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Abstract

The description of the firefly reproductive structure is relatively under-researched.
Therefore, we initially observed the differentiating stages of spermatogenesis in the adult male
firefly, Pyrocoelia tonkinensis, which could be the very first report in Thailand. All firefly
specimens gathered from Nakhon Si Thammarat province, Thailand, were processed using the
standard histological technique. It was divulged that a pair of testicular structure with several
sperm tubules was seen. The stage of spermatogonia within testis follicle could be divided into
three main zones, namely zone | (growth), zone Il (maturation), and zone Il (transformation).
In this process, each zone contained the differentiating stages of spermatogenesis, which was
classified into six stages based on size differences and the histological organization (especially
in the chromatin organization) including spermatogonia, primary spermatocytes, secondary
spermatocyte, spermatids with two sub-steps, and spermatozoa. The detailed information
about male P. tonkinensis reproduction could generate not only a baseline data to be better
known but also contribute to the future works regarding ultrastructure and physiology of the
reproductive system. This would then be supportive of the conservation and management of
the firefly in Thailand.
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Introduction
Several investigations concerning the reproductive system of arthropod species have
been exclusively observed because it is fundamental for ecology and physiology as well as the
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species conservation. Then, this information has been used in various documents, such as in
the biological control and the outbreak of insect pests. Regarding previous studies, they
speculated that the structure and ultrastructure of the reproductive insects were a complex
process of cellular development and morphological changes (Gerber et al., 1971; Karakaya et
al., 2012; Ozyurt et al., 2013). The histology of the insect reproductive system was composed
of two distinct parts including gonadal tissue and reproductive duct (Drecktrah, 1966; Ozyurt et
al., 2013). The similar pattern had been reported in dock bug, Coreus marginatus (Hemiptera:
Coreidae) (Karakaya et al., 2012), shield bug, Graphosoma lineatum (Hemiptera:
Pentatomidae) (Ozyurt et al., 2013), and common emigrant, Catopsilia pomona (Lepidoptera:
Pieridae) (Tongjeen et al., 2014); however, the knowledge of a basic structure of the
reproduction in firefly is currently limited in Thailand and still has wide rooms for the further
investigation.

Fireflies, also knowns as lightning bugs or glow-worms, are one of the beetles
belonging to the family Lampyridae (order Coleoptera). They are considered being beneficial
beetles in which their larvae can act as natural enemies for suppressing slugs and snails in
natural or agricultural systems (Mckenna & Farrell, 2009; Branham, 2010). Despite their
ecological importance, the reproductive biology regarding microscopic structure has been left
unexplored. As part of on-going research on the reproductive system of Thai insect groups, the
adult male firefly, Pyrocoelia tonkinensis Olivier, 1886, one of the most critical lampylids, their
reproductive structure were chosen to study. This firefly is endemic to Southern Asia including
Thailand (Jeng et al., 1999). In this regard, a quest for a description of the spermatogenesis of
P. tonkinensis was initiated using the histological technique. The outcomes of this project could
provide the in-depth understandings on the male reproductive structure for the purpose to
support the reproductive cycle and management of the firefly in Thailand.

Materials and methods

Ten adult male Pyrocoelia tonkinensis fireflies with body length of 1.50+1.91 cm
(mean+S.D.) were observed during breeding season from the rubber plantation during the
rainy season (October to December 2016) at Chawang District, Nakhon Si Thammarat Province,
Thailand (8°28'10" N, 99°29'45" E). They were euthanized by rapid cooling shock (Wilson et
al., 2009) and fresh specimens were fixed with Davidson's fixative solution (~48 hr) for
histological technique (Dietrich & Krieger, 2009).

According to a standard histological technique, the abdominal segments of A.
tonkinensis were to be detached and processed (Presnell & Schreibman, 1997; Suvarna et al.,
2013), embedded in paraffin, sectioned at 4 um thickness, and finally stained with Harris's
haematoxylin and eosin (H&E) (Presnell & Schreibman, 1997; Suvarna et al.,, 2013). After
staining, a structure of the testicular structure and spermatogenesis of P. fonkinensis were
investigated and photographed with a digital light microscope (Leica TE750-Ua, Boston
Industries, Inc., USA). Each stage of the spermatogensis was performed with 50 randomized
cell per slide under Leica light microscope (40X) by a standard program LAS version 4.9.

Results and discussion

Several investigations of the gonadal structure in the insect have previously reported
(Bahadur, 1975; Bairati, 1968; Ferreira et al., 2004; Wheeler and Krutzsch, 1992); however,
the records of histological observations showed that the study on reproductive histology of
firefly is rarely known (Demary, 2005; South et al., 2008). Therefore, this study was conducted
to continously observe the increased information on firefly reproduction under light microscopy.

-13 -



The Journal of Applied Science Vol. 18 No. 1: 12-19 [2019]
NsAsIneaanslseene doi: 10.14416/j.appsci.2019.01.001

All samples from our study showed that all insects were histologically considered to be a
sexually mature testis because the testis of male P. tonkinensis was composed of several sperm
tubules in the abdominal region (Figure 1A) where the mature sperms were stored (Figure 1B).
It was similar to those observed in other insect groups (Adams, 2001; Freitas et al., 2010;
Karakaya et al., 2012). The histological examination of the sperm tubule was enclosed by a thin
layer of connective tissue (Figure 1C).

Based on the differential stage of male germ cell within the sperm tubule, it could be
categorized into vitellarium and germarium (Figure 1D). At the overall histology of sperm tube,
only spermatogonia frequency distribution was easily distinguished and produced within the
vitellarium at the outer rim of the tubule near the adipose tissue (Figures 1C-1D). After the
vitellarium region, the presence of the germarium continuously occurred and was classified into
three sub-zones: growth, maturation, and transformation (Figure 1D). This feature was
relatively similar to some insects (Tongjeen et al., 2014; Ozyurt et al., 2014).

The observation on the growth zone indicated that it usually contained only
spermatocytes (Figure 1D & 2A) whereas an apparent formation of the maturation zone
consisted of the spermatids under two meiotic divisions (Figure 2B). Shreds of evidence yielded
that the transformation zone finally located in the sperm tubule and usually presented in the
spermatozoa (Figure 2B). This feature echoed the findings of the previous studies of predatory
stink bug, Podisus nigrispinus (Lemos et al., 2005) and Italian striped bug, Graphosoma
lineatum (Ozyurt et al., 2013).

In this current study, a detailed information of the spermatogenenic stages of A.
tonkinensis in the sperm tubules was classified into six successive stages according to size
differences and histological organizations, especially the chromatin organizations including
spermatogonium, primary spermatocyte, secondary spermatocyte, spermatid with two sub-
steps and spermatozoon, as similarly related to some invertebrates such as three different
Tentyria (1zzetoglu & Giilmez, 2018) and giant river prawn, Macrobrachium rosenbergii (Sagi et
al., 1988; Polijaroen, 2010).

Spermatogonium

The spermatogonium had a very largest size (12.87+0.98 pm in diameters) and
appeared as a round shape (Figure 1C). A large centrally nucleus was stained as basophilic
characterizes whereas the cytoplasm was mostly thin and had a basophilic stain (Figure 1F),
which was similar to that of other spermatogonia in Drosophila melanogaster (Cooper, 1950;
Hardy et al., 1979).

Primary spermatocyte

The primary spermatocyte was developed from spermatogonia by mitotic division. It
appeared in the spermatocyst and formed as an oval or spherical shape with an average cell
diameter 10.56+0.65 um (Figure 2C). A prominent basophilic nucleolus, containing patchy
heterochromatin, appeared (Figure 2C).

Secondary spermatocyte

According to the first meiotic division from primary spermatocyte, the formation of
heterochromatin of the secondary spermatocyte was found increasing (Figure 1C). It remained
in spermatocyst (Figure 2C). The size of this stage was about 5.98+0.56 pm in diameter
(Figure 2C). This indicated a decrease of the cell size when compared to previous stages.
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Figure 1. The light photomicrograph of the testicular maturation of Pyrocoelia tonkinensis. A-
B: Localization of the testis (T) containing in the sperm (Sz) within sperm tube. C: sperm tube
was enclosed with the connective tissue (Ct). D: Two vitellarium (Ve) and germarium (Ge) of
the sperm tubule was classified, which germarium could be divided into three main zones, zone
of growth (Zg), zone of maturation (Zm) and zone of transformation (Zt). E-F: Spermatogonia
(Sg) was observed in the vitellarium. Note: Ad = adipose tissue.

Spermatid

The prominence of the spermatid could be divided into two sub-steps (early and late
spermatids as shown in Figures 2D & 2E). Early spermatid showed that the nucleus enlarged in
size, but it had a smaller size than the secondary spermatocytes, approximately 4.4530.98 um
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in diameter (Figure 1D). A strong heterochromatin condensation of this stage was centrally
distinguished (Figure 1D). Afterwards, it transformed into the late spermatid. This stage
completely condensed the heterochromatin and was in the beginning to produce the tail (Figure
2E).

Figure 2. The light photomicrograph of the spermatogenesis in Pyrocoelia tonkinensis. A-B.
Differenting stages of spermatogenesis [such as primary spermatocyte (Ps), secondary
spermatocyte (Ss), early spermatid (Est), late spermatis (Lst) and spermatozoa (Sz)] within the
sperm tubules (St). C. Primary spermatocytes (Ps) and secondary spermatocytes (Ss). D. Early
spermatids. E. Late spermatid. F. Spermatozoa. Hc = heterochromatin, He = head, Ta = tail.

Spermatozoa

During the spermatozoon process, the mature spermatozoon was the last one of
spermatogenesis, which was formed in two distinct regions: 1) a packed head (quite close to
the elongated shape and thin (about 15-20 pm): 2) a tail region (flagellum) in the sperm tubule
(Figure 2F).
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Consequently, the spermatozoa migrated into the vasa efferentia (Figure 3). The
structure of the vasa efferentia was located in the middle area of the testicular parenchyma
(Figure 3A), which it was surrouned by simple cuboidal epithelium (Figure 3B). They were
separated into individual spermatozoa (Figure 3B), as similar seen in G. /lineatum (Ozyurt et al.,
2013)

Figure 3. The light photomicrograph of the occurrence of spermatozoa in the vasa efferent
(Ve) in Pyrocoelia tonkinensis. Note: Sce = simple cuboidal epithelium.

Conclusion

Our research indicated that the male reproduction system had a testicular structure
with several sperm tubules, as likely seen in other insects. The accuracy of information form
this research could provide the background knowledge of P. tonkinensis reproduction, which
would lead to insights for further in-depth studies such on the ultrastructure and physiology of
the reproductive system. Hopefully, this currently would then construct greater understandings
to support the conservation and management of the firefly in Thailand.

Acknowledgements

The authors are deeply thankful to Microtechnique laboratory, the Department of
Biology, Faculty of Science, Prince of Songkla University. Also, we would like to give special
thanks to Dr. Angoon Lewvanich for a tremendous guidance to this research.

References

Adams T. S. (2001). Morphology of the internal reproductive system of the male and female
two-spotted stink bug, perillus bioculatus (F.) (Heteroptera: pentatomidae) and the
transfer of products during mating. /nvertebrate Reproduction & Development, 39, 45-
53. https://doi.org/10.1080/07924259.2001.9652466

Bahadur J. (1975). Histology of the male reproductive organs of a bug, halys dentata F.
(hemiptera, pentatomidae). Zoo/ Pooloniae, 24, 311-318.

Bairati A. (1968). Structure and ultrastructure of the male reproductive system in Drosophila
melanogaster. 2. The genital duct and accessory glands. Monitore zoologico italiano, 2,
105-182.

-17 -



The Journal of Applied Science Vol. 18 No. 1: 12-19 [2019]
NsAsIneaanslseene doi: 10.14416/j.appsci.2019.01.001

Branham, M. A. (2010). Lampyridae. In R.G. Beutel & R. A. B. Leschen, (eds.) Handbuch der
Zoologie, Band IV Arthropoda: Insecta, Teilband 39, Evolution and Systematics pp.
141-147. Berlin: Waltyer de Gruyter.

Cooper, K. W. (1950) Normal spermatogenesis in Drosophila. In M. Demerec (Ed.), The Biology
of Drosophila pp. 1-61. New York: John Wiley and Sons.

Demary, K. C. (2005). Sperm storage and viability in Photinus fireflies. Journal of Physiology, 7,
837-841. https://doi.org/10.1016/j.jinsphys.2005.04.001

Dietrich, D. & Krieger, H. O. (2009). Histological Analysis of Endocrine Disruptive Effects in
Small Laboratory Fish. New Jersey: John Wiley & Sons.

Drecktrah, H. G. (1966). Morphology and histology of the internal reproductive systems of the
European corn borer Ostrinia nubilalis (Hubner) (Ph.D. thesis) Major of Entomology,
lowa State University of Science and Technology, Ames, lowa.

Ferreira, A., Abdalla, F. C., Kerr, W. E., & Cruz-Landim, C. (2004). Comparative anatomy of the
male reproductive internal organs of 51 species of bees. Neotropical Entomology, 33,
569-576. https://doi.org/10.1590/S1519-566X2004000500005

Freitas, S. P. C., Goncalves, T. C. M., Serrao, J. E., Costa, J. & Santos-Mallet, J. R. (2010). Male
reproductive system structure and accessory glands ultrastructure of two species of
triatoma (hemiptera, reduviidae, triatominae). Micron, 41, 518-525. https://doi.org
10.1016/j.micron.2010.01.00

Gerber, G. H., Church, N. S. & Rempel, J. G. (1971). The anatomy, histology, and physiology of
the reproductive systems of Lytta nuttalli Say (Coleoptera: Meloidae): The internal
genitalia. Canadian Journal of Zoology, 49, 523-533. https://doi.org/10.1139/z71-080.

Hardy, R. W., Tokuyasu, K. T., Lindsley, D. L. & Garavito, M. (1979). The germinal proliferation
center in the testis of Drosophila melanogaster. Journal of Ultrastructural Researach,
69, 180-90.

Izzetoglu, G. T. & Giilmez, M. (2018). Macroscopic and histological structures of testes in three
different Tentyria species. KSU Journal of Natural Sciences, 21(3), 433-437.
https://doi.org 10.18016/ksudobil.358556

Jeng, M. L., Lai, J., Yang, P. S. & Sato, M. (1999). On the validity of the generic name
Pyrocoelia Gorham (Coleoptera, Lampyridae, Lampyrinae), with a review of Taiwanese
species. Japanese Journal of Systematic Entomology, 5, 347-362.

Karakaya, G., Ozyurt, N., Candan, S. & Suludere, Z. (2012). Structure of the male reproductive
system in Coreus marginatus (L.) (Hemiptera: Coreidae). 7urkish Journal of
Entomology, 36, 193-202.

Lemos, W. P., Ramalho, F. S., Serrao, J. E. & Zanuncio, J. C. (2005). Morphology of female
reproductive tract of the predator Podisus nigrispinus (Dallas) (Heteroptera:
Pentatomidae) fed on different diets. Brazilian Archives of Biology and Technology, 48,
129-138. http://dx.doi.org/10.1590/51516-89132005000100017.

McKenna, D. D. & Farrell, B. D. (2009). Beetles (Coleoptera). In S. B. Hedges & S. Kumar
(Eds.), The Timetree of Life pp. 278-289. Oxford: Oxford University Press.

Ozyurt, N., Candan, S., Suludere, Z. & Amutkan, D. (2013). Morphology and histology of the
male reproductive system in Graphosoma lineatum (Heteroptera: Pentatomidae) based
on optical and scanning electron microscopy. Journal of Entomology and Zoology
Studies, 1, 40-46. http://dx.doi.org/10.1016/j.micron.2012.04.017.

Ozyurt, N., Candan, S. & Suludere, Z. (2014). Structure of the male reproductive system and
spermatogenesis of Codophila varia (Fabricius, 1787) (Heteroptera: Pentatomidae) by
light and scanning electron microscopy. Journal of the Entomological Research Society,
16(1), 101-110.

-18 -


http://dx.doi.org/10.1016/j.micron.2012.04.017

The Journal of Applied Science Vol. 18 No. 1: 12-19 [2019]
NsAsIneaanslseene doi: 10.14416/j.appsci.2019.01.001

Polijaroen, J. (2010). Spermatogenesis and spermiogenesis in the giant freshwater prawn,
Macrobrachium rosenbergii (Ph.D. thesis) Faculty of Sceince, Mahidol University,
Bangkok.

Presnell, J. K. & Schreibman, M. P. (1997). Humason's Animal Tissue Techniques (5th ed.).
USA: Johns Hopkins University Press.

Sagi, A., Milner, Y. & Cohen, D. (1988). Spermatogenesis and sperm storage in the testes of
the behaviorally distinctive male morphotypes of Macrobrachium rosenbergii
(Decapoda, Palaemonidae). Biological Bulletin, 174, 330-336. https://doi.org/10.2307/
1541958.

South, A., Sota, T., Abe, N., Yuma, M. & Lewis, S.M. (2008). The production and transfer of
spermatophore in three Asian species of Luciola fireflies. Journal of Insect Physiology,
54, 861-866. http://dx.doi.org/10.1016/j.jinsphys.2008.03.008.

Suvarna, K. S., Layton, C. & Bancroft, J. D. (2013). Bancroft's Theory and Practice of
Histological Technigques (7th ed.). Canada: Elsevier.

Tongjeen, P., Kinrot, S., Poolprasert, P., Yenchum, W., Senarat, S. & Chantarasawat, N. (2014).
Histology and histochemistry of Catopsilia pomona (Fabricius, 1758) reproductive
system. Thammasat Journal of Science and Technology, 22, 23-33.

Wilson, J. M., Bunte, R. M. & Carty, A. J. (2009). Evaluation of rapid cooling and tricaine
methanesulfonate (MS222) as methods of euthanasia in zebrafish (Danio rerio).
American Association for Laboratory Animal Science, 48, 785-789. http://dx.doi.org/
10.1038/506419a.

Wheeler, D. E. & Krutzsch, P. H. (1992). Internal reproductive system in adult males of the
genus Camponotus (Hymenoptera, Formicidae, Formicinae). Journal of Morphology,
211, 307-317. http://dx.doi.org/ 10.1002/jmor.1052110308

-19 -


http://dx.doi.org/10.1038/506419a
http://dx.doi.org/10.1038/506419a

	Light microscopic evidence of spermatogenesis of firefly, Pyrocoelia tonkinensis Olivier, 1886 (Coleoptera: Lampyridae)

