It is very likely that the diversified female genital structure 

coevolved with the male uncus as a counterpart for traumatic coupling. 
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Introduction 

Although it has generally been thought that the genitalia of female animals, including insects, 

are less variable than male genitalia, recent studies have shown that female genitalia are just 

as or even more diversified than male genitalia (e.g., Simonsen, 2008; Sloan & Simmons, 

2019; Simmons & Fitzpatrick, 2019; Roth et al., 2024). The female genital structures of 

many animals also function as organs for oviposition or parturition. Thus, changes in female 

oviposition sites and behaviors can cause diversification of female genitals in insects, 

requiring changes concerted with conspecific male genitals (e.g., Muto et al., 2018). 

Alternatively, in many cases, diversification of female genitalia is thought to be achieved as a 

consequence of coevolution with male genital structures driven by conflict of reproductive 

interests between the sexes (sexual conflict: Arnqvist & Rowe, 2005; Kokko & Jennions, 

2014). For example, male genital structures of many animals inflict wounds on the female 

genitalia while securely holding a female during copulation (reviewed in Lange et al., 2013). 

In insects, females usually develop membranous pouches where conspecific males inflict 

wounds (e.g., Onuma et al. 2023). 

 Fritillary butterflies (Lepidoptera: Nymphalidae: Argynnini) are known for their 

diversity in female genital structures (Simonsen 2006). As a conspicuous example, the 

females of silver-washed fritillary butterflies (Argynnis paphia L.) possesses a characteristic 

projection called the cornucopia (Bayard, 1944; Jolvet, 2008). The cornucopia was once 

thought to be an example of an inverted genitalia structure, i.e., a female's intromittent organ 

for pumping up semen from males. However, our recent study showed that the cornucopia 

does not function as an intromittent organ (Matoba et al., 2023). Instead, it is strongly 

suggested from the study that the cornucopia has evolved as a counter-adaptive structure to 

mitigate the traumatic copulation that occurs due to the serrated male uncus. 

 Structures similar to the cornucopia are also known among some species related to 

silver-washed fritillary (e.g., Simonsen, 2006). However, the presence/absence of traumatic 

copulation, as well as the presence/absence of counterpart functions, in other fritillary 

butterflies are completely unknown to date. To understand the evolutionary factors 

underlying the high diversity of female genital structures in fritillary butterflies, elucidation 

of the morphology and function of the male and female fritillary genitalia is needed. 

 In this study, we observed the female and male genital structures of some Japanese 

species selected from the tribe Argynnini. By examining the presence/absence and 

distribution of copulatory wounds, we discussed the function of the male and female genital 

structures in the tribe. We also discussed the evolutionary changes in the female counterpart 

traits by referring to the phylogenetic hypothesis proposed previously. 



 

Materials and Methods 

The terminology used in this study for the lepidopteran genital structures follows that of 

Klots (1970). See Matoba et al. (2023) for an overview of male and female genitalia in 

Argynnini and the relevant terminology. The generic and subgeneric classification in this 

study followed that of de Moya (2016). 

 The following six Japanese species representing five genera or subgenera of Argynnini 

were collected at several localities in Hokkaido (Iwamizawa, Mashike, Sapporo, and Yubari) 

and were examined for this study: Argynnis (Argynnis) paphia (L.) (see Matoba et al., 2023), 

A. (Damora) sagana Doubleday (15 males, 13 females), A. (Argyronome) ruslana 

Motschulsky (13 males, 5 females), A. (Am.) laodice (Pallas) (17 males, 2 females), 

Fabriciana adippe (Denis & Schiffermüller) (22 males, 13 females) and Speyeria aglaja (L.) 

(5 males, 1 female). All specimens were preserved in the Hokkaido University Insect 

Collection. The abdomen was removed from each male and female specimen and soaked in 

10% KOH solution at 40 °C for 24 hours to clear the tissue. Then, these specimens were 

dissected and observed in 75% ethanol under a SZX12 stereomicroscope (Olympus Co., 

Tokyo, Japan). 

 A copulating pair of A. (D.) sagana was also observed. The larvae were reared to obtain 

virgin males and females. At 5–6 days after emergence, a virgin female and a virgin male 

were placed into a net cage (20 cm diameter, 110 cm height). Fifteen minutes after the 

initiation of copulation, a mating pair was killed with freezing insecticide spray (Earth 

Corporation, Tokyo, Japan), placed into cold 75% ethanol for fixation, and then stored at 

−20 °C for 3 weeks. For microscopy observations, the coupling abdomens were removed and 

placed in BABB (benzyl alcohol/benzyl benzoate = 1:2) at 40 °C for one month to render 

them transparent following the methods of Kamimura & Mitsumoto (2011). After this 

treatment, we observed the samples in BABB under the SZX12 stereomicroscope. 

 Female genitalia of three species, A. (D.) sagana, A. (Am.) ruslana and F. adippe, were 

also subjected to µCT analyses, as were the female genitalis of A. phaphia examined 

previously (Matoba et al., 2023). The samples were dehydrated in a gradient series of 80–

100% ethanol before critical-point drying (EM CPD300, Leica, Wetzlar, Germany) to 

remove water without extensive organ shrinkage. The sample was then scanned using 

synchrotron µCT at the BL20XU beamline (Uesugi et al., 2012) of the Super Photon ring-8 

GeV facility (SPring-8; Hyogo, Japan) using a stable beam energy of 15 keV in absorption-

contrast mode. The tomography system consisted of a full-field X-ray microscope with 

Fresnel zone plate optics (Uesugi et al., 2017). 



 The reference for the phylogenetic relationships of Argynnini was that of de Moya 

(2016), which is a molecular phylogeny estimated based on the mitochondrial COI and 

nuclear Wingless, GAPDH, RPS5 and EF1a genes. 

 

Results 

Morphology of the female genitalia 

Females of A. (A.) paphia, A. (D.) sagana and F. adippe (Fig. 1A, B, E blue; Matoba et al., 

2023) have a well-developed projection, which is called the cornucopia, arising from the 

ceiling of the bursa copulatrix entrance (wrinkled region of the 8th venter), cylindrical in 

shape and bent in the middle. In the former two species, the cornucopia is bellows-like in 

structure (i.e., an extendable structure), whereas that of F. adippe is evenly sclerotized except 

for its membranous upper surface and thus is not extendable. The opening of the ductus 

seminalis is located at the anterior margin of the base of the cornucopia in all three species 

(Figs 1A, B, E, 2A, C; Matoba et al., 2023). The cornucopia of A. paphia is largest among the 

cornucopia observed, and that of A. (D.) sagana is smallest but had an elongated tube-like 

structure at the apex. 

 In contrast, such a cylindrical projection is absent in A. (Am.) laodice, A. (Am.) ruslana 

and S. aglaja. However, the wrinkled 8th venter is broadly expanded ventrally in A. (Am.) 

laodice and A. (Am.) ruslana (Fig. 1C–D), whereas only a small membranous tubercule (or 

mini-cornucopia) was detected in S. aglaja (Fig. 1F). In A. (Am.) ruslana, which was 

subjected to µCT analyses, the opening of the ductus seminalis is located just anterior to the 

expanded membrane (Figs 1C, 2B). 

 

Morphology of the male genitalia 

The shape of the male genitalia (Fig. 3) is species-specific and highly variable, as reported 

previously (Shirôzu & Saigusa, 1973; Simonsen, 2006). The uncus is long and apically 

hooked in all the Argynnini species but is variable in many respects among the species (Fig. 3 

middle). In A. paphia, it is narrow, strongly bent, and bears several long posterodorsal spines 

(Fig. 3A). In A. (D.) sagana, it is broad, strongly bent, and bears several dorsal spines and a 

pair of dorsolateral lamella (Fig. 3B). In A. (Am.) ruslana and A. (Am.) laodice, it is nearly 

straight, without dorsal spines or serrations but with long hairs, and is very short in A. (Am.) 

ruslana (Fig. 3C, D). In F.adippe, it is strongly bent and bears a triangular projection with its 

posterior margin serrated (Fig. 3E). In S. aglaja, it is broad and strongly bent, with a serrated 

posterodorsal margin (Fig. 3F). 

 The ampulla of the valva (Fig. 3 left) is also variable in size and shape: large, with 



dense, strong spines in A. paphia and A. (D.) sagana (Fig. 3A, B); relatively small, but the 

valva having pointed stout spines anterior to the ampulla in A. (Am.) ruslana and A. (Am.) 

laodice (Fig. 3C, D); and small and denticulated in F. adippe and S. aglaja (Fig. 3E, F), with 

F. adippe having a long sinuated projection arising from the anterodorsal margin of the valva. 

 The phallus (Fig. 3 right) is more or less asymmetrical in all the species and is 

especially strongly skewed in A. (Am.) ladioce (Fig. 3D). The phallus has an area dorsally 

bearing dense, strong spines (= cornuti) (Fig. 3 right). The cornuto spines are variable in 

length and shape: long right-side spines and small, conical left-side spines in A. paphia (Fig. 

3A); short, conical right-side spines and a dense, tiny, denticulated left-side area in A. (D.) 

sagana (Fig. 3B); very strong and long spines on the right side in A. (Am.) ruslana and A. 

(Am.) laodice and, in A. (Am.) ruslana, the left-side region having dense long spines (but 

smaller than the right-side ones), whereas A. (Am.) laodice lacked left-side spines (only 

having some tiny denticules) (Fig. 3C, D); small numbers of very thick and short spines in F. 

adippe (Fig. 3D); and densely arranged tiny spines in both areas in S. aglaja (Fig. 3F). 

 

Copulatory mechanics in A. (D.) sagana (Fig. 4) 

In A. (D.) sagana, the male dorsal spines of the uncus penetrated the upper side of the female 

cornucopia during copulation, as also observed in A. paphia (Matoba et al., 2023). A pair of 

lamella on the dorsal uncus held the base of the elongated apical tube of the cornucopia. 

Different from the phallus of A. paphia, that of A. (D.) sagana was not directly associated 

with the cornucopia, but the cornuti made tight contact with the wrinkled area of the female's 

8th venter anterior to the cornucopia. The valva held the female terminalia laterally, and the 

ampulla made tight contact with the anterolateral part of the 8th abdominal segment. 

 

Copulatory wounds 

We detected copulatory wounds as repaired, melanized patches on the genital tract in all 

mated females (i.e., females with spermatophores in the corpus bursae) of all the species 

observed (Fig. 1). We also confirmed in A. paphia, A. (D.) sagana and A. hyperbius 

(although not the main target of this study, we observed a female of this species) that virgin 

females did not have melanized patches on their genital structures (Fig. 1B'; Matoba et al., 

2023). The size and detected location of the copulatory wounds differed among the species. 

In the species with (mini-)cornucopia (A. paphia, A. (D.) sagana, F. adippe, and S. aglaja), 

the wounds were observed at the tip of the (mini-)cornucopia in all mated individuals (Fig. 

1A, B, E). In A. paphia, several wounds were also seen on the upper membranous side of the 

cornucopia, and some females had wounds on the lower sclerotized fold portion of the 



cornucopia (Fig. 1A; Matoba et al., 2023). In A. (Am.) ruslana and A. (Am.) laodice, the 

species without cornucopia, wounds were observed in the membranous pocket located 

posterior to the surface of the expanded membrane of the 8th venter (Fig. 1C, D). They also 

had several wounds in the wrinkled area of the 8th venter. 

  In addition, except for in S. aglaja (only one female could be examined), melanized 

patches were detected on both sides of the 8th abdominal segment of the females of all the 

species observed (Fig. 1A–E). In particular, the melanized patches on the lateral 8th segment 

were large in A. (Am.) ruslana and A. (Am.) laodice (Fig. 1C, D). Superficially, no significant 

ornamentations were detected around this area, but µCT scanning of the female terminal 

segments showed that the membrane around the lateral 8th segment is thickened, at least in A. 

(Am.) ruslana (Fig. 5). 

 

Discussion 

The present examinations revealed that traumatic copulation is widespread in fritillary 

butterflies (Argynnini). The copulatory wounds were detected in various parts of the female 

genitalia but were observed most frequently on the wrinkled area of the female 8th venter 

(including on the (mini-)cornucopia arising from the wrinkled area: Fig. 1). Most likely 

associated with this, the structure of the female 8th venter is more or less elaborated and 

diversified in Argynnini. As far as the four species subjected to µCT scanning are concerned, 

such ornamentations (cornucopia or expanded membrane with a small pocket) are located 

just posterior to the opening of the ductus seminalis (Fig. 2; Matoba et al., 2023). Therefore, 

these ornamentations, which probably correspond to characters 132 and 133 used in the 

phylogenetic analysis by Simonsen (2006), are considered to occur at homologous positions 

in all species. 

 In A. (D.) sagana, as well as in A. paphia (Matoba et al., 2023), the male uncus has 

long dorsal spines (Fig. 3A, B). We confirmed that the spines penetrate and cause copulatory 

wounds on the female cornucopia (Figs 1, 4; Matoba et al., 2023). F. adippe females also 

have a well-developed and sclerotized cornucopia (Fig. 1E), and S. aglaja females have a 

membranous tubercule (or mini-cornucopia) at the part homologous with the cornucopia (Fig. 

1F). In both species, copulatory wounds were found on the upper and/or apical, less 

sclerotized part of the (mini-)cornucopia (Fig. 1E,F), and the males of these two species had a 

bent uncus with dorsal spines (Fig. 3E,F middle). Therefore, in these species, the uncus 

probably functions to hook and hold the (mini-)cornucopia during copulation, by which 

copulatory wounds are formed. Females of A. (Am.) ruslana and A. (Am.) laodice do not have 

developed cornucopia but have an expanded membrane with a posterior pocket on the 



wrinkled region of the 8th venter. In these species, copulatory wounds were found in the 

pocket (Fig. 1C, D). Judging from its positional congruence (the wrinkled 8th venter just 

posterior to the opening of the ductus seminalis: Fig. 1C), the expanded membrane with a 

pocket can be regarded as a structure corresponding to the cornucopia (Fig. 1A, B), and the 

male uncus likely hooks the pocket during copulation in these two species. The male uncus 

lacks dorsal spines and is simple and relatively short in these species (Fig. 3C, D), which may 

be related to the lack of a cornucopia in these species. 

 Because of positional congruence, elaborations of the female 8th venter are considered 

to occur at homologous positions in all species. However, referring to the phylogeny of 

Argynnini, the evolution of the elaborated structures does not seem to be straightforward 

(Fig. 6). Two species with well-developed and bellows-type cornucopia (A. paphia and A. 

(D.) sagana) are considered to form a monophyletic group (de Moya, 2016), such that their 

cornucopia can be regarded as having a common origin. In contrast, their closest relatives 

among the species examined here, A. (Am.) ruslana and A. (Am.) laodice, both lack 

cornucopia. Notably, the other species having well-developed and evenly sclerotized 

cornucopia (F. adippe) is most closely related to the species having membranous tubercules 

(or mini-cornucopia: S. aglaja), and both of these species are phylogenetically distant from 

the species having bellows-type cornucopia (Fig. 6). Therefore, the emergence of the well-

developed cornucopia seems to have occurred independently in these two clades of 

Argynnini. In addition, the morphology of well-developed cornucopia is also quite different 

between the two clades (likely formed from multiple wrinkles in A. paphia and A. (D.) 

sagana but from a single wrinkle in F. adippe and S. aglaja: Fig. 6), which also provides 

additional support for the independent origins of the cornucopia. According to Simonsen 

(2006), modifications in the female 8th venter also occur in fritillary butterflies that were not 

included in the present study (e.g., A. (Pandoriana) pandora). To discuss the origins and 

evolution of these structures, broader sampling and observation are needed. 

 As mentioned above, the phylogenetic distribution of the strongly bent uncus with 

dorsal spines or serrations is also in alignment with the distribution of (mini-)cornucopia. 

These results suggest that the elaboration and diversification of the female 8th venter, as 

reflected in the expanded membrane, pocket, tubercule and two types of the cornucopia, 

coevolved as counterpart structures to the penetrating male uncus. Our previous observation 

showed that the upper membranous side of the cornucopia contains resilin, a rubber-like 

protein often found in insect cuticles (Matoba et al., 2023). In bed bugs (Hemiptera: 

Cimicidae), this protein in the female cuticle is known to reduce copulatory damage by 

sealing the puncture immediately after male puncturing for traumatic insemination (Michels 



et al., 2015). Although the presence of resilin was not examined for the other species, the 

nonsclerotized cornucopia and expanded membrane as its precursor seem to represent a 

similar trait for female “tolerance” of mating that is damaging. In Drosphila fruitflies, 

females develop another type of counter-adaptation, sclerotized shields, where spined or 

serrated male genitals make contact during copulation (Kamimura 2016; Onuma et al., in 

press). The sclerotized cornucopia of F. adippe may also represent this type of female 

“resistance” to possible copulatory wounding. In contrast, there is no straightforward 

correlation between the development of (mini-)counucopia and oviposition sites: all six 

species examined here are known in Japan to lay eggs on various objects (dead/fallen leaves, 

mosses, tree bark, etc.) near the host plants (Fukuda et al., 1983), while on-host oviposition 

has also been reported for A. (Am.) laodice, F. adippe and S. aglaja (Simonsen, 2006). The 

female genitals of Argynnini are entirely concealed in the hatch-like, well-developed ostium 

bursae + 7th sternite (Hannemann, 1954; Simonsen 2006; Matoba et al., 2023). Theoretical 

and empirical studies demonstrate that female genitals can diversify through sexual conflict, 

potentially leading to coevolution of male morphological and/or behavioral traits (Gavrilets 

& Waxman, 2002; Roth et al., 2024). In lowland Japan, A. paphia and A. (D.) sagana mate 

even after aestivation, whereas females of the other studied species primarily copulate just 

after emergence (Fukuda et al., 1983). This suggests a prolonged period of male-male 

competition in the former two species. Sexual conflict over access to concealed female 

genitals, modulated by species-specific differences in the intensity of male-male competition, 

may underlie the diversification of male and female genital morphologies in this group of 

butterflies. 

 In all the species except for S. aglaja (for which only one female was examined), 

wounds were also observed on both sides of the female 8th abdominal segments. We 

confirmed that in A. paphia and A. (D.) sagana, males hold this region using the valva, and 

the spines on the internal surface of the valva (including the ampulla) cause wounds (Fig. 4; 

Matoba et al., 2023). Judging from their positions, the wounds observed in the other species 

were also likely caused by the ampulla and valval spines of the males. Superficially, no 

significant elaborations, as observed on the wrinkled 8th venter, were detected on the lateral 

8th segment in females. However, µCT images showed that the membrane of the lateral 8th 

abdomen is thickened at least in A. (Am.) ruslana (Fig. 5), the species with notably stout 

valval spines. The wounds observed on the lateral part of the 8th segment were especially 

large in A. (Am.) ruslana and A. (Am.) laodice (Fig. 1C, D), both of which have stout spines. 

Therefore, the occurrence of a counterpart structure (as thickened lateral 8th segment) against 

traumatic coupling is also likely between the male valva and the lateral region of female 



genitalia. The uncus of A. (Am.) ruslana and A. (Am.) laodice is simple (Fig. 3C, D middle). 

Thus, these valval spines may play a more important role in holding a female during 

copulation than uncus spines in A. (Am.) ruslana and A. (Am.) laodice. Similar compensatory 

changes in male mate-holding organs have been suggested for a sibling pair of Drosophila 

species (Muto et al., 2018). Flight during copulation, during which either the male carries the 

female or vice versa, has been reported for all six fritillary species examined in this study 

(Fukuda et al., 1983). Irrespective of the responsible male organs, secure holding of the mates 

would be equally important for these species. 

 Our previous study showed that the cornuto spines on the phallus also cause wounds on 

the lower part of the cornucopia in A. paphia (Matoba et al., 2023). In A. (Am.) ruslana and 

A. (Am.) laodice, wounds were also found on the wrinkled 8th venter anterior to the pocket 

for the uncus (Fig. 1C, D). The cornuti of A. (D.) sagana tightly associated with this region 

during copulation (Fig. 4). Judging from the positional congruence of the wounds, these were 

possibly caused by the male cornuti. The wrinkled genital tract itself may also be a 

counterpart trait for the cornuti on the phallus. 

 In conclusion, our present observations showed that traumatic copulation is widespread in 

Argynnini. Various male genital structures, such as the uncus, valva, and phallus, can cause wounds to 

the female genitalia, and counterpart female traits were also evident corresponding to each structure. 

The highest morphological diversity was observed on the female 8th venter, and the region was hooked 

and held by the male uncus during copulation. It is very likely that this highly diversified female genital 

structure coevolved with the male uncus as a counterpart for traumatic coupling. 
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Figure captions 

Fig. 1. Terminalia of mated female (7th sternum removed), lateral view (head comes to left), 

photograph (left) and line drawing (right). A. Argynnis (Argynnis) paphia. B. A. 

(Damora) sagana (B'. cornucopia of virgin female, ventral view: head comes to 

bottom). C. A. (Argyronome) ruslana. D. A. (Am.) laodice. E. Fabriciana adippe. F. 

Speyeria aglaja. Red: copulatory wounds; blue: (mini-)cornucopia; green: position of 

ductuc seminalis opening. Abbreviations: cor: cornucopia; exp.m.: expanded 

membrane; tub: tubercule (or mini-cornucopia). Scale = 1.0 mm (0.5 mm only for B'). 

Fig. 2. Longitudinal section µCT images of cornucopia and neighboring region (the head is 

on the left). A. A. (Damora) sagana. B. Fabriciana adippe. C.A. (Argyronome) ruslana. 

Abbreviations: cor: cornucopia; ds: ductus seminalis; exp.m.: expanded membrane. 

Arrow heads indicate the opening of ds. Scale = 1.0 mm. 

Fig. 3. Male genital structures: left valva (internal view: right); uncus (right lateral view: 

middle) and phallus (dorsal view: left). The head is on the right. A. Argynnis (Argynnis) 

paphia. B. A. (Damora) sagana. C. A. (Argyronome) ruslana. D. A. (Am.) laodice. E. 

Fabriciana adippe. F. Speyeria aglaja. Abbreviations: amp: ampulla; cot: cornuti. Scale 

= 1.0 mm. 

Fig. 4. Male and female terminalia of A. (Damora) sagana in copula. A and B show 

photographs of the copulated condition (B with traces of key structures). C. Line 

drawing of the copulated condition. Red: female; blue: male. Abbreviations: amp: 

ampulla; cor: cornucopia; ph: phallus; un: uncus: val: valva. Scale = 1.5 mm. 

Fig. 5. Cross section µCT images of 8th female abdominal segments, showing the thickness 

(arrow heads) of the lateral membranous region. A. A. (Damora) sagana. B. A. 

(Argyronome) ruslana. Abbreviations: cor: cornucopia; exp.m.: expanded membrane. 

Scale = 1.0 mm. 

Fig. 6. Phylogenetic relationships of six Argynnini species examined here (according to de 

Moya, 2016), with schematic illustrations of assumed evolutionary scenarios of the 

female counterpart structures occurring around the ventral region of the 8th abdominal 

segment (from wrinkled membrane through expanded membrane or tubercule to the 

cornucopia). Abbreviations: cor: cornucopia; exp.m.: expanded membrane; tub: 

tubercule (or mini-cornucopia). 














