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The female penis, which is protrudable and inserted into the male
vagina-like cavity during copulation to receive semen, is thought to have evolved independently
twice in the tribe Sensitibillini, once in the Brazilian Neotrogla and once in the African
Afrotrogla. This strongly suggests that there are some factors unique to Sensitibillini that have
facilitated female penis evolution. The female-female competition for nutritious semen, the
oligotrophic environment, and the twin insemination slots with switching valve are considered to be
the driving factors for female penis evolution. Additionally, the following factors are considered
responsible for relaxing the constraint against female penis evolution: pre-existence of the
female-above mating ﬁosition, the elongated duct connecting the female pre-penis with the sperm
storage organ, and the small male genital cavity accepting the female genital tubercle bearing the
opening of this duct.



@

@

®

*

®

40-70

Neotrogla



Afrotrogl

Sensitibilla

Spring-8 uCT
18S, Histone 3 col, 12s, 16S
@
spermapore plate =
Afrotrogla Sensitibilla
2
Biology Letters
@
2
eLife
(©))
Trichadenotecnum
Journal of Morphology
®

Entomological Science

®)

(Cyt-B)



(©)

)

®

®

Molecular Phylogenetics and Evolution

Journal of Morphology
Arthropod Structure & Development

3

BioEssays

(Spring8 )

22
22

Yoshizawa, K., Ferreira, R. L., Lienhard, C. & Kamimura, Y. 2019. Why did a female

penis evolve in a small group of cave insects. BioEssays DOI: 10.1002/bies.201900005.

Cheng, Z. & Yoshizawa, K. 2019. Functional morphology of Trichadenotecnum male and
female genitalia analyzed using uCT (Insecta: Psocodea: Psocomorpha). Journal of
Morphology 280: 555-567.

Kamimura, Y., Abe, J., Ferreira, R. L. & Yoshizawa, K. 2019. Microsatellite markers
of sex-role-reversed cave dwelling insects, Neotrogla spp. (Psocodea:

Prionoglarididae), developed by a next generation sequencing technique.



10.

11.

12.

13.

14.

15.

Entomological Science 22: 48-55.

Yoshizawa, K., Ferreira, R.L., Yao, I., Lienhard, C. & Kamimura, Y. 2018. Independent
origins of female penis and its coevolution with male vagina in cave insects (Psocodea:
Prionoglarididae). Biology Letters 14: 20180533.

Yoshizawa, K., Kamimura, Y., Lienhard, C., Ferreira, R.L. & Blanke, A. 2018. A

biological switching valve evolved in the female of a sex-role reversed cave insect
to receive multiple seminal packages. eLife 7: e39563.

Sendra, A., Yoshizawa, K. & Ferreira R.L. 2018. New Oversize Trogiobitic species of
Campodeidae in Japan (Diplura). Subterranean Biology 27: 53-73.

Ogawa, N. & Yoshizawa, K. 2018. Structure and evolution of the stigmapophysis - a
unique repose wing-coupling structure in Psocodea. Arthropod Structure & Development
47: 416-422.

Ogawa, N. & Yoshizawa, K. 2018. Origin and transformation of the in-flight
wing-coupling structure in Psocodea (Insecta: Paraneoptera). Journal of Mrophology
279: 517-530.

Yoshizawa, K., Johnson, K.P., Sweet, A.D., Yao, I., Ferreira, R.L. & Cameron, S.L.
2018. Mitochondrial phylogenomics and genome rearrangements in the barklice (Insecta:
Psocodea). Molecular Phylogenetics and Evolution 119: 118-127.

Yoshizawa, K., Souza-Silva, M. & Ferreira, R. L. 2017. Disjunct occurrence of
Trichadenotecnum s.str. in southeastern Brazil (Psocodea: "Psocoptera™: Psocidae),
with description of a new species. Neotropical Entomology 46: 169-174.

Tsai, J.F., Kudo, S. & Yoshizawa, K. 2015. Maternal care in Acanthosomatinae (Insecta:
Heteroptera: Acanthosomatidae) - correlated evolution with morphological change.
BMC Evolutionary Biology 15: 258.

Kamimura, Y. Ferreira, R.L. 2017. Earwigs from Brazilian caves, with notes on the
taxonomic and nomenclatural problems of the Dermaptera (Insecta) Zookeys 713; 25-52
Kamimura, Y. Ferreira, R.L. 2018. Description of a second South American species
in the Malagasy earwig genus Mesodiplatys from a cave habitat, with notes on the
definition of Haplodiplatyidae (Insecta: Dermaptera). Zookeys 790: 87-100
Yoshitomi, H. and M. Hayashi, 2016. A new species of the genus Nyholmia (Coleoptera,
Scirtidae, Scirtinae) from Oki Isls., Japan. Japanese Journal of systematic
Entomology, 22 (1): 7-10.

Yoshitomi, H., 2017. Scirtidae of the Oriental Region, Part 14. Eight New Species
of the Genus Contacyphon from Malaysia. Japanese Journal of systematic Entomology,
23 (1): 5-13.

Yoshizawa, K. (2015) Wing base morphology and phylogeny of Paraneoptera (Workshop
on Hemipteroid Insect Phylogeny, Illinois, USA)

2018 10 6



@

@

“ Female sex drive

2018 10 27
Kamimura, Y. Innovative female traits can drive genital coevolution between the
sexes No. 15K07133 Sexual Selection in Insects
2019 2 1
2

Kamimura, Y. & Yoshizawa, K. 2017. Sex Role Reversal. In Encyclopedia of Animal
Cognition and Behavior. Springer, 4 pp. (DOI:10.1007/978-3-319-47829-6 2012-1).

128pp., 2017

(KAMIMURA, Yoshitaka)

8 50366952

(YOSHITOMI, Hiroyuki)

8 10542665

Rodrigo L. Ferreira
Charles Lienhard
Alexander Blanke
Kevin P. Johnson

Stephen L. Cameron

(YAO, lzumi)



