PROPOSAL TEMPLATE 
A. Study Proposal (page limit as per guideline instructions)  

i. Hypothesis and Objectives
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) Our 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, we plan 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.  
ii. Problem Description and Significance
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.  
Preliminary Data: Preliminary data on vaginal smears using moistened cotton swabs rolled a cover slide and stained with Diff-Quik stain for microscopic cytology (168C, Copan Diagnostics, Murrieta, USA) rendered meaningful results, including the presence of sperm in a female housed together with a male bat (Fig. 1). Also, analysis of blood serum progesterone (P4) using a standard laboratory ELISA assay for small animal veterinary diagnostics has yielded promising results (Fig. 1). Furthermore, preliminary data on hormonal profiles of female R. aegyptiacus using a urine-based LH-test (semiquantitative enzyme-linked immunosorbent assay (ELISA) test (Beit Shemesh, Israel), indicates reliable detection of LH-peaks (Fig. 1). To this end, the animal was stimulated daily to urinate during gentle handling and the obtained urine was used to perform the LH assay. Semen collection has been repeatedly successfully employed in male R. aegyptiacus using electroejaculation (Seager model 14, Dalzall USA Medical Systems, The Plains, USA) and a custom-built rectal probe under general injection anesthesia using medetomidine, ketamine, and midazolam. Also, the use of inhalation anesthesia has been tested and results in a reliable erection, as has been shown before for microbats (Fasel et al., 2015, 2020). Preliminary tests to cryopreserve the collected semen were attempted using a range of different extenders and cryoprotectants. As megabat sperm are susceptible to cold shock, and have very low levels of polyunsaturated fatty acids (Melville et al., 2012, 2015), its cryopreservation is challenging. A preliminary test of two different commercial sperm cryopreservation extenders, a canine (Canipro Freeze, Minitüb, Tiefenbach, Germany) and an equine one (BotuCrio, Nidacon, Mölndal, Sweden; cryoprotectants: 1% glycerol and 4% methylformamid) has yielded promising preliminary results for the latter, preserving comparably high levels of post-thaw motility (Fig. 2). Nevertheless, both protocols are associated with different levels of compromised sperm morphology (Fig. 3). Artificial insemination has been attempted using fresh semen, but has so not resulted in pregnancy or live offspring. Ultrasound has proven a suitable tool to detect and monitor pregnancy using an Esaote (Mylab DeltaVET, Genova, Italy) system with a high-frequency hockey stick linear probe (Fig. 4). 
[image: ]

Fig. 1: Hormonal and vaginal smear cytological profile of a female R. aegyptiacus (n=1) demonstrating the feasibility of performing the intended assays for determining and monitoring the reproductive cycle of female bats.



 Fig. 2: Preliminary data for cryopreservation of R. aegyptiacus sperm using two commercial extenders for canine (Canipro Freeze) and equine (BotuCrio) semen (n=1). Whereas Canifreeze yielded very poor post-thaw motility (progressive motility = 0), with BotuCrio, absolute post-thaw motility was 25% (of initially 45%). Nevertheless, sperm morphology (Fig. 3) indicates cryodamage, thus protocols need to be optimized to achieve successful frozen-thawed AI. 
Fig. 3: Sperm of R. aegyptiacus in electron microscopy (left) showing cytoplasmatic droplets. Sperm after eosin nigrosine staining in two different freezing extenders (middle: Canifreeze, and right: BotuCrio) displaying various morphological alterations, including broken heads, bent tails and cytoplasmic droplets.  d 14
d 31

 Fig. 4. Ultrasound examinations of a pregnant female R. aegyptiacus on day 14 and day 31 of gestation, and new-born offspring in the laboratory at Tel Aviv University.
iii. Study Design and Methods
(1) Monitoring and synchronizing the reproductive cycle of Rousettus aegyptiacus females: To understand and reliably monitor the stages of the reproductive cycle of female R. aegyptiacus and determine the average duration, we will need to validate hormonal assays, vaginal cytology, and ultrasonographic findings for the species, using the above mentioned non- and minimally-invasive methods, comprising vaginal smears, and semi-quantitative hormonal assays for LH, inhinin, and P4  to establish reliable profiles of six bats over several consecutive cycles during the first six months (first cohort of six female bats, n=6). Vaginal smears and urine for LH tests will be taken at daily intervals, the latter by gently massaging the abdomen; blood samples will be drawn with a small catheter from the wing veins from which P4 and inhibin testing will be performed weekly. 
Hormonal synchronization of R. aegyptiacus females: Estrus synchronization optimizes labor and time and improves the ease of using AI (Awel et al., 2009). Three different hormonal estrous and ovulation induction and synchronization protocols will be tested during the first year (second cohort of six female bats, n=6) using PMSG (pregnant mare's serum gonadotropin), GnRH (gonadotropin-releasing hormone) agonists (the long-acting Histrelin), or PGF2a (prostaglandin F2α). Reactions will be monitored using the above described methods to identify the most suitable method. Two bats will be assigned to each of the three protocols each for approximately three cycles.
(2) Semen collection, identification of suitable holding media and cryopreservation protocols of R. aegyptiacus males: During the first year, we will establish and refine methods for semen collection using electroejaculation in R. aegyptiacus, a technique in which semen can be obtained from anesthetized bats by inserting a rectal probe to the approximate position of the prostate and by gently and repeatedly elevating an electric current with slightly increasing amplitudes, interrupted by a 1 min pause after three to four trains of pulses. This is pursued until ejaculate appears at the tip of the penis, which is carefully collected with a pipette and further processed. We will also test urethral catheterization (Lueders et al., 2012), a method during which a suitable catheter is gently inserted into the urethra and advanced under gentle suction with a syringe, to collect any sperm that resides in the urethra. This is performed also under general anesthesia (see above; in two cohorts of six male bats, n=12; each bat will be subjected to electroejaculation and catheterization twice). The obtained semen will be split. Half of the experiments will be used to assess different commercial and customized semen holding media, and half to assess cryopreservation with a semen extender comprising different energy sources (i.e. sugars such as glucose, fructose, or trehalose), cryoprotectants and cryoprotectant concentrations. Samples are equilibrated in the refrigerator for the required time, based on the type of extender used, and frozen 4 cm over liquid nitrogen for ten minutes before dropping in the liquid phase. Motility and morphology (using eosin nigrosine staining) will be performed after thawing, but earliest 24 h after freezing. As no straight-forward rationale exists which extender will work in a given species, these experiments will be performed iteratively, by assessing motilities, morphology and adjusting components, and parameters (e.g. pH, osmolarity) accordingly. This method will be adapted to P. vampyrus in the 2nd study year. 
 (3) Obtaining viable offspring by employing successful protocols for hormonal synchronization and ovulation induction of R. aegyptiacus females to perform AI: During the second six months, females will be constantly monitored using the successfully established techniques (1). When estrus is detected, within 12-24 h half of each cohort, i.e. 3 females, will be vaginally inseminated with frozen-thawed semen and the other half with fresh semen via a suitable catheter obtained from male bats by using the successfully developed techniques (2). Additionally, using a high-resolution ultrasound probe, we will perform regular ultrasonographic assessments of the reproductive tract to determine the morphological changes occurring during cycling activity (i.e. vaginal mucus, follicular growth, maximal follicular size before ovulation). All of these interventions are non- or minimally invasive and can be performed without anesthesia. For AIs, we will use female bats both, during (i) natural cycles by detecting the estrus by the methods described above (1) as well as during (ii) hormonally induced cycles (6 females for each condition), using the most suitable protocol identified under (1). AIs will be followed by pregnancy monitoring via hormonal testing (blood progesterone, inhibin) and ultrasonography. During late stages of pregnancy, we will employ continuous behavioral video monitoring to observe parturition. Insemination will be performed using sterile customized catheters corresponding to the anatomy of R. aegyptiacus. 
(4) Finally, after optimizing our protocols for R. aegyptiacus, the established methods will be adjusted and used in analogy of (1) – (3) in a related, endangered megabat species, the kalong (Pteropus vampyrus) in close collaboration with Vietnamese colleagues with access to captive and wild populations of the species to establish a healthy captive backup population as well as a semen and tissue biobank.  
Expected Results: The success of ex-situ species protection plans has so far been questionable, as genetic variation in captivity is limited. This may be aggravated by specific mating systems, as many megabat species form harems (Campbell et al., 2006), leading to overrepresentation of some males, while other males may not sire offspring at all. Also, many bat species require special, often unknown conditions for mating, which means that breeding is often unsuccessful. The development of advancing AI technology would make a significant contribution to improving reproduction in ex-situ projects and thus provide a valuable tool for the conservation of threatened species in captivity. As part of this study, we would like to develop methods for sperm conservation and artificial insemination for megabats. In addition, we can answer evolutionary questions related to the specific reproductive system of this species.
i. Possible Risks and Mitigation Plans 
No immediate risks are expected. In our preliminary results the methods have been shown to be safe and applicable in R. aegyptiacus. In case of any adverse events or signs of compromised individual health, e.g. in P. vampyrus, the experiment will be immediately stopped and all measures taken to avoid harm to the bats. As for any research project we cannot rule out the unlikely residual risk that the proposed methods will be unsuccessful.  
B.  Animal Health Impact Statements (no page limit) Example Animal Health Impact Statement
POTENTIAL IMPACT FOR ANIMAL HEALTH:
Project deliverables
1) Development of new methods of assisted reproductive technologies in both male and female megabats. 
2) Production of live offspring by using these techniques of a model as well as an endangered species.
3) Establishing a viable and genetically managed captive breeding program for ex situ conservation of an endangered bat species. 
4) Establishing a tissue / living cell material biobank using minimally-invasive wing punches.
5) Establishing a semen cryobank for meagabats as a genetic backup. 

Scientific impact, including impact beyond this research field and future pathways
Peer-reviewed publication to academically disseminate the generated knowledge. This will include publication of both the novel methodology and research findings in scientific journals, such as the Journal Reproduction, Current Biology, Theriogenology, etc. The original research findings will be disseminated through presentation at national and international conferences. The research team members have an excellent track record for both (see Section I).

Non-academic impact
The








C. Resubmission Summary (3-page limit, excluding copy of original review)

The response to the first submission of the proposal in 2020 D21ZO-304 was generally highly positive and it was stated that our proposal was recommended for resubmission (see attached Email and Response letter): 

Scientific merit was judged very positively “The methods are clearly described and it is obvious that the investigators are experts in this area with a great deal of experience.” and the feasibility of it was not doubted “The investigators have the assistance of collaborators with a captive colony of fruit bats. Given the experience and expertise of the investigators and the availability of bats, the feasibility of this project is high. The Grantsmanship statement was also highly encouraging: “The proposal was well written and well explained with excellent visual aids.”; “The panel commented that this was an extremely well written and constructed proposal and was actually one of the best we read in terms of grantsmanship.”
The only criticism that mentioned was that “My only comment is that they could have spent more time explaining the potential applications of their findings for conservation in bats.” and regarding the potential impact it was stated that “The impact of the project is in the future and is hypothetical. They state that if megabat species need reproductive assistance these technologies will be utilized.” as well as “We recommend more work on justifying the impact of the work and we suggest that this proposal has a good chance of being funded if the impact is justified.

We agree with this criticism and extended our original proposal. In the meantime since our last submission due to travel restrictions caused by the Covid-19 pandemic and a lack of funding our research on megabats was severely attenuated, however, we obtained new insights and advanced several aspects of the work. Therefore, we hope very much to be able to soon build upon and to substantially extend our past highly promising results with the help of this grant. Although we still aim at refining the methods first in the non-endangered model species Rousettus aegyptiacus which we deem ethically indicated, we will upon obtaining satisfactory results in R. aegyptiacus immediately apply them to an endangered species in need of conservation measures, the kalong (Pteropus vampyrus) in Vietnam. We expect that some adjustments will have to be made to optimize the techniques for the latter species. However, given the relative phylogenetic relatedness of both species we are highly optimistic that this will be achieved with significantly less uncertainty and effort. Therefore, we are very confident that together with our Vietnamese partner, Dr. Vu Dinh Thong of the Vietnam Academy of Science and Technology (VAST) in Hanoi and his colleagues, we will be able to not only implement a general understanding of the application of ART in megabats but also practically employ it for the first time to an endangered species. To safeguard it this will also serve to create the first semen cryobank for an endangered megabat species as well as generate offspring by artificial inseminations for establishing a well-managed viable captive backup-population. 
We hope very much that you agree that this missing element satisfactorily addresses the gap that was identified in our initial application. We further hope that you may now find our project of high relevance for species conservation and worthy of being funded by the Morris Animal Foundation. 
 



D. Sample Size Calculation (no page limit)
If you do not believe it is appropriate for your grant application to include sample size estimates, please include a brief explanation here.
The nature of this study is qualitative rather than quantitative, as we intend to test and validate tools for hormonal monitoring, and control, semen collection and cryopreservation, as well as artificial insemination. In order to obtain reliable results of different semen buffers, cryoprotectants, and hormonal stimulation protocols on sperm motility and hormonal levels, Lilliefors test as a normality test based on the Kolmogorov–Smirnov test will be used; for normally distributed data, t-tests will be employed, and for non-normally distributed data, non-parametric tests such as the Wilcoxon signed-rank test will be applied. 
In order to obtain reliable results allowing for basic descriptive statistical analysis (e.g. for calculating averages for female ovarian cycle duration, maximal LH and progesterone levels, average pre-freeze and post-thaw sperm motilities, and average gestational length and offspring weight, six individuals per sex were chosen for each condition as the minimal number necessary to achieve our goals, allowing for basic descriptive statistical analysis (e.g. for calculating averages for female ovarian cycle duration, maximal LH and progesterone levels, average pre-freeze and post-thaw sperm motilities, and average gestational length and offspring weight, six individuals per sex were chosen as the minimal number necessary to achieve our goals. But as we intend and assume to establish protocols suitable to reliably obtain hormone profiles from all female individuals and semen from all male individuals, no randomized experimental design or control groups are needed in this study.
If sample size estimates are necessary for your study, continue filling out this form.
Proposed study design: N/A
 e.g., case-control, randomized control trial 
Sample type: N/A
 e.g., a single group, two or more independent groups, matched pairs
Analytic approach: N/A
e.g., t-test, logistic regression, non-parametric analysis
Statistical test:N/A
e.g., a mean, a difference in means, a proportion, an odds ratio, a risk ratio
	
	Insert response:

	Power ():
	 

	 Significance level ():
	 

	Estimated (or desired) standard deviation:
	 

	Estimated detectable difference (if applicable):
	 

	Estimated between (within) subject correlation (if applicable):
	 

	Estimated Sample size:
	 



Please discuss any additional assumptions that went into your power calculation.
N/A

E. Animal Involvement Justification Form (no page limit)
All studies receiving funding must adhere to Morris Animal Foundation’s Health Study Policy for Animals Involved in Research, which was written to ensure that every animal involved in a Foundation-funded health study receives excellent, compassionate care throughout the study. Please review the Health Study Policy prior to filling out this form. All proposals will be reviewed by the Foundation’s Animal Welfare Advisory Board (AWAB) for adherence to the Health Study Policy. All studies must be approved by the AWAB before funding can be awarded.   
Note: This form must be completed in its entirety at the time of submission. Incomplete forms may result in disqualification of the proposal.
SECTION 1: This section must be filled out, regardless of animal use (including invertebrates)
Does this study…
a. Involve live animals (including client-owned animals)? (yes/no) __Yes_____	
b. Use archived samples that were originally obtained from live animals? (yes/no) 	No	
c. Use samples that will be obtained prospectively from live animals? (yes/no) _Yes______
d. Use archived samples that were originally obtained from animals that died from natural causes or were euthanized for clinical reasons prior to sample collection? (yes/no) __No_____
e. Use samples that will be obtained prospectively from animals that die from natural causes or are euthanized for clinical reasons prior to sample collection? (yes/no) __No_____
f. Use archived samples that were originally obtained from animals that were euthanized for an unrelated study prior to sample collection? (yes/no) __No_____
g. Use samples that will be obtained prospectively from animals that will be euthanized for an unrelated study prior to sample collection? (yes/no) __No_____
h. Use samples that will be obtained from animals that will be euthanized for the proposed study prior to sample collection? (yes/no) ___No____
i. Use immortalized cell lines? (yes/no) __No_____
j. Use samples obtained from a third-party vendor (yes/no) __No_____

SECTION 2: If you answered yes to any of the above, this section must be filled out in its entirety
a.	Describe, in detail, all animal involvement proposed in this study. This includes all live animal involvement (including client-owned animals), retrospective live animal involvement for sample collection and prospective live animal involvement for sample collection.
Altogether, 48 (24 female, 24 male) live Rousettus aegyptiacus will be captured in the wild and housed at the bat facilities at Tel Aviv University, and 48 (24 female, 24 male) live Pteropus vampyrus will be either derived from captive colonies or captured in the wild in Vietnam and housed at the Academy of Science and Technology Hanoi, Vietnam. All animal involvement will adhere to the respective animal welfare and hygiene regulations. Animals will be repeatedly handled. A wing membrane punch biopsy will be obtained of all individuals. Females will be subjected to daily abdominal massages to non-invasively obtain urine, regular ultrasound examinations, and weekly venipuncture to obtain ~0.5 ml of blood. Females may be further subjected to (small volume) intramuscular or subcutaneous hormone injections and non-painful artificial insemination. Males will be subjected three times to electroejaculation or urethral catheterization under short injection or isoflurane anesthesia. After six months all individuals will be released back to their natural habitat. 
b.	If this study involves archived samples describe, in detail, the nature and origin of all proposed archived samples to be used. This includes primary cell and immortalized cell lines. N/A
c.	List the USDA category (B, C, D, E) for pain and distress. This includes the USDA category pertaining to previous animal involvement, which yielded archived sample collection: 	
Attention: “N/A” will not suffice as a selection.	
This study will involve USDA category B and C in terms of pain and distress. Handling for obtaining urine for non-invasive hormone measurements and conscious and non-invasive ultrasound examinations in female bats (B), blood collection for minimally-invasive hormone monitoring in female bats and hormone injections for establishing synchronization protocols (C), semen collection via electroejaculation (C) and artificial insemination (C).
d.	State the status of your IACUC approval, or equivalent in the country in which the research is to be conducted. If approval is pending or exempt, please explain. 
Note: The entire IACUC/equivalent protocol and approval letter will be required before funding can be awarded.  If biological or archived samples will be utilized, IACUC/equivalent approval for original sample collection, or a letter stating that the study was exempt, will also be required.
For animal experiments, permits will be required. For the planned experiments, we hold the following licenses: 
1. For work on Rousettus aegyptiacus at Tel Aviv University, an IACUC Institutional Animal Care and Use Committee, Institutional ethical permits for the here described experiments has been granted by Tel Aviv University (TAU #04-18-101; TAU #04-19-038) and is valid until 18.06.2023. 
2. For performing semen collection for cryopreservation experiments in institutions that keep and breed R. aegyptiacus located in Berlin, Germany, we will apply for an IACUC to the IZW, and for an ethical permit to the local authority (Landesamt für Gesundheit und Soziales, LaGeSo).
3. For work with wild and captive Pteropus vampyrus bats in Vietnam, the local cooperation partners will take care of obtaining all relevant permits required to perform the proposed study (see Letter of Support). 

e.	Describe how all animals included in the study will be acquired (e.g., client-owned). This includes describing how all animals were acquired for retrospective samples and/or will be acquired for prospective sample collection.
The Aegyptian fruit bat (R. aegyptiacus) is neither listed as “Least Concern, population stable” by the IUCN Red List of Threatened Species (IUCN, 2020) nor protected by any national or local regulations. Animals will be wild-caught from for prospective sample and data collection from local bat colonies in or near Tel Aviv.
The kalong (Pteropus vampyrus) is listed as “Endangered” by the IUCN Red List of Threatened Species (Mildenstein et al. 2022). Animals will be both from captive setting and wild-caught for prospective sample and data collection in bat colonies in Vietnam. 
All individuals of both species including all offspring generated by artificial inseminations will be released back to the wild after completing the study. 

f.	Does this study involve client-owned animals, retrospectively or prospectively (yes/no)? 	__No___	
If yes, an informed client consent form must be attached to this proposal.

g.	Describe how many animals will be included in this study. 
Altogether, 96 individual bats will be included in this study.  
In Israel, 48 Rousettus aegyptiacus - 24 female and 24 male individuals - will be assessed. To avoid long durations of captive husbandry for individual bats, four subsequent cohorts are planned during the two years scheduled for conducting the experiments. Each cohort consists of six male and six female individuals, which will be kept for a maximal duration of six months until being released back to the wild. 
In Vietnam, altogether 48 (24 female, 24 male) live Pteropus vampyrus will be examined analogously to the study conducted in Israel.   

h.	Summarize the numerical justification of animals included in this study. 
To obtain statistically sufficient results, numbers were calculated so that a group of at least six individuals will be undergoing the same experiments, rendering statistically meaningful results. 

i.	Describe how all procedures with animals will be conducted with appropriate consideration of animal welfare, including the use of anesthesia or analgesia, humane handling techniques and best veterinary practices. This includes procedures with client-owned animals and animals which occurred retrospectively during sample collection. 
Animal capture will be performed by experienced staff without harming the animals. Housing will be species-appropriate with ad libitum access to water and fruit, the possibility to exert flight and natural behaviors, appropriate roosts and conspecifics to account for their social system. 
Electroejaculation will be performed under short general anesthesia (injection anesthesia using medetomidine, ketamine, and midazolam, or inhalation anesthesia using isoflurane), as it may cause stress (Whitlock et al., 2012). Anesthesia excludes conscious stress, pain, and the risk of injuries from abrupt defensive movements. Before the electroejaculation, a single dose of meloxicam (0.003 mg / g body weight s.c.) is also administered in order to alleviate pain that may arise from muscle contraction.
Wing membrane punch biopsies for genetic parental analyses via microsatellites as well as for live cell culture for biobanking purposes will be performed in both, male and female individuals. Flight membrane biopsy is carried out either opportunistically during general anesthesia for semen collection or without anesthesia under local anesthesia (Emla Creme, Astra Seneca, active ingredients: lidocaine and prilocaine). Experience has shown that the flight membrane regenerates completely and quickly (Worthington-Wilmer & Barratt, 1996).
No disease, injury, pain, or distress in animals (beyond momentary discomfort from handling or venipuncture, hormone injections, and wing membrane punch biopsy) will be inflicted during procedures involving female individuals (urine collection, vaginal smears, inseminations) are not expected to be painful, therefore no pain management is foreseen.

j.	Describe the environment and housing conditions (quality of life) in which animals will live throughout the duration of the study (species-appropriate exercise, enrichment, socialization, veterinary care, etc.). This includes client-owned animals and animals that were retrospectively utilized during sample collection. 
At Tel Aviv University, ample experience in captive husbandry of R. aegyptiacus is available and safe husbandry, capture and handling protocols are established. Animals are kept in same-sex groups in large flying cages. Cages are cleaned daily and animals are fed ad libitum a diet of various fresh fruit. They are inspected daily and veterinary treatment is provided if necessary. In Vietnam, extensive experience with location of roosting sites, animal capture, handling and captive care are available. 
Animals are carefully handled with gloves and will be disturbed as little as possible.   
k.	Describe what will happen to all animals upon completion of the proposed study. If adoption, explain the adoption plan. If other, justify the proposed plan for all animals involved. This includes animals that were retrospectively utilized during sample collection. 
Upon completion of the study, all wild study animals of both species will be released back to the wild to the same area where they were initially caught. In case of successful artificial inseminations, mothers will be released together with their offspring. Long-term captive individuals of Pteropus vampyrus in Vietnam will remain in their regular husbandry conditions.
l.	Does this study induce or have the potential to induce disease, injury, pain or distress in animals (yes/no)? The Foundation’s preference is that this (harm) does not occur. 			
Yes, it may cause distress due to handling and minimally invasive procedures, and mild pain and injury during blood collection, hormone injection, anesthesia induction for electroejaculation.
Does this study involve samples that were originally acquired as part of a study that induced or had the potential to induce disease, injury, pain or distress in animals (yes/no)? 	No	
If yes to either of the above,
i.	Defend the necessity of the aspects of the experimental design that may induce disease, injury, pain or distress. Please note that we require significant justification in order to consider funding a study of this type.
Since our questions concern seasonal and reproductive changes in several organs in both female and male animals, we cannot answer them with the help of cell cultures. Minor distress due to handling for urine collection and artificial insemination in female bats, minor pain during blood collection in female bats, both for hormone monitoring, or distress due to short anesthesia for semen collection in male bats are unavoidable when conducting the experiments. Nevertheless, the manipulations cause only mild transient distress and do not inflict lasting impairment, pain or harm to the animals. 

ii.	Explain how pain and/or distress will be (or was) controlled.
[see also I.] Electroejaculation will be performed under short general anesthesia (injection anesthesia using medetomidine, ketamine, and midazolam, or inhalation anesthesia using isoflurane), as it may cause stress (Whitlock et al., 2012). Anesthesia excludes conscious stress, pain and the risk of injuries from abrupt defensive movements. Before the electroejaculation, a single dose of meloxicam (0.003 mg / g body weight s.c.) is also administered in order to alleviate pain that may arise from muscle contraction.
Wing membrane punch biopsies for genetic parental analyses via microsatellites will be performed in both, male and female individuals. Flight membrane biopsy is carried out either opportunistically during general anesthesia for semen collection or without anesthesia under local anesthesia (Emla Creme, Astra Seneca, active ingredients: lidocaine and prilocaine). Experience has shown that the flight membrane regenerates completely and quickly (Worthington-Wilmer & Barratt, 1996).
Except for blood collection, hormone injections, and wing membrane punch biopsy, procedures involving female individuals (urine collection, vaginal smears, inseminations) are not expected to be painful, therefore no pain management is foreseen.
iii.	Justify that no alternative, including clinical studies, can be used to accomplish study objectives. Alternatives, even if more expensive, lengthy, or more technically difficult, should be prioritized.
The proposed objectives can only be pursued by using live animals. Since our questions concern seasonal and reproductive changes in several organs in both female and male animals, we cannot answer them with the help of in-vitro methods such as cell culture.
iv.	Weigh the potential benefits of this study i.e., the fact that the disease/condition to be studied is of translational significance for improving the health of the species, against the potential harms to the animals enrolled in this study.
The benefits for the species in question (Rousettus aegyptiacus and Pteropus vampyrus) will overall outweigh the potential harms to the animals enrolled in this study. The planned procedures are non-invasive or minimally invasive and do not compromise the health of the involved individuals as pointed out above. These procedures aim at increasing the reproductive success of the involved individuals and to develop tools for the propagation of these and further endangered bat species. All wild-caught animals and their offspring will be released to the wild after the relatively short study period for each cohort. In case of the currently non-endangered Rousettus aegyptiacus the benefits in supporting species survival may not be immediately visible. However, in light of the sudden and unexpected dramatic declines of a variety of animal species in the recent past that were thought to be safe from the threat of extinction, it may one day become advantageous that ART methods are already established before populations start to decline. From our experience of attempting to save the northern white rhinoceros (two females remaining) it becomes very obvious that working with the last of their kind dramatically complicates such endeavor. 
m.	Is euthanasia a possible outcome in this proposed study (yes/no)? 	No	
If this study involves analysis of archived samples, was euthanasia an outcome when samples were originally acquired (yes/no)? 	N/A	
If yes to either above,
i.	State and justify the total number of animals that will be or were euthanized. 0
ii.	Describe the method of euthanasia. N/A
iii.	Provide justification that no alternatives can be used to accomplish study goal(s). An alternative approach, even if more expensive, lengthy, or more technically difficult, should be prioritized. N/A
iv.	Weigh the potential benefits of this study (i.e., the fact that the disease/condition to be studied is of such significance for improving the health of the species) against the need for a terminal endpoint in this study. N/A
v.	Provide detailed objective criteria for determining when euthanasia is appropriate or necessary N/A
       n. Client Consent Form: (if applicable upload here) N/A

F. Recombinant DNA / Biohazards / Biosecurity Measures (no page limit) N/A

G. Facilities and Equipment (1-page limit)
(I) The Department of Reproduction Management of the IZW in Berlin, Germany, investigates reproductive strategies and human-induced reproductive disorders in free-living and captive non-domestic animals. By intensive use of imaging techniques and further advancement assisted reproduction technologies and stem cell-associated techniques, we develop new species conservation strategies. Our research activities also include ethical and animal welfare aspects. Our department is responsible for the observance of "good veterinary practice" in all animal experiments at the Leibniz-IZW. Furthermore, we offer research-associated veterinary support for zoos, wildlife rescue and rehabilitation centers. The department further disposes of unique access to advanced imaging systems, including high-end radiography, one of the most advanced computed tomography (CT) scanner in the field of veterinary medicine.
The equipment available at IZW comprises state-of-the-art electroejaculation equipment, including customized rectal probes ranging from sizes suitable for bats, small rodents to big cats, bears and rhinoceroses., diverse state-of-the-art ultrasound systems including ultrasound biomicroscopy, and a variety of portable devices with probes for many applications and animal sizes. Additionally, our department has a modern embryology lab, a cell culture facility, a sperm laboratory, a surgical unit, as well as a large cryobank using liquid nitrogen. A great selection of catheters of different shapes and sizes for artificial insemination, needles for oocyte collections and veterinary equipment and drugs for most standard and non-standard reproductive interventions are available. 

(II) The “Bat Lab” or Neuroecology lab headed by Prof. Yossi Yovel, a senior lecturer in the Department of Zoology at the George S. Wise Faculty of Life Sciences at Tel Aviv University, Tel Aviv, Israel, since 2011, aims to bridge the gap between Neuroscience and Ecology. The lab disposes of ample facility and experienced staff for all aspects of capture, handling and captive husbandry of R. aegyptiacus including flight rooms and a kitchen for preparing food for the animals. Several laboratories and examination rooms are available for performing experimental work. Access to basic laboratory equipment and veterinary consumables is also provided. 
Most of the experimental work will be performed at Tel Aviv University in the available and well-equipped laboratories, and the Master’s student that will perform large parts of the practical work will be based there, in vicinity to the experimental animals. The bats will be caught within or near Tel Aviv by experienced staff. After completion of the experiment they will be again released. 

(III) The Institute of Ecology and Biological Resources (IEBR) in the Vietnam Academy of Science and Technology (VAST) with Prof. Dr. Vu Dinh Thong as the Head of the Department of Zoological Museum has extensive knowledge on the resident bat species, their roosting sites and offers suitable laboratories to perform the practical research work in Vietnam. All specialized equipment for reproductive research that will be needed and is not available at the facility will be made available for use in Vietnam.  

At all three facilities, access is available to office space including computers and access to IT-support. 
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I. Complete and upload budget using provided Excel Budget Template.

J. Budget Justification and Timeline Summary (2-page limit). Budget Justification Example
	Category
	Year 1
	Year 2
	Total

	Personnel:
1. Principal investigator (Dr. Susanne Holtze)
2. Co-investigator #1 (Smadar Tal)

3. Technician (animal husbandry) Israel
Salary (25%)
Fringe Benefits (0%)
4. Technician (animal husbandry) Vietnam
Salary (25%)
Fringe Benefits (0%)
5. Student (MSc student, to be identified) Israel
Salary (100%)
Fringe Benefits (0%)
6. Student (MSc student, to be identified) Vietnam
Salary (100%)
Fringe Benefits (0%)
	
Total Salaries & Wages
	
$0
$0

$12,000

  
$0


$15,000


$0



$27,000
	
$0
$0

$6,000


$12,000


$0


$15,000



$33,000
	
$0
$0

$18,000


$12,000


$15,000


$15,000



$60,000

	Supplies, Equipment, Travel & Other Expenses:
1. Hormone tests
2. Medications, hormones, anesthetic drugs 
3. Supplies
	Total Supplies, Equipment, Travel & Other Expenses
	
$5,000
$3,000
$800
$8,800
	
$5,000
$3,000
$800
$8,800
	
$10,000
$6,000
$1,600
$17,600

	Animal Use & Care:
1. Animal Per diem Israel
2. Animal Per diem Vietnam
	Total Animal Care
	
$3,500
$0
$3,500
	
$1,500
$3,500
$5,000
	
$5000
$3,500
$8,500

	Travel
1. Germany – Israel
2. Germany/Israel - Vietnam
	
$6,000
$0
	
$2,000
$16,000
	
$8,000
$18,000

	Subtotal of All Categories
	$45,300
	$64,800
	$110,100

	Indirect Costs (maximum of 8% of direct costs)**
	$3,624
	$5,184
	$8,808

	Grand Total Requested from MAF
	$48,924
	$69,984
	$118,908



i. Budget Justification:
Personnel
Dr. Susanne Holtze (PI): Dr Holtze is a veterinarian and biologist with long-term in-depth experience in wildlife reproduction and ART. Dr Holtze is a staff scientist at IZW which covers her salary. Together with Smadar Tal, she has generated the preliminary data for this proposal. She will oversee and coordinate the research project, supervise the Master’s student, perform practical experimental work, data analysis and will be responsible for drafting manuscripts for publication.
Dr. Smadar Tal (Co-I): Smadar Tal is an experienced reproductive veterinarian, both, Diplomate of the European College of Animal Reproduction (Small Animals) and of the American College of Theriogenologists. She has unvaluable experience in animal reproduction and long-term clinical skills as well as broad research experience. Smadar Tal will co-supervise the Master’s student, be tightly involved in the practical experimental work and in manuscript preparation.
2 MSc students (to be identified): The Master’s students, one in Israel and one in Vietnam, will be highly enthusiastic researchers that will perform large parts of the practical experimental work and data acquisition after careful teaching of the needed skills and supervision by both, the PI and Co-PI, thereby acquiring and broadening basic skills of scientific work. Their salaries will be funded by the grant.
2 Technicians (25%): One technician will be based at Tel Aviv University and one at the Institute of Ecology and Biological Resources (IEBR) at the Vietnam Academy of Science and Technology (VAST) will be responsible to perform the daily routine animal husbandry, dedicating part of her time to the proposed project, for which they will receive a partial salary from the grant. 
Supplies & Expenses
Travel: Travel costs will arise for mutual visits of the cooperation partners, partly to facilitate direct discussion and exchange of ideas but also mainly to perform crucial aspects of the experiment jointly, i.e. for initial supervision and training of the Master’s student, developing semen cryopreservation and estrus synchronization protocols and for artificial inseminations, as these can be arranged and concentrated to suitable time windows (approximately two to three visits per year). 
Hormone tests:  Hormone tests for P4 and inhibin cost approximately 100 Shekels, whereas LH-tests cause only negligible costs. To ensure regular testing of the involved experimental animals, 10,000 USD will be required. 
Medications, hormones, anesthetic drugs: For anesthesia, potentially necessary veterinary treatment, and for hormonal synchronization of females (inducing estrous/ovulation) drugs and hormones (PMSG, GnRH, PGF2a, hCG) will be needed.
Animal per diem: Animals are fed on a daily basis ad libitum with fresh fruit. This sums up to approximately 0.5 – 1.5 USD per animal per day, resulting in an overall sum of 3500 USD per year and a total of 5000 USD for 1.5 years for all experimental animals in Israel, and further 3500 USD per year for all experimental animals in Vietnam.
Supplies: We are requesting a small amount of funds for buffers and cryoprotectants, liquid nitrogen for testing different cryopreservation protocol as well as consumables for performing vaginal smears to assess changes in vaginal cytology across the female reproductive cycle: Disposables (cover slides, dye).
An institutional overhead of 8% of direct costs is required. 
ii. Project Timeline:
[image: ]During the first year of the study, aim (1) and (2) will be concomitantly pursued, laying the groundwork for aim (3). During the second year, the focus is on obtaining successful artificial insemination generating live offspring, which will be verified using microsatellites analyses for assessing paternity (Fig. 3). 
iii. Fig. 3: Time table with mile stones (MS). MS1: Housing of six females which are continuously monitored (urinary and serum hormone analyses, vaginal smears), develop synchronization protocols; MS2: Housing of six males of which semen is repeatedly collected (development of electroejaculation protocol); MS3: Testing different semen holding media (development of protocol for AI); MS4: Testing different semen cryopreservation methods (development of optimal cryopreservation protocol); MS 5: AI (testing different stimulation protocols); MS 6: Preparation of manuscript 1 (semen cryopreservation); MS 7: Preparation of manuscript 2 (AI); MS 8: End of project. 
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K. Current and Pending Support (no page limit) N/A
i.	Project ID, Funding Source, Start and End Date of Award:
iii.	Project Title:
iv.	Summary:	
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L. Biographical Data (2-page limit per individual)
Name	 		Dr Susanne Holtze (Principle investigator)
Postdoctoral Scientist, Leibniz Institute for Zoo and Wildlife Research (IZW)
Contact		Leibniz Institute for Zoo and Wildlife Research
			Department of Reproduction Management
			Alfred-Kowalke-Str. 17, 10315 Berlin
			Phone +49 (0)30 5168 436 
Fax +49 (0)30 5126 104 
			Email: holtze@izw-berlin.de
Research Focus
Reproduction biology and assisted reproduction of endangered wildlife species; veterinary medicine of wildlife species, imaging with focus on ultrasonography, ageing research, semen collection and cryopreservation of wildlife species ranging from naked mole rats over turtles to elephants, (senior author on first publication of successful bat semen cryopreservation).

Education	
2012			PhD (Dr. rer. nat)  
2012			Veterinary Registration 
2005 – 2012 		Student of Veterinary Medicine at Freie Universität Berlin, Germany.
2004			Master’s degree (Diplom) in Biology
2003 – 2004 		Master’s thesis at the University of Queensland, Brisbane, Australia. 
2000 – 2001 		Erasmus studies at Universitá degli studi di Siena, Italy. 
1998 – 2004 		Student of Biology at Freie Universität Berlin, Germany. 
1997 			University entrance qualification (Abitur), Berlin, Germany

Professional Positions
Since 2020 	Staff researcher position at the Leibniz Institute for Zoo and Wildlife Research (IZW), Berlin, Germany
2012 - 2020	Postdoctoral position at IZW
2005 - 2012	PhD in Biology at the Berlin NeuroImaging Center and the Max-Planck-Institute for Human Cognitive and Brain Sciences in Leipzig, Germany

Grants
2018 – 2020	Partner in SAW-2018-DRFZ: EpImAge funded by the Leibniz Association

Honors and Recognitions
2008 – 2010	PhD scholarship of the Max Planck Institute for Human Cognitive and Neurosciences, Leipzig, Germany		
2005 – 2008		PhD scholarship (DFG Graduate School)
2003 – 2004		DAAD scholarship for master’s thesis at UQ, Brisbane, Australia
2000 – 2001		Erasmus scholarship of the European Union for studying in Siena, Italy
Key publications

Hildebrandt TB*, Holtze S*, Colleoni S*, Hermes R, Stejskal J, Lekolool I, Ndereeh D, Omondi P, Kariuki  L, Mijele D, Mutisya S, Ngulu S, Diecke S, Hayashi K, Lazzari G, de Mori B, Biasetti P, Quaggio A, Galli C, Goeritz F. (2023). In vitro fertilization (IVF) program in white rhinoceros. Reproduction. (Accepted for publication 31.08.2023).
Holtze, S., Koch, R., Hildebrandt, T.B., Lemma, A., Szafranski, K., Platzer, M., Alemayehu, F., Goeritz, F. and Braude, S. (2020). Hematologic adaptation to the subterranean environment by the naked mole-rat, Heterocephalus glaber (Ctenohystrica: Heterocephalidae). Journal of Mammalogy, 101, 1000-1009. https://doi.org/10.1093/jmammal/gyaa053
Vyssokikh MY, Holtze S, Averina OA, Lyamzaev KG, Panteleeva AA, Marey MV, Zinovkin RA, Severin FF, Skulachev MV, Fasel N, Hildebrandt TB, Skulachev VP (2020): Mild depolarization of the inner mitochondrial membrane is a crucial component of an anti-aging program. PNAS, 117, 6491–6501. doi:10.1073/pnas.1916414117
Hermes R, Hildebrandt TB, Göritz F, Fasel NJ, Holtze S (2019). First cryopreservation of phyllostomid bat sperm. Theriogenology. 131:28-31. doi: 10.1016/j.theriogenology.2019.03.014. Epub 2019 Mar 19. PMID: 30933687
Hildebrandt TB, Hermes R, Colleoni S, Diecke S, Holtze S, Renfree M, Stejskal J, Hayashi K, Drukker M, Loi P, Göritz F, Lazzari G, Galli C (2018). Embryos and embryonic stem cells from the white rhinoceros. Nat Commun 9:2589. doi: 10.1038/s41467-018-04959-2.
Holtze S, Lukač M, Cizelj I, Mutschmann F, Szentiks CA, Jelić D, Hermes R, Göritz F, Braude S, Hildebrandt TB (2017). Monitoring health and reproductive status of olms (Proteus anguinus) by ultrasound. PLoS One, 12(8), e0182209.
Skulachev VP*, Holtze S*, Vyssokikh MY, Bakeeva LE, Skulachev MV, Markov AV, Hildebrandt TB**, Sadovnichii VA** (2017). Neoteny, Prolongation of Youth: From Naked Mole Rats to "Naked Apes" (Humans). Physiol Rev, 97:699-720.
Holtze S, Eldarov CM, Vays VB, Vangeli IM, Vysokikh MY, Bakeeva LE, Skulachev VP, Hildebrandt TB (2016). Study of Age-Dependent Structural and Functional Changes of Mitochondria in Skeletal Muscles and Heart of Naked Mole Rats (Heterocephalus glaber). Biochemistry (Mosc). 81,429-1437.
Holtze S, Braude S, Lemma A, Koch R, Morhart M, Szafranski K, Platzer M, Alemayehu F, Goeritz F, Hildebrandt TB (2017). The microenvironment of naked mole-rat burrows in East Africa. Afr J Ecol. 56, 279-289.
Saragusty J, Diecke S, Drukker M, Durrant B, Friedrich Ben-Nun I, Galli C, Göritz F, Hayashi K, Hermes R, Holtze S, Johnson S, Lazzari G, Loi P, Loring J, Okita K, Renfree M, Seet S, Voracek T, Stejskal J, Ryder OA, Hildebrandt TB (2016). Rewinding the process of mammalian extinction. Zoo biology, 35, 280-292.




Name	 		Smadar Tal (Co-investigator)
Contact	A. Koret School of Veterinary Medicine, The Robert H. Smith Faculty of Agricultural, Food & Environment; The Hebrew University of Jerusalem, P.O. Box 12, Rehovot, 7610001, Israel; Tel Hai College, Upper Galilee, 12210, Israel.			
Phone +972-50-8989060. Email: Smadar.tal@mail.huji.ac.il; smadartal@telhai.ac.il
Research Focus
Smadar Tal is a renowned expert with decades of clinical experience in veterinary reproduction (DVM, PhD, Dip. ACT, Dip. ECAR) and in-depth knowledge of reproductive medicine, interventions, and ART.
Education	
2017 – 2023 		Ph.D. in animal reproductive biology and genetics
November 2014	Diplomate of the European College of Animal Reproduction (Small Animals).
June 2011		Diplomate of the American College of Theriogenologists 
2008 – 2011	Residency in Theriogenology; Department of Population Medicine, Ontario Veterinary College, University of Guelph, Guelph, Ontario, Canada. 
1987 – 1988	M.Sc. (not completed). Ontario Veterinary College, University of Guelph, Guelph, Ontario, Canada. Department of Veterinary Microbiology and Immunology. 
1987 – 1992	Doctor of Veterinary Medicine (DVM). Ontario Veterinary College, University of Guelph, Guelph, Ontario, Canada. Graduated with Honors.
1984 – 1987		B.Sc. (Biology). The Hebrew University, Jerusalem, Israel.

Professional Positions
2021 – 2023 	Member of the Internal Academic Council. Tel Hai College (Israel).
2021 – present	Vice chair of the Scientific Council – The Israel Veterinary Medical Association
2018 – present   Member, the Exam Committee, the European College of Animal Reproduction.
2017 – present   Member, the Steering Committee of the Animal Health Track, Department of Animal Science, 
	             Faculty of Sciences, Tel Hai Academic College, Israel.
2016 – present   Lecturer. Departments of Animal Science and Nutritional Sciences, Tel Hai College, Israel.
2012 – present   Adjunct Lecturer. Koret School of Veterinary Medicine, the Robert H. Smith Faculty of 
Agricultural, Food & Environment, Hebrew University of Jerusalem.
2012 – present   Teacher. The Magid Institute for Continuing Education. The Hebrew University of Jerusalem.
2013 – present   Head, Department of Small Animal Theriogenology, Neonatology and Pediatrics, The Hebrew 
             University Veterinary Teaching Hospital, Koret School of Veterinary Medicine, the Robert H. 
Smith Faculty of Agricultural, Food & Environment, Hebrew University of Jerusalem, Israel.
2013 – 2019      Member, the Institutional Animal Care and Use Committee (IACUC), Agricultural Research 
Organization, Volcani Center, Israel.
Grants
2023-2026   “Rehabilitation of the Eurasian Otter (Lutra lutra ) population at the Hula valley as a model”
From KKL-JNF chief scientist office 450,000 NIS.
2020-2022   “Alterations in circulating adipokines concentrations in canine pregnancy and their association with maternal insulin resistance and neonatal birth weight and litter size”. Veterinary Teaching Hospital Koret School of Veterinary medicine, The Hebrew University, Jerusalem grant – 20,000 NIS. 
2020-2022   “The intestinal metabolome of canine healthy neonates and neonates with fading puppy 
syndrome” (PI). From the Veterinary Teaching Hospital Koret School of Veterinary medicine, The Hebrew University, Jerusalem grant – 20,000 NIS. In collaboration with Dr. Sharon Kuzi.
2017-2018   “Semen quality as a predictor of health and physical performance in military working dogs” (principal investigator; PI). European Veterinary Society for Small Animal Reproduction – 20,500 NIS (5000 €). 
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