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Preface

Biological resources refer to the tangible and intangible values of all micro- and
macro life forms as well as their living landscape. The living landscape is the diverse
environment and interactions where organisms reside and obtain sustenance. Bio-
logical and environmental resources are linked to societal detrimental and beneficial
development. These resources possess intrinsic and extrinsic differences that may be
exploited in their classification, exploration, utilization, and conservation. Also,
some are known to have generation-defining impacts like Phytophthora infestans,
Batrachochytrium dendrobatidis, Agrobacterium tumefaciens, Adansonia digitata,
Leo panthera, as well as rivers Nile, Congo, and Niger, Serengeti savanna, Congo
basin and the Sahara and Namib deserts. Nowhere is the connection between
biological-environmental resources and the human pursuit of sustainable develop-
ment so apropos in this sixth extinction era than in Africa because of the ongoing and
potential exploitation of these resources. Therefore, to sustainably manage the
relationship between biological-environmental resources and the human need for
development, it is paramount to document the current status and undertake charac-
terization of these resources, identify viable conservation strategies, develop sus-
tainable utilization patterns, and minimize biological and environmental challenges
from human activities. Poverty and other economic and social issues have been
identified as the major threats to Africa’s biological and environmental resources.
This book, entitled Sustainable Utilization and Conservation of Africa’s Biolog-
ical Resources and Environment, present a roadmap through a broad interdisciplin-
ary collection of reviews written by researchers, intellectuals, experts, practitioners,
and professionals within and outside the African continent. The book focuses on the
status and value of Africa’s resources, current and potential threats from human-
driven environmental degradation and overexploitation, biodiversity loss and shrink-
ing landscapes, viable conservation strategies (including the application of local
knowledge and belief systems, cultural heritage, and traditional protection strate-
gies), and the need to incorporate and address sustainability and policy issues. The
book also considered the touristic value of the African environment and its connec-
tion to environmental and economic sustainability. The book encourages an active
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and constant conversation on the sustainable utilization and conservation of Africa’s
biological and environmental resources for the meaningful growth and development
of the continent. Such conversation may be held through transdisciplinary work-
shops, forums, symposia, town hall meetings, and sensitization programs. This book
is invaluable to students (undergraduates and postgraduates), academics,
researchers, environmentalists, ecologists, practitioners, agricultural scientists, bio-
diversity experts, policymakers, conservationists, and industry professionals inter-
ested in the sustainable utilization and conservation of Africa’s biological and
environmental resources.

Thank you.
Yenagoa, Bayelsa State, Nigeria Sylvester Chibueze Izah
Boone, North Carolina, USA Matthew Chidozie Ogwu

June 2022
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Chapter 1 ®)
Overview of African Biological Resources i
and Environment

Matthew Chidozie Ogwu, Adams Ovie Iyiola, and Sylvester Chibueze Izah

Abstract Africa has rich and diverse biological and environmental resources, but
both are vulnerable to rising human population and the effects of climate change.
Also, intense poverty and food insecurity are driving overexploitation of natural
resources, while the absence or gross lack of technical know-how and unsustainable
policies makes environmental degradation unchecked. Most of Africa’s biological
and environmental resources have high spatial and temporal variability. Africa’s
biodiversity and environmental issues require a holistic approach that incorporates
sociocultural, political, and economic considerations. This chapter aims to present an
overview of perspectives presented in the book toward a common agenda. This book
is a collection of works on the sustainable utilization and conservation of Africa’s
biological resources and environment and is divided into three sections. There are six
biological prime spots in Africa - Mediterranean basin forest, Guinean forest,
Eastern Arc Mountain Forest, Western Indian Ocean Island, Succulent Karoo, and
Cape Floristic region. African terrestrial ecosystems include deserts (e.g., Sahara
Desert) and semiarid deserts (i.e., the Kalahari Desert), grasslands and savannahs,
forests, and montane ecosystems, whereas aquatic ecosystems include estuaries,
wetlands, mangrove swamps, lakes, rivers, and coastal and marine ecosystems.
African countries are signatories to the Convention on Biological Diversity, the
African Convention on Nature and Natural Resource Conservation, the Ramsar
Convention, Convention on International Trade in Endangered Species of Wild
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Fauna and Flora, Convention to Combat Desertification, the Climate Change Frame-
work Convention, the United Nations Convention on the Law of the Sea, and
Agreement on the Trade-Relates aspects of intellectual property rights for the
protection and conservation of Africa’s biological resources and environment. An
Integrated Conservation and Development Project approach is recommended as the
most suitable conservation and utilization system for Africa. Further, to balance
development with biological and environmental sustainability in Africa would also
require an understanding of the capacity of the continent’s resources, producing and
applying this knowledge to distribute the resources for efficient utilization and
management, and then modelling current use with population growth estimates
and current and potential threats to produce a viable system for the future.

Keywords Biodiversity conservation - Environmental laws and policies - Resource
utilization - Integrated systems approach - Community participation

1.1 Introduction

Africa has rich and diverse biological and environmental resources, but both are
vulnerable to rising human population and the effects of climate change. For
instance, six biodiversity hotspots are found in Tanzania alone while the horn of
Africa, Cape Floristic Region, Guinean forests, coastal forests of East Africa, Congo
Basin, and Afromontane regions hold significant amounts of plant biodiversity
(Marshall et al. 2016; Treurnicht et al. 2017; Selemani 2020). However, intense
poverty and food insecurity are driving overexploitation of natural resources, while
the absence or gross lack of technical know-how and unsustainable policies makes
environmental degradation unchecked (Ogwu 2009, 2010). Even though some
protected areas exist for the management and conservation of natural resources for
environmental sustainability and biodiversity preservation, it is affected by manage-
ment inefficiencies, corruption, weak government policies, political instability,
exponential population growth, and emigration (Ogwu 2019; Osawaru and Ogwu
2014; Ogwu et al. 2014, 2016). Policies, laws, and legislations geared towards
sustainable approaches and strategies where they exist are mostly not well
implemented. Africa remains the poorest region in the world, but the population is
projected to exceed one billion in 2050. This growth is anticipated to increase the
dependence on natural resources for survival, especially land, water, plants, forests,
animals, renewable energy, and ecosystem services Selemani 2020).

African biodiversity supports human and ecological processes and is a good
source of economic goods and services. African forests are among the richest in
the world and contribute to treatment of diseases, i.e., medicinal plants (Bassey and
Izah 2017; Seiyaboh et al. 2020a, 2020b; Kigigha et al. 2018a,b, 2016a,b,c, 2015a,b;
Izah et al. 2019a, b, ¢, d, a, b, c, d; Izah and Aseibai 2018; Izah 2019; Izah and
Youkparigha 2019; Youkparigha and Izah 2019; Enaregha et al. 2021), global fuel
wood, non-timber, and timber forest products used for numerous industrial pro-
cesses. Indigenous people rely on their environment for food and income (Izah 2018;
Izah et al. 2018e; Izah et al. 2017; Izah and Seiyaboh 2018a, 2018b). And even
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though the adoption of science and technology innovations and their application can
contribute to poverty reduction, food, and income security, and environmental
sustainability objectives, much has not been achieved (Ogwu et al. 2016a, 2016b,
2016c¢; Ikhajiagbe et al. 2020). To meet the pressure from international and local
markets, indigenous biological resources in Africa are harvested in a destructive and
unsustainable manner, whereas environments are rapidly degraded. This trend is
threatening the livelihood of biodiversity-dependent communities in Africa due to
biodiversity loss and ecosystem degradation (Lettington 2000). The relief and slopes
in the environment can be used to significantly improve livelihoods, but benefits
from the tourism sector such as economic, social, cultural, employment, and others
do not effectively trickle down to local communities. Monocultures are becoming
more common in agricultural fields as well as the adoption of fertilizers for food
production, despite attendant environmental risks and lessons from the Global
North. It is high time that the interconnection and relatedness of biological and
environmental resources and livelihood in the continent are recognized and priori-
tized in management systems. Earlier Brady (1988) mentioned that a significant
amount of biodiversity and environmental resources could be lost and this would
have negative effects on society and long-term development because of impaired
ecological and socioecological systems like water regulation and regeneration of
natural resources (including plants and animals), unchecked tourism, poaching,
nutrient cycling, property values, etc. The realm of ecosystem resilience and rural
livelihood is important in this era of climate change, globalization, and the mass
extinction of biodiversity (Olsson and Ouattara 2013).

Little is known about Africa’s biodiversity and environment, but they are been
lost rapidly and their demand is constantly increasing (Sosef et al. 2017; Ogwu 2020;
Osawaru and Ogwu 2020). Even areas with a relatively limited anthropogenic legacy
on the continent is experiencing significant change in biological and environmental
resources including marine and terrestrial systems and those within conservation
areas (Chown 2010; Ikhajiagbe and Ogwu 2020). Most of Africa’s biological and
environmental resources have high spatial and temporal variability (McClain 2013).
Some biological resources like Bos species (indigenous African cattle) are endan-
gered due to uncontrolled crossbreeding and the introduction of exotic species,
despite their unique adaptive traits (Mwai et al. 2015). According to Davids et al.
(2018) and Wei et al. (2020), rapid rates of urbanization and population growth in
Africa make it difficult for African ecosystems to provide for human well-being.
Recently, Seymour et al. (2020), using the popular Delphi method, produced a list of
63 biodiversity issues with ten priority areas for parts of sub-Saharan Africa, most of
which cannot be addressed by science alone. Therefore, Africa’s biodiversity and
environmental issues require a holistic approach that incorporates sociocultural,
political, and economic considerations. Development of this all-inclusive approach
would require horizon scanning, scenario planning, research insights, questions, and
response, identification of priority areas, adoption of new methodologies and tech-
nologies that allow anticipation planning and ongoing responsive action together
(Sutherland et al. 2010; Arts et al. 2015; Fleishman et al. 2011; Mitchell et al. 2015;
Brown et al. 2016; Souza and Bernard 2019; Seymour et al. 2020). Social science
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has an important role to play in the renaissance and adoption of a holistic approach to
biodiversity conservation and environmental sustainability in Africa. This could take
the form of identifying potential conflict areas or the elucidation of best transforma-
tion methods (Reihling 2008). In the view of Chown (2010), the growing polariza-
tion highlights a disconnect between social and scientific systems to address changes
in biological and environmental resources.

This book is a collection of works from diverse global scholars, academics and
professionals, practitioners, experts, etc. on the sustainable utilization and conser-
vation of Africa’s biological resources and environment. It is divided into three
sections—Conservation of Africa’s Biological Resources and Environment (Sect. I),
Utilization Patterns and Potentials of Africa’s Biological Resources and Environ-
ment (Sect. II), and Challenges in the Conservation and Utilization of Africa’s
Biological Resources and Environment (Sect. III). This introductory chapter aims
to present an overview of perspectives presented in the book towards a common
agenda.

1.2 Conservation of Africa’s Biological Resources
and Environment

Conservation of biological resources involves the process of protecting, managing,
and adequate use of resources for the sustainable achievement of various goals and
activities which involves social, environmental, and cultural (Blanc et al. 2003). This
benefits humans in the long run because they can, directly and indirectly, utilize
these resources to achieve various individual and collective goals and objectives to
improve well-being and ensure societal development. According to Allison et al.
(2000) and TUCN (2001), the conservation of biological resources may be tagged
around five themes:

* Clear conservation targets, goals, and objectives as well as the conservation
strategies.

* Social alliance, network, and processes involved should focus on equity and
effectiveness and the establishment of valuable partnerships and human partici-
pation for effective conservation of resources.

» Equitable sharing of benefits and incentivizing the conservation process were
possible and appropriate in line with needs.

* Local, national, and international biodiversity policies must be supportive, com-
plementary, and applicable in the conservation of local resources.

» Creating awareness, establishing education programmes to promote knowledge,
and building capacity for effective conservation.

Biodiversity can be broadly conserved in two major ways:

* Insitu conservation: is the process by which biodiversity is conserved in its native
range and habitat and can be in form of protected areas or natural reserves. This
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form of conservation is common in Africa. Mburugu (1995) reported that Kenya
has 26 national parks and 30 national reserves.

* Ex situ conservation: is the process of conserving biodiversity outside of its
natural environment such as zoos, gene banks, botanical gardens, etc. This
method requires adequate and intensive knowledge about the species and huge
financial investments (African Wildlife Foundation 2003).

Other conservation approaches are, circum situ (circa situm) conservation where
the resources are held in farmlands, home gardens, urban gardens, botanical gardens,
distant farms, and other human-managed agroecosystems, quasi situ conservation
where the resources are held in natural (e.g. original or primary forests), seminatural
(e.g. secondary forest) or human-created environments but their cultivation and
growth is not purposely carried out by humans, and inter situ conservation where
the resources are maintained in semi-wild settings to ensure species survival and
restoration outside their current range. These approaches have evolved over the
years, and in most cases, involve the direct or indirect participation of local com-
munities. Presently, policies and the participatory involvement of individuals and
stakeholders in Africa need to be streamlined to develop a unified strategy for the
continent.

1.3 Africa’s Biological Resources

Africa is rich in diverse ecosystems which range from desert to moist tropical forests.
The forest is estimated to be over 650 million hectares and represents about 17% and
22% of the forest cover and African land area, respectively (FAO 2010). The
continent has the world’s richest savannah regions with diverse mammals which
feed on the abundant grasslands in the world. Animals such as hippopotamuses,
leopards, lions, elephants, chimpanzees, gorillas, hyenas, and wild dogs are found in
the savannah and rainforest regions in Africa (Van Drunen et al. 2009). The climate
of Africa consists of temperate and tropical conditions diversifying between 14 dif-
ferent types of forests (Sayer et al. 1992). The tropical forests contain about
1.5 million species and 800 plant species with numerous wildlife species for
consumption by locals as a source of protein (Table 1.1).

As reported by Mittermeier et al. (2004), there are a total of 34 internationally
accepted biological hotspots in the world with Africa having six of them. These
locations and their identified biodiversity are presented in Table 1.2.

Table 1.1 Contribution of S/N Species Contribution (%)
fauna resources in African -
f Primates 84
orest
2 Passerine birds 68
3 Butterfly 66




Table 1.2 The six biological locations in Africa

M. C. Ogwu et al.

S/
N | Name Location Flora species Fauna species
1 | Mediterranean | It is situated around the | 25,000 species and
Basin forest Mediterranean Sea. 14 endemic genera
2 | Guinean Forest | It is located along the 2250 species 45 mammal species,
coast of Western Africa. 90 bird species,
The forest is 46 reptile species
fragmented.
3 | Eastern Arc It is situated in eastern | 25% of the species are
Mountain Africa and is about endemic
Forest 30 million years old
4 | Western Indian | It is an isolated area sit- 700 endemic verte-
Ocean Islands | uated around Madagas- brate species and
car which has the ranked the world’s
highest endemic species vertebrate endemism
in Africa as the 6th
5 | Succulent It is situated between 4849 species with 40%
Karoo Namibia and endemic
South Africa and it is
the richest desert in the
world
6 | Cape floristic It is located in It is the richest in the
region South Africa flora kingdom of the
world despite its size.
8700 species are found
there with 68% endemic

Table 1.3 Relative abun-
dance of endemic species in
Eastern Africa

S/N Species Contribution (%)
1. Mammals 55
2 Birds 63
3 Reptiles 49
4 Amphibians 40

The abundance of endemic species in Africa is presented in Table 1.3. It shows
that Eastern Africa has more endemic species when compared with North Africa.
Madagascar is the country that has the richest endemic species, the third richest in
plant species diversity after South Africa and Congo DRC, and the sixth in the world

(World Resources Institute 2003).

1.4 The Diverse Ecosystems in Africa

African terrestrial ecosystems include deserts (e.g., Sahara Desert) and semiarid
deserts (i.e., the Kalahari Desert), grasslands and savannahs, forests, and montane
ecosystems, whereas aquatic ecosystems include estuaries, wetlands, mangrove
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Table 1.4 Resources in Lake g/ Resources Species abundance
Tanganyika Basin 1 Cichlid fish species 250

2 Non-cichlid species 145

3 Gastropods 15

4 Copepods 69

5 Leeches 20

6 Sponges 9

swamps, lakes, rivers, and coastal and marine ecosystems. Savannah ecosystems are
one of the most important areas in Africa. It houses over 40 different species
diversity and hoofed mammals in the 13 million km? land cover. Animals found
there are gazelles, onyx, eland, kudu, buffalo, zebra, giraffes, elephants, warthogs,
and impalas. They graze on the abundant grassland all year round around the
different migratory seasons. This ecosystem is found in the West, East, and Southern
subregions of Africa (Mataruka 2009). Africa holds about 15% of the global forest
area and may be considered the richest biological area of the continent. The forest is
about 3.5 million km? in the area and includes the Congo basin in East-Central
Africa, the Upper Guinea forest in West Africa, the montane forest of East Africa,
Coastal forests in Eastern Africa, and Madagascar and Indian Ocean Island Forest.
These forests are home to chimpanzees, bonobos, elephants, monkeys, antelopes,
giraffes, pygmy hippos, etc. The compositional heterogeneity of Africa’s Forest is
ill-understood, albeit an understanding is required for conservation and sustainability
(Réjou-Méchain et al. 2021). The Atlas Mountain ecosystem in Morocco supports
diverse species and possesses a unique landscape. This resource is found in every
country and covers 1% of the total area in each country. Some of the countries that
have the largest wetlands area in the Upper Nile are swamps in Congo DRC, Chad
and Lake Victoria basins, and Niger and Zambezi floodplains. Lake Tanganyika
which is the second largest lake in Africa and third by volume in the world is the
most important wetland in Africa. It has the richest freshwater ecosystem in the
world with over 600 endemic species in its basin (Allison et al. 2000). The Lake also
has over 2000 species of plants and animals and some of the resources in the lake’s
basin are presented in Table 1.4. A lot of species are observed to be migratory and a
large number of them have not been described.

This area is characterized by coral reefs, mangrove forests, and sea-grass beds. It
contains large diversity with over 4000 species being identified and described. Some
are the marlin, tuna, billfish, sea turtles, and dugongs (Ibisch et al. 2010). Seven large
marine ecosystem surrounds Africa and includes Agulhas current, Benguela current,
Canary current, Guinea current, Mediterranean Sea, Red Sea, and Somali coastal
current (Zeller et al. 2020).
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1.5 African Biological Resources and Framework
for Biodiversity Management

The biological resources in Africa are diverse and contribute to livelihood, devel-
opment, and global well-being.

» The African forest is a source of traditional energy sources with about 64% of the
populace depending on it for their livelihood.

+ Itis also a source of bush meat which provides animal protein as reported by FAO
(2010) in southern Ivory Coast (70%), 80-90% protein source in Liberia, and
55% in Sierra Leone.

+ Itis a source of income, foreign exchange, and employment at the national level.

It is important for cultural, spiritual, or religious purposes.

» It provides timber and non-timber forest products such as latex, gum, spices,
flavorings, pesticides, and dyes.

Biodiversity comprises plants, animals, and microorganisms that dwell on earth
and have different functioning parts. They dwell in terrestrial, marine, and other
aquatic ecosystems with diverse complexities and can meet the need of people such
as basic food, health, and energy needs. Swaminathan (1996) estimated that about
2.5 million people rely on wild animals and plant species for their daily needs. Based
on this, there is a need to sustain and foster management of these resources to cater to
over 800 million humans who suffer from malnutrition. To foster this, various
international and regional policy and legal frameworks have been developed by
the local and international communities for resource utilization and conservation
(Gondo 2011). Some are such as:

» The Convention on Biological Diversity

» The African Convention on Nature and Natural Resource Conservation

* The Ramsar Convention

* Convention on International Trade in Endangered Species of Wild Fauna
and Flora

* Convention to Combat Desertification

* The Climate Change Framework Convention

* The United Nations Convention on the Law of the Sea

» Agreement on the Trade-Relates aspects of intellectual property rights

1.5.1 Convention on Biological Diversity

The convention in which 49 African states are a party majorly seeks to address and
recognize the following:

* Promoting the conservation of biodiversity.
* Sustainable use of the components of biodiversity.
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» The benefits from the use of resources.

* Promotes a global in situ cooperation for sustainable management.

» Relevance of property rights in the management of resources.

» The roles of local community dependence.

* The roles each community plays in the conservation and sustainable use of
resources.

The sovereignty over natural resources is held by this convention in high esteem
and it is seen as a common concern for humans. All the member states are respon-
sible for conserving all their biological resources using measures, which can be in
situ or ex situ (Gobeze et al. 2009).

1.5.2 The African Convention on Nature and Natural
Resource Conservation

This convention ensures the following for its member states:

* Oblige measures for conservation and development of natural resources.

» Protects animal and plant species that are threatened with extinction.

» Establish areas of conservation to protect all species and ecosystems.

» Protection of habitats that are outside the protected areas in their development
plans.

To complement the activities of the convention, it is essential to take measures
that are legislative and necessary for the implementation of the provision of the
convention.

1.5.3 The Ramsar Convention

The convention was ratified by 28 African countries and is concerned with the
protection of natural habitats. It is also known as the Convention on Wetlands of
International Importance Especially as Waterfowl Habitat. It emphasizes the
following:

» Establishment of natural reserves in wetlands.

* The need to conserve wetlands.

» Sustainable utilization concerning the maintenance of natural ecosystem
properties.

Currently, the conference has adopted guidelines that involve the participation of
locals and indigenous people in the management of natural sites.
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1.5.4 Convention on International Trade in Endangered
Species of Wild Fauna and Flora

CITES provides international control over wildlife products. It emphasizes the
following:

» The control of wildlife products.

+ Identification of endangered species and their withdrawal from the world market.

* Creation of the CITES appendix list which is determined by the Conference of
Parties and contains threatened species and species that may face extinction in the
nearest future.

CITES allows states that are members of the party to notify other members of
trade restrictions on species (Galaz et al. 2008).

1.5.5 Convention to Combat Desertification

This convention is applicable in countries experiencing droughts and desertification
in Africa (Folke et al. 2005). Fifty-two African countries are members of the party
and it emphasizes the following:

* Provision of framework against desertification.

* Migrating effects in states experiencing droughts and desertification.

» Affected parties to bear the main actions against desertification.

* Collaboration between countries, governments, locals, and groups in the
community.

Members of the parties are expected to establish protocols to reduce desertifica-
tion, strengthen existing legislation, and enact new laws that may not be in place.

1.5.6 The Climate Change Framework Convention

This convention addresses the global warming issues at an international level. The
Kyoto convention addresses the quantification of emission, limitation, and reduction
commitments by countries undergoing economic transmission. For the implementa-
tion of the convention, measures such as the provision of financial resources and the
arrangement of facilities to enhance the context of the Kyoto Protocol were put in
place. The convention addresses the following areas:

» Cost-effective climate change mitigation services.
* Attract new funders for countries.
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* The synergy between developed and underdeveloped countries in fund invest-
ments for climate mitigation, so the objective of the convention can be achieved.
* Projects must enable sustainable developments in developing countries.

The relationship between climate change with agriculture and biodiversity is an
intrinsic one because it can affect the growth and regeneration of trees which play a
major role in carbon sequestration in the environment.

1.5.7 The United Nations Convention on the Law of the Sea

The convention addresses issues in the marine areas and provides measures that are
related to the conservation and management of marine resources (FAO 2010). Some
of the keynotes are:

» The creation of the Exclusive Economic Zone in which countries are given rights
for resources within this zone.

» Provision of laws and obligations for coastal states.

* Ensure proper maintenance of living resources.

* Ensure there are no cases of overexploitation and that endangered species are
preserved.

1.5.8 Agreement on Trade-Related Aspects of Intellectual
Property Rights (TRIPS)

It consists of 41-member states which are parties to this agreement and are indirectly
concerned with issues on biological resource conservation and management. The
TRIPS Agreement highlights the following:

 Intellectual property rights and impacts on biodiversity management

» Exclusion of patentability by states in cases of human, animal, or plant protection

* Exclusion of patentability on plants, animals, and microorganisms to avoid
prejudice against the environment.

* Protection of plant varieties by member states

1.6 Trends in Biological Resources Management

The issues of law and policy creation and enforcement have been an issue since time
immemorial and increased compliance can be geared toward enforcing appropriate
measures to safeguard the environment (Elson 2010). Some of the highlights are:
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» The making of laws and policies in Africa and
» The influence of international law on member states.

During the colonial periods and immediately after in Africa, laws created at that
time were basically on intense resource exploitation for exports. Conscious efforts
on resource conservation, especially on wildlife, resulted in the creation of laws in
the early 1900s. However, these laws were not effective in addressing issues on
sustainable management of natural resources. The conclusion of the Landmark
International Environmental Agreements has made the laws on natural resources
conservation common in African countries (Millennium Ecosystem Assessment
(MEA) 2005). It elaborates the following:

 Justification of private property holders’ limitations in the interest of the general
public

» The doctrine of police power in which each country based on its sovereignty must
not harm the welfare of the public

» Fundamental rights and freedom must be guaranteed and stated in the constitution
of member states

Countries such as Uganda, the Gambia, Guinea, Comoros, and South Africa have
included in their constitutions and adopted the legislative framework on the bill of
rights relating to the environment. It is explicit on:

» Protection of the environment.

* Sustainable management of the environment.

* Promotion of environmental awareness.

» Rights by everyone to clean environments.

» The use of ecologically sustainability measures on natural resources toward
economic and social developments.

» The principles of environmental management.

» The setting up of environmental funds.

* Creation of an institutional framework for the management of biodiversity.

Apart from these laws and frameworks, some countries have environmental
standards for the management of natural resources. A case is the Malawi Environ-
mental Management Act which ensures the harmonization of laws and policies on
the environment across the departments and environmental ministries in the country
(World Bank 2010).

The environmental law, policy, and development in African countries are
influenced by the international treaty and customary laws in the country. The
influence of these treaties extends to the obligations and principles of each state
that is a member of the party. Some of the influences on the principles are:

» Influence of international law and the
* Influence of conventions.

The first environmental law principle is aimed at ensuring that their activities do
not damage the environment. This is the major principle of international
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Table 1.5 Environmental Acts by countries and their principles

S/

N |[Act Principles

1. | Congo Environmental | It states that developmental project should include an environ-
Act mental impact assessment.

2 | Ugandan Environ- Environmental management should aim to encourage maximum
mental Act participation by the populace in policy development, management

plans, and processes.
3. | Angolan Environmen- | Seek to provide a framework for cooperation with other countries

tal Act and international organizations to provide solutions to common

environmental problems.

4. | Mozambican Envi-
ronmental Act

Activities involving environmental management must be done to
avoid negative impacts on the environment.

5 Cameroon Environ-
ment Act

It is based on a practical rationale for environmental management.

environmental law and it enforces the principles of sustainable development. It has
been incorporated into the general principles of national development and strikes a
balance between economic growth and environmental protection. Various principles
have been incorporated into domestic laws such as (Table 1.5):

» Polluter Pays Principle which states that any polluter will bear the cost of cleaning
up and removing the effects of the pollutants.

» The precaution and Prevention Principle considers the fundamental principles on
which rational environmental management is based.

* The need for environmental impact assessment.

* The need for public participation and cooperation.

The wildlife laws are largely influenced by the international regions and laws and
the development of conservation strategies and sustainability. The African conven-
tion has provided a framework for the development of many wildlife laws in Africa.
It has incorporated the principles of the 1900 and 1933 Convention which was
signed by the colonial powers and is geared at flora and fauna preservation in its
natural state. CITES has also influenced the wildlife laws and policies in Africa and
has been ratified by 47 African states. Several countries have adopted this legislation
in the trade of endangered flora and fauna species. A case is the Kenya Wildlife
(Conservation and Management) Act which has banned all game animal hunting and
licenses revoked in the wildlife trade. This was concerning the adoption of CITES in
its activities. Recently, the levels of management have changed at international and
national levels and the processes involved. In Ethiopia, the national conservation
strategy has been adopted and focused on preservation, development, management,
and conservative use of domesticated and wild flora and fauna diversities (Kiefer
et al. 2010).
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1.7 Sustainable Initiatives for Biodiversity Management

Some initiatives on the legal and institutional frameworks adopted for biodiversity
conservation and management by countries in Africa are:

* Trade and management of wildlife
» Forest management using economic instruments

1.7.1 Trade and Management of Wildlife

In most African countries, measures for the management of wildlife resources are in
place. They are incorporated into the national wildlife act and national wildlife
policy and legislation. These policies also cover both fisheries and forest legislation
act. The policies are expected to regulate the trade in the country’s biological
resources by emphasizing fisheries, wildlife, and forest ecosystems. Some of the
management acts are highlighted in Table 1.6. The cases from Kenya and Zimbabwe
as illustrated in the table show the actions based on CITES with no regard for
domestic wildlife management. The wildlife management strategies in Zimbabwe
are more community-based programmes that encourage management, while in
Kenya, it is more of a preservationist strategy of management (Waheed et al. 2009).

Table 1.6 Conservation Acts in some African countries

S/
N | Country | Act Highlights

1. |Kenya Wildlife Conservation and Man- * To control illegal access to wildlife
agement Act which was amended | exploitation.

in 1989 « Authority must be granted to indi-
viduals/institutions before wildlife extrac-
tion.

» Approvals are to be granted by the
Minister of Natural Resources and the
Kenya Wildlife Service.

¢ The rights do not cover all benefits
from the exploited resources.

2. | Zimbabwe | Zimbabwe Parks and Wildlife * Protection of indigenous fauna
Act of 1975 resources.

* Permits are required before the col-
lection, export, cultivation, or propagation
of fauna species.

Parks and Wildlife Amended Act * The collection of indigenous plants
of 1985 can be prohibited by the Minister.

* Itdoes not allow foreign collectors to
share benefits from the resources
exploited.
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1.7.2 Forest Management Using Economic Instruments

Most African countries have legislation on forest exploitation and management and
these laws differ from place to place. In general, these laws are concerned with
controlling the illegal access and exploitation of forest resources. In Cameroon, the
forest legislation was established in the mid-1970s and it highlighted the following:

» Forest legislation in the trade regulation and export of Prunus africana
* Licensing by the Forest Administration before exploiting P. africana

In recent times, the issue of climate change and its convention has influenced
forestry projects. This is so as a result of carbon sequestration and carbon conser-
vation through the promoted growth of forests and protecting the existing ones.
Degraded forests can be regenerated as well as expanding forest ecosystems through
plantations. Legislation on the efficiency of the use of fuel wood by encouraging the
use of stoves and reducing waste from wood from logging activities has been made
(Van Herwijnen 2008).

The management of biological diversity is protected by the international legal
system. This is used to create a framework for accessing biodiversity policies in
Africa. Some of the concerns are:

» The biological resources exclusively

» Environmental issues

* Some are in agreement with laws that are concerned with biodiversity
management

In most African countries, international law influences environmental laws and
policies. This is seen as a positive step to an effective biodiversity management
system and it can incorporate the cross-sectional approaches and policies which form
part of the integrated approach system for biodiversity management. Based on this, it
is essential to formulate biodiversity policies and laws and assess them with the
present situation (Scherr and McNeely 2007).

1.8 Conservation and Utilization of Africa’s Biological
Resources and Environment

An Integrated Conservation and Development Project (ICDP) approach is
recommended as the most suitable conservation and utilization system for Africa.
African conservationists aim to develop approaches that can protect the natural
resources of the continent. This will help to create long-term viability of flora and
fauna species and preserve the natural ecosystems. This will benefit the political and
economic perspectives of the communities as well as the government if such
designed conservational strategies are workable. The ICDP approach has been
used in recent years and has been linked to the conservation of biological resources
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within a protected area to social and economic development outside the protected
areas. In this approach, the community is directly concerned with decisions involv-
ing employment, revenue sharing, provision of infrastructure, and exploitation of
limited flora and fauna species. The approach started in Africa in the 1990s, and
currently, the ICDP approach is used for conserving protected areas in Africa
(Newmark and Hough 2000). This approach receives funding from major donors,
but was stated that their successes are limited in conservation and developmental
objectives.
The ICDP approach has increased in popularity due to the following:

» Habitat loss has declined drastically over the last 30 years. Kiss (1990) reported
that about 56% of the original African wildlife habitat has been lost due to
agricultural activities, overgrazing, and deforestation which has resulted from
increased human population and poverty level. Based on this, conservation
activities must be connected with development.

+ It addresses the challenges associated with biological diversity in protected areas.
These areas have become isolated in Africa as a result of human settlement,
deforestation, and hunting of wildlife (Singh et al. 2009).

» The programs are effective in addressing social injustice issues. This is so because
protected areas have affected indigenous African people and donors see the ICDP
approach as a way of developing relationships with communities that bear a large
proportion of the social costs incurred from the protected areas.

 Itis attractive because it identifies and recognizes the old methods of management
which were not effective and have created issues of confrontation among the
locals.

However, there are two striking issues regarding the assessment of ICDP’s
effectiveness in Africa. One of these is the belief among workers that ICDP has
not made modest progress or achieved all its aims which have limited its successes.
This belief is due to assessment problems, internal constraints, and external chal-
lenges. Evaluators of projects have identified two assessment constraints that can
affect the objectives and successes of ICDPs and include -

1. Project assessments are only at the implementation stage (Wells et al. 1992). It
was concluded from this assessment that successes in conservation and develop-
mental objectives were limited. It was observed that the period of 3—5 years for a
project cycle was very inappropriate as compared to the project cycle time in the
1970s which was much longer and objectives were achieved.

2. Most projects lack ecological monitoring. In 1994, 36 projects were examined all
over the world, out of which 23 were from Africa. It was observed that there were
only two projects that had some form of ecological monitoring components. The
lack of this component has prevented rigorous evaluation of non-resource exploi-
tation, developmental activities, and biodiversity conservation.

Regarding internal constraints, project evaluators observed four constraints in
many ICDPs, which include:
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. The behavior of individuals is not affected by public goods. This is important

because ICDPs failed in their conservation goals because of the incentives the
communities present and are insufficient to change the behavior of individuals.
However, the effects of these incentives may vary based on the groups within a
community.

. The similarity between organizational structure in many ICDPs to colonial

structures. This affects many local people because they are disconnected from
ICDPs as a result of the state’s ultimate authority over wildlife resources. They
believe that the authorities should come ultimately from the local communities
(Minnemeyer et al. 2011).

. The unsustainable long-term harvesting scheme off-take. The large mammal

harvesting which is rampant in most savannah areas is unsustainable because
the wildlife populations are inherently variable. Therefore, most wildlife man-
agers will want to maintain a constant flow of benefits to communities such as
skins, meat, or revenues from wildlife exploitation and this becomes an issue
when there is a decline in the wildlife resources. This can result in reduced
community participation because of the reduced off-take.

. The frequent conflicts between developmental activities and conservation objec-

tives. These conflicts mostly arise from managers’ ineffective control over the
wildlife resource exploitation by individuals or the communities. Such was
reported in ICDP in Tanzania that had fish ponds in a wetland in the East
Usambara Mountains which disrupted the riparian habitat despite an additional
protein source to the villagers (Nyenje et al. 2011).

Regarding challenges from external influences, three forces were identified to

affect ICDPs in Africa and they are -

1.

The potential sources of revenue for communities are unreliable and insufficient.
This is due to fluctuation in exchange rates, political issues, and reduction in
tourism activities as a result of unstable government activities. The dramatic
decline in the tourism industry observed in Kenya, Uganda, Comoros Islands,
and Zimbabwe was attributed to political unrest and economic issues. Some
communities may not benefit from tourism revenues because management costs
for the protected areas exceed what has been got from sales of gate receipts.

. The influence of external market forces manipulates the pattern of resource use in

Africa. The increased urbanization has placed a huge demand on meat, timber,
and firewood in African cities and towns. These communities exploit natural
resources which may limit the efficiency of ICDP activities. A situation was
observed in the population of Cape buffalo in Serengeti National Park which
declined between 50% and 90% as a result of commercial poaching which was
encouraged by increased market forces.

. The increased migration into the project areas was due to developmental activi-

ties. This was observed around Lake Manyara in Tanzania in the early 1980s in
which there was a 40% increase in population between 1978 and 1998. This was
due to the United Nations-supported irrigation project in the area. This stimulated
rapid development which stimulated in-migration.



18 M. C. Ogwu et al.

1.9 Assessing the Progress Towards African Sustainable
Development

The following is an inexhaustive list of tools that may be used to assess the progress
of sustainable biological resource and environmental development in Africa -

* Governance

» Demographic changes

* Poverty

+ State of the economy

* Health

* Social equity and opportunities
» Agriculture, food security, and nutrition
» Education

* Climate change

* Natural resource base

* Energy

» Natural disasters

1.9.1 Governance

Africa has made progress and improvements in social, economic, and environmental
sustainability (AfDB 2011). These incremental advances are improving the level of
governance at various levels and institutional mandates. It has been observed to
influence sustainable development efforts and participation at various governmental
levels as well as the natural resource management strategies (Karembu et al. 2009;
Armitage 2008). However, much is still required in terms of a stable governing
structure required to enforce conservation treaties and policies. These results would
be observable in the positive economic and political trends that result from peace and
security (Olsson et al. 2006).

1.9.2 Poverty

It has been realized that the increase in GDP is not a reflection of economic well-
being in most African countries and progress is being made to address connected
issues. Successes have been reported in amenities such as drinking water and
infrastructure and stagnation continued in areas like sanitation (Cundill 2010). The
rural and urban populations have inadequate access to improved energy and water
resources and interventions are required for the provision of improved services such
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as sanitation, water, energy, and decent housing to eliminate poverty and improve
developmental trends (CBD Secretariat 2010).

1.9.3 Demographic Changes

The African population is expected to double by 2050 which is a significant threat to
the attainment of sustainable development outcomes. This is due to the increased
demand for goods and services and excessive pressures that may arise on natural
resources. Africa requires an educated and right skilled population base that is
meaningful to achieve the required sustainable goals. Foreseen challenges are seen
in cities in terms of basic services such as water shortage, sanitation, transport,
security, and adequate housing and they require specific attention.

1.9.4 State of the Economy

Africa is making progress in economic growth and macroeconomic performance.
Value addition and tourism contribution are spurred by policy adoption, improved
management of the macroeconomy, and governance. Many countries are sustaining
economic progress and benefit from social and economic outcomes. The crisis
recorded globally in 2009 has drastically affected the economy of Africa, although
the rate of recovery from this has been fast. This was mainly propelled by a change in
commodity pricing, remittances inflow, and an increase in foreign investments. It is
necessary to increase efforts to track the positive performance and identify any
necessary factors that can deplete the natural resource base and poverty reduction.
Diverse opportunities in value addition and sustainable development of tourism will
be required for robust and sustainable economic development (Carpenter et al.
2006).

1.9.5 Sustainable Consumption and Production (SCP)

Africa is making dramatic progress in terms of sustainable production, but sustain-
able consumption efforts need to be intensified so that the basic needs of the growing
population are met (Brockhaus et al. 2012). This concept is relatively new to Africa
and it is yet to be fully adopted. The effects of food consumption and production are:

» Impacts on transportation,
» Impacts on processing, packaging, and retailing of food and
» Food wastes at the point of consumption
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The middle class is the target of most SCP campaigns and in achieving its
objectives, organizational challenges must be addressed in Africa. Some of the
challenges are:

* Poor institutional capacity

» Lack of monitoring

* Inadequate capacity

» Lack of consumption and production models (Romano and Reeb 2006).

1.9.6 Social Equity and Opportunities

A major challenge in Africa is inequality most especially concerning the distribution
of income and the economic development outcomes. Significant progress is
observed in women’s empowerment and it has shown a positive trend in gender
distribution of opportunities in health and education. Attention is required to women
and youth participation in sustainable development and access to employment and
education (Biermann et al. 2010).

1.9.7 Education

The progress in education in Africa is slow but on the path to meeting education-
related targets. Adult literacy is slow and unable to meet the 2015 targets and
interventions are required to link education and culture with the aim of transforma-
tion. Improvements are very clear in gender parity, basic education, education
coverage, and enrolment (Olorunfemi and Raheem 2008). Policies are being
designed in the educational and cultural areas for shaping the future of Africa and
society. Curriculum and educational system transformation should be undertaken by
Governments which can include teaching, learning materials, and contents (OECD
2011).

1.9.8 Health

The increased health issues and diseases are making developmental progress slow in
Africa. Maternal and child mortality cases and major diseases like HIV/AIDS and
malaria have not met the 2015 targets. It is important for the government to enhance
improvement in primary health care and intensify preventive methods and control
measures of diseases that are communicable or noncommunicable (Timko 2011).
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1.9.9 Agriculture, Food Security, and Nutrition

Structural transformation of the agricultural sector is insufficient because raw mate-
rials are not evidenced in the agricultural sector. This has prevented agriculture from
attaining its full potential. Efforts have been made to make agriculture sustainable by
adopting practices that can enhance competitiveness and productivity and do not
pose any risk to natural resources. The goals of food security, nutrition, and health
will be achieved when there is increasing agricultural productivity on existing land
and reducing food wastage.

1.9.10 Natural Resource Base

The increased human population has resulted in a continued depletion and degrada-
tion of natural resources and poverty reduction. There is also a difficulty in water
resources management and people living in stressed environments. Appropriate
technology is required for improved usage of water in sectors of agriculture,
industry, tourism, and application domestically. Degradation of land is also a
constraint in sustainable development and increased farming and agricultural land-
based products. The sustainable exploitation of resources is a challenge with limited
value addition, benefits to people, and environmental degradation. Efforts need to be
managed and ensure economic, social, and environmental benefits presently and in
the nearest future (UNEP 2007; UNEP 2006).

1.9.11 Energy

The sustainable development and diversification in the energy sector are stagnant
and there is a need for modern access to services that are clean, safe, and reliable.
Africa has a great potential for renewable and nonrenewable energy which remains
untapped due to the limited investments in this sector and the high risks involved in
its exploitation (UNESCO et al. 2011). Despite these potentials, the economy of
Africa has shown no significant improvement, and energy poverty is increasing.

1.9.12 Climate Change

It is a major challenge to climate-sensitive sectors and their development. The cost of
mitigation and adaptation is high and the African economy is vulnerable to its cost
which has continued to escalate. The greenhouse emissions in Africa are increasing
based on land use and its changes and deforestation which are major sources of these
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gases. Adaptation to climate change is very important as humans and natural systems
need to adjust in their activities. Adaptation is more important than mitigation in
Africa and is of major concern (IPCC 2007; Juma and Serageldin 2007). The support
from developed countries in regards to adaptation and mitigation measures is crucial
to fully integrate African countries into development planning and reduction in
poverty.

1.9.13 Natural Disasters

The increased occurrence and frequency of disasters have a great impact on sustain-
able development in Africa. Particularly, the poor are vulnerable over time with
impacts on social and environmental impacts. There should be increased efforts on
monitoring and warning signs so that the responsive capacity of people can be built.

1.10 Contribution of Some Sectors to Sustainable Growth
and Development in African Countries

The African natural environment is composed of various aspects whose potential
may be harnessed for sustainable development. For example, the roles forest play in
sustainable development are very crucial and the loss of forest cover is a major
concern. Activities such as the expansion of agriculture, settlements, illegal logging,
and uncontrolled bush fires can pose a threat to forests. Recently, policies and
economic constraints have impeded the efforts of sustainable forest management.
There is now a conscious effort to reverse the loss of forest trend and achieve
sustainable forestry in Africa. Scale-up activities in afforestation, expansion of
planting in riparian areas, and forest area protection should take preeminence in
sustainable measures. Also, biodiversity loss indicates depletion and diminishing
resources in a region and it can equate to a reduction in opportunities for addressing
developmental challenges African countries are facing. The challenge majorly is the
balance between development and conservation as well as the sustainable use of
resources in the natural forests and environment. The incorporation of biotechnology
in environmental management can contribute immensely to sustainable development
in Africa. This approach has provided opportunities for the following:

* Poverty alleviation

* Enhanced food security

* Industrial competitiveness

* Promotion of sustainable use of natural resources

There is a need to adopt strategies and policies at local, community, national, and
regional levels that are data and knowledge-driven. These would seek to harness
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economic, industrial, health, and environmental benefits. The conservation of moun-
tains is critical in sustainable developmental strategies. If the ecosystem benefits are
understood, there will be additional benefits and alternative sources of livelihood.
The participation of indigenous people and the community will help to reduce all
forms of resource-use conflicts and promote development in the mountain areas.
There is a need to synergize the implementation of initiatives to promote sustainable
development and management systems. Africa is rich in tourism activities and the
developments have enabled the country to capitalize on its achievements. Although
there are obstacles affecting the sector, improvement of these areas will promote
sustainable development. These potentials can contribute immensely to the economy
of the African regions.

1.11 Future Direction for Conservation Initiatives in Africa

Based on the present situation and challenges, a conservative initiative for the future
needs to be addressed for increased economic development in the future. Some of the
challenges are:

* Measures for ensuring that ICDPs address the complexity in their social and
ecological environments must be developed. This will effectively monitor, ana-
lyze, and adapt to the changes as they arise in the environment.

* There is a need to assess, implement, and evaluate approaches to ICDPs that
address external forces that affect them. This is possible through economic and
land policy reforms, conservation and resource planning, and capacity manage-
ment in protected areas.

This reform can help in reduction in environmental pressures on the protected
areas. Examples of such pressures are the market forces on the resources and
in-migration as a result of development. Land use activities need to be compatible
with wildlife conservation strategies because most protected areas are small and
becoming isolated ecologically. Activities that are incompatible with the natural
environment along the wildlife corridors and wildlife dispersal zones should be
avoided. In the African savannah regions, pastoralism is very compatible with the
conservation of wildlife than agricultural practices, therefore efforts must be geared
at maintaining the pastoral systems around the protected areas.

Dialogue is very crucial in developmental and conservation activities; it can be
between managers and local communities or protected areas stakeholders. This
enables the identification of areas with a common interest and necessary measures
for advisory management between park managers and local people. These dialogues
are inexpensive, easy to implement, and can reduce unnecessary tensions between
park authorities and local community dwellers. Community-Based Natural
Resources Management (CBNRM) approaches have been used in Zimbabwe, Zam-
bia, and Namibia and have recorded great successes. This approach is used in land-
use regimes around protected areas for natural resource conservation. CBNRM
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approach differs considerably from ICDP because it develops management respon-
sibilities for natural resources management between wildlife and local communities
rather than developmental services in exchange for conservation. It is geared toward
communities seeing values in wildlife management on a long-term sustainable basis
rather than exploitation on a short term or the alternative use of land.

The management capacity between protected areas and local communities is
limited. The capacity of a protected area to address conflicts that may arise can be
enhanced in the following ways:

(i) Planning of Park administration

(i) Development of courses and scholarships
(iii) Development of exchange programmes and training activities
(iv) Technical assistance

(v) Focus on ecological and social monitoring of protected areas
(vi) Conflict resolution and park planning

1.12 Conclusion

Africa needs a quantifiable and scalable approach for recording and measuring the
irreplaceability of its unique environments that hold significant amounts of biodi-
versity. The African Union should scale-up plans to ensure environmental stability
and biodiversity conservation within and outside the range of protected areas. This
can be done by linking conservation data and knowledge to action. Another key
strategy would be to understand coupled environmental interactions and biodiversity
distribution and use the knowledge of what influences them to design effective
management strategies. No doubt, the unpredictability of environmental change
from emergent properties and human impacts on biodiversity will make it complex
to manage, but it is known that biodiversity and environmental conservation is a
“crisis discipline”. Although none of the issues highlighted from the horizon scan of
sub-Saharan Africa’s biological and environmental is chaotic, the future is
unpredictable and would need strategic communication, continuous engagement,
and education to understand changes (Seymour et al. 2020).

Developmental goals in Africa need to be aligned with biodiversity and environ-
mental sustainability goals if the integrity of the system is to be maintained in the
long run. At the center of the development and sustainability conflict in Africa are
scientific bias, poverty, diseases, non-integration of local knowledge systems
(mainly utilization and conservation), poor technology, weak policies, insufficient
capacities, lack of job opportunities, food insecurities, etc. Each of these issues needs
to be uncoupled and addressed for the benefit of the systems. Financial compensa-
tion and incentives offered from a distance or in isolation are no longer cutting it. A
people-centric approach should be adopted for biodiversity conservation and envi-
ronmental sustainability in Africa. Consultation with local communities through
town hall meetings, seminars, training programmes, and workshops should be held
regularly to keep the people engaged in the management of biodiversity and
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environmental resources. This incorporates aspects of the progressive philosophies
for ethical and authentic integration of local communities in biological resources and
environment conservation described in Montgomery et al. (2020). This human
heritage-centered conservation framework is summarized to include using local
languages to communicate conservation goals, incorporating traditional systems,
supporting interdisciplinary research, collaborating with local authorities, applying
heritage-based solutions, building local capacities, providing and retaining opportu-
nities locally, degree and training incorporation for indigenes in conservation
programmes, and promote local revenue systems and peer-review of conservation
solutions. Further, to balance development with biological and environmental sus-
tainability in Africa would also require an understanding of the capacity of the
continent’s resources, producing and applying this knowledge to distribute the
resources for efficient utilization and management, and then modelling current use
with population growth estimates and current and potential threats to produce a
viable system for the future. This kind of approach is necessary because interactions
between drivers require a robust prediction of emergent characteristics to address
potential complication areas.
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Chapter 2 ®)
Biodiversity Conservation and Tourism s
Sustainability in Africa

Bukola Omotomilola Adetola

Abstract The long-term viability of the tourism industry and the preservation of its
principal attraction (nature) are inextricably linked. Biodiversity conservation is a
fundamental obligation of all economic sectors and a unique paradigm in the tourist
sector that makes tourism more biodiversity-friendly. Assets of biodiversity are
powerful forces shaping tourism’s essence, including the human drive to see and
experience the pristine ecological settings. Moreover, Africa boasts of rich diversity,
and in this continent, biodiversity endowment offers opportunities for economic,
social, and ecological development. Whether scuba diving on coral reefs or watching
wildlife, most tourists enjoy the natural beauty (animals and vegetation) that sur-
rounds them. However, the high rates of tourist expansion must be balanced against
the problems that come with it, such as massive volumes of traffic, trash, a huge area
of land and resource consumption associated with travel, and impacts on fragile
ecosystems among others. The tourism sector appears to place a long-term emphasis
on environmental conservation and protection because of the importance and
uniqueness of the environmental quality and biodiversity for tourism, and they
encourage and support sustainable tourism operations. Responsible tourism benefits
indigenous communities and residents by improving their standard of living while
also preserving culture and biodiversity.

Ecotourism, a sustainable tourism strategy, is an interface of conservation con-
cerns and tourism interest, a synergy that jointly preserves the environment’s quality
while protecting nature and promoting tourism. Consequently, Africa’s response to
the Sustainable Development Goals (SDGs) will be ineffective unless its biodiver-
sity is conserved and used sustainably.
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2.1 Introduction

Biodiversity is a blend of two words, ‘bio’ which means life and ‘diversity’ means
variety. These words are combined to give a literal meaning of ‘variety of life’. This
means that the various species and forms of plants, animals, and microorganisms
make up biodiversity. Biodiversity includes various aspects such as ecological,
species, and genetic biodiversity. Varieties of various ecological zones such as
rainforests, savannahs, woodlands, deserts, mangrove swamps, etc. are referred to
as Ecological Biodiversity. Species diversity denotes the various species of animals
and plants living within an ecosystem such as elephants, squirrels, oak, baobab, teak,
etc. Genetic biodiversity considers the genetic makeup and modifications of each
species and its varieties across several members of the same species. Life is made up
of various components and the differences which it possesses make up its varieties;
this is responsible for its beauty and spontaneity.

The efficient and effective usage and protection of resources for the current and
imminent use are being referred to as conservation. It is the act of guarding and
keeping safe unique natural resources for mankind. Biodiversity conservation,
therefore, is the act of preserving or effectively managing the flora and fauna
resources for the benefit of present use and ensuring their sustenance for the sake
of future generations. Biodiversity is self-sustaining by nature and regenerative if
properly managed. The implication is that biodiversity can replicate itself in larger
quantities and if its growth exceeds the capacity of an environment; nature helps to
introduce certain factors so that equilibrium can be reached. Therefore, it can be
inferred that minimal efforts are required for the sustenance of biodiversity, if their
resources are properly conserved. Biodiversity conservation invariably involves
creating awareness, changing perception, and changing the behavior of people
towards sustainable utilization of natural resources around us.

One of the potentials of biodiversity conservation is its ability to generate revenue
through tourism. This is beneficial to national development as revenue would be
derived from various activities relating to nature tourism, both directly and indi-
rectly. Nature tourism is a form of tourism in which the main attraction is focused on
the variety and beauty of nature, such as plants, animals, birds, beautifying land-
scapes, water bodies, and so on. It would attract tourists from other countries who
would visit for sightseeing, and in the process, purchase other artifacts and visit other
attractions. They would also pay for services such as transportation, accommodation,
travel, and hospitality during their stay, all of these sum up to give a major boost to
the country’s economy. This situation can be observed in Kenya’s Wildlife and
Tourism sector. Sustainable tourism and responsible tourism are centered on the
concept of sustainability, which is defined as “meeting current expectations and
needs without endangering future generations’ ability to fulfill their own needs”
(Steck 2004). In touristic locations, sustainable development must balance the
interests of the tourism sector, tourist satisfaction, and biodiversity conservation.
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2.2 The Tourism Sector

The tourism industry is frequently referred to as the largest industry in the globe,
making significant changes to GDP, employment creation, and the number of
services provided for clients. In 2016, more than 1.2 billion international tourists
visited the United States, resulting in huge economic effects and goods and services
mobility (UNWTO 2015a; 2015b). Tourism is classified as an export because
customers come to the product to consume it onsite, and it is the world’s largest
foreign exchange earner (Eilat and Einav 2003). The United Nations World Tourism
Organization defines tourism as an economic and socio-cultural phenomenon
wherein tourists visit countries or regions other than their usual residence for
pleasure or business purposes. Visitors could either be tourists who stay for more
than 24 h in the place visited or excursionists staying for less than 24 h; visitors could
also be residents (domestic) or nonresidents (foreign) are the individuals in question,
and their activities, many of which require tourism expenditure (United Nations
Statistics Division 2010). Tourism has been adopted and promoted by developing
countries due to its potential to significantly contribute to economic growth and
development, especially in Africa (Kester 2003). According to Eilat and Einav
(2003), tourism is extremely important for economic growth because of the influence
it has on jobs, foreign exchange earnings, infrastructural facilities, revenue collec-
tion, and world peace promotion. Africa’s endowment of nature and culture is such
that tourism could considerably profit from it. Christie and Crompton (2001)
affirmed Africa’s tourist potential as being enormous, “Africa has a lot to offer
that can no longer be found elsewhere;” according to the report, Africa invokes a
sense of empathy and a good romance as the world of expeditions and pleasure
seekers. Africa has some of the most beautiful vistas on the planet, as well as scenic
landscapes that only some places can match. The nature-based riches, as well as its
traditional culture and customs, are a significant attraction. Some African countries
have become the cornerstone of tourism aid, especially in Tanzania, South Africa,
Zambia, Kenya, and Botswana where wildlife tourism has been projected to be a
successful venture (Hottola 2009). South Africa and Morrocco with 29% and 22%,
respectively, accounted for over average of all international tourists. The region
welcomed 52.4 million tourists in 2012, and the UNWTO predicts that this number
will rise to 134 million by 2030, from 85 million in 2020. Tourism accounts for one
out of every eleven employments. Despite the encouraging gains in recent years,
Africa barely accounts for 5% of worldwide tourism and 3% of receipts, totaling US
$ 1 billion. The entire contribution to GDP scaled to 9% in 2012, with total
employment increasing to 7.1 percent (WTTC 2013). Tourism is already a growing
contributor to GDP and exports in more than half of African countries. (Christie and
Crompton 2001). A huge increase in tourist arrival has been observed since the early
1990s in Africa (Chen and Devereux 1999).

The travel and tourism industry generated USD 39.8 billion in economic activity
in Africa’s Sub-Saharan countries in 2003, accounting for 2.4 percent of the region’s
GDP and 5.4 percent of all jobs in the region. The entire export value of international
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tourism is $1.5 trillion, according to the UNWTO (2015a), 2015b). America, the
Pacific, Asia, and Africa have witnessed the biggest growth in terms of tourism
dollars earned. International arrivals would in 2030 reach approximately 1.8 billion
based on UNWTQO’s Tourism 2030 Vision study (Association of Bhutanese Tour
Operators 2010). Africa’s tourist potential remains untapped and unrealized, despite
its excellent endowments and strong tourism growth over the last decade.

2.3 Biodiversity as Tourism Attraction

Biodiversity is a tourist attraction rather than a market niche. It has a significant
economic impact on the tourism industry. While tourism is often thought of as a
service business, tourist products are collections of goods and services, with the
goods being at least as essential as the services. Because the environment provides
tourist attractions such as scenery, health, rare plants and wildlife, and interesting
cultures, tourism is described as “renting out other people’s environments.” Biodi-
versity is an important consideration when selecting a tourism product. Zoo visita-
tion and visits to wildlife reserves, as well as other nonconsumptive tourism like
game viewing, bird watching, whale watching, and dive tours, as well as consump-
tive tourism like hunting and fishing trips, are all good examples.

Tourists are drawn to natural environments with a diverse range of species.
Swimming in clean seas surrounded by fish and coral reefs, as well as observing
seabirds, are popular activities for visitors to coastal areas. Others travel to Africa to
witness wild creatures. All these activities require that ecosystems remain intact and
thriving. National parks rely on healthy ecosystems to provide recreation, education,
culture, and entertainment to visitors (Melita and Mendlinger 2013). The findings of
Adetola et al. (2021) revealed that hiking in the rainforest vegetation is the most
popular tourist activity in Cross River National Park, Nigeria, because the park
provides a wonderful wilderness experience with its dense canopy forests, consisting
of tall trees with huge buttresses, the coolness of the environment, the freshness of
the air, and the sweet songs of the forest-dwelling birds. Its diverse flora supports a
wide range of wild animals, including the Cross River Gorilla (Gorilla gorilla
diehli), the Chimpanzee (Pan troglodytes), Forest Elephant (Loxodonta cyclotis),
and the bare-headed rock fowl (Picarthates oreas) among others. Tourists who visit
scenic areas, the majority of which owe their unique character to vegetation and
animals, and the underlying topography, need to know about biodiversity, the threats
they face and what they can do to help for its continued existence. The rate at which
humans utilize resources of nature has exceeded their natural ability to replenish
themselves. Hence, the need for nonconsumptive use of these resources in the form
of ecological tourism, where tourists learn in a relax mood and nonformal settings
through guided and/or self-guided tour in conservation areas both in situ and ex-situ
(Adetola and Akinboboye 2020).

Pristine ecosystems with diverse animal and plant communities are critical to
preserving air quality, freshwater, and unpolluted environs which are important
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tourism pull factors in many countries (Buckley 2004). Biodiversity is a major draw
for a somewhat separate and quantifiable industry segment known as nature, eco, and
adventure tourism. Tourism has enormous potential to aid in the promotion and
preservation of biodiversity. Tourism employs about 9% of the worldwide work-
force, with 1.2 billion tourists visiting each year and producing US$1.5 trillion in
revenue (third Asian Pacific Summit). It is important to note that the industry’s size
and rate of expansion present opportunities and challenges to biodiversity protection.

2.4 Sustainability

The first public statement on sustainability was released in 1987 by the Brundlland
Commission. According to the concept of sustainable development, growth in
economic terms and protection of the environment are compatible partners. You
cannot have one without the other. Sustainable development, according to (GOssling
et al. 2009), is “development that meets current needs without jeopardizing future
generations’ ability to meet their own.” Then the practical way of thinking in terms
of sustainability is nothing more than a guiding philosophy containing specific ideas
about our interaction with the natural world, rather than as an endpoint. One of the
most essential distinguishing characteristics of tourism in today’s globe is sustain-
ability. To preserve a tourism destination’s biodiversity, many actions are
implemented, including obtaining a good harmony among the location’s environ-
mental, social, and economic components.
Sustainable Development Goals targets that are tourism-related include:

SDG Target 8.9: devise and implement policies to promote sustainable tourism that
creates jobs and promotes local culture and products;

SDG Target 12. b: develop and implement tools to monitor sustainable development
impacts for sustainable tourism that creates jobs and promotes local culture and
products; and

SDG Target 14.7: by 2030, increase the economic benefits to small island develop-
ing States and least developed countries from the sustainable use of marine
resources, including through sustainable management of fisheries, aquaculture
and tourism.

Responsible tourism is a great asset that can help control and minimize the
negative economic, social, and environmental consequences of mass tourism (Fen-
nel 2008). During Globe ‘90 Conference in Vancouver in 1990, organizations
“discussed the challenge of applying the wider principles of sustainable develop-
ment to the tourism sector”. As a result, a set of five sustainable tourism goals
emerged by Tourism Canada, 1990 in Miller and Twining-Ward (2005), which
include the following:

1. increase in knowledge and comprehension of the substantial achievements that
tourism could harness to the economy and environment.
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. encourage fairness and advancement;

. advance the standard of living of the indigenous community;

. provide an excellent tourist experience;

. sustain the quality of the environment upon which preceding objectives are
entirely based.

N AW

Tourism sustainability is premised on the actualization of these objectives.

Tourism that is established and maintained in a manner and large form that will
continue to be economically viable indefinitely while having no negative impact on
the physical and human environment that supports and nurtures it is referred to as
sustainable tourism. ‘Meeting existing tourism and host region demands while
safeguarding and expanding future potential’ (Fennel 2008).

Sustainable tourism is based on three essential ideas. The first principle is the
importance of quality. Sustainable tourism should deliver a top-notch experience to
visitors, while also increasing the well-being of the host community and
safeguarding the environment.

Continuity is the second essential principle. This includes continuity of the
resources on which tourism is founded, the continuity of the host community’s
culture, and the continuity of visitor support or tourist demand which are all required
for sustainable tourism.

Finally, sustainable tourism is all about finding a happy medium. The goal of
tourism goal is to strike a balance between the needs of the host, the needs of the
guest, and the ecology of the location.

2.5 The Significant Value of Biodiversity for Sustainable
Tourism

African governments have long advocated biodiversity conservation through careful
resource management, and significant progress has been made in the protection and
recovery of wildlife populations (Blanc et al. 2007). Eastern and southern Africa’s
tourism industries are built on wildlife and outdoor leisure. About 20% of
South Africa’s land area is dedicated to game ranching and conservation,
representing a significant percentage of the tourism revenue generation in
South Africa (Van der Merwe and Saayman 2003). The Zululand Birding Route,
along with the established Greater Limpopo Birding Route, is expected to be worth
ZAR 50 million (US$ 6.8 million) in direct economic value to the South African
region each year (Birdlife International 2008).

In locations of exceptional avian richness, birding routes provide tourists with
specific itineraries, skilled local guides, and birder-friendly lodging. Seventy-five
percent of international tourists and 55 percent of domestic tourists participate in
nature-based or outdoor activities in Australia (Tourism Australia 2009), and these
visitors stay longer and spend more money than other visitors. According to market
research conducted in 2000, 42 percent of European travelers surveyed included a
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visit to a natural park in their vacation plans (Convention on Biological Diversity
Secretariat 2008). Tourism related to high-quality natural areas is projected to be
valued at £5 billion annually in England (GHK Consulting Ltd. and GFA-Race
Partners Ltd. 2004).

Coral reefs in the Caribbean provided tourism earnings worth an estimated US$
4.7 billion in gross revenue and US$ 2.1 billion in net revenue in 2000 (World
Resources Institute 2004). In Mexico, around 14 million domestic and foreign
tourists visit federally protected areas each year, paying a total of US$ 660 million
(Convention on Biological Diversity Secretariat 2008). In the United States of
America, 87.5 million tourists went for wildlife watching in 2006, hunting, or
fishing, spending a total of US$ 122.3 billion on these activities, including US$
37.5 billion on food, housing, and transportation (United State Fish and Wildlife
Service 2007), tourism to beaches, estuaries, and wetlands attract 85 percent of all
tourist visitation in the United States, vastly outnumbering tourism to theme parks
and national monuments (Houston 1996). These figures show the magnitude of
biodiversity-based tourist contributions to the economy.

Most biodiversity hotspots in developing nations, such as Madagascar, Uganda,
Tanzania, South Africa, Costa Rica, Ecuador, and Belize, have biodiversity as a
major tourism attraction. Even though only a small percentage of visitors come to
see wildlife, its vast biodiversity is a crucial influence in their decision to visit these
places. Visitors may choose to prolong their stays in these areas to visit other tourist
attractions such as cultural or heritage sites or leisure resorts. The image established
by these places’ biodiversity is thus critical for marketing all forms of tourism they
provide, whether these are primarily focused on biodiversity.

The tourism industry is heavily reliant on the country’s diverse and untouched
stunning features, including rare flora and fauna found in parks, nature reserves, bird
parks, marine parks, and neighboring coral reefs in many places. Protected areas, for
example, play an essential role in biodiversity conservation, and tourism is consid-
ered as an incentive for public participation in conservation, which is central to
parks’ role. Protected area managers can assist people in understanding ecotourism
and promoting sustainable tourism. This is accomplished through the employment of
various management tactics such as providing and maintaining visitor facilities,
controlling where tourists go and what they do, and providing educational programs.

2.6 Description of Tourism Trend in Africa

The arrival of international visitors in Africa has risen by 29.5 percent since 2000.
With a 19.9% increase since 2000, Sub-Saharan Africa has had the fastest growth.
Since 2000, North African growth has been sluggish, increasing by 9.6%. Arab
Spring has had a detrimental influence on tourism outcomes in North Africa since
2010, the region’s growth slowing to its lowest level in four years. Sub-Saharan
Africa, on the other hand, saw a significant increase in tourists, adding to the
continent’s modest growth. In 2014, the region accounted for 5% of all international
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arrivals and 3% of all tourism receipts. North Africa rose by about 1% in 2014, with
foreign visitor arrivals in the leading destination, Morocco’s arrivals, increased by
2% following a strong performance in 2013, whereas Tunisia’s arrivals declined by
3%. In 2014, Sub-Saharan Africa increased by 3%, according to estimates. Cote
d’Ivoire (+24%) and Madagascar (+13%) both experienced a significant increase in
2014, according to available data; nevertheless, arrivals to South Africa, the sub-
region’s most populous destination, remained steady (WTO Barometer 2015).

2.7 Ecotourism Clustering Potentials for Conservation
of Biodiversity and Sustainable Tourism

According to Tapper and Cochrane (2005), tourism can help with sustainable use
and biodiversity conservation in a variety of ways:

i. promoting the economic value of biodiversity conservation and sustainable use
through tourism stimulation, particularly where jobs are created and local prod-
ucts and services are used, may aid in the reduction of unsustainable natural
resource exploitation.

ii. Biodiversity conservation promotion at the national and local levels through
increased visitor awareness and enlightenment campaign.

iii. revenue generation for conservation through tourism.

The link between sustainable tourism and biodiversity is straightforward: it is
centered on the idea that sustainable tourism should contribute to biodiversity
protection (Convention on Biological Diversity Secretariat 2007).

Ecotourism is a sustainable tourism strategy that brings conservation concerns
and tourism interests together in a synergy that protects the environment while also
increasing tourism (Huybers and Bennett 2002). Ecotourism has been at the fore-
front in terms of growth among the tourism business, rising with more than thrice of
the whole sector (TIES 2008). Consequently, there is no doubt that environmental
concerns are growing in tandem with the long-standing pattern of travel as a practice
of being enticed to experience nature’s beauty, propelled by “the pressures of urban
living that encourage people to seek solitude with nature,” resulting in the height-
ened number of visitors to conservation areas like the parks, game reserves, wildlife
sanctuaries, and other protected areas (Ceballos-Lascurain 1990).

Ecotourism is defined by the International Union for Conservation of Nature
(IUCN 1997) as “environmentally responsible travel and visitation to pristine natural
areas for enjoyment and admiration of scenic features (and any associated cul-
tural traits both past and present) that promote conservation, minimize visitor impact,
and delivers active socioeconomic involvement of local people.”

The International Ecotourism Society (1990) describes ecotourism as “the type of
tourism that requires responsible travel to natural areas that conserves the environ-
ment and improves the standard of living of local people”. Minimizing impacts,
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increasing cultural and environmental awareness, providing positive experiences for
both visitors and hosts, providing financial justification for conservation, empower-
ment, and financial benefits for residents, and creating awareness and enlightenment
campaigns on the environmental, social, and political climates of host communities
are among the principles asserted.

Ecotourism is seen as a meeting place for conservation and tourism interests,
allowing for the necessary synergy to conserve environmental integrity while also
encouraging tourism. It is an important strategy for the preservation of healthy
ecosystems and the economic well-being of any host-area community. As a result,
it has been lauded as a novel tourism strategy that strikes a balance between
development and economic gains while helping both environment and tourist
destinations. It should be an ideal apt for preserving biodiversity and finding
nonconsumptive uses for natural assets (Kutay 1989). In many regions, the ecotour-
ism venture is based on the country’s diverse untouched beautiful nature, including
rare flora and fauna in conservation areas, game reserves, wildlife parks, bird parks,
coastal ecosystems, and coral reefs. Because natural assets such as landscapes,
wildlife, air, water quality, flora, and other natural heritage often lure visitors to a
location, tourism has a special interest in biodiversity conservation. Protecting,
preserving, and restoring a place’s natural ecosystems are in the best interests of
the location and its people. Biodiversity, on the other hand, is not evenly spread over
the globe. The abundance of these unique resources is determined by the geograph-
ical feature and climatic conditions of a region, while tropical ecological zones are
major hotspots being the most diverse and abundant. These tropical forest areas,
which are being destroyed at an alarming rate, are home to thousands of indigenous
species and animals (Adetola and Adetoro 2014). Terrestrial biodiversity is higher
near the equator due to the warm environment and high “primary productivity,” as
seen in Kenya, Tanzania, Borneo, Colombia, Ecuador, and the Galapagos Islands.

2.8 Africa’s Biodiversity as Ecotourism Appeal

The African continent is diverse, with untapped resources, scenic wonders, native
culture, historical landmarks, biodiversity, safaris, beach resorts, deserts, and even
more, all of which, if appropriately developed, could enhance cultural heritage
tourism, ecotourism, and adventure tourism.

South and East African countries are known for being the best destinations in the
universe to see the “Big Five” (Leopard, Lion, Elephant, Buffalo, and Rhinoceros).
In addition to Africa’s conventional safari sites, new goods such as gorilla trekking
in Central Africa are emerging as alternative or complementary safari places. These
wildlife-related tourism items are only found on the African continent, making them
a one-of-a-kind focal point for African travel. Aside from the aforementioned
prominent wild animals, all countries in Africa provide exceptional opportunities
to explore biodiversity and beautiful landscape including sightseeing, wildlife
watching, bird watching, observation of marine animals, and wildlife aggregations
along migration routes (UNWTO 2015a; 2015b).
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2.8.1 Nigeria

Nigeria is a huge and intriguing country with a diverse range of ecosystems and
natural resources. Its wide climatic differences have resulted in a comfortable North-
South gradation of ecological development, which has resulted in diverse fauna and
flora sustaining around 1340 species of animals, including 274 mammals, 860 birds,
and about 460 plant species (FORMECU 1996). There are around 22,000 species of
vertebrates and invertebrates. There are approximately 20,000 insects, 1000 birds,
1000 fish, 247 mammals, and 123 reptiles in Nigeria (First National Biodiversity
Report 2001). Nigeria has around 7895 plant species, divided into families of
338 and 2215 genera, according to the most recent census on biodiversity assess-
ment, including a considerable number of endemic species (Borokini 2014). Nigeria
is one of Africa’s richest countries with diverse biological resources. Nigeria’s
wildlife resources are conserved in the nation’s protected areas among which are
the prominent national parks such as Kainji Lake National Park (KLNP), Figs. 2.1
and 2.2 present Kob (Kobus Kob) and Baboon (Pabio anubis) in KLNP, Cross River
National Park, Gashaka Gumti National Park, Kamuku National Park, Chad Basin
National Park, Old Oyo National Park (at the national level), and Yankari game
reserve (Bauchi State-owned).

2.8.2 Kenya

Kenya has a broad range of sustainable tourism offerings, such as local cultures
(aboriginal communities) and biodiversity (protection of the environment) possible
alternatives (hiking and adventure tourism, and wildlife safaris). According to the
report of Kenya Travel Tips (2018),

Fig. 2.1 Kob (Kobus Kob) in Nigeria’s Premier National Park- Kainji Lake National Park
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Fig. 2.2 Baboon (Papio anubis) in Kainji Lake National Park Nigeria

. Conservation of wildlife covers around 7.5 percent of the country.
. Kenya has 23 National Parks, 28 Reserves, six Marine Reserves, four Marine
National Parks and four National Santuaries.

3. Diverse array of wild animals, including lions (Panthera leo), African elephants
(Loxodonta africana), zebras (Equus quagga), and over 1070 bird species.

4. The coastal area is 536 kilometers long, with most of it consisting of sandy
beaches.

5. There are six UNESCO World Heritage Sites.

DN =

Although specific statistics on ecotourism are difficult to come by, there are some
statistics on tourism in general. The Kenya National Bureau of Statistics collects a lot
of tourism data as presented in Fig. 2.3 on visitors’ influx to Kenya and Fig. 2.4
reveals visitors’ purpose of visit to Kenya between 2009 and 2016. However, for
several years, the number of international tourists has remained relatively stable,
albeit with a slight decrease.

Each year, these tourists are expected to contribute $1 billion to Kenya’s econ-
omy, accounting for approximately 10% of the country’s GDP. Kenya’s main
industry, tourism, employs 9.3% of the country’s workers (Kenya Tourism Board
2016). With Kilimanjaro as a backdrop, the Kuku Group Ranch in Kenya provides a
regular route between Tsavo and Amboseli National Parks, as well as excellent game
watching for tourists at Campi ya Kanzi, including the “Big Five”. The Maasai
people are recognized for their colorful culture, wildlife sightings; Zebra (Equus
quagga) / Wildebeest (Connochaetes taurinus) and Lion (Panthera leo) in Maasai
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Fig. 2.3 Visitors’ influx to Kenya between 2009 and 2016. Adapted from National Bureau of
Statistics in Kenya 2017
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Fig. 2.4 Visitors’ Purpose of visit to Kenya between 2009 and 2016. Adapted from National
Bureau of Statistics in Kenya 2017

Mara National Reserve, Kenya (Figs. 2.5 and 2.6 respectively), and the dense cloud
forests that supply crucial water, oxygen, and carbon sources in the Maasai’s Chyulu

Hills.
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Fig. 2.5 Zebra (Equus quagga) and Wildebeest (Connochaetes taurinus) in Maasai Mara National
Reserve, Kenya

Fig. 2.6 Lion (Panthera leo) in Maasai Mara National Reserve, Kenya
2.8.3 South Africa

South Africa is an abode of a diverse range of wildlife. Lions, leopards, cheetahs,
white rhinoceroses, blue wildebeest, kudus, impalas, hyenas, hippopotamuses, and
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giraffes are among the massive animals. With a total of 1,659,793 visitors in the
years 2014/15, the Kruger National Park (KNP), which opened in 1926, is one of
South Africa’s most popular tourist destinations (South African National Parks
Annual Report 2015). With 14 diverse habitats to explore, KNP is South Africa’s
most visited wildlife conservation area. It is one of Africa’s biggest game reserves,
home to the “Big Five”, i.e., “lion, African elephant, Cape buffalo, leopard, and
rhinoceros”—as well as a varied array of other species of wildlife and birdlife.

The United Nations Educational, Scientific, and Cultural Organization designated
the Grootbos Private Nature Reserve in the Cape Floral Kingdom as a UNESCO
World Heritage Site in 2004. (UNESCO). The reserves are endowed with flora
biodiversity, with over 9000 species and 817 plant species, as well as aquatic
conservation, and as one of the few locations on earth where the “Marine Big
Five” may be observed (UNESCO 2004). Since 1999, it has played an important
role in the restoration and management of the ecosystem for the benefit of the natural
environment and residents, cooperating with local landowners and environmentalists
to protect the flora and fauna treasures.

2.9 Implication of Tourism on Biodiversity

Tourism has both positive and negative effects on biodiversity. It could be used to
protect areas from more harmful sectors of development, provide economic justifi-
cation for conservation and natural environment restoration investments, and create
local jobs in areas where other options are limited; protected areas such as the
national parks and public and private game reserves are destinations of tourisms
significance. Positive consequences include economic development and employ-
ment, foreign exchange earnings, income creation for protected area management,
and improving conservation awareness among tourists and local inhabitants and
communities.

Poorly managed tourism has severe negative consequences such as the conver-
sion of land for tourism, insufficient placement of tourism, pollution and waste,
depletion of natural assets, and animal disruption. It can also have severe societal
consequences relating to conflicts on resources, tourists’ disagreements with indig-
enous cultural values and norms, or working conditions and limited employment
possibilities for locals in tourism ventures (Drumm and Moore 2002).

Various measures, such as strategic planning controls to safeguard key biodiver-
sity locations and sensitive areas from development of tourism, sustainable environ-
mental management initiatives to minimize generation of waste and appropriate
treatment and disposal of residual wastes, adoption of strategic purchasing schemes
only to procure supplies from sustainable sources, and effective visitor management
to minimize wild animal disturbance, can make valuable contributions to mitigating
the negative effects of tourism.
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2.10 Legislation, Governance, and Policy in Ensuring
Biodiversity Sustainability

Biodiversity conservation laws are becoming more common in African countries,
owing to the landmark global environmental agreements and treaties to which most
of these countries have signed, among which are the underlisted according to
Kameri-Mbote and Cullet (2002) and Tinker (1995).

(a) The Biodiversity Convention: The Convention of Biodiversity, with which
49 African countries subscribed and have signed, aims at promoting biodiversity
sustainability, judicious use of its elements, and equitable sharing of benefits
resulting from asset usages, together with acceptable access to genetic diversity
and the transfer of related technological systems.

(b) The Conservation of Nature and Natural Resources African Convention:
requires countries to take steps to ensure the conservation of natural resources,
utilized and developed in line with guidelines and specified principles taking
cognizance of the people’s best interests. The convention also aims at
safeguarding extinction-threatened fauna and flora species, as well as their
environmental conditions. Participating countries must establish conservation
areas to protect all species and ecosystems that are most reflective of their
regions and are exceptional.

(c) Ramsar Convention on Internationally Significant Wetlands: It advocates for the
creation of Wetland nature reserves in general while emphasizing the need for
preserving wetlands for their long-term use such that they are in harmony with
the ecosystem’s inherent features. The Convention, on the other hand, does not
constrict the judicious use of species in as much as it does not impair the natural
attributes of the wetland.

(d) The Convention on International Trade in Endangered Species of wild animals
and plants (CITES). This convention is the major global framework regulating
wildlife trade through a listing process whereby endangered species are identi-
fied and removed from the international market. The CITES document enumer-
ates the biodiversity that is presently threatened with extinction as well as those
that have some indication of extermination shortly. The Conference of Parties
decides which species should be listed.

(e) The convention to combat desertification in Africa: This convention has 52 Afri-
can countries as parties, especially African countries experiencing serious
drought and/or desertification. A broad framework for coordinating efforts
against desertification is its goal to mitigate the consequences of drought in
countries suffering from severe drought and desertification, whereas the princi-
ple of mutual but distinctive obligation is accepted; it is the directly impacted
parties who carry the main responsibility for combating climate change.
(Stéphane 1995).

(f) The Convention on Climate Change is an international framework agreement
aimed at resolving climate change and global warming.
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(g) The International Convention on the Law of the Sea: This convention oversees
that the use of marine areas is governed by the United Nations Convention on the
Law of the Sea. There are rules in place to govern the management of biological
marine resources. Among these is the creation of Exclusive Economic Zones
(EEZs), which give coastal states a larger influence in managing their biodiver-
sity on a long-term basis. The Convention grants autonomous rights in the EEZ
for utilization, preservation, and management of the natural resources, as well as
imposing several obligations on coastal zone governments. They must, for
example, ensure that through effective conservation and management measures,
the survival of living resources in the exclusive economic zone is not
compromised by overexploitation. Countries are also obligated to work collab-
oratively in the management and conservation of biological resources in high-
seas territories.

2.11 Constitutional Laws and Policy for Sustainable
Biodiversity Management in Africa

For a long time, international conventions and treaties have helped the design of
national environmental laws and policies in African countries. Wildlife laws in
Africa, for example, have been heavily impacted by international and regional
laws on wildlife management and conservation.

The enactment of the African Convention has formed the basis for several African
wildlife laws. Both the 1933 Convention and the 1900 Convention, both signed by
colonial empires, incorporate the core ideas of the preservation of fauna and flora in
their natural state.

These measures have served as the foundation for reserving land for wildlife
management and have become a defining feature of African wildlife policy initia-
tives. CITES, which has also been endorsed by 47 African states, is another global
instrumental document that has had a substantial impact on biodiversity policies and
laws in African Continent. Most countries have entrenched in their wildlife legisla-
tive measures a federal ban on the trading activities in flora and fauna species
threatened with extinction. In 1977, Kenya’s Wildlife Conservation and Manage-
ment Act adopted CITES regulations by prohibiting all game animal hunting and
abolishing all authorizations to trade in wildlife products.

Concerns about biodiversity management have recently gained attention at the
global and regional levels. Therefore, in this context, African countries have begun
to develop national biodiversity strategies, plans, and programs by Article 6 of the
Biodiversity Convention for effective and sustainable management of biological
diversity in their custody. In most cases, this procedure has entailed incorporating
the conservation and sustainable use of natural resources into appropriate cross-
sectoral action plans, initiatives, and policies. Ethiopia, for example, has a national
biodiversity conservation strategy in place. As the primary goal for environmental
conservation, the framework outlines the conservation and restoration, development
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and advanced initiatives, governance and sustainable utilization of wild and domes-
ticated flora and fauna species, as well as genetic diversity (Shibru and Martha
1998).

Most African countries have policies, laws, and administrative regulations in
place to promote biological diversity conservation. These laws include measures to
regulate the trade in assets, with a focus on wildlife, fisheries, and forests. They are
not obtained through any single policy regime or piece of legislation. They can be
found in sectoral policies and legislation such as the National Wildlife Act, National
Wildlife Policy, Fisheries Act, and Forest Act. Existing wildlife and forestry laws
include provisions governing resource ownership and access. For instance, the 1989
amended Wildlife Conservation and Management Act of Kenya that regulates
unauthorized exploitation and access to wildlife resources. Individuals and/or orga-
nizations have no right to remove wildlife or its components that are constitutionally
protected without the authorization of the national wildlife agency. According to the
Act, anyone and/or institution wishing to access wildlife or sections of it must have
received permission from the competent authorities; these are the Kenya Wildlife
Service (KWS) and the Minister of Natural Resources. In addition, several African
countries have developed and implemented forest legislation to regulate the exploi-
tation of forest land and forest resources. The composition of these laws varies by
country. Many of them include provisions to prevent unauthorized access to public
forests. The Forest Act of Uganda, for example, prohibits people from entering forest
reserves to obtain any forest resource or engage in activities that may harm the forest
ecosystem. Other countries have also used other frameworks, such as trading
activities to manage their forest resources. Cameroon, for example, has used forest
legislation to regulate trade in and extract of Prunus africana since the mid-1970s.

Furthermore, several nations have included environmental provisions in their
national constitutions. The Ugandan constitution, for example, states that Parliament
is to provide protection measures, manage it sustainably, and raise environmental
awareness. A lot of nations have also included environmental provisions in their bills
of rights. As a result, the South African Constitution states that everybody has the
right to a decent environment and the right to have it protected, as well as the right to
have the environment protected through mechanisms that promote justifiable eco-
nomic and social development while ensuring ecologically sustainable development
and resource use.

Most countries’ environmental laws have evolved on a sectoral basis. Africa is no
exception to this rule, but like anywhere else, several countries have attempted to
address the issue by enacting framework legislation. Such laws frequently include
general principles of environmental management, established an institutional frame-
work for biodiversity management, and defined national environmental funds.
Countries such as Gambia, Guinea, Uganda, and Comoros have instituted frame-
work legislation.

The conceptual model also specifies the mechanisms for enforcing laws. Enforce-
ment of environmental law requirement in many African countries has relied on
penal sanctions, primarily fines and imprisonment. Overall, relying on penal sanc-
tions has proven to be an ineffective tool for ensuring compliance with the standards
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put in place. Specific sanctions have failed to deter likely offenders, and in some
cases, flouting the standards may be more cost-effective than complying. However,
some counties have attempted to use incentives to encourage action toward sustain-
able biological resource management. They could take the form of economic
measures like taxes and subsidies. However, in the process of enacting biodiversity
laws and policies, needs’ evaluation and priority setting should be conducted at the
early stage in specific countries to ensure that laws and policies are consistent with
the situation on the ground.

2.12 Constraints of Biodiversity Conservation Policies
and Laws

Although Africa has a sizable share of the global natural resources and biological
diversity, the vital natural resource on which human survival depends is in severe
danger (AfDB 2015). Countries in Africa are experiencing unprecedented rates of
resource exploitation in recent times, due to increased raw material extraction for
economic growth, land-use changes, urbanization, and weak institutional arrange-
ments. Furthermore, the occurrence of global warming poses a major development
threat to species and habitats and the future of most of the African rural populace
whose livelihood strategies are directly dependent on biological resources. Many
African countries have signed some international treaties, agreements, and protocols
relating to the conservation and protection of biological diversity. Countries have
also pledged to initiatives and declarations at the regional level to protect biodiver-
sity. Countries are required under these pledges to establish and implement national
policies, plans, or programs to promote biological variety conservation and
sustainable use.

The transformation of these worldwide regimes into regional and national prac-
tices via well-defined policy initiatives, legal frameworks, and institutional struc-
tures has been a major challenge for governments (Kameri-Mbote and Cullet 2002).
In African countries, biodiversity values are not adequately incorporated into
national development and planning agendas under current policies and institutional
frameworks. At a regional consultation discussion board, African governments
revealed their failure to fulfill the Africa biodiversity targets for 2010, quoting issues
such as inadequate inclusion and prioritization of biodiversity into larger sectors of
the economy (UNEP 2010). Governments have expressed concern about the scien-
tific community’s failure to efficiently communicate biological diversity challenges
to policymakers in ways that prioritize biodiversity in the political and development
agendas (UNEP 2010). After the inability to meet the 2010 biodiversity goals,
governments initiated a massive and detailed Strategic Plan for Biodiversity
2011-2020, to ensure the long-term viability of sturdy ecosystems and the provision
of essential services by 2020 to curtail biodiversity loss. Achieving this gap requires
policymakers to articulate policies that would slow and eventually stop the rapid loss
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of biodiversity. Given the crucial role of biodiversity in the advancement of Africa’s
economic growth and the relevance of high-quality data to inform an appropriate
decision, it has also become imperative to analyze the existing government’s poli-
cies, legislation, and institutional framework required for collecting, documenting,
and processing biodiversity data and information in African countries to effectively
meet biodiversity conservation goals.

2.13 Tourism Policy and Sustainability in Africa

A policy is, in general, a series of interconnected opinions and actions established
and applied by the government and authorized institutions to address existing issues,
concerns, and prospects (Airey and Chong 2011). Government policy is defined as
what the apex authority, the government, chooses to do or not do in society (Dye
2008). It is a planned path of action engaged by an individual or group of individuals
to address issues of worry, as well as government action in response to public
concerns (Kraft and Furlong 2015). It is an action guide, a means to a goal rather
than an end in and of itself, and a tool for resolving socioeconomic and political
issues. What authorities in charge determine to do concerning issues and problems
that require government involvement and intervention is known as public policy
(Rinfret et al. 2018).

Tourism policy, on the other hand, is a system of regulations, standards, guid-
ance, improvement, promotion, and goal-oriented techniques that form the basis for
individual and group actions that have a significant influence on sustainable tourism
development and daily routines activities within a destination. According to Hall
(2008), tourism policy aids us in comprehending the forming of regulatory decisions
and the consequences of those decisions. It gives information on real-world prob-
lems and solutions. It empowers the stakeholders and value systems involved in the
decision process to be envisioned and act as a guide to understanding policy
planning and implementation. Tourism policies are primarily designed to manage
the growth of the tourism industry. Rules are also required to maintain constitutional
control over tourism policy operations. The underlisted are some of the reasons why
tourism policy is so important:

i. It establishes the ground rules or the conditions under which tourism businesses

must operate.

ii. It specifies the kind of activities and behaviors that tourists and visitors are
permitted to engage in.

iii. It gives all tourist stakeholders in a destination a common sense of direction and
guidance.

iv. It helps people agree on precise methods and goals for a specified destination.

v. It provides a platform for public-private dialogues about the tourist sector’s role
and contributions to the economy and society.

vi. It makes it easier for tourism to interact with other sectors of the economy.
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The tourism sector’s expanding influence in Africa necessitates a detailed exam-
ination of the past, present, and future planning and policy frameworks in which
tourism might be used to achieve long-term goals. According to Christie and
Crompton (2001), African governments should take the leading initiative in devel-
oping the tourism sector by instituting legislative framework and institutional
arrangements that guarantee the sustainable development of tourism, alleviation of
poverty, and community engagement.

The United Nations World Tourism Organization (UNWTO) defines tourism
governance as “the system of managing tourist destinations via complementary
and orchestrated efforts by the government, at varying levels and in different
capacities; civil society living in inbound tourism destinations; and the corporate
sector involved in tourism operations.” Multi-stakeholder participation, interaction,
and integrity in determining winners and losers can all contribute to sustainable
tourism governance (Bramwell 2010; Qian et al. 2016).

However, African tourism governance is based on policy dissolution, which lacks
credibility, inclusion, equality, flexible power structures, and open engagement. As a
result, the socio-cultural and economic impacts are weakened, particularly in rural
areas with a high concentration of tourist resources. To aid the transformation of
economic and financial gains in tourism into fundamental economic gains for
communities, inclusive governance must be improved. This will necessitate bridging
the gap between theory and practice in the industry. Justice, inclusiveness, integrity,
and control interactions between indigenous communities, government authorities,
and private enterprises must all be considered when promoting sustainable tourism
(Kato 2018).

In addition, the consistency and stability of the African tourism industry must be
guided by the principles and metrics of sustainability, with the following broad
objectives in mind.

Institutional Structure

(a) Destination governance policy guidelines

(b) Framework for Guest Governance

(c) Platform for Tourist Security

(d) Planning and policy standards for various tourism activities
(e) Initiatives for employee capacity development in tourism

Economic Principles

(a) Before promoting tourism, consider the economic implications.

(b) Increase links and reduce leakages to maximize local economic advantages.
(c) Assist communities in participating in and benefiting from tourism.

(d) Facilitate the development and marketing of local goods and services.

(e) Encourage fair commercial practices and recompense with reasonable rates.
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Guidelines for Social Behavior

(a) Empower host communities in the decision-making and planning process.
(b) Examine the social consequences of tourism activities.

(c) Appreciate and respect socio-cultural varieties.

(d) Take cognizance of the culture of the host community.

Environmental Practices

(a) Minimize the carbon footprint of tourism development.
(b) Utilize natural resources judiciously.
(c) Biological resources should be conserved and protected

Tourism policy and planning at all levels plays a critical role in ensuring its long-
term viability. Thus, for African nations to achieve the set tourism objectives and
goals, tourism policy must be frequently evaluated and reassessed to reinforce
sustainable tourism in Africa.

2.14 National Conservation and Wildlife Tourism Policies:
A Case Study of Botswana and South Africa

There are 2 types of policy initiatives in South Africa that regulate the conservation
areas and the long-term viability of tourism. The protected areas are governed by
11 sections of national legislation and 9 sections of provincial legislation. According
to Steyn and Spencer (2011), these are “the Environmental Management White
Paper of 1998, the National Environmental Act of 2003, as amended, the 2003
Environmental Conservation Act, White Paper on Biological Diversity Conservation
and Sustainable Use, National Environmental Management Act of 2003, the Act on
Protected Areas, the National Biodiversity Act of 2004, and the National Biodiver-
sity Strategy and Action Plan of 2006.”

The Protected Areas Act and the Biodiversity Act are two essential pieces of
legislation that drive the creation of management plans for South African National
Parks (SANParks) protected areas to ensure that protected area management is done
in collaboration with residents (Paterson 2009). As a result, SANParks has
established a stakeholder engagement strategy that will be used by park management
to manage natural resources while also maintaining cultural values (Paterson 2009).
The political transformation in South Africa resulted in the implementation of
policies aimed at promoting and developing sustainable and inclusive tourism
industry.

The White Paper on Tourism Advancement from 1996, the National Tourism
Strategic approach, the 2003 Tourism Act, and Black Economic Empowerment
(BEE) Charter are among these measures (Steyn and Spencer 2011). The guidelines
have been put in place to give business enterprises, the local communities, and the
federal government more opportunities to profit from this sector of the economy.
(Manwa and Modirapula 2019). In addition, the Restitution of Land Act of 1994, as
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amended, was critical in supporting communities in regaining land that had been
seized from them throughout South Africa’s colonial history. The San and Mier
communities became landowners within the Kgalagadi Transfrontier Park because
of this Act, as well as participants in the park’s planning and management of wildlife
conservation and tourism activities.

Botswana, too, has tourism and conservation policies initiatives in place. The
country’s tourism development is guided by the Botswana Tourism Regulation of
1994, Tourism Act of 1992, Tourism industry Master Plan of 2000, Botswana
Tourism Development Framework of 2001, and the National Ecotourism Strategy
(NES) of 2002 (Basupi et al. 2017).

The dearth of a regulatory framework to manage and expand the travel and
tourism industry, as well as the increasing significance of tourism to the country’s
economy, prompted these regulations. (Basupi et al. 2017). The Community-
Oriented Approach was established in 1997 to encourage community participation
and the development of tourist organizations at the local level (USAID 2016). These
programs, especially the NES, aim to involve the public in the country’s tourism
development.

The Wildlife Conservation Policy on Wildlife, Resources Conservation and
Development Policy, National Conservation Policy, and the Acts on National
Parks and Wildlife Conservation all developed a standard through which stake-
holders such as the community could influence environmental conservation
(Moswete et al. 2012). All these regulations also emphasize the relevance of
conservation areas to people’s quality of life, stating that societies should benefit
from things like job opportunities and long-term sustainability.

Researchers emphasize the significance of visualizing conservation areas through
the lens of their societal and cultural relationships with residents, emphasizing the
trend of incorporating community perspectives and opinions into protected area
design and management operations (Sabuhoro et al. 2017; Atanga 2019). Roy
(2016) reported that wildlife tourism and conservation in protected areas are viewed
as important to successful environmental protection and poverty reduction.

The significance of every tourism stakeholder, regardless of their level of influ-
ence, in long-term growth and preservation of natural resources is emphasized
through collaborative management (Kossomann et al. 2016). Furthermore, this
technique of protecting lands allows for the merging of traditional beliefs and
traditions with modern scientific conservation concepts (Aswani et al. 2017).
Community-based natural resource management (CBNRM) programs that demon-
strate the efficacy of collaborative management include Communal Property Asso-
ciations (CPA), Community-Based Organizations (CBOs), and Community Trusts.

2.15 Conclusion

Africa’s tourist potential is almost untapped. The African continent receives only 3%
of worldwide tourism receipts and 5% of global arrivals, according to the UNWTO
Tourist Highlights 2015 Edition. Tourism can drive Africa’s economic growth and
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employment creation if properly implemented because cultural endowments and
natural assets may be utilized to produce opportunities for local people; the industry
has the potential to make a substantial contribution to the Sustainable Development
and Social Inclusion agenda. Keeping in mind that the environment is the primary
tourism product, and that the tourism business relies on the environment for its
continued success, environmental preservation and enhancement is crucial to the
tourism industry’s survival. Ecotourism is one of the most well-known terms used to
represent this more responsible, “greener” style of tourism (a nonconsumptive use of
natural resources and an amalgam of two words- ecology and tourism). Ecotourism
promotes the preservation of human cultures for long-term continuity and sustain-
ability, in addition to the ideals of maintaining sensitive and vulnerable ecosystems/
natural environments. Ecotourism has been identified as a viable strategy and has
been described as a responsible tourism industry specifically developed to accom-
plish the sustainable usage of resources. The participation of local people,
researchers, and government officials is particularly unique and of the highest
importance for ecotourism development.

As a result, conservation scientists, the tourist industry, government, and other
stakeholders must make promoting a more sustainable and eco-friendly approach, as
well as the need to adopt responsible tourism policies, a key priority. Integrated
planning, multi-stakeholder dialogue with native peoples, zoning in land-use plan-
ning, strategic environmental assessment, standards, industry performance-
recognition programs, recognized accreditation bodies, ecolabelling, codes of good
practice, environmental impact assessment, and environmental imprinting are just
some of the tools that can help to ensure the long-term use of biological diversity
through tourism.
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Chapter 3 )
Biodiversity Conservation Strategies e
and Sustainability

Ehi Francis Okosodo and Odangowei Inetiminebi Ogidi

Abstract Biodiversity is threatened globally, but most especially in Africa due to
overexploitation and despite legislation in place to address concerns about natural
resources and biodiversity. The goal of this chapter is to give a critical evaluation of
biodiversity conservation and consumption patterns. Some biodiversity threats iden-
tified include exponential population growth, an increase in the rate of poverty, land-
use modification and fragmentation, and the introduction of harmful non-native
species. Although there is an absence of a complete record and comprehendible
template for evaluating the global pace of biodiversity extinction, there is compelling
evidence suggesting the rapid decline of biodiversity. The chapter also reviews long-
term biodiversity utilization patterns to highlight the significance of conservation
areas across Africa. Accurate biodiversity data are necessary for effectively moni-
toring and mitigating the existing rate of biodiversity loss.

Keywords Biodiversity - Sustainable uses values - Threats - Conservation - Africa

3.1 Introduction

The term “biodiversity” is commonly used to explain the total number of biological
creatures on the earth (plants, animals, fungi, and microbes). Biodiversity has been
studied from three angles by biologists. They include strain, varietal, species,
genetic, and environmental level diversities (Ogwu et al. 2014a, b; Osawaru and
Ogwu 2014a, b; Ogwu 2020). The term “genetic” in biodiversity refers to the wide
range of genes whether expressed or not within a certain locale as well as intra-and
interspecies differences. The sum of species established in a given place can be
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referred to as species diversity. Several millions of species exist worldwide. Some of
these species play essential roles in the environmental preservation and sustenance
of human socioeconomic activities (Ogwu 2019a, b; Osawaru and Ogwu 2020).
Sustaining environmental interactions and slight or large-scale fluctuations over time
are viewed as crucial for the diverse life forms on the planet. The establishment of
nonlinear relationships among biodiversity within a given size region alters context
(Ogwu et al. 2019a, b). However, many authors have expressed reservations about
extrapolating figures from a particular geographic scale.

Preference for growing a diverse range of crops is gradually becoming a standing
because it can serve as a backup if one crop collapses (Osawaru et al. 2013a, b, c).
Modern agricultural techniques, on the other hand, are predominantly monoculture-
based, with cash crops for both domestic and foreign markets receiving a lot of
focus. Local food shortages, unemployment, homelessness, and drought suscepti-
bility have resulted as a consequence (Chime et al. 2015, 2018). Irrigation, nutrients,
and insecticides have all recently become very popular. However, Africa still lags in
terms of industrial monoculture-based agriculture that is almost entirely reliant on
agrochemical use. But predictions exist suggesting that, around 2050, the pressure
from population growth might alter existing trends (Ogwu 2019b, c; Erinle et al.
2021; Evivie et al. 2020).

For ecosystems to survive, they may be reliant on the presence of a certain species
known as a “keystone or indicator species” as these organisms retain information
about the state of the environment. Many concrete buildings are supported by
structural arches, each of which has a keystone at the top that supports the entire
arch and, therefore, the building. Similarly, the survival of an ecosystem may depend
on the presence of a particular species. These species are essential to the ecosystems
in which they live; without them, ecosystems would become unstable and eventually
change to a new equilibrium, which is often less biologically diverse and hence less
capable of supporting human existence. Orycteropus afer is an example of a
keystone species in Africa that contributes to savanna ecosystem diversity by
excavating holes that serve as dens and burrows for a variety of savanna species’
reproduction and protection. It should be evident that biodiversity and human well-
being are inextricably linked. The fact that people need to eat species that are part of
the earth’s biodiversity and depend on the stability of other species and ecosystems
shows that they are dependent on climate, nutrient cycles, and ecosystem stability
(Ikhajiagbe and Ogwu 2020, 2021).

Based on the roles of certain species in maintaining and sustaining life forms, in
addition to managing environmental degradation which is characterized by the
modern society in the Global North probably due to urbanization, industrialization,
and population growth, there is a need to conserve life forms with pivotal roles in
Africa and other parts of the Global South. This chapter

focuses on sustainable conservation and utilization strategies of Africa’s
biodiversity.
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3.2 Biodiversity and Sustainable Development

The Brundtland Report, published in 1987, presented the notion of sustainable
development. However, the role of reconciling the framework of economic growth
is frequently contradicted by the need to reverse ecological damage while simulta-
neously advancing human rights and poverty reduction. Meeting current demands
without jeopardizing previous generations’ ability to fulfill their own is a fascinating
and long-term concept. It’s always been challenging to transform basic sustainable
strategies into practical solutions. The basic concepts of viability, such as in terms of
inter and multi-equity, present a slew of tough challenges. Nonetheless, the notions
of ecological sustainability may be useful in determining the objectives and conse-
quences of ecological and sustainability initiatives. Additionally, while considering
how we must live in reality, stability and progress become more than abstractions or
ideals. They serve as a link between our forward-thinking and preparation and the
activities and consequences rooted in natural ecosystems and contextual factors.
Sustainability’s materialism, or conciseness, is constantly there as a potential resis-
tance to those who want to promote their own limited goals, and by extension limit
and modify other people’s choices in a variety of ways. Lockie claims that for
sustainability, at least three interconnected sets of needs must be fulfilled. For
starters, long-term success necessitates knowledge. As climate variability shows,
the time and geographical patterns of social behavior are characterized by abrupt
planned and unplanned change, interlocking impacts, and unforeseen repercussions.
It will never be solely about preserving stable ecosystems, societies, or economies to
provide humans with a long-term good environment. Environmental management
must be established with the use of existing data and involve native people managing
native environments. Our present understanding of global processes and other
political and social groupings will inevitably be proven as insufficient and outpaced
as species and ecosystems, and also human organizations and individuals, develop in
unforeseen ways. In practice, this would imply reengineering our education system
to include continuous improvement and the flexibility to adjust to changes in
learning and facts. It’s important to plan for the long term, but it’s much more
important to understand it (Ogwu 2009, 2010). Second, sustainability necessitates
dialogue, i.e., information sharing and conversation about major issues that are
accessible to all individuals who may be involved in the situation. More than merely
people’s right to vote in democratic elections is at stake. The problem of acquiring
local or indigenous information isn’t the only one. Contemplation is also required
within sustainability since the human environment is a continually changing pano-
rama of information, beliefs, objectives, ambitions, and alliances, all of which are
equally significant (Osawaru and Ogwu 2014a, b; Osawaru et al. 2016; Ogwu et al.
2016a, 2017, Ogwu et al. 2018a, b). Deliberation, as required by sustainability and
sustainable development, also means realizing that the human environment is a
dynamic terrain of knowledge, beliefs, objectives, aspirations, and coalitions, all of
which are critical. Each interaction or conflict with others in the context of environ-
mental management can modify existing senses, beliefs, and goals. As new special
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interests emerge, areas of agreement and disagreement evolve. So, democratic
debate is needed to understand and respond to the fluid reasons why social networks,
interpretations, and goals are built and rebuilt by social and economic change
processes.

Long-term sustainability also necessitates openness. Implementing new action
plans is insufficient. It is critical to examine our strategic work and training. We must
distinguish between appropriate and unsuitable, effective and failed, exceptional and
dreadful efforts to make altogether possible social, now and in the past, and
regulatory frameworks that draw together a diverse group of participants. During
human history, several organizational frameworks have been formed to ensure such
responsibility (for example, property rights and responsibilities, pollution licensing,
production standards, etc.). The critical evaluation must be broadened and increased
via knowledge and dialogue for these arrangements to be sustainable.

3.3 Value of Biodiversity

The value of biodiversity is often seen from the perceptive of ecotourism and its
uses. Aside from the financial benefits of biodiversity preservation, there are several
ways biodiversity can significantly impact our perceptions, inspiration, and origi-
nality. African biodiversity is a significant aspect of the global tourism business.
National parks, sanctuaries, and resorts all over the continent attract visitors from
across the world who are looking for some downtime to rest and rejuvenate. These
kinds of activities promote calmer dispositions, but also help to improve our
interactions with nature in terms of cultural, moral, spiritual, and ethical. This defines
the sacredness and interconnectivity of all living organisms. According to the
definition of ecotourism, it is “known to natural places that seek to sustain the
ecosystem and local well-being.” Ecotourism benefits poor countries like many of
those within the African continent in several ways, including by creating alternative
solutions, which have little to no environmental impacts. Residents and visitors alike
are more conscious of the need of protecting natural and cultural resources. Both
monetarily and in terms of foreign exchange, it is beneficial to host cities by
promoting economic growth and well-being. Nature-based tourism which is often
hailed as a realistic development platform for underdeveloped countries has enor-
mous potential. For instance, the Argungu Fishing Festival in Northern Nigeria is a
popular attraction as well as the Hadejia Nguru Wetlands among others that are
scattered all over the African continent. In addition, these sites serve as hosts and
have the capacity to sustain and welcome millions of migrating birds and other
animals like wildebeests. There are a lot of promising biodiversity in Africa’s natural
forest (especially nature reserves), coastal habitats, and wetlands resources. Cross
River gorillas (Gorilla diehli), African elephants (Loxodonta africana), lions
(Panthera leo), and chimps (Pan troglodytes ellioti) are among the most well-
known big animals in the region. Several species of birds, reptiles, amphibians,
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and fishes abound in the region. However, due to excessive exploitation and other
human activities, many are near extinction in the region.

Biodiversity has a significant influence on human health. Farming and food,
healthcare, commodities, and other useful aspects are all made possible by biodi-
versity (Izah and Seiyaboh 2018a, b; Ogwu et al. 2016b,c,d; Izah et al. 2017). It
enables humans to live in environments where they would otherwise perish. This is
because many forest resources including plants and animals have been used to treat
several human diseases. A lot of current medicines make use of mixtures of
biologically diverse chemicals based on numerous plants (which we, therefore,
label medicinal). Some of these plants have been comprehensively documented
(Izah et al. 2019a,b,c, 2018a,b,c,d; Izah and Aseibai 2018; Enaregha et al. 2021;
Kigigha et al. 2018a, b, 2016a, b, c, 2015a, b). Ayurvedic and Unani medicinal
traditions employed several herbs to provide a range of benefits before modern
medicine’s arrival. Humans would be far more susceptible to illness if such plants
and the myriad insects that pollinate and cross-pollinate them were not present. The
ecosystem’s diversity supplies forest dwellers with all they need daily, including
food, building materials, fodder, medications, and a range of other items. Without
biodiversity, we are without shelter, as it supplies us with materials such as timber.
Biodiversity contributes significantly to the food sources of humans.

3.4 Threats and Consequences of Biodiversity Loss

This section of the chapter summarizes the threats and consequences of biodiversity
loss (Fig. 3.1).

3.4.1 Extinction

The greatest evidence of the extinction of species is the loss of distinct taxonomic
groupings. Most worrisome is the disappearance of African species before they are
properly classified or characterized (Osawaru et al. 2014a, b, c, 2015a, b). Back-
ground extinction is ongoing, and if unchecked, might continue until no more
members of a taxon survive, either in a small area of their habitat or over their
whole range, and they are deemed extinct. Biodiversity decline is usually examined
at the species level, but it may also be examined at the subspecies or population
level. Each species has its collection of genetic, evolutionary, behavioral, and
ecological characteristics that cannot be recreated after it’s gone extinct. Extinction
and evolution (cum speciation and diversification) occur when current species die
and new ones evolve or develop respectively. Speciation has been continuous across
the Paleozoic, culminating in a vast spectrum of diversity. Across the earth’s natural
history, biodiversity loss has been a repeating problem, but in this geologic era,
humans and human activities are the driving force. According to paleontology, there
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Fig. 3.1 Threats and Consequences of Biodiversity Loss

have been five cataclysmic extinctions that wiped out the majority of taxa. Habitat
loss and other issues have a big influence on these areas. Extinction reduces
biological diversity. The most successful strategy for expanding diversity is sustain-
able biological development, which requires a reassessment of extinction events in
prehistoric periods. Following the massive habitat fragmentation that led to substan-
tial biodiversity losses, habitats needed millennia to recover, resulting in a more
homogeneous biosphere in terms of medicine and ecosystem.

3.4.2 Genetic and Behavioral Degradation of Taxa

The term “biodiversity” refers to the genetic and behavioral diversity observed in
populations of a species. Species differences are the most evident type of variety,
notwithstanding the importance of population and genetic variants in species sur-
vival. It may be difficult to discern various populations within a species when the
border between them can be referred to as fuzzy—asexual reproduction or hybrid-
ization are some examples. Population loss and change as a result of human actions
are the two fundamental causes of genetic and behavioral deterioration. When the
majority or all of a species’ surviving members are kept in captivity, as in the case of
the Spix’s macaw, limited populations have a significant number of both, which is
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necessary for diversity (Cyanopsitta spixi). A large number of species, which include
Procyon lotor and Passer domesticus, have adapted to people and abandoned most
of their native habits as a result of their modified habits in response to human
sources, limiting natural variations. On the other hand, wild populations are
extremely fragile. Several chimp groups including Pan troglodytes use twigs to
remove termites from their stacks and stones to crack the nuts open. Human
interaction can cause invertebrates to change or lose their habits or modify their
behaviors as a form of an adaptive response strategy. The Danaus plexippus is not a
serious global issue, but its populations migrate in extreme ways along with different
countries. The disappearance of certain habits reduces total diversity, which might
have lengthy consequences for other populations and species (Izah 2018; Izah et al.
2018e). Different genetic alterations occur throughout a species’ populations,
resulting in comprehensive biological and ecological roles in a broad range of
environments.

3.4.3 Habitat Degradation and Fragmentation

The establishment of specified corridors is required to maintain population connec-
tivity while conserving genetic diversity. When dispersal patterns in fragmented
environments are altered, the genetic make-up of smaller populations is accentuated.
For example, the loss of some plant species might affect the function and structure of
the ecosystem. Habitat deterioration happens when a section of the natural ecosys-
tem is destroyed or changed. While less visible, habitat damage and fragmentation
are less detrimental than habitat loss. Substantial human or animal usage is another
activity that has a detrimental influence on habitat quality. The Molothrus ater brood
parasitic bird in the savanna habitat is an example of how fragmentation disrupts
ecosystems by limiting the ability of species with large habitat variants or specialized
ecosystems to live, while allowing species to thrive on various borders. In addition,
the construction of major highways has led to the loss of biodiversity. For instance,
the Nun Forest Reserve in Nigeria used to be home to much endemic wildlife but due
to the establishment of Niger Delta University and the subsequent creation of a road
linking the University with Yenagoa, the State capital, many communities have
sprung up in the area. This has led to the loss of valuable trees and shrubs and
wildlife in the area. About 10 years ago, bushmeat is common along the highway,
but it is now increasingly rare to find bushmeat along the same highway.

3.4.4 Pollution

Contaminants may be released into ecosystems, putting certain creatures at risk of
extinction. Pollution can be described as the destruction of the instinctive environ-
ment. Nuclear mishaps, crude oil spillage, and marine time catastrophes are all
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examples of severe ecological disasters. Runoff of water from agricultural activities,
the application of pesticides (Inyang et al. 2020a, b, 20164, b, c, d, e), car emissions
(carbon monoxides), and erosion are all examples of human-caused persistent
pollution (Vwioko et al. 2018; Ikhajiagbe et al. 2022a, b). The exposure of inorganic
and organic pollutants into the air due to the industrial revolution is placing biodi-
versity in danger. Slight climate adjustments may have substantial consequences, but
any significant local, regional, or global change might be disastrous. Acute pollution
is caused by a single incident, whereas chronic pollution is caused by toxins
accumulating in the environment over time. This pollutant includes solid wastes,
industrial emissions, agricultural wastes, and releases.

3.4.5 Introduced Species

Blatant migration, competition killing, ecological degradation, and human-caused
climate change are some of the tactics utilized to bring in new species because of
human activities. In some cases, only a small percentage of species that have been
relocated to new environments thrive, and even fewer add considerably to natural
vegetation. Invasive plants are those that have spread beyond their natural range as a
result of human interference, either directly or indirectly. Animals have successfully
inhabited some islands, filling biological voids. This has been demonstrated in
certain regions of the world, especially in the Pacific Islands by Felis catus, Ovis
aries, and Capra hircus grazing on the pacific islands bereft of strong mammals.
Lythrum salicaria has overrun several marshy regions in North America, while
Pueraria lobata spreads along forest borders. Water hyacinth (Eichhornia
crassipes), a worldwide invasive, exotic plant species, is wreaking havoc on African
lake ecosystems (Ogamba et al. 2017, 2015a,b,c,d). Animals have effectively colo-
nized certain islands, filling ecological gaps in the process.

3.4.6 Disease

Disorders that are characterized by genetic abnormalities, bacterial or viral infec-
tions, or parasitic illnesses are classified as such. Hosts and illnesses coevolve,
allowing both hosts and viruses to survive throughout time. Viruses spread more
easily when man-made variables, such as population loss, create a disparity. Living
things such as chlorinated hydrocarbons can weaken the resistance to infection of
living things, making them more susceptible to disease. Pollution or stress can
compromise immune function, causing susceptible populations or species to become
extinct. The canine morbillivirus was seen to kill numerous surviving Mustela
nigripes, compelling the surviving animals to be caught and used in a restoration
effort. Since the host-pathogen association is generally the consequence of a long
history of coevolution, the pandemic is typically more lethal.
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3.4.7 Exploitation

The wild game business has destroyed numerous populations and species across
Africa and Asia, spurred by a cultural desire for wild animals, particularly ungulates
and monkeys. Humans gather animals from the wild for nutrition, energy, and other
commodities. Fishing, hunting, and logging are three examples of common exploi-
tation methods. Even though wild-game hunting and gathering continue to be
popular, cultivated flora and fauna products account for the majority of the human
diet. The extinction of animals due to human activity poses a serious threat to
biodiversity. Wildlife is mostly used for food in both freshwater and marine ecosys-
tems. Wildlife has declined significantly in the majority of maritime resources,
implying that exploitation puts local biodiversity at risk. Forest logging is a
one-of-a-kind type of enslavement that poses the greatest threat to biodiversity in
the world. Most lumbering activities are difficult even in temperate conditions, and
tropical forest lumbering appears to be untenable.

3.4.8 Overgrazing

Whenever plant species are browsed quicker than they can be normally replenished,
habitat loss develops, leading to permanent loss of plant cover. It can happen when
there are too many animals grazing on a limited area, and whenever cattle browse
greenery over longer durations with inadequate recuperation times. It devalues land
and contributes to deterioration and soil erosion.

3.4.9 Institutional and Legal Framework

The National Policy on Environment is the world’s foremost institutional and legal
structure for environmental protection. Its duty and objective, as mentioned in the
constitutions of countries all over the world, is to “ensure environmental protection
and protection of the environment for sustainability.” The environment ministry has
specific priorities which include the coordination of environmental preservation and
conservation of natural resources for long-term growth, with a focus on a person’s
health and well-being.
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3.4.10 Legal Framework
3.4.10.1 International Legal Framework

The management, conservation, and sustainable use of biodiversity are utmost in this
age of mass extinction of organisms. Therefore, national and international organi-
zations strive to institute law and regulatory frameworks for this same purpose.
International laws enable rules and regulatory mechanisms to function whereby
actions on biodiversity and ecosystem conservation and sustainability can be
affected and also institute a legal framework that empowers countries in an attempt
to realize specific objectives of biodiversity with regards to various countries’
priorities and their commitment to addressing the affairs of biodiversity locally,
but in line with global efforts and goals. It gives the fundamental basis for recognized
authorities’ strategies and activities to sustain, manage, and conserve biodiversity
and the ecosystems by setting up pertinent borders and social protections where
profits come from the use of these resources which can be fairly and equitably shared
for the satisfaction of all authorities. Licenses are also made available with the help
of these laws to provide various incentives and acknowledge the rights and respon-
sibilities of businesses, communities, individuals, local government areas, entrepre-
neurs, and other indigenous people to act decisively in preventing further damage to
the ecosystem and biodiversity.

Various international legal organizations have described the implementation or
execution of the National Biodiversity Strategies and Action Plans law as providing
a clear blueprint for the agenda for biodiversity; incorporating general biodiversity
into countries’ needs or priority areas; incorporating biodiversity theories into
governance structures; issuing very clear directives or orders that cuts across various
biodiversity institutions; providing team members or stakeholders with assurances in
conserving and sustaining biodiversity operations and incentives; acknowledging
local community rights and responsibilities and pertinent customary or traditional
laws; and providing fairness, justice, and equity into biodiversity-linked operations.

The Laws of the International Court of Justice instituted the foremost conven-
tional or traditional provenance of international law, such as the international
conferences or congresses in general or specific; international practice as confirma-
tion of acceptable standards of law; fundamental ethics of law acceptable by
developed nations; and legal resolutions and explanations of accomplished public
relations consultants in different countries as ancillary areas for implementing the
rule of law. Other forms of legal framework or law are widely recognized as “soft
law”. The officially irrevocable international methods approved between different
nations established by the international legal framework that deals with general or
individual environmental matters are referred to as multilateral environmental agree-
ments (MEAs). MEAs, as a pact, implement international laws around the world,
incorporating authorities’ collaborative ability to preserve ecosystems and biodiver-
sity. A traditional, customary, or common law action establishes responsibilities for
states, regions, or other international member communities, except for those who
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have vehemently opposed such a legal framework. This law exists independently of
treaty or concordat law. Rules and regulations may bring about the principles of
concordat or treaty law. The former is to be in tune with the conservation, manage-
ment, and sustainability of biodiversity, which is significant because it takes care of
the implementation problems of MEAs. Customary law supplements the rule of law
to strengthen the governance of biodiversity processes (ICJ 1986).

3.4.10.2 National Biodiversity Legal Framework

The acceptance of biodiversity pacts is seen as one of the major accomplishments of
many nations’ involvement in the United Nations Conference on Environment and
Development. As a result, these countries embrace their treaty obligations according
to international treaties. For instance, the Nigerian constitution contains extensive
ecological provisions and recognizes serious environmental issues. The current
Constitution of Nigeria’s global objectives is outlined in the Forestry Ordinance
and the National Parks Act, as well as the Environmental Impact Assessment Act,
the National Oil Spill and Detection Agency, and the National Environmental
Standards and Compliance Enforcement Agency, among other laws. Apart from
the fact that several of these laws require revision, their execution has been subpar. A
Biosafety Act was passed in Africa, enhancing the country’s biodiversity protection
initiatives. As the ecosystem improves, water, air, land, forest, and wildlife are all
preserved.

3.4.10.3 Institutional Framework

The Environmental Protection Agency advises the federal government on a wide
range of issues, notably forest management, management, and renewal. It is in
charge of the country’s overall environment protection, and also biodiversity and
asset preservation, plan development with stakeholder engagement, and long-term
planning. It also aids in employee training to meet various management require-
ments of the environment. The federal government provided the National Environ-
mental Standards Regulation Enforcement Agency to guarantee that every policy on
the environment is enforced reliably across the country. The Federal Ministry of the
Environment also oversees the National Park Service and the National Oil Spill
Response and Detection Agency. In Different countries in Africa, major government
departments are in charge of forming effective sustainable development agreements.
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3.5 Biodiversity Conservation

Biodiversity conservation necessitates the protection of all kinds of life on Earth, as
well as functional and thriving natural ecosystems. This involves elements such as
biological variety conservation, management, long-term usage, restoration, and
development. Restoration is a subset of conservation that pertains to retaining
something in its natural position without changing the actual thing. Conservation
refers to the continuing application of resources such as preservation and utilization.
Sustainable design is quite a difficult aspect of biodiversity preservation. This
pertains to growth that fulfills current requirements without affecting the ability of
the future to meet their sustainable development and entails the conservation of
biodiversity by striking a balance between the environment, development, and
society. It is only through the strong application of enforcement and implementation
of strategies, as well as institutional environmental policies, that will allow this to
happen.

As time goes on, the links between biodiversity and a long-term future become
clearer, which means we must protect biodiversity because it is necessary for human
survival. In light of the current situation, two basic methods of biodiversity protec-
tion have emerged: in situ and ex-situ approaches. To put it bluntly, it has to do with
redistributive and intergenerational fairness.

3.5.1 in Situ Conservation

In situ conservation refers to the preservation of germplasm in wild communities of
plant or animal species, such as forest genetic resources in natural populations of tree
species. In situ conservation protects a species’ genetic diversity as well as evolu-
tionary adaptations that allow it to adapt to changing environmental conditions,
including population shifts and climate change. As a consequence, it ensures that
hosts of other related species, as well as the target species, are preserved. It is usually
less costly than in-place methods (though not inexpensive). For plant species having
resistant seeds, it is sometimes the only choice for conservation. In Africa, places
with great biodiversity are recognized as protected areas and protected. The natural
tranquility of these nature reserves, as well as the plant, animal, and bird groups that
call them home, come together to make each one a one-of-a-kind destination. The
pillars of in situ biodiversity conservation include national parks, forest and wildlife
reserves, and sacred forests.

There are presently 17 national parks situated right across Africa, representing
significant African ecosystems such as rainforests, montane forests, freshwater
wetlands, and lakes, the Guinea savanna, Sudan savanna, and Sahel savanna. In
Africa, the Government manages these parks, although the African National Park
Service oversees them. The Gashaka-Gumti National Park (GGNP) covers
6.402 km? and includes savanna grassland in the north and montane forest in the
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south. The Mountain reedbuck (Redunca fulvorufula), African elephant (Loxodonta
africana), and West African wild dog are all found in the GGNP. The red sunbird
bush (Metarungia pubinervia), a tropical species with small villages in eastern
Africa, South Africa, and Africa, is also highlighted. The Kainji National Park,
located in Niger and Kwara state, is Africa’s second largest after the Gashaka Gumti
National Park. The Borgu game reserves, which make up the park’s savanna forest
component, the Kainji lake, a 136-kilometer-long reservoir that divides the Borgu
game reserve in half, and the Zugurma sector, which is unreachable due to a lack of
roads, are separated into three areas (Taurotragus derbianus). Okwango and Oban,
both in Cross River state, are split into two portions of the Cross River National Park.
The park lies in Guinea-Congo and is home to a wide variety of plants and animals.
The Cross River National Park is Africa’s most significant wildlife sanctuary and
home to one of Africa’s oldest rain forests. According to recent figures, deforesta-
tion, slash-and-burn farming, and hunting are now threatening both sides of the park.
The ancient Oyo National Park in Africa is situated in Oyo State and extends into
southern Kwara State. Flora and fauna from both the rainforest and the savanna may
be found in the park. Recent events, on the other hand, demonstrate that the park has
been seriously encroached upon by the rising human population. As a result, many
once-common species in the park have become rare. Take the West African wild dog
(Lycaon pictus amanuensis), which is in danger of dying out.

The Chad Basin National Park covers approximately 2258 km?® in northern
Nigeria, West Africa, in the Chad Basin. The park is split into three sections. The
Chingurmi-Duguma sector of Borno State is in a Sudanian savanna ecological zone,
whereas the Bade-Nguru Wetlands and Bulatura sectors of Yobe State are in a Sahel
ecological zone.

Due to the park’s tiny number of shared species, notwithstanding its convenient
location, it has only attracted a small number of tourists. The park’s success is being
hampered by security issues, climate change, population increase, and environmen-
tal deterioration.

In Kaduna State, the Kamuku National Park is situated in the country’s north. It
has Guinea-Sudan savanna vegetation, which protects the country’s most diverse
plant varieties. The secretary bird (Sagittarius serpentarius), Denham’s bustard
(Neotis denhami), and Abyssinian ground-hornbill (Neotis denhami) are among
the unique species identified in the park (Bucorvus abyssinicus). Okomu National
Park in Edo State, Nigeria, is a vestige of the African lowland rainforests, which
once reached from the Niger River west to Benin’s Dahomey Gap. Mangrove and
swampy forests divided the forest from the coastline to the south and southeast,
while it became part of the Guinean Forest-Savanna Mosaic eco-region to the north.
The park has downsized to less than one-third of its original size due to higher
nearby intrusion.
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3.5.2 Forest and Game Reserve

Protected areas are controlled by government tracts of land where commercial wood
gathering is prohibited to gather ecological elements that may be absent in sustain-
ably harvested regions. The plan was developed to counteract logging-related
rainforest destruction by implementing a regular afforestation program. However,
there is another alternative. Over 1000 forest reserves listed in the [IUCN World
Database on Protected Areas do not exist at the present. Owing to invasion and
consequent forest transformation to plantations and farm fields, the few remaining
forest reserves, such as Idanre Forest Reserve, Akure Ofosu Forest Reserve, and
Oban Hills Forest Reserve, have lost much of their natural tropical forests. A wildlife
sanctuary is a large area of land where wildlife may live peacefully. The vast
majority of Africa’s wildlife sanctuaries have been depleted and exploited for
other purposes, establishing them as mere paper tiger reserves. The failure of state
and local governments to adequately manage these nature reserves has resulted in
significant administrative functions in the country’s wildlife and forest management.
The Yankari game reserves, for example, which is now under state administration,
show how things may change under new management. The wildlife reserve is now
just a shadow of its former glory.

3.5.3 Sacred Groves

Sacred groves are forest sections that have religious and cultural significance. Sacred
groves are collections of trees that hold special religious importance for a specific
culture, and the grove’s species are protected as a function of their value. The sacred
groves are in ex-situ preservation in Africa. Because traditional religion is still
embraced by the bulk of Africans, sacred groves may be seen throughout Africa’s
many cultures. Residents of Osun State, for instance, hold the Osun-Osogbo sacred
grove in high regard. Ex-situ conservation refers to the preservation of a threatened
plant or animal outside of its native habitat, such as by colony relocation, which
includes relocating a portion of the population to a less vulnerable site, or through
daily care techniques like zoos and botanical gardens. While ex-situ preservation is
beneficial in man’s attempts to preserve and conserve our environment, it is rarely
sufficient to prevent catastrophe. As a result, it aids in the maintenance and conser-
vation of the biotic species it contains. As it can copy the full environment, conserve
a species’ entire genetic variation, its symbiosis counterparts, or those features that
may help a species in adapting to changing conditions throughout time, it is often
adopted as a last choice or as a supplementary to in situ conservation. Ex-situ
biodiversity conservation on the African continent has mostly relied on home
gardens, seed banks, and botanic and zoological parks.
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3.5.4 Home Gardens

Home gardens are methods of production of agricultural commodities that necessi-
tate the growing or cultivating of small parcels of land near the household or within
walking distance of the residence. It provides consistent harvesting of raw vegetables
every year with cost-effective and tremendous production. Home gardens might be
valuable for both on-farm research and biodiversity protection. Home gardens are
typically placed near houses, have a close association with the activities of the
family, and have a diverse range of agricultural and animal species to suit the
family’s requirements (Ogwu et al. 2014a, b). Home gardens are critical to house-
hold security in rural Africa, providing food, fiber, fuel, materials, and even land
ownership. However, population restrictions and increased housing demand in cities
have reduced the theoretically accessible acreage necessary for home garden pro-
duction. Home garden systems have made a big difference in the stability and
sustainability of the environment, especially in rural parts of Africa where home
gardens are common.

3.5.5 Seed Banks

Ex-situ seed banks are facilities for storing seeds to preserve genetic variation in rare
and fragile plant species. Ex-situ biodiversity conservation is a priority for several
African research organizations, including the International Institute of Tropical
Agriculture (IITA), the National Centre for Genetic Resources and Biotechnology
(NACGRAB), and the National Horticultural Research Institute (NHRI). Conven-
tional breeding and researchers may utilize these resources to increase agricultural
productivity and food security. Seed banks hold seed collections at consistent
background temperatures and humidity levels to protect gene pools that may other-
wise be lost to disease outbreaks or other natural disasters if stored in situ or field
collections. Several African research institutes, notably the International Institute of
Tropical Agriculture (IITA), the National Centre for Genetic Resources and Bio-
technology (NACGRAB), and the National Horticultural Research Institute, have
made ex-situ protecting the environment a priority (NHRI). The archives stored in
these locations can help plant breeders and scientists in agriculture production and
food production.

3.5.6 Botanical and Zoological Gardens

Botanical gardens and zoological gardens, on the other hand, house live flora and
fauna collections. The Abuja Zoo in Abuja, the Audu Bako Zoo in Kano, the Enugu
Zoo in Enugu, the Ibadan University Zoo in Ibadan, the Jos Wildlife Park in Jos, the
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Port Harcourt Zoo in Port Harcourt, the Ogba Zoo in Benin, and the Sanda Kyarimi
zoo in Maiduguri are all prominent African zoological gardens. Botanical and
zoological parks serve as tourist destinations for Africans and foreign tourists,
generating cash for the authorities.

3.5.7 Ex-Situ Conservation Strategies

For millennia, gardens, zoos, and menageries have provided sanctuaries for endan-
gered plants and animals. While these gardens, zoos, and menageries were primarily
constructed for the pleasure of the monarchs of governments and countries that
financed excursions, they frequently had a more utilitarian purpose. They were
converted into breeding and adaptation centers for collecting plants and animals
that would be valuable to people in their new environment. In the 1900s, when
agriculture and other academic institutions created independent germplasm banks,
botanical and zoological parks’ conservation duties were more limited to species
with no obvious economic interest. Botanical gardens, zoological parks, and aquaria
have taken on a new and more vital role as several flora and fauna face extinction in
the natural world. Approximately 1500 gardens and components exist across the
globe, including the world’s most important collection of plant species outside of
nature. While there has been no systematic assessment of the wide range, a botanic
garden database established for the Botanic Gardens Strategy Plan offers some idea
of the biological gems it possesses. Botanical gardens may accommodate approxi-
mately 80,000 species (roughly a fifth of the world’s higher plants), with specific
gardens containing a much larger number of species. The Royal Botanic Gardens at
Kew in the United Kingdom, for example, hold over 38,000 species (around 10% of
those are threatened), which is more than most countries see in their native habitat.
Botanic Gardens Conservation International was established to organize floral
garden environmental initiatives across the globe. Botanical gardens have the poten-
tial to aid in the recovery of threatened ecosystems. Restocking, reintegration, and
restoring operations connect ex-situ and also in situ efforts to use and sensibly
maintain biodiversity. All zoos and aquariums accomplish the same thing. Over
700,000 members of over 3000 species of mammals, birds, reptiles, and amphibians
live in roughly 800 competently maintained zoos across the world. Zoos, like
botanical gardens, are becoming increasingly conservation-focused. Many zoos
now have captive farming practices for threatened animals, and some, like the
National Zoo in Washington, DC, are proactively responsible for raising threatened
animals and reintroducing them to their native habitats. As a result, many large zoos
have invested heavily in infrastructure and the development of new technologies to
assist rare and threatened species in their marine habitats. The sacred groves of India
are extremely essential for the environment. Sacred groves are small patches of
natural habitat that were protected by local communities for religious reasons in the
past. Indigenous people maintain these groves, which are typically found in tribal
areas. These are geographical “green patches” that protect biodiversity and promote



3 Biodiversity Conservation Strategies and Sustainability 77

conservation. The safeguarding of Khejri (Prosopis cineraria) tree groves by the
Bishnoi people in Rajasthan is an example. Maharashtra, Karnataka, and Kerala
have sacred groves as well. The aims of agronomic research groups for genetic
resource preservation have also changed during the previous couple of decades.
These institutions used to be primarily concerned with the genetic resources of a new
staple crop or animal species. A range of factors, such as genetic susceptibility, the
high ecological costs of using strong cultivars, and restricted or drained soil and
water mineral wealth, are enabling these organizations to search for alternative uses
for originally used species, as well as possible benefits for thousands of flora and
fauna that are rarely known to science.

3.6 Food Security and Nutrition

By this concept, food security consists of four elements: accessible, affordability,
usage, and preservation. Availability of food describes a state where everyone has
continual physical, social, and economic access to sufficient, safe, and nutritional
food that satisfies their nutritional needs and enables them to make appropriate food
preferences. Plant species include the native plant species of the forest, as well as
trees (such as agroforestry trees and other exotic trees). Agriculture provides healthy
food, revenue, jobs, power, and natural ecosystems in semirural and urban areas,
giving back to all the core elements of global food security. Food security and
nutrition might be jeopardized by deforestation. In the short and medium term,
widespread conversion of natural to other land use types, particularly agriculture,
may increase food security for farming communities that rely on their own goods;
however, this conversion may have long-term environmental, wellness, and food
security implications for people; these implications will primarily affect forest
communities, but they will also have an impact on national and global populations.
Forest degradation is also anticipated to result in long-term biodiversity loss and
ecological processes as a result of decreasing crop yields. Forest products such as
game meat, edible insects, edible plants, mushrooms, and fish are used by around
1 billion people to some extent. Several polls indicate that they are the lowest-
income households in emerging countries. Despite accounting for less than 0.6
percent of global food consumption, forest foods are critical in local communities
for ensuring the provision of medically complete meals as well as necessary vitamins
and minerals. Forests and trees provide cattle with pasture in the form of forage or
animal feed outside of the woodlands, ensuring food security. Food security is
improved by grazing in two ways. For starters, it expands the amount of food
available. Livestock are important sources of animal protein and essential nutrients,
and they can help third-world countries increase crop production and food security
more than expected by providing grazing capacity and waste. Tiny fish, for example,
are believed to be more affordable than bigger species, other animal sources of food,
or crops in vast dry land areas for small-scale farmers and herders’ adaptation in
Africa. Goods have a critical role in maintaining food security and nutrition.
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Even though forest resources provide so little to global household income, they
are critical for the incomes, food production, and nutrition of the more than 80 mil-
lion people who labor in the public and private forest sectors. Forest property
and natural rights must be secured to reap the economic benefits of agricultural
and forestry harvesting and sales, as well as to ensure forest people’s choices of food
and nutrition security. Regardless of the lack of female data, research implies that
rural women are affected by NWFPs and fuel wood gathering and that they rely on
sales revenue year-round. Despite many efforts to update NWFP data, more data are
intended to explain where and for whom these foods are used to obtain a satisfactory
diet and energy. Cooking has long been the most common method of ensuring that
minerals from food are taken, with one-third of the world’s population (2.4 billion
people) utilizing traditional fuels to cook and one out of every ten heating and
disinfecting water for drinking contaminated processes. Another illustration of how
tree resources are employed in cuisine is that pulverized seeds of the tropical tree
(Moringa oleifera) are used for household water purification. Preventive techniques
like smoking and drying, which boost the accessibility of food production through-
out semi-months and disperse it over a long period, also require sustainable
ingredients.

3.7 Forests, Biodiversity, and Human Health

An ecosystem of diversity affects how many items or solutions it can give. Nature
and variety provide a wide range of commodities and services that benefit human
well-beings, such as medications, food, clean water and atmosphere, shade, and just
a green place to play and relax. In addition to the nutritional and food safety net that
forests and plants provide, biodiversity also supplies pharmaceuticals. Animals,
plants, and microorganisms are also very vital resources for nutrition and medicinal
values. Such medicinal characteristics are essential not just domestically, but also
nationally and internationally, where they are traded and utilized as templates for
creating new therapies. The mainstream lively mixes that were initially derivatives of
forest plants are traded on local and global markets and used as prototypes for the
initiation of advanced actions. Over 28,000 plant species with therapeutic charac-
teristics have been discovered, several of which are prevalent in forest settings.
Ayurvedic, ancient Chinese, and other indigenous medicinal systems employ tree
remedies. Many medications utilized in conventional medicine are derived from
plants that have historically been employed in forest people’s ancient healthcare
systems. Alternative therapies, according to the World Health Organization, are “the
total of understanding, talent, and processes distinct from hypotheticals, religious
views, and points of view original to diverse cultures, irrespective of whether they
are easily understandable or not, used in the preferment of health as well as
precautionary care, prognosis, enhanced efficiency, or patients with severe illness.”
As aresult, forest peoples’ folk medicinal systems across the world are a rich source
of information. As a result, indigenous herbal systems used by forest peoples around
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the world are a valuable source of information. Such systems are recognized for the
survivability of wilderness people around the world because they are often the most
practicable, available, economical, and, in some cases, common and accepted
aspects of health care. Alternative therapies seem to be “the accumulation of
knowledge, talent, and methods distinct from hypotheticals, opinions, and points
of view indigenous to diverse cultures, whether easily interpretable or not, used in
the improvement of health and also for precautionary care, prognosis, time savings,
or patients with severe illness,” according to the World Health Organization. As a
result, forest people’s traditional medical systems across the world give vital infor-
mation. Because they are typically the most realistic, available, inexpensive, and, in
some cases, widespread and recognized forms of health care, such aspects have
assisted in the survival of people across the globe. The knowledge base of forest
herbal medicines and their correlated profits is diminishing because of the fast
urbanization, significant sociocultural transformations impacting native populations,
and the disappearance of the globe’s biologically based variety. As the Nagoya
Protocol recognizes, preserving and sustaining indigenous practices linked to spe-
cies and habitat, along with safeguarding sparsely populated citizens’ liberties to
spread the wealth of their information and expertise, are crucial to the health and
well-being of local people as well as the world community. Rural communities are
losing their supply of food and medicine as a result of reserved forest, habitat
destruction, and lack of information, resulting in rising food shortages, malnutrition,
and sickness. Green spaces in industrialized nations and cities may increase the
willingness to work out and lessen health issues associated with sedentary lifestyles,
such as obesity, psychological stress, and attention fatigue (Health Council of the
Netherlands). There is substantial evidence that access to natural surroundings
improves overall health in people of all ages and sexes, especially in urban settings
and among the poor. Some green spaces have also been developed. Reduced blood
circulation and pulse rate, increased cognitive control (Berman), and even increased
human immunological reactions are all physiologic impacts of forest visits. As per
various studies (the propensity to develop sensitive reactions), some who live in
much more naturalistic complex surroundings get a more numerous and richer
microbiome and become less prone to allergy aggravation. According to mounting
data, the presence of natural surroundings improves human overall health across all
socioeconomic classes and sexes, especially in metropolitan settings as well as
among socioeconomically underprivileged groups, according to mounting data.
Forest bathing, also known as shinrin-yoku, is a Japanese technique of simply
being in the environment and taking a deep breath. Extra fat, psychological stress,
and cognitive exhaustion are all connected to sedentary lifestyles. Green spaces in
developed countries and big cities may make people want to walk more and keep
them from getting sick from sitting around all day.

A large proportion of modern human contagious diseases are cosmopolitan,
indicating they originated in mammals. Modifications in forest size and growing
populations in the forest regions, both of which improve human access to, and
wildlife species in certain instances, bush meat-eating, might be connected to their
spread. Chagas disease (sometimes referred to as American trypanosomiasis),
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African trypanosomiasis (sleeping sickness), leishmaniasis, and Lyme disease are all
forest-related disorders. HIV and Ebola, two zoonotic diseases that have caught
global attention, have unmistakable forest roots.

3.8 Conclusion

This chapter presented the status of African biodiversity and its protection predica-
ment. It illustrated ongoing biodiversity management approaches as well as locations
in need of urgent attention. Scientists, the authorities, and other officials will use the
findings to help discover and designate additional protected areas around the western
nation as well as propose critical conservation initiatives for fragile species. Two
major contributors should take a leadership role in sustainable biodiversity utiliza-
tion and protection—government and private organizations. To start, government
actions and activities must incorporate sustainability ideals. Conservationists need to
make sure that the government has full access to information about biodiversity. The
value of biodiversity conservation should be universally acknowledged, mostly in
local communities, where the bulk of our biodiversity still exists. Native peoples’
biodiversity should be preserved, and projects that offer them a sense of belonging
should be promoted. Local people must be taught how to run an ecotourism business
for it to be sustainable. Furthermore, tourist profits must contribute to the growth of
the domestic economy, provide a reason to protect the environment, and fund local
health facilities as well as grants for local children. Commercial factors are a major
cause of biodiversity decline and ecological system fragility. As a consequence,
biodiversity decline should be fined monetarily, while preservation should be
encouraged. This will favor economic activity that does not harm the environment.
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Chapter 4 )
Potentials, Threats, and Sustainable s
Conservation Strategies of Plankton

and Macrophytes

Emmanuel N. Ogamba, Adams Ovie lyiola, Baturh Yarkwan,
and Bukola Omotomilola Adetola

Abstract The aquatic system is a dynamic environment which is majorly
influenced by anthropogenic activities. The ecosystem houses diverse species of
animals and plants and can carry out several functions and services in the ecosystem.
Plankton (microplants) is composed of phytoplankton (food producers) and zoo-
plankton (consumers) and macrophytes (macroplants) are the major components in
the ecosystem. They are also found in the environment and both have been known to
serve various functions such as provision of physical structure, community structur-
ing, and affect the diversity of organisms like fish species, birds, and invertebrates in
the ecosystem. The aquatic biodiversity comprises of various species composition
such as fish, birds, insects, plants, and mammals and their interaction results to
sustainability. Phytoplankton is key to healthy life and its significance in food
production is paramount in the aquatic system. They are important in food chain,
carbon cycle, and oxygen production. Conversely, the importance of plankton and
macrophytes in the aquatic environment has stimulated the dire need for their
sustainability, coupled with the threats to aquatic ecosystem. The global water
decline owing to the ecological stressors and human-water usage constitutes an
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issue of utmost concern. This chapter has described the different types of plankton
and macrophytes, their importance, potentials, and threats that affect their sustain-
ability in aquatic systems.

Keywords Zooplankton - Phytoplankton - Macrophytes - Conservation -
Management - Sustainability

4.1 Introduction

Aquatic macrophytes (also known as hydrophytes) are a diverse category of macro-
scopic plants with a life cycle that takes place wholly or periodically in water,
freshwater bodies, watercourses, marshes, swamps, seasonally flooded areas, and
brackish and marine habitats (Nakayama et al. 2017; Rejmankova 2011; Wetzel
2001; Agedah et al. 2015; Ogamba et al. 2015a,b,c,d). Green macroalgae
(Chlorophyta, e.g., Cladophora spp.), charophytes (Charophyceae, e.g., Chara
and Nitella spp.), and higher aquatic plants (Tracheophyta and Bryophyta) make
up aquatic macrophytic vegetation (de Nie 1987; Srivastava et al. 2008). According
to Chambers et al. (2008), aquatic macrophytes are Rhodophyta and Xanthophyta
macroalgae.

Macrophytes include vascular flowering plants, mosses and liverworts,
encrusting lichens, and a few large algae species. A multitude of factors, including
light and water current, limit the presence of macrophytes in flowing rivers. The
three categories of macrophytes are attached plants, rooted plants, and free-floating
plants. Among the plants attached are mosses and liverworts, lichens, and various
tropical blooming plants. The related macrophytes live in cool headwater streams.
Mosses are special in that they require free CO, rather than bicarbonate as a carbon
source. In dark, turbulent streams, they may outperform periphyton. In mosses,
macroinvertebrates can be found in vast numbers. There are rooted plants that are
submerged (e.g., Hydrocharitaceae, Ceratophyllaceae, and Halorgidaceae) and
emergent (e.g., Potamogetonaceae, Ranunculaceae, and Cruciferae). Roots com-
monly require slow currents, moderate depth, low turbidity, and small particles. In
mid-sized rivers and river borders, rooted plants lower water current velocity,
promote sedimentation, and provide a substrate for epiphytic microflora. They also
provide vital habitat for a range of animals. Macrophytes’ adaptations to running
water include tough, adaptable stems and leaves, connection by adventitious roots,
rhizomes, or stolons, and vegetative reproduction. Free-floating plants (such as the
Lemnaceae and Pontederiaceae) have a limited role in temperate latitude flowing
streams since they rely mostly on stagnant water. They can accumulate a lot of
biomass in subtropical and tropical regions. Macrophytes in lotic settings largely
contribute to energy flow through decomposer food chains because few
macroinvertebrates feed on living plants.

Macrophytes communities are fundamental for the functioning of many river
ecosystems (Franklin et al. 2008). However, they respond to disturbances in eco-
systems and are particularly sensitive to anthropogenic influences, which negatively
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impact their diversity and species composition (Vorosmarty et al. 2010; Allan 2004).
Macrophytes association depends on various abiotic and biotic factors (Zelnik et al.
2021; Szoszkiewicz et al. 2006). Based on this, we can identify species that are
reliable indicators of changes in river ecosystems and use them as a tool to assess the
ecological status of rivers (Aznar et al. 2002; Mack et al. 2000; Fennessy et al. 1998).
The availability and varieties of macrophytes depend on water quality, water depth,
flow velocity, flow rate, hydrological conditions, water level, pH, shading, and
substrate features (Yang et al. 2017; O’Hare et al. 2006; Bornette et al. 1994). In
addition, they are also influenced by biotic factors, namely the properties of species,
interspecific competition, grazing, and allelopathy. Shade provided by riparian
habitat is an important factor in lotic ecosystems, and it also affects the distribution
and abundance of aquatic plants (Mackay et al. 2003); thus, macrophyte diversity
and their abundance reflect the quality of an ecosystem as a whole (Kuhar et al.
2011).

4.2 Aquatic Biodiversity

Generally, biodiversity comprises of all animals, plants species, microbes, and fungi
living in different habitats on the earth. The habitat can either be aquatic (in water) or
terrestrial (on land) (Padhi and Mandal 2000). Each of these organisms has their
roles which are specific to them in the environment (Zeng et al. 2019; Izah 2018). As
described by the Convention on Biological Diversity, biodiversity accounts for the
variability of species among living organisms from the terrestrial, marine, or other
ecosystems and the functions they partake in which can be within species, between
species, and between species and their immediate environment (Kumar and Asija
2009) (Fig. 4.1).

Aquatic biodiversity describes the diverse life and ecosystem in fresh water,
ocean, and marine regions and their interaction with biotic and nonbiotic

Between
Species and
Environment

Fig. 4.1 Functions of biodiversity in an ecosystem
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components (Tewari and Bisht 2021). Aquatic ecosystems consist of three main
divisions as follows (Fig. 4.2):

» The freshwater ecosystem which includes the waters with salinity less than 1 part
per thousand. Examples are lakes, rivers, streams, ponds, ground waters, reser-
voirs, and wetlands.

» The marine ecosystem includes waters having salinity above 35 parts per thou-
sand, examples of such are estuaries, salt marshes, oceans, kelp beds, mangroves,
and coral reefs (Hendrik and Martens 2005).

» The brackish ecosystem is an area of fluctuating salinity and between 1 - 34 parts
per thousand. Examples are the Niger delta regions, lagoons.

4.3 Species Components of Aquatic Biodiversity

Aquatic biodiversity consists of the following unique species and their interaction
results in sustenance of the ecosystem. Examples of the species are: Plankton
(phytoplankton and zooplankton) (Ogamba et al. 2019a, 2019b), aquatic insects,
fish, aquatic birds, aquatic plants (Macrophytes), mammals (Izah and Srivastav
2015), etc. (Fig. 4.3)
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4.4 Plankton as a Component of Aquatic Biodiversity

Plankton comprises of floating plants and animals in the water. They are called
“wanderers” or “drifters” because their movement is dictated by the water currents.
They are microscopic in nature (< 1 inch in length) and may be composed of larger
organisms like jelly fish and crustaceans (Karleskint et al. 2013). They differ from
nekton because the movement of the latter is not dictated by the water movement.
Examples are the marine mammals, fish species, squids, etc. The presence and
abundance of plankton in water is dictated by the environment. They are very
sensitive to changes in parameters such as temperature, pH level, salinity, and
concentration of nutrients in water. They can also be affected by the presence and
abundance of other planktonic species in water. When there are excessive nutrients
in water, bloom may arise which is detrimental to the water parameters (Agrawal and
Gopnal 2013). Phytoplankton abundance principally dictates the abundance of
zooplankton because the latter eats the former and there is a flow in the food chain.

4.5 Classification of Plankton

Plankton can be classified based on size, species, and the duration of stay in water.

4.5.1 Classification-based Trophic Levels

Based on functions, planktons are composed of five major groups including Phyto-
plankton (plants), Zooplankton (animals), Mycoplankton, Bacterioplankton and
Virioplankton (Fig. 4.4).
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4.5.1.1 Phytoplankton

They are composed of plants that are microscopic in nature and have great impor-
tance in the food web in the aquatic ecosystem. They can be autotrophic, prokary-
otic, or eukaryotic algae. Their major function is to perform the process of
photosynthesis through the input of the sun and carbon dioxide and oxygen is
liberated. They are mostly found on the surface of water because they require
large exposure to sunlight for photosynthetic activities. Phytoplankton is composed
of nannoplankton and microplankton. Examples are the dinoflagellates, diatoms,
blue-green and green algae, red algae, silicoflagellates, etc.

4.5.1.2 Zooplankton

They are the floating animals in the aquatic ecosystem. They are the consumers and
feed on the phytoplankton in the water column. Their size can range from <60 pm in
diameter (microzoans, e.g., snails, worms, krill, etc.) to large invertebrates such as
fish (metazoans). They are composed of diverse taxonomic groups such as pro-
tozoans and invertebrates. They are found along with phytoplankton and can migrate
to deeper areas to avoid predation. They come to the surface at night to feed on
phytoplankton (Leles 2018; Steinberg and Landry 2017).
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4.5.1.3 Mycoplankton

This level comprises of fungi and all fungus-like organisms which dwell in water.
They are very important in the nutrient recycling and demineralization in the water
(Wang et al. 2012).

4.5.1.4 Bacterioplankton

It comprises of bacteria found in the water column; they function in demineralizing
organic materials in the water column and down the water. Examples are the
prokaryotic phytoplankton.

4.5.1.5 Virioplankton

It comprises of virus which are the most abundant in the plankton family when
compared with bacteria and archaea. They are smaller in size when compared with
bacterioplankton.

4.5.2 Classification Based on Life Cycle

Planktonic species in water can be classified based on life cycle into two groups:

* Holoplankton: are planktonic species that spend their entire life as plankton in
water column. Examples are the copepods, algae, jellyfish, etc.

* Meroplankton; they spend part of their life stage (the larval life stage) as
plankton and metamorphose into nektons (free swimming) or benthic organisms.
Examples are worms, crustaceans, most fish species, etc. (Leles 2018).

4.5.3 Classification Based on Size

Planktonic species can be grouped based on size (Fig. 4.5). These groups are
described based on size as >20 cm (Megaplankton, e.g., Metazoans—jellyfish,
salps, ctenophores), 2-20 cm (Macroplankton, e.g., Ostracoda, chaetognath,
amphipoda), 0.2-20 mm (Mesoplankton, e.g., Large eukaryotic protists, foraminif-
era, tintinnids), 20-200 pm (Microplankton, e.g., Diatoms, rotifers, juvenile meta-
zoans, copepods), 2-20 pum (Nanoplankton, e.g., Small flagellates, chlorophyta,
xanthophyte), 0.2-2 pm (Picoplankton, e.g., Bacteria, chrysophyta, protists) and
<0.2 pm (Femtoplankton, e.g., Marine viruses) (Karsenti et al. 2011)
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4.5.4 Classification Based on Habitat Group

They are grouped into the following: Marine plankton, Freshwater plankton,
Aeroplankton,  Geoplankton,  Gelatinous  zooplankton, Ichthyoplankton,
Holoplankton, Meroplankton, Pseudoplankton, Tychoplankton, and Mineralized
plankton (Fig. 4.6)
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4.5.4.1 Marine Plankton

They are free drifting animals or plants in the oceans, estuaries, and brackish water
environments. Examples of such are the marine bacteria, archaea, protozoa, and
algae. They are tolerable to high salinity.

4.5.4.2 Freshwater Plankton

These are free drifting animals or plants that inhabit freshwater environments such as
rivers, streams, lakes, ponds, pools, etc.

4.54.3 Aeroplankton

They are found dispersed and drifting in the air as a result of the wind currents. They
are mostly microscopic in size and their identification is extremely difficult because
of their size. They can be collected in air using traps or sweep nets. This group of
plankton is made up of several microbes, viruses, bacteria, about 40,000 species of
fungi, several hundreds of algae, mosses, liverworts, and protists.

4.5.4.4 Geoplankton

These are animals that inhabit terrestrial environments by surviving on microscopic
bodies of water and moisture. Examples are rotifers and gastrotrichs that lay eggs
that can stay for years in dry environments. Water Bears are another example that
can suspend animation during dry periods and survive for a long time. Microscopic
crustaceans such as copepods, amphipods, and shrimps can go dormant when dry
and can live in transient water bodies.

4.54.5 Gelatinous Zooplankton

These are transparent and delicate animals that live in the ocean. Examples are
jellyfish, salps, medusae, and ctenophores. They are very vulnerable because they
have no hard body parts which may serve as protection. Marine organisms such as
arthropods, molluscs, and annelids are composed of gelatinous species and they live
in the open waters of the ocean (Hartmann et al. 2012).
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4.5.4.6 Ichthyoplankton

These refer to the fish eggs and larvae that are dispersed in the photic zones of fresh
water. They move with the water currents within the first 200 m of the water column.
They are better adapted to swimming at their latter stages of life when compared to
larvae or fry stages. Both the larvae and eggs are food to large fish species.

4.5.4.7 Holoplankton

These refer to organisms that are capable of spending their entire life cycle as
plankton. They dwell and move based on water currents. Examples are dinoflagel-
lates, diatoms, amphipods, krill, copepods, gastropods, some mollusks, and radio-
larians. They are found in the pelagic zones and they vary in size.

4.5.4.8 Meroplankton

These refer to organisms that live both in the pelagic zones as plankton and benthic
zones at various periods in their life cycle. They start their life as holoplankton on the
water surface and later grow off their larval stages to stay in the benthic zones. At
this period, they become nektons. The time the organisms stay in the pelagic or
benthic zones differs from species to species.

4.54.9 Pseudoplankton

These refer to organisms that attach themselves to substances or other plankton for
survival. Examples are the Jellyella and goose barnacles. They cannot drift on their
own and are referred to as false plankton. They are mostly found inside the guts of
zooplankton that are filter feeders.

4.54.10 Tychoplankton

These are organisms that are carried into plankton by disturbance of their habitats
whether by wind or erosion. The organisms can be free-living or attached to a
benthic or a non-planktonic organism. They are often called accidental plankton
because they spend some part of their life cycle as plankton and their reproductive
portions are confined to the existence of plankton.
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4.5.4.11 Mineralized Plankton

These are organisms that have shells that are mineralized. These often serve as
protection for the organism (Wang et al. 2012). Examples are listed in Table 4.1.

4.6 Ecological Significance of Plankton

Plankton plays several roles in the ecosystem. The major significance in the ecosys-
tem is in the following processes:

* Food chain

* Oxygen production

» Carbon cycle

» Absorption efficiency (Karleskint et al. 2013)

4.6.1 Food Chain

The food chain is the principal source of ecosystem sustainability in which the
phytoplankton produces the food and is eaten by the zooplankton. The food chain
can support various commercial fisheries and cycles.

4.6.2 Carbon Cycle

Carbon is released to the environment when they feed on phytoplankton in the food
chain. This occurs during respiration which produces energy or death. The ocean is
the major carbon sink in the world because organic matter tends to sink in the ocean

Table 4.1 Plankton and their mineral components

S/

N | Organism Component(s) Functions

1 Diatoms Glass shells called Production of oxygen for the
frustules environment

2 | Microscopic marine Elaborate silica shells | Production of opal

radiolarians

3 Coccolithophores Chalk plates called Production of the Cliff of Dover
coccoliths

4 | Foraminiferans Calcium carbonate Production of limestone in the Great
shells Pyramids.
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waters away from the coastlines. This process is influenced by temperature and sea
water acidification (Steinacher et al. 2010).

4.6.3 Oxygen Production

This occurs during the process of photosynthesis by phytoplankton after they absorb
energy from the sun. Oxygen is a by-product and about 50% of the oxygen in the
world is produced by photosynthesis from phytoplankton, while others are produced
by land plants (Ward and Follows 2016).

4.6.4 Absorption Efficiency

This refers to the amount of food absorbed by plankton in relation to its demands.
This is a function of the composition of the prey and feeding rate and it regulates the
recycling of organic matter back into the environment. Low feeding rates translate to
high absorption efficiency. Respiration rate can contribute to dissolve organic matter
in water. Other factors such as light, pH, and oxygen can dictate the amount of
carbon released by zooplankton (Dolan 2012).

4.7 Aquatic Macrophytes as a Component of Aquatic
Biodiversity

Aquatic macrophytes are plants that live and are adapted to life in aquatic environ-
ments. They are also called hydrophytes and their life cycle is predominantly in
aquatic systems. They can respond to different environmental stimulus and thrive in
various habitats including wetlands, swamps, freshwaters, brackish environments,
and flooded areas (Zhang et al. 2019a; Nakayama et al. 2017; Rejmankova 2011).
They are basically composed of green microalgae and higher aquatic plants
(Bronmark and Hansson 2017). Traditionally, it was known that aquatic vegetation
evolved from terrestrial plants and research has shown the aquatic origin of several
groups of angiosperms (Du and Wang 2016). Aquatic macrophytes are important
components of the aquatic system and have a lot of functions, roles, ecological
groups, and various adaptive features in the aquatic ecosystem (O’Hare et al. 2018)
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4.7.1 Ecological Groups of Aquatic Macrophytes

Aquatic macrophytes are widely distributed around the world and their groups are
closely related and cosmopolitan in nature (Zhang et al. 2019b; Santamarifa 2002).
They are characterized by different forms of growth, physiological and metabolic
processes which are functions of the prevailing environmental conditions. They can
grow in deep or shallow waters in emergent, submerged, or floating states. Some
may be strictly aquatic, while some may grow in inundated environments adapting to
various changes in water level and conditions (Coughlan et al. 2018; Chen et al.
2012).

The mechanism involved in the reproduction and growth of macrophytes is the
vegetative and clonal propagation while subordinate methods are the sexual and
genetic combination strategies (van Veen and Sasidharan 2019; Vymazal 2013).
These can be achieved in three ways:

* By water—hydrochory
* By animal participation—zoochory
* By wind—anemochory

Water can disperse the pollinated pods, fruits, and seeds of angiosperms and
vegetative fragments (Boedeltje et al. 2019). The dispersal by wind and animals has
been reported to be vectors for aquatic angiosperm distribution (van Leeuwen 2018;
Chambers et al. 2008).

4.7.2 Growth Types/Forms of Aquatic Macrophytes

Based on the large diversification of aquatic macrophytes, they can be divided into
several groups based on growth and ecological traits. Arber (1920) categorized
aquatic macrophytes into two groups namely:

* Rooted or attached to the bottom macrophytes
* Free-floating macrophytes (Zuo 2019; Rejmankova 2011; Arber 1920).

The rooted macrophytes are further divided into Floating Macrophytes, Sub-
merged Macrophytes, and Emergent Macrophytes (Fig. 4.7)

4.7.2.1 Floating Macrophytes

These are plants that are found suspended on the water column. They are mostly
found floating in the water and they do not have their roots buried in the bottom soil
of water. They receive all their required nutrients from the water. They have less
supporting tissues and their undersurfaces are waxed so as to prevent clogging of the
stomata. Examples are Water Hyacinth, Giant Duckweed, and Mosquito Fern. The
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plants are highly mobile because they can drift as directed by ocean currents and are
mostly invasive species. They can easily transmit diseases from one place to another
and can serve as host for various pathogens (Gimenes et al. 2020).

4.7.2.2 Submerged Macrophytes

These are plants whose roots and vegetative parts are below the water. They are
rooted in the soil and absorb required nutrients from the soil. Some of the plants may
reach the surface of water and have leaves spread on water. They can provide shade
for fish species and avoid predation. Examples of submerged macrophytes are pond
weed and coontail. They can reduce fishing activities and oxygen in water at night.
They absorb oxygen at night for survival and can deplete to a point where mortality
of fish can occur (Wetzel 2001).

4.7.2.3 Emergent Macrophytes

These are plants that have their vegetative parts outside the water and are rooted in
the soil. Most of the parts of the plants are found outside the water and tend to be
more rigid and able to withstand the water currents. Examples are the Cattails, water
lily, Rushes, Sedges, etc. Some may grow along shorelines or in the water. They can
help in keeping the bank from being eroded and slow down wind and erosion into the
water, thereby avoiding turbid conditions.
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4.7.2.4 Algae

They are the oldest and confusing form of aquatic macrophytes. They do not have
real roots and have a way of attaching to the substrate. They can appear as extensive
mats floating on water and are highly migratory. They provide food and resources for
the food web and fisheries. Examples are the Blue-green algae. The filamentous
algae are the most common and easily recognizable algae type which readily grows
in clusters of filaments or strands. They can cover water surface and when bloom
occurs, they can deplete oxygen content in water.

4.7.3 Adaptations of Macrophytes to Aquatic Habitats

The environmental restrictions of aquatic plants are different from terrestrial plants
and this had made aquatic plants develop special adaptive features to life in water.
The diffusion of gas and light in aquatic environments is much lower than terrestrial
environments and therefore special mechanisms are required for photosynthesis and
respiratory activities by aquatic macrophytes (van Veen and Sasidharan 2019). The
following mechanisms of adaptation by aquatic macrophytes are:

» The ability to switch to anaerobic mechanisms so as to generate ATP when
oxygen is absent. This is to ensure adaptation to low oxygen supply (Perata and
Alpi 1993).

» The development of carbon dioxide concentrating mechanisms to overcome the
limitations of inorganic carbon for photosynthesis. Carbon source may be from
HCOj5™ or sediment CO, (Mommer et al. 2005; Maberly and Madsen 2002).

The morphological and anatomical adaptations by aquatic macrophytes to sub-
merged conditions include:

* The formation of Aerenchyma tissues: this consists of gas spaces for transport
of oxygen and carbon dioxide between the roots and shoots (Tang et al. 2017).

* The presence of lacunae for the transport of gases: lacunae allow transfer of
oxygen to the rhizome and roots of plants or carbon dioxide from leaves to the
roots of aquatic plants (Maberly and Madsen 2002).

* The formation of heterophylly: plants that have more than one type of leaves on
the plant are called heterophyllous plants and it can alter the morphology of
aquatic plants in relation to the aquatic environment (Nakayama et al. 2017).

* The elongation of organs for contact with the atmosphere

» The poor development of mechanical and conductive tissues (Li et al. 2020,
Nakayama et al. 2017; Takahashi et al. 2014; Mommer et al. 2005).
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4.8 Ecological Indicators of Aquatic Biodiversity

In Inland waters, biodiversity loss of microscopic and macroscopic organisms is
caused by environmental changes resulting from human activities and climate
change (Yu et al. 2019). These have direct effects in the functions and services of
organisms in the ecosystem. For conservation and management purposes, an insight
into the effects of human activities and climate change can be gotten from the studies
of succession of biotic communities on a long term. Liu et al. (2019) and Guo et al.
(2019) observed the effects of these activities on the plankton biomass and water
level and phytoplankton community in Lake Tai, respectively. Their results
expressed how climatic factors can dictate the plankton and cyanobacteria blooms.

Anthropogenic factors have been reported to affect and modify habitats, thereby
reducing all forms of homogeneity (Klamt et al. 2020; Yan et al. 2019). Some effects
are presented in Table 4.2.

For aquatic biodiversity conservation and management, the study of the succes-
sion of the biotic communities for a long term is required. This will present the
effects of human activities and climate change on aquatic biodiversity (Pajunen et al.
2020; Paudel Adhikari et al. 2019). These strategies have been used by some authors
as presented in Table 4.3.

Table 4.2 Anthropogenic factors and their effects on aquatic biodiversity

S/

N | Anthropogenic factors Effects on biodiversity References

1 | Urbanization It was also reported to have a negative Gal et al.

effect on aquatic macroinvertebrates in (2019), Li

lotic ecosystems et al. (2019)
2 | Rapid urbanization Zooplankton were homogenized by rapid | Liu et al.

urbanization in a tropical reservoir (2019)

3 | Type of Land use (urban, It showed that the land use gradients Téth et al.
protected, and agricultural affected the stream fish community (2019)
landscapes) structure

4 | Human activities It affected negatively the phytoplankton, Yu et al.

microzooplankton, nekton, macro benthos, |(2019)
and zooplankton in Jiangsu offshore,

China. The creation of protected areas for
preservation of biodiversity was suggested.

5 | Hydropower operation The spawning time of four endemic carp Zhang et al.
and Chinese sturgeon fish species in Three |(2021)
Gorges Dam were affected. The time was
advanced by 1.3 days for the former and
delayed for the latter by 2.1 days.

6 | Agriculture Eutrophication controlled the bacterial Gal et al.
community assemblage in shallow lakes (2019), Zeng
and waters et al. (2019)
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Table 4.3 Long-term studies of impacts of human activities on aquatic biodiversity

S/
N | Lake Duration of study Results References
1 |Lake 3 years data set Presented the influence of water level He et al.
Poyang | observation fluctuation on total biomass of phyto- (2020), Liu
plankton, taxonomic composition, direct | et al. (2019).
and indirect effects
2 | Lake 1992-2017 using It presented the variance explained by the | Guo et al.
Tai limnological moni- | nutrient (phosphate, nitrate, ammonium) | (2019), Vilmi
toring data and climatic (wind speed and air tem- et al. (2019)
perature) variables

Table 4.4 Models for investigation of ecological status and their functions

S/

N | Name of Model Components Functions References

1 | Macroinvertebrate- | Three taxonomic To assess the influence of eutro- Zhang
based multimetric | metrics and two phication on ecological status of et al.
index functional metrics | shallow lakes (2019b).

2 | Diatom assem- Water parameters | To assess the relationship between | Pajunen
blage data (predic- | and climatic indicator of water chemistry et al.
tive model) factors (pH and total phosphorus) and cli- | (2020)

matic factors (days)

4.9 Models for Assessing Ecological Indicators

Due to the rapid urbanization and industrialization, human activities and climate
change have increased and there is need to develop an assessment model/index
which is reliable for investigation of the ecological status of aquatic biodiversity (Liu
et al. 2019, 2020, 2021). The presence of biotic components is a widely used
bio-assessment technique in freshwater habitats. Some model/index and their func-
tions are presented in Table 4.4.

4.10 Importance of Aquatic Biodiversity

The benefits of aquatic biodiversity are enormous, having social and esthetic values.

They are responsible for supporting the environmental health
Humans depend on them for food, medicine, and biomaterials
They serve for recreational (tourism purposes) and commercial purposes (fishing)
Aquatic organisms depend on aquatic habitats for food, materials, and grounds
for breeding activities (Hendrik and Martens 2005)
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Aquatic biodiversity is important in the following areas: Cultural services,

Medicinal potentials, Supporting services, Provisioning services, Food resources,
Research and Biomonitoring potentials (Fig. 4.8):

4.10.1 Cultural Services

This refers to the dependence on biodiversity in areas that can promote health for
individuals and the society. These services include esthetics, traditional knowledge,
education, inspiration, and scientific discovery associated with interaction with
biodiversity. This service sustains the relationship between humans and nature as
well as several health-promoting benefits biodiversity can offer (Abraham et al.
2010). The other cultural services proffered are:

It can promote physiological health

It can relief stress and improve cognitive functions (Gladwell et al. 2013)

It shows improved physical health, lower mortality, and occurrence of chronic
diseases

It reduces allergies and chronic inflammation in humans (Barton and Pretty 2010)
It reduces incidence of anxiety depression and asthma (Nieuwenhuijsen et al.
2014)

It reduces coronary heart diseases



4 Potentials, Threats, and Sustainable Conservation Strategies of. . . 103

» The presence of aquatic fauna has helped people relax and reduce stress (Zelenski
and Nisbet 2014)
» It increases mental health (Alcock et al. 2014).

4.10.2 Supporting Services

These services referred to the approach in which biodiversity supports life and its
building processes. These services are very important in the existence of aquatic
ecosystems. Some of these services are:

* Primary production (Chemosynthesis and Photosynthesis)
* Cycling of nutrients important for life sustenance
* Pollination

Ecosystems inadequate in support services are bound to be extinct. This is
majorly sustained by primary production and plants and animals involved in this
process depend on all support services to carry out this function and survival.

4.10.3 Regulating Services

Regulatory services as an importance of aquatic biodiversity go beyond the con-
sumption of aquatic resources; it extends to the following areas:

» Disease occurrence in the population
» The life processes and influence of local climate
* Resilience against flooding and storms which are catastrophic

Principally, regulating services ensure aquatic resources are renewed and an
environment that is functional and habitable. This is achieved by the following
processes:

* Cleaning of air and water

* Climate services modification

* Modulation of the immune and brain functions
* Modulation of diseases that are infectious

Climate change is an important factor that can influence regulatory services in the
aquatic ecosystem (Nelson et al. 2013). Natural aquifers can mitigate disasters when
predicted to increase. Vector-borne diseases have also spread and expanded across
the area.
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4.10.4 Provisioning and Medicinal Services

Humans depend on biodiversity for food to eat and materials in form of raw
materials to build their homes. Aquatic biodiversity can also be a source or material
for medicinal purposes. They are important sources of:

* protein
* iron
* traditional and modern medicine from botanical products

4.10.5 Biomonitoring Potentials

The occurrence of certain species can be useful in monitoring the water quality in
aquatic systems. They can be categorized into the following:

» Pollution-intolerant species: they do not thrive in areas that are polluted and the
water quality is below the recommended range. They can serve as good indicators
for water quality (Largo-Wight 2011).

» Pollution-tolerant species: their presence indicates the condition of the water
(WHO 2014).

Despite these benefits, some factors can contribute to the decline in aquatic
biodiversity. Such as:

* Introduction of exotic species

* Species overexploitation

* Pollution from human activities

* Loss of habitat as a result of dam creation
» Diversion of water (Ormond et al. 1997)

A balance in nature is required so as to promote sustainability through various
strategies of conservation and protection of aquatic life forms.

4.11 Threats of Aquatic Biodiversity

Malnas et al. (2011) asserted that the extent of decline in freshwater biodiversity is
progressing at a pace faster than observed in terrestrial habitats. This is because the
additive effects of diverse aquatic ecosystem stressors acting within the same region
create such enormous stress on the biota that results in declined individual physio-
logical capacities and consequently species extinction. Halpern et al. (2008) inves-
tigated 17 stressors in relation to marine habitats and reported that climate change,
fishing activities, and coastal habitat destruction are among the most potent stressors
impacting biodiversity in marine ecosystems, just as Selig et al. (2014) later shared
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similar findings from their studies focusing on exclusive economic zones and areas
beyond national jurisdictions. Similarly, Crowder et al. (2008) also identified envi-
ronmental changes, fishing, and climate change as trio whose synergistic impacts
threaten diversity in marine ecosystems. The impacts of fishing are most significant
in areas with minimal natural disturbances (Jennings and Kaise 1998) tending to last
longer and interfere with surface growing and benthic organisms. Thus, marine
environmental stressors’ impacts are aggravated due to the additive or synergistic
effects of the identified factors (Halpern et al. 2008). Some of the causes of
biodiversity loss are highlighted below.

4.11.1 Pollution Due to Human Activities
4.11.1.1 Oil and Gas

Oil spills are one of the most damaging sources of anthropogenic environmental
pollution (Izah et al. 2017; Aigberua et al. 2017, Aigberua et al. 2016a, 2016b;
Sharma et al. 2020). Chilvers et al. (2020) reported that at least 1702 acute oil spills
have occurred around the world between 1970 and 2018, with 80% of the data
coming from a single country. Ekperusi and Ekperusi (2021) quoted National Oil
Spill and Response Agency (NOSDRA) to have recorded at least 6333 oil spills in
Nigeria between 2010 and 2015. Oil spills arise from refineries, pipelines vandali-
zation/breakage, and land transport and accidents involving marine trade ships,
which accounts for the 71% reported cases of spillage (Chilvers et al. 2020). It is
uncertain if refineries conceal spills to evade environmental sanctions and host
community agitations for corporate environmental cleansing responsibilities, as
opposed to vessel spills which are reported to balance loading and landing volumes
of crude/refined oil and gas. Therefore, oil spills are a global problem and may not be
localized due to flowing waters and resultant effects from pollution of both water-
ways and beaches. However, spillage occurs in Nigeria (Ekperusi and Ekperusi
2021) and other oil producing nations in Africa (Gdara et al. 2019) which go largely
unaccounted for, with environmental impacts rarely documented.

Studies on water accommodated fractions of heavy fuel oil comprising total
hydrocarbon content of 0.07 mg/L, 0.28 mg/L, and 0.55 mg/L had negative impacts
on phytoplankton biomass primary production corresponding to 6, 52, and 73%,
respectively; while impacts of photo toxicity worsened the reduction of primary
production in the highest two concentration treatments up to 71% and 91%, respec-
tively (Lemcke et al. 2018). This implies subacute concentrations of oil spill could
drastically reduce phytoplankton survival and abundance, which could drastically
affect marine food chains because of the primary position occupied by these
organisms in aquatic food webs.
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4.11.1.2 Dredging

Several factors could contribute to clogging waterways. When these happen, to
prevent overflooding of riverbanks, management could require dredging to deepen
the water bed level and increase the volume of water flow, hence saving adjacent
lands (Izah et al. 2022). Moreover, profuse growth of aquatic macrophytes possesses
problems globally and these are often removed via dredging. Dredging for this
purpose could be to prevent clogging of hydropower plants, enhance irrigation,
disease control, trade and commerce, and recreational activities such as boating,
water skiing, swimming, and angling (Thiemer et al. 2021).

Dredging affects nutrient cycling in the ecosystem, sediment transport, ecosystem
metabolism, and hydraulic properties, which affects macrophytes survival. Removal
of submerged and free-floating macrophytes creates an increase in phytoplankton
biomass and necessitates a shift towards communities where fast-growing
cyanobacteria predominate (Thiemer et al. 2021; Zhu et al. 2019). The decline in
population of macrophytes reduces competition for nutrients, space, and sunlight to
the advantage of phytoplankton; hence the expected increase in biomass, even
though a lag in growth phase may be observed before the biomass gain becomes
predominantly noticeable. Tavernini et al. (2009) reported that following dredging,
zooplankton communities developed towards a higher taxonomical and functional
diversity. Since hydro-chemical properties are substantially altered during dredging,
such changes may pave the way for more favorable environment to facilitate
ecological succession of the plankton communities.

4.11.1.3 Waste Dump

Indiscriminate dumping of solid wastes and discharge of partially treated or
untreated municipal/industrial wastewater effluents into aquatic bodies are often
reported around several African nations (Ekperusi and Ekperusi 2021; Gdara et al.
2019; Ben-Eledo et al. 2017a, 2017b; Seiyaboh and Izah 2017a, 2017b). High
concentration of plankton was recorded in the Cauvery River, Tamil Nadu, India,
which is heavily polluted with household and industrial effluents (Mathivanan et al.
2007). However, a multi stressor study on a reference polluted river in Argentina
showed strong decline in phytoplankton productivity due to an interplay of agro-
chemicals, industrial, and household wastewater effluents (Olguin et al. 2004). The
impact of pollutants on the plankton and macrophytes is a function of the compo-
sition of the pollutants, concentrations, chemical properties, additive, or synergistic
effects (Hader and Gao 2015; Crowder et al. 2008). With changing seasons and
associated rainfall, water quality tends to change through the year. Sewage effluents
released into water bodies are usually rich in nutrients, thereby stimulating the
growth of a wide range of phytoplankton and macrophytes. It is reported that
nutrients ammonium and orthophosphates, high biological oxygen demand (BOD),
hardness and conductivity, and high concentration of pollutants encouraged the
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dominance of a particular algal species, while clean water improved algal and
crustacean diversity (Hader and Gao 2015). Effluents rich in atrazine from agricul-
tural farms or production industries might inhibit the photosynthetic electron trans-
port system, thereby reducing phytoplankton growth. Herbicides applications are
thought to induce a pro-phytoplankton succession in macrophytes-dominated eco-
systems (Yamamuro et al. 2012). Solid wastes such as electronics, rich in heavy
metals, could exact toxic effects, affecting phytoplankton productivity which is
discussed under “others” below.

4.11.1.4 Use of Chemicals for Fishing

The application of light fishing techniques limits the number of fishes that can be
trapped. This often initiates the motivation to use methods aimed at immobilizing or
killing fishes, which are often application of illegal chemicals such as
Dichlorodiphenyltrichloroethane (DDT), Carbide, and explosives, especially dyna-
mite, and in other instances, a mixture of garri + detergents, powdered deter-
gent + garri + petrol have all been reported in Ghana (Afoakwah et al. 2018).
Similar unhealthy practices were also reported in Cameroon where the impacts on
the marine safety, ocean health, and sustainability of aquatic resources have been
questioned (Beseng 2021). The highly flowing waters transport the chemicals to
locations not intended, affecting other aquatic organisms. Used at high concentra-
tions meant to achieve target results, the chemicals may be more lethal to macro-
phytes and zooplankton, for which there is paucity of literature to ascertain the extent
of ecological harm meted on these frail aquatic lives. The accumulation of these
chemicals within a target fishing location will adversely alter the ecological dynam-
ics, facilitating a succession towards more resistant macrophytes. These practices
must be checked by regulatory agencies to ensure the ill practice which does not just
harm the aquatic ecosystems, but also produce fishes unfit for human consumption.

4.11.1.5 Unsustainable Use of Aquatic Resources

Coastal communities usually rely on aquatic resources for both food and economic
gains. This may be mostly fishing, as a highly rated source of protein, and harvesting
other aquatic resources. This indiscriminate practice entails protracted hours on the
waterways, a practice that entails disrupting the quietness of water surfaces by heavy
machines, fishing boats, and power engines which tend to show impacts on surface
growing macrophytes (Jennings and Kaise 1998). These destructive activities con-
stitute unavoidable consequences of fishing and harvesting aquatic resources.
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4.11.1.6 Others

Metals polluting aquatic bodies of anthropogenic activities could be from mining,
smelting, industrial and municipal effluents discharge, ports and harbor activities,
and agricultural activities (application of phosphate fertilizers and metallo-
pesticides) (Izah and Angaye 2016; Ogamba et al. 2021; Sharma et al. 2020).
Dusty particles from roadsides rich in heavy metals arising from the wear of motor
tires could be moved by wind and dispersed into water bodies. Being denser than
water, such metals tend to deposit in the sediments and become a rich source of
contamination to benthic organisms. Common heavy metals (HMs) pollutants usu-
ally found in the environment include Cr, Mn, Ni, Pb. Cu, Cd, and Zn (Khan et al.
2011). While some metals (Fe, Zn, Cu) may be of physiological value at appropriate
concentrations (Sharma et al. 2020), other HMs (Hg, Pb, Cd, Cr) even at low
concentrations may be toxic to organisms.

Heavy metals have been linked with causing morphological changes and reduc-
ing growth and density of phytoplankton, with high concentrations resulting in a
decline in the photosynthetic capability of phytoplankton (Sharma et al. 2020). In
zooplankton, HMs are known to alter physiological functioning and growth (Sharma
et al. 2020, Ju et al. 2018. El-Metwally et al. (2022) reported HMs accumulation
potential in zooplankton to be in the order of Cu > Fe > Mn >Zn > Cd > Ni > Pb > Co,
with preferential accumulation reported for the four of Cu > Fe > Mn > Zn. How-
ever, Ju et al. (2018) reported it in the order of Zn > Cu > Pb > Ni > Cr > Cd. This
could be due to the different ecosystems they studied, and the species diversity and
abundance observed in the respective study locations. Water pollution by heavy
metals is capable of altering the zooplankton community and subsequently the food
chain in the given ecosystem (El-Metwally et al. 2022). Ju et al. (2018) reported an
inverse relationship between HMs and zooplankton abundance, evidently showing
the impact of HMs on zooplankton survival.

Shipping routes are associated with the release of PAHs whose toxicity on aquatic
organisms including effects on plankton has been reported (Honda and Suzuki
2020). The photo-modification of PAHs, accomplished under solar irradiation, pro-
duces highly toxic chemically modified species known as oxyPAHs, which are toxic
to plankton (Lampi 2005). Climate change induces increased temperature on surface
water contributing to ocean warming as it is linked with increased solar and UV
radiations. Sunlight is necessary for photosynthesis, but excessive sunlight is harm-
ful. Excessive UV radiation and visible light hamper photosynthetic activity and
ultimately productivity in phytoplankton, while ocean warming may alter species
composition and encourage blooms of harmful eukaryotic and prokaryotic phyto-
plankton (Hader and Gao 2015).
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4.11.2 Pollution Due to Natural Effects
4.11.2.1 Flooding

Terrestrial runoff may carry along sediments and dissolved organic matter into
coastal waters leading to eutrophication, thus reducing UV penetration (Hader and
Gao 2015). The contaminants alter physicochemical properties of water and cause
death of less tolerant phytoplankton and macrophytes. The contamination of runoff
waters which could be agricultural fields where agrochemicals are applied, wearing
off toxic metals dumped on land surfaces, and other biological wastes would
facilitate eutrophication of the water bodies, support algal blooms, and alter ecosys-
tem dynamics in freshwaters (Whitfield et al. 2021; Zhu et al. 2019; Tavernini et al.
2009). Following flooding, floating mats of macrophytes in Mdloti Estuary of
KwaZulu-Natal Province in South Africa created an adverse condition which ham-
pered usual phytoplankton oxygen manufacture within the water column, thereby
reducing oxygen diffusion through the air-water interface (Whitfield et al. 2021).
The loss of productivity was felt on the phytoplankton and asphyxiation triggered
the death of several fishes. The twin ills of flooding and water level recession around
Africa have facilitated the loss of shoreline macrophytes and eroding of plankton.
Both of these alter freshwater dynamics substantially due to the losses.

4.11.2.2 Others

Heavy metals contamination of water resources arising from natural sources could
include volcanic eruptions and weathering of metal-rocks (Izah et al. 2016).
Increased atmospheric concentrations of CO, may cause ocean acidification altering
chemical properties of seawater, which reduces calcification in calcifying phyto-
plankton (Hader and Gao 2015), resulting in reduced growth and photosynthesis of
phytoplankton and other photosynthetic marine organisms (Wu et al. 2008) and
several other zoological taxa. Although phytoplankton and macrophytes constitute
very important components of the aquatic ecosystem, the emergence of harmful algal
blooms (HABs) poses a serious threat to other aquatic resources. Whitfield et al.
(2021) reported on Prymnesium parvum, which first appeared in 1970 and recently
in 2014 in Cape Town’s Estuary and has since then been identified in other water
bodies around SA, causing significant mortalities usually through gill-hemorrhaging
and gonad-rupture of affected fishes. Other HAB species such as Heterosigma
akashiwo, Nannachloropsis sp, and Lingulodinium polyedra have been reported
due to their toxic impacts on fishes in South Africa (Whitfield et al. 2021).

Several factors capable of altering underwater transparency could reduce the
radiance of sunlight reaching such beneath water surface inhabiting organisms.
Zhang et al. (2019c) reported light availability as the most potent local environmen-
tal factor capable of altering freshwater macrophytes dynamics, beside water quality
to which different macrophytes and plankton respond differently depending on their
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species’ tolerance ability to stressors. They also highlighted other important natural
factors to include water level, temperature fluctuations, precipitation, hours of
sunlight, and water quality due to an interplay of both anthropogenic and natural
factors.

4.12 Conservation Approaches to Aquatic Biodiversity

The conservation strategies must be able to support development that is sustainable
by preserving ecosystems (Yan et al. 2019). To enable optimal protection of
biological resources, strategies must be effective and management actions
broadbased. Some approaches are highlighted:

» Areas of future research in biodiversity trend must be identified by research
organizations and conferences.

» Awareness should be increased by organization of workshops, educational pro-
grams, and incentive programs because awareness is one of the public ways for
biodiversity conservation (Cantonati et al. 2020).

* Wastewater discharge must be monitored and regulatory measures and actions
must be prompt so as to conserve biological diversity.

* Programmes that are specialized and conservation-driven should be established.
This will help to restore specific areas they are expected to address.

* The establishment of industries and plants should be away from water resources
because wastes they discharge can affect the composition of natural water body,
leading to biodiversity loss (Té6th et al. 2019).

* Soil erosion can be reduced by planting trees which will reduce siltation issues
and biodiversity can be preserved (Vilmi et al. 2019).

* Water shed management must be carried out; waterways and exploitation should
have various restrictions so as to boost aquatic resources (Gal et al. 2019).

» Degraded areas and species of animals can be restored

4.13 Conclusion

The aquatic system is composed of wide range of biodiversity and their interplay
determines the sustenance of the ecosystem. Biodiversity is composed of animals,
plants, fungi, and microbes having different roles in the ecosystem. They can
function within species, between species, and between species and the environment.
The aquatic system is composed of freshwater, brackish, and marine waters having
different characteristics and species composition. Plankton is a major component in
the environment and can be classified based on size, species, and length of stay on
water. They are significant in the food chain, oxygen production, and carbon cycle.
Aquatic macrophytes are also important components of the aquatic system and have
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a lot of functions, roles, ecological groups, and various adaptive features in the
aquatic ecosystem. They can appear in rooted or free floating categories which can
be submerged, floating, or emergent. Plankton and macrophytes have various adap-
tive features for their survival. Biodiversity can be assessed using various models
and are important in cultural services, medicinal functions, supporting and provi-
sioning services, food resources, and biomonitoring potentials. These functions are
threatened by human activities such as oil and gas, dredging, waste dumps, and use
of chemicals. Natural effects can also cause significant effects on their abundance.
To this end, conservative strategies should be employed such as environmental
management, awareness creation, and land usage management and environmental
impact assessment of activities should be carried out to achieve sustainability of
plankton and macrophytes and the aquatic environment which is the medium in
which they thrive.

References

Abraham A, Sommerhalder K, Abel T (2010) Landscape and well-being: a scoping study on the
health-promoting impact of outdoor environments. Int J Public Health 55:59-69

Afoakwah RO, Mensah BD, Effah E (2018) A guide on illegal fishing activities in Ghana. USAID/
Ghana Sustainable Fisheries Management Project. Narragansett, RI: Coastal Resources Center,
Graduate School of Oceanography, University of Rhode Island. Prepared by the University of
Cape Coast, Ghana. GH2014_SCI048_UCC 64 pp.

Agedah EC, Ineyougha ER, Izah SC, Orutugu LA (2015) Enumeration of total heterotrophic
bacteria and some physico-chemical characteristics of surface water used for drinking sources
in Wilberforce Island, Nigeria. J Environ Treatment Tech 3(1):28-34

Agrawal A, Gopnal K (2013) Biomonitoring of water and waste water. Springer India, p 34. ISBN
978-8-132-20864-8.

Aigberua AO, Ekubo AT, Inengite AK, Izah SC (2017) Assessment of some selected heavy metals
and their pollution indices in an oil spill contaminated soil in the Niger Delta: a case of
Rumuolukwu community. Biotechnol Res 3(1):11-19

Aigberua AO, Ekubo AT, Inengite AK, Izah SC (2016a) Evaluation of total hydrocarbon content
and polycyclic aromatic hydrocarbons in an oil spill contaminated soil in Rumuolukwu com-
munity in Niger Delta. J Environ Treatment Tech 4(4):130-142

Aigberua AO, Ekubo AT, Inengite AK, Izah SC (2016b) Seasonal variation of nutrient composition
in an oil spill contaminated soil: a case of Rumuolukwu, Eneka, Port Harcourt, Nigeria.
Biotechnol Res 2(4):179-186

Alcock I, White MP, Wheeler BW, Fleming LE, Depledge MH (2014) Longitudinal effects on
mental helath of moving to greener and less green urban areas. Environ Sci Tech. Pub ahead of
print. https://doi.org/10.1021/es403688w

Allan JD (2004) Landscapes and riverscapes: The influence of land use on stream ecosystems. Annu
Rev Ecol Evol Syst 35:257-284

Arber A (1920) Water plants. A study of aquatic angiosperms. University Press, Cambridge, 460 p

Aznar J, Dervieux A, Grillas P (2002) Association between aquatic vegetation and landscape
indicators of human pressure. Wetlands 23:149—-160

Barton J, Pretty J (2010) What is the best dose of nature and green exercise for improving mental
health? A multistudy analysis. Environ Sci Tech 44(10):3947-3955

Ben-Eledo VN, Kigigha LT, Izah SC, Eledo BO (2017a) Water quality assessment of Epie creek in
Yenagoa metropolis, Bayelsa state, Nigeria. Arch Curr Res Int 8(2):1-24


https://doi.org/10.1021/es403688w

112 E. N. Ogamba et al.

Ben-Eledo VN, Kigigha LT, 1zah SC, Eledo BO (2017b) Bacteriological quality assessment of Epie
Creek, Niger Delta region of Nigeria. Int J Ecotoxicol Ecobiol 2(3):102-108

Beseng M (2021) The nature and scope of illegal, unreported, and unregulated fishing and fisheries
crime in Cameroon: implications for maritime security. Afr Security 14(3):262-285. https://doi.
0rg/10.1080/19392206.2021.1982241

Boedeltje G, Sollman P, Lenssen JPM (2019) Floating ability, shoot length and abundance facilitate
hydrochorous dispersal of moss and liverwort fragments. J Veg Sci 30(1):30—41. https://doi.org/
10.1111/jvs.12695

Bornette G, Amoros C, Chessel D (1994) Effect of allogenic processes on successional rates in
former river channels. J Veg Sci 5:237-246

Bronmark C, Hansson LA (2017) The biology of lakes and ponds, 3rd edn. Oxford University
Press, Oxford. 368 p

Cantonati M, Stevens LE, Segadelli S, Springer AE, Goldscheider N, Celico F, Filippini M,
Ogata K, Gargini A (2020) Ecohydrogeology: The interdisciplinary convergence needed to
improve the study and stewardship of springs and other groundwater-dependent habitats, biota,
and ecosystems. Ecol Indic 110:105803. https://doi.org/10.1016/j.ecolind.2019.105803

Chambers PA, Lacoul P, Murphy KJ, Thomaz SM (2008) Global diversity of aquatic macrophytes
in freshwater. Hydrobiologia 198:9-26. https://doi.org/10.1007/978-1-4020-8259-7_2

Chen J, Zhang H, Han Z, Ye J, Liu Z (2012) The influence of aquatic macrophytes on microcystis
aeruginosa growth. Ecol Eng 42:130-133. https://doi.org/10.1016/j.ecoleng.2012.02.021

Chilvers BL, Morgan KJ, White BJ (2020) Sources and reporting of oil spills and impacts on
wildlife 1970-2018. Environ Sci Pollut Res Int 28(1):754—762. https://doi.org/10.1007/s11356-
020-10538-0

Coughlan NE, Cuthbert RN, Kelly TV, Jansen MAK (2018) Parched plants: survival and viability
of invasive aquatic macrophytes following exposure to various desiccation regimes. Aquat Bot
150:9-15. https://doi.org/10.1016/j.aquabot.2018.06.001

Crowder LB, Hazen EL, Avissar N, Bjorkland R, Latanich C, Ogburn MB (2008) The impacts of
fisheries on marine ecosystems and the transition to ecosystems-based management. Annu Rev
Ecol Evol Syst 39(1):259-278

de Nie HW (1987) The decrease in aquatic vegetation in Europe and its consequences for fish
populations. FAO, Rome. http://www.fao.org/3/ac858¢/AC858E00.htm

Dolan J (2012) Microzooplankton: the microsocopic (micro) animals (zoo) of the plankton.
Achieved on 2016 03-04.

Du ZY, Wang QF (2016) China Phylogeny Consortium. Phylogenetic tree of vascular plants
reveals the origins of aquatic angiosperms. J Syst Evol 54(4):342-348. https://doi.org/10.
1111/jse.12182

Ekperusi AO, Ekperusi OH (2021) Towards transparency in oil management in Africa: Nigeria as a
case study. Int Oil Spill Conf Proc 1:1141577. https://doi.org/10.7901/2169-3358-2021.1.
1141577

El-Metwally MEA, Abu El-Regal MA, Abdelkader Al, Sanad EF (2022) Heavy metal accumula-
tion in zooplankton and impact of water quality on its community structure. Arabian J Geosci
15(1)

Fennessy MS, Geho R, Elifritz B, Lopez RD (1998) Testing the floristic quality assessment index as
an indicator of riparian wetland disturbance. Ohio Environmental Protection Agency, Division
of Surface Water, Columbus, OH

Franklin P, Dunbar M, Whitehead P (2008) Flow controls on lowland river macrophytes: a review.
Sci Total Environ 400:369-378

Gal B, Szivak I, Heino J, Schmera D (2019) The effect of urbanization on freshwater
macroinvertebrates—knowledge gaps and future research directions. Ecol Indic 104:357-364

Gdara I, Zrafi I, Balducci C, Cecinato A, Ghrabi A (2019) First investigation of seasonal concen-
tration behaviors and sources assessment of aliphatic hydrocarbon in waters and sediments from
Wadi El Bey, Tunisia. Arch Environ Contam Toxicol 78(1):1-19


https://doi.org/10.1080/19392206.2021.1982241
https://doi.org/10.1080/19392206.2021.1982241
https://doi.org/10.1111/jvs.12695
https://doi.org/10.1111/jvs.12695
https://doi.org/10.1016/j.ecolind.2019.105803
https://doi.org/10.1007/978-1-4020-8259-7_2
https://doi.org/10.1016/j.ecoleng.2012.02.021
https://doi.org/10.1007/s11356-020-10538-0
https://doi.org/10.1007/s11356-020-10538-0
https://doi.org/10.1016/j.aquabot.2018.06.001
http://www.fao.org/3/ac858e/AC858E00.htm
https://doi.org/10.1111/jse.12182
https://doi.org/10.1111/jse.12182
https://doi.org/10.7901/2169-3358-2021.1.1141577
https://doi.org/10.7901/2169-3358-2021.1.1141577

4 Potentials, Threats, and Sustainable Conservation Strategies of. . . 113

Gimenes LLS, Freschi GPG, Bianchini Junior I, Cunha Santino MBD (2020) Growth of the aquatic
macrophyte Ricciocarpos natans (L.) Corda in different temperatures and in distinct concen-
trations of aluminum and manganese. Aquat Toxicol 224:105484

Gladwell VF, Brown DK, Wood C et al (2013) The great outdoors: How a green exercise
environment can benefit all. Extreme Physiol Med 2(3). https://doi.org/10.1186/2046-7648-2-3

Guo C, Zhu G, Qin B, Zhang Y, Zhu M, Xu H, Chen Y, Paerl HW (2019) Climate exerts a greater
modulating effect on the phytoplankton community after 2007 in eutrophic Lake Taihu, China:
Evidence from 25 years of recordings. Ecol Indic 105:82-91

Hader DP, Gao K (2015) Interactions of anthropogenic stress factors on marine phytoplankton.
Front Environ Sci 3

Halpern BS, Walbridge S, Fujita R, Heinemann D, Lenihan HS, Madin EMP, Fox HE (2008) A
global map of human impact on marine ecosystems. Science (American Association for the
Advancement of Science) 319(5865):948-952

Hartmann M, Grob C, Tarran GA, Martin AO, Burkill PH, Scanlan DJ, Zubkov MV (2012)
Mixotrophic basis of Atlantic oligotrophic ecosystems. Proc Natl Acad Sci U S A 109(15):
5756-5760

He F, Wu N, Dong X, Tang T, Domisch S, Cai Q, Jidhnig SC (2020) Elevation, aspect, and local
environment jointly determine diatom and macroinvertebrate diversity in the Cangshan Moun-
tain, Southwest China. Ecol Indic 108:105618. https://doi.org/10.1016/j.ecolind.2019.105618

Hendrik S, Martens K (2005) Aquatic biodiversity: v. 2: the diversity of aquatic ecosystems
(developments in hydrobiology). Springer

Honda M, Suzuki N (2020) Toxicities of polycyclic aromatic hydrocarbons for aquatic animals. Int
J Environ Res Public Health 17(4):1363

Izah SC, Aigberua AO, Srivastav AL (2022) Factors influencing the alteration of microbial and
heavy metal characteristics of river systems in the Niger Delta region of Nigeria. In: Madhav S,
Kanhaiya S, Srivastav AL, Singh VB, Singh P (eds) Ecological significance of river ecosystem:
challenges and management. Elsevier, pp 51-78

Izah SC, Angaye TCN, Aigberua AO, Nduka JO (2017) Uncontrolled bush burning in the Niger
Delta region of Nigeria: potential causes and impacts on biodiversity. Int J Mol Ecol Conserv
7(1):1-16

Izah SC, Chakrabarty N, Srivastav AL (2016) A review on heavy metal concentration in potable
water sources in Nigeria: human health effects and mitigating measures. Exposure Health 8:
285-304

Izah SC, Angaye TCN (2016) Heavy metal concentration in fishes from surface water in Nigeria:
Potential sources of pollutants and mitigation measures. Sky J Biochem Res 5(4):31-47

Izah SC, Srivastav AL (2015) Level of arsenic in potable water sources in Nigeria and their potential
health impacts: A review. J Environ Treatment Tech 3(1):15-24

Izah SC (2018) Ecosystem of the Niger Delta region of Nigeria: potentials and threats. Biodiversity
Int J 2(4):338-345

Jennings S, Kaise MJ (1998) The effects of fishing on marine ecosystems. Adv Mar Biol 34:201—
212

Ju Y-R, Lo W-T, Chen C-F, Chen C-W, Huang Z-L, Dong C-D (2018) Effect of metals on
zooplankton abundance and distribution in the coast of southwestern Taiwan. Environ Sci
Pollut Res Int 26(33):33,722-33,731. https://doi.org/10.1007/s11356-018-2169-x

Khan T, Muhammad S, Khan B, Khan H (2011) Investigating the levels of selected heavy metals in
surface water of Shah Alam River (a tributary of River Kabul, Khyber Pakhtunkhwa). J
Himalayan Earth Sci 44(2):71-79

Karleskint G, Tuner R, Small J (2013) Chapter 17: The open sea. In: Karleskint G, Small J (eds)
Introduction to marine biology, (4th ed.). edn, Brooks/Cole. ISBN 978-1-133-36446-7.

Karsenti E, Acinas SG, Brok P, Bowler C, De Vargas C, Raes J, Sulivan M, Arendt D, Benzoni F,
Claverie J-M, Follows M, Gorsky G, Hingamp P, Ludicone D, Jallion O, Kandels-Lewis S,
Krzic U, Not F, Ogata H, Pesant S, Reynaud EG, Sardet C, Sieracki ME, Speich S,


https://doi.org/10.1186/2046-7648-2-3
https://doi.org/10.1016/j.ecolind.2019.105618
https://doi.org/10.1007/s11356-018-2169-x

114 E. N. Ogamba et al.

Velayoudon D, Weissenbach J, Wincker P (2011) A holistic approach to marine eco-systems
biology. PLoS Biol 9(10):e1001177

Klamt A-M, Hu K, Huang L, Chen X, Liu X, Chen G (2020) An extreme drought event
homogenises the diatom composition of two shallow lakes in southwest China. Ecol Indic
108:105662. https://doi.org/10.1016/j.ecolind.2019.105662

Kuhar U, Germ M, Gabers™cik A, Urbani’c G (2011) Development of a River Macrophyte Index
(RMI) for assessing river ecological status. Limnologica 41:235-243

Kumar U, Asija MJ (2009) Biodiversity: principle and conservation. Agrobios (India)

Lampi MA (2005) Environmental photoinduced toxicity of polycyclic aromatic hydrocarbons
occurrence and toxicity of photomodified PAHs and predictive modeling of photoinduced
toxicity. University of Waterloo, Waterloo

Largo-Wight E (2011) Cultivating healthy places and communities: Evidenced-based nature con-
tact recommendations. Int J Environ Health Res 21(1):41-61

Leles SG (2018) Modelling mixotrophic functional diversity and implications for ecosystem
function—Oxford Journals. J Plankton Res 40(6):627—642

Lemcke S, Holding J, Mgller EF, Thyrring J, Gustavson K, Juul-Pedersen T, Sejr MK (2018) Acute
oil exposure reduces physiological process rates in Arctic phyto- and zooplankton. Ecotoxicol-
ogy (London) 28(1):26-36

Li F, Tonkin JD, Haase P (2020) Local contribution to beta diversity is negatively linked with
community-wide dispersal capacity in stream invertebrate communities. Ecol Indic 108:105715

Li G, Hu S, Hou H, Kimura S (2019) Heterophylly: phenotypic plasticity of leaf shape in aquatic
and amphibious plants. Plants 8:420

Liu F, Li M, Wang J, Gong Z, Liu M, Liu H, Lin P (2021) Species composition and longitudinal
patterns of fish assemblages in the middle and lower Yarlung Zangbo River, Tibetan Plateau,
China. Ecol Ind 125:107542

LiuJ, Chen Y, LiM, Liu B, Liu X, Wu Z, Cai Y, Xu J, Wang J (2019) Water-level fluctuations are
key for phytoplankton taxonomic communities and functional groups in Poyang Lake. Ecol
Indic 104:470-478

Liu P, Xu S, Lin J, Li H, Lin Q, Han B-P (2020) Urbanization increases biotic homogenization of
zooplankton communities in tropical reservoirs. Ecol Indic 110:105899

Maberly SC, Madsen TV (2002) Freshwater angiosperm carbon concentrating mechanisms: pro-
cesses and patterns. Funct Plant Biol 29:393—405. https://doi.org/10.1071/PP01187

Mack JJ, Micacchion M, Augusta LD, Sablack GR (2000) Vegetation indices of biotic integrity
(Vibi) for wetlands and calibration of the Ohio rapid assessment method for wetlands; Grant
CD95276; Final report to US Environmental Protection Agency; Ohio Environmental Protec-
tion Agency: Columbus, OH, USA p. 98.

Mackay SJ, Arthington AH, Kennard MJ, Pusey BJ (2003) Spatial variation in the distribution and
abundance of submerged macrophytes in an Australian subtropical river. Aquat Bot 77:169—-186

Malnas K, Polyak L, Prill E, Hegediis R, Kriska G, Dévai G, Lengyel S (2011) Bridges as optical
barriers and population disruptors for the mayfly Palingenia longicauda: an overlooked threat to
freshwater biodiversity? J Insect Conserv 15(6):823—832. https://doi.org/10.1007/s10841-011-
9380-0

Mathivanan V, Vijayan P, Sabhanayakam S, Jeyachitra O (2007) An assessment of plankton
population of Cauvery River with reference to pollution. J Environ Biol 28:523-526

Mommer L, Pons TL, Wolters-Arts M, Venema JH, Visser EJW (2005) Submergence-induced
morphological, anatomical, and biochemical responses in a terrestrial species affect gas diffu-
sion resistance and photosynthetic performance. Plant Physiol 139(1):497-508. https://doi.org/
10.1104/pp.105.064725

Nakayama H, Sinha NR, Kimura S (2017) How do plants and phytohormones accomplish hetero-
phylly, leaf phenotypic plasticity, in response to environmental cues. Front Plant Sci 8:1717.
https://doi.org/10.3389/fpls.2017.01717


https://doi.org/10.1016/j.ecolind.2019.105662
https://doi.org/10.1071/PP01187
https://doi.org/10.1007/s10841-011-9380-0
https://doi.org/10.1007/s10841-011-9380-0
https://doi.org/10.1104/pp.105.064725
https://doi.org/10.1104/pp.105.064725
https://doi.org/10.3389/fpls.2017.01717

4 Potentials, Threats, and Sustainable Conservation Strategies of. . . 115

Nelson EJ, Kareiva P, Ruckelshaus M et al (2013) Climate change impact on key ecosystem
services and the human wellbeing they support in the United States. Front Ecol Environ
11(9):483-493

Nieuwenhuijsen MJ, Hanneke K, Gidlow C et al (2014) Positive health effects of the natural
outdoor environment in typical populations in different regions in Europe (PHENOTYPE): a
study programme protocol. BMJ Open 4:004951

Ogamba EN, Charles EE, Izah SC (2021) Distributions, pollution evaluation and health risk of
selected heavy metal in surface water of Taylor creek, Bayelsa State, Nigeria. Toxicol Environ
Health Sci 13(2):109-121. https://doi.org/10.1007/s13530-020-00076-0

Ogamba EN, Charles EE, 1zah SC (2019a) Phytoplankton community of Taylor Creek in the Niger
Delta using diversity indices. J Plant Animal Ecol 1(3):1-12

Ogamba EN, Charles EE, Izah SC (2019b) Application of diversity indices in the study zooplankton
community of Taylor Creek in the Niger Delta, Nigeria. Sumerianz J Biotechnol 2(6):35-41

Ogamba EN, Seiyaboh EI, Izah SC, Ogbugo I, Demedongha FK (2015a) Water quality, phyto-
chemistry and proximate constituents of Eichhornia crassipes from Kolo creek, Niger Delta,
Nigeria. Int J Appl Res Technol 4(9):77-84

Ogamba EN, Izah SC, Toikumo BP (2015b) Water quality and levels of lead and mercury in
Eichhornia crassipes from a tidal creek receiving abattoir effluent, in the Niger Delta, Nigeria.
Continent J Environ Sci 9(1):13-25

Ogamba EN, Izah SC, Emaviwe D (2015c) Phytochemical assessment of Eichhornia crassipes
from River Nun, Nigeria. Res J Phytomed 1(1):24-25

Ogamba EN, Izah SC, Ogbogu MJ (2015d) Cadmium and Lead level in Eichhornia crassipes from
River Nun, Niger Delta, Nigeria. J] Adv Biol Basic Res 1(1):53-56

O’Hare MT, Baattrup-Pedersen A, Baumgarte I, Freeman A, Gunn IDM, Lazar AN, Sinclair R,
Wade AJ, Bowes MJ (2018) Responses of aquatic plants to eutrophication in rivers: a revised
conceptual model. Front Plant Sci 9:451. https://doi.org/10.3389/fpls.2018.00451

O’Hare MT, Baattrup-Pedersen A, Nijboer R, Szoszkiewicz K, Ferreira T (2006) Macrophyte
communities of European streams with altered physical habitat. Hydrobiologia 566:197-210

Olguin HF, Puig A, Loez CR, Salibian A, Topalian ML, Castafi¢ PM et al (2004) An integration of
water physicochemistry, algal bioassays, phytoplankton, and zooplankton for ecotoxicological
assessment in a highly polluted lowland river. Water Air Soil Pollut 155:355-381. https://doi.
org/10.1023/B:WATE.0000026538.51477.c2

Ormond RFG, Gage JD, Martin VA (eds) (1997) Marine biodiversity: patterns and processes.
Cambridge University Press, New York

Padhi BK, Mandal RK (2000) Applied Fish Genetics. Fishing Chimes Publi

Pajunen V, Kahlert M, Soininen J (2020) Stream diatom assemblages as environmental indicators—
a cross-regional assessment. Ecol Indic 113:106183. https://doi.org/10.1016/j.ecolind.2020.
106183

Paudel Adhikari N, Liu Y, Liu K, Zhang F, Adhikari S, Chen Y, Liu X (2019) Bacterial community
composition and diversity in Koshi River, the largest river of Nepal. Ecol Indic 104:501-511

Perata P, Alpi A (1993) Plant responses to anaerobiosis. Plant Sci 93:1-17. https://doi.org/10.1016/
0168-9452(93)90029-Y

Rejmankova E (2011) The role of macrophytes in wetland ecosystems. J Ecol Field Biol 34(4):
333-345. https://doi.org/10.5141/JEFB.2011.044

Santamaria L (2002) Why are most aquatic plants widely distributed? Dispersal, clonal growth and
small-scale heterogeneity in a stressful environment. Acta Oecologica 23:137—-154. https://doi.
org/10.1016/S1146-609X(02)01146-3

Selig ER, Turner WR, Troeng S, Wallace BP, Halpern BS et al (2014) Global priorities for marine
biodiversity conservation. PLoS One 9(1):e82898. https://doi.org/10.1371/journal.pone.
0082898

Seiyaboh EI, Izah SC (2017a) Review of impact of anthropogenic activities in surface water
resources in the Niger Delta region of Nigeria: a case of Bayelsa state. Int J Ecotoxicol Ecobiol
2(2):61-73


https://doi.org/10.1007/s13530-020-00076-0
https://doi.org/10.3389/fpls.2018.00451
https://doi.org/10.1023/B:WATE.0000026538.51477.c2
https://doi.org/10.1023/B:WATE.0000026538.51477.c2
https://doi.org/10.1016/j.ecolind.2020.106183
https://doi.org/10.1016/j.ecolind.2020.106183
https://doi.org/10.1016/0168-9452(93)90029-Y
https://doi.org/10.1016/0168-9452(93)90029-Y
https://doi.org/10.5141/JEFB.2011.044
https://doi.org/10.1016/S1146-609X(02)01146-3
https://doi.org/10.1016/S1146-609X(02)01146-3
https://doi.org/10.1371/journal.pone.0082898
https://doi.org/10.1371/journal.pone.0082898

116 E. N. Ogamba et al.

Seiyaboh EI, Izah SC (2017b) Bacteriological assessment of a tidal creek receiving slaughterhouse
wastes in Bayelsa state, Nigeria. J] Adv Biol Biotechnol 14(1):1-7

Sharma KV, Sarvalingam BK, Marigoudar SR (2020) A review of mesocosm experiments on heavy
metals in marine environment and related issues of emerging concerns. Environ Sci Pollut Res
Int 28(2):1304—1316. https://doi.org/10.1007/s11356-020-11121-3

Srivastava J, Gupta A, Chandra H (2008) Managing water quality with aquatic macrophytes. Rev
Environ Sci Biotechnol 7:255-266. https://doi.org/10.1007/s11157-008-9135-x

Steinacher M et al (2010) Projected 21* century decrease in marine productivity: a multi-model
analysis. Biogeosciences 7(3):979-1005. https://doi.org/10.5194/bg-7-979-2010

Steinberg DK, Landry MR (2017) Zooplankton and the ocean carbon cycle. Ann Rev Mar Sci 9:
413-414. https://doi.org/10.1146/annurev-marine-010814-015924

Szoszkiewicz K, FerreiraT KT, Baattrup-Pedersen A, Davy-Bowke J, O’Hare M (2006) European
river plant communities: the importance of organic pollution and the usefulness of existing
macrophyte metrics. Hydrobiologia 566:211-234

T6th R, Czegledi I, Kern B, Eros T (2019) Land use effects in riverscapes: diversity and environ-
mental drivers of stream fish communities in protected, agricultural and urban landscapes. Ecol
Indic 101:742-748

Takahashi H, Yamauchi T, Colmer TD, Nakazono M (2014) Aerenchyma formation in plants. In:
van Dongen JT, Licausi F (eds) Low-oxygen stress in plants: oxygen sensing and adaptive
responses to hypoxia. Springer-Verlag, Wien, pp 247-265. https://doi.org/10.1007/978-3-7091-
1254-0_13

Tang Y, Harpenslager SF, van Kempen MML, Verbaarschot EJH, Loeffen LMJM, Roelofs JGM,
Smolders AJP, Lamers LPM (2017) Aquatic macrophytes can be used for wastewater polishing
but not for purification in constructed wetlands. Biogeosciences 14:755-766

Tavernini S, Viaroli P, Rossetti G (2009) Zooplankton community structure and inter-annual
dynamics in two sand-pit lakes with different dredging impact. Int Rev Hydrobiol 94(3):
290-307

Tewari G and Bisht A (2021) Aquatic biodiversity: threats and conservation. https://www.aquafind.
com/articles/aquatic_biodiversity.php

Thiemer K, Schneider SC, Demars BO (2021) Mechanical removal of macrophytes in freshwater
ecosystems: Implications for ecosystem structure and function. Sci Total Environ 782:
146,671-146,671

van Leeuwen CHA (2018) Internal and external dispersal of plants by animals: an aquatic
perspective on alien interference. Front Plant Sci 9:153. https://doi.org/10.3389/fpls.2018.
00153

van Veen H, Sasidharan R (2019) Shape shifting by amphibious plants in dynamic hydrological
niches. New Phytol. https://doi.org/10.1111/nph.16347

Vilmi A, Tolonen KT, Karjalainen SM, Heino J (2019) Niche position drives interspecific variation
in occupancy and abundance in a highly-connected lake system. Ecol Indic 99:159—-166

Vorosmarty CJ, Mclntyre PB, Gessner MO, Dudgeon D, Prusevich A, Green P, Glidden S, Bunn
SE, Sullivan CA, Liermann CR (2010) Global threats to humanwater security and river
biodiversity. Nature 467:555

Vymazal J (2013) Emergent plants used in free water surface constructed wetlands: a review. Ecol
Eng 61:582-592. https://doi.org/10.1016/j.ecoleng.2013.06.023

Wang G, Wang X, Liu X, Li Q (2012) Diversity and biogeochemical function of planktonic fungi in
the ocean. In: Raghukumar C (ed) Biology of Marine Fungi. Springer, Berlin Heidelberg, pp
71-88

Ward BA, Follows MJ (2016) Marine mixotrophy increases trophic transfer efficiency, mean
organism size, and vertical carbon flux. Proc Natl Acad Sci U S A 113(11):2958-2963

Wetzel RG (2001) Limnology: lake and river ecosystems, 3rd edn. Academic Press, San Diego,
1006 p. https://doi.org/10.1016/C2009-0-02112-6


https://doi.org/10.1007/s11356-020-11121-3
https://doi.org/10.1007/s11157-008-9135-x
https://doi.org/10.5194/bg-7-979-2010
https://doi.org/10.1146/annurev-marine-010814-015924
https://doi.org/10.1007/978-3-7091-1254-0_13
https://doi.org/10.1007/978-3-7091-1254-0_13
https://www.aquafind.com/articles/aquatic_biodiversity.php
https://www.aquafind.com/articles/aquatic_biodiversity.php
https://doi.org/10.3389/fpls.2018.00153
https://doi.org/10.3389/fpls.2018.00153
https://doi.org/10.1111/nph.16347
https://doi.org/10.1016/j.ecoleng.2013.06.023
https://doi.org/10.1016/C2009-0-02112-6

4 Potentials, Threats, and Sustainable Conservation Strategies of. . . 117

Whitfield AK, Adams JB, Harrison TD, Lamberth SJ, Lemley DA, MacKay F, Weyl OLF (2021)
Possible impacts of non-native plant, pathogen, invertebrate and fish taxa on the indigenous
ichthyofauna in South African estuaries: a preliminary review. Biol Invasions 23(9):2729-2747

World Health Organization (WHO) (2014) Biodiversity. https://www.who.int/globalchange/
ecosystems/biodiversity/en/.

Wu HY, Zou DH, Gao KS (2008) Impacts of increased atmospheric CO2 concentration on
photosynthesis and growth of micro- and macro-algae. Sci China Ser C 51:1144-1150

Yamamuro M, Viaroli P, de Wit R, Mazouni N (2012) Herbicide-induced macrophyte-to-phyto-
plankton shifts in Japanese lagoons during the last 50 years: consequences for ecosystem
services and fisheries. Hydrobiologia 699(1):5-19

Yan D, Xu H, Yang M, Lan J, Hou W, Wang F, Zhang J, Zhou K, An Z, Goldsmith Y (2019)
Responses of cyanobacteria to climate and human activities at Lake Chenghai over the past
100 years. Ecol Indic 104:755-763

Yang N, Zhang Y, Duan K (2017) Effect of hydrologic alteration on the community succession of
macrophytes at Xiangyang Site, Hanjiang River, China. Scientifica, 4083696.

Yu W, Zou X, Zhang D, Wang T, Wang C, Yao Y, Zhang H, Ben C, Yuan J (2019) The evaluation
of marine biological value of the Jiangsu coastal zone (east of China) under the interference of
human activities. Ecol Indic 102:76-83

Zelenski JM, Nisbet EK (2014) Happiness and feeling connected: The distinct role of nature
relatedness. Environ Behav 46(1):3-23. https://doi.org/10.1177/0013916512451901

Zelnik I, Kuhar U, Holcar M, Germ M, Gabers¢ik A (2021) Distribution of vascular plant
communities in Slovenian watercourses. Water 13:1071

Zeng J, Jiao C, Zhao D, Xu H, Huang R, Cao X, Yu Z, Wu QL (2019) Patterns and assembly
processes of planktonic and sedimentary bacterial community differ along a trophic gradient in
freshwater lakes. Ecol Indic 106:105491. https://doi.org/10.1016/j.ecolind.2019.105491

Zhang M, Molinos JG, Su G, Zhang H, Xu J (2019a) Spatially structured environmental variation
plays a prominent role on the biodiversity of freshwater macrophytes across China. Front Plant
Sci 10:161. https://doi.org/10.3389/fpls.2019.00161

Zhang P, Qiao Y, Grenouillet G, Lek S, Cai L, Chang J (2021) Responses of spawning thermal
suitability to climate change and hydropower operation for typical fishes below the Three
Gorges Dam. Ecol Indic 121:107186. https://doi.org/10.1016/j.ecolind.2020.107186

Zhang Y, Cheng L, Kong M, Li W, Gong Z, Zhang L, Wang X, Cai Y, Li K (2019b) Utility of a
macroinvertebrate-based multimetric index in subtropical shallow lakes. Ecol Indic 106:
105527. https://doi.org/10.1016/j.ecolind.2019.105527

Zhang Y, Ma R, Liang Q, Guan B, Loiselle S (2019¢) Secondary impacts of eutrophication control
activities in shallow lakes: Lessons from aquatic macrophyte dynamics in Lake Taihu from 2000
to 2015. Freshwater Sci 38(4):802—817. https://doi.org/10.1086/706197

ZhuJ, Peng Z, Liu X, Deng J, Zhang Y, Hu W (2019) Response of aquatic plants and water quality
to large-scale nymphoides peltata harvest in a shallow lake. Water 11:77. https://doi.org/10.
3390/w11010077

Zuo Z (2019) Why algae release volatile organic compounds—the emission and roles. Front
Microbiol 10:491. https://doi.org/10.3389/fmicb.2019.00491


https://www.who.int/globalchange/ecosystems/biodiversity/en/
https://www.who.int/globalchange/ecosystems/biodiversity/en/
https://doi.org/10.1177/0013916512451901
https://doi.org/10.1016/j.ecolind.2019.105491
https://doi.org/10.3389/fpls.2019.00161
https://doi.org/10.1016/j.ecolind.2020.107186
https://doi.org/10.1016/j.ecolind.2019.105527
https://doi.org/10.1086/706197
https://doi.org/10.3390/w11010077
https://doi.org/10.3390/w11010077
https://doi.org/10.3389/fmicb.2019.00491

Chapter 5 )
Threats and Conservation Status st
of Cercopithecus sclateri in Akwa Ibom

State, Nigeria

Daniel Etim Jacob and Edem Archibong Eniang

Abstract The primate species Cercopithecus sclateri is considered a sacred animal
in all the villages, making up Itu Local Government Area in Akwa Ibom State,
Nigeria. The communities are blessed with pockets of forests that serve as a sacred
grove for this endemic species. These fragmented forests are preserved by communal
laws that prohibit the extraction of specific forest resources, including the endan-
gered primate species among other animal species in the study area. However, in
recent times, there has been widespread destruction and exploitation of communal
forestland due to pressure from urbanization and population growth, which has
posed a severe threat to the conservation of forest resources in the area. Furthermore,
studies conducted in the area have shown that anthropogenic activities in the site are
high and have negatively impacted the primate species population in the study area,
resulting in an aging population of the monkey species. This chapter, therefore,
evaluates the threat, conservation status, and efforts undertaken to ensure species
conservation in the study area. It also gives recommendations to ensure that adequate
measures are urgently needed to restore and protect the remaining endemic species’
habitat to ensure its conservation in the study area.

Keywords Conservation - Sclater’s guenon - Community forest - Itu - Nigeria

5.1 Introduction

Majority of the world’s biological diversity is found in the tropical ecosystems
(Sodhi et al. 2004; Quinten 2008; Jacob et al., 2020d; Ukpong et al., 2018; Nelson
et al., 2019, 2021). The region constitutes less than 7% only of the global land area
and serves as a refuge for more than half of all existing flora and fauna species
globally (Donohoe 2003; Jacob et al., 2015b, c). However, due to broad abuse of the
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shared assets, the locality is being converted to a place of human habitation, which
has posed as a risk to neighborhood biodiversity (Lawrence 1997). Alteration of the
environment by human activity has, in this manner, undermined biodiversity at a
worldwide scale (Cowlishaw 1999; Cowlishaw and Dunbar 2000; Chapman and
Peres 2001; Jacob, 2016). According to Ettah (2008), the tropical nations lose more
than 127,000 km?® of timberland zone every year. This does not incorporate the
tremendous range being specifically logged, evaluated to cover more than
55,000 km? (Chapman and Lambert 2000; Bennett 2000).

In Africa, deforestation due to anthropogenic activities is a significant issue
(Jacob et al.,, 2013a; Nelson et al., 2013, 2020). Hence, the ecosystem (e.g.,
swamp rainforest) is exploited at a faster rate than those of other ecosystems
(Archad et al. 2002). Besides, the authors’ projection has indicated that an
unsustainable tropical woodland pulverization will result in the destitution of around
75% of all unique biodiversity by the next century. These scenarios of destruction
are incredibly genuine concerns since the tropics are the world’s most significant
locale in species abundance and endemism (Mittermeier et al. 1997; Myers et al.,
2000; Jacob et al., 2012), and these actions could cause the extinction of more than
42% of its biodiversity (Sodhi et al. 2004). However, biodiversity exceptionally
enhances human presence because it constitutes the asset everybody depends on
(Jacob et al. 2020a, b, c). Its preservation hence gets to be highly relevant (Groves,
2000; Jacob et al. 2018, 2019).

In Africa, Nigeria is the second nation in terms of being naturally diverse and
positioned in primate endemism within the world (Grubb et al. 2000; Egwali et al.
2005). In show of disdain toward this vital status in primate status, the Nigerian
environment is uncovered to powers of species extinction and destruction because of
human actions (Eniang 2001; Eniang and Ebin 2002). Subsequently, numerous
species of mammals, particularly the apes, are debilitated at different levels antag-
onistic to their natural selection. Consequently, the rising bushmeat trade has
aggravated the problem, hence there is bound to be a forest without wildlife as in
the case of Procolobus badius waldronii, which disappeared from some countries in
West Africa (Revkin, 2000). Consequently, most primate species in Nigeria are
grouped under various threat class of the [IUCN Red List (IUCN 2011).

In Akwa Ibom State, Nigeria, C. sclateri, locally called Adiaha awah-Itam -
meaning daughter of Itam deity, is a fundamentally imperiled primate of the African
landmass (Egwali et al. 2005). It is evaluated as one of the foremost undermined
primate species in Africa that need species preservation (Oates 1994; Tooze 1995).
The species is also considered the foremost debilitated African guenons (Oates and
Anadu, 1989). It was overhauled from the subspecies of Cercopithecus erythrotis
sclateri to full species status in 1980 (Grubb et al., 2000). Cercopithecus sclateri is
endemic to Nigeria, and has a limited run, and found only in the lower Western part
of the river Niger and Cross River frameworks (Tooze 1994a, b).

Cercopithecus sclateri operates a social group that embodies the gathering of
more males and females together in a group. They are effectively arborary and active
in the day time. They have the ability to survive in a degraded environment due to
their versatility (Egwali et al. 2005; Jacob 2017). Also, little disconnected populace
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of the species had been seen within the Niger Delta ecosystem (Oates et al. 1992;
Tooze 1995; Rowe 1996; Oates et al. 2004). Moreover, Gadsby (1987) observed that
Stubb’s creek was an ecosystem with a unique and intaglio feature that favors the
existence of Cercopithecus sclateri.

5.2 Species Description

Cercopithecus sclateri is the only monkey species that is endemic to Nigeria. The
internal union for conservation of nature JUCN) considered it as a primate species
that is endangered (Cercopan.org 2011). In 1904, the first description of the species
was introduced by Pocock (1904). Decades after this description, scientists still
believed the primate species belonged to the subgroup of the Cercopithecus
erythrotis. Moreover, others believed the species evolved from the species
Cercopithecus erythrotis that was found only in the forest areas bordering Nigeria
and Cameroon, and the species Cercopithecus erythrogaster in the forest fragments
of the Niger Delta region in Nigeria. However, studies such as Hill (1953), Kingdon
(1980), and Nowak (1999) had argued and voted for the full species status of
Cercopithecus sclateri against its consideration as a subspecies of Cercopithecus
cephus and Cercopithecus erythrotis. The species comparison with Cercopithecus
cephus was attributed to its size, versatility, and being brightly colored. Conse-
quently, the species can easily be identified by the unique color of its tail which is
30 - 50% rusty-red in coloration (Cercopan.org 2011).

Cercopithecus sclateri, a species of the guenon family, could be regarded as an
exceptionally colorful monkey with a complex facial design. Its body color is dark
grey with a few traces of green on its backside. It has a ruddy colored tail whose
length is 75% of the total length of the species. The ruddy color on ventral proximal
portion of the primate tail fades gradually till it becomes white and finally black at
the distal end. The primate gag is brownish-pink with a soft white nose spot. Its
confront is decorated with three distinct patches of hair, while the crown of the head
and the patches on its cheek are yellow blended with darker colors. Furthermore, it
has a white patch on its throat that is large and extends to its ears which have
significant white tufts. Finally, there are black temporal bars which extend beyond
the ears to reach the back of its head (Oates et al. 1992).

Cercopithecus sclateri, besides the other individuals of their superspecies, has a
place in the littler group of guenons. The female Cercopithecus sclateri weighs
almost 2.5 kg, though the male counterparts weigh about 4.0 kg. However, all the
primate species belonging to guenons family are considered to possess sexually
dimorphic canines. Furthermore, they possess longer rear appendages than their fore
appendages. At the end, Cercopithecus sclateri possesses a unique quality that
differentiates it from other species in the form of its patch on the cheek (Fleagle,
1999). In addition, Cercopithecus sclateri has a total body length that ranges
between 80 and 120 cm (Law and Myers 2004).
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There are very few literatures on the behavioral pattern of Cercopithecus sclateri
in their natural environment. Be that as it may, within the individuals of the
superspecies Cercopitheus cephus, social structure is of a lesser stringent character-
istics compared to other individuals of Cercopithecus species. Particularly, those
species do not have a single prevailing male as they also embrace a multi-male social
structure that embodies family individuals, or all of them being only females
(Kingdon 1980).

There is also paucity of information on the movement patterns of Cercopithecus
species. Available information assume majority of the guenons species to be qua-
drupedal, leaping for 10 percent of their active time. However, other studies asso-
ciate that their movement pattern is influenced by their eating behavior. McGraw
(2002) argued that the climbing pattern of the species is contrarily related to eating
habits associated with fruits, while the insectivores utilize more transitional stances
than other species. Nowak (1999) also asserts that the species utilize their tails for
adjusting their balance as they more often than not rest in trees.

C. sclateri is sympatric in nature. Fleagle (1999) listed a few other sympatric
species to include P. potto, A. calabarensis, C. torquatus, C. mona, and C. nicticans.
In Gabon, Cercopithecus nicticans is reported to share habitat with Cercopithecus
cephus. They segment assets based on sort of nourishment and favored canopy
nourishing level. Consequently, it can be assumed that since Cercopithecus cephus
occupies the same biological environment with Cercopithecus sclateri, they are most
likely to affiliate with other primate species in the area. (Jacob 2012; Tooze 1995).

The ranging pattern of Cercopithecus sclateri is limited by numerous components
such as its body measure, diet, nourishment accessibility due to population density
and dissemination, intergroup experiences, mating procedures, social structure, and
shirking of predators and nourishment competition (Baker 2005; Boinski et al.
2000). Consequently, all primate species that eat fruits, for example Cercopithecus
sclateri that depend on high-calories nourishments with inconsistent time and season
accessibility, seldom have a wider habitat area and move for long distances in the
day. However, species that depend on lower quality nourishments, which are readily
available and accessible, have smaller feeding grounds and walk for short distances
(Baker and Olubode, 2008). Scrounging models foresee that primates species ought
to utilize their feeding area in a proficient way in connection to accessibility of
nourishment, particularly concentrating their scrounging endeavors in zones where
accessibility of nourishment is most noteworthy (Pyke et al. 1977).

In any case, Cercopithecus sclateri depends intensely on perpetual herbaceous
vegetation that’s inexhaustibly accessible where natural products can be collected.
Thus, they have brief everyday distance lengths and a little yearly domestic ranges of
about 2 km (Egwali et al., 2005). Be that as it may, closely related species have littler
domestic ranges than other individuals of the sort. Nowak (1999) also reports that the
closely related Cercopithecus ascanius employs a 15 ha habitat range with a 5 ha
center zone, in spite of the fact that they are known to have domestic range of up to
130 ha.

Since nourishments are basically omnipresent within the rain forest eco-zones
with plenitude of natural products shifting spatially on a little scale as well as among
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territories, Cercopithecus sclateri subsequently employs the rich quality nourish-
ment of the zone over and over inside a decently brief period isolated by long
interims (Watts 2000). Amid the late dry period and early onset of rain when there’s
continuously a significant lessening in nourishment accessibility, Cercopithecus
sclateri relies to a great extent on natural nourishment as its major source of food
at this period and would promptly attack neighboring communities for banana,
plantain, and wild pear (Egwali et al. 2005; Jacob et al. 2013b; Jacob and Nelson
2015).

Cercopithecus sclateri, like other smaller species of guenons and the Cross River
gorilla, are reported to be frugivorous (Egwali et al. 2005; Ettah 2008). However,
other vital characteristics of the guenon’s diets incorporate insects, flowers, and
leaves. Hence, the guenons can be considerd as an omnivorous species. Conse-
quently, when they occupy towns and communities with fragments or no forest land,
they strike gardens and ranches for nourishment. Also, their daily calories intake
reflects the regular nature of their living area, appearing dynamic in composition
over the course of the year. When natural products such as fruits are limited,
evidences show they switch dependence to other herbaceous vegetation for survival
(Egwali et al., 2005). Specifically, the only reference to a tree species consumed by
Cercopithecus sclateri is Bombax buonopozense (Butynski 2002b; Fleagle 1999;
Oates et al. 1992). Other food sources (Table 5.1) recorded included Elaeis
guineensis and Raphia hookeri (Egwali et al. 2005). Furthermore, C. sclateri
spend a considerable length of time in a generally little range, before they continue
on a longer journey to another zone. Consequently, in the fragmented forests of Itu
Local Government Area, Cercopithecus sclateri inhabit a distinctive parts of the
forest fragments, while also extending over 1.5 km radius of the fragments (Jacob
2012; Jacob et al. 2015a).

C. sclateri, just like the other individuals of the Cercopithecus species, features a
unique facial design that’s conceptualized to be utilized in connection associated
with reproduction. Particularly, the patches on the cheek and nose are considered
imperative in signaling. The design, in concurrence with exceptionally quick and
complicated head waving, may suffice critical roles in keeping up connections with
other individuals of the group. Sexual determination is considered to influence the
advancement of facial design in this species. The profoundly colored tail is likely to
be used to interact with members of the group (Kingdon 1980). Also about 22 dif-
ferent forms of vocalizations have been reported for the Cercopithecus species.
These incorporate commotions to preserve social cohesion, caution signals, and
uproarious commotions radiated by male members of the group (Nowak 1999).
Hence, exteroception interaction is imperative in all primates. Prepping behaviors
regularly show near connections between group members. Mothers interact with
their babies by touching, as do other members. Physical animosity frequently
happens, particularly between competing males (Nowak 1999).

Breeding interims for the Cercopithecus species vary from 1 to 5 years and no
data are detailed for Cercopithecus sclateri. For numerous Cercopithecus species,
breeding intervals occur between July and September. However, Cercopithecus
sclateri like every other primate species that inhibit the forest is believed to exhibit
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Table 5.1 Plants species consumed by Cercopithecus sclateri

Common Part
Scientific name name Ibibio name Status | (s) consumed | Utilization
Musa sapientum Banana More C F HkE
M. paradisiacal Plantain Ukom C F HkE
Cola argentea Sweet cola Nadiya C F Hk
Cnestis ferruginea | Cnestis Utin Ewa w F *ok
Chrysuphyllum African star | Udara C/W F *
Albidum Apple
Aningeria robusta Wild star Udara ebok w F Hk
apple
Maesobotiga Squirrel Nyanyatet w F Hok
barteri cherry
Persea Americana | Avocado Eben mbakara | C F *
pear
Dacryodes edulis African pear | Eben C F HAk
Dacryodes Wild pear Eben ikot w F Hokk
kleineana
Hippocrates - Mba Manang- | W F HE
Africana enang
Colombia lutea Cattle stick | Ufip-ufip w L/F Hok
Dennett tripetala Pepper fruit | Nkarika C/W S/F wE
Uvaria chamae Wild pepper | Nkarika ikot W S/F wE
fruit
Pentraclethra African oil Ukana w S *
macrophylla bean
Carica papaya Pawpaw Udia edi C F *
Zea mays Maize Abakpa C F/S Hokk
Mangifera indica Mango - C F ok
Irvingia gabonensis | Bush mango | Uyo W F *
Elaeis guineensis Oil palm Top Ww/C F/S Hokk
Raphia hookeri Raphia palm | Ukot Ww/C F Hokk

Source: Jacob et al. (2015a)

more adaptability in this aspect. Period of pregnancy for Cercopithecus sclateri is
roughly 24 weeks, with birth happening amid the period of December - February
(Jacob 2012). Baby Cercopithecus sclateri weighs roughly 400 g at birth and cleave
to its mother’s ventrum. There is paucity of information on the species period of
nursing. However, like most Guenons, it is assumed to be completed at 9 months
after birth. Females of the species deliver their first baby around the age of 5 to
6 years (Oates et al. 1992).

There’s constrained data accessible on the reproductive nature of Cercopithecus
sclateri since the monkey is endemic and had been rediscovered recently. The
primary perceptions of the primate species within its natural habitat happened
around 1988. The deferred revelation could be attributed partly to the construct
that the primate species occupy a limited zone of Nigeria that had long been reported
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by scholars and protectionists (Jacob 2012). Within that portion of Nigeria, human
population is very dense and in need of ranges that animals could be considered or
examined (Oates et al. 2004). For the most part, inside the class Cercopithecus, mating
season relates with the time where nourishment is readily accessible. Thus, individuals
of the species are ordinarily polygynous, and it is sensible to accept that Cercopithecus
sclateri shows this characteristic too. The mating pattern of the members of the
superspecies contrasts from other Cercopithecus species within the diminished sig-
nificance of group containing one male member. Consequently, female members
apparently form most of the group members. They also embark on a journey regularly
without a single male member in the group (Jacob et al. 2015a).

Female freedom appears to be exceptionally imperative, as they protect their
domains from other bunches. Male members of the Cercopithecus cephus group,
inclusive of Cercopithecus sclateris, are opportunist during coition with females
instead of guarding the group (Law and Myers 2004). The male species usually flag
their females counterparts before copulation. They embark on course of action with
their head weaving. This form of movement by the male Cercopithecus sclateri has
been conceptualized to be a vital romance custom utilized to console females with
whom a male need to mate. Furthermore, the head weaving pattern of the species has
been purported to be responsible for the complicated facial patterns of Cercopithecus
sclateri and similar species of the Cercopithecus cephus family (Fleagle 1999).

In addition, there is scarcity of information on how parents cater for their young
ones. Hence, the species will likely take after other Cercopithecus species. The baby
guenon usually stays in the mother’s ventrum, cleaving on her hide and twinning its
tail with hers. Like every other Cercopithecus species, the care for the young is
mostly given by the mother, who cares, carries, and groom them. The newborns are
by and large subordinate all their care on their mothers. The little ones also stay by
their mother’s side for some period after feeding. It is not unprecedented for rank of
moms to influence the leader stance for their descendant. The duty of male members
in caring for their young ones within a group within the group has not been fully
ascertained (Nowak 1999).

5.3 Habitat and Geographical Distribution

Individuals of Cercopithecus sclateri can essentially be found in the rainforest
region like most other guenons species. Moreover, they also exist in the auxiliary
forest areas more regularly compared to other cercopithecus species. Furthermore, its
other related groups appear inclined to the bottom storey of the tree cover and
occasionally descend to the forest floor. The species C. sclateri was first thought
to be lost until a few scattered populations were discovered in Nigeria on the lesser
route of the Niger River and Niger delta area (Jacob 2012). Out of the five
populations already known, two of them are found near communities where they
are considered sacred and protected. However, each group has a population of less
than 250 people. The remaining three populations are in the swamp forest in Akwa
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Fig. 5.1 Map of Ikot Uso Akpan, Obong Itam and neighboring villages. Source: Jacob et al. (2015a)

Ibom, and Anambra States, including the western coasts of Cross River swamp.
Furthermore, a part of the species was discovered in some communities in Akwa
Ibom State, with about sixty-two individuals.

Cercopithecus sclateri is confined to the forest region that lies between the rivers
in the southern part of Nigeria (Fig. 5.1 and 5.2). Its degree of coverage is about
28,500 km”. A considerable amount of the woodland all through its range covers
little, regularly debased woodland areas inside a vast agricultural zone, swampy
fields that are difficult to cultivate, or rows of woodland lining the waterways.
C. sclateri groups have been reported to live within the states of Akwa Ibom,
Enugu, Imo, Abia, and Cross River. The regions inside the listed states learned of
C. sclateri presence include Utama, Stubbs Creek Forest Reserve (SCFR),
Akpugoeze, Osomari, Lagwa, Blue stream, and Enyong creek/Ikpa stream (Baker
2005), including Obong Itam (Egwali et al., 2005). Furthermore, there are still three
remnants’ groups of Sclater’s guenon reported to dwell in rural communities where
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Fig. 5.2 Cercopithecus sclateri Population structure. Source: Jacob and Nelson (2015)

the people consider it sacrosanct. Even though they are not chased in these locales,
the sacrosanct status of the monkey does not fundamentally ensure their survival. In
2005, about 124 individuals of C. sclateri moving in 15 troops were reported in
Lagwa community of Imo State, with a population density averaging 15 individuals
km 2 (Baker 2006). Similarly, Baker (2006) and Baker and Olubode (2008) reported
about 193 individuals of C, sclateri moving in 20 groups in Akpugoeze, Enugu State,
with a population density of about 35 individuals km ™2 Moreover, in Obong Itam
community in Akwa Ibom Stata, Egwali et al. (2005) reported a population estimate
of about 62 C. sclateri individuals in a group size ranging from 8 to 12.

5.4 Conservation Status and Abundance of Cercopithecus
sclateri in Itam, Nigeria

The exploitation of woodlands and the adverse ecological consequence on the
population of primates in Nigeria is usually taken with laxity. A more significant
portion of the forest fragments accessible is not secured as they are found on private
property and are utilized by the proprietors. Hence, these woodland layouts and
contents are altered as the owners utilize them for cultivating, firewood collection,
and lumber or allowed to regenerate for some time. These situations are not
acknowledged because most of the research is mainly done in forestlands that
have been protected (Tutin et al. 1997). Even though the hypothetical impacts of
territory separation and fracture estimate on monkeys are fully documented (Hanski
1994), the impacts on Cercopithecus sclateri are not thoroughly examined. In a few
studies that have been conducted, it is, for the most part, recognized that the ongoing
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Table 5.2 Density, Abundance, and Biomass of Sclater’s guenon in Itu

Egwali et al. Okon Udoedu Ibong

Parameters Jacob (2012) (2005) (2004) (2004) (2002)
Type of survey Line transect Point method Point Point Point

method method method method
Encounter rate 1.18 - - - -
Group density 16.86 + 0.99 14.29 + 2.86 - - -
(km™ ")
Individual density 82 +2.64 85 +3.57 82.06 70.32 80
(km ™)
Population density | 57.40 + 1.85 59525 58 50 56
)
Mean weight (kg) 3.25 3.25 3.25 3.25 3.25
Biomass density 266.5 + 8.58 276.25 £ 11.6 | 266.70 228.54 260
(kg/km?)
Population biomass | 190.35 + 9.81 193.38 + 8.13 | 188.50 162.50 182
kg

Source: Jacob et al. (2013b)

destruction of the species-environment poses a negative impact on the species
(Egwali et al. 2005).

Cercopithecus sclateri is one of the foremost imperiled monkey species in Africa.
The interplay of an excessively short range in a really crowded portion of Nigeria is
leading this primate species to extinction. The region of Nigeria where C. sclateri is
located possesses many people compared to the available land areas in Africa
(Egwali et al. 2005). Moreover, a larger part of the available land has been
transformed into farmlands and plantation. For Akwa Ibom State, the available
populaces of C. sclateri are found in SCFR, Enyong Creek and Itu (Egwali et al.
2005; Jacob 2012; Jacob et al. 2013b; Jacob and Nelson 2015). For instance, a
project aimed at preserving the forest and its wildlife diversity in the SCFR, Akwa
Ibom State, in the 1990s was started by the Nigerian Conservation Foundation
(NCF). Unfortunately, the project was abandoned due to a lack of funding from its
funding agencies (Nowak 1999; Butynski 2002a, b). However, hope is not lost in the
species’ survival. It is related to shrines and sacrosanct forests in a few communities,
as they are ensured due to penalties associated with hunting or consuming the
primate species. These species are considered defenders of the sacrosanct locales
in a few instances. Be that as it may, the more youthful era is considered relaxing or
discontinuing a few of these rules to murdering these species. (Oates and Anadu
1989; Butynski 2002a, b).

A data set containing all survey data from 2002 to 2012 survey in Itu, Akwa Ibom
State, Nigeria, was used to assess the population indices of Cercopithecus sclateri in
the area (Table 5.2). Subsequently, the populace lists gotten in 2012 demonstrated an
increment in Cercopithecus sclateri cluster/group density compared with the infor-
mation acquired by Egwali et al. (2005). Be that as it may, the populace density of
82 individual/km?, Total populace index of 57.40 individual/km?, Biomass density
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of 266.5 kg/km?, and Total populace biomass of 190.35 kg/km? of Cercopithecus
sclateri gotten from the study were lesser than those reported by Egwali et al. (2005)
and Okon (2004). However, the population indices were more significant than the
indices reported by Essien (2008), Udoedu (2004), and Ibong (2002). The variation
in cluster/group density, individual density, and population density of the species
could be attributed to threats to their habitat due to its destruction over time as the
species is considered a sacred animal and not hunted in the area.

5.5 Cercopithecus sclateri Population Structure

The population structure of Cercopithecus sclateri, as indicated in Fig. 5.2, over
10 years shows that the populace of matured Cercopithecus sclateri was more
prominent than the adolescent populace over the study period of 2002-2012.
However, within the study period, the matured populace diminished by 6.9% in
2005 compared to the 2002 survey information before increasing to 14.8% in 2012.
In any case, within the same period (2002—-2012), an increment of 27.27% in the
populace of the adolescent Cercopithecus sclateri was recorded in 2005 compared to
the 2002 population information. However, it later diminished in the 2012 popula-
tion data by 35.48%.

The study’s outcome bolsters the theory that female regenerative victory is
subordinate to environmental quality and cluster estimate, suggesting that higher
contest among the bigger groups is balanced by the quantity of nourishment acces-
sible within the territory. In any case, a few other studies of fundamentally folivorous
primates indicated that cluster estimate has no impact on their regenerative attain-
ment (Steenbeek and van Schaik 2001; Robbins et al. 2007) even though such
outcomes are not widespread (Borries et al., 2008; Snaith and Chapman 2008).
Therefore, the grade of the Cercopithecus sclateri environment in Itam significantly
impacts the species’ childbearing, demise, movement, and resettlement rates
(Fig. 5.3). Illicit lumbering exercises (Figs. 5.4 and 5.5) and the establishment of
Funtumia elastica elastic plantation (Fig. 5.6) within the forest areas have negatively
affected the Cercopithecus sclateri populace. Thus, the population of Cercopithecus
sclateri had diminished by 3.53% in 2012 from the 2005 populace. Accordingly, an
increment of 14.82% in the population of matured Cercopithecus sclateri was
recorded, while the adolescent populace diminished by 35.48%. This result infers
that logging within the species’ habitat negatively impacted the regenerative capac-
ity of Cercopithecus sclateri, causing a more matured populace of Cercopithecus
sclateri than adolescence in the area.
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Fig. 5.5 Timber logging in Ikwat community forest sclater’s guenon habitat

5.6 Threat to Cercopithecus sclateri Conservation in Ikot
Uso Akpan, Nigeria

The worldwide dangers to biodiversity preservation are territorial destruction and
overexploitation of biodiversity (Redford 1992). The risk associated with wildlife
exploitation is very high within tropical woodland areas, where the efficiency of
eatable wildlife is abysmal (Butynski 2002a, b). Only depending on bushmeat for
protein prerequisites by the neighborhood communities without harmonizing efforts
to control biodiversity abuse has caused the inflated issues of wildlife devastation
with a plausibility of termination. Wild clusters of monkeys, among them
Cercopithecus sclateri, use an exceptional portion of their time and vitality to
feed. The movement to scavenge on regions with alluring nourishment makes the
species very helpless to hunting (Ettah 2008; Jacob and Nelson 2015). The period
spent nourishing can be equated to scattering and consistency of nourishment sub-
stances as vitality pick up / unit weight of nourishment (Fa 1988). These routines
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Fig. 5.6 Rubber plantation in the community adjoining Cercopithecus sclateri habitat

mirror the social and natural factors they fight to outlive every day, regularly, and on
a lifetime basis.

Man is the foremost imperative threat to Cercopithecus sclateri, and hunting is
widespread over its home coverage (Cercopan.org 2011). Currently, Cercopithecus
sclateri is not found in any government conserved area. However, there’s trust for
the long run because Cercopithecus sclateri has been able to hold on within the
populated Southern region of the country, specifically due to its size, flexibility,
enigmatic nature, and commonly being non-preferred as bushmeat (Baker and
Olubode 2008). Cercopithecus sclateri are uncommon or truant over much of its
assumed unique coverage area due to loss of territorial habitat. In localities where
Cercopithecus sclateri is considered sacrosanct, the conventional convictions that
bestow assurance on the species are dissolving, and the forest accessible to the
monkeys is little and reducing (Jacob et al., 2015a, b).

Another danger to preserving Cercopithecus sclateri is environmental factors
such as climate, nourishment accessibility, disease, and predation. These variables
create macroevolutionary forms such as speciation, radiation, and termination;
typically, given the broad awareness centered on components that impact the species
cluster, e.g., healthy competition and infection (Nunn 2003). In principles,



5 Threats and Conservation Status of Cercopithecus sclateri in. . . 133

habitat-specific features vary among forestlands for some reasons, such as thermo-
regulatory variables related to height (Iwamoto and Dunbar 1983; Hill et al. 2000);
locomotor variables related to contrasts in canopy form (Cannon and Leighton,
1994); or interspecific contest (Marshall et al. 2009). Variables such as intragroup
scrambling for food and child murder are restraining cluster size (van Schaik and
Janson 2000). In contrast, predation likelihood and intergroup contests are supposed
to advance the usefulness of the congregation. As a result of the assumed signifi-
cance of intragroup scrambling for nourishment, the health of the female species is
anticipated to be lower in more prominent clusters (Borries et al. 2008). This forecast
is founded on the implied suspicion that a few factors apart from nourishment
availability limit cluster size, and females in bigger clusters encounter more serious
nourishing competition. An elective theory is that wellness is compensated over
clusters of specific measures inside a populace since females disperse themselves
based on excellent free dispersion (Fretwell and Lucas Jr 1969). This point of view
does not infer that healthy competition isn’t vital; it implies that the impact of healthy
competition fundamentally happens at the level of deciding cluster size.

Forest patches, the size of the patches, and the space between them usually pose a
danger to preserving Cercopithecus sclateri. Indeed inside the same species, their
reactions to forest patches vary (Lawes 2002). In any case, Chapman and Peres
(2001) recommended that the survival of monkeys in forest patches may be decided
by variables within the lattice that encompasses the forest patches. In addition to the
dangers of termination related with few populaces such as Cercopithecus sclateri,
the species populace is confronted with the peril of continued environmental
destruction. The species’ territory is regularly encompassed by human colonies.
The bulk of the individuals are dependent on wood as fuel for cooking and
construction shafts. The forest patches occupied by the species are not spared from
misuse, which has caused a pernicious impact on the species’ populaces.

The form of the examined forest patches denotes that the most diminutive tree
height was 5.9 m, whereas the tallest tree height was 27.8 m, with a mean of 11.8 m.
This demonstrates a predominance of moderately small trees in the species’ habitat.
Figure 5.3 underpins this exceptionally well, showing that the majority (90%) of all
the examined tree heights averaged around 20 m. Compared with tropical rainforest
zones like Cross River National Park, where the mean nonstop canopy forms vary
from 30 to 35 m (WWF 1990), the trees of the species’ habitat can be regarded as
negligible. Also, dbh estimates produce an intriguing image where the least dbh is
10.2 cm and the biggest at 110.6 cm (Fig. 5.7). Despite the intermittent event of trees
with colossal dbh, trees with small dbh overwhelm the species range. The relatively
low mean dbh (26.9 cm) with 90% of the trees indicates the dbh of all trees is lower
than 44 cm in the species range. The scenario can be credited to the significant
misuse of forest assets. Also, many tall trees in Ikwat 1 can be credited to their
nearness to the sacrosanct hill within the forest patches, swampy forest floor due to
the sacrosanct stream that crisscrosses the forest and purges itself in the shape of a
water fall. The Okuku forest patches are located on upland and are less considered
sacrosanct. Hence, it is cultivated and logged than other forest patches.
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5.6.1 Drivers of Vegetation Changes

Cercopithecus sclateri encounters the dangers of acclimating to the elements of their
environments, which are persistently transforming. They must adjust to modifica-
tions to survive, as the inability to adjust may lead to species extinction. Therefore,
since most of the monkey species occur in tropical forests (Chapman et al. 2006;
Lovett and Marshall 2006), the security of the forest environments ought to be a
primary goal for their preservation. Be that as it may, preserving the forest patches
isn’t a simple undertaking for some reasons. To begin with, the forest territories are
generally divided and strewed in numerous areas. Consequently, NGOs must work
with the local communities to guarantee the preservation of the monkey species.

In addition, the woodland parts are found in financially underprivileged commu-
nities. Furthermore, the populace development index within the zone, especially
within the Niger Delta region, is very high. Majority of the individuals rely specif-
ically on common assets including land for farming; subsequently, they must remove
the woodlands to farm (Baker 2005). This is against the concept of protecting the
woodland (Chapman et al. 2006). In any case, not all the environmental changes
within the region are due to anthropogenic exercises. Hence, the ecological alteration
can be said to be natural and anthropogenic-induced. The biological changes incor-
porate changes like a wind toss of a critical nourishment plant, tree shrivel due to age
group ageing, and vegetation transformation resulting from avalanches, tropical
storms, and dead caused by scarcity of water. All these modifications influence
Cercopithecus sclateri populaces adversely. Be that as it may, a few natural mod-
ifications such as forest colonization have been detailed to facilitate the populaces of
a few species (Isabirye-Basuta and Lwanga 2008). In the next category, changes
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caused by man incorporate variables such as woodland destruction by automatic
logging, forest reduction, and the introduction of non-native species.

5.6.2 Causes of Cercopithecus sclateri Population Changes

The primary cause of environmental changes in the community forest incorporates
mechanized logging, woodland reduction, the introduction of non-native species,
and unsustainable exploitation. Scholars have performed numerous studies to look at
primates’ reactions to forest destruction in tropical timberlands (Johns and Skorupa
1987; Plumptre 1996; Plumptre and Reynolds 1994; Struhsaker 1997; Mitani et al.
2000; Chapman and Lambert 2000; Chapman et al. 2003). In any case, numerous
only provided negating discoveries because of contrasts in nourishing communities
of the species concerned, specialized strategies utilized, unique species compositions
and population, logging assertiveness, and coincidental harm to forest trees, sorts of
vegetation adjoining exploited zones, age of the forest, tree composition and popu-
lation prior to logging, and characteristic variety in territory sorts inside the wood-
land and population of large herbivores. The impacts of these variables come from
studies that endeavor to screen monkeys’ reactions to forest exploitation and explain
why deductions from several pieces of research have been diverse indeed when the
same species are evaluated.

In a perfect world, understanding how Cercopithecus sclateri populaces react to
forest destruction needs a prelogging assessment to supply standard information
against which one can estimate any alteration in their populaces after the forest
destruction. Unfortunately, this has been incomprehensible for all intents and pur-
poses since the unlawful loggers are not ready to educate the people, scholars, or
conservation organizations about their activities. Moreover, gaining an excellent
knowledge of the species populace in a forest to be degraded needs a more extended
period of perception, which is contradictory to continuous logging routines within
the range. Thus, the best viable means of evaluating the reactions of Cercopithecus
sclateri populaces to territorial modifications induced by unlawful logging has been
through comparisons of their populace over a long period earlier to the logging
exercises. This may be sufficient, accepting that sometime prior to the logging
activities, the degraded and undegraded forests were comparable in Cercopithecus
sclateri populace and territorial forms. But be that as it may, this is not usually the
case, thus accounting for the conflicting outcomes within the reactions of other
monkey species to forest destruction. As shown in Figs. 5.4, 5.5, 5.7, unlawful forest
exploitation activities have adversely affected the populace of Cercopithecus
sclateri. As a result, there is a diminished populace of the species by 3.53% of
individuals/km? in 2012 compared to the 2005 populace information. Subsequently,
there was an increment in the adult population by 14.82%, while the adolescent
populace diminished by 35.48%. This outcome suggests that forest destruction
within the species ranges impacted the regenerative capability of the species.
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5.6.3 Responses of Cercopithecus sclateri fo Forest
Destruction

While assessing reactions of Cercopithecus sclateri populaces to activities leading to
the destruction of their habitat, it is vital to evaluate the conceivable impacts of the
type of environment that encompasses their favored territories. Cercopithecus
sclateri, like any other primates species, react to modifications in their neighboring
territory, which may complicate the reactions caused by the destruction of the forest,
particularly in the event that logging activities and the species’ journey to or from the
adjoining forest types overlap, or major floral modifications such as the colonization
of the forest happen in ranges adjoining to the degraded region of the woods after the
exploitation activities (Chapman and Lambert 2000).

Granted that decays within the relative abundance of a few primate species also
happened within the undegraded forest, it is unsettling to trail the decrease within the
populace of Cercopithecus sclateri to forest exploitation exercises within its range.
The reduction in Cercopithecus sclateri in the forest patches may also be attributed
to environmental discharge. As more living space is made by woodland coloniza-
tion, a few species clusters might migrate out of the undisturbed forest or grow their
domestic ranges to cover the area. Such transformations are cuambersome to identify
from settled census courses. In this manner, future examinations of the impacts of the
forest exploitation activities on the Cercopithecus sclateri populace at the commu-
nity woodland ought to consider environmental expansion since studies have dem-
onstrated that this type of ecological transformation can influence a few species of
primate. Similarly, in a study conducted by Baker (2005) and Egwali et al. (2005) in
southern parts of Nigeria and at Ikot Uso Akpan town, to be precise, the authors
illustrated that Cercopithecus sclateri is exceptionally adaptable regarding plant
species and the parts eaten for nourishment. Maybe this adaptability in dietary
necessities enables them to occupy colonizing territories.

5.6.4 Effect of Vegetation Changes on Cercopithecus
sclateri Diets

The decline in nourishment accessibility is one of the significant effects of forest
destruction on the Cercopithecus sclateri populace. Hence, in circumstances where
exploitation activities can invigorate or are taken after by recovery of nourishment
species, the effect of logging would be negligible. However, the contrasts in
nourishment tree species evacuated from the forest area may not be solely respon-
sible for the contrasts in the Cercopithecus sclateri populace in the range. Since the
recovery of several of the nourishment tree species often happened after logging,
comparative studies in Kibale emphatically propose that browsers within the
degraded ranges may smother the recovery of the plant species subsequently
influencing the nourishment accessibility for Cercopithecus sclateri (Kasenene
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1987; Nummelin 1990; Struhsaker et al. 1996; Struhsaker 1997; Paul et al. 2004;
Lawes and Chapman 2006). The smothered recovery of trees may also be attributed
to Cercopithecus sclateri populaces’ moderate recuperation. Until the present rate of
woodland transformation is stopped, it is inescapable that the Cercopithecus sclateri
populace will dwell in littler confined parts until it is eventually devastated.

Contrasts in nutritional requirements among primate species may also be respon-
sible for the need for reliability in outcomes from studies endeavoring to explore
reactions of the primate populace to forest destruction. For illustration, species that
are dietary specifics and generalists may not easily be influenced by forest destruc-
tion in an exact manner. Essentially, Cercopithecus sclateri, a frugivorous species,
will react unexpectedly to forest destruction more than other folivorous species
(Ettah 2008; Egwali et al. 2005). Contrasts in nourishing scores between primate
groups possessing degraded and undegraded woodland result from discrepancies in
nourishment accessibility regarding tree composition, quantity, and phenology
(Fairgrieve and Muhumuza 2003). The study outcomes also support Johns’s
(1992) assertion that proposes that forest destruction adversely affects the accessi-
bility of nourishment within the territory for Cercopithecus sclateri. A reduction
within the growth paces and populace density of Cercopithecus sclateri over a
period due to forest destruction activities within its range indicates that the forest
destruction adversely influenced the species.

5.6.5 Effect of Forest Exploitation on Cercopithecus sclateri

The variables that permit Cercopithecus sclateri species to hold on in forest patches
are ineffectively comprehended, thus making it cumbersome to plan measures to
moderate them in a fragmented environment. Variables that scholars accept decide
sustenance or termination in patches of forest, nutritional adaptation or specialized
feeding, number, and area of forest patch, and how far apart is the forest patches,
even though it does not appear to clarify all challenges. Indeed, among the
Cercopithecus sclateri species, their reactions to forest destruction vary (Lawes
2002). For instance, it is recommended that the sustenance of Cercopithecus sclateri
in forest patches could be influenced by certain variable that lies within the ecotone
that encompasses the patches (Chapman and Peres 2001). Be that as it may, some of
these variables are still obscured. Hence, scholars must evaluate them to ascertain if
Cercopithecus sclateri populations that exist in forest patches are of serious concern
to conservation.

Furthermore, the dangers of termination related to little populace such as
Cercopithecus sclateri are that the species encounters the peril of persistent envi-
ronmental deterioration. The environment of the species is ordinarily encompassed
by human settlements. Most of the individuals depended on fuelwood for cooking
and building shafts. The part of the forest where Cercopithecus sclateri thrives is not
spared from abuse for such assets, which has a pernicious impact on the species
inhabiting there. For illustration, studies on primates occupying timberland parts
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close to Kibale National Park uncovered that three of the 16 fragments in which
primates species were inhabiting in 1995 were abused to the point that they were
gone in 2000 (Chapman et al. 2003; Chapman et al. 2006).

Similarly, Gillespie and Chapman (2006), in their study, reported that the record
of forest fragment debasement and the proximity of people emphatically impacted
the predominance of parasitic gastrointestinal nematodes in red colobus monkey,
which proposes that as forest parches ended up littler, and recurrence of connection
between people and nonhuman primates gets to be higher, transmission of maladies
and pathogens will be an awfully likely result (Vogel 2003; Wolfe et al. 2004;
Peeters 2004; Sharp et al. 2004; Leroy et al. 2004; Rouquet et al. 2005). The hazard
of illness transmission between people and nonhuman primates is, as it were, higher
for the extraordinary primates since the last mentioned are phylogenetically closer to
people than other primates (Ukpong et al., 2013). Nevertheless, infection transmis-
sion can happen in both ways, even though nonhuman primates have a greater
danger than people. Infections in people can be identified quicker and controlled
or disposed of, though, in wild nonhuman primates, it might be an inconceivable
assignment (Isabirye-Basuta and Lwanga 2008). Additionally, as Cercopithecus
sclateri thrives in little populace, a single disease episode can annihilate the whole
cluster. In any case, current studies recommend that we ought to be cautious in
tolerating the previously mentioned situation (Chapman et al. 2006).

Forest resources withdrawal is among the anticipated outcomes of global
warming (Isabirye-Basuta and Lwanga 2008). Hence, if global warming really
happens, the dangers of termination for Cercopithecus sclateri could be more. One
conceivable clarification for particular perseverance or at slightest the deferred
termination of Cercopithecus sclateri within the region is environmental adaptability
in territory use, demeanor, or nutrient requirement (Baker, 2005; Egwali et al. 2005).
Cercopithecus sclateri can persist in a few distinctive range types, thereby affording
them the opportunity to outlive in disturbed forest areas. As tree-living species which
are satisfied traversing the forest floor, the species can dodge termination through the
use of branches in the forest fragments as habitat, given that much separations from
patch to patch are small.

Moreover, forest degradation does not essentially yield forest areas bereft of
vegetation; preferably, they are supplanted with farmlands and plantations
(Fig. 5.5). Cercopithecus sclateri are competent in adding new plant species to
their diets. Subsequently, they get a few of the nutritional needs in ranges more
extensive from the fragments the species inhabit. Farm produce are usually chosen
for their quality wholesome index, including their susceptibility to draw
Cercopithecus sclateri to the area (Egwali et al. 2005). The circumstance comes
about in the human-primate struggle with the monkey species due to attacks on the
community farmlands to raid crops amid the planting season.
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5.6.6 Effect of Climate Alteration on Cercopithecus sclateri

Although the effect of climatic change isn’t clearly comprehended, especially with
respect to forest arrangement and inconsistency, there’s proof to propose that it is as
of now influencing the species’ environments and consequently their populaces
(Chapman et al. 2005a, b). Scholars have anticipated global warming would be
responsible for the diminished precipitation, including an extended drier period in a
few tropical regions (Borchert 1998). Moreover, the interim period between El Nifio
occasions that are complicatedly connected with worldwide warming has been
diminished (Laurence and Williamson 2001). Within the tropical region, the El
Nifio occasions are related to heightened cases of dieback among trees (Holmgren
et al. 2001; Laurence and Williamson 2001). Hence, climatic alterations can have
serious impacts on the nourishment asset base of Cercopithecus sclateri. On the off
chance that the scenarios at last materialize, we should then anticipate diminished
forest cover and expanded forest sketchiness within the forest patches that serve as
living space for Cercopithecus sclateri.

Additionally, climate change is acknowledged to exasperate the antagonistic
effects of human-initiated modifications to the forest environments, hurting the
primate species further. The forest patches exploited are more defenseless to fires
flare-up amid the dry seasons than the intaglio forests parts (Laurence and
Williamson, 2001). This may be genuine since forest exploitation produces a quilted
level of flammable fabric on the surface of the forest. Summarily, unsustainable
exploitation covers a vast region, thereby suggesting that peradventure the fire starts,
the heat that will be produced will slaughter numerous Cercopithecus sclateri.
Indeed in case they elude the flame, they will likely be exterminated due to starvation
since the forest is not fired safe; consequently, it will lead to a longer period of
scarcity of accessible nutritional requirement. Coupled with the raised temperatures
and drier periods, the number of dieback among the forest trees is anticipated to
expand (Laurence and Williamson 2001).

Over 10 years, the community forest lost between 3.53 and 38.55% of its
Cercopithecus sclateri populace as an offshoot of the specified issues. The available
populace is growing towards a maturing populace regarding the region’s diminished
number of adolescent monkeys. These indices cover expansive environment and are
cumbersome to assume the genuine cause of the decrease in population. Whereas
this would as of now be more than disturbing, it is much more likely that the real
circumstance is more awful. Therefore, it is of most extreme significance to require
fitting activity, suggesting bypassing a progressive decrease of Cercopithecus
sclateri species.
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5.7 Conservation Measures for Sustaining Sclater’s
Guenon Population in Itu

5.7.1 Landuse/Cover Analysis of Cercopithecus sclateri
Habitat

One of the fundamental factors vital to deciding the long-term possibilities of the
Cercopithecus sclateri populace is the appropriate environment available in the
community. This information, along with data on the history and existing rates of
forest destruction as satisfactorily as other dangers, is essential to accurately survey
the estimate and prospective patterns of the endemic Cercopithecus sclateri popu-
lace. Whereas the common data around the inexact degree of the different range of
vegetation/forest sorts do exist, this information appears restricted, and its precision
may be flawed. Nevertheless, the principal modern floral classification can be given
by using Landsat 7 ETM+ satellite imagery. As the level of appraisal for this
classification will be the complete area covering the entire Itu area instead of the
much littler parts of the Ikot Uso Akpan community, the spatial resolution of the
significant regions may confirm to be the dependable for the assurance and separa-
tion of Cercopithecus sclateri territory of the area. In any case, Landsat 7 satellite
images possess the prospect to be utilized to produce category maps with a reason-
able resolution. In this manner, relevant NGOs (e.g., Nigerian Conservation Foun-
dation (NCF), and Biodiversity Conservation Center (BPC), etc.) ought to encourage
the State Ministry of Lands and Geoinformatics to undertake and create a unique
vegetation classification outline for the State or attempt to attain collective partici-
pation of all stakeholders which would permit these NGOs to utilize the Landsat
information and work on such a classification in conjunction with the Ministry or
individually. However, on the off-chance that all endeavors to attain this kind of
cooperation stay worthless, the choice of freely procuring modern satellite imageries
and endeavoring an independent classification ought to be considered. In any case, if
working autonomously from each other would be quicker, less complicated, and
accomplish more specific outcomes, it would moreover be an exorbitant alternative
for the nongovernmental organizations since the imageries essential for these sorts of
examinations are incredibly costly.

5.7.2 Coordinated Survey of Cercopithecus sclateri
Population

Based on the earlier proposed reevaluation of the Cercopithecus sclateri environ-
ment, line-transect studies should be conducted in each forest patch to determine
how each unique environment contributes to the entire Cercopithecus sclateri
populace. In addition, future evaluation should be expanded to cover patches of
auxiliary forests adjoining the community. When combined with available data on
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the degree of unique environment types, excellent gauges of the size of the
Cercopithecus sclateri populace would be conceivable. Besides, instead of
conducting such overviews in a particular area as it were once, it ought to be
rehashed routinely (in interims not surpassing 5 years) since this would permit the
assurance of individual populace patterns and indicate if the circumstance within the
zone is moving forward or falling apart. Moreover, instead of depending on scholars
who visit the area on a sporadic premise to conduct such investigations, individuals
in the community ought to be instructed on relevant survey strategies that would
enable them to conduct periodic assessments of any place within the forest patch and
possibly in all other parts of the locality.

5.7.3 Provision of Funding for Infrastructure and Law
Enforcement

As a result of its size, challenging landscape, and community taboo set on
Cercopithecus sclateri, the community serves as a vital asylum for the species.
Whereas an indigenous sanctuary was created in the community, the facilities and
protection within the area are abysmal and dependent on the community. Indeed,
although authoritatively forest destruction of the Cercopithecus sclateri habitat is
banned, exploitation is still happening in the forest. Moreover, due to the increased
rate of joblessness and poor livelihood standard of the people within the range, as
well as their poor conservation awareness, the enforcement of guidelines within the
forest patches remains frail. The Wildlife asylum that had been redundant and out of
date needs financing to leave up to its mandate and to employ security for the
improvement and execution of a successful program.

5.7.4 Formalizing the Protection of the Forest

The outcomes of current studies within the primate species habitat portrayed that the
region is home to a sizeable populace of Cercopithecus sclateri, making it an awfully
imperative zone for preservation. Yet, destruction and resource exploitation within
the area are still unabated tragically. Thus, it is a pitiful scenario where forest
exploitation persists. The forest patches will not stay untouched without any course
of action or understanding between the community and the government agencies
within the state. It is troublesome to predict at what degree this understanding will
secure the long-term sustenance of Cercopithecus sclateri species. Indeed, arrange-
ments ought to begin with the government to achieve a few legitimate assurance
statuses for the community forest.
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5.7.5 Connecting Forest Patches Through a Corridor
Framework

Another effective approach that would back the survival of a reasonable populace of
Cercopithecus sclateri in the area would be the creation of a natural life passage
interfacing patches of the forest together in parts of Itu and the adjoining commu-
nities in the State. Such a natural corridor would offer secure connections for
dispersing the monkeys that occupy the area which is threatened progressively
through the isolation of forest patches because of unsustainable exploitation and
territorial modification within the area. Thus, by encouraging the movement of
Cercopithecus sclateri between the areas, the passage would serve to preserve the
hereditary differing qualities inside the Cercopithecus sclateri populace. While this
passage may not possess the sound quality of a shielded area, deforestation and
territorial transformation would have to be outlawed and anthropogenic impact
minimized. All endeavors pushing for such a corridor ought to be done by getting
the underwriting of the State’s agencies in the environmental sector. In addition, it is
a vital preservation phase, and therefore, all actions aimed at achieving it should be
facilitated.

5.7.6 Enhancing Education and Development Opportunities

Based on the positive effect of the outcomes, the lead actors within the development
segment, such as the UNDP, UNESCO, World Bank, and numerous other organi-
zations, advance instruction as a critical instrument for sustainable human and
natural advancement (UNDP, 2004). Even though Nigeria belongs to the category
of developing nations, schools were not found in the adjoining communities of
the forest patches; hence, the standard of instruction is, for most people, low. The
imperative construct of supportability is primarily unused for the advantage of the
local people. The individuals have survived by deliberately arranging their lives or
utilizing typical assets. However, their conventional local norms framework inad-
vertently coincidentally backed the maintainable use of assets to a few degree and
assurance of Cercopithecus sclateri, the impact of the Christianity. Also, the devel-
oping impact of money economy has diminished the number of individuals which
still follow the standard conviction of the community to protect the monkey. Thus,
nearby assets are waning, and expanding numbers of exploitation have a severe
effect on wildlife. Since there is no sufficient information accessible that would
permit the evaluation of possible hunting levels within the range, a suitable instruc-
tive campaign is, therefore, essential to guarantee the sustenance of Cercopithecus
sclateri, as well as the long-term victory of preservation of the forest patches. Also,
there must be a little help in creating economic and financial models for the nearby
individuals to secure their vocations. Orienting the community on the notion of
sustenance would probably diminish the likelihood that they are attracted by the
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captivating short-term benefits to offer off their lands and leave the possibility to live
in an intaglio environment that keeps on giving the assets they require.

5.7.7 Develop the Ecotourism Potential of the Area

With the discretion of accomplishing preservation and tourism destinations gotten
simultaneously, ecotourism has become increasingly prevalent in later times and
various fruitful ventures have been set up, overseeing coordinated vital parameters
like financial victory, social-human advancement, and natural supportability. Ikot
Uso Akpan community encompasses a vast prospect to gain from ecotourism
rambles. It gives compelling motivations such as; moderately undisturbed patches
of tropical rainforests, high biodiversity, inaccessible endemic zones, and indigenous
people with a fascinating culture. The fruitful foundation of ecotourism ventures
within the region would demand discovering suitable locations and accomplices,
building the essential infrastructure, giving a holding program (itinerary/activities,
etc.), and handling the publicity (notice). While innate people should continuously
be the recipients, individual ventures have the potential to create more monies to
support themselves similarly. The community can easily be accessible, giving a
fabulous setting for ventures of this kind. Tour administrators may, on occasion,
incorporate one- or two-day visits to the primate species’ habitat into their programs.
Sightseers would esteem the extraordinary chance to be walking and playing with
Cercopithecus sclateri. Their payments for the tours would be shared among the
various visit operators/communities and the scientific project. Such a technique
would have the extra advantage that primates’ research and preservation work
would get progressively available to the interested person, in this way possibly
driving to expanding exposure.
and more bolster.

5.8 Conlusion

The community woodland in Itu is of noticeable vital Cercopithecus sclateri terri-
tory for the endemic monkey species. Clusters of the species utilize this biological
system, and a few of these individuals have their whole domestic coverage exterior
to the boundary of the woodland patches. Whereas future evaluation ought to be
carried out to affirm these outcomes, the discoveries of this current examination do
not create room for any question approximating the significance of the forest patch as
an environment for the preservation of Cercopithecus sclateri. Therefore, any
exertion to effectively oversee this primate species populace should view the nearby
woodland as an ecotone for the biological system in their governance techniques and
schedules.



144 D. E. Jacob and E. A. Eniang

Presently, the community forest remains the only place in the state where
Cercopithecus sclateri exists, with pockets of forest patches that function as an
imperative asylum for the primate species. Also, the Cercopithecus sclateri species is
considered sacrosanct, and the community’s killing of the species is disallowed.
Besides, it is overwhelmingly so since all the issues confronting Nigeria’s natural
life have not gone wholly neglected within the range. There have been individuals
and establishments that have dedicated a part of their resources to guarantee the
sustenance of the species within the region. To persist and support the initiatives,
additional actions had been examined earlier in the subheads, which ought to be
adopted to guarantee the long-term survival of the vegetation, animal, and particu-
larly Cercopithecus sclateri species within the zone.

Unpredictable resource exploitation and agricultural transformation of the forest
environment and the endemic Cercopithecus sclateri environment have been
extreme. Although the region is still secured with little lots of better or slightly
intaglio rainforest species, forest destruction has been in process within the range for
a long time. Also, the cutting down of trees which were supposed to be abandoned
within the neighborhood forest is still ongoing. Plates three and four make it
apparent that the forest patches are being annihilated unabated into the species
territory from the community, destroying even more of the environment that is
fundamental for Cercopithecus sclateri and all other nearby natural life species.
Thus, forest destruction results from logging and misuse of other forest resources
and the establishment of oil palm and rubber plantations in the area. Luckily, the
manors appear to have been stopped. However, apart from these activities, there is a
heightened demand for affordable farmland for cultivating crops, as witnessed in the
clearance of the forest patches.

Apart from the wrecking of the imperative natural living environment, trees’
felling and modifying the forest patches for other intents have several other harmful
effects on the forest area and Cercopithecus sclateri populace outstandingly by
enhancing accessibility to inaccessible forest regions through felling routes. The
provision of access to zones that were once cumbersome has improved the hunting
pressure in the area. Moreover, the substitution of the conventional bows and arrows
with advanced fire powers such as rifles has compounded the woos of wildlife
exploitation. As a result, hunting is more productive nowadays. Since the customary
laws utilized to control the exploitation of certain animals are no longer as effective
as before, the hunt for Cercopithecus sclateri in the area may momentarily evolve in
propensity.
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Chapter 6 )
Potential Threats and Possible Conservation <
Strategies of Biodiversity in Niger Delta

Region of Nigeria

Sylvester Chibueze Izah and Ayobami Omozemoje Aigbherua

Abstract While much of the biodiversity of the Niger Delta is utilized as food and
medicine, the region has continuously been regarded as a biodiversity hub in Africa
because of its native population of diverse endemic marine and terrestrial species.
This study sets forth to highlight the status of eco-diversity and their uses, some of
the anthropogenic activities that are prominent across the Niger Delta region, while
stating the likely ways of protecting endemic species that are native to the environ-
ment. Some of the leading factors responsible for the rapid decline in biodiversity
population are the incessant episodes of flood rising from overflowing sea levels,
intensive agricultural practices of seasonal bush burning, deforestation and wood
lumbering, open grazing, infrastructural development, and chief among them is
crude oil spillage. While the abundance of mineral resources (mainly crude oil and
gas deposits) in the Niger Delta region has been responsible for its rapid industrial-
ization, regional population expansion has continued to increase the demand for
infrastructural developments such as airports, market places, industries, roads con-
struction, among others. This in turn has led to the unabated release of several
organic and inorganic pollutants into the environment, hence resulting in the
exploitative utilization and destruction of forest assets. Consequently, this has led
to the spatiotemporal decimation of various life forms and constant alteration in the
biodiversity status of the region. The study concludes by highlighting some of the
possible strategies for restoring the diversity status of the Niger Delta region which
include waste minimization, reuse, or recycling, public sensitization, enforcement of
existing environmental laws and legislation, and adoption of new laws in line with
current global best practices.
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6.1 Introduction

About 70,000 sq kms of Nigeria’s total land mass is occupied by the Niger Delta
province, being the broadest swampland territory in Africa (Ogbe 2011; Izah 2018).
This region cuts across the nine member states of Cross-Rivers, Akwa-Ibom, Abia,
Imo, Rivers, Bayelsa, Delta, Edo, and Ondo (Fig. 6.1). As such, these areas are
characterized by the abundance of fern leaves, swamp peat moss or water, either
stagnant or steadily moving surface waters of saline, brackish, or freshwater origin.
The wetlands of the Niger Delta are known to host numerous aquatic plants adjusted
to surviving in oxygen-deficient environments (extremophiles). Furthermore, the
Niger Delta region possesses the biggest tropical mangrove in Africa as well as the
third most expansive wetland estuary across the globe. In fact, this habitat occupies
about half of Nigeria’s shorelines (Ohimain et al. 2014a; Izah et al. 2017a; Izah
2018).

The Niger Delta of Nigeria is the oil and gas province. This oil-rich region of
Nigeria plays host to a hoard of biodiversity that are globally important, most of
which are endemic biotic species that inhabit the country’s vast tropical and man-
grove forests. The biodiversity plays key social and economic roles for the populace.
As such, the Niger Delta area is divided into four primary categories namely: coastal
barrier reefs, mangrove marshland, freshwater marshland, and lowland tropical
forests (Izah and Seiyaboh 2018a; Ubom 2010; Asimiea and Omokhua 2013).
Meanwhile, freshwater marshlands and lowland tropical forests are the most diver-
sified environmental territories of the oil-rich region (Phil-Eze and Okoro 2009).

Estuaries of the Niger Delta area are among the principal zones in Nigeria. Also, it
is classified among the prime biodiversity centers that host endemic biota across
Africa. Most commonly, resources such as watersheds, climate, and biota breeding
grounds are sustained by these estuaries (wetlands). Wetlands have been described
as areas consisting of flowerless plants, and static or moving marshlands of fresh-
water, marine or brackish origin that are either native, or alien, or even short-term or
long-term residents of the habitat, and they reside within vertical depths of not more
than 6 meters during the low tides (Izah and Seiyaboh 2018a; Scott 1989; Ohimain
and Akinnibosun 2007; Ramsar Convention Secretariat 2007; Okonkwo et al. 2015).
These wetlands have been reported to host various biotic species like marine turtles,
sea cows, shorebirds, and other endemic marine organisms (Izah and Seiyaboh
2018a). In addition, the Niger Delta environment hosts several vegetations that
possess medicinal properties (Izah and Seiyaboh 2018a). The peculiarity of the
oil-rich region in the global biodiversity sphere means that it is considered the
second most fragile environment across Africa.

The Niger Delta remains a major contributor and driver of Nigeria’s common-
wealth. Hence, it remains the foremost producer of crude oil among the West African
states. Nonetheless, it remains a hub of various biodiversity. On account of this, the



6 Potential Threats and Possible Conservation Strategies of Biodiversity. . .

= s
& &8
9 5 @
= 8" =
=
rE-
= O
[:¥]
E 2
.
- &
S § &
o O
5
i
00,008 0000,9
] ]
2
(-4
)
"
P
&)
8 £
& S
o 2
z
-
-} <
<
=
[
i} o
: = n
8 - o S
& g
['¥) = #]
o
B
S c
2
(]
4o
-]
c
0
=
<
z4m
] I
,00.00.8 .00.00,9

Fig. 6.1 Geographical map showing the nine (9) states of the Niger Delta region

100Km

50

.00.00,%

]
00,00,

8°0000"

6°0000"

153



154 S. C. Izah and A. O. Aigberua

region is conferred with timber and non-timber resources, edible snails, breeding
places for migrating birds and fisheries, medicinal herbs and forages, etc. (Izah et al.
2017a; Izah and Seiyaboh 2018a). However, the recent upward trend in population
expansion, especially in the oil-rich region, continues to impact negatively on the
conservation of biodiversity. The biodiversity of the area is on the decline trend
(Ubom 2010; Adekola and Mitchell 2011). This trend may be aggravated by the
continuous man-made influences on the environment, possibly escalating into
potential resource depletion at a rate that is ten-thousand folds more than that on
the natural scale (Izah and Seiyaboh 2018a).

Currently, aggravated environmental impacts from anthropogenic contributions
have led to the emergence of unsustainable environments, including its animate and
inanimate forms of existence. Continued degradation activities have further deteri-
orated the ecological system, causing climatic shifts, elevated greenhouse gas
releases, and the rising thermal conditions of the environment (Akinwale 2004;
Aigberua and Okumoko 2020). Numerous anthropogenic influences like wood-
logging, application of agrochemicals, bush incineration, and urban and industrial
developments have continued to exacerbate environmental occurrences such as
whirlwinds, dearth, flooding (soil erosion), among others, while also leading to the
loss of medicinal herbage, food crops, declining ecosystem (desertification), climate
shift, readaptation and emergence of novel diseases, as well as contributing to the
depletion of biodiversity (Izah 2018; Izah and Seiyaboh 2018a). In addition, urban
development is a result of human population expansion, leading to upsurge in
industrial, commercial, and agricultural resource exploitation.

Nigeria’s water habitat contains diverse aquatic species, depending on the water
source (fresh or marine/saline environments). While the predominant aquatic species
includes fin/shelled fishes, reptiles, among others, the environment is constantly
plagued with the unabated extinction of numerous aquatic species such as Trichecus
senegelensis, Lutra macullicolis, and Hippopotamous pelagian (Abowei and Hart
2008; Iwar et al. 2019). Likewise, the soil, being a peculiar habitation for different
life forms, including micro- and macroorganisms, has the propensity to generate
food and provide medicinal herbage in close association with the subsisting or
surviving biodiversity support. Conversely, man’s activities like bush burning,
pesticides and herbicides application, deforestation, poor waste management, and
industrial pollution (indiscriminate releases from mining, oil and gas production)
tend to aggravate the effects of climate change, while considerably depleting biodi-
versity reserves, and marshlands, like those available in the Niger Delta region of
Nigeria are known to interrupt and bioaccumulate pollutants (Phil-Eze and Okoro
2009; Ideriah et al. 2010; Izah et al. 2017a; Izah and Seiyaboh 2018a).

Although the Niger Delta area is known to consist of several biodiversity
preserved zones (BPZ), also popularly called “protected areas (PA)”, biodiversity
conservation strategies by the responsible government agencies are grossly inade-
quate or poorly enforced, thereby leading to significant loss in conserved species. At
times, activities such as farming, wood-logging, and even infrastructural develop-
ment tend to encroach on these spots, potentially resulting in the disappearance or
loss of endemic species. Even the efforts of stakeholders like Shell Petroleum
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Development Company (SPDC), as well as the Niger Delta Wetland Centre
(NDWC) to uphold the sustenance of such PA’s, have been reasonably affected by
sabotage, mainly from host communities. The poor sense of cooperation from locals
mainly stems from inadequate knowledge or sensitization on the importance of
biodiversity conservation. This has continued to result in the hunt-down of endemic
species for food, causing scarcity of diverse species or outright extinction (FMENV
2004; NDDC 2004; Phil-Eze and Umeuduji 2004; Phil-Eze and Okoro 2009).
Considering that freshwater fishes are the major protein source in the daily meals
of local inhabitants of the region, any conservation strategy that restricts the local
inhabitants from accessing these food resources may likely backfire and
ultimately flop.

At present, the Niger Delta has 70 apportioned and publicized preserved zones
(PZ) that are used as national parks, forest and wildlife, and nature parks (Izah and
Seiyaboh 2018a). Of the PZ’s, about one-tenth serve the purpose of protecting the
various biologically diverse species, while the larger fractions are mainly used as
forest reservations for producing timber. It follows that only a sparse fragment of the
regions freshwaters is protected as opposed to the non-concealment of its entire
marine ecosystem (Phil-Eze and Okoro 2009; Izah and Seiyaboh 2018a). This trend
falls short of the global specification of >10% regional confinement for the benefit
and safeguarding of biodiversity. For instance, countries like Australia and
New Zealand Environment and Conservation Council (ANZECC) are governed by
site selection concepts for biodiversity conservation, while the UK has adopted site
selection philosophies that are mainly species-specific and adjudged on the basis of
features such as rarity of characteristics, natural availability, history, diversity,
among others. Other regions where similar site selection strategies have been
accepted and adopted include Latin America, Carribean, Mexico, etc. (Phil-Eze
and Okoro 2009). Unfortunately, these strategies are yet to gain global acceptance
and adoption, especially here in the Niger Delta region.

6.2 Ecology of the Niger Delta

The maritime Niger Delta region of Nigeria serves as viable dwellings for diverse
biotic macro and microorganisms among which include fin and shelled fish, sea
animals, reptilian species, green algae, water hyacinths, fresh and brackish water
shrimps, water-related insects, sharks, dolphins, whales, etc., which can be found
across the fresh and marine habitats of the Niger Delta province. This oil-rich region
of Nigeria has the largest wetlands area, accounting fo