In order to save time and effort later on, and to get the best results from this process, please answer the following questions:
 
(a) What is your research question(s)?
It is either:
1. Understanding the Reproductive Physiology of Egyptian Fruit Bats (Rousettus aegyptiacus) as a Foundation for Developing Assisted Reproductive Technologies (ART) in Megabats. 
Or 
2. Hormonal Regulation of Reproduction in Egyptian Fruit Bats: Insights into Endocrine Control of Reproductive Cycles


(b) Why is the research question important? You may mention other literature in the field, and the expected contribution of your research.

The Anthropocene, the human epoch, is characterized by the dominance of Homo sapiens in most aspects concerning the ecosystem. The current unprecedented rate of species extinction is estimated at 100 to 1,000 times higher than natural background rates (Ceballos et al., 2015, 2018; Lamkin and Miller, 2016). This earth’s sixth great extinction event has already been threatening 22-37% of all mammalian species (IUCN, 2020). Ecological interactions are extremely complex and intertwined, so that the loss of a single species may have much larger implications than we can foresee (Lacy, 1993). Overexploitation of limited natural resources bears the risk of significant negative economical and societal consequences (Crutzen, 2006), as we fundamentally depend not only on their steady supply but also on the invaluable ‘ecosystem services’ intact ecosystems provide (Ehrlich and Ehrlich, 1981). In our own interest, it becomes more and more pressing to contain and, at best, reverse this development by protecting ecosystems, species, and genetic variability. Classical approaches such as habitat protection and species ex-situ conservation programs (e.g. Rookmaaker, 2020) may not be sufficient to halt the mass extinction before suitable solutions are found or habitats can be restored. To avoid the irreversible loss of keystone species, new and innovative methods are warranted. Among the threatened species are many bat species fulfilling a variety of important ecological functions (Ducummon, 2000). Megabats (Pteropodidae) are found in tropical and subtropical areas of Eurasia, Africa, and Oceania. Despite their high ecological value for restoring forests via seed dispersal and pollination, the IUCN has identified 22 endangered (IUCN, 2020) among the 186 extant pteropodid bat species, mainly due to habitat destruction and overhunting. Assisted reproductive technologies (ART) such as AI will be of increasing importance for species by enhancing reproductive rates and genetic diversity, e.g. by including underrepresented males into the gene-pool, by semen collected in the wild, or by genetic exchange between fragmented wild populations (Howard and Wildt, 2009). At the present rate of habitat and species loss, preserving viable backup-populations and sufficient genetic diversity to maintain species survival and biodiversity in the future may be the only resort for saving species, for which no fast solutions can be found otherwise. Developing ART in model species and then translating it to rare, often sub-fertile related taxa is currently attempted for the northern white rhinoceros (Ceratotherium simum cottoni) using the southern white rhinoceros (Ceratotherium simum simum) (Hildebrandt et al., 2018). In analogy, we aim to develop ART in a non-threatened pteropodid model species, the Egyptian fruit bat (Rousettus aegyptiacus), which is widely distributed throughout the Middle East and Africa. It is abundant in Israel and listed by the IUCN as Least Concern (IUCN, 2020). As opposed to other populations as well as other megabat species, it is not a carrier of zoonotic infectious diseases, such as Ebola and Marburg virus. Both facts render it a highly suitable model species to tailor and apply these methods to endangered megabat species in the future. As reproductive rates are generally low in megabats (usually one birth with one pup per year), especially in captivity (i.e. some species fail to breed in captivity), ART, such as AI and semen cryopreservation, may increase pregnancy rates and help to sustain viable captive backup populations by including underrepresented males or semen collected in the wild to optimize genetic diversity (Durrant, 1990; Howard et al., 2016).  Although ART have not been established in megabats, basic knowledge exists on the reproductive morphology and physiology of R. aegyptiacus (Kwiecinski et al. 1999) and several further megabat species (for a review see Melville et al. 2011). Testis size displays seasonal variation, although adult males remain fertile throughout the year. Semen morphology of R. aegyptiacus has been characterized. Female R. aegyptiacus show alternating ovarian function. A single corpus luteum was found during pregnancy with a developing embryo in the ipsilateral uterine horn (Bernard, 1988). A gestation length of 3.5 to 4 months was estimated based on captive observations and field data, respectively. In several megabat species, manual and electrical semen collection has been performed (Melville et al. 2011). Cryopreservation of bat semen has so far only been published by us, for the frugivorous neotropical microbat species Carollia perspicillata (Hermes et al. 2019). Females R. aegyptiacus possess a duplex uterus-cervix complex and entail vaginal insemination. Estrus detection appears problematic in megabats, as distinct behavioral changes during estrus have not been observed. In most mammals, the epithelial cell types in the vaginal mucosa change over the female cycle and show an increase in cornified squamous epithelial cells during estrus (Cora et al., 2015). This has been described in some flying fox species (Melville et al., 2011), but not for R. aegyptiacus. An ovarian-uterine vasculature complex causes a localized hormonal micro-circulation of the female reproductive tract which impairs detectability of estrus and pregnancy via estrogen and progesterone measurements in serum and urine (Pow et al., 1994). Inhibin, a non-steroidal hormone, has been suggested to be more reliable to indicate the presence of a corpus luteum (CL). The assessment of LH, a hormone produced by gonadotropic cells in the anterior pituitary gland which with an acute rise ("LH surge") triggers ovulation in females, has not been reported so far. Estrus induction using the hormone PMSG (Pregnant Mare Serum Gonadotropin) or a gonadotropin-releasing-hormone (GnRH)-agonist may be used to stimulate folliculogenesis, however causing multiple ovulations, which may present a health risk. After successful completion of this project part we hope to be able to produce viable offspring in a megabat model species, and translate ART to closely related endangered pteropodid species, the kalong (Pteropus vampyrus) in Vietnam and to further species in the future.  

This topic aligns well with basic science funding as it emphasizes understanding the fundamental reproductive biology of Egyptian fruit bats. It focuses on gaining insights into their unique reproductive physiology, which is crucial for developing effective ART protocols. 



(c) What are your hypotheses?
Hypothesis 1: The reproductive physiology of the Egyptian fruit bat (Rousettus aegyptiacus) is regulated by a combination of hormonal signals that are consistent with those observed in other megabat species. Understanding these signals will allow for the development of protocols to induce and synchronize estrus, improving assisted reproductive technology (ART) outcomes.
Hypothesis 2: Early embryonic development in Egyptian fruit bats follows a distinct sequence of cellular and molecular events that can be characterized using ultrasonography and histological techniques. Insights from these studies will improve our ability to monitor and support embryo development in conservation breeding programs.
Hypothesis 3: The use of hormone-based protocols will effectively induce and synchronize estrus in Egyptian fruit bats, facilitating timed artificial insemination (AI) or in vitro fertilization (IVF), thereby increasing reproductive success in both fresh and cryopreserved semen trials.

(d) What is the proposed methodology? Why was it selected?

The proposed methodology will include a combination of non-invasive and minimally invasive techniques to study the reproductive physiology, hormonal regulation, and early embryonic development in Egyptian fruit bats. Specifically, hormonal assays (such as enzyme-linked immunosorbent assays, ELISA) will be used to monitor hormone levels, such as luteinizing hormone and progesterone, throughout the reproductive cycle. Ultrasonography will provide real-time data on ovarian follicle development and uterine conditions. Vaginal cytology will be employed to correlate cellular changes with hormonal fluctuations. For studies related to early embryonic development, timed matings will be followed by regular ultrasonography to monitor embryo progression. Tissue samples will be collected at various stages for histological analysis to investigate cellular and molecular changes during implantation.
This methodology was selected based on its capacity to provide precise, real-time data while minimizing animal stress and maximizing reproductive insight. The combination of hormonal assays, ultrasonography, and cytology has been successfully applied in reproductive research in other mammals, including bats, and provides a well-established framework to understand reproductive physiology without extensive invasive procedures. The histological analyses will further deepen our understanding of the critical processes of early embryonic development and implantation.
By employing these methods, the study aims to deliver robust, scientifically sound results that can be applied to conservation efforts, ultimately developing optimized ART protocols.
I plan to build proper housing and follow males and females year round in order to obtain accurate information regarding health and reproductive cycles and learn them in depth. Included in this year round research will be to examine behavior as well as blood, urine, ultrasonography of the reproductive system, and any other parameter which will help me gain knowledge. 
For ART: Our objective is to develop viable ART protocols for megabats to have suitable tools at hand for rendering the reproduction of endangered species more efficient in captive breeding and release programs, and to assure the preservation of sufficient genetic diversity by establishing semen cryopreservation protocols. Unfortunately, ART has been rarely attempted in bats so far (Racey, 1973; Melville et al., 2015) and successful protocols for hormone monitoring, synchronization of female cycles, semen cryopreservation and artificial insemination have not been implemented (Melville et al., 2011; 2015). Therefore, we first aim at developing such protocols in an accessible non-threatened species, the Egyptian fruit bat (Rousettus aegyptiacus) to then apply them in an endangered species, the kalong (Pteropus vampyrus) in Vietnam (Mildenstein et al. 2022). To achieve this goal, specifically, three aspects need to be addressed: (1) first aim is to establish tools to elucidate the timing of luteal and follicular phase and of ovulation during the female reproductive cycle of R. aegyptiacus by using non- or minimally invasive methods. This will be prerequisite to determine the optimal time-point for artificial insemination (AI) and for monitoring pregnancies. Furthermore, these methods will help to assess the success of synchronization protocols we aim at developing for the hormonal control of the reproductive cycle and induction of ovulation in female bats. (2) Secondly, to establish methods for semen collection and for optimizing semen storage for subsequent artificial insemination with fresh semen (i.e. holding media) or for long-term storage (cryopreservation). The latter will further open the possibility to preserve genetic diversity, and to perform AI for enhancing genetic diversity across populations and time. (3) Thirdly and finally, we aim to obtain viable offspring by performing AI with both, fresh and frozen-thawed semen.  


(e) What are the main steps that will be involved in conducting your research?
1. Reproductive Cycle Monitoring: The first step is to monitor the reproductive cycles of Egyptian fruit bats. This will include the collection of urine and blood samples, vaginal cytology, and ultrasonographic assessments to track hormone levels and reproductive changes. The goal is to establish a baseline for the natural reproductive cycle, including estrus, ovulation, and luteal phase patterns.
2. Preliminary Hormonal Protocol Testing: In parallel, preliminary tests on hormonal protocols to induce and synchronize estrus will be conducted. Various hormone treatments (e.g., PMSG, GnRH) will be administered, and their effects on the reproductive cycle will be closely monitored using the same methods from step one.
3. Embryonic Development Studies: Following successful mating or artificial insemination (AI), the next step is to track early embryonic development through regular ultrasonographic monitoring. Tissue samples will be collected at key stages for histological analysis to study cellular and molecular changes during embryogenesis and implantation.
5. Implementing AI/IVF Trials: The final phase of the research will involve conducting AI trials using the optimized ART protocols. These trials will test the fertility rates, embryo viability, and health outcomes in offspring from AI using both fresh and cryopreserved semen.
6. Long-Term Offspring Monitoring: Offspring produced through ART will be monitored for growth, development, and reproductive health. The success of these outcomes will help determine the feasibility of applying the protocols to endangered megabat species.





