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Preface

This book Global Exposition of Wildlife Management borders on a multidisciplinary and an in-
terdisciplinary approach to the issues on wildlife and its conservation. Wildlife is currently
facing numerous threats from both natural and anthropogenic activities which are exacer-
bated by increasing human population. As a result, a demonstrated interdisciplinary ap-
proach from a global perspective that can guide problem solution in search of improved
conservation policy and programs for species and ecosystem sustainability is necessary.

The book specifically consists of five chapters in all. Chapter 1 has two research works that
deals with conservation and domestication of species from the wild written by Dr. Fabrice
Teletchea. In Chapter 2 Dr Larson Shawn discusses on wildlife conservation research at ac-
credited public aquariums in North America. Chapter 3 written by Dr Sunday Adedoyin
and colleagues discusses the socioeconomic importance of wildlife with focus on bushmeat
utilization in Oban Sector of Cross River National Park, Nigeria. Chapter 4 written by Mr
Anup K.C. is about community forest management in Nepal. Lastly, Chapter 5 contributed
by Prof Suzuki Yasuhiko and colleagues explicitly discussed on Tuberculosis within wildlife
species which is emerging threat for both wildlife and humans.

Each chapter gave special reference to the prevailing problems in wildlife conservation.

The book pointed out the fact that ecotourism can be beneficial to the host community and
local government, but when this is not managed in a sustainable way, it can be detrimental to
the naturalness of the location. Also bush-meat utilization, which is inevitable in Africa, specif-
ically in Nigeria, has become a major problem to biodiversity conservation. Wildlife conserva-
tion research, community forest management, integrated island management, and wildlife
domestication have all been pointed out across the globe as the panacea to sustainable wildlife
conservation. This book has adequately and pragmatically addressed these issues.

One cannot discuss wildlife conservation while leaving out wildlife ecology and wildlife
diseases. These two aspects are very important issues of wildlife conservation. Understand-
ing the ecology and health status of wildlife and those things that can affect their health and
natural ability is a stepping stone to sustainable wildlife conservation. Hence, the book has
sufficiently provided helpful information on the food and feeding strategy of vertebrates
with special emphasis on food as an important factor in animal survival and also provided
elaborate methods on diet studies for understanding human-wildlife conflict and conserva-
tion flagship, keystone, and umbrella species such as bears and leopard. It also highlighted
tuberculosis as an emerging threat to wildlife conservation with specifics on some mammals
and their endemism to South Asia.
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Preface

Many species are threatened worldwide so also many unique ecosystems and improved ap-
proach to solving this problem are a panacea to successful conservation. Furthermore, to
ensure continuity and sustainability of wildlife, wildlife experts cannot do it alone; hence, an
interdisciplinary approach is strongly encouraged. Different experts from the field of social
sciences, veterinary sciences, agricultural sciences, educational studies, and political scien-
ces, to mention a few, put together with one vision of sustainability, and conservation can
do a whole lot more. Direction from experts on different fields is needed to address this
growing setback.

I appreciate the support of Publishing Process Manager Martina Usljebrka for being patient
enough to encourage and direct me to put the edition right and ensure completion of the
book. I also appreciate the intelligential strength of all the authors from all over the world
that reported their research findings in more readable manner. Lastly, I appreciate the In-
Tech Publisher Company for providing the opportunity to serve in this laudable capacity.

Professor Gbolagade Stephen A. Lameed

Head of Department: Wildlife and Ecotourism Management
Faculty of Agriculture and Forestry

University of Ibadan, Ibadan, Nigeria



Chapter 1

Wildlife Conservation: Is Domestication a Solution?

Fabrice Teletchea

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/65660

Abstract

Biodiversity is facing a major crisis, which is most often described as the sixth mass
extinction or Anthropocene extinction. Several solutions have been proposed to save
threatened animal species, among which ex situ conservation or captive breeding, which
is the essential part of a process called domestication. The main goals of the present
chapter are to define clearly what domestication is, describe what the possible
consequences are and discuss whether it can truly play a significant role to save
threatened animal species. Domestication appears as a possible tool to help saving
threatened species. Nevertheless, the time in captive conditions has to be minimized in
order to modify as less as possible wild individuals. Therefore, zoos and aquariums can
play a crucial role in helping to save the most endangered species and then restore their
populations in the wild, but only if they are involved in both in situ and ex situ
conservation programs. More importantly, domestication should be considered as part
of the solution, but not the only one, to save threatened species. The protection of wild
animals in situ, the restoration of habitats and the development of reserves should first
be considered.

Keywords: wildlife, domestication levels, endangered species, mammals, fish

1. Introduction

Of the 4 billion species estimated to have evolved on the Earth surface over the last 3.5 billion
years, some 99 % are gone [1]. This illustrates how very common extinction is [1]. However,
the rate of extinction of species is uneven over the course of evolution and particularly
paleontologists recognize five mass extinctions as times when the Earth loses more than three-
quarters of its species in a geologically short interval (typically less than 2 million years) [1].
Those big five mass extinctions are near the end of the Ordovician, Devonian, Permian, Triassic

I m EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited. [{(cc) ExgIN
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and Cretaceous periods [1]. Common features of the big five suggest that key synergies may
involve unusual climate dynamics (e.g., global warming or cooling), atmospheric composition
(e.g., modification of H,S and CO, levels) and abnormally high-intensity ecological stressors
(e.g., anoxic episodes) that affect many different lineages, among which Mammalia, Aves,
Actinopterygii, Bivalvia, or Decapoda [1]. Today, it is now well accepted that biodiversity is
facing a major crisis, which is most often described as the sixth mass extinction [1] or Anthro-
pocene extinction because human impacts are at least as important as natural processes [2, 3].
One of the most obvious evidence of this biodiversity crisis is the much higher species
extinction rates calculated over the past centuries than those estimated from the fossil record
[1, 4]. Current extinction rates are estimated to be 1,000 higher than natural background rates
of extinction (about 0.1 extinction per million species per year) and future rates are likely to be
10,000 higher [4].

Among the most charismatic endangered species for which extinction status has been formally
evaluated by the International Union for Conservation of Nature (IUCN) are land and marine
mammals [5]. In land, various species of equids, gomphotheres, ground sloths, glyptodonts
and mammoths have already disappeared during the late Pleistocene due to humans [6, 7].
Besides, there are today numerous species that are on the brink of extinction in the wild, such
as the giant panda (Ailuropoda melanoleuca), the black rhinoceros (Rhinoceros bicornis), or the
tiger (Panthera tigris) [5]. For instance, it is estimated that there are now less than 2500 mature
giant pandas in the wild, with no more than 250 mature individuals in each population [5].
The endangered and threatened marine mammals include various species of whales, manatees,
dugongs, sea cows and monk seals [8-10]. Among these, only very few seem to have become
globally extinct due to human activities, such as the Steller’s sea cow (Hydrodamalis gigas) and
the West Indian monk seal (Mustela macrodon) [10]. Numerous other animal species have also
strongly declined or collapsed in the past decades due to human activities, among which many
marine commercial fish [8, 9, 11]. For instance, the northern and Grand Banks Atlantic cod
(Gadus morhua) populations have declined by more than 90 % relative to their recorded highs
[11].

At global scale, the biodiversity crisis is chiefly due to overexploitation, pollution, introduction
of alien species, degradation/destruction of habitats and climate change [1, 8-10, 12, 13]. Yet,
hunting (or fishing) was probably the first and main reason why species became extinct in both
land and marine ecosystems [7-9]. For instance, millions of large mammals, among which
mammoth (Mammuthus sp.) or giant sloth (e.g., Megalonyx jeffersonii), became extinct chiefly
due to hunting and then to habitat alteration [7]. In coastal ecosystems, ecological extinction
caused by overexploitation (known as overfishing) clearly precedes all other pervasive
anthropogenic impacts [9]. Consequently, the decline of large vertebrates as well as shellfish
is first due to overfishing globally and other human impacts all come later in the standard
sequence of historical events [9]. Nevertheless, habitat loss and the introduction of alien species
are also causing the extinctions of many species today [13]. Indeed, habitat loss can cause
species extinction when the entire habitat occupied by locally endemic species is destroyed
[13]. The introduction of alien species can also cause or facilitate extinctions of native species
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by initiating species interactions (e.g., predation, competition) that lead to declines in the
abundance and distribution of native species [13].

In the past century, two main solutions have been proposed to try to save some of the most
threatened animal species, which are the creation of protected areas such as national parks [14,
15] or more recently marine reserves [16] for in situ conservation and ex situ conservation or
captive breeding, which is sometimes followed by reintroduction into the wild [17, 18]. The
latter solution implies the reproduction of wild animals in captivity, which is the essential part
of a process called domestication. The main goals of the present chapter are thus to define
clearly what domestication is, describe what the possible consequences are and discuss
whether it can truly play a significant role to save threatened animal species.

2. Domestication, what does it mean?

Even though domestication is probably studied for centuries [19, 20], there is still no consensus
about its definition [21-23]. Some examples [22-28] are provided in the Table 1. The lack of
consensus on a single definition is partly due to the inherent difficulty in assigning static terms
to a process involving long-term and continuous change [22]. In the present chapter, domes-
tication is defined as a long and endless process during which captive animals become
gradually adapted to both humans and captive conditions [29]. Therefore, as soon as animals
are transferred from wild to captive conditions, domestication starts (Figure 1). If the process
either voluntary or involuntary stops at this level, it corresponds to taming, i.e., to behavioral
changes of a wild animal over its lifetime; yet no genetic modifications will be transmitted to
the subsequent generations [28]. Once the whole life cycle is controlled in captivity (captive
breeding), the process can proceed further up to the establishment of well-defined breeds
displaying desired traits.

During domestication, five main genetic processes are involved in the evolution of animals
[29-31]. These include two uncontrolled processes that are inbreeding and genetic drift. They
result from the small size of the founder population (sometimes containing only few individ-
uals) and create random modifications in gene frequencies. Then, the two partially controlled
processes are natural selection in captivity, which results from the selection imposed on captive
populations that is not due to active selection and relaxation of natural selection in captivity
that can be expected to accompany the transfer from wild to captivity. The first partially
controlled process, natural selection in captivity, eliminates animals incapable to reproduce in
captivity and inversely favors animals that can produce a high number of offspring in the
environment provided by humans [30]. In the absence of artificial selection, natural selection
provides the basic selective mechanism for genetic change in captive populations [21]. The
intensity of natural selection in captivity depends on the extent to which the environment
allows for the development and expression of species-typical biological characteristics and on
the number of generations in captivity [21]. As species possess relatively few preadaptations
to captivity, natural selection is most intense during the first generations following the
transition from wild to captive environments [21]. The second partially controlled process,

3
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relaxed natural selection, consists of a reduction of the selection pressure [30]. Certain
behaviors important for survival in nature but not in captivity, such as food finding, predator
avoidance, as well as other morphological traits (plumage or coat color), lose much of their
adaptive significance in captivity [21, 30]. As a result, both genetic and phenotypic variability
for these traits can thus be more variable as domestication proceeds [21, 30]. At last, the fifth
genetic process is controlled, known as active selection, because changes are directional [21,
29, 30]. Artificial selection, which is the only selective mechanisms unique to domestication,
involves humans selecting the breeding animals and results in the creation of different breeds
[30].

Definitions References

Domestication of wild species to produce food means that the breeding, care and feeding of organisms are [24]

more or less controlled by humans.

Domestication is defined as that process by which a population of animals becomes adapted to man and to [25]
the captive environment by some combinations of genetic changes occurring over generations and

environmentally induced developmental events recurring during each generation.
Domestication involves wild animals being transformed into something more useful to humans. [26]

The word domestication is often confusing and poorly defined, primarily because of the inherent difficulty [22]

in assigning state terms to a process involving long-term and continuous change.

The original meaning of the term domestication is the gradual adaptation of an organism to living [27]

conditions that are determined by some form of human intervention.

Domestication should not be conflated with taming. Taming is conditioned behavioral modification of an  [28]
individual; domestication is permanent genetic modification of a bred lineage that leads to, among other

things, a heritable predisposition toward human association.

Domestication is a continued multigenerational, mutualistic association in which one individual [23]
significantly influences the reproduction and care of another individual in order to secure a more

predictable source of a resource of interest and through which the partner organism gains advantage over
organisms that are not include in this relationship, thus benefiting and often improving the fitness of both

the domesticator and the domesticate.

Table 1. Examples of definitions of domestication for animal species, modified after [38].

Over the course of domestication, captive animals will become domesticated (Figure 1). Yet,
as for domestication, there is still no consensus on what a domesticated animal species is.
According to most definitions [22, 32-34, 38], a domesticated species is a group of animals bred
in captivity and modified from their wild ancestors (Table 2). However, wild/domesticated
should not be considered as complementary such as true/false or dead/alive, because they
represent the two extremes of a process and not a simple dichotomy [22]. In other words, no
clear threshold separates wild from domesticated animals [35]. Besides, domesticated animal
is neither a definitive status nor a final end point of domestication as these animals are still
evolving today [30] and can sometimes return to the wild (Figure 1), a process known as
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feralization [21, 36]. According to authors, feral animals are either merely free-living individ-
uals [36] or populations of animals (reproduce in the wild) that originated from domestic stock
[21] or animals undergoing the domestication process in reverse [21]. This latter definition
implies that feral animals, which are no longer exposed to artificial selection by humans or
natural selection imposed by the captive environment, will therefore evolve through genera-
tions to become “wild” once more [21]. Depending on the species and the number of genera-
tions in captivity, feralization might not be possible (animals will die rapidly in nature) or will
take a long period of time for animals to return to “wild” form; yet they will not go back to the
original “wild” ancestor genotype and phenotype. One of the best example is cats (Felis catus)
[28], whose domestication started about 4000 years ago from the African wildcat (Felis silvestris
Iybica) and that establishes numerous feral populations worldwide [37]. However, because
feral cats are directly responsible for a large percentage of global extinctions, particularly on
islands, numerous eradication programs (using trapping, hunting, poisoning and introduction
of viral diseases) have been carried out in the last 30 years to preserve biodiversity, particularly
seabirds [37].

Wilderness Captive conditions
1 2 3 4 5
Wild L L 1 1 1 > Domestication
animals ! ! ! | ' level
L]
n ]
. i Genetic and
) 'roic
! changes
Exchanges
between

captive and
wild
individuals

Domesticated
animals

Feral

L

Figure 1. Evolution of a wild animal species throughout the process of domestication. As soon as wild animals are
transferred to captivity (level 1), the process starts. The numbers correspond to the domestication levels described in
Table 3. During domestication, wild animals will evolve both genetically and phenotypically, particularly when ex-
changes with wild congeners do no longer exist (level 4). Therefore, to minimize changes, captive animals should re-
main at the first three levels. Once animals have reached the level 4, they are generally considered domesticated.
Domesticated animals can return to the wild and are then known as feral. The differences between feral and wild ani-
mals will depend mainly on the time spent in captivity and particularly the number of generations without exchanges
with wild congeners.

In order to go beyond the usual dichotomy of wild versus domesticated animal species that
was particularly not relevant for food fish production, Teletchea and Fontaine [38] created a
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classification based on both the level of control of the life cycle of a species in captivity and the
link with wild individuals. This classification displays five levels (Figure 1, Table 3). Most
authors would probably agree that at the level 4, captive animals are domesticated, particularly
when they sufficiently differ from their wild ancestors [39]. Then, we applied this new concept
to the fish species farmed for human consumption in order to better describe the various fish
production strategies. Among the 250 species recorded in the FAO database in 2009, 70 % were
classified into levels 1, 2 and 3 representing a transitory form of fish production dependent on
the availability of the wild resource. In contrast, 75 species were classified at the levels 4 and
5 [38]. Yet, when a species is classified at a given level, this does not imply that the entire
aquaculture production is at that level; different populations (or batches of fish) belonging to
the same species can indeed display different domestication levels, even within same farm [39].

Definitions References

A domestic animal can be defined as one that has been bred in captivity for purposes of economic profit to [32]
a human community that maintains total control over its breeding, organization of territory and food

supply.

A domesticated animal species is a species bred in captivity and thereby modified from its wild [33]

ancestors in ways making it more useful to humans who control its reproduction and its food supply.

A truly domesticated species is valued and kept for a given objective, its breeding is controlled by humans, [34]
its behavior is different from its wild ancestors, its morphology and physiology display variations never
observed in the wild and certain individuals at least would no longer be able to survive without human

protection.
“Wild” and “domestic” represent the extremes of a process and not a simple dichotomy. [22]

To be considered domesticated, the fish life cycle must be fully closed in captivity, independent of wild [38]

sources (domestication levels 4 and 5).

Table 2. Examples of definitions for domesticated animals, modified after [38].

Domestication level Definitions

5 Selective breeding program is used focusing on specific goals
4 Entire life cycle closed in captivity without wild inputs

3 Entire life cycle closed in captivity with wild inputs

2 Part of the life cycle closed in captivity: several bottlenecks

1 First trials of acclimatization to the captive environment

0 Capture of wild animals (hunting or fishing)

Table 3. Domestication levels, modified after [29, 38].

In conclusion, domestication is a long and endless process during which animals become more
adapted to both human and captive conditions. According to the species considered, some
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have started this process long time ago and have thus reached the level 5 for many years or
centuries, while others have just entered into it (level 1 or 2). The possible consequences are
further described below for both mammals and fishes.

3. What are the main consequences of domestication?

3.1. Domestication of mammals

Domestication on land started around 12,000 years ago in at most nine areas over the world
[23, 28, 33, 40]. These nine homelands of food production were Fertile Crescent, China,
Mesoamerica andes/Amazonia, eastern USA, Sahel, tropical West Africa, Ethiopia and New
Guinea [33]. From these primary homelands, domesticated animals were moved throughout
the world, first according to an east-west axis and then a north-south axis (mainly because less
evolutionary change or adaptation of domesticates was necessary for locations at the same
latitudes compared to those at different latitudes) [33]. These initial introductions ultimately
became the essential source of foodstuffs worldwide, resulting in that today human meat-
eating diet depends on this tiny fraction of wild land mammals that were domesticated over
the past millennia [26, 33, 40]. Five domesticated mammals provide the bulk of animal products
(milk, meat) that are consumed across the globe. The “big five” are cow (Bos taurus and B.
indicus), pig (Sus domesticus), sheep (Ouvis aries), goat (Capra hircus) and horse (Equus caballus)
[33].

Domestication was one of the most significant cultural and evolutionary transitions of human
history [23, 28, 33, 40]. Indeed, it constitutes a core component of a major change in the way of
life of an increasing number of human societies throughout the world, in a process called
Neolithisation [28]. Almost everywhere in the world, hunger-gatherer communities were
progressively replaced by farming societies as food production gave farmers enormous
demographic, technological, political and military advantages [33]. Domestication also results
in a fundamental change in the evolution of the biosphere, mainly due to the development of
agriculture, which is now responsible for the transformation of approximately 40 % of the
Earth’s surface [41]. Today, humans are such a major geological and environmental force, at
least as important as natural processes, that some considers that Earth has entered a new
distinct period, called Anthropocene [3].

Over the course of evolution, wild animals were profoundly modified, including behavior,
physiology, morphology and genetic [21, 23, 28, 30, 42]. One of the first modifications during
domestication is behavior [21]. Yet, behavior traits did not appear or disappear, but the
threshold of their expression changed [21, 30]. One of the most obvious behavioral changes
manifest by all domesticates is the remarkable tolerance of proximity to (or complete lack of
fear of) human [23, 28, 43]. Besides, as humans provide both protection against predators and
feed, domesticated animals express a lower incidence of antipredator behaviors and show
lower motivation for foraging, respectively [30]. More generally, mood, emotion, agnostic and
affiliative behavior and social communication all have been modified in some way by domes-
tication [28, 30]. Besides, most domesticated animals are more precocious than their wild

7
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counterparts [30] and the activity of their reproductive system became enhanced and relatively
uncoupled from the environmental photoperiod and they all, unlike their wild ancestors,
acquired the capacity to breed in any season and more often than once a year [28, 43]. At last,
the most spectacular changes are probably morphological, including the overall body size
(dwarfs and giants) and its proportions (fewer vertebrae, shorter tails); color, length and texture
of the coat; or other manifestations of neoteny (the retention of juvenile features into sexual
maturity) [28, 43]. The variation range of certain traits within a domestic species occasionally
exceeds that within whole families or order, such as for dog (Canis familiaris) [43]. Some of these
specific trait attributes (white spotting, floppy ears and curly tails) have been aptly called the
morphological markers of domestication [43]. In most species, head or brain size has de-
creased [30]. These morphological changes may all be linked to strong selection for lowered
reactivity to external stimuli [23]. More recently, the tools of molecular genetics, such as
microsatellites or quantitative trait loci (QTL), have been used to investigate to what extent
gene frequencies have changed between wild and domestic animals and among breeds [30,
42]. It appears that, except for certain breeds, domestic animals present a very high genetic
diversity [39]. This is mainly due to the fact that exchanges between wild and captive/domestic
animals were frequent in the earliest phase of domestication and probably lasted several
centuries. Hence, the complete separation between wild and captive populations was relatively
late and region specific [39]. It is only when breed formation started in the mid-eighteenth
century, followed by the application of modern breeding methods, such as artificial insemi-
nation, in the past decades, that effective population size (N,, which is estimated on the basis
of the size of both the female and the male breeding populations) declined, resulting in strong
genetic bottlenecks in certain breeds [39].

In conclusion, domestication is a very powerful process that has enabled humans to produce
various domestic animals that now constitute the bulk of what we eat, i.e., cattle, pig, horse,
goat and sheep. During this very long and complex process [29, 39], which started around
12,000 years ago, domesticated animals have been intensely changed resulting in numerous
breeds with their own specific characteristics [42]. Besides, their numbers have increased
tremendously: about 1 billion individuals for each of the big five [38]. Today, a clear dichotomy
seems to exist between wild and domesticated mammalian species, which explains why
researchers gave a new scientific name to some domesticated mammals [38, 42]. Nevertheless,
when domesticates are sympatric with populations of the parent wild species (if the latter still
exist), they can generally reproduce together [28]. Therefore, under the conceptual framework
of the biological species concept, domesticated populations should not be considered as
distinct species from their wild ancestors [28].

The comparison between domesticated animals and their wild ancestors is useful to study how
domestication has modified animals, yet these comparisons cannot help to understand changes
that happen in the first generations of domestication [30]. Only very few studies have been
performed on mammalian species to evaluate early changes, among which one of the best
known is on silver fox (Vulpes vulpes) at the Institute of Cytology and Genetics, Novosibirsk,
Russia [30, 43]. During more than 50 years, about 10,500 foxes were used as parents and 50,000
offspring foxes were selected for tamability or amenability to domestication [43]. In the
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behavioral test, the experimenter approached the home cage, tried to open it and monitored
the expression of the response [43]. The pressure of selection was very severe as less than 10
% of the tamest individuals were used as parents of the next generation [43]. As a result of such
strong selection, the offspring exhibiting the aggressive and fear avoidance responses were
eliminated in just two to three generations of selection [43]. After 18 generations, reproduction
(capacity to breed at any time throughout the year), coat color pattern as well as other
morphological traits (floppy ears, curly tails), relationships with humans and several behav-
ioral traits (frequency of wagging, specific vocalizations, posture of the body and its commu-
nicative parts such as tails, ears and others) were very close to those of the domestic dog [30,
43]. This example demonstrates that domestication can modify very quickly captive animals
[36]. Nevertheless, in this case, animals were artificially selected for tameness, which probably
increased the rate of evolution of these traits in the population [30]. Besides, this study did not
allow to specifically studying the transition from nature to captivity [21] as silver foxes initially
used had been farm-bred for about 50 years before the experiment [43].

3.2. Fish species

Compared to land animals, the domestication of fish for human consumption has started
recently [29, 38, 39, 44, 45]. Except for few species, such as the common carp (Cyprinus carpio)
or Nile tilapia (Oreochromis niloticus), most trials of domesticating new fish species dated back
to the early 1980s [27, 34, 39]. Consequently, there are still lots of exchanges between wild and
farmed individuals and thus captive fish have only slightly changed from their wild conspe-
cifics [46-48]. This represents a unique opportunity to study how animals evolve during the
transition from wild to captive conditions, as well as during the first generations of domesti-
cation [29]. Yet, compared to the knowledge on the behavioral, physiological, morphological
and genetic consequences of domestication among land vertebrates, there is very little
information on the consequences of domestication in fish [49]. Besides, much knowledge
acquired has been on salmonids due to their economic importance for both human consump-
tion and sport fisheries (e.g., [50-52]).

In general, behavioral traits are among the first traits to be affected by the domestication
process [46, 53]. Yet, depending on the species and captive conditions (population density, food
supply, aquaria, or streams) used, it has been found that both agonistic (aggressive) and
schooling behaviors could be modified (decreased or increased) during domestication [49].
While comparing wild-caught and domesticated sea bass (Dicentrarchus labrax) juveniles,
which is one of the top farmed species in Europe [29, 45], Benhaim et al. [53] found no
differences in spatial learning. Yet, swimming behavior parameters (angular velocity, total
distance traveled and velocity mean) were significantly different between the two groups. It
was also found that several life-history traits have changed significantly in two salmonid
species, Atlantic salmon (Salmo salar) and sea trout (Salmo trutta) reared at the hatchery at
Alvkarleby, central Sweden, over the period 1968-1991 [50]. For instance, the body size of the
2-year-old smolts increased for both species and sexes. Both female and male trout adults had
larger body size. Eggs were significantly larger for both species, particularly for Atlantic
salmon, indicating that female salmon invest more in egg size with increasing body size. The
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time spent in sea has decreased for both female and male sea trout, but not for Atlantic salmon
[50]. Atlast, several studies have been recently published that try to detect genomic differences
in recently domesticated species, such as the Atlantic salmon [51]. In their study, these authors
analyzed a genome-wide set of single nucleotide polymorphisms (SNPs) in three domesticated
Atlantic salmon (from five to nine generations in captivity without wild inputs) and their wild
conspecifics to identify loci underlying domestication. They found that the genetic differen-
tiation between the two wild and domesticated was low and domesticated strains harbored
similar level of genetic diversity compared to their wild conspecifics. Their study indicates that
detecting selection in the first generations of domestication could be tricky unless selection is
strong and the traits under selection show simple inheritance patterns [51]. Because a genome-
wide response to selection can take many generations, as found for the Atlantic salmon,
Christie et al. [52] hypothesized that the earliest changes associated with domestication may
first manifest as heritable changes to global patterns of gene expression. They compared
patterns of gene expression in offspring of first-generation hatchery and wild steelhead trout
(Oncorhynchus mykiss) collected directly from the Hood River, Oregon, reared in the same
environment. More than 700 genes were differentially expressed between the two groups that
could not be explained by either maternal effects or by chance differences in the background
levels of gene expression among unrelated families. Therefore, this is the first study to
demonstrate that earliest stages of domestication are characterized by large changes in
heritable patterns of gene expression, which are probably linked to adaptation to highly
crowded conditions, as those genes were involved in pathways in wound healing, immunity
and metabolism [52].

4. Can domestication truly help wildlife conservation?

4.1. Fisheries enhancements

Fisheries enhancements are a set of management approaches involving the use of aquaculture
technologies to enhance, conserve, or restore fisheries in natural ecosystems, which are
ecosystems not primarily controlled by humans, whether truly natural or modified by human
activity [54-56]. Among those various aquaculture technologies, the most common form of
enhancement is the release of hatchery-reared aquatic animals into natural habitats [49, 56].
Aquaculture-based enhancements have been practiced on a large scale since the mid-nine-
teenth century [54] and are now widely used in both inland and coastal fisheries across the
world [56, 57]. For instance, state fisheries management release over 1.7 billion fish hatchery
annually in the USA [56]. Besides fisheries regulation and habitat restoration, fisheries
enhancements of populations are the third principal means by which fisheries can be sustained
and improved [54]. Aquaculture-based enhancements can, at least in principle, increase yield
through manipulation of population and/or food-web structure, aid the conservation and
rebuilding of depleted or threatened populations and provide partial mitigation for ecosystem
effects of fishing [54]. However, in practice, the contribution of enhancements to global fisheries
has remained small [54], contrasting with the exponential growth of aquaculture in the past
few decades [38]. Indeed, only a few “success stories” have been described in the literature,
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such as the Japanese and New Zealand scallop enhancements, Alaska salmon enhancement
and Asian culture-based lake fisheries [54].

Fish cultured for fisheries enhancements enter the process of domestication as soon as they are
moved from wild to captive conditions [55], which corresponds to the domestication level 1
(Table 1). Therefore, even though no artificial selection (selective breeding focusing on specific
goals) is applied, wild fish can still be modified due to inadvertent responses to the culture
environment, leading to what Lorenzen et al. [55] called “captive types.” In order to mitigate
as much as possible the effect of domestication and promote “wild-like types,” attention should
be paid to both sampling of fish for the founder population (sufficient diversity of genetic and
life-history phenotypes to allow re-establishment of viable populations in the wild) and its
subsequent management in captivity [55]. The most effective way of minimizing both loss of
genetic diversity and the effects of domestication is to minimize the time spent in captivity [55]
and release the fish at an early stage (eggs or larvae) to reduce environmental effects of the
hatchery [57]. In other words, only one part of the life cycle should be controlled in captivity
(level 2 in Table 1). Besides, the post-release performance of captive-reared fishes can be
improved by modifying the captive environment of hatchery to try to mimic key aspects of
natural conditions [57]. Relatively simple modifications of the captive environment, among
which physical enrichment (modifications or additions of physical structure to the tanks, such
as shelters) and reduced rearing density, can help produce a more wild-like fish that will
perform better in the wild [57]. Yet, where populations must be maintained in captivity for
multiple generations (thus reaching level 3 and perhaps level 4), there is an inherent trade-offs
between the goals of maintaining diversity (avoid inbreeding and genetic drift) and minimiz-
ing adaptation because the potential for genetic adaptation is directly proportional to the
heritable genetic diversity [55]. If adequate genetic diversity is maintained, it should provide
sufficient reserve for feralization [55]. A recent study on Atlantic salmon demonstrated
experimentally that the exposure of captive-reared fish to natural river environments during
early life resulted in a twofold increase in the survivorship of offspring of wild-exposed parents
compared to the offspring of captive parents [58]. The authors proposed that for lowering the
possible effect of domestication, parental exposure to captivity should be minimized and
exposure to the wild should be maximized but even for short period of time and within
generations [58].

Salmonids are certainly the fish taxa for which most information is available on the efficiency
of captive breeding programs to conserve genetic diversity and fitness of natural populations
or to re-establish self-sustaining populations in the wild [59]. It appears that for most captive
breeding programs, genetic diversity within populations can be sufficiently maintained in
captivity for several generations. However, the captive environment may lead to unavoidable
genetic changes and/or wild fitness changes in quantitative traits (despite large N,). Decrease
in fitness may potentially arise even within one generation, or after one or two generations in
captivity, due to modifications, among others, of behavior, swimming performance, develop-
mental time to hatch, embryo size, maternal reproductive investment, body morphology and
age at maturity. More importantly, there is currently little empirical evidence that captive-
reared lines of salmonids can be reintroduced as self-sustaining populations, particularly if
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the factors contributing to their initial decline are not concurrently addressed. A minimum of
15-20 years will likely be necessary to potentially achieve the conservation goal of reestab-
lishing a self-sustaining salmonid population in the wild [59]. More recently, a comparison
between first-generation hatchery-reared juvenile Atlantic salmon either released into four
different river environments or kept at the hatchery showed strong differences between the
two groups [60]. Hatchery fish that survived in the wild became more streamlined and more
symmetrical and developed longer heads and thicker caudal peduncles and their caudal fins
and opercula regenerated [60]. More importantly, this study demonstrates that hatcheries
generate fish that are phenotypically mismatched to the natural environment, which may
explain why they typically perform poorly in the wild [60]. Another study explored the long-
term consequences of stocking captive-bred Atlantic salmon in France [61]. Based on the
analysis of 11 microsatellite loci for 1428 salmon sampled from 1965 to 2006 in 25 populations,
they found that the overall genetic structure among populations dramatically decreased over
the period studied [61]. Depending on population, admixture rates either increased, remained
stable, or decreased in samples collected between 1998 and 2006 compared to samples from
1965 to 1987, suggesting either rising, long-lasting, or short-term impacts of stocking [61]. They
recommended favoring the use of native in priority as these fish may represent the most
appropriate basis to restore a locally adapted population and then wild individuals (nondo-
mesticated over several generations) to limit detrimental introgressive hybridization [61].

In conclusion, fisheries enhancement and particularly the release of captive-bred fish, might
be helpful in conserving or restoring fish population [54-56, 59]. Yet, clear goals should be
formulated for fish culture and domestication strategies [62], bearing in mind that different
uses of fish (e.g., fish consumption versus wildlife conservation) call for very different
approaches [38, 55]. At last, it should be stressed that hatchery releases should only be
considered in cases where there are no realistic ways to save or maintain sensitive natural
populations [57]. As a long-term strategy, habitat restoration should always be the first choice
in fish conservation efforts to allow the “natural” recolonization of rivers or lakes by fish from
which it has been extirpated [61].

4.2. Ex situ conservation: the role of zoos and aquariums

As described for fish, captive breeding of land animals is the act of bringing rare or endangered
species into captivity with the hope of rearing sustained captive populations for eventual
reintroduction into the wild [17]. In the past century, ex situ conservation programs and
reintroductions of captive-bred animals have become widespread measures to protect various
endangered species [18]. Successful reintroductions are exemplified by the Guam rail
(Gallirallus owstoni), black-footed ferret (Mustela nigripes), California condor (Gymnogyps
californianus) and Przewalski’s horse (Equus przewalskii) [17, 63]. Yet, only about 10-15 % of
reintroduction programs of captive-born populations were considered successful (with
success judged as a self-sustaining and viable population) [17]. Although poor habitat quality
is one common denominator in failed reintroductions, altered behaviors (e.g., courtship rituals,
foraging/hunting routine, nest-site selection), depleted genetic diversity, or a combination of
these factors also limit population growth trajectories [17, 63]. Besides, it was also found that



Wildlife Conservation: Is Domestication a Solution?
http://dx.doi.org/10.5772/65660

success of translocations of wild-caught individuals that were never in captivity was much
higher than those of reintroduction programs of captive-born populations, which demonstrate,
as for fish species, that the best approach to minimize genetic adaptation and ensure the success
of reintroduction is to reduce the time a species spends in captivity [17].

For some species reintroduction may not be an option owing to the state of their natural
environment [17, 18, 64, 65]. In this case, the role of zoos and aquariums has changed from
historical menageries that collect and exhibit exotic animals to modern institutions around the
world that actively contribute to conservation, scientific research and public education [66—
70]. Since the 1980s, many zoological gardens coordinate their breeding programs in “Euro-
pean Endangered Species Programs” (EEPs) and “Species Survival Plans” (S5Ps) [18]. In 1993,
the first World Zoo and Aquarium Conservation Strategy (WZACS) was published, which
proposes clear goals for zoos and aquariums, including the need to support both in situ and
ex situ conservation projects [18].

Because the goal is now to maintain a species in captivity for an extended period of time before
a possible reintroduction into the wild, management strategies have to evolve [17]. Some
authors proposed to attempt to minimize generations first by delaying reproduction and then
by cryopreservation of germplasm [17]. Besides, because captive populations are often started
with a low number of founders, either because it is difficult to collect more individuals or
because there simply are no longer available, inbreeding depression is a common phenomenon
in zoo populations [18]. A recent analysis showed that 67 % of ex situ populations in the
Association of Zoos and Aquariums (AZA) institutions have a population size of less than 100
individuals and the mean N, of Species Survival Plan (SSP) populations is 41 [18]. A perusal
of studbooks from various captive mammals shows that a single founder often produces a
disproportionality higher number of offspring than the remaining founders leading to a higher
genetic contribution to the subsequent generations [71]. Most of the cooperatively managed
breeding programs in the world possess too few captive individuals, among which too few
are in proper conditions for breeding, with most often undocumented ancestries and/or too
little collaboration with scientifically designated breeding recommendations [72]. These
problems are leading to declining populations or decreasing gene diversity or both [72]. This
demonstrates that zoo stocks still require a lot of restructuring in order to make captive
breeding a more valuable contribution to species conservation [18]. In order to evaluate which
methods (random mating, minimizing mean kinship and selection for docility) are the best to
maintain genetic diversity in captive breeding populations, Willoughby et al. [63] evaluated
genetic changes in captive populations of white-footed mice (Peromyscus leucopus) using
microsatellites and mitochondrial DNA. After 20 generations, minimizing mean kinship
resulted in slowest loss of microsatellite genetic diversity than the two others. They concluded
that this method should be preferred for captive breeding, even though this method does not
fully mitigate the effect of drift, as illustrated by the loss of about half of the microsatellite
alleles [63]. At a much larger scale, Chargé et al. [64] found, even for a species, the Houbara
bustard (Chlamydotis undulata), in which several thousand individuals are under a strict genetic
management following worldwide used recommendations, genetic changes in several life-
history traits (mean values of gamete production, body mass and courtship display rate) [64].
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This example highlights the, still unresolved, question of the success of recognized guidelines
for genetic management of captive populations, which in zoo are much smaller, to prevent
genetic changes [64]. Other authors proposed that if there are still sufficient individuals in the
wild, the immigration of individuals from the wild at a rate of one migrant per one to two
generations could allow decreasing inbreeding as well as minimizing adaptation to captivity
[17, 18]. Another solution that is already in practice is to exchange animals between zoos and
aquariums [67, 72]. Yet, increasing regulation/restrictions on importations have reduced the
ethical and logistically feasibility of importations as significant numerical support to zoo and
aquarium populations [67]. At last, maintaining genetic diversity of captive populations is not
sufficient as a number of difficulties in captive breeding can affect the survival of a captive
population (and the success of a reintroduction program, if ever occurs). Among these known
difficulties, the requirements for physical health and behavioral anomalies (e.g., stereotypic
movements, lethargy, social incompatibility) have received much attention [73] and both zoos
and aquariums are under increasing scrutiny for the quality of their animal management and
care [67].

Today, more than 8000 species are maintained in the world’s zoos and aquariums and have
probably help saving the most endangered ones. Yet, in the recent decades, an increasing
number of “wild” animal species are bred in captivity (tigers, gorillas and polar bears), with
no longer exchanges with wild congeners [28]. Consequently, even though these species might
probably not be considered as domesticated by most authors, they have reached the level 4
and therefore they could progressively diverged strongly and rapidly from their wild coun-
terparts in few generations [36]. This could perhaps prevent possible reintroductions in the
future (if habitat is restored) or at least decrease the chance of successful reintroductions.
Therefore, the general objective of zoos and aquariums should not be to produce self-sufficient
population, but rather to engage in the management of broader metapopulation, with carefully
considered exchange between populations across a spectrum of ex situ to in situ [72]. The zoos
of the future will be justified by how well they contribute positively to overall species conser-
vation efforts, not by how well they can minimize harm to wildlife populations [72].

5. Conclusions

In 2002, Crutzen [74] coined the term Anthropocene to clearly express that since the late
eighteenth century, Earth has entered a new geological epoch, dominated by human. During
the past three centuries, the human population has indeed increased tenfold to more than 7
billion and the effects of humans on the global environment have escalated [74]. The most
obvious environmental changes include increase of greenhouse gas concentrations, ocean
acidification, alteration of global and regional nitrogen cycles, the creation of novel minerals,
the transport of materials from place to place and human appropriation of net primary
production [3]. During this period of time, biodiversity has been drastically modified through-
out the globe due to habitat alteration/destruction, introduction of alien species and extinction
of species [75]. Some even considered that truly wild nature (pristine areas) does no longer
exist [14].
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In this context, domestication (ex situ conservation) has appeared as a possible solution to save
or perhaps restore populations of endangered species. Even though domestication is probably
the sole solution in extreme cases, it is neither necessary nor sufficient for conserving or
restoring wildlife. Indeed, numerous wild species have recovered from extreme low levels
without domestication. One of best example is the rebuilding of some depleted marine fish
populations by merging diverse management actions, including catch restrictions, gear
modification and closed areas [76]. Obviously, the time to recovery will depend on the life-
history traits of the species as well as the efficiency of conservation actions [77]. Yet, even a
long-lived mammal that was heavily exploited, the humpback whale (Megaptera novaeangliae),
which has benefited from protection from commercial whaling (since 1955), has improved
from vulnerable to least concern [77]. Nevertheless, domestication has probably contributed
to save some species on the brink of extinction, among which large terrestrial mammals. In the
future, zoos and aquariums can play a crucial role in helping to save the most endangered
species and then restore their populations in the wild, but only if they are involved in both in
situ and ex situ conservation programs [72]. Otherwise, they will progressively host domesti-
cated animals and no longer wild-type animals, which have little chance to reproduce and
survive in the wild. Such a possible Noah'’s ark approach (focusing on a tiny proportion of wild
species given the limited holding and exhibition space within and among institutions [67])
highlights that if we really want to preserve wildlife, the most important is to protect species
in the wild (e.g., by reducing overfishing and poaching) as well as their environment (e.g.,
avoid introducing or eradicating alien species, preserve or restore “natural” habitats by
establishing reserves) [14, 75, 77-79]. Stopping biodiversity decrease will thus need harmon-
ized efforts to protect and efficiently manage critical sites, complemented by large-scale action
to lower additional destruction and degradation of habitats and to encourage the sustainable
use of productive ecosystems in a way that is supportive to biodiversity [77]. This implies also
setting limits to human demand on nature [14]. Otherwise, natural landscapes will be pro-
gressively replaced by “working landscapes” inhabited either by domesticated or feral
animals, but no longer wild animals. At the global scale, this means that we would have
domesticated not only animal (and plant) species, but probably the entire Earth [15].

In conclusion, domestication appears as a powerful tool that could be useful to save threatened
species. Nevertheless, the time in captive conditions has to be minimized in order to modify
as less as possible wild individuals (Figure 1). More importantly, domestication should be
considered as part of the solution, but not the only one, to save threatened species. The
protection of wild animals in situ, the restoration of habitats and the development of reserves
should first be considered.
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Abstract

Zoos and Aquariums in North America have evolved over the past few decades from
institutions that exhibit animals primarily for public enjoyment to conservation orga-
nizations whose mission is to inspire and contribute significantly to wildlife conserva-
tion. The Association of Zoo and Aquariums, AZA, accredits public institutions in North
America that house wildlife based on strict industry standards of exhibitry, husbandry,
veterinary medicine and education. The role of conservation research has evolved in
AZA facilities from just a handful of staff participating in a few projects to many facilities
now having entire departments dedicated to conservation research. In 2003, AZA insti-
tutions reported in the Annual Report on Conservation Science (ARCS) that 83% of its
member’s participated in over 2,370 conservation projects in 107 countries and spent $77
million (AZA ARCS 2003). More recently the 2014 ARCS report stated that AZA institu-
tions dramatically increased their conservation efforts from 2010 with 88% of members
participating in conservation projects and spending 154 million. Many of the top accred-
ited aquariums have strong conservation programs and are spending at least 3% of their
budgets on conservation efforts with projects focusing on species and ecosystems and
topics of global concern such as climate change and marine debris..

Keywords: conservation research, field research, American Zoo, Aquarium Association,
Z00s, aquariums

1. Introduction

Zoos and aquariums in the North America have evolved over the past few decades from
institutions that exhibit animals for public enjoyment to conservation organizations whose
mission is to inspire and contribute significantly to wildlife conservation. The Association of
Zoo and Aquariums (AZA) in North America accredits public institutions that house wildlife
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based on industry standards of exhibitry, animal care or husbandry, veterinary medicine, and
education. Founded in 1924, AZA once focused primarily on the care of captive animals and
the entertainment of visitors, but now highlights the importance of field conservation work
focused on saving wildlife. Although not yet an accreditation standard, AZA now encourages
all member institutions to spend at least 3% of their general operating budget on field conser-
vation directly impacting wildlife and wild ecosystems. Many accredited zoos and aquariums
have general operating budgets in the tens of millions of dollars, thus even the 3% that AZA
encourages institutions to spend on conservation research is substantial and equals hundreds
of thousands of dollars spent per institution.

The evolution of scientific research in zoos and aquariums began slowly in the first part of
the twentieth century with just a handful of institutions participating in any kind of research.
Field conservation in zoos and aquariums gained momentum as society’s attitudes toward
wildlife and conservation changed dramatically in the later half of the century as noted by the
passing of the Marine Mammal Protection Act (MMPA) in 1972 and the Endangered Species
Act (ESA) in 1973. The level of conservation research in zoos and aquariums was first mea-
sured in the mid-1980s when Finlay and Maple [1] surveyed the role of research in American
zoos and aquariums quoting Hediger [2] as their inspiration, “A modern zoo nowadays is
not only a local place of population entertainment, but an institution which had always been
indebted throughout its development to scientific inquiry, and must keep in active touch with
it.” By the 1980s, research in zoos and aquariums was well established with 70% of surveyed
institutions stating that they participated in research or scientific activity and 59% of institu-
tions noting it as important to their mission in official publications [1]. However, it was clear
that there was room for improvement with less than half (46%) noting that their research
programs were expanding, only 39% reported that they had a research committee, and only
57% published their research [1]. The largest institutions, as measured by attendance, and
those affiliated with academic institutions reported the most research activities, while those
reporting little to no research activity cited financial limitations and the lack of trained staff as
the primary reasons for not conducting research [1].

Twelve years later the level of research in zoos and aquariums was measured again by Stoinski
et al. [3]. They found that research in zoos and aquariums had increased since last surveyed
in 1986. The authors noted a variety of reasons for the increase including an increased inter-
est in conservation, the use of applied research to solve management problems, as well as
an increased desire to study the wild counterparts of the animals in their collection in the
field [3]. The survey found that participation in research increased to 88% of institutions with
research or scientific activity noted as an objective in 83% of institutions in official publica-
tions [3]. The authors noted that since the mid-1980s the percentage of institutions conducting
research increased in all facility sizes, as measured by attendance. However, they found that
the percentage of institutions reporting expanding research programs decreased for all size
classes except for within the largest facilities with the largest resources. In addition, the major-
ity of zoos and aquariums surveyed in 1998 had few full time staff dedicated to research
activities citing financial limitations [3]. Most notably, this survey pointed out the emergence
of the importance of field research and conservation with the majority of facilities reporting
studying wild counterparts of their captive collections [3].
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By 2003, AZA institutions reported in the Annual Report on Conservation Science (ARCS)
that 83% of its members participated in over 2370 conservation projects in 107 countries and
spent $77 million [4]. Almost a decade later, the 2010 AZA ARCS report summarized that
73% of its members participated in over 1900 conservation activities and spent $130 million.
In the first decade of the twenty-first century, participation as the percent of members and
number of conservation projects decreased but overall funding for conservation at AZA facili-
ties almost doubled. The reported conservation activities include donations to conservation
organizations, the rescue and rehabilitation of endangered species, education programs that
directly protect species in the wild, and research vital to the conservation of endangered spe-
cies in the field. While this was a significant effort toward field conservation, it still reflected
an investment of only 2% of AZA accredited facilities annual budgets. To increase member
participation in conservation activities, in 2010 AZA launched an initiative that strongly rec-
ommended its member institutions spend at least 3% of their general operating budget on
conservation research activities that directly benefit animals in the wild. This recommenda-
tion seems to have worked. The 2014 ARCS report stated that AZA institutions dramatically
increased their conservation efforts from 2010 with 88% of members participating in conser-
vation projects and spending $154 million. Although this is an improvement over the efforts
reported in 2010, it is still not the approximately 200 million that would equal 3% of AZA
instructional annual budgets [5].

The 2010 conservation initiative resulted in the forming of the AZA Field Conservation
Committee to define and measure field conservation. This committee views AZA-accredited
zoos and aquariums as conservation centers that are concerned about ecosystem health, take
responsibility for species survival, contribute to research, conservation, and education, and
finally provide the opportunity to develop personal connections with wild animals for soci-
ety. This view is almost completely opposite that AZA had of member institutions when it
first formed. The focus now is for accredited zoos and aquariums to play a more vital role
than they have in the past in maintaining the planet’s diverse wildlife and natural habitats
while engaging the public to participate in conservation.

The AZA Field Conservation Committee defines field research as directly contributing to the
long-term survival of species in natural ecosystems and habitats. Accredited institutions may
meet this criteria through the following actions: direct action, defined as conducting work in
the field such as research, population management, and community-based programs; species
recovery, defined as food, housing, and veterinary care of animals in captive breeding pro-
grams that are slated to be reintroduced into the wild such as in rescue and rehabilitation pro-
grams; veterinary care, defined as the direct costs of wildlife disease issues for animals that
can directly impact the corresponding wild population or veterinary care for wild animals
not found in the collection; conservation assurance populations, defined as the direct cost of
food, housing, and care of animals being housed, which cannot be reintroduced back into the
wild because of poor in situ (in the wild) conditions, however the institution must be actively
working to determine a strategy for reintroduction back into the wild; research, defined as the
direct costs of research that takes place outside of the institution and helps protect species in
the wild; field conservation education, defined as costs for work done on behalf of an NGO
that publicizes wildlife conservation, direct costs of conservation education programs that
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take place outside of the institution that directly impacts the species or habitat of concern, and
direct costs of training staff or volunteers not employed by the institution for field conserva-
tion work; advocacy, defined as direct costs of work done to lobby for wildlife conservation;
and fundraising/grants, defined as fundraising or cash grants made to other conservation
organizations to support wildlife conservation in the field.

Zoos and aquariums may impact wildlife conservation through direct actions and research.
In addition to research activities, as public institutions, zoos, and aquariums play another
key role in conservation. Accredited institutions in North America enjoy over 180 million
visitors annually. The shift toward more conservation oriented institutions provides modern
zoos and aquariums an amazing opportunity to positively impact the conservation attitudes
and actions of their visitors. To measure this, in 2007, AZA conducted a nationwide study
of the impacts of a visit to accredited institutions. The survey documented that after visiting
an accredited zoo and aquarium in North America most adult visitors indicated a positive
change in conservation attitudes and understanding [6].

The evolution of conservation in AZA accredited institutions has resulted in changing
accreditation recommendations, standards, and board-approved policies. Examples of this
are AZAs 2010 conservation initiative and the field conservation committee that encourage
member institutions to be more conservation focused in their exhibits, educational messages,
policies, and practices. For example, current AZA accreditation recommendations include
that a member’s mission should have a conservation theme, the institution should have a
conservation program, and the institution should actively conduct conservation work. The
question is how are institutions changing to meet these new standards? Specifically, how
have the majority of AZA accredited aquariums in North America (here defined as the United
States and Canada) responded? Most aquarium conservation research programs started very
small primarily donating money to outside conservation organizations and with zero to few
staff dedicated to conservation or field research. Until now, many major aquariums have their
own multidisciplinary conservation programs/departments with multiple staff conducting
field conservation and research.

2. Current status

The following is a summary of the current status of conservation in AZA accredited aquari-
ums, specifically research and field conservation, in the wake of the 2010 AZA conservation
initiative.

Current AZA accreditation standards suggest that all member institutions have a conservation
theme. The missions of 20 AZA accredited aquariums are listed in Table 1. Fourteen or 70%
have the word “conservation” in their mission statements. The other 30% have various words
alluding to conservation such as stewardship, sustain, protect, or make a difference (Table 1).

Current AZA recommendations are that member institutions have a conservation program
and should actively conduct field conservation work. The AZA Field Conservation Committee
defines field research as directly contributing to the long-term survival of species in natural
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Facility Mission

Alaska SeaLife Center To promote understanding and stewardship of Alaska's
marine ecosystems.

Aquarium of the Bay Explore, explain, and sustain Life.

Aquarium of the Pacific

Audubon Aquarium of the Americas (part of the
Audubon Nature Institute)

Birch Aquarium at Scripps Institution of
Oceanography

Florida Aquarium

Georgia Aquarium

John G. Shedd Aquarium

Monterey Bay Aquarium

Mote Marine Laboratory and Aquarium

Mystic Aquarium

National Aquarium

New England Aquarium

Oregon Coast Aquarium

Point Defiance Zoo and Aquarium

Seattle Aquarium

SeaWorld® San Diego (research department only)

Steinhart Aquarium

Tennessee Aquarium

Vancouver Aquarium

To instill a sense of wonder, respect, and stewardship for
the Pacific Ocean, its inhabitants, and ecosystems.

Educate our diverse audience about the natural world,
enhance the care, and survival of wildlife through research
and conservation.

To provide ocean science education, to interpret Scripps
Institution of Oceanography research, and to promote
ocean conservation.

To protect and restore our blue planet.

Research to contribute to the understanding of the
underwater world and apply new discoveries to the
conservation of aquatic life.

To connect you to the living world, inspiring you to make
a difference.

To inspire conservation of the ocean.

To be a leader in nationally and internationally respected
research programs that are relevant to the conservation and
sustainable use of marine biodiversity, healthy habitats,
and natural resources.

To inspire people to care for and protect our ocean planet
through conservation, education, and research.

Drive Marine conservation through engagement

To increase understanding of aquatic life and
environments, to enable people to act to conserve the world
of water, and to provide leadership for the preservation of
sustainable use of aquatic resources.

To create unique and engaging experiences that connect
you to the Oregon coast and inspire ocean conservation.

To promote and practice effective conservation on behalf of
the world’s wildlife.

Inspiring conservation of our marine environment.

To apply basic physiological research efforts and state-of-
the-art reproductive technologies toward wildlife species
management and conservation.

Explore, explain, and sustain life.

The Tennessee Aquarium inspires wonder, appreciation
and protection of water, and all life that it sustains.

Conservation of aquatic life through display,
communication, public programming and education,
research, and direct action.

Table 1. Twenty aquarium mission statements.
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Facility F.C. Research  Taxa and areas of focus

Alaska SeaLife Center 7 8 Climate change; marine mammals; fish; seabirds; invasive
species

Aquarium of the Bay 3 1 River, bay and ocean studies; sharks

Aquarium of the Pacific 6 2 Birds; sea turtle; reefs; marine mammals; sharks; white abalone

Audubon Aquarium of the 2 Fish; marine mammals; sea turtles; sharks; sea horses

Americas (part of the Audubon

Nature Institute)

Birch Aquarium at Scripps 10 NR Marine mammals; fish; harks; sea turtle; so white abalone;

Institution of Oceanography coastal awareness

Florida Aquarium 7 NR Reefs; marine mammals; sea turtle; coastal birds

Georgia Aquarium 6 NR Penguins; sea turtles; marine mammals; sharks

John G. Shedd Aquarium 19 2 Invasive species; reptiles; marine mammals; invertebrates; fish;
sea horses; penguins; sharks

Monterey Bay Aquarium 11 1 Sharks; rays; ocean conservation; fish, shorebird; seabird; sea
otters; seafood watch

Mote Marine Laboratory and 9 9 Manatees; reefs; fish; sharks; sea turtles; invertebrates; ocean

Aquarium acidification; toxicology

Mystic Aquarium 17 8 Amphibians; penguins; marine mammals; fish; invertebrates;
reptiles

National Aquarium 15 6 Restoration; invasive species; marine animal rescue; sharks;
seabirds; marine mammals

New England Aquarium 10 15 Marine mammals; sea turtles; sustainable seafood; fish; sharks;
climate change; reefs; aquatic protected areas

Oregon Coast Aquarium 4 1 Invasive species; marine reserves, sea otters; marine animal
rehabilitation

Point Defiance Zoo and 4 6 Citizen science; fish; marine mammals

Aquarium

Seattle Aquarium 15 9 Citizen science; ocean acidification; marine mammals; reefs;
fish; invertebrates; sharks; coastal monitoring

SeaWorld® San Diego (research 15 NR Marine sanctuaries; marine debris; killer whales; marine

department only) mammals; fish; sea turtles; coastal birds; seabirds

Steinhart Aquarium 8 3 Amphibians; fish; seahorses; reefs; coastal birds

Tennessee Aquarium 6 6 Fish; river ecology; amphibians; sustainable seafood

Vancouver aquarium 23 7 Amphibians; marine mammals; fish; invertebrates

Legend: F.C. = field conservation; NR = not reported.

Table 2. Number of field conservation and research projects reported in 2014 [7].

ecosystems and habitats and defines research as scientific activities that take place outside of the
institution and helps protect species in the wild. All of the aquariums listed in Table 1 reported
the following conservation-related activities under field conservation (F.C.) and research in the
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2014 ACRS report (Table 2). Note that the numbers of projects and species or areas of focus are
likely underestimates of the breadth and scope of conservation activities as some projects may
not fall into easily quantified categories.

The taxa involved in research and field conservation reported by accredited aquariums tend
to reflect the facilities collections. For example, many institutions report studying coral reefs
(Figures 1 and 2), fish and sharks (Figures 3 and 4), coastal birds or seabirds and marine mam-
mals as most have all these taxa in their collections. Many aquarium exhibits, particularly
those on or near the ocean, are primarily regional and thus the focus of their conservation
efforts on species iconic and unique to their region (Figure 5). Recently, conservation projects
have shifted from those with a primarily regional focus toward conservation projects with a
global theme such as marine debris removal and those studying climate change.

All accredited aquariums in North America have conservation messages in their missions
(Table 1) and all report activities that meet AZAs definition of field conservation and research
(Table 2). Accreditation standards continue to push member institutions to do more by sug-
gesting that all have conservation departments that are equal in breadth and scope to other
major departments in aquariums such as live animal exhibits, husbandry, and education.
Conservation research programs at major aquaria are organized and funded in many differ-
ent ways and have evolved significantly over the years. In the past, very few organizations
had conservation programs or departments. Up to now, many major accredited aquariums
in North America have relatively large conservation programs/departments and many have
met AZAs challenge to spend at least 3% of their general operating budget on conservation
activities particularly in field conservation that directly or indirectly impacts conservation of
aquatic wildlife. To determine how field research programs in AZA accredited aquariums
were organized and funded, an informal survey was conducted for this paper. Forty percent
of the aquariums listed in Tables 1 and 2 responded. Survey results may be indicative of
where aquariums are going regarding field conservation in that some are already where they
want to be, some are in the process of getting 7there and some have just begun. As a side note
even though some stated that they were happy with their institutions commitment to con-
servation, all agreed that more should be done for conservation of animals in the wild. The
following are the results of the informal survey of major public aquariums in North America:
75% had a separately managed conservation department; 88% of those conservation depart-
ments were managed by an executive staff member at the vice president level or above; 75% of
the executives managing the conservation department held a philosophical doctorate, Ph.D.,
and had direct experience conducting conservation science; 62% employed between 1 and 10
full time equivalent (FTE) staff, 25% surveyed employed between 10 and 20 FTE staff, and
13% employed over 20 FTE staff devoted to field conservation and/or research; 50% reported
funding for their conservation departments came from grants and/or donations while the
other 50% reported funding through general operating budgets; 62% reported spending more
than 3% of the general operating budget on field conservation as recommended by AZA while
38% did not; finally, 50% were happy with the level of field conservation they conducted
while 50% were not and felt their institutions should do more and/or have more impact on
conserving wild systems.
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Figure 1. Coral research: Seattle Aquarium biologists growing corals for display and to share with other aquariums to
minimize taking of wild corals. Photo credit Seattle Aquarium.

Zoos and Aquariums are doing more for wildlife conservation and they may have the greatest
conservation impact when they work together. In 2015 AZA launched a conservation initiative
called Save Animals from Extinction or SAFE. The initiative is to encourage accredited zoos
and aquariums to harness their collective resources, focus on specific endangered species, and
save them from extinction by restoring healthy populations in the wild. AZA SAFE focuses
on 10 signature species/groups of animals: African penguin, Asian elephant, black rhinoceros,
cheetah, gorilla, whooping crane, sea turtle, sharks, vaquita, and Western pond turtle. Many
of the major aquariums in Table 2 listed conservation projects that involved either sharks and/
or sea turtles as many aquariums have sharks in their collections and many either have sea
turtles or participate in sea turtle rehabilitation. Another collaborative conservation initiative,
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Figure 2. Aquarium researchers conducting reef surveys. Photo credit Brian McNeil.

the Aquarium Conservation Partnership (ACP) launched in 2016 as a 2-year-proof-of-concept
project designed to bring the nation’s leading aquariums together to achieve meaningful

“ieronicavon Allworden

Figure 3. SCUBA diver setting bait to attract free swimming sixgill sharks at the Seattle Aquarium for genetics and
abundance research. Photo credit Veronica von Allworden.
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Figure 4. Free swimming sixgill shark with visual marker and acoustic tag for movement and abundance research under
the Seattle Aquarium. Photo credit Veronica von Allworden.

Figure 5. SCUBA diver conducting population surveys on giant Pacific octopuses. Photo credit Veronica von Allworden.
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conservation impact for ocean and freshwater ecosystems. The ACP is a voluntary, unin-
corporated project that was initiated by Monterey Bay Aquarium, Shedd Aquarium, and
National Aquarium. The ACP currently comprises 15 sponsoring/collaborating aquariums
and ACP’s first objective is to reduce ocean and freshwater plastic pollution or marine debris.

3. Conclusion

The most effective conservation research programs in public aquaria are those that use
their resources wisely, partner with other institutions, and focus their efforts on field or in
situ research that has the most impact on aquatic wildlife. Zoos and aquariums also have
the opportunity to affect conservation through their visitors. The keynote speaker at AZAs
2015 annual convention was Dr. M. Sanjayan, executive vice president and senior scientist
at Conservation International. In his speech he implored accredited zoos and aquariums to
remember the impact they can have on conservation and to not lose sight of their conservation
mission when steeped in daily activities of running a major public institution. Dr. Sanjayan
calls accredited zoos and aquariums to conservation action primarily because of the unique
opportunity; they have to reach the 183 million visitors a year. These institutions can directly
educate and influence the kids going through their gates to understand conservation so that
they grow up to make the right choices for wildlife and the environment. Virtually, every
accredited zoo and aquarium has a mission focused on conservation but often the day to day
running of such an operation overshadows conservation efforts. Dr. Sanjayan implored zoos
and aquariums must put their mission first and foremost and focus in wildlife conservation.

Zoos and aquariums must do more for conservation and are continuing to shift focus from
entertainment and educational facilities to what AZA states as “conservation centers” where
real conservation work is done and animals and ecosystems are impacted in the wild. It is clear
that AZA institutions are doing more than they have in the past but they must increase the
breadth and scope of their field conservation programs to remain relevant in a changing world
and to ensure that the amazing animals and ecosystems that they share with visitors reflect
what is still in nature. Rather than being living museums to showcase what used to exist in the
wild, zoos and aquarium must ensure by direct action that those species and ecosystems sur-
vive in the wild. It seems that the current trend in major North American aquariums is to move
toward more direct conservation action but the fact that 50% surveyed are not happy with the
level of conservation work that they are doing and almost 40% are not spending even 3% of
their budgets on field conservation and research illustrates how much more needs to be done.
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Abstract

This chapter examines the ecological effects of bushmeat extraction activities/methods and
utilization of wildlife resources in the study area. It also highlights the perception of rural
dwellers on the abundance of wildlife resources in the past 10 years as well as suggest-
ing solution to this impending danger of depletion. Two different methods were used.
The first method being stratified sampling method was used to investigate the activities
involved in the extraction and utilization of wildlife resources, while the other method
used a questionnaire to investigate the local people’s perceptions on the abundance of
wildlife resources. Results showed that gunshots were the most used (32.4%) of all the
methods of extracting bushmeat in the study area, followed by the use of snares (25.5%).
However, 86% (n = 86) of the respondents admitted that they consume bushmeat, while
only 14% (n = 14) claimed otherwise. Buying bushmeat from markets and hunters ranked
highest 55% (n = 33) among the methods of getting bushmeat in the study area, followed
by the method of indirect hunting 30% (1 = 18). Respondents claimed that bushmeat was
occasionally consumed 38.1% (1 = 37). Furthermore, 88% (1 = 86) of the respondents agreed
that there has been drastic change, while only about 12% (1 = 12) objected to the marked
difference in wildlife abundance in the park in the last 10 years. Note that 53% (1 = 49) of
the respondents agreed that wildlife resources in the study area have been depleted. The
perception of the communities’ members on the establishment of community-based wild-
life management program in the area is significant (0.013*) at 0.05 level. The study revealed
high level of hunting activities resulting from the use of unsustainable hunting methods,
high demand for bushmeat, and lack of capacity to control hunting in the park. Lack of
adequate attention to the role of bushmeat utilization as an important contributor of local
livelihoods by development agencies, nongovernmental and intergovernmental organiza-
tions, and national governments contributes to the unsustainable hunting of bushmeat in
tropical forests. Finally, to achieve the levels of protection necessary, habitat preservation
therefore remains the key criterion for any conservation program, for without sufficient
quantity and quality of habitat there will be no viable wildlife population to protect.

Keywords: biodiversity, national parks, conservation, bushmeat, hunting
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1. Introduction

Forest-living people have few alternative sources of protein and income than bushmeat [1-3].
Thus, hunting of wildlife may be locally intense, and may threaten the entire populations or
even species [4]. Over 160 species are endangered in West-Central Africa [5]. Uncontrolled
hunting practices are only pushing these species closer to extinction. Overhunting caused the
recent extinction of Miss Waldron’s red colobus monkey. Several other primate species are
soon to follow [6]. Up to date, it is not known exactly how many species have been eradicated
and gone into extirpations due to excessive and uncontrolled hunting. However, it is evident
that many species will become extinct if hunting pressures continue at their current level.

Nonetheless, the intensity of bushmeat exploitation may fluctuate even locally due to eventual
perturbating events: for instance, the spreading of Ebola virus was accomplished by a consider-
able reduction of bushmeat consumption in West Africa [7]. High bushmeat demand has been
recorded for west and central African countries (Liberia [8], Ivory Coast [9], Ghana [10, 11],
Cameroon [12], and Gabon [13, 14]) and for the Congo Basin as a whole (e.g. [15-18]). Previous
studies have demonstrated that bushmeat consumption is an integral part of the livelihood, both
as protein requirement and important source of supplementary income, but it is also of a major
sociocultural importance [19]. Overexploitation of various species has been found to be the key
reason for forest wildlife declines in Africa [20]. Exploitation as a phenomenon is noted to be on
the increase as a result of growing human populations, improved access to undisturbed forests,
changes in hunting technology, and scarcity of alternative protein sources [21-23]. Fa et al. [24]
subsequently enunciated that bushmeat depletion in the Congo Basin in real existence and sup-
ply may lead to 81% drop in less than 50 years, if the current rates of harvest continue, which
may further aggravate the dramatic increase in protein malnutrition. It is therefore noteworthy
to submit that overexploitation and utilization of wildlife for bushmeat and protein sources in
West and Central Africa is a serious palaver which can degenerate to local, national, or world-
wide extinctions of targeted species, with saddening ecological and economic consequences.
Sustaining different species of wildlife both for future economic and social reasons therefore
becomes a vital point of direction if the stability in the ecological system must be sustained.

The Oban hills forest area of Cross River in Nigeria is a very important conservation region
with unique biodiversity, with many endangered species being confined to this region. While
bushmeat trade and marketing have already been subject to research, the extent to which
wildlife resources and bushmeat utilization and extraction as well as the effects on the stabil-
ity of the ecosystem is yet to be substantiated. This work specifically examined the ecological
effects of bushmeat extraction and utilization of wildlife resources on the stability of the eco-
system. It also highlighted the perception of rural dwellers on the abundance (increasing or
dwindling) of wildlife resources for the past decades when compared to the present time as
well as suggesting solution to this impending danger.

2. Location and description of the study area

Cross River National Park, the first tropical rain or moist forest national park in Nigeria, is
located in Akamkpa Local Government Area of Cross River State, Nigeria. It was created by Act
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Nos. 36 and 46 of 1991 and 46 of 1999, respectively. It covers an area of approximately 4000 km?
and consists of two divisions: Oban in the south (3000 km?) and Okwangwo in the north
(approximately 1000 km?). The Oban Division is centered on coordinates 5°25'0"N 8°35’0"E.
CRNP is of international importance because of its unique biodiversity and species richness
and endemism [25].

The study was carried out at the Oban Hill Sector. The Oban Division is contiguous with the
Korup National Park, while the Okwangwo Division is contiguous with the Takamanda Forest
Reserve, both in Cameroon. The Oban Hill Division of the Cross River National Park was
carved out of Oban group Forest Reserve in 1991. It could be accessed through the Ikom-
Calabar highway. The Oban sector of Cross River National Park is further divided into two
corridors: the Obong/Nsan corridor and Oban corridor. Household economy in Oban Division
is largely agrarian, although hunting, trapping, and collection of forest products are of
importance for subsistence, and to an extent for trade. Economic development is seriously
constrained by poor road network and market facilities. The Oban Hill area is inhabited pre-
dominantly by the Ejagham tribe with a few Ibibio, Efiks, Calabaris, and Ibos. The following are
the villages where this study was carried out: Aking/Osomba, Ifumkpa, Ekuri, Esang, and Ekang.
These villages have relatively large amount of tropical high forest and also consists primarily
of hills and swamps. The terrain is rugged with hills ranging from 100 to more than 1000 m
above sea level. Annual rainfall is estimated to range between 2500 and 3000 mm. The park
is under the control of the Federal Government of Nigeria with a legal instrument promul-
gated through Decree No. 46 of 1991 (Act No. 46 of 1991) in the Laws of the Federal Republic
of Nigeria. The flora and fauna composition of the Oban hill sector have been described by
Schmidt [26], who identified 1303 species of plants, 141 lichens, and 56 mosses, 77 of which
are endemic to Nigeria. Fauna biodiversity included 134 mammals, 318 birds, 42 snakes, and
over 1266 butterflies. The vegetation of the Oban Sector is dominated by tropical rainfor-
est at various stages. There are closed canopy, open canopy secondary vegetation, farm fal-
lows, and oil palm plantations. The buffer zone consists of oil palm, cocoa, cassava, banana,
plantain plantations, and maize and cocoyam farms. There are also numerous stone quarries
around the buffer zone of the park.

3. Methods of data collection and analysis

Two different methods were used. The first method was used to investigate the activities
involved in the extraction and utilization of wildlife resources while the other method (the
use of questionnaire) was used to investigate the local people’s perceptions on the abundance
of wildlife resources. Oban Sector of Cross River National Park is divided into two (west and
east) ranges. Five villages were purposively selected from these two ranges within the Oban
Sector-Aking/Osomba (05°25'67"N,08°38'10"E), Ekang/Esang (05°40'00"N, 08°49'00"E), Ekuri
(05°21'25"N, 08°26'24"E), and Ifumkpa (05°31'56"7N, 008°17'30"4E) based on their proximity
and being on the periphery of the park. Eight transects of 2 km each were laid in each of the
fourland-use types (core, buffer, farm fallow, and plantation) in the study locations at 1000 m
intervals using a stratified sampling techniques and placed 2000 m apart to avoid ani-
mals from being detected on two neighboring transects with effective study area of 64 km?
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[27, 28]. The transects were modified as recommended by Buckland et al. [27] and were
traversed for 40 consecutive times to allow for more encounters of activities of wildlife
resources extraction and utilization including spent cartridges, match box, used carbide,
wire snares, traps, hunting camps, hunters encountered, and gunshots heard within 10 m
of both sides of the transects were recorded. Spent cartridges found were collected but wire
snares were destroyed. Purposive (judgment) sampling was used as the second method to
select a sample of the local respondents and study communities [29]. Purposive sampling
was used due to the proximity of these villages to the park. A total number of 100 respon-
dents from the selected villages (Aking, Ekang, Esang, Ekuri, and Ifumkpa) were inter-
viewed, all living within a 10,000 m distance from the park boundary. The method was an
interview-administered questionnaire. The questionnaire included both open-ended and
fixed-response questions. The questionnaire was designed to evaluate the perceptions of
local people toward wildlife resources abundance within the study area. Education and
demographic information, including gender and age, were obtained from each respon-
dent. All interviews were conducted by a research assistant who was the Assistant Range
Head. Oral interviews were carried out during the day in the local language (Ejagham
and Efik) and/or English. The average total response time was approximately 15-25 min.
Stakeholders who were considered to have direct influence on the management of the park
were identified and various levels of interaction were carried out. These include house-
holds, focus group discussions, village meetings, hunters, staff of the Park, members of
nongovernmental organizations, and staff of Cross River State Forestry Commission and
leaders of the community.

4. Data analysis

Data gathered from the questionnaire were grouped and summed by response category. The
responses were recorded on a data sheet and later transcribed into English and entered into
a Microsoft Excel 2010 database as well as Statistical Package for Social Sciences version 19
for Windows (IBM SPSS Inc, Chicago, USA). Where multiple responses were possible on an
open-response question, data are presented as the percentage (%) of respondents giving each
response, and may sum to 100%. Pearson moment correlation coefficient and descriptive sta-
tistics were also used.

5. Result presentation

Data were generated from five locations-Ifumkpa community 22 (22%), Ekuri community 19
(19%), Esang community 22 (22%), Aking/Osomba community 18 (18%), and Ekang commu-
nity 19 (19%). The sample comprised of 73 males (73%) and 27 females (27%). About 32%
(n = 32) of the respondents were <30 years, 54% (n = 54) were between 41 and 50 years,
whereas 14% (n = 14) were older than 51 years. Forty-seven percent (n = 44) of the respon-
dents had secondary education, 39.4% (n = 37) had primary education, 7.4% (n =7) had NCE/
OND education, 4.3% (n = 4) were illiterate, whereas 1% (1 = 1) was neither educated nor
illiterate.
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The study revealed that 44 (47.0%) of the respondents are principally secondary school cer-
tificate holders, 37 (39.4%) are primary school leaving certificate holders, while 7 (7.4%) of
the total respondents are diploma and teacher certificate holders while 1 (1.1%) of the respon-
dents are first degree holders. Also, 4 (4.3%) of the respondents do not have formal education.

From Table 2 it can be seen that gunshots were the most used (32.4%) of all the methods of
extracting bushmeat in the study area. This was followed by the use of snares (25.5%). Other
activities of extraction include hunters’ trails (12.8%), hunters’” camps (2.9%), and spent car-
tridges found (19.5%).

From Table 3 it can be seen that 86% (1 = 86) of the respondents admitted that they consume
bushmeat, while only 14% (n = 14) claimed otherwise. Buying bushmeat from markets and
hunters ranked highest 55% (n = 33) among the methods of getting bushmeat in the study
area, followed by method of indirect hunting 30% (n = 18), which include wire snares, traps,
and animal pitfalls. Other methods were through direct hunting 13.3% (n = 8) and as gift 1.7%
(n=1). The respondents claimed that bushmeat is occasionally consumed 38.1% (1 =37) in the
study area, which is the highest rate of utilization/consumption. This is followed by weekly
utilization/consumption 27.8% (n = 27) of bushmeat while the least utilization rate of bush-
meat is fortnightly 4.1% (n = 4).

Figure 2a shows that 88% (1 = 86) of the respondents agreed that there has been drastic change
while only about 12% (n = 12) objected to the marked difference in wildlife abundance in the
park in the last 10 years.

Figure 2b shows that 53% (1 = 49) of the respondents agreed that wildlife resources in the
study area has been depleted. Note that 36% (1 = 33) of the respondents opined that wildlife
resources are low while only 11% (10) claimed that there is still high abundance of wildlife
resources in the study area.

Table 4 shows the relationship between the communities’ members’ perception on status of wildlife
resources in the study area and the establishment of community-based wildlife management pro-
gram in the area. The result shows that both variables are significant at 0.05 level (2-tailed).

6. Discussion

6.1. Demographic characteristics of respondents

Table 1 shows that young people participated more (86.0%). It also shows that majority (68.0%)
of the respondents have their abode near the forest meaning that they do not have to trek much
before getting into the park. This nearness then shows the peoples’ dependence on the park
resources. However, the result indicated that majority (73.0%) of the respondents are male
(Table 1). Figure 1 reveals the educational background of the respondents. Most of the respon-
dents (47.0%) were secondary school leavers, followed by primary school leavers (39.4%). This
shows that education influences their attitude and perception toward wildlife resources utiliza-
tion vis-a-vis conservation program. This is further supported by Refs. [31, 32] that local people’s
knowledge about natural resources conservation are influenced by education and awareness
programs, and services and benefits local people receive from conservation-related projects.
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S/N Variable Frequency %
1 Location
Ifumkpa 22 22.0
Ekuri 19 19.0
Esang 22 22.0
Aking/Osomba 18 18.0
Ekang 19 19.0
Total 100 100.0
2 Gender
Male 73 73.0
Female 27 27.0
Total 100 100.0
3 Age
Less than 30 years 32 32.0
41-50 years 54 54.0
51 years and above 14 14.0
Total 100 100.0
4 Distance of house to the forest
Near 66 68.0
Far 31 32.0
Total 97 100.0
Field Survey, 2013
Table 1. Demographic characteristics of respondents.
B Sc None [lliterae
1 :',»a s m: 4 ;% Primary
NCE;GND Edu;‘?uon
T4% 39 4% W Primary Education
u Secondary Education
B NCE/OND
=B 5c
= Non of the above
u [lliterate

Figure 1. Educational level of respondents. Source: Field Survey, 2013.
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6.2. Bushmeat extraction activities/methods in the different land-use within the study area

A total of 26 (25.5%) wire snares, 20 (19.5%) spent cartridges, 7 (6.9%) hunters encountered, 33
(32.4%) gunshots, 3 (2.9%) hunters’ camps, and 13 (12.8%) were recorded for a total of 64 km of
transects walked (Table 2). The most pronounced of all the bushmeat extraction activities was
the use of guns (32.4%). The next being wire snares (19.5%). Most of the hunters set their wire
snares in the rainy season. This is due to poor and very little visibility. Traps were monitored and
checked between 2 and 3 days by those who set them, who were indigenes of the selected support
zone communities around Cross River National Park villages. The rationale behind checking traps
between 2 and 3 days was to reduce the time being invested into the traps checking, especially
when quite a number of traps are set. Trap/wire snare setting is rampant during the rainy season.
This is because there is less time to consummate hunting expedition. The equipment currently
used by communal hunters is unsuitable for rational utilization of wildlife because it does not
permit selective hunting. Communal hunters sell part of their bag at moderate prices to intermedi-
aries who in turn supply markets, restaurants, and consumers in both rural and urban areas [33].

Bush-meat extraction Land-use

activities/methods Close canopy  Secondary forest Farm fallow  Plantation Total Percentage
Wire snare 9 1 15 1 26 255

Spent cartridges 9 4 7 0 20 19.5
Hunters encounter rate 2 0 5 0 7 6.9
Gunshots heard/guns 15 3 15 0 33 324
Number of hunters camp 3 0 0 0 3 2.9
Number of hunting trails 10 3 0 0 13 12.8

Total 48 11 42 1 102 100.0

Adapted from Ref. [30].

Table 2. Bushmeat extraction activities/methods in the different land-use within the study area.

6.3. The rate of utilization and consumption of bushmeat within the study area

Table 3 shows that 86% (1 = 86) of the respondents admitted that they consume bushmeat,
while only 14% (n = 14) claimed otherwise. Buying bushmeat from markets and hunters
ranked highest 55% (n = 33) among the methods of getting bushmeat in the study area, fol-
lowed by method of indirect hunting 30% (n = 18), which include wire snares, traps, and
animal pitfalls. Other methods were through direct hunting 13.3% (n = 8) and as gift 1.7%
(n = 1). The respondents claimed that bushmeat is occasionally consumed 38.1% (n = 37)
in the study area, which is the highest rate of utilization/consumption. This is followed by
weekly utilization/consumption 27.8% (n = 27) of bushmeat while the least utilization rate
of bushmeat is fortnightly 4.1% (n = 4). Most household members claimed that bushmeat is
significantly more delicious compared to the domesticated animals. Observations revealed
that though hunting is not the major work of most communities’ members, but the bushmeat
from the games compliment the household nutrition sources. It is the most important source
of protein for many families. However, for the household health purposes, some of the body
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S/N Variable Frequency %
1 Bushmeat consumption
Yes 86 86.0
No 14 14.0
Total 100 100.0
2 Methods of extracting wildlife resources (bush-meat)
Direct hunting 8 13.3
Indirect hunting 18 30.0
Buying 33 55.0
Gift 1 1.7
Total 60 100.0
3 Utilization/consumption rate of bushmeat by the locals
Weekly 27 27.8
Fortnight 4 4.1
Monthly 19 19.6
Occasionally 37 38.1
Never 10 10.3
Total 97 100.0

Field Survey, 2013.

Table 3. The rate of utilization and extraction of bushmeat within the study area .

parts of the hunted animals are useful in preparation of medicinal concoctions. For instance,
elephant faces and python fat are medicinal. The fat and oil of python is used as pain reliever
and soothing ban, although it is also believed to be harmful and injurious to humans when
swallowed. Some animal parts are also significantly important in the traditional sacrifices
during healing exercise by the traditional healer. Ref. [34] recorded that bushmeat is consid-
ered as a delicacy in urban areas where people are willing to pay a premium for it, while in
some areas, especially in the rural areas where they are derived, it is evident that bushmeat
contributes little to the diet and more to their income [35]. Ref. [24] further asserted that the
local community members perceive bushmeat as a source of long-term livelihood benefits,
hence the uncontrolled and indiscriminate extraction/utilization of wildlife resources in the
study study area (Plate 1 and Plate 2). Other hunted wildlife species (according to personal
interview with some hunters and communities’ members) include the Primates (Cercopithecus
spp), Drill (Mandrillus leucophaeus), Bushbuck (Tragelaphus scriptus), Pangolin (Manis tetradac-
tyla), Red river hog (Potamochoerus porcus), and Grasscutter (Thyronomys swinderianus).

Figure 2a shows that 88% (1 = 86) of the respondents agreed that there has been drastic change
while only about 12% (n = 12) objected to the marked difference in wildlife abundance in the
park in the last 10 years. This finding is in consonance with Jimoh et al.’s [36] submission that
only two species of duiker species remain in the Oban Sector of Cross River National Park
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Plate 1. Exhibits of Atherurus africanus (African brush-tailed Porcupine) and other animal species. Source: Field Survey, 2013.

Plate 2. Exhibits of Philantomba monticola (female blue duiker). Source: Field Survey, 2013.
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which were the blue and the Ogilby’s duiker. Two other large duiker species known to exist
(bay and yellow-backed duikers) were not represented. Absence of these two species sug-
gests that the species might be locally extinct, because other studies [37-39] in the area also
recorded only blue and Ogilby’s duikers. This is just picking duiker species for instance. The
change in wildlife status and population is a menace that needs to be stemmed. Furthermore,
Figure 2b shows that 53% (1 = 49) of the respondents agreed that wildlife resources in the
study area has been depleted. Note that 36% (1 = 33) of the respondents opined that wildlife
resources are low while only 11% (10) claimed that there is still high abundance of wildlife
resources in the study area. Whichever stance the communities” members have toward wild-
life population in the study area, there is depletion of wildlife resources in the study site. In
consonance with the foregoing, Ref. [40] found in Ipassa Reserve, Gabon that one (bay duiker)
out of the three duiker species was being locally depleted. Refs. [41, 42] in their separate stud-
ies in Udzungwa Mountains, a protected area in Tanzanian, also reported that the Abbott dui-
ker, though previously recorded, was no longer found in the area. This is a further evidence
of wildlife population depletion in Africa [43-45].

{a) 1% thiere any naarked difference between the current (b)
state of the park to what was seen 10 years ago?

i

 agh

o Low
Ben

L1

Figure 2. (a) Extent of damage done on fauna resources (bush-meat) by the local people. (b) Categories of change in
wildlife resources abundance (status) in the study area. Source: Field Survey, 2013.

6.4. Perceptions of communities” members on status of wildlife and establishment of
community-based wildlife management (CBWM)

Table 4 shows the relationship between the communities’ members’ perception on status
of wildlife resources in the study area and the establishment of community-based wildlife
management program in the area. The result shows that both variables are significant at 0.05
levels (2-tailed). The communities’ members are aware of the dwindling population status
of wildlife resources in the study area. This therefore means that for the status of wildlife
to stabilize and improve, there is need to have the establishment of community-based man-
agement of wildlife resources. According to Roe [46], community wildlife management is
a strategy that is based on the assumption that it is possible to improve rural livelihoods,
conserve the environment, and promote economic growth. Thus, effective wildlife manage-
ment models need to be developed to secure bushmeat as resource and make it available
for future generations. While wildlife resources in some countries in Africa is communally
owned, in most countries, wildlife is a state property and hunting is often illegal, leading to
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a situation of low ownership and nonrecognition of user rights by the communities and even
criminalization of use in the extreme cases. In order to address this situation, many countries
are seeking ways to devolve and cede user rights to communities to create an incentive to
invest in the long-term sustainable use of resources [47] in the form of community wildlife
management arrangement.

Perception of
communities' members

Perception of communities' members Pearson correlation 1
N 70
Wildlife status in the study area Wildlife status in the study area Pearson correlation  0.760
Sig. (2-tailed) 0.021"
N 38

Establishment of CBWM program  Establishment of CBWM program Pearson correlation 0.864
Sig. (2-tailed) 0.013’
N 67

‘Correlation is significant at the 0.05 level (2-tailed).
Field Survey, 2013.

Table 4. Relationship between the perceptions of communities’ members on status of wildlife and est.

7. Conclusion

Given the different positions on bushmeat extraction activities/methods, rate of utiliza-
tion/consumption of bushmeat, indiscriminate killing of bushmeat, and perception of
communities’ members on establishment of community-based wildlife management, the
study indicated high level of hunting activities resulting from the use of unsustainable
hunting methods, high demand for bushmeat, and lack of capacity to control hunting in
the park. Large mammals are especially exposed and become easy targets for hunters.
Changes in traditional hunting practices through the use of improved hunting technol-
ogy have decreased the likelihood that hunting will be sustainable. Therefore, protecting
wildlife through protected area systems and development of biodiversity and corridors
is the method which has the greatest potential to address global concerns regarding
wildlife populations in the Oban Sector of Cross River National Park and West Africa at
large. Alternatively, sport hunting and ecological tourism could serve as potent weapon
in arresting the downward slide of wildlife resources in the park. To be truly effective,
these kinds of efforts would have to be done in full collaboration with local communities,
addressing issues of access and user rights, enforcement concerns, and lack of adequate
data on population dynamics. Finally, to achieve the levels of protection necessary, habi-
tat preservation therefore remains the key criterion for any conservation program, for
without sufficient quantity and quality of habitat there will be no viable wildlife popula-
tion to protect.
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Abstract

Community forest management is one of the successful stories of green economy
sectors in Nepal recognized by the United Nation Environment Programme. It was
initiated in Nepal to mitigate increasing deforestation and forest degradation and
address the negative impacts on rural livelihoods. Different studies are conducted by
researchers to assess the role of community forest in biodiversity conservation in Nepal.
Researchers focused on analysis of biomass, carbon stock analysis, calculation of
biodiversity index, change in land use and land cover, spatial analysis of forest
resources, camera trapping of wild fauna and socioeconomic analysis by using different
primary and secondary data collection techniques. It can be concluded that community
forestry management had a great role in biodiversity conservation in Nepal. Biomass,
carbon stock, growing stock, soil organic carbon, forest cover, forest products and
benefit from forest resource had increased due to community forestry management.
Wild animals such as leopard, porcupine, monkey and other birds were increased in
the forest. It is recommended to provide skill development trainings and financial
support for the installation of renewable and alternative energy technologies to
minimize the use of forest resources. More researches on assessing role of community
forestry management in biodiversity conservation should be conducted.

Keywords: community forestry management, conservation of flora, conservation of
fauna, Nepal

1. Introduction

Forestry means use of forests for achieving specific objective that introduces it into different
types [1]. The aim of industrial forestry is to produce wood-based products for national and
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international markets. But the objective of other approaches of forestry is to create and enhance
wildlife habitat and water quality [2]. Managing forests with the express intent of benefiting
neighbouring communities is community forestry (CF) [3]. Beneficial functions of the forest had
attracted variousactors and stakeholders, including the state, private enterprises and local forest
users. Also, they have built up distinct interactions with the forest to satisfy their economic,
political and social needs [4].

In community forestry, forest user group (FUG) controls and manages the local forests [1].
Harvesting and pricing of all forest products and forest management are governed by an
executive committee elected in the FUG assembly [5-7]. Local people gain membership and
receive cash subsidy as an incentive for forest management after registration of FUG in District
Forest Office (DFO). Surplus income of community forestry forest user group (CFUG) has been
used for the purpose of infrastructure development [1, 5]. Therefore, co-operation and
collective actions will be obtained by transferring authority and responsibility for forest
management to local users [5]. Incentives are made to control the forest through the practice
of sustainable activities for income generation.

Figure 1. CFUG members carrying firewood from CF. (Source: Author).

Many rural communities that depend on nearby forests take community forestry (CF) as a tool
for the globalization of the economy. It provides benefit from timber and non-timber forest
resources, as shown in Figure 1 and Figure 2, and also creates job opportunities. Community
forestry provides benefits to local users from nearby forests. As neighbouring communities
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suffer most from resource degradation, community forestry provides overall role to local
people in forest decision making [2]. It provides great opportunity for resource managers to
utilize the indigenous knowledge of local people for sustainable management. Rural devel-
opment practitioners utilize potential of forestry for forest protection, community strength-
ening and economic development [2].

Figure 2. Local fruits extracted from CF of Syangja. (Source: Author).

In community forestry, forest can be sustainably managed to protect natural resource and
forest ecosystem functions and also provide income opportunities to community residents
from traditional and non-traditional products and services. The benefits and services of forest
ecosystems include non-timber forest products, watershed protection, recreational use,
tourism, carbon storage, spiritual and cultural significance, genetic resources, medicinal plants
and wildlife habitat [2]. In spite of the market values from timber and wood products, non-
market values include environmental stability, quality of life and the economic strength of a
region. Community forestry is practiced on public forest lands with the partnerships and
coordination between communities and forest landowners to foster forest stewardship and
economic development. It should be under the management of the local community to
emphasize collaborative and participatory management in local needs and local knowledge.
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1.1. Community forestry in Nepal

Historical experience shows that unless people are given user rights and ownership to control
and make decisions, people lose interest in active practices of forest management [5]. Com-
munity forestry management (CFM) originates in Nepal due to the progressive degradation
of hill forests caused by institutional failure [3]. Before the 1950s, forests in the Middle hills of
Nepal were managed by local landlords and there was free access to non-commercial forest
products. During 1951-1961, forests were nationalized and controlled by the Department of
Forest (DoF). But, they were unable to manage it which creates an open access situation and
local users lacked incentives to regulate forest use. Itleads to unregulated extraction by creating
conflicts between villagers and DoF staff. After this, land registration processes started in
Nepal, which lead to encroachment and forest degradation by threatening the sustainability
of livelihoods in the Middle hills [8]. There was increasing loss of forest areas due to the increase
in the values of timber and other natural resources [4]. Involving local people in forest
management was necessary so community forestry management was introduced to establish
community-based organizations for collective management of forest resources [8].

Forest policies have been changed as the state and local communities experience forest losses
and degradation after the 1950s. The process of nationalization formulates a centrally designed
and scientifically informed forest policy in the context of Nepal. The new policy could not work
longer as it had limited the use of forest resources and incentives for sustainable use and co-
operative management. After the failure of the governmental forest management system and
the revival of common-based management systems, local communities have taken back these
rights to use and manage their forests and formed institutions called forest user groups (FUGs).
Therefore, in the 1970s, local users’ participation in forest management was reconsidered by
the government after recognizing the effectiveness and benefits of common property man-
agement [9].

Conference organized by the Department of Forest in 1975 focused on the role of community
in forest management. It helps in the emergence of community forest management till 1978
and further development occurs till 1993 [8]. Community forestry management was initiated
on an experimental basis in the 1980s which decides to provide power and authority over
resource use to the community level and return property rights to communities. Projects were
initiated by the governmental institution with the support of policymakers, field staff of the
forest department and project staff of the national community forestry workshop. Eventually,
community forestry was legally implemented with the 1993 Forest Act and the 1995 Forest
Rules with the support of local users and forestry staffs [10]. The responsibility of protection
of CF is taken by local forest user groups while forestry staff plays the role of supervision [10].

The need of community involvement was identified in the National Forestry Plan after the
deterioration of hill forests. After the National Forestry Plan, two amendments were made in
Forest Act in 1977 and 1978, and the handover of forests has started gradually. World Bank,
Australia and Britain also need changes in the forestry sector in the 1980s, and community
forestry management was introduced in various policies. Decentralization Act in 1982 focused
on forming the community forestry management committees for forest management, and the
concept of forest user groups was introduced. To provide subsistence needs of people, the
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Seventh Periodic Plan (1985-1990) gave priority to people’s participation in forest manage-
ment. As a second major milestone, the master plan for the forestry sector declared to handover
forests in the Middle hills to FUGs by following the outcomes of first the National Community
Forestry Workshop in 1987. For the reorientation of DoF staff towards this new priority, 47%
of investment within the forest sector was invested in support of community forestry pro-
grammes for the new role of facilitation. Democracy in 1990 helps to form FUGs the important
unit of community forestry management and a strong independent legal institution [8].

Analysts have delineated three phases of forestry development in Nepal—privatization (before
1957), nationalization (1957 to the late 1970s) and decentralization (the late 1970s onwards) [11].
Before the state took control of forests in late 1950s, most forests in rural Nepal were controlled
and managed by local communities. When the government identified the need of active co-
operation of local forest-dependent citizens, participation of local people in the forest man-
agement began in the late 1970s. In the history of Nepal, state was controlled by the Shah or
Rana families before the democracy in the 1950s, the 1990s and after 2006. The control of forest
resource and economic surplus flowed from general people to the ruling elites [11].

Before the establishment of community forestry, government of Nepal assumed that transfer-
ring forests from private groups to the state would enhance people’s access to forest resources
but the state imposed regulations to exclude people from controlling forest resources [11]. To
mitigate deforestation and forest degradation and to address the negative impacts on rural
livelihoods, community forestry management (CFM) was established as an important forestry
policy in the late 1970s. It plays an important role in forest management by linking agriculture,
livestock rearing and the forest [12]. It focuses on avoiding deforestation and forest degrada-
tion by implementing protective measures [13]. Involvement of local people in forest protection
and management became an important policy in the forestry sector in the hilly region due to
the failure of states to mitigate deforestation and forest degradation [13].

CFM has been promoted as an important step in common property resource management in
Nepal [14]. To mitigate the growing deforestation and deterioration of the forest, government
of Nepal made a policy based on the 1976 National Forestry Plan to involve local communities
in forest management [8]. Many communities in developing countries are successful in
transforming natural forests from the deteriorating state to the sustainable state. Community-
based forest management is an approach to mitigate increasing deforestation and forest
degradation to address the negative impacts on rural livelihoods. In Asia, this management
approach quickly became widespread in different forms of community involvement in forest
management and protection [8]. China Collective Forest, India Joint Forest, Philippines
Community-based Forest and Nepal Community Forest are some of the examples of com-
munity managed forest. In a time duration of more than 10 years, CFM had a great role in
forest conservation. Management of forest by local users and supervision by local forestry staff
make CFM more successful, which is a successful example of decentralization and empower-
ment of local people [8].

A group of households wishing to form a CFUG should prepare an operational plan under
the provisions of the Forest Act of 1993 and submit it for registration at the local District Forest
Office (DFO). To prepare an operational plan for forest management, CFUG should take

55



56 Global Exposition of Wildlife Management

technical assistance from forest officials and non-governmental organizations (NGOs). There
is no any legal limit for the area and size of the CFUGs as it depends on the willingness and
ability of the community to manage a forest. CFUG may include all members of a village, a
selected group of households, people from different village and district without any admin-
istrative boundaries. It is inclusive of households in the village and all households of one or
more villages become members of a CFUG, representing diverse interest in forests. CFUG is a
perpetually self-governed institution with rights to manage and fix the prices of forest
products. Forest use is not restricted in legal framework and practice, but CFUGs have to pay
taxes to the government for selling any forest products outside CFUG. The state retains
ownership of forests but communities hold the rights to use the forests and make management
decisions. With the help of operational plan, CFUGs set the price of various products, collect
revenue and mobilize income for community development activities [11].

Figure 3. General meeting of CFUG members. (Source: Author).

CFUG members can participate in decision-making process through role-based meetings,
executive committee involvement, annual assemblies and forest management plans formula-
tion as shown in Figure 3 and Figure 4. Each CFUG prepares its own constitution and
operational plan, registers and approves from DFO, defines the social arrangements, respon-
sibilities and rights of the group and makes arrangement for forest management. The strategy,
constitution and operational plan are prepared by following standard guidelines and norms
but varies from group to group to adapt local traditions and practices. Each CFUG elects a
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specified number of members to an executive committee for a period of 1-3 years to carry out
day-to-day decisions about forest management [11].

Figure 4. Checklist and feedback collection from CFUG. (Source: Author).

Community forestry management in Nepal is successful in providing important rights,
including decision making, empowerment over forest management and use, and access to
forest resources at the community level. Community forestry policy and institutional innova-
tions contribute to improved welfare and livelihood security in Nepal by increasing access of
CFUG to forest products and by providing positive impacts on income, employment and
entrepreneurial opportunities, livelihood diversification, and broader community develop-
ment activities. The role of CFM to overall livelihood security is critically important in Nepal
because more than 70% of Nepal’s population depends on agricultural livelihoods that
encompass complex interactions between agriculture, forestry and livestock systems [11].

Up to date, a total of 1,798,733 ha of community forest is handed over to 18,960 community
forest user group throughout the country [15]. The trend of conversion of public forest into
community forest is increasing rapidly with the need and interest of local community in
conserving forest.

1.2. Role of CFM in biodiversity conservation

Different life forms or varieties of life are called biodiversity, and care and management of
biological materials are called biodiversity conservation [16]. It is categorized as species di-
versity, ecological diversity and genetic diversity [17]. Due to the unique geographical loca-
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tion with diverse climate and altitude, Nepal has great diversity of flora and fauna [16, 17].
Nepal consists of 0.1% of the terrestrial area of the earth with 118 ecosystems, 75 vegetation
types and 35 forest types [17]. It consists of 5000 species of flowering plants, 2252 species of
moths, 635 species of butterflies, 185 species of fishes, 844 species of birds and 181 species of
mammals. For the conservation of biodiversity, there is provision of protected areas, zoo,
different types of law, conventions, non-governmental organizations (NGOs), local and na-
tional authorities and national and international organizations [16].

Figure 5. Scenic beauty of forestry combined with water. (Source: Author).

Community forestry is successful in decreasing resource degradation and helpful in the
conservation of biodiversity [18]. Implementation of community forest management has
improved the forest condition and biodiversity in the hills of Nepal as compared to degraded
forest in the past. It could be a suitable option to conserve biodiversity, but it focuses on
sustainable forest product and keeping biodiversity conservation in less priority. Its aim is to
supply forest products to local users rather than to conserve biodiversity [19]. There is a
considerable role of community forestry in biodiversity conservation of Nepal. The impacts
on biodiversity of plant species are clear but it is less obvious in the case of faunal biodiversity.
Community forestry had protected or re-established habitat and helpful in the survival of birds
and animals. Operational plans also include prohibitions against hunting at the request of local
people [20]. For the conservation of forest and its biodiversity, CFUGs are voluntarily involved
infencing, planting and meetings. Itis helping in carbon sequestration and increasing the forest
cover by controlling deforestation and forest degradation [1].

Various studies have demonstrated a significant increase in forest condition under community
forestry showing that it is a proven model for controlling deforestation and forest degradation.
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CF helps in supporting livelihood in hilly area by providing necessary forest products, such
as fodder, firewood, timber, leaf litter and agricultural tools. CFM also helps in conservation
of flora and fauna. There is a growing concern that CF is prioritizing only towards sustainable
management of forest resources and less towards biodiversity conservation. The aim of
community forestry is to supply forest products to local users rather than to conserve biodi-
versity. Currently, there is evidence that CFUGs are slowly moving towards active forest
management. Effective management of CF leads to sustainable production and sustainable
harvest of forest resource. Sustainable harvest of forest resource helps to fulfil forest product
needs and also helps in livelihood enhancement of local people [18].

CF has been successful to provide forest resource need of people by enhancing the forest
cover. Forest enhancement is increasing ecological services of forest, water resource man-
agement, biodiversity conservation, carbon stock, greenery enhancement and air quality
management, as shown in Figure 5 [12]. In actual fact, CEM provides win-win situation in
atmospheric carbon dioxide mitigation and biodiversity conservation in global scale; and
livelihood enhancement and greenery enhancement in local scale are shown in Figure 6.
Community forestry also had co-benefits of reducing poverty, addressing social exclusion
and creating rural employment [21].

Figure 6. Agroforestry system practiced in CF area. (Source: Author).

In Nepal, local communities have come a long way in conserving forest ecosystems and
nurturing local institutions for democracy and social justice. The historical context for the
emergence of community forestry in Nepal dates back to the 1950s, when the Government of
Nepal nationalized all the forests hoping to optimize the use of natural resources and conserve
it sustainably. Communities were totally excluded from the forest management process
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threatening the livelihood of the rural people. This exclusion led to massive deforestation and
degradation of natural resources solely because the community viewed the state as an enemy
causing destruction of forest. The situation of environmental crisis had emerged due to lack
of participation of community in management of forests. By the late 1970s, Nepal had lost
almost 2.2 million hectares of forest cover resulting in serious downstream flooding. In the
Kavre and Sindhupalchok districts of central Nepal, a study found that shrub land and grass
land have been converted into productive forests increasing the forest area from 7677 to 9678
ha [11, 22]. Three different studies conducted in mountain ecosystem for a time period of 25
years (1976-1989-2000) showed that forest cover had increased as compared to the past. Due
to the increase in forest cover, small patches were merged into larger ones decreasing their
number (from 395 to 175) and increasing forest area (794 ha). Thus, there is an overall im-
provement in forest protection contributing to local environmental conservation and increased
greenery [11, 23].

2. Methodology

Different research studies are conducted by different researchers to assess the role of com-
munity forest in biodiversity conservation in Nepal by applying different methodologies.
Issues raised by researchers in their research studies were reviewed to find out tools and
techniques applied by them. It would support the researchers to identify the subject of research
with appropriate tools and techniques. It would make the new researchers easy and simple to
select appropriate literature necessary for them. This chapter provides the location, aim and
methodology of different research studies throughout the world.

With an objective to examine the impacts of forest management on biodiversity in Nepal,
Acharya[19] conducted a study on two CFUGs in the Mid-hill region of Parbat districtin Nepal.
The study area was selected on the basis of similar socio-economic, ecological conditions, area,
forest types and biophysical factors. Forest biodiversity information was collected using six
transects walk at three different altitudes in the east-west and north-south directions in each
of the CFUGs with the help of informal interviews with CFUG members by applying tools and
techniques of participatory rural appraisal (PRA).

Thoms [24] conducted a study to examine whether community forestry is elite dominated and
not successful in livelihoods improvement of CFUGs. For this purpose, primary data were
collected from 6 months of field research between October 2002 and April 2003 in four hill
districts and two Terai districts. Data were collected from 2871 household surveys selected
through multi-stage area probability sampling.

With an aim to compare land use changes between village development committees (VDCs)
with and without community forests, Gautam et al. [25] conducted a study in the Roshi
watershed of Kabhrepalanchok district in the Middle Hills of Nepal. Spatial analysis was based
on two land use data sets, 1978 data compiled by the land resource mapping project (LRMP)
and 1992 data compiled by Survey Department of His Majesty’s Government of Nepal
(HMGN).
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With an aim to evaluate forest condition in community forests, national forests and protected
areas in the Nepal Terai, Nagendra [26] conducted a study in three International Forestry
Resources and Institutions (IFRI) research sites in the Chitwan district of Nepal. The site was
selected to cover the east-west range at an altitude of 195-425 m above the sea level in Shorea
robusta dominated tropical moist deciduous hardwood forests. Assessment of forest condition
was carried out through the use of forest plots evaluation by a professional forester and
interviews with the local communities depending on forest.

Figure 7. Measurement of diameter of tree inside CF. (Source: Author).

Adhikari et al. [18] studied the relationship between key household characteristics and
common property resources in eight community forest of two districts, Kabhre Palanchok and
Sindhu Palchowk, in the mid-hills of Nepal. The study was based on information collected
through a household survey. A total of 20% stratified sample of households from each income
group was chosen by compiling a census of village households with participatory rural
appraisal (PRA) techniques.

With an aim to assess success of restoration in community forest using a reference of semi-
protected natural forest, Baral and Katzensteiner [27] conducted a study in CF and better
protected municipality owned forest (MF) in similar topographic positions in Dhulikhel of
Kavrepalanchowk district. The diversity of vascular plants and forest structure was compared
with the help of primary data of tree height, diameter at breast height (DBH) and crown width
with the help of transect survey, clinometers and diameter tape.
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To assess improved condition of forests by collective action of local communities, Shrestha and
McManus [28] conducted a study in three CFUGs of Nepal. Data collection was directly carried
out by rapid forest assessment (RFA), household questionnaire interview (HQI), group
discussion, participant observation and informal talks. Rectangular plots were established in
each community forest of size 100 m? (10 m 10 m) to capture plantation in a recently harvested
site and dense forest with mature trees and to represent the diversity of forests within the
sample plots.

To identify the role of community forests in the conservation of faunal diversity of Satbariya
Range Post of Dang district, Pokhrel and Shah [29] conducted a study with the help of
questionnaire survey, group discussion and line transect methods. They collected data of
faunal diversity, abundance and distribution pattern of the wild animals and wildlife-people
conflict.

To estimate the climate change mitigation potential from carbon stock of the forest, K. C. et al.
[14] conducted a study in Ghwangkhola Sapaude Babiyabhir Community Forest (GSBCF) in
Syangja district of Nepal. Their study was based on carbon stock measurement and review of
past studies.

Figure 8. Measurement of height of tree inside CF. (Source: Author).

With a special focus to study the impact of forest resource use on carbon stock of forest, Paudel
and K. C. [30] conducted a study in Kafle Community Forest of Lalitpur district in Nepal. To
conduct carbon stock measurement, focus group discussion and key informant interview, field
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visit was conducted in different time of year in 2012 and 2014. Biomass measurement was
conducted directly in the field for trees and sapling by following national guideline as shown
in Figure 7 and Figure 8. Twenty composite samples of leaf litter, herbs, grasses and soil
collected in the field were brought to the laboratory for detailed analysis of biomass and carbon
stock.

With a special focus to study the feasibility of community forest management, K. C. and
Manandhar [31] carried out research on GSBCF of Syangja district in Nepal. Their study was
based on carbon stock measurement, household survey, focus group discussion, key informant
interview and review of past studies.

3. Role of CFM in conservation of flora

As stated in the introductory section, CFM had a great role in the conservation of flora and
fauna. To identify the status of community forest, findings of different research studies are
documented below.

Gautam [32] conducted a study to assess the carbon sequestration rate of the agroforestry
system, natural forest and annual cropping system in the Terai region of Nepal. Natural forest
had the highest carbon stock of 98 ton/ha. Carbon stock in the annual cropping system ranges
from 33.2 to 55.5 ton/ha while that of orchard plantation ranges from 35 to 74.6 ton/ha. Similarly,
soil organic carbon (SOC) in natural forest, vegetable field and streamside were 53.2, 52.6 and
3.6 ton/ha, respectively.

Acharya [19] observed that active management by CFUGs contradicts with biodiversity
conservation. Forest types are slowly converting to monoculture from mixed, shrub and tree
diversity is decreasing gradually, and shrub land areas are gradually converting to high forest
land. Active forest management favouring specific useful plant may introduce more homoge-
neity into the forest structure with consequent loss of biodiversity. It will lead to the modifi-
cation of forest types and ecosystem in the mid-hills of Nepal affecting ecological functions
and services of forests.

Thoms [24] concluded that community forestry is quite successful in terms of forest protection
and management but at the cost of the poorest households. Community forestry is fairly
successful in conservation but not in improving rural livelihoods.

Gautam et al. [25] observed that VDCs having community forests before 1992 sustained less
total loss of forested area (1.9%) than VDCs without community forest (9.9%). High forest area
was six times higher in VDCs with community forests (77%) than the VDCs without com-
munity forests (13%). Loss of shrub land in VDC with community forest was 50% greater than
that of VDCs without community forest.

Nagendra [26] observed that vegetation density and species diversity were highest in national
park forest, followed by national forest and community forests. Community forests were
Significantly poorer as compared to national forests in species richness and Shannon species
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diversity of tree; sapling density, sapling diameter, sapling richness, sapling Shannon species
diversity, sapling girth and sapling height. Trees located in community forests were Signifi-
cantly taller with high density than those within national forests, but there was no difference
in tree size (diameter). Community forests have Significantly low species richness, low
Shannon species diversity and smaller diameter saplings as compared to national park forest.
There was low level of grazing, low tree lopping but proper fencing in community forest as
compared to the national forest.

Adbhikari [33] tried to examine the contribution of community forestry to household-level
income with particular emphasis on group heterogeneity and equity in benefit distribution.
The household level benefits suggest that poorer households are currently benefiting less from
community forestry. But, poor are not more dependent than the rich in community forest.
Regression analysis shows that socio-economic conditions and ownership of private property
are directly related to revenue generated from community forest. Households having more
land and livestock get more benefits from community forest. Educated people and female-
dominated household get less benefit from forest resources.

Bhatta [34] conducted a study in mixed broad leaved forests of Phulchowki watershed,
Lalitpur. The carbon stock in above ground in natural forest and community forest ranges from
91.89 to 112.79 and 55.30 to 67.04 ton/ha, respectively. Similarly, the carbon stock in soil in
natural forest and community forest ranges from 195 to 223 and 150 to 160 ton/ha, respectively.

Shrestha and McManus [28] observed that local communities are effectively protecting the
forest through direct efforts of users or through forest watchers or sometimes both. Improve-
ment in forest condition was seen by reversing degradation and regenerating degraded areas
butnotideally for biodiversity conservation. The forests have low species diversity as the trees
and poles are dominated by few species promoted by the FUG for their social, economic and
political values.

Dahal [35] conducted a study in Sunaulo GhampaDanda CF in Kathmandu. The biomass
organic carbon in pine forest and mixed broad leaf forest was 116 + 16.39 and 25.95 + 8.09 ton/
ha, respectively. The soil organic carbon in pine forest and mixed broad leaf forest was 10.12
+1.03 and 24.62 + 1.18 ton/ha, respectively. The carbon sequestration status in pine forest and
mixed broad leaf forest was 1 and 2.95 ton/ha per year, respectively. The additional benefit to
CFUG by carbon trading was $ 563.15 per annum.

Karky [36] conducted a study in three community forest of Manang, Lalitpur and Ilam district
in Nepal. From measurement of carbon stock, it was observed that the carbon stock of
community forest with SOC up to 1 m depth (without leaf litter, herbs and shrubs) was 138
ton/ha or 504 ton CO,/ha in three districts of Nepal. He found that the annual incremental rate
for carbon sequestration in forest under CFM was 1.92 and 7.04 ton/ha per year excluding soil
organic carbon. He also found that when CFUGs are permitted to use forest resource, the
breakeven price for per ton CO, is $0.55 for Illam, $3.70 for Lamatar and $2.30 for Manang.

Baral and Katzensteiner [27] observed that maximum tree height (13.5 m) and the maximum
DBH (29.5 cm) were observed in managed forest (MF). Trees with higher diameters have a
higher basal area in MF, but 5-15 cm DBH trees have higher a basal area in CF. CF management
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activities have affected plant community composition, species richness and distribution, and
age class distribution of the trees. CF was less diverse with uniform stands of tree species
compared to MF. Overall diversity of vascular plants was maintained by providing proper
niches for rich under storey vegetation.

Gurung [37] conducted a pilot study in western Terai and had estimated the average forest
carbon stock to be around 231 ton/ha. The carbon stock in trees above ground, below ground
and in soil organic carbon (SOC) had been estimated to be about 68, 18, and 143 ton/ha,
respectively. This clearly indicates that the share of SOC was almost 60% of the total forest
carbon stock.

Thagunna [38] conducted a study in Bailbanda Buffer zone CF, Kanchanpur. The total carbon
stock of CF was 78.46 ton/ha. The benefit from carbon trade was $ 57,640 at the rate of
$ 12.5/ton C.

Aryal [39] conducted a study in Toudol Chhap CF, Sipadol, Bhaktapur. The total carbon content
of pine forest and mixed broad leaf forest were 167.04 and 101.91 ton/ha, respectively.

Bhusal [40] conducted a study in Nagmati watershed in Shivapuri National Park. The SOC
and total carbon content in the sampled area (14 ha) were found to be 9782.11 + 25.18 ton/ha
corresponding to a total of 167442.26 + 42076.82 ton carbon content in the Nagmati watershed
(1406 ha). The total carbon content of Shivapuri National Park (5860.8 ha, i.e. 40% of the total
area of park which is forest) excluding soil was 699961.20 + 175894.32 ton.

Dhakal [41] measured the total carbon stock in Pashupati Community Forest, Sarlahi district
of Janakpur zone. The total carbon stock was found to be higher in naturally regenerated forest
i.e. 181.83 + 26.34 ton/ha followed by planted forest with 159.49 + 31.96 ton/ha. The recent
amount of total carbon stock of 133.65 + 37.05 ton/ha was found in enriched forest.

ICIMOD, ANSAB and FECOFUN (2010) had performed baseline study in 104 community
forests (CF) of three watershed areas of Nepal; Kayarkhola of Chitwan district, Charnawati of
Dolakha district and Ludhikhola of Gorkha district. Analysis of the DBH distributions of all
strata follows a left-skewed trend, indicating most of the trees in all the strata were younger,
and there was potential to enhance forest carbon stock by encouraging tree growth. Forest
carbon stock in dense and sparse strata of Kayarkhola, Charnawati and Ludikhola watershed
were 296.44 and 256.70, 228.56 and 166.75, 216.26 and 162.98 ton/ha, respectively.

Mishra [42] conducted a study in Chapako CF, Kathmandu. The biomass carbon and soil
organic carbon (SOC) of CF were 119.742 and 32.29 ton/ha, respectively. There was potential
of storing and sequestering carbon in the CF.

Community forest user groups are giving less attention to biodiversity, ecosystem functions
and services due to short-term economic motive, elite sanction and knowledge gap. They
are unaware about maintaining biodiversity, ecosystem services and sustainable forest man-
agement. Monoculture of high economic valuable species and greenery of the forest are pri-
oritized rather than the natural forest. Seedling plantation, wildlife hunting control and
regulating forest encroachment assist biodiversity conservation but species selection, remov-
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al of unwanted species and traditional knowledge depletion have negative impact on bio-
logical diversity [43].

The study reveals that the carbon stored in the forest soil is almost double than the biomass
carbon [44]. The biomass in the Gwangkhola Sapaude Babiyabhir community forest, Syangja,
Nepal, was found to be 164 ton/ha, with yearly increment of 0.95 ton/ha. The total carbon stock
of the forest was 122.29 ton/ha, including soil organic carbon and below ground carbon of 45.18
and 12.85 ton/ha, respectively. The forest was dominated by Schima wallichi, Castanopsis indica
and Pinus roxburghii [45].

Figure 9. Increase in forest cover and leaf litter in CF. (Source: Author).

K. C. et al. [14] measured the biomass in above ground shoot and below ground root of trees,
shrubs, leaf litter, herbs and grass (LHG) in community forest of Syangja district in Nepal. It
was observed that above ground biomass of trees was highest (126.3 ton/ha) followed by below
ground biomass (27.34 ton/ha), sapling biomass (2.88 ton/ha) and leaf litter, herbs and grass
biomass (7.54 ton/ha). Carbon stock in forest (122.29 ton/ha) was increasing at the rate of 0.45
ton/ha per year. Atmospheric carbon dioxide (CO,) was mitigated by the forest at the rate of
1.64 ton/ha per year. The species diversity of Schima wallicchi was highest followed by
Castanopsis indica.

K. C. and Manandhar [31] observed the total carbon stock of 155.04 ton/ha with soil organic
carbon of 50.15 ton/ha in the forest. The more number of trees below 20 cm DBH shows that
the forest is conserved after handing it to CFUG and newly grown plants are increasing
thereafter. Above ground tree carbon had increased from 59.36 to 80.09 ton/ha while soil
organic carbon had increased from 45.18 to 50.15 ton/ha from 2011 to 2014. The carbon stock
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of Schima wallichi, Castanopsis indica and Pinus roxburgi was gradually increasing from 2011 to
2014.

Paudel and K. C. [30] observed that community forest management had helped in conserva-
tion of plants and animals as forest is getting denser than past, as shown in Figure 9 and
Figure 10. Carbon stock in all forms of plants as measured in 2014 was higher than that of
2012 with an annual carbon sequestration rate of 1.52 ton/ha. The forest was dominated by
Schima wallichi, Castanopsis indica, Alnus nepalensis and Pinus roxburgi.

Figure 10. Researcher conducting study inside dense CF. (Source: Author).

4. Role of CFM in conservation of fauna

There are very few research studies conducted to assess the role of CFM in fauna conservation
of Nepal. Some of the research studies conducted on the concerned topics were reviewed and
documented below.

Paudel and K. C. [30] observed that carbon stock in all forms of plants as measured in 2014
was higher than that of 2012 with an annual carbon sequestration rate of 1.52 ton/ha. Com-
munity forest management had helped in conservation of plants and animals. Wild animals
such as leopard, porcupine, monkey and other birds were increased in the forest and were
frequently seen nearby the forest destroying the crops of people. The forest is becoming denser
than past according to the view of local people.

To find the condition of animals in the Setidevi community forest and Gyaneshwar community
forest, camera trapping technology was used. In the forest area of 500 ha, 181 animal species
including one-horned rhino, Royal Bengal tiger and python have been observed. Among these
125 bird species and 19 mammals have been spotted [46].
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Pokhrel and Shah [29] observed the increased frequency and movement of wild elephant and
blue bull due to the establishment of community forests. Twenty-five mammals, 16 herpeto-
fauna and 163 bird species were recorded in their study area indicating availability of suitable
habitat for the species. In the study of 10 transects, they encountered 251 different signs of the
wild fauna. Local people had suffered from economic loss of crop damage and livestock due
to the increasing number of wildlife in the community forest.

5. Conclusions

Community forest management is an approach to mitigate increasing deforestation and forest
degradation to address the negative impacts on rural livelihoods. Studies have demonstrated
a significant increase in forest condition under community forestry showing that it is a proven
model for controlling deforestation and forest degradation. It has co-benefits of reducing
poverty and addressing social exclusion by creating rural employment. It is contributing to
livelihood promotion such as fulfilling the basic needs of local communities investing money
in supporting income generation activities of the poor people and providing access to the
forestland for additional income or employment.

Different research studies are conducted by different researchers to assess the role of com-
munity forest in biodiversity conservation in different study areas of Nepal by applying
different methodologies. Researchers had focused on analysis of biomass, carbon stock
analysis, calculation of biodiversity index, change in land use and land cover, spatial analysis
of forest resources, camera trapping of wild fauna and socioeconomic analysis by using
different primary and secondary data collection techniques. They are using national guideline
and their own derived methodologies for assessing biomass, carbon stock, measurement of
biodiversity index and analysis of flora and fauna.

It was concluded that community forestry management had a great role in biodiversity
conservation in Nepal. Biomass, carbon stock, growing stock, soil organic carbon, forest cover,
forest products and benefit from forest resource had increased due to CFM as compared to
past. The number and density of trees of highly productive plant had increased while the
number and density of less productive shrubs and bushes had decreased. Forest biomass and
carbon in different form of plants, above ground tree biomass, above ground sapling biomass,
leaf litter herbs and trees and underground biomass had increased gradually after CFM
implementation. Wild animals such as leopard, porcupine, monkey and other birds were
increased in the forest and were frequently seen nearby the forest destroying the crops of
people. The forest is getting denser and providing habitat to the wild animals as compared to
past according to the view of local people.

As community forestry managementhad greatrole in biodiversity conservation of Nepal, there
is a need of more funding for its sustainable management. Local people are working hard and
devoting their time voluntarily for sustainable harvest of forest resource and conservation of
flora and fauna. If they do not get adequate benefit of forest resource and monetary benefit
from job employment and other income-generating activities, they will start using forest
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products for sustaining their livelihood and fulfilling their day-to-day need. It would cause
utilization of more forest resource and decrease in biodiversity of plants and animals. It is
recommended to provide skill development trainings, income-generating activities, high yield
forest resource and non-timber forest products and also provide financial support for the
installation of renewable and alternative energy technologies to minimize the use of forest
resources. In addition, more research studies on assessing the role of CFM in biodiversity
conservation should be carried out to find out the feasibility of CFM in the Nepalese context
for biodiversity conservation.
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Abstract

Wildlife tuberculosis (TB) is becoming one of the emerging challenges for conservation
globally. South Asian region is home to many endangered species like Asian elephants,
rhinoceros, and Bengal tigers. Although it carries more than one-third of global burden
of human TB, TB in livestock and wildlife has not been adequately studied. This chap-
ter reviews the present knowledge and information about animal-adapted members
of Mycobacterium tuberculosis complex and wildlife TB in South Asia. Recent studies of
TB from different wild animals in Nepal and Bangladesh have found that M.orygis is
an emerging threat of wildlife TB in the region. These studies have demonstrated wide
diversity of M. orygis strains circulating in the region indicating its endemic distribution.
M. orygis—associated TB was discovered from a free-ranging rhinoceros in Nepal and
the finding could signify threat of TB in other wild animals, including a possibility of
unknown maintenance host. Recent studies also revealed an emerging challenge caused
by TB to elephants in different South Asian countries like Nepal, India, and Sri Lanka.
Wildlife TB is becoming a conservation challenge in South Asia, but given the paucity of
research in this area, it is overlooked and underexplored.

Keywords: wildlife tuberculosis, Mycobacterium tuberculosis complex, Mycobacterium
orygis, Asian elephants, South Asia
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1. Introduction

South Asia or the South Asian Association for Regional Cooperation (SAARC) region con-
sists of eight countries, namely, Afghanistan, Bangladesh, Bhutan, India, Maldives, Nepal,
Pakistan, and Sri Lanka. This region is one of the world's hotspots for biodiversity as it
includes 17 regions in the World Wildlife Fund (WWF)'s Global-200 biodiverse ecoregions
[1], and 2 of 25 priority regions for biodiversity conservation [2]. It is also considered as a
high-risk region for emerging infectious diseases that could originate in wildlife [3].

The Mycobacterium tuberculosis complex (MTBC) is a group of genetically closely related
pathogens that can cause tuberculosis (TB) in humans and animals [4]. The MTBC includes
the typical human-adapted pathogens M. tuberculosis and M. africanum [5] and those mem-
bers reported to cause TB in a range of animals which are M. bovis, M. caprae, M. pinnipedii,
M. microti, M. orygis, M. suricattae, Dassie bacillus, M. mungi, and so-called the Chimpanzee
bacillus (Figure 1) [6-14]. M. bovis, the most studied animal TB pathogen, is now consid-
ered as an emerging pathogen of free-ranging wildlife and an emerging threat to several
protected wildlife species [15]. Similarly, the threat of TB in endangered species, such as
chimpanzees in the Ivory Coast [14] caused by the chimpanzee bacillus, and to free-rang-
ing rhinoceroses in Nepal by M. orygis [16], are examples of the challenges that TB poses
for wildlife conservation. Through this review, we will provide a global overview of ani-
mal-adapted members of the MTBC; highlight their importance to defining “One Health”
connections between humans, animals, and wildlife; and draw attention to their emerging
threat to wildlife conservation.

TB caused by M. tuberculosis is a high-priority disease in South Asia as it carries 34% of the
global TB burden, with 3 million people infected and a mortality of 0.4 million people in 2013
[17]. However, TB caused by M. bovis is a neglected disease both in the livestock sector and
in human health in the region. In human health, MTBC species differentiation is not a prior-
ity because it requires mycobacterial culture and subsequent use of specialized molecular
tests for diagnosis [18]. There are only a few confirmatory reports of zoonotic TB caused by
M. bovis in the region [19] and we are not aware of any livestock TB control programs. In
addition, despite the limited number of publications that describe TB in different wildlife
species, to the best of our knowledge, there are no reports of confirmed diagnosis of M.
bovis infection from wildlife in the region. Thus, zoonotic TB caused by M. bovis and other
members of the MTBC that may be present in livestock, wildlife, as well as humans is largely
overlooked. In recent studies we have demonstrated the conservation challenge posed by M.
orygis in Nepal [16, 20]. Complementing this finding, from our studies in Bangladesh [21],
we have demonstrated a wide distribution of M. orygis in the region. Recent studies also
point to an emerging challenge caused by TB to elephants, as Asian elephants in Nepal have
been shown to be infected with M. tuberculosis [22], elephants in India were seroreactive to
TB antigens [23], and TB was detected from a wild elephant in Sri Lanka [24]. Additionally,
we will discuss some case reports that describe TB in other wildlife. Thus, the second com-
ponent of this review will be to address the conservation challenge caused by TB in wildlife
of South Asia, with particular emphasis on M. orygis-associated TB and the emerging threat
of TB in elephants.
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Figure 1. Updated phylogeny of Mycobacterium tuberculosis complex (MTBC). The phylogeny is based on the presence or
absence of region of differences and single nucleotide polymorphisms and adapted from [10, 13, 39, 42, 65, 66].

This study reviews the current knowledge and information about animal-adapted members
of the MTBC, the emerging threat of TB in wildlife, and the problem posed by TB to wildlife
conservation in South Asia.

2. Animal-adapted members of MTBC

With the advent of a suite of molecular methods for genotyping of the MTBC, such as spoligo-
typing, deletion typing, and genome sequencing, in combination with increasing veterinary
awareness for wildlife conservation, we now have the opportunity to scientifically pursue
TB in wildlife. As a result, many new members of MTBC have been identified and the find-
ings have clearly contributed to our understanding of the MTBC and their wildlife reservoirs
(Table 1). Increasingly wildlife are recognized as reservoirs of these MTBC organisms and
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MTBC species Reservoir host Geographical area References

M. bovis European badger UK and Ireland [67]
Brush-tailed possum New Zealand [31]
White-tailed deer North America [29, 30]
Wild boar Spain [68]
African buffalo South Africa [34]
Lechwe Zambia [33]

M. caprae Wild boar Spain [7]

M. pinnipedii Seal, sea lion Australia, Argentina [8]

M. microti Voles UK 9]

M. orygis Antelopes’; deer, antelope$ Middle east’, South Asia’ [10, 168, 205]

M. suricattae Meerkats South Africa [11, 39]

Dassie bacillus Rock hyraxes Southern Africa [12, 36]

Chimpanzee bacillus Chimpanzee* Ivory Coast [14]

"Antelope and oryx from Middle East countries were considered to be a source of transmission.
SDeer and antelope in South Asia may be a reservoir host.
"Only one case, may not be a reservoir host.

Table 1. Mycobacterium tuberculosis complex (MTBC) species and their wildlife reservoirs.

these findings pose a threat to wildlife conservation, undermine livestock TB control pro-
grams, and provide another avenue for zoonotic transmission.

M. bovis is the main cause of bovine TB but also infects many other domestic animals, wildlife,
and also humans [15, 25]. It is globally distributed and one of the major causes of zoonosis in
the geographic area where it is endemic. The WHO reported in 1998 that 3.1% of human TB
cases were caused by M. bovis and 0-10% of sputum isolates from African patients could be
from M. bovis [26]. A relatively recent study has crudely estimated 7 zoonotic TB cases/100,000
population/year in Africa [18].

M. bovis has successfully spread to several wildlife hosts and various geographical locations.
The most well-known examples of wildlife involvement in the transmission of M. bovis infec-
tion are badgers in Great Britain which are involved in transmitting M. bovis to cattle [27], with
a similar situation also evident in Ireland [28]. White-tail deer in Michigan and Minnesota
in the United States are an important wildlife reservoir of M. bovis [29, 30], and the brush-
tailed possum is New Zealand being another well-studied reservoir [31]. In all of the above
examples, the wildlife reservoirs of bovine TB have greatly hindered the success of bovine
TB eradication programs. While culling of these wildlife reservoirs has been carried out as
a control option, such approaches are expensive and sometimes ineffective; indeed in one
particular instance from the United Kingdom it was reported that badger culling increased
TB in cattle [27]. Similarly, wild ungulates such as wild boar and red deer are maintenance
hosts of M. bovis in the Iberian Peninsula, Europe and transmit M. bovis to other ungulates,
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carnivores, and livestock [32]. Lechwe, an antelope in Zambia, is another reservoir host of
M. bovis that contributes to the spread of the infection to livestock [33]. Furthermore, Zambia
has other flagship wildlife species such as elephants, lions, and hippos, to name a few, but
the situation of TB in these species has yet to be ascertained. The strongest impact of M. bovis
for wildlife conservation is probably in South Africa where the bacillus is maintained within
African buffalo and has spilled over into 13 different wild animals including protected species
like the lion, cheetah, and greater kudu [34]. Recently, TB caused by M. bovis in free-ranging
rhinoceros in Southern Africa has been considered as an under recognized threat [35].

The MTBC species M. caprae was first isolated from domestic goats in Europe but has now
been isolated from deer, wild boar, and livestock [7]. M. pinnipedii is a seal (pinnipeds)-spe-
cific member of the MTBC that has mostly been identified in animals from the Southern
Hemisphere such as Australia and Argentina [8]. M. microti is a rodent MTBC mostly reported
from voles in the UK and Europe [9]. There are three animal-adapted MTBC subspecies that
are endemic to the Southern Africa subregion, namely, M. mungi, M. suricattae, and the Dassie
bacillus [36]. M. mungi has been isolated from the banded mongoose from northern Botswana
[13, 37], and its unique environmental mode of intra-mongoose transmission pathway has
recently been elucidated [38]; however, this species has not yet been reported from other
animals. The Dassie bacillus has been mostly isolated from rock hyraxes in Southern Africa
[12]. M. suricattae is mostly reported from meerkats [11] and has a unique genetic feature in
that it lacks the direct repeat locus and hence has no spoligotype pattern [39]. Interestingly,
M. mungi, M. suricattae, and the Dassie bacillus have partial deletions of the RD1 locus, a locus
that has been shown to be important for virulence of M. tuberculosis and M. bovis in various
animal models (Figure 1).

Historically, it was believed that human TB evolved from bovine TB as a zoonosis. The
hypothesis for that belief was based on the characteristic of a wide host range for M. bovis and
a narrow host range limited to humans of M. tuberculosis [6]. However, from recent studies of
whole genome and deletion analysis of M. tuberculosis, M. bovis, and other MTBCs, it has been
shown that genome of M. bovis and other MTBCs including M. orygis has undergone numer-
ous deletions relative to M. fuberculosis (Figure 1) indicating that M. tuberculosis predated the
other MTBCs [6]. These successive losses of genetic material are postulated to have led to the
appearance of different MTBCs that have become successful pathogens in certain hosts.

3. M. orygis, an emerging MTBC and a conservation threat in South Asia

M. orygis, also described as the oryx bacillus or the antelope clade, is a novel member and
a subspecies of the MTBC with a unique phylogenetic position (Figure 1) that causes TB in
animals and humans [10].

Before the use of molecular genotyping tools for differentiation of the members of the
MTBC, M. orygis could have been misidentified as M. tuberculosis if isolated from infected
humans, or M. bovis if isolated from infected animals. It was first reported in antelopes
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(oryx and waterbuck) at a zoo in the Netherlands, where the authors reported it originally
as M. bovis but discussed its unusual feature of having a high copy number of the IS6110
insertion sequence. In the same study, a human MTBC isolate having a similar IS6110 pat-
tern was identified, and both the human and animal isolates had an epidemiological link
[40]. The clear molecular genetic distinction of M. orygis from other members of the MTBC
was reported in 2005 [41]. While the subspecies name of this MTBC member was proposed
as orygis to convey the fact that it was first characterized from oryx [10] or as an antelope
clade to convey the group of animals from which it was most frequently isolated [6, 41-43],
recently it has been isolated from many other animals and humans (Table 2). Thus, the iso-
lation of M. orygis from a wide range of host species and the widespread geographical loca-
tions from where it has been isolated challenge previous concepts of it being an exclusively
antelope clade and its host range and geographical distribution.

We reported the isolation of M. orygis from wild animals (a spotted deer and a blue bull) from
a captive facility in Nepal [20]. We were aware of TB infections in the wild animals in this
captive facility, and had assumed it to be caused by M. bovis; however, after molecular char-
acterization, the TB isolates were confirmed to be M. orygis. Later in 2015, another M. orygis
was isolated from a free-ranging greater one-horned rhinoceros in Chitwan National Park
(CNP); the clinical history and necropsy of this animal suggested that it died from TB [16]. All
three of these animals (spotted deer, blue bull, and rhinoceros) had extensive TB granuloma-
tous lesions on the lungs, well encapsulated and filled with caseous necrotic material. The TB

Host (number of isolates) Geographical location Wild/captive/domestic References
Antelope (2) Netherlands Captive [10]
Water buck (3)
Oryx (1)
Antelope (1) South Africa
Deer (1) United Kingdom
Human (10) South Asia Not applicable
Human (1) South East Asia
African buffalo (1) South Africa Captive [69]
Cattle (1) New Zealand Domestic [51]
Human (1) New Zealand/Indian Not applicable

Immigrant
Blue bull (1) Nepal Captive [20]
Spotted deer (1)
Rhinoceros (1) Wild [16]
Monkey (2) Bangladesh Captive/wild captured [21]
Cattle (18) Domestic

Table 2. Reported cases of Mycobacterium orygis from different host species and geographical location.
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lesions of the rhinoceros were limited to the lungs, whereas in the case of spotted deer and
blue bull there were extrapulmonary lesions on lymph nodes, the gastrointestinal tract, and
liver (Figure 2) [16, 20]. When cultured, all three M. orygis isolates yielded smooth and moist
colonies unlike rough and dry colonies from M. tuberculosis (Figure 3). Although all three
M. orygis isolates from these animals had the same spoligotyping pattern (SIT587), further
molecular characterization by multilocus variable number of tandem repeat analysis (MLVA)
revealed that both the deer and blue bull isolate had the same MLVA type while the rhinoc-
eros isolate was a different type differing at one MLVA locus [16]. When we isolated M. orygis
from the deer and blue bull from a captive wild animal facility in an earlier study [20], we had
postulated that the origin of this TB might be from other animals in the CNP; the new finding
of a slightly different strain of M. orygis from a free-ranging rhinoceros in CNP supports our
original hypothesis [16].

The greater one-horned rhinoceros is the largest species of rhinoceros that is listed in Appendix
I (most endangered) of the Convention on International Trade in Endangered Species (CITES),
categorized as vulnerable by the International Union for Conservation of Nature (IUCN) Red
List, and listed as a protected species by the Government of Nepal [44-46]. The present day
free-ranging population of rhinoceroses in Nepal and India has increased from only 600 indi-
viduals in 1975 to 3555 individuals by mid-2015 [47]. In Nepal, the population of rhinocer-
oses is 645 individuals, of which 605 individuals live in CNP in a relatively narrow area of
riverine grassland [48, 49]. From a conservation point of view, having a chronic and devas-
tating disease like TB in this vulnerable and isolated population, that is already threatened
from habitat destruction and poaching, is a matter of great concern for the animal's long-
term survival. Also, CNP is listed by the United Nations Educational, Scientific and Cultural
Organization (UNESCO) as a World Heritage Site because of its rich biodiversity, being home
to globally protected animals such as Bengal tigers, Asian elephants, and greater one-horned

Figure 2. Description of tuberculosis lesions obtained during postmortem of a dead spotted deer. (A) Extrapulmonary.
(B) Lung. Extrapulmonary tuberculosis lesions were of various sizes and capsulated with extensive liquefaction.
Pulmonary tuberculosis lesions were of varying sizes from a single focal granuloma of 1-2 cm to extensive granulomatic
lesion affecting a larger area of lung tissue (figure obtained with permission from Thapa et al. 2015 [20]).
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J

Figure 3. Comparative culture morphology of M. orygis and M. tuberculosis isolates. Culture of M. orygis isolated from
the deer isolate (A), the blue bull isolate (B), and a comparative culture of a M. tuberculosis isolate from human (C). All
the cultures are grown in Lowenstein-Jensen medium in the same laboratory but at different times (figure obtained with
permission from Thapa et al. 2015 [20]).

rhinoceroses. The finding of TB in rhinoceroses in the park could also signify TB as a threat
in other animals, including a strong possibility of unknown maintenance hosts of M. orygis in
and around the national park [16]. CNP also shares an international border with the Valmiki
National Park of India, and many CNP wildlife species, including rhinoceroses, routinely
migrate between Nepal and India over this border. So, we cannot rule out the possibility of M.
orygis infection being prevalent in wild animals in India.

In a study in India, 16 postmortem tissue samples from 25 suspected TB cases of spotted deer
from a zoo were positive for IS6110 PCR, indicating the presence of infection with members of
the MTBC [50]. Since I1S6110 is present in all the MTBC species it cannot be used to differenti-
ate the various members of the MTBC. Hence, as was the case in Nepal, the causative agent of
TB in those deer from India could have been M. orygis. Therefore, M. orygis-associated TB in
wild animals of South Asia may be a conservation threat and it should be further explored to
ascertain its real impact on conservation of wild and protected animal species.

4. M. orygis may be endemically distributed in South Asia

In a recent study we isolated 20 M. orygis isolates from 18 cattle and two monkeys in
Bangladesh [21]. All the cattle belonged to a farm and the two monkeys were from a zoo in
Dhaka. TB lesions were identified in the lungs of the cattle and monkeys during postmortem
examination. All of the cattle and monkey isolates shared the same spoligotyping pattern
(SIT587) and the MLVA analysis divided the isolates into 3 clusters where the biggest cluster
comprised 15 of the cattle isolates and the 2 monkey isolates. When compared with the larger
cluster, one cattle isolate had a difference at one MLVA locus, whereas two cattle isolates had
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differences at three loci [21]. Despite not being able to trace the origin of the cattle on the
farm, the finding of a large cluster with 15 cattle isolates and two monkey isolates indicated
the widespread prevalence of this M. orygis strain in that area in both domestic and wild
animals. Furthermore, the presence of other strains with one or three MLVA loci difference to
the main cluster suggested a heterogeneous population of strains in that area. These finding
suggest that M. orygis in that region of Bangladesh may be maintained in the cattle popula-
tion, although we cannot rule out the possibility of an unknown reservoir host that would
ultimately indicate the endemic presence of M. orygis in that area of Bangladesh.

From our studies in Nepal and Bangladesh, we have identified five MLVA types, two types
in Nepal and three types in Bangladesh, in different wild and domestic animals. In Nepal, we
speculated that there may be an unknown reservoir host of M. orygis, whereas in Bangladesh
we suggest the possibility that cattle were a reservoir host. The genetic variation of M. orygis
strains in different animals and geographical locations supports the view of its endemic distri-
bution in South Asia. Adding further support to this latter hypothesis, 10 M. orygis isolates from
South Asian human patients have been reported [10]. Similarly, M. orygis was also isolated from
an Indian immigrant in New Zealand, with the probable origin of infection suggested to be in
the patient's native country where there was opportunity of contact with local animals [51].

To the best of our knowledge, there are no confirmed diagnoses of M. bovis from human and
cattle in Bangladesh although there are several studies of bovine TB in Bangladesh based on
serological diagnosis [52]. Some of the cases of bovine TB could be from M. orygis. Similarly,
wildlife TB in the South Asian region is largely understudied and probably underreported;
even if TB lesions are observed during postmortem examination, confirmatory testing to iden-
tify species is generally not performed. Hence, these recent reports of M. orygis from South
Asia present an important research question as to the origin and distribution of animal TB in
South Asia; there could be a possibility that M. orygis may have predated M. bovis as a cause
of TB in animals in South Asia, if the latter was introduced and rapidly expanded along with
importation of European cattle. This assumption is supported by the discovery of different
strains of M. orygis in wild animals in Nepal, the wide distribution of M. orygis strains in
Bangladesh, and the potential links of M. orygis isolates to India. Thus, these findings support
the One Health significance of M. orygis through the human-animal-environment connection
as well as its endemic distribution in South Asia.

5. Elephant TB in South Asia

For centuries, elephants have been revered in Asia where they are the part of the region's
culture and religion. They are seen as the guardians of forest, play a critical role to maintain
the forest ecosystem, and are lately an indispensable asset for conservation work in Asia.
Unfortunately, because of shrinking protected habitats and extensive poaching their num-
bers have declined and elephants are now classified as an endangered species [53]. As in
other South Asian countries, elephants have sociocultural and economic value in Nepal [54].
However, elephants in Asia now face a potentially grave threat from TB.
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TB in elephants is a reemerging disease caused primarily by M. tuberculosis, a human form
of TB; however, infection with M. bovis has also been infrequently reported. Intensive study
on elephant TB only received attention after 1996 when two circus elephants died of TB in
the United States. Recently, TB in elephants is increasingly being detected in their host range
countries and in zoological collections around the world [55].

TB screening in Asian elephants (Elephas maximus) has been carried out in South Asian coun-
tries including Nepal, India, and Sri Lanka, countries that also have a high TB prevalence in
the human population. The tradition of keeping and training elephants in South Asia is long
standing and continues to support various religious and tourism-related activities, as well as
forestry and conservation management. This practice provides ample opportunity for trans-
mission of TB from humans to elephants or vice versa.

There are about 200 captive elephants in Nepal that are used by government authorities
for patrolling of protected areas, by the private sector for eco-tourism, and in some cases
for wildlife research projects [56]. TB was first reported in captive elephants in Nepal in
CNP in 2002 [57] and from 2002 to 2014, more than 10 elephants died of TB in Nepal. A
comprehensive study was conducted in Nepal for screening of TB in 115 captive elephants;
the results show that 15 of 115 (13%) elephants were reactive on the Elephant TB Stat Pak®
assay [58]. The Elephant TB Stat Pak® is a licensed serological test developed by ChemBio
Diagnostics, Inc., Medford, NY, USA, that uses a cocktail of several selected M. tubercu-
losis and/or M. bovis antigens (ESAT-6, CFP-10, and MPB83) to detect TB antibodies in
elephants [59]. However, the antigens used are common for the MTBCs so they cannot
differentiate MTBC subspecies including M. orygis. Also, the M. tuberculosis strain iso-
lated from three of the cases in Nepal was identified as the same strain found in Nepalese
human TB patients [22].

In 2007, a Nepal Elephant Healthcare and TB Surveillance Program was initiated to conduct
regular screening of captive elephants. Similarly, in 2011, the Nepal Elephant Tuberculosis
Control and Management Action Plan (2011-2015) was endorsed by the Government of Nepal
providing detailed guidelines for the management of TB including the diagnosis and treat-
ment of TB in elephants of Nepal [60]. This was the first elephant TB control action plan imple-
mented in an Asian elephant range country.

A study conducted in India has shown that 15% of over 300 captive elephants tested were
reactive on the Elephant TB Stat-Pak® assay. The highest seroreactivity was among temple
elephants; these elephants had the greatest contact with humans of the three management
groups studied [23]. M. tuberculosis was also isolated from two wild Asian elephants in
India [61]. Similarly, M. tuberculosis was recently isolated from a wild elephant for the
first time in Sri Lanka; however, the source of infection from possible human contact or
potential wildlife reservoirs could not be traced for this elephant [24]. This finding is very
important as it reflects the potential of TB transmission within wildlife populations in Sri
Lanka.

Although, M. tuberculosis is usually identified from elephants, we cannot rule out the possibil-
ity of M. bovis or even M. orygis infection in elephants as all three MTBCs are endemic in South
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Asia. TB is increasingly being identified in captive elephants in South Asian range countries
and this directly poses a great risk of TB transmission from infected elephants to wild bull
elephants that frequently visit captive herds for mating, to other endangered mammalian
species, as well as to the people working with them. The regular screening of elephants for TB
will help in prevention of this disease in elephants and susceptible hosts which will undoubt-
edly help in the conservation of this endangered species.

6. Other cases of TB in wildlife in South Asia

There are few reports of wildlife TB from South Asian countries. One study from a zoological
collection in India reported TB in spotted deer [50], while a similar study in Pakistan reported
TB in spotted deer and two antelopes, namely, chinkara gazella and black buck [62]. A few
studies have reported TB from langur in India and rhesus monkey in Nepal [63, 64], and these
may be associated with M. tuberculosis transmission from contact with humans as in South
Asia as there are many feral monkeys residing in communities. However, TB in wildlife in
South Asia has not been adequately studied to fully understand the impact. We hope that in
the future an increased awareness of diseases in wildlife and better access to advanced diag-
nostic tests and technologies that allow for precise MTBC species identification will refocus
efforts on the study of TB in wildlife and help to minimize or eliminate risks to species of
conservation importance.

7. Conclusion

In summary, in this review we have provided an overview of animal-adapted members of
the MTBC and indicated the role of wildlife as a reservoir host. In the future, the study of
wildlife TB will not only be important for conservation efforts but also for finding poten-
tial novel subspecies of the MTBC. We also discussed in detail reports of M. orygis-associ-
ated TB in wildlife of South Asia, highlighting recent studies from Nepal and Bangladesh.
The finding of M. orygis in a free-ranging rhinoceros, an endangered species, with evidence
for the wide distribution of M. orygis attests to its threat for wildlife conservation in the
region. The evidence of cattle as a potential reservoir host of M. orygis in South Asia warrants
further analysis and increased surveillance in livestock so as to mitigate the risk to public
health. Our review of elephant TB from different countries demonstrates another threat to
the conservation of indigenous wildlife in the region. The cultural and socioeconomic values
of elephants, in addition to their conservation importance, support the need for continued
surveillance and appropriate management and response to this disease threat. Given the
paucity of research in this area, with a low number of publications, we think it evident that
wildlife TB is overlooked and underexplored. The topics discussed here and the paucity
of scientific studies signify a greater underlying problem. We sincerely recommend that
further studies be pursued as a matter of urgency to explore the threat of TB to wildlife in
South Asia.
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