


Study of Reproductive Physiology of Male Fruit Bat Rousettus leschenaulti (Desmerest) -A Conservation effort of a Crucial Pollinator

Abstract:	
Rousettus leschenaulti- a Indian fruit bat plays an important role in pollination due to its frugivorous habit. The conservation of this bat has a significant importance in the conservation and proliferation of   flora of the geographical region. This study investigates the relationship between Luteinizing Hormone (LH) and Serum Testosterone levels in male fruit bats (Rousettus leschenaulti). It's important to understand this connection to grasp reproductive physiology in bats, which could also shed light on broader mammalian endocrinology. Analysis of blood samples from male bats was done  using  enzyme-linked immunosorbent assay (ELISA) to measure LH and testosterone levels. Our statistical analysis revealed a significant positive correlation between LH and testosterone levels (r = 0.95, p < 0.05), suggesting that LH plays a vital role in regulating testosterone production in this species. This finding adds to our understanding of reproductive hormone dynamics in bats and highlights potential similarities with other mammals.
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INTRODUCTION:
The fruit bat Rousettus leschenaultii (Desmarest) is a key species in the ecosystems of Southeast Asia and the Indian subcontinent, recognized for its crucial role as a pollinator and seed disperser. As a megachiropteran, Rousettus leschenaultii is not only important for biodiversity conservation but also for agricultural ecosystems, contributing to the pollination of numerous fruit-bearing plants. However, the reproductive physiology of this species, particularly that of the male, remains underexplored. Given the increasing pressures on bat populations due to habitat loss, climate change, and human-induced disturbances, understanding the reproductive mechanisms and physiological health of male fruit bats is critical for their conservation.
The reproductive success of male fruit bats is influenced by a complex interplay of endocrine signals and physiological changes. Recent studies have indicated that hormone regulation—specifically, the role of steroid hormones such as testosterone—is vital in controlling reproductive behaviors, including mating readiness, sperm production, and mating competition among males (Iqbal & Nerkar, 2021). Additionally, the adrenal cortex in male Rousettus leschenaultii plays a pivotal role in steroidogenesis, responding dynamically to the reproductive cycle and environmental cues (Iqbal & Nerkar, 2021). These findings align with broader studies on bat species that emphasize the significance of hormonal control in regulating testicular function and spermatogenesis (Zhang X et al., 2007).
Historically, reproductive studies in bats have concentrated more on females, with a notable focus on the gestation and lactation phases. However, understanding male reproductive physiology is equally important for a comprehensive conservation strategy, as it directly affects fertility rates and population dynamics. For example, research on the male reproductive cycles of other megachiropterans, such as Rousettus aegyptiacus, has shown that seasonal fluctuations in hormone levels, particularly androgens, correlate with changes in reproductive behavior and testicular development (Korine C et al., 1999).
The current study aims to investigate the reproductive physiology of male Rousettus leschenaultii, with a focus on testicular morphology, hormonal regulation, and sperm production. By examining the fine structural changes in the adrenal cortex and testes during the breeding season, this paper seeks to highlight key reproductive mechanisms and their potential vulnerability to environmental stressors. This research is pivotal for formulating effective conservation strategies, as it contributes to the understanding of how reproductive health in male fruit bats impacts overall population viability.
Blood analysis is an important tool in searching for corrections of blood elements and mutational condition of disease.
 The diet of Rousettus leschenaulti mainly consists of fruits, leaves and nectar of plants. This fruit   Bat plays an important role in pollination due to its frugivorous habit. This study is an effort to illustrate the interaction between Testosterone and Luteinising hormone levels in their breeding period. Testosterone is a vital hormone in mammals, including bats, playing a part in various physiological processes like spermatogenesis, sexual behaviour, and development of secondary sexual characteristics (Steinberger E.M.I.L, 1971). In males, testosterone production is regulated by the hypothalamic-pituitary-gonadal (HPG) axis. In Male bat, this control is linked to the correct communication between sertoli, leydig and germ cells. The hypothalamus produces and secretes Gonadotropin releasing hormone which acts on the production of follicle stimulating hormone and leutenizing hormone (Beguelini MR et. al. 2017). Understanding the relationship between LH and testosterone levels is crucial for unravelling reproductive strategies and adaptations in different species.
       Fruit bats (Rousettus leschenaulti) have unique reproductive physiology, including delayed fertilization and seasonal breeding patterns (Zhang X et al., 2007). Despite their ecological and evolutionary significance, bats have been understudied in terms of endocrine regulation when compared to other mammals. This study aims to bridge this gap by examining the correlation between LH and serum testosterone levels in male R. leschenaulti.
       This paper aims to provide a comprehensive overview of the correlation between LH and testosterone in male R. leschenaulti, utilizing earlier literature to contextualize findings within broader mammalian reproductive physiology.
       This paper aims to provide a comprehensive overview of the correlation between LH and testosterone in male R. leschenaulti, utilizing earlier literature to contextualize findings within broader mammalian reproductive physiology.
 MATERIALS AND METHODS:
Breeding Habits
          The Indian fruit bat, Rousettus leschenaulti shows a peculiar breeding cycle. Adult males show double peaks in their testicular weight corresponding to the two pregnancy cycles of the female. The first peak occurs during October-November and the second during February-March (Gopalakrishna and Choudhary, 1977).
Collection of animals 
           The specimens of Rousettus leschenaulti were collected with the help of mist net placed at the entrance of an underground mine of Mansar / Kandri near Nagpur, Maharashtra (20°92"N 78°95"E). Time of collection, body mass, wing span, length of forearm and other salient features of each specimen were maintained in the field diary. The size of testes were estimated by palpating the longest axis of the testis and measuring this distance with callipers, similarly the width was also measured and then each male was transferred to an individual comfortable cage. These traps were transported to the RTM Nagpur University Laboratory. Minimum noise, human exposure and handling were employed to minimize capture stress and excitement. For each sampling, three different bats were used in each month.
Blood sampling 
           The bats were held in hands and no anaesthesia was used at the time of sample collection. 2ml of blood was collected into sterile tube with no anticoagulants (neither EDTA nor heparin) after puncturing a wing vein. After blood sampling each bat was released.  The measurement of   Luteinizing hormone and Serum Testosterone was done by Enzyme Linked Immunosorbent Assay (ELISA). For the determination of Hormones level in blood, 2ml. of blood was allowed to clot at room temperature for half an hour. The clotted blood was then used for measurement of Hormone levels by ELISA (Widsdom, 1976).The data was analysed statistically, standard deviations were calculated, on the basis of which graphs were plotted to establish a relationship. 
For the calculation of correlation coefficient (Pearson's r) and p-value, the scipy.stats module in Python was utilized to determine the relationship between LH and testosterone levels.
Results :
Leydig cells under the stimulatory influence of LH secrete testosterone, which is essential for supporting many of the activities of the male reproductive system, including spermatogenesis. The Leydig cells produce most (> 95 percent) of the circulating testosterone in the blood of normal men. Other androgens such as androstenedione are produced as well however, these are relatively weak androgens. In some species such as the stallion and boar, the testis also secretes significant quantities of estrogen, but in men most of the circulating estrogen is derived from peripheral conversion from circulating androgens. Testosterone is secreted in a pulsatile fashion under the stimulatory influence of pulsatile LH and, ultimately GnRH secretion. In men and rats, testosterone “pulses” are relatively small in amplitude compared with that observed in other animals such as macaques and rams, perhaps reflecting species differences in the relative sensitivity of Leydig cell to minute-to-minute changes in plasma LH profiles. Little testosterone is stored in the Leydig cell, most of it being secreted as soon as it is synthesized. Upon secretion, testosterone may diffuse either into the local capillaries to be transported to various target sites throughout the body or into the seminiferous tubules, where it serves a critical role in the support of spermatogenesis (Steiner and Cameron, 1989).
[bookmark: _GoBack]For the present study evaluation of above mentioned two parameters were performed throughout the annual cycle, the observed data is tabulated in table-1 with related bar diagram. (Fig-1).
Table 1 : Observed Data from the Annual Variation of the Two Parameters
	Specimen 
(n = 3)
	Date of collection
	Body weight(g)
	Size of Testis (cm)
	Testosterone (ng/ml)
	Luteinising Hormone (ng/ml)
	Reproductive status

	Male
	8/1/07
	111.33 ± 1.86
	2.47 ± 0.03
	10.27 ± 0.05
	8.4 + 0.03
	Active male

	Male
	6/2/07
	113.33 ± 1.67
	2.60 ± 0.06
	16.50 ± 0.04
	10.3+ 0.5
	Active male

	Male
	9/3/07
	128.00 ± 1.53
	2.90 ± 0.10
	18.70 ± 0.04
	13.5+ 0.9
	Male active spermatogenesis + Leydig cells active Mating period (Peak-1)

	Male
	8/4/07
	100.00 ± 2.89
	2.17 ± 0.17
	9.70  ± 0.12
	2.5 + 0.2
	Active male

	Male
	8/5/07
	98.00 ± 0.58
	2.03 ± 0.09
	5.73 ± 0.15
	0.3 + 0.04
	Male inactive (Quiescence)

	Male
	9/6/07
	95.00 ± 2.65
	1.96 ± 0.07
	3.13 ± 0.19
	0.2 + 0.04
	Quiescent male

	Male
	9/7/07
	93.00 ± 2.52
	1.83 ± 0.04
	2.87 ± 0.09
	0.2 + 0.03
	Quiescent male

	Male
	6/8/07
	70.67 ± 0.67
	1.20 ± 0.15
	2.73 ± 0.10
	0.3+ 0.05
	Male inactive (Quiescence)

	Male
	4/9/07
	71.00 ± 1.0
	1.03 ± 0.03
	6.23 ± 0.15
	2.2+ 0.12
	Recrudescent male

	Male
	6/10/07
	100.67 ± 5.21
	2.13 ± 0.19
	14.60 ± 0.08
	7.6+0.2
	Active male

	Male
	9/11/07
	121.67 ± 1.67
	3.07 ± 0.07
	18.37 ± 0.15
	11.5+0.15
	Active male showing complete spermatogenesis mating period (peak-2)

	Male
	11/12/07
	99.00 ± 2.08
	2.33 ± 0.17
	8.73 ± 0.07
	1.5 + 0.1
	Active male




Fig. 1: Annual variations in body weight, size of testis, concentration of Serum Testosterone and Luteinising hormone in male fruit bat Rousettus leschenalti

 The mean serum LH concentration 4.87 ng/ml  (± standard deviation), while the mean testosterone level was 9.75 ng/ml (± standard deviation). Pearson correlation analysis revealed a significant positive correlation between LH and testosterone levels (r = 0.95, p < 0.05), indicating that as LH levels increased, so did testosterone levels in male R. leschenaulti.
DISCUSSION: 
Although Chiropterans are the second largest order of mammals, detailed reproductive patterns and their association endocrine characteristics in relation to annual testosterone rhythm have not been well documented except in only a few species hence it was felt interesting to study the annual rhythm of testosterone in the megachiropteran bat, Rousettus leschenaulti throughout the reproductive cycle which happened to be a seasonal breeder. Moreover, determination of testosterone values is very important during the study of male reproduction. Weight, sizes and cytologic structure of testis and accessory reproductive organs and the glands, sperm motility, its viability, morphology and the count, the enzymes, the substrates and the miotic activities of accessory reproductive glands and their secretory activity mating behaviour, libido etc. all depend upon the level of testosterone in the blood (Felig and Frohman,2001). 

The significant positive correlation between LH and testosterone levels observed in male R. leschenaulti aligns with findings in other mammals, suggesting conserved mechanisms of reproductive hormone regulation across species (Steinberger E.M.I.L, 1971). The role of LH in stimulating testosterone production underscores its importance in male reproductive physiology, particularly in contexts such as seasonal breeding and mating behaviours observed in fruit bats (Zhang X et al., 2007).
The findings also underscore the vulnerability of male Rousettus leschenaultii to environmental stressors, which can disrupt hormonal balance and reproductive health. The adrenal cortex's sensitivity to external stimuli, including environmental stressors, is well-documented in mammals. Stress-induced cortisol secretion can interfere with the pituitary-gonadal axis, potentially leading to reduced testicular function and fertility (Mbiydzenyuy & Qulu, 2024). In the context of Rousettus leschenaultii, environmental changes, such as deforestation, habitat fragmentation, and climate fluctuations, could impact the bat's reproductive success by disrupting hormonal regulation and sperm production.
Given the ecological role of Rousettus leschenaultii as a primary pollinator, maintaining a stable reproductive capacity in males is essential for population sustainability. As bats face increasing anthropogenic pressures, it is crucial to monitor the effects of habitat degradation and environmental change on reproductive health. Studies have shown that habitat loss directly correlates with lower reproductive success in many bat species, highlighting the need for targeted conservation efforts (Shkolnik et al., 1999). Protecting key habitats and reducing disturbance during critical reproductive periods are vital for preserving bat populations and their ecological functions.
studies have demonstrated that habitat fragmentation can lead to altered stress hormone levels, which in turn affect the reproductive health of male bats. In A. lituratus, reproductive peaks seem to be related to an increase in proliferation and, consequently, in the number of spermatogonia. Conversely, seasonal variations in testicular parameters are correlated with annual fluctuations in rainfall and photoperiod but not with temperature. In general, the species presents smaller spermatogenic indexes with a similar sperm quantity and quality to other bat species. (Andrade C. S. et. al. 2023). It is also hypothesized that a higher proportion in a more homogenous surrounding land use, has a negative effect on bat activity. (Chavez et al., 2025).
Male fruit bats, like many other bat species, are sensitive to environmental changes, which can significantly impact their reproductive physiology. Our findings suggest that male Rousettus leschenaultii are vulnerable to disruptions in hormonal regulation due to environmental stressors such as habitat destruction, climate change, and food scarcity. Environmental stress has been shown to influence the pituitary-gonadal axis, affecting the secretion of key reproductive hormones like testosterone and FSH (Mbiydzenyuy & Qulu, 2024). This disruption can lead to decreased testicular function and fertility, ultimately affecting bat populations.



CONCLUSION:
These findings contribute to our understanding of endocrine regulation in bats and highlight potential adaptations specific to R. leschenaulti. Further studies could explore the influence of environmental factors, such as photoperiod and temperature, on LH and testosterone dynamics in these bats, providing insights into the adaptive changes. This study highlights the importance of Conservation of this fruit bat and ultimately for the protection of important flora of this geographical region.
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