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ABSTRACT

The number of fauna whose existence is threatened is increasing per year at an alarming rate due
to various human and natural activities. Absence of shelter to wild animals due 10 deforestation for
cultivation, dam construction, road building, railway routes, for urbanization and due to various
natural calamities such as flood, droughts, fire, epidemics and hunting of all kinds for any purpose
i.e. for food, hide, plumage, fur, Lusk, horn, musk etc. have caused destruction of wild life through
reduction in areas for free movement resulting in retardation of reproductive capacity of certain
wild animals like deer, tiger, bison, Rhino and so on. Conservation of dams and reservoir alleys
microclimate and ads in loss of vegetation area, soil erosion and enhances seismic activities due to
pressure of water. Blasting operation for road conservation in hilly areas also cause considerable
drainage to environment through loosening of hill side resulting in landslides. Thus under such

adverse circumstances, it is the need of the time is 10 conserve the environment and biodiversity.
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INTRODUCTION

Zoos are often perceived as amusement parks where families and friends visit in their leisure.
There has been a common misconception among the general populace that zoological parks are
spaces where animals are captured and kept in captivity. Some even believe that it is a gross
violation of animal rights. n the face of rapid urbanization, industrialization and deforestation
zoological parks provide people with the opportunity to interact with many animals which they
may not have even seen in life. Even today, only five percent of people are able to pay a visit to
any zoo.

Only a fraction of the population pays visit to any wildlife reserve. Going to a wildlife reserve is
a time consuming and resourceful activity. Even if someone visits a wildlife reserve one needs to
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go to different reserves for viewing different species. There are many species which are endemic
to a specific location. The poor and the lower middle class often cannot afford a visit to a
wildlife reserve. The zoo offers them the only avenue to experience the wildlife.

Moreover animals which are free ranging are not kept in confined spaces. For instance, in
National Zoological Park, Delhi, mammals like palm civets, porcupines, bats and reptiles like
cobra and rat snakes are free ranging.

However, today much of the lines of evidences are increasingly poiating out a significant global
decline in biodiversity by numerous, varied, and interacting drivers [6]. More than half of the
habitable surface of the earth has already been significantlysaltered 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, fragmentation andfdegradation, direct exploitation ofsthe species,
competition from exotic and domestic species, and persecution and killing due to"human animal
conflicts. The second phase is known as deterministic thatsresulted 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, themselves being dragged into an
extinction vortex whereby‘genetic and demographic stochastic events can cause the species to go
extinct. During this sécond  phase of ghesextinction process, very intensive management of
populations and individuals is often necessary to prevent extinction [9].

Several human inducedyimpacts are leading to a mass extinction process affecting global
biodiversity. The majorreasens for rapid-diminishing of biodiversity are attributed to conversion
of land‘for agriculture, wild fires, poor management of available land, over-exploitation for food,
fuel'wooad, 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 theirractions [6]. Agriculture 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 traditional varieties by modern cultivars, agricultural intensification, 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
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organisms are classified as threatened today and this has become a central concern for
conservation [11].

Conserving biodiversity has economic, social, and cultural 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 predieted to be an era of
bioeconomy driven by advances of bioscience and biotechnology. Bio-economy may become the
fourth economy form after agricultural, industrial, and information technology economies,
having far-reaching impacts on sustainable development in.agriculture, forestry, environmental
protection, industry, food supply, health care and other mi€ro-economy aspects. Thus, a strategic
vision for conservation and sustainable use of biodiversity I the 21st century is of far-reaching
significance for sustainable development economy and society [13].

Biodiversity conservation refers to the management of human use of biodiversity in order to get
the greatest sustainable benefit to present and future.generations. Thus,  conservation of
biodiversity embraces the protection, maintenance, 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 articles8 and 9 of the Convention of Biological Diversity
(CBD), biodiversity »is conserved by two major methods called in situandex situ. The
conservation efforts; either in situ or.exsitu, involve the establishment and management of
protectedsareas and relevant research institutes or academic institutions, which establish and
manage arboreta, botanical @r zeological gardens, tissue culture, and gene banks [1]. The concept
of ex situ conservation is fundamentally 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 to maintain 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 ecosystems and natural habitats, the
maintenance of viable populations of the species in their natural surroundings and, in the case of
the cultivated species, in the surroundings where they have developed their distinctive
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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 the maintenance 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 conservation has certain limitations like more difficult access
to breeders requiring the application of its complimentary technique. For example, some of the
natural habitats or wild habitats are very risky when compared 40 relatively safe captive
environment [9].

The second biodiversity conservation technique receiving the. most attention to conserve
biodiversity is ex situ. Ex situ conservation techniques aré 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 management 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 of wild parents to become
pregnant sooner, and captive breeding [9].

Z00s

Zoos or zoological gardens or-zoological parks in'whichranimals 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 conserving
biodiversity [19-21]. Zoos attract as many as.450 million visitors each year and so are uniquely
placed 10 have very large ‘educational andjeconomic 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 peopleenjoy them. Oyerthe last several decades, zoos have made significant progress in
its cooperative management 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
interaction 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
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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.t causes pain, stress, distress,
sufferings and evolutionary impacts [21]. Animal welfare, education, conservation, research, and
entertainment are major goals of modern zoos, but these candde in‘conflict. For example, visitors
enjoy learning about and observing behavior in captive animals, but wisitors often want to
observe and interact with the animals in close proximity. Unfortunately;, proximity to and
interactions with humans induce stress for many species [25]. The same is true for Addis Ababa
Lion Zoo Park.

However, progressive zoos are engaged in education, researehyand,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 generations a population spends Inycaptive breeding, the less suitable it is
for attempted restorationsfin the wild. Hence, population management is designed not to deplete
too quickly the resourCe obtained from thesfounders [23}. Thus, for true sustainability of the
species for the purpose of conservation, 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].

Captive Breeding

Captive breeding ishan 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 individuals, 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 random demographic
and genetic events, environmental variations, 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 expert care and sound management by providing an insurance against
extinction [9]. Stock for reintroduction or reinforcement efforts, opportunities for education,
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raising of awareness, scientific and husbandry research, and other contributions 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. Successful environmental enrichment includes the
improvement of enclosure design and the provision of feeding devices, novel objects,
appropriate social groupings, and other sensory stimuli [27]. The minimum 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 genetic diversity of the wild population for.400 ‘years) in captive breeding is
maintained 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 thesepresentation of large enough proportion of
the genetic diversity of the wild population, for critically endangered species, actively removing
individuals from the wild population to serve as founders may 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 envitonmental) that are limiting factors to
the attainment of the goal©f captive breeding for many species [19]. One of the major challenges
is a circular consequence “of small-population._management that has inherent genetic and
demographic problems due to“genetic diversity loss and demographic 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
impagcts on birth and death rates [19].

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]. Further more,
as many of the taxa are located outside natural parks or reserves, in situ measures 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 [27].

As approximately 450 million people per year visit zoos and aquaria globally, their education
and marketing services play a key role in communicating the issues, raising awareness, changing
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behavior, and gaining widespread 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
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 canvey.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 passionately. interested in wildlife
and because many zoo visitors are children. Someqof these children may become committed
conservationists. Some may grow up to be oil company tycoons, politicians, @r movie stars, with
great potential influence. Some may even liveg 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 [28]. li.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 make meney. 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 t0 the zoo, which'is used torgetsmore 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, 19].

Disadvantages of Ex Situ Conservation

Some ex situ censerved collections showed lower resistance levels, although still others showed
higher resistanceslevels thanmtheir in situ conserved counterparts mainly due to the high
evolutionary drive and complex nature of evolutionary scenario [20].

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 [21]. Animals housed in artificial habitats are
confronted by a wide range of potentially offensive environmental 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 restrictions of behavioral opportunity are considered [42].
However, over the course of the twentieth century, as knowledge of wildlife biology improved,
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z0o 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]. Evidence 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 [33].

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 4amanaged\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.onblack-footed ferrets
(Mustela nigripes) inex situ indicated a decreases0f, 5-10% body size“than, pre-captive, in
situ animals [34]. In other words, the small cage size and environmental homogeneity inhibit
mechanical stimuli necessary 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 [34]. "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 skKills 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 repreduction 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
couldseriously put at risk the suecess of ex'situ conservation [17].

Captive breeding of threatened Species has used increasingly sophisticated technologies and
protocols in recent,years [17]. 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 [18]. It IS recognized that ex situ conservation has many constraints in terms of
personnel, costs, and reltance on electric power sources (especially in many developing countries
where electricity power can be unreliable) for gene banks. It requires high facilities and financial
investments. It cannot also conserve all of the thousands of plant and animal species that make
up complex ecosystems such as tropical rainforests [29]. Capture of individuals from the wild for
captive breeding or translocation sometimes can have detrimental effects on the survival
prospects of the species as a whole through disease infection [20].
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Even though the management of irreplaceable animal populations in zoos and aquarium has
focused primarily on minimizing genetic decay with the use of advanced technologies, 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 morphological variations, and their roles
in population viability, development of an array of management techniques, tools, and training of
managers [23].

Ex situ conservation requires different kinds and levels of imtensity of management, and a
multistakeholder approach like the input from experts onfaquarium and zoo husbandry, ex
situ breeding, gene-banking, reintroduction, and habitat reStoration [51]. ©ther expert input may
include taxonomy, ecology and conservation, ethnography, and sociology. For. outreach program,
there is a need to liaise with local communities and national government fisheries and wildlife
departments; with international (nongovernmental and intergovernmental) conservation bodies
[18].

The most important challenges of applyingex situ conservation (captive breading) are the
difficulty in recognizing the right time, identifying the precise role of the conservation efforts
within the overall conservation action plan, and setting realistic targets in terms of required time
span, population size, founder numbers, resources, ‘insuraneé of sound management and
cooperation, and the development of much needed new technical methods and tools [9]. In
captive breeding to achieve the retention 0f: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 hybridization of
material from various loealities, 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 appropriate situations for breeding, too few successful breeders,
too few founders, and too many animals with undocumented ancestries and/or too little
cooperation with scientifically designated breeding recommendations. These deficiencies are
resulting in declining populations or declining gentic diversity 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
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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
involvement of local stakeholders [53, 54]. Shortfalls in implementing such protocols may
jeopardize the likelihood of achieving success [47].

Inbreeding due to the mating between two related individuals is unavoidable in small,
fragmented, or isolated populations typical of many threatened species, and it can lead to a
significant reduction in fitness. The deleterious effects of inbreeding @n-individual fitness can be
large and may be an important factor contributing to population extinction. Inbreeding
depression has potential significance for the management and eonservation of endangered
species [55]. As populations get smaller, the probability increases fonall offspring in a given
generation are of the same sex [19].

Evaluating the long-term efficiency of ex situ conservation is important, butyis caomplicated
because of the difficulty of finding more than one sample of a documented (origin and
cultivation) ex situ population 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 knowledge of
genetics, demography, behavier, disease, and habitat requirements. It also includes legal
framework, fiscal and intellectual resources, monitoringycapacity, goal of the translocation,
logistic challenges, and organizational structure of decision making [56].

The regeneration process is one ofithe 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 conservation methods (seed, field, and cryopreservation)
and theirymanagement 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 ofithe wide diversity [5].

If people are discouraged orrevented 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 thataffects both their welfare and the enjoyment of the visitor [25].
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