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Biodiversity encompasses variety and variability of all forms of life on earth that play a great role in human existence. Its conservation
embraces maintenance, sustainable utilization, and restoration, of the lost and degraded biodiversity through two basic and
complementary strategies called in situ and ex situ. Ex situ conservation is the technique of conservation of all levels of biological
diversity outside their natural habitats through different techniques like zoo, captive breeding, aquarium, botanical garden, and
gene bank. It plays key roles in communicating the issues, raising awareness, and gaining widespread public and political support
for conservation actions and for breeding endangered species in captivity for reintroduction. Limitations of ex situ conservation
include maintenance of organisms in artificial habitats, deterioration of genetic diversity, inbreeding depression, adaptations to
captivity, and accumulation of deleterious alleles. It has many constraints in terms of personnel, costs, and reliance on electric
power sources. Ethiopia is considered to be one of the richest centers of genetic resources in the world. Currently, a number of
stakeholders/actors are actively working on biodiversity conservation through ex situ conservation strategies by establishing gene
banks, botanical garden, and zoo.

1. Introduction

According to the Convention on Biological Diversity, bio-
diversity refers to the variability among living organisms
(animals, plants, and microorganisms) including inter alia,
terrestrial, marine, and other aquatic ecosystems with their
ecological complexes. In another expression, biodiversity
encompasses the variety and variability of all forms of life
on earth that play a great role in human existence [1, 2].
It also includes the ethnical value of biodiversity such as tra-
dition and traditional knowledge of the indigenous and local
communities [2] and the diversity within species (genetics),
between species and of ecosystems [3].

Genetic diversity refers to the variation within species
of any plant, animal or microbes in the functional units of
heredity. Species diversity refers to the variety of species
within a geographical area, which become central in the
evaluation of diversity, and used as a point of reference in bio-
diversity conservation. Finally, ecosystem diversity refers to
the variety of life forms in a given territory or area with all

its functional ecological processes, which is often evaluated
based on the diversity of all of its components [1].

Biodiversity is important for themaintenance of a healthy
environment and used for direct human benefits like food,
medicine, and energy. It is also used for recycling of different
essential elements, for mitigation of pollution, for protection
ofwatersheds, tomitigate soil erosion and to control excessive
variations in climate and catastrophic events. For example,
biodiversity provides different services free of chargeworth of
billions dollar every year for crucial well-being of the society.
Some of these services are providing clean water and air,
soil formation and protection, pollination, pest control, food,
fuel, fibers, medicine, and construction and industry raw
materials [4]. Agricultural biodiversity is another important
component of biodiversity, which has a more direct link to
the well-being and livelihood of mankind than other forms
of biodiversity. Food plant and animal species have been col-
lected, used, domesticated, and improved through traditional
systems of selection over many generations [5].
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However, today much of the lines of evidences are
increasingly pointing out a significant global decline in biodi-
versity by numerous, varied, and interacting drivers [6].More
than half of the habitable surface of the earth has already been
significantly altered by human activities. As a consequence,
biodiversity of our planet is on the verge of decline and
extinction despite our limited and incomplete knowledge on
them [7]. Biodiversity loss and extinction processes can occur
in two phases. The first phase is known as deterministic and
often resulted from human threats such as habitat loss, frag-
mentation and degradation, direct exploitation of the species,
competition from exotic and domestic species, and persecu-
tion and killing due to human animal conflicts. The second
phase is known as deterministic that resulted from failures
in mitigating threats that eventually result in very small,
fragmented, and isolated remnant populations. Then these
small remnant populations become vulnerable to a number
of other, nonhuman caused threats mainly stochastic, genetic
(genetic drift and inbreeding), and demographic events [8].
Thus, small, fragmented, isolated populations can find them-
selves being dragged into an extinction vortex whereby
genetic and demographic stochastic events can cause the
species to go extinct. During this second phase of the extinc-
tion process, very intensive management of populations and
individuals is often necessary to prevent extinction [9].

Several human induced impacts are leading to a mass
extinction process affecting global biodiversity. The major
reasons for rapid diminishing of biodiversity are attributed to
conversion of land for agriculture, wild fires, poor manage-
ment of available land, over-exploitation for food, fuel-wood,
medicine, construction, overgrazing by cattle, displacement
and loss of landraces, lower yielding varieties, pests and
diseases, global climate change, pollution (e.g., acid rain), and
gap of scientific knowledge on some of the biological
resources [1, 7, 10]. Human beings are destroying biodiversity,
particularly during livelihood activities with or without
knowledge of the consequences of their actions [6]. Agri-
culture is one of the most important land-use that results in
detrimental environmental consequences from increased use
of fertilizers and biocides, land draining, irrigation, and the
loss of many biodiversity-rich landscape features [6]. There
are many threats to biodiversity as a result of agricultural
practice through changes in land-use, replacement of tra-
ditional varieties by modern cultivars, agricultural inten-
sification, increased population, poverty, land degradation,
and environmental changes (including climate change) [5].
Recent estimates indicate that humans use more than 40% of
the terrestrial components and significantly modified global
biodiversity [7]. As a consequence, many species of living
organisms are classified as threatened today and this has
become a central concern for conservation [11].

Conserving biodiversity has economic, social, and cul-
tural values. Conservation of biodiversity is integral to the
biological and cultural inheritance of many people and the
critical components of healthy ecosystems that are used to
support economic and social developments. Moreover, it is
used to maintain the earth’s genetic library from which
society has derived the basis of its agriculture and medicine
[5, 12]. The twenty-first century is predicted to be an era of

bioeconomy driven by advances of bioscience and biotech-
nology. Bio-economy may become the fourth economy form
after agricultural, industrial, and information technology
economies, having far-reaching impacts on sustainable devel-
opment in agriculture, forestry, environmental protection,
industry, food supply, health care and other micro-economy
aspects. Thus, a strategic vision for conservation and sustain-
able use of biodiversity in the 21st century is of far-reaching
significance for sustainable development economy and soci-
ety [13].

Biodiversity conservation refers to the management of
human use of biodiversity in order to get the greatest sustain-
able benefit to present and future generations. Thus, con-
servation of biodiversity embraces the protection, mainte-
nance, sustainable utilization, restoration, and enhancement
of biodiversity [1]. Biodiversity conservation mainly focuses
on genetic conservation with its diverse life-support systems
(ecosystems) for the connotation of human well-being [3].

Conservation techniques can be grouped into two basic,
complementary strategies: in situ and ex situ [14]. As also
outlined in the articles 8 and 9 of theConvention of Biological
Diversity (CBD), biodiversity is conserved by two major
methods called in situ and ex situ. The conservation efforts,
either in situ or ex situ, involve the establishment and man-
agement of protected areas and relevant research institutes or
academic institutions, which establish and manage arboreta,
botanical or zoological gardens, tissue culture, and gene
banks [1]. The concept of ex situ conservation is fundamen-
tally different from that of in situ conservation; however, both
are important complementary methods for conservation of
biodiversity. The principal difference (and hence the reason
for the complementarities) between the two lies in the fact
that ex situ conservation implies the maintenance of genetic
materials outside of the “normal” environment where the
species has evolved and aims tomaintain the genetic integrity
of the material at the time of collection, whereas in situ
conservation (maintenance of viable populations in their
natural surroundings) is a dynamic system, which allows the
biological resources to evolve and change over time through
natural or human-driven selection processes [5].

In situ conservation is defined as conservation of ecosys-
tems and natural habitats, the maintenance of viable pop-
ulations of the species in their natural surroundings and,
in the case of the cultivated species, in the surroundings
where they have developed their distinctive properties. In situ
conservation can be done in farmers’ fields, in pasture lands,
and in protected areas [15]. For cultivated species, in situ
conservation concerns themaintenance of the local intra- and
inter-population diversity available in various ecological and
geographical sites [1, 16].Thus, it allows ongoing host-parasite
coevolution, which is likely to provide material resistance
to pests and diseases, and CBD recognized it as a primary
approach to conserve biodiversity [4]. However, in situ con-
servation has certain limitations like more difficult access to
breeders requiring the application of its complimentary tech-
nique. For example, some of the natural habitats or wild habi-
tats are very risky when compared to relatively safe captive
environment [9].
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The second biodiversity conservation technique receiving
the most attention to conserve biodiversity is ex situ. Ex situ
conservation techniques are mostly used to be applied to
species with one or some of the following characteristics:
endangered species, species with a past, present or future
local importance, species of ethno-botanical interest, species
of interest for the restoration of local ecosystems, symbolic
local species, taxonomically isolated species, and monotypic
or oligotypic genera [17]. Intensive conservation and man-
agement of populations and individuals can come in many
different forms, like translocation, breeding in a fenced
wild habitat, supplementary feeding, captive hand rearing of
young ofwild parents to becomepregnant sooner, and captive
breeding [9].

2. Ex Situ Conservation

Ex situ conservation is a technique of conservation of biolog-
ical diversity outside its natural habitats, targeting all levels of
biodiversity such as genetic, species, and ecosystems [1, 2, 16].
Its concept was developed earlier before its official adoption
under the Convention on Biological Diversity signed in 1992
inRio de Janeiro [2]. In general, ex situ conservation is applied
as an additional measure to supplement in situ conservation,
which refers to conservation of biological diversity in its
natural habitats [16]. In some cases, ex situmanagement will
be central to a conservation strategy and in others it will
be of secondary importance [18]. Broadly, ex situ conserva-
tion includes a variety of activities, from managing captive
populations, education and raising awareness, supporting
research initiatives and collaborating with in situ efforts [19].
It is used as valuable tools in studying and conserving
biological resources (plants, animals, and microorganisms)
for different purposes [2] through different techniques such
as zoos, captive breeding, aquarium, botanical gardens, and
gene banks [16].

2.1. Types of Ex Situ Conservation

2.1.1. Zoos. Zoos or zoological gardens or zoological parks
in which animals are confined within enclosures or semi-
natural and open areas, displayed to the public, and in
which they may also breed. They are considered by universal
thinkers and environmentalists as important means of con-
serving biodiversity [19–21]. Zoos attract as many as 450
million visitors each year and so are uniquely placed to have
very large educational and economic values [22]. Zoos not
only act as places of entertainment and observing animal
behavior, but are also as institutions, museums, research
laboratories, and information banks of rare animals [23].
Although some people dislike zoos, many people enjoy them.
Over the last several decades, zoos have made significant
progress in its cooperativemanagement of ex situ populations
of a variety of biodiversity [9].

Zoos breed many endangered species to increase their
numbers. Such captive breeding in zoos has helped to save
several species from extinction [19]. Management of animals
in zoos includes animal identification, housing, husbandry,

health, nutrition as well as addressing and ways of interac-
tion with the public [20]. There are various processes and
mechanisms used to determine whether a species or taxon
is included within a zoo’s collection plan. The frequently
used criteria include how the species is valued, according to
its uniqueness, contribution to research or education, and
conservation status [19]. Zoos help the animal to secure food,
shelter, social contact and mates, and to be motivated by
desire (appetitive behavior), which is reinforced by pleasure
(consummative behavior) [21].

In the past, some zoos paid little attention to the welfare
of the animals, and some zoos today have poor environments
for animals [24]. They were also once reliant on harvest from
the wild to populate their exhibits and reliance on continued
wild collection to breeding closed populations [23]. Many
zoo animals also became endangered or extinct due to visitor
disturbances, unfavorable climate and due to insufficient
space [20]. From this aspect, many scholars state on the
negative features of keeping animals in zoo as it causes
pain, stress, distress, sufferings and evolutionary impacts
[21]. Animal welfare, education, conservation, research, and
entertainment are major goals of modern zoos, but these can
be in conflict. For example, visitors enjoy learning about and
observing behavior in captive animals, but visitors often want
to observe and interact with the animals in close proximity.
Unfortunately, proximity to and interactions with humans
induce stress formany species [25].The same is true for Addis
Ababa Lion Zoo Park.

However, progressive zoos are engaged in education,
research, and conservation, with the aim of maintaining
healthy animals, which behave as if they are in their natural
habitats [24]. The current paradigm for managing essential
populations is to minimize the rate of genetic decay, slow
adaptation to the captive environment, and retain typical
behaviors [23, 26]. It is widely accepted that the more gen-
erations a population spends in captive breeding, the less
suitable it is for attempted restorations in the wild. Hence,
population management is designed not to deplete too
quickly the resource obtained from the founders [23]. Thus,
for true sustainability of the species for the purpose of conser-
vation, display, education, and research, constant refreshing
of populations is required [9, 23]. Majority of the current
breeding programs base on the genetic management of
populations by the analysis of individual pedigrees in order
to minimize kinship [9].

2.1.2. Captive Breeding. Captive breeding is an integral part
of the overall conservation action plan for a species that helps
to prevent extinction of species, subspecies, or population. It
is an intensive management practice for threatened individ-
uals, populations, and species by anthropogenic and natural
factors [9]. In small and fragmented populations, even if
the human caused threats could be magically reversed, the
species would still have a high probability of extinction by
randomdemographic and genetic events, environmental var-
iations, and catastrophes. Thus, under sufficient knowledge
on the biology and husbandry of the species, captive breeding
helps individuals in the relative safety of captivity, under
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expert care and sound management by providing an insur-
ance against extinction [9]. Stock for reintroduction or
reinforcement efforts, opportunities for education, raising of
awareness, scientific and husbandry research, and other con-
tributions to conservation are also possible through captive
breeding [9, 27].

Environmental enrichment strategies are used to improve
both physiological and psychological welfares of captive
animals, which can be achieved by increasing the expression
of natural behavior and decreasing abnormal behaviors. Suc-
cessful environmental enrichment includes the improvement
of enclosure design and the provision of feeding devices,
novel objects, appropriate social groupings, and other sensory
stimuli [27].Theminimum requirement for successful ex situ
management, particularly in the captive populations, is the
inclusion of as much of the genetic diversity present in wild
populations. Genetic sustainability (retention of 90% of the
gentic diversity of thewild population for 100 years) in captive
breeding ismaintained if consideration is given on number of
founders, population growth rate, effective population size,
and duration of the captive program [19]. However, even if
at least 30 founders in captive breeding are recommended to
ensure the representation of large enough proportion of the
genetic diversity of the wild population, for critically endan-
gered species, actively removing individuals from the wild
population to serve as foundersmay compromise the survival
of the wild population [9]. For example, the Arabian Oryx
captive breeding program was based on fewer founders and
grew to a couple of thousand individuals through breeding
management, which helped to reduce risks.

However, there are several challenges (biological and envi
ronmental) that are limiting factors to the attainment of
the goal of captive breeding for many species [19]. One of
the major challenges is a circular consequence of small-
populationmanagement that has inherent genetic and demo-
graphic problems due to genetic diversity loss and demo-
graphic stochasticity [19]. In addition, individuals that are
well adapted to the circumstances in captivity may also be
less well adapted to the circumstances in the wild and may
show lower fitness upon reintroduction [28]. Most notably,
within the captive environment, housing and husbandry will
also have significant impacts on birth and death rates [19].

2.1.3. Aquarium. An aquarium is an artificial habitat for
water-dwelling animals. It can also be used to house amphib-
ians or large marine mammals and plant species for tourist
attractions. It is usually found in zoos or marine parks with
different size. The 15,750 described species of freshwater fish
comprise around 25% of living vertebrate species diversity
and a key for global economic and nutritional resources of
which more than 11% is threatened (60-extinct, 8-extinct in
the wild and 1679-threatened) [22]. Fresh waters (0.3%) of
available global surface water support 47–53% of all extant
fish species that are threatened by overfishing, pollution,
habitat loss, damming, alien invasive species, and climate
change. This requires world’s zoos and aquariums to identify
the potential targets (species or areas) for in situ and ex situ
conservation program [18, 22]. Aquarium is used to admire

at home by hobbyists, to portray as public exhibits, to provide
large quantities of human food and animal fodder [18].

Fishes are often overlooked within the development
of conservation priorities. This leads to the low focus on
meaningful conservation efforts rather than giving more
attention for their importance to food supply and livelihoods.
For example, it provides job opportunity for over 60 million
people, as source of food for over 200 million people in
Africa, for US$1.5 billion income from trade of 4000 species
global ornamental fish industry, and many are displayed in
the world’s public zoos and aquaria to a global audience of
as many as 450 million people per year [22, 29]. However,
despite the clear value of freshwater fish diversity, wetland
habitats and their associated freshwater-fish species continue
to be lost or degraded at an alarming rate [30]. One recom-
mendation is for aquariums to set up sustainable breeding
program that prioritizes threatened species (VU, EN, andCR)
and those classified as EW to support species conservation
in situ and aid the recovery of species via collaborative
reintroduction or translocation effortswhen appropriate [22].

2.1.4. Botanical Gardens. Botanical gardens consist of living
plants, grown out of doors or under glass in greenhouses
and conservatories. They are used to grow and display plants
primarily for scientific and educational purposes. They also
include herbarium, lecture rooms, laboratories, libraries,
museum and experimental or research plantings. It can be
taxonomic collection of a particular family, genus or group
of cultivars, native plants, wild relatives, medicinal, aromatic,
or textile plants [4]. There are over 2,000 botanic gardens,
holding 80,000 plant species in their living collections and
receiving hundreds of millions of visitors per annum [14, 31].
Furthermore, they have valuable and distinctive mix of offi-
cials dedicated to plant research, systematics, conservation
education, and public awareness [31].They are now extremely
well networked both among themselves and with other pro-
fessionals, conservation organizations, and nongovernmental
organizations (NGOs) [31]. They provide different services
for sectors that utilize and conserve plant diversity like
agriculture, forestry, pharmaceutical and biofuel industries,
protected area management, and ecotourism. They have a
unique opportunity as visitor attraction places and scientific
institutions for documentation and conservation of plant
diversity by shaping and mobilizing citizens to the current
environmental challenges [31]. They also play a great role in
attaining target of the Global Strategy for Plant Conservation
for 2020 to cultivate 75% of the world’s threatened plant
species in ex situ [14]. Botanical gardens give opportunity
for arable plants to be grown under relatively modified
environmental conditions (intense cultivation, relatively high
fertility, and high levels of disturbance) [14].

However, most of the cultivated taxa are held in a small
number of collections and mostly only in small populations.
Lack of genetic exchange and stochastic processes in small
populations make them susceptible to detrimental genetic
effects [14]. The low number of ex situ populations in most
botanical gardens poses a fundamental problem for conser-
vation. The total ex situ breeding collection is therefore very
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small with respect to the stated aim of conserving regional
gene pools [14]. The striking lack of information on source
populations casts doubt on the value of using such ex situ
populations for potential reintroductions. They also require
testing for fitness and similarity to wild populations before
they are brought to the field [14]. Thus, conservation actions
of botanic gardens such as training and capacity building,
needs to be better understood and better coordinated [31].

2.1.5. Gene Banks. Genome resource banking is another
management technique used for biodiversity conservation.
Different types of gene banks have been established for the
storage of biodiversity, depending on the type of materials
conserved. These include seed banks (for seeds), field gene
banks (for live plants), in vitro gene banks (for plant tissues
and cells), pollen, chromosome, and deoxyribonucleic acid
(DNA) banks for animals (living sperm, eggs, embryos,
tissues, chromosomes, and DNA) that are held in short
term or long term laboratory storage; usually cryopreserved
or freeze-dried [32]. Currently, there are about 7.4 million
PGRFA accessions conserved in over 1750 gene banks [5].The
Genome 10K (G10K) project aims to sequence the genomes
of 10,000 vertebrates, of which 4,000 will be fish. To date, 60
fish genomes have been sequenced in laboratories worldwide
and added to the database, and a further 100 are targeted.
The Frozen Ark database holds details of 28,060 frozen
DNA samples. Among these 6,997 are from species listed
in the IUCN Red List [18]. The principal aim of gene bank
conservation is to maintain genetic diversity alive as long as
possible and to reduce the frequency of regeneration thatmay
cause the loss of genetic diversity [5].

With the rapid development in the field of molecular
genetics and genomics, DNA is becoming more and more in
demand for molecular studies and is one of the most
requested materials from gene banks. Establishing DNA
storage facility as a complementary “backup” to traditional ex
situ collections has been suggested [5]. Some efforts have been
made to establish DNA banks for endangered animals [33],
and a few plant DNA banks in different parts of the world
such as the Missouri Botanic Garden, Kew Royal Botanic
Garden and Australian Plant DNA Bank. Many research
groups are already developing their own archives of extracted
genomic DNA. Recently, the Global Biodiversity Information
Facility in Germany has established a DNA bank network,
which provides DNA samples of complementary collections
(microorganisms, protists, plants, algae, fungi, and animals)
[5].

Seeds are usually themost convenient and easiestmaterial
to collect and to maintain in a viable state for long periods of
time and that makes it preferred for conservation in gene
banks [14, 34]. Seed banking techniques rely on the storage of
dried seeds of threatened or other plants at low temperatures
as the most important factors influencing seed longevity are
temperature, seed moisture content, and relative humidity
[14, 35, 36]. Seeds are typically conserved at moisture content
between 3 and 7 percent and stored at 4 degrees Celsius for
short-term conservation, and between −18 and −20 degrees
Celsius for long-term conservation [5, 34]. Current research

is showing that there exists variability in seed longevity for
different species being conserved under similar conditions. In
addition, it has been found that the type of seed (endospermic
or non-endospermic) and intraspecific variation may also
affect accessions longevity [5]. In addition, high initial quality
seeds are a major prerequisite for ensuring seed longevity in
seed banks [5].

Plants that cannot be conserved as seeds because of their
recalcitrant nature (i.e. seeds that are desiccation and/or cold
sensitive) or are clonally propagated are traditionally con-
served as live plants in ex situ field gene banks. But, field
gene banks present real logistical challenges; they require
large areas and are costly, they are vulnerable to pests and
diseases, natural disasters, political unrest, extreme weather,
fire, vandalism, and theft, and they often are at risk due to
policy changes on land use [5].

In vitro conservation refers to one type of gene bank
known as slow-growth conservation method. It involves
culturing of different parts of the plant (meristem, tissues, and
cells) into pathogen-free sterile culture in a syntheticmedium
with growth retardants, which has been cited as a good way
of complementing and providing backup to field collections
[5].

The other genome conservation technique is cryopreser-
vation, in which living tissues are conserved at very low
temperatures (−196∘C) in liquid nitrogen to arrestmitotic and
metabolic activities [5]. It is now realized that cryopreser-
vation method can offer greater security for long-term, cost
effective conservation of plant genetic resources, including
orthodox seeds [5]. The storage in liquid nitrogen clearly
prolonged shelf life of lettuce seedswith half-lives projected as
500 and 3400 years for fresh lettuce seeds stored in the vapor
and liquid phases of liquid nitrogen, respectively [5].

2.2. Advantages of Ex Situ Conservation. It is generally
preferred to conserve threatened species in situ, because
evolutionary processes are more likely to remain dynamic
in natural habitats [14, 19]. However, considering the rate
of habitat loss worldwide, ex situ cultivation is becoming
increasingly important [14]. Furthermore, asmany of the taxa
are located outside natural parks or reserves, in situmeasures
are not enough to assure their conservation. Translocation,
introduction, reintroduction, and assisted migrations are
species conservation strategies that are attracting increasing
attention, especially in the face of climate change [37].

As approximately 450 million people per year visit zoos
and aquaria globally, their education and marketing ser-
vices play a key role in communicating the issues, raising
awareness, changing behavior, and gainingwidespread public
and political support for conservation actions. Zoos support
conservation by educating the public, raising money for
conservation programs, developing technology that can
be used to track wild populations, conducting scientific
research, advancing veterinary medicine, and developing
animal handling techniques [22]. By studying animals in
captivity and applying that knowledge to their husbandry,
zoos can provide valuable and practical information that may
be difficult or impossible to gather from the wild [24]. Zoos
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and aquaria have significant roles to play in improveing public
awareness of the issue facing species and their habitats; for
example, through presentation of maps and photographs of
species recently extinct as a result of anthropogenic impacts.
A similar display of threatened species, even if not currently
in the collections of the zoo, would help convey to the public
the magnitude of the threat facing the species [18, 22]. It
also reaches a wide cross-section of the society, because zoo
audiences are not limited to those who are already passion-
ately interested in wildlife and because many zoo visitors are
children. Some of these children may become committed
conservationists. Some may grow up to be oil company
tycoons, politicians, or movie stars, with great potential
influence. Some may even live next door to a poacher or
wildlife dealer. Thus, instilling an interest in conservation
of wildlife in people from all walks of life while they are
young is one vital role zoos can play [38]. It is often claimed
that zoos perform valuable conservation work by breeding
endangered species and returning them to the wild. Zoos can
also be used for businesses that makemoney.This means that
animals are often bred for commercial purposes because the
public like to see new-born animals. Such breeding leads to a
surplus of animals, and in order to keep numbers down sold
to private collectors, circuses, or even research laboratories.
A zoo with good and attractive entertainments encourages
initial visits and subsequent returns to the zoo, which is used
to get more revenue for conservation efforts, research, and
general animal care and welfare and also to develop more
positive perceptions of animals in zoos and become more
supportive of conservation efforts [25, 39].

2.3. Disadvantages of Ex Situ Conservation. Some ex situ con-
served collections showed lower resistance levels, although
still others showed higher resistance levels than their in situ
conserved counterparts mainly due to the high evolutionary
drive and complex nature of evolutionary scenario [40].

The behavior of animals in the zoo may be affected by the
frequent arrival of large number of people, who are unfamiliar
to the animals [41]. Animals housed in artificial habitats are
confronted by a wide range of potentially offensive envi-
ronmental challenges such as artificial lighting, exposure to
loud or aversive sound, arousing odors, and uncomfortable
temperatures or substrates. In addition, confinement-specific
stressors such as restricted movement, reduced retreat space,
forced proximity to humans, reduced feeding opportunities,
maintenance in abnormal social groups, and other restric-
tions of behavioral opportunity are considered [42].However,
over the course of the twentieth century, as knowledge of
wildlife biology improved, zoo animals began to be kept in
more natural surroundings and social groupings, and diets
and veterinary care began to improve. Thus, survival and
breeding rates of captive populations improved [38]. Evi-
dence mainly from studies of rodents and primates strongly
indicates that prenatal stress can impair stress-coping ability
and is able to cause a disruption of behavior in aversive or
conflict-inducing situations. Prenatally stressed animals
show retarded motor development, reduced exploratory and
play behavior, and impairments of learning ability, social

behavior, and sexual and maternal behavior. Prenatal stress
may also affect the sex ratio at birth and the reproductive
success [43].

Although populations of some species managed in ex
situ may have the best hope for their long-term survival,
they might be challenged if not properly managed during
translocation and reintroduction with the effects of climate
change [22]. Some species may lose their biological integrity
particularly on morphology. For example, an experimental
study on black-footed ferrets (Mustela nigripes) in ex situ
indicated a decrease of 5–10% body size than pre-captive,
in situ animals [44]. In other words, the small cage size and
environmental homogeneity inhibit mechanical stimuli nec-
essary for long bone development. Thus, in the absence of
such an environment, “unnatural” morphologies can result
that may contribute to poor fitness or perhaps even for
domestication and reintroduction and relocation [44]. It
would be very difficult to reintroduce some zoo-reared
animals to their natural habitats because, after generations of
captivity, many have lost the necessary skills to survive in
their original habitats [22].

For naturally out-breeding species, the high levels of
inbreeding in captivity often have negative effects on life
history traits related to reproduction and survival [11]. It
makes the population in captivity deteriorate due to loss of
genetic diversity, inbreeding depression, genetic adaptations
to captivity, and accumulation of deleterious alleles [17]. For
plants, ecological shifts, small population size, genetic drift,
inbreeding, and gardener-induced selection may negatively
affect population structure after several generations of ex situ
cultivation [16, 45, 46]. These factors could seriously put at
risk the success of ex situ conservation [17].

Captive breeding of threatened species has used increas-
ingly sophisticated technologies and protocols in recent years
[47]. Although, this has blurred the dichotomy between in
situ and ex situ species management, the value of captive
breeding as a conservation tool remains controversial [48]. It
is recognized that ex situ conservation has many constraints
in terms of personnel, costs, and reliance on electric power
sources (especially in many developing countries where elec-
tricity power can be unreliable) for gene banks. It requires
high facilities and financial investments. It cannot also con-
serve all of the thousands of plant and animal species that
make up complex ecosystems such as tropical rainforests [49].
Capture of individuals from the wild for captive breeding or
translocation some times can have detrimental effects on the
survival prospects of the species as a whole through disease
infection [50].

Even though the management of irreplaceable animal
populations in zoos and aquarium has focused primarily on
minimizing genetic decay with the use of advanced technolo-
gies, recent analyses have shown that as most zoo programs
are not projected to meet the stated goals due to lack
of achieving “sustainability” of the populations [23]. Thus,
managing zoo populations as comprehensive conservation
strategies for the species requires research on determinants of
various kinds of genetic, physiological, behavioral, and mor-
phological variations, and their roles in population viability,
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development of an array of management techniques, tools,
and training of managers [23].

2.4. Challenges to Ex Situ Conservation. Ex situ conservation
requires different kinds and levels of intensity of manage-
ment, and a multistakeholder approach like the input from
experts on aquarium and zoo husbandry, ex situ breeding,
gene-banking, reintroduction, and habitat restoration [51].
Other expert input may include taxonomy, ecology and
conservation, ethnography, and sociology. For outreach pro-
gram, there is a need to liaise with local communities and
national government fisheries and wildlife departments;
with international (nongovernmental and intergovernmen-
tal) conservation bodies [18].

The most important challenges of applying ex situ con-
servation (captive breading) are the difficulty in recognizing
the right time, identifying the precise role of the conser-
vation efforts within the overall conservation action plan,
and setting realistic targets in terms of required time span,
population size, founder numbers, resources, insurance of
soundmanagement and cooperation, and the development of
much needed new technical methods and tools [9]. In captive
breeding to achieve the retention of 90% of the wild gentic
diversity, it is necessary to incorporate sufficient number of
founders, careful pair combinations and management [9].
Evidence also exists, which demonstrates that manipulation
of housing and husbandry variables can also have significant
positive influence on animal reproduction in captivity [19].

In many cases, ex situ populations are founded from
only a few individuals, which cause genetic bottlenecks.
Small populations are exposed to threats such as stochastic
demographic events as well as genetic effects, including loss
of genetic diversity, inbreeding depression or accumulation
of new, potentially deleterious mutations [11]. More specific
problems in garden populations include poorly documented
or even unknown sources of material, accidental hybridiza-
tion of material from various localities, and or unintended
selection for traits more suited to garden conditions [14]. In
every region, most of the cooperatively managed breeding
programs have too few animals, too few animals in appropri-
ate situations for breeding, too few successful breeders, too
few founders, and too many animals with undocumented
ancestries and/or too little cooperationwith scientifically des-
ignated breeding recommendations. These deficiencies are
resulting in declining populations or declining gentic diver-
sity or both [23, 52].

Problems associated with small founder populations such
as inbreeding depression, removal of natural selection, and
rapid adaptation to captivity pose considerable challenges for
managers of captive populations of threatened species [48].
Equally, reintroduction of captive-bred stock to the wild may
require implementation of rigorous protocols that embrace
acclimation, pre- and post-release training, health screening,
genetic management, long-term monitoring, and involve-
ment of local stakeholders [53, 54]. Shortfalls in implement-
ing such protocols may jeopardize the likelihood of achieving
success [47].

Inbreeding due to the mating between two related indi-
viduals is unavoidable in small, fragmented, or isolated pop-

ulations typical of many threatened species, and it can lead
to a significant reduction in fitness. The deleterious effects
of inbreeding on individual fitness can be large and may be
an important factor contributing to population extinction.
Inbreeding depression has potential significance for the
management and conservation of endangered species [55].
As populations get smaller, the probability increases for all
offspring in a given generation are of the same sex [19].

Evaluating the long-term efficiency of ex situ conserva-
tion is important, but is complicated because of the difficulty
of finding more than one sample of a documented (origin
and cultivation) ex situpopulation and its corresponding still-
existing in situ source population [46].

Animal translocations are usually risky and expensive,
and a number of biological and nonbiological factors can
influence success. Biological considerations include knowl-
edge of genetics, demography, behavior, disease, and habitat
requirements. It also includes legal framework, fiscal and
intellectual resources, monitoring capacity, goal of the
translocation, logistic challenges, and organizational struc-
ture of decision making [56].

The regeneration process is one of the most critical steps
and a major challenge in gene bank management, during
which there is the highest probability for genetic erosion [57].
It is equally important to understand how different con-
servation methods (seed, field, and cryopreservation) and
their management can affect or change the genetic make up,
thereby reducing the effective population size (Ne). This will
also contribute to decision-making process for determining
which methods to use for conservation of the wide diversity
[5].

If people are discouraged or prevented from interacting
with the resident animals, fewer visitors attend, decreasing
public financial support. The visitors’ noise and crowding
become a source of stress for many species that affects both
their welfare and the enjoyment of the visitor [25].

3. Ex Situ Conservation Practice in Ethiopia

Ethiopia is considered to be one of the richest centers of
genetic resources in the world. It is believed that indigenous
crops such as teff (Eragrostis tef ), Noug (Guizotia abyssinica),
and Enset (Ensete ventricosum) were first domesticated in
Ethiopia. Numerous major crop species including durum
wheat (Triticum durum), barley (Hordeum vulgare), sorghum
(Sorghum bicolor), sesame (Sesamum indicum), castor (Rici-
nus communis), and coffee (Coffea arabica) are also known
to show significant diversity in the Ethiopian region [58].
Almost 85% of the populations of Ethiopia live in rural areas
and most of this population depends directly or indirectly on
biodiversity. Biodiversity also plays a crucial role in the dif-
ferent sectors like energy, agriculture, forestry, fisheries,
wildlife, industry, health, tourism, commerce, irrigation, and
power [15].

The records on biodiversity conservation efforts in
Ethiopia date back to the days of Emperor Zera-Yakob (1434–
1468 E.C.).The Emperor brought juniper seedlings fromWof
Washa of North Shewa and planted in Managesha-Suba area.
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Modern conservation intervention began by Emperor Meni-
lik in 1908 E.C. and eventually evolved to the establishment
of protected areas in the 1960s [4]. Currently, a number of
stakeholders are actively working on biodiversity related
issues at the federal government level.These include Institute
of Biodiversity Conservation (IBC), Ethiopian Institute of
Agricultural Research (EIAR), Ethiopian Wildlife Conserva-
tion Authority (EWCA), Ministry of Agriculture and Rural
Development (MoARD),Ministry of Science andTechnology
(MoST), Higher Learning Institutions (HLIs), particularly
Addis Ababa University (AAU), and offices in various
regional states of Ethiopia [59]. Ex situ conservation as com-
plementary to the rehabilitation and restoration of degraded
ecosystems and the recovery of threatened species was started
1976 with the establishment of IBC [4].

Ex situ conservation activities mostly focus on high soci-
oeconomic value and internationally important crop types
that are considered to be facing immediate danger of genetic
erosion [15]. The collections held at IBC are mostly of
indigenous landraces some of which are not seen today in
farmlands. The collections of root crops, medicinal plants,
weedy species, and wild relatives of cultivated species are still
relatively inadequate within the existing ex situ collections
[60]. However, appropriate emphasis is being placed on con-
servation and sustainable use of all forms of plant biological
resources [60]. Since the establishment of IBC, systematic
crop germplasm exploration and collection operations have
been undertaken in the different administrative regions of
the country, covering a wide range of agroecological zones.
Collection priorities were set based on factors like eco-
nomic importance, degree of genetic erosion and diversity,
researchers’ needs, the rate of diffusion of improved varieties,
clearing of natural vegetation, agricultural policies, natural
disasters, and resettlement program [4].

Currently about 68,014 seed accessions of 200 plant
species, 6,704 accessions of 205 species of forestry, medicinal,
forage and pasture plants (in field gene bank), 290 species of
microbial genetic resources, and three semen of threatened
breed of domestic animals are conserved by IBC. About 90%
of the total germplasm holdings in the gene bank consist
of field crops. The total collection is composed of cereal
seeds, pulses, oil crops, spices, and species of medicinal and
industrial value. Aside from the crop collections, the gene
bank also holds 650 collections of micro-organisms. Over
9,000 accessions of horticultural crops, medicinal plants, and
herbs are maintained in field gene banks.The type and nature
of collection missions and number and lists of plant species
and landraces collected have been documented in manuals
and reports. Regular monitoring activities are performed for
seed viability [15].

For plant species with recalcitrant and intermediate stor-
age behavior, there are ten field gene banks under IBC control
and small sized fields in the various research stations of the
Ethiopian Institute of Agricultural Research (EIAR) and at
universities. The plan for the immediate future is to increase
the number of field gene banks in different agroecological
zones. Community gardens, backyards, and holy places are
being considered for inclusion in the future plan. Spices,
vegetables and medicinal plants require management on

a large scale and with the full involvement of the local
communities [15]. The initiative at national level is still in its
infancy and there is currently no well-established national
botanical garden in Ethiopia including the Gulele Botanical
Garden Center [4, 59]. The Gulele Botanic Garden Center
was established through the Proclamation No. 18/2005 E.C.
in October 30/2002 E.C. in a 705 hectare land at Gulele and
Kolfe-Kernayo subcities. It was established with a vision to
see the center to be developed as an exemplary garden in
terms of education, ecotourism attraction and center for
originality of the Ethiopian plant species, and to be a place of
research and nurturing of plant species. The center also has a
mission to provide persistent ecotourism services to tourists
by taking care of plant species and carrying out educational
and research works [59].

Although there is no well-established zoo or zoological
garden in Ethiopia, the Addis Ababa Lion Zoo Park can be
dominantly cited [59]. The Addis Ababa Lion Zoo Park
was established in 1948 with five founder lions presented to
Emperor Haile Selassie as gifts.The park accommodates lions
with cubs, tortoises, baboons, monkeys, apes, and ducks. A
team of international researchers has provided the first com-
prehensive DNA evidence from 15 (eight males and seven
females) samples of Addis Ababa lion indicating the genet-
ically unique samples that requires immediate conservation
action. Both microsatellite and mitochondrial DNA data
suggest that the zoo lions are genetically distinct from all
existing lion populations for which comparative data exist.

Desiccation-intolerant seeds and species that do not read-
ily produce seeds are conserved ex situ in field gene banks. For
example, accessions of coffee (Coffea arabica), root crops such
as yam (Dioscorea bulbifera) and “Oromo dinich” (Coleus
edulis), and spices like ginger (Zingiber officinale) and Ethi-
opian cardamom (Aframomum corrorima) are conserved in
agro-ecological zones in field gene banks [60].

The need for action for global biodiversity conservation
is now well understood, and government agencies, nongov-
ernmental organizations, and botanic gardens have all been
working in various ways to promote environmental sustain-
ability and reduce species and habitat loss [31].

Seed banking is the major ex situ conservation method
employed in Ethiopia.There are threemajor seed banks oper-
ating in Ethiopia. The National Tree Seed Project processes
seeds from a narrow range of tree species and uses short-
term storage facilities. It aims to cater for the annual seed
demand from commercial and small-scale forestry enter-
prises. Of the 70 species regularly collected and processed,
20 are indigenous. The Forage Genetic Resources Centre
maintained by the Consultative Group on International Agri-
cultural Research at the International Livestock Research
Institutemaintains long-term conservation of a wide range of
native and exotic forage species.The Institute for Biodiversity
Conservation and Research holds active collections of seeds
mainly for research and distribution and as a base collection
for long-term conservation [60].

For security reasons, the collected and stored germplasm
need to be conserved in duplicate gene banks. However,
except for the limited samples of the Ethiopian germplasm
held by the Consultative Group on International Agricultural
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Research, United States Agency for International Develop-
ment, and the Nordic Gene Bank, majority of the Ethiopian
collections are still kept in a single copy at the National Gene
Bank. Greater efforts need to be made to store duplicate
collections to avoid future genetic erosion [15]. For the
continuing power supply, the Ethiopian Gene Bank has
independent power supply in the form of a stand by generator
to overcome power cuts [15].

Lack of adequate knowledge with respect to collection,
handling, and treatment of seeds often impedes the planting
of indigenous trees and shrubs. Inadequate work has been
done on establishing the seed storage behavior of native
species resulting in only limited availability of ex situ con-
servation seed collections especially with respect to native
forest species [60] and lack of alternative storage facilities for
the existing conventional cold rooms (e.g., in vitro and cryo-
preservation methods) [4]. The current holdings of the IBC
gene bank reach over 60,000 accessions of plant species. Some
collections are in the medium-term storage mainly due to
insufficient seed samples [15].

4. Conclusion

Biodiversity plays a great role in human existence and in
healthy function of natural systems although it is on the way
of depletion dominantly due to anthropogenic activities.This
requires conservation of biodiversity either in in situ or ex situ
or both methods in combination based on the conservation
situation and its objective. Although in situ conservation is
more encouraged to be used for biodiversity conservation, ex
situ conservation is recommended as it complements through
different techniques like zoo, captive breeding, aquarium,
botanical garden, and gene bank. Ex situ conservation has
its own advantages, disadvantages, and challenges making
decision on its application by evaluating advantages, dis-
advantages and challenges. Although, Ethiopia is rich in
biodiversity resources, more people depend on it for their
livelihood directly or indirectly causing a great loss. Even if
the conservation of biodiversity in Ethiopia has long-time
history, its progress, coverage, and enforcement of the rule
for conservation seem to be weak. Despite of good progress
made in gene bank conservation, it is yet to be developed.
In the same way, attention should be given for developing a
National Zoological Park and a Botanical Garden.
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