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ABSTRACT: The conservation of animal genetic resources guarantees the continual existence of 

diversified nature and thereby ensures the achievement of valuable economic, ecological, social, and 

cultural demands. However, animal genetic resources are currently facing several threats, such as 

climate change, habitat loss, pollution, invasive species, and infectious diseases. Animals can be 

conserved in situ in their natural habitat, ex-situ in zoos and farms, and in vitro in gene banks. Thus, the 

main objective of this review is to provide a comprehensive overview of the role of reproductive 

technologies and cryopreservation of genetic materials in the conservation of animal genetic resources. 

The cryopreservation of genetic materials is capable of generating new offspring and has critical 

importance in the conservation of threatened animal species. Advanced reproductive technologies, 

including artificial insemination, in-vitro fertilization, embryo transfer, and nuclear transfer, greatly 

promoted efficiencies in animal production and conservation. Cryopreservation of genetic materials, 

including semen, oocytes, embryos, and somatic cells, and assisted reproductive technologies are 

advantageous in the conservation of genetic resources. Reproductive technologies have been successful 

in reconstituting animal populations and recovering endangered and extinct animals from cryopreserved 

genetic materials across the world. In Ethiopia, the application of reproductive and cryopreservation 

technologies is mainly restricted to livestock genetic improvement. Semen collection and preservation 

have started for the conservation of threatened cattle breeds and the endangered Ethiopian wolf. 

Therefore, reproductive and cryopreservation technologies should be extensively applied for sustainable 

animal conservation. Special emphasis should be placed on the development and application of 

cryopreservation and reproductive technologies. 
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INTRODUCTION 

Animal genetic resources refer to the diverse species, breeds, and strains of animals that serve important 

purposes for humans and their environment, including economic, ecological, scientific, and cultural roles 

(EBI, 2016; FAO, 2023). Animal biodiversity has multilateral contributions, and the demand for animal 
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genetic resources is definitely certain for human-contented livelihoods as they provide a variety of animal 

products and services (Pilling et al., 2020). Animals develop survival and adaptation traits for their ecology 

and production systems. However, the loss of animal genetic resources is currently a global concern. They 

are facing multiple threats that endanger their survival which include changes in land use, exploitation, 

climate change, pollution, invasive species, inbreeding, and infectious diseases (Givens, 2010; Engdawork, 

2019). Therefore, the conservation of animals is crucial to ensure the sustainability and diversity of animal 

genetic resources. Conserving animal genetic resources involves maintaining genetic diversity to conserve, 

restore, and improve animal breeds and species (Mmassy, 2011). 

The various approaches for the conservation of animal genetic resources, include in-situ conservation on 

farms, ex-situ in-vivo conservation in farms or zoos, and ex-situ in-vitro conservation in gene banks 

(Andrabi and Mawxell, 2007). Assisted reproductive technologies (ARTs) and cryopreservation of genetic 

materials play significant roles in the conservation of animal genetic resources. The collection and 

preservation of genetic materials, such as embryos, semen, oocytes, somatic cells, and tissues, have the 

potential to reconstitute live animals (Mazur et al., 2007). Ex-situ conservation of genetic materials enables 

effective protection of genetic resources, along with in-situ conservation of animals (Hiemstra et al., 2011). 

Advanced reproductive technologies, such as germplasm collection and cryopreservation, multiple 

ovulation and embryo transfer, sperm and embryo sexing, in-vitro fertilization, nuclear transplantation, and 

cloning, are great support for animal conservation efforts (Herrick, 2019). 

Assisted reproductive technologies (ARTs) can be successfully used for the conservation and restoration of 

species and breeds in danger of extinction (Paiva et al., 2016). The preservation of biomaterials, such as 

semen, oocytes, embryos, tissues, or DNA in animal gene banks (AnGB), is essential to the conservation of 

animal genetic resources (Andrabi and Mawxell, 2007). Animal gene banks allow the collection and storage 

of genetic material for many years without deterioration through cryopreservation and create wide 

opportunities for the restoration of a particular animal population after disasters or epidemic events 
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(Comizzoli et al., 2000). Reproductive technologies encourage the utilization of frozen germplasm stored 

for extended periods of time, thereby maintaining the genetic diversity of a species or breed (Pukazhenthi 

and Wildt, 2004; Bolton et al., 2022). 

Assisted reproductive technologies consist of various techniques, such as cryopreservation of gametes and 

embryos, artificial insemination (AI), in-vitro fertilization (IVF), and embryo transfer (ET). ARTs greatly 

promote efficiencies in animal reproduction and serve as a significant tool for conserving domestic and 

wildlife populations that are threatened with extinction (Swanson, 2006; Bolton et al., 2022). In Ethiopia, 

the use of reproductive technologies is primarily focused on improving cattle productivity through genetic 

improvements. Semen collection and artificial insemination are the most widely used reproductive 

technologies (Azage et al., 2016). However, advanced reproductive and cryopreservation technologies have 

not been well implemented in the conservation of endangered and threatened animal species and breeds. As 

such, animal conservation strategies need to adopt advancements in cryopreservation and reproductive 

technologies. Therefore, the main objective of this review is to provide a comprehensive overview of the 

cryopreservation of animal genetic materials and the role of reproductive technologies in the conservation 

of animal genetic resources. 

CRYOPRESERVATION OF ANIMAL GENETIC RESOURCES 

Cryopreservation is an advanced biotechnology that allows germplasm to be stored for long periods of time 

in small, confined areas. It is a procedure where gametes, somatic cells, and tissues are gradually frozen 

using liquid nitrogen to achieve extremely low temperatures (Weathers and Prien, 2014). The most 

commonly preserved samples include semen, embryos, oocytes, somatic cells, nuclear DNA, and other 

types of biomaterials such as blood and serum (Mazur et al., 2007). This process enables the preservation 

of the genetic material of both maternal and paternal cells for use in assisted reproductive technologies and 

maintains viability over extended periods. Therefore, it can be applied as a contingency plan when a 
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particular animal species or breed needs to be restored when it has become extinct or for breed improvement 

purposes (Mendelsohn, 2003; Jinadu et al., 2020). 

Cryopreservation of animal genetic resources is necessary for the utilization of genetically merited animal 

breeds for desired traits, the preservation of genetically and phenotypically diverse populations, and the 

conservation of animal breeds and species threatened with extinction (Danchin-Burge et al., 2011). The 

diversity of livestock and wildlife has huge contributions to sustainable agricultural development, food 

security, and ecological balance, as they are adapted to variable environmental conditions and diseases 

(Herrick, 2019). Cryogenically preserved genetic materials are used for the conservation and rehabilitation 

of threatened breeds with low populations, reviving animal species or breeds that are endangered or extinct, 

and genetic improvements (McEvoy et al., 2000; Larsen, 2021). 

Semen collection and cryopreservation 

Semen is collected from animals for different purposes, including assessing reproductive performance, 

artificial insemination, and conservation of animal breeds and species (Coloma et al., 2010). Semen 

collection and preservation is the most commonly used biotechnique for germplasm preservation and 

conservation of threatened animal species due to its ease of application. Semen can be collected from 

animals using artificial vaginas, electro-ejaculation, and digital or manual massage (Thongphakdee et al., 

2022). Semen is most commonly collected using artificial vaginas, particularly in domestic animals, and 

this method is relatively the best method for bringing good-quality semen (Wulster-Radcliffe et al., 2001). 

Electro-ejaculation is used in animals that cannot mount or are fractious for management, such as wild 

animals (Palmer et al., 2005). Semen collection by rectal massage of the seminal vesicles and ampulla is 

possible whenever both of the above procedures are not suitable to apply (Thongphakdee et al., 2022). The 

suitability of a particular method depends on the type and condition of the animal. 

The cryopreservation of semen involves semen collection from the donor animal, evaluation, extension, and 

gradually freezing in liquid nitrogen for long-term storage (Vongpralub et al., 2015). Semen collection and 
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preservation is a necessary prerequisite to the development of assisted reproductive technologies such as 

artificial insemination, in-vitro fertilization, and embryo transfer and can be applied to several animal 

species (Rodriguez-Martinez and Vega, 2013). Semen collection is practiced throughout the world for 

genetic improvement through cross-breeding, conservation of threatened animals, and restoration of 

endangered or extinct animal species and breeds. Accordingly, global trends indicate that semen can be 

collected from most domestic and wild animal species. 

Cryopreservation of embryos  

The collection and cryopreservation of embryos is a potential biotechnological development for the purpose 

of protecting population integrity and conserving endangered animal species. Even if it is a complex and 

expensive procedure, the embryo conserves the full genetic complement of both dam and sire and maintains 

heterozygosity (Pukazhenthi and Wildt, 2004). Embryos develop through various morphological stages 

following fertilization. During embryonic development, the number of blastomeres increases as they 

migrate through the female reproductive tract. Thereby, the embryos can be collected from donor females 

by flushing the reproductive tract using a physiological flushing medium. The superovulation technique 

using follicle-stimulating hormone is usually performed in order to have a female release more oocytes than 

usual (Pomar et al., 2005).  

The cryopreservation of embryos requires the necessary freezing processes and techniques. Vitrification is 

the preferred technique of the embryo freezing protocol, as it produces good and viable embryos (Rezazadeh 

et al., 2009). It is the practice of freezing embryos, which is achieved with an extreme increase in 

cryoprotectant thickness and ultra-rapid cooling to solidify the cell into a glass-like state without 

intracellular or extracellular ice crystal formation. Applying a higher concentration of the medium during 

vitrification enables the germplasm to be frozen more rapidly than with slow freezing (Vajta, 2000; Loutradi 

et al., 2008). As embryos contain the full genetic make-up of animals, cryopreservation of embryos is 
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technically a more reliable method for the restoration of extinct animals and the conservation of threatened 

animal species. 

Collection and cryopreservation of Oocytes  

Oocytes are another type of germplasm that can be cryopreserved for the conservation of animal genetic 

resources. In contrast to semen and embryos, oocytes are extremely sensitive to chilling due to the fact that 

they typically have a low permeability to cryoprotectants (Woods et al., 2004). Several progresses have 

been made towards the successful collection and cryopreservation of oocytes from different animal species 

(Andrabi and Maxwell, 2007). Cryoprotective solutions achieve cellular dehydration by avoiding 

intracellular ice crystal formation during freezing. Vitrification is considered the best-suited freezing 

technique for the preservation of oocytes (Huijsmans et al., 2023). Oocytes can be collected by harvesting 

ova from ovaries in dead animals and by ova pick-up in live animals using the transvaginal ultrasound-

guided oocyte collection method (Carter et al., 2002; Farsi et al., 2016). The cooling of ovaries during 

harvesting dramatically reduces the success rate of embryo production.  

In a conventional way, oocytes are often harvested from slaughterhouse ovaries immediately after slaughter 

and can be an option for cryopreservation. The conventional procedure of oocyte collection has a significant 

advantage for preserving the genetic resources of females that unexpectedly die or are incapable of being 

bred (Farsi et al., 2016). The cryopreservation of oocytes provides higher possibilities for the collection and 

storage of oocytes from dead animals and is one of the best ways to preserve female genetic material 

postmortem. Moreover, technically, oocytes can be collected and preserved for most mammalian species. 

Cryopreservation of somatic cells  

Cryopreservation of somatic cells is an alternative means of conserving genetic resources, particularly in 

situations where semen and oocytes cannot be collected and preserved. The collection and preservation of 

tissues, DNA, blood, and other biomaterials enable the storage and usage of genetic resources (Di Lecce et 

al., 2022). The conservation of somatic cells is related to somatic cell nuclear transfer (SCNT), which 
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enables the restoration of threatened or extinct animal species. The collection of tissues other than gametes 

and embryos can also be used for applied and developmental research to get genetic and health-associated 

information (Li et al., 2009). Cryopreserved cells and tissues can be stored for long periods of time without 

deterioration and provide opportunities for the conservation of animal genetic resources. 

Somatic cells for somatic cell nuclear transfer and DNA study can be collected and cryopreserved from the 

tissues of live and dead animals within a short period of time. Live animal tissue can be taken from the ear 

or other peripheral tissues, while tissue can also be easily obtained from dead animals immediately after 

death (Araujo et al., 2006). The collected tissue samples are preserved through different cryopreservation 

techniques, including slow freezing and vitrification. Slow freezing of cells or tissues allows the specimens 

to be frozen below the melting point with liquid nitrogen in a medium. The vitrification technique is 

achieved by applying a higher concentration of solute so that the water leaves the cells through osmosis 

(Loutradi et al., 2008). 

The role of reproductive technologies in animal conservation 

The development and application of ARTs to enhance reproductive performance have valuable importance 

in ensuring the sustainable conservation of animal genetic resources (Herrick, 2019). Nowadays, many 

vertebrate species face variable threats and extinctions. The major significance of reproductive technologies 

is that they ex-situ resuscitate threatened and endangered animals, thereby conserving valuable and rare 

alleles (Mastromonaco and Songsasen, 2020). Assisted reproductive techniques help to recover small, 

endangered, and fragmented populations of wild animal species or domestic breeds (Figure 1). ARTs create 

an important opportunity for producing many offspring from a desired genitor in the way they minimize 

inbreeding problems (Comizzolia et al., 2000; Bolton et al., 2022). 
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Figure 1. The role of reproductive technologies and cryopreservation of genetic materials in the 

conservation of animal genetic resources.  

Artificial Insemination (AI) 

Artificial insemination (AI) is the physical placement of semen into the female reproductive tract by a 

method other than natural mating. AI is the most commonly used reproductive technology, which is less 

complex and expensive, and consequently the main choice in the conservation and breeding programs for 

threatened wild and domesticated animal species and breeds (Durrant, 2009). The conservation of animal 

populations located in fragmented sites can be enhanced through the application of AI, thereby avoiding 

genetic depression (Pukazhenthi and Wildt, 2004). A female animal from a small population can be 

inseminated with semen from a male animal of the species from another site and sent back to their habitat. 

Male animals can also be easily captured from their freely living environment and semen collected for 

insemination of females held in captivity (Bolton et al., 2022). 
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Artificial insemination techniques can be applied to most mammalian species, playing a considerable role 

in the conservation of variable domestic and wild animal species. The availability of infrastructure and 

simple techniques for semen collection, evaluation, and preservation attracts the use of frozen and extended 

semen in animal conservation and breeding, and AI has become a widely applied reproductive technology 

(Zuidema et al., 2021). There are differences among species in insemination techniques and the success rate 

of pregnancy with the use of frozen semen and AI (Vazquez et al., 2005). The ease of the technique and its 

applicability make AI a very suitable reproductive technology for animal breeding and conservation. AI is 

practiced for most mammalian species, birds, and reptiles. 

Multiple Ovulation and Embryo Transfer (MOET)  

Multiple ovulation and embryo transfer are very important reproductive technologies that can significantly 

support efforts in animal production and conservation. MOET is a procedure in which fertilized eggs are 

removed from a female donor and transferred to multiple female receivers that are genetically unrelated 

(Hasler, 2004). Even if it is an advanced assisted reproductive technology, the application of the MOET 

technique is not widespread in most animal populations. However, MOET is a key biotechnology in 

conservation strategies in which multiple eggs are released from a single dam and embryos are transferred 

from endangered species to non-threatened recipients (Jainudeen et al., 2000). Synchronization and super-

ovulatory protocols are commonly applied to multiple ovulations and embryo transfer techniques. 

Superovulation and embryo transfer programs have become successful in conserving and restoring several 

endangered animal species, such as baboons, wild sheep, eland antelope, Grant's zebra, and Przewalski’s 

horse (Bettencourt et al., 2008). 

The stimulation of ovarian follicle growth by induction of follicular stimulating hormones, the initiation of 

estrus through luteolytic treatment, the preparation of insemination, and the collection of embryos are the 

basic procedures during the application of the MOET technique in animal production and conservation 

(Mikkola and Taponen, 2017). The MOET technique can also be applied for the treatment of infertile 
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females due to disease, injury, or aging. The other importance of this technology is to decrease disease 

transmission risk across species and geographically (Shenk et al., 2006). Collecting and transferring 

embryos is a relatively challenging and complex procedure, and careful techniques should be utilized to 

successfully collect and transfer embryos (D'Angelo et al., 2022). In principle, the surgical technique of 

embryo transfer is almost possible in all mammalian animal species. However, the non-surgical embryo 

transfer technique is possible in some animal species, like cattle, horses, and pigs, while it may be ineffective 

or impossible in other species (Robertson, 2014). 

In-vitro Fertilization and Embryo Production (IVP)  

In-vitro embryo production (IVP) is the collection, fertilization, and maturation of oocytes in an artificial 

environment (outside the female reproductive tracts). In-vitro fertilization (IVF) of mature oocytes and 

culturing of embryos is performed at the level at which the embryo's developmental stage is suitable for the 

embryo transfer to the recipient female (Freitas and Melo, 2010). IVF and embryo production are usually 

accompanied by multi-ovulation, oocyte collection, and the use of fresh or frozen extended semen, which 

makes it a valuable way of conserving threatened or endangered animal species. The application of this 

technique in the conservation strategy is basically based on knowledge of the reproductive physiology of 

the animal species (Herrick, 2019). 

In-vitro fertilization and embryo production constitute sequential steps, including oocyte recovery and their 

in-vitro maturation (IVM), in-vitro capacitation of sperm, in-vitro fertilization, and the growth of the 

embryos until they are ready for embryo transfer (Comizzoli et al., 2000). Utilization of in-vitro fertilization 

and IVP techniques for conservation of threatened species has been performed in Armenian red sheep, Sika 

deer, and European mouflon (Comizzoli et al., 2001; Ptak et al., 2002), African elephant (Loxodonta 

africana), mink whale (Meintjes et al., 1997), gorilla (Gorilla gorilla), and zebra (Tetsuka et al., 2004). The 

success and viability are confirmed by the gestations and births of normal offspring after transfer to recipient 

animals (Locatelli et al., 2006). 
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Somatic Cell Nuclear Transfer (SCNT)  

Somatic Cell Nuclear Transfer (SCNT), also called cloning, is the technique where the DNA (nucleus) is 

extracted from a donor cell and transferred to an enucleated recipient cell, thereby creating a strictly similar 

genetic makeup of the donor cell (Andrabi and Maxwell, 2007). SCNT technology has been considered in 

the conservation and population increment of threatened breed populations since the first success in the 

cloning of mammals (Wilmut et al., 1997). There are trends in the restoration of extinct animal species, such 

that the extinct bucardo (Capra pyrenaica pyrenaica) has become a good exemplary animal species born 

with success by nuclear transfer of somatic cells (Table 1). Nowadays, the application of SCNT for the re-

establishment of threatened animal species occurs mainly through interspecies nuclear transfer (Folch et al., 

2009). 

Reproductive cloning is applicable in several species, but irrespective of the animal species, there are three 

basic procedures to apply: enucleation, injection or fusion, and activation. SCNT involves the collection, 

culturing, and in-vitro development of the ovum, removing the nucleus from the ovum, and inserting somatic 

cell nuclei into the enucleating ovum. Thereby, an embryo is cultured and finally transferred to the recipient 

female of the same or highly related species (Matoba and Zhang, 2018). Successful offspring have been 

achieved through somatic cell nuclear transfer in a number of mammalian species, including sheep, cattle, 

mice, pigs, goats, horses, rabbits, and cats (Table 1). 
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Table 1. Application of somatic cell nuclear transfer (SCNT) and the successful production of new offspring 

in mammalian species. 

Types of 

cloning 

Donor species Donor cell type Recipient oocyte 

species  

References 

Intraspecies Pig  Fetal fibroblasts Pig  (Onishi et al., 2000) 

Interspecies Gaur (Bos gaur)  Preserved adult skin cells Cow (Bos taurus)  (Lanza et al., 2000) 

Intraspecies Pig  Cultured adult granulosa 

cells  

Pig  (Polejaeva et al., 

2000) 

Interspecies Mouflon (Ovis 

orientalis musimon)  

Adult granulosa cells Sheep (Ovis aries)  (Loi et al., 2001) 

Interspecies Zebu (Bos indicus)  Morula stage blastomere  Cow (Bos taurus)  (Meirelles et al., 

2001)  

Intraspecies Rabbit 

 

Adult transgenic cumulus 

cell 

Rabbit  (Chesne et al., 2002) 

Intraspecies Cat  Adult cumulus cells Cat  (Shin et al., 2002) 

Intraspecies Mule  Fetal fibroblasts Horse  (Woods et al., 2003) 

Intraspecies Horse  Adult skin fibroblasts Horse  (Galli et al., 2003) 

Intraspecies Rat  Fetal fibroblasts Rat  (Zhou et al., 2003)  

Interspecies African Wildcat (Felis 

lybica) 

Adult skin fibroblasts Cat (Felis catus)  (Gomez et al., 2004) 

Interspecies Banteng (Bos 

javanicus)  

Cryopreserved adult 

fibroblasts 

Cow (Bos taurus)  (Janssen et al., 2004) 

Intraspecies Dog (Afghan hound)  Adult skin fibroblasts Dog (golden 

retriever)  

(Lee et al., 2005)  

Intraspecies Ferret  Adult cumulus cells Ferret  (Li et al., 2006) 

Interspecies Gray wolf (C. lupus)  Adult ear fibroblasts Dog (C. familiaris)  (Kim et al., 2007) 

Intraspecies Red deer  Adult antlerogenic cells Deer  (Berg et al., 2007) 

Intraspecies Buffalo  Fetal fibroblasts and adult 

granulosa cells 

Buffalo  (Shi et al., 2007) 

Interspecies Pyrenean ibex (Capra 

pyrenaica)  

Cryopreserved skin 

fibroblasts 

Goat (Capra 

aegagrus hircus)  

(Folch et al., 2009) 

Intraspecies Camel  Adult cumulus cells  Camel  (Wani et al., 2010) 

Interspecies Coyote (C. latrans)  Neonatal/adult fibroblasts  Dog (C. familiaris)  (Hwang et al., 2013)  

Interspecies Bactrian camel 

(Camelus bactrianus)  

Adult skin fibroblasts  Dromedary camel 

(C. dromedaries)  

(Wani et al., 2017) 

Intraspecies Cynomolgus monkey  Fetal fibroblast  Cynomolgus 

monkey  

(Liu et al., 2018) 
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Sperm and Embryo Sexing  

Sperm and embryo sexing is an advanced development for effectively managing the sex of offspring in 

multi-ovulation and embryo transfer technology. Embryo sexing is a useful technique as a conservation tool 

for managing the sex ratio in endangered animal species. Population analysis should be thoroughly 

conducted before embryo sexing to ensure a balanced sex ratio in at-risk groups. Sex prediction was 100% 

achieved in 58 bovine embryos when the blastomeres dissociated from a morula exceeds three (Zoheir and 

Allam, 2010). Similar achievements have been recorded in the sex determinations of 43 goat embryos of 

single blastomere at the blastula stage. This technique can be effectively applied to the sex determination of 

bovine and ovine embryos (Tsai et al., 2011). 

There are two different approaches to the sexing of embryos, which are categorized as non-invasive and 

invasive methods depending on the requirement for a biopsy of embryonic tissue. Invasive methods, such 

as karyotyping and identification of sex chromatin, do not maintain embryonic integrity, while non-invasive 

methods (detection of X-linked enzymes and H-Y antigen) maintain integrity and cause less damage to the 

embryo (Wakchaure et al., 2015). Each of the methods has its own advantages and disadvantages in the 

sexing procedures. During the selection of embryo sexing techniques, the percentage accuracy and viability 

of the embryo produced must be taken into consideration. Among the available methods, polymerase chain 

reaction is taken to be a simple, effective, extremely reliable, and precise procedure for sexing embryos 

(Lakshmy et al., 2018). 

Application of reproductive technologies for animal conservation in Ethiopia 

Reproductive technologies in animal conservation  

The application of reproductive technologies in Ethiopia is mainly restricted to the genetic improvement of 

livestock production. Semen collection and artificial insemination are the first and most commonly applied 

reproductive technologies in the livestock industry (Figure 2). AI is widely practiced throughout the country 

by agricultural offices, dairy industries, and institutions (Chencha and Kefyalew, 2012). Reproductive 
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technologies such as oestrous synchronization, multi-ovulation, mass artificial insemination, and embryo 

transfer have been practiced in livestock to a limited extent by agricultural and research institutions in the 

country (Azage et al., 2016). Artificial insemination has been practiced in cattle, sheep, and goats for 

crossbreeding, mostly on commercial dairy farms. 

 

Figure 2. Mass oestrous synchronization and artificial insemination in cattle in Ethiopia (Ndambi et al., 

2017) 

There are few practices in the application of reproductive technologies for the conservation of animal 

genetic resources in the country. Semen is collected and cryopreserved from some indigenous cattle breeds, 

such as Sheko, Begait, Fogera, Irob, and Borana, at the initiation of the Ethiopian Biodiversity Institute 

(EBI, 2016). Interestingly, semen collection trials were conducted for the endangered Ethiopian wolf. 

However, it was a big challenge to obtain good-quality semen as Ethiopian wolves have a restricted and 

narrow window of breeding time within the year. The presence of a strict hierarchy for mating affects the 

production of viable sperm good enough for storage with adequate fertility in adult males other than the 

alpha male (Farstad, 2017). 

Opportunities for application of reproductive  

The collection and preservation of genetic resources and the application of assisted reproductive 

technologies significantly improve the conservation of endangered animals, along with in-situ conservation 

efforts. The availability of threatened and highly endangered species of animals in the Ethiopia presents 
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good opportunities for the application and expansion of reproductive technologies. The extensive use of AI 

and current developments in practicing other reproductive technologies (multi-ovulation, in-vitro 

fertilization, and embryo transfer) by research institutions can be a huge support for conservation and farm 

animal improvement (Desalegn et al., 2009). Different stakeholders, including non-governmental 

organizations, are likely interested in taking part in the development and use of reproductive technologies 

in the conservation of threatened animal species (EBI, 2016). 

The presence of several threats, such as global climate change and recurrent drought in pastoral and 

agropastoral areas of Ethiopia, inbreeding’s in endangered domestic and wild animals, crossbreeding and 

breed dilution in the central highlands, and habitat loss, bring huge opportunities for the application of 

reproductive and cryopreservation technologies. Herewith, the current infrastructural development and 

capacity of experts allow the application of assisted reproductive technologies in the conservation of animal 

genetic resources. Semen can be collected from almost all farm animals and endangered wild animals for 

use in AI and embryo transfer. Female gametes and embryos can also be collected, preserved, and 

transferred, particularly in highly endangered mammalian species. 

Constraints in the application of reproductive technologies for animal conservation 

The major constraints to the development and utilization of reproductive technologies in Ethiopia are related 

to the lack of good infrastructural and financial support. The lack of skilled manpower and technicians is 

one of the main challenges. There are also difficulties related to access, affordability, and community 

awareness of the extensive application of reproductive technologies. Moreover, the complexity and cost-

demanding nature of advanced technologies like in-vitro production and embryo transfer impose greater 

constraints. Thus, there is low efficiency in the application of reproductive technologies (Adane, 2009). The 

limitations in our understanding of the reproductive physiology of threatened animal species reduce the 

success rate of reproductive technologies. Effective application of ARTs requires adequate knowledge of 

the reproductive status, seasonality, and behaviors of the particular species (Wildt and Wemmer, 1999). 
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Technical advances in reproductive science allow the development and effective application of ARTs in the 

conservation of threatened animal species (Le Gac et al., 2021). 

CONCLUSION AND RECOMMENDATIONS  

The development and application of reproductive technologies and cryopreservation of genetic materials 

play significant roles in realizing the sustainability and conservation of animal genetic resources. The most 

commonly cryopreserved genetic materials include semen, oocytes, embryos, and somatic cells. 

Reproductive technologies have made significant achievements in strengthening in-situ conservation 

programs, establishing threatened animal populations, and rehabilitating extinct animal species. Artificial 

insemination, multi-ovulation and embryo transfer, in-vitro fertilization and embryo production, somatic 

cell nuclear transfer, and embryo sexing are the most important reproductive technologies for animal 

conservation. In Ethiopia, many animal species and breeds are threatened due to climate change, recurrent 

drought, inbreeding, crossbreeding, and habitat loss. However, the application of reproductive technologies 

is limited to the genetic improvement of livestock and the conservation of a few threatened cattle breeds. 

Therefore, cryopreservation of genetic materials and assisted reproductive technologies should be 

extensively applied to the sustainable conservation of animal genetic resources. Special emphasis should be 

given to facilitate the global transfer of knowledge and resources in the development and application of 

cryopreservation and reproductive technologies. 
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