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Abstract: Due to rising global warming and climate change, biodiversity protection has become a
critical ecological concern. The rich biodiversity zones are under threat and are deteriorating, ne-
cessitating national, regional, and provincial efforts to safeguard these natural areas. The effective
conservation of National Parks and Nature-protected Areas helps to improve biodiversity conser-
vations, forest, and urban air quality. The continuous encroachment and abuse of these protected
areas have degraded the ecosystem over time. While exploring the geophysical ecology and bio-
diversity conservation of these areas in West Africa, Kainji National Park was selected for this
study because of its notable location, naturalness, rich habitat diversity, topographic uniqueness,
and landmass. The conservation of national parks and nature-protected areas is a cornerstone of
biodiversity conservation globally. This study is aimed at the target of United Nations Sustainable
Development Goal 13, 2030- Climate Action, targeted at taking urgent action towards combating
climate change and its impacts. The study captures both flora and fauna that are dominant in the
study area. The 15 identified trees were randomly sampled within a stratum of 10x10km shared
into 24 plots for proper analyses using i-Tree Eco v6.0.23 software. The following data were cap-
tured and analyzed; Photosynthetically Active Radiation, Rain/Precipitation, Temperature, Tran-
spiration, Evaporation, Water Intercepted by trees, Avoided Runoff by trees, Potential Evaporation
by trees, Isoprene and Monoterpene by trees. This study also further discusses the tree benefits of
green, low carbon, and sustainable environment within the context of biodiversity conservation
considering carbon storage, carbon sequestration, hydrology effects, pollution removal, oxygen
production, and volatile organic compounds (VOCs). There is a quick need for remotely-sensed
information of the protected areas at regular intervals and government policies must be strict
against illegal poaching and logging activities.

Keywords: Biodiversity Conservation; Carbon Storage & Sequestration; Climate Change; Kainji
National Park; Protected Areas.

1. Introduction

Biological richness is considered as "the variability among living species from all
sources, including terrestrial, marine, and other aquatic habitats, as well as the ecological
complexes of which they are a part" [1]. The convention's main goals are to conserve bi-
odiversity, ensure the long-term viability of biodiversity components, and ensure equal-
ity in the allocation of genetic natural resources. Natural resources, public benefits, and
environmental drivers of change are three components of biodiversity protection defined
by the United States Environmental Protection Agency [2], as depicted in Figure 1. In this
context, the Federal Ministry of Environment is taking a huge step toward accomplishing
wildlife protection in Nigeria's national parks and protected regions, which is in line with
the United Nations' Sustainable Development Goals 2030.
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Most nature reserves are places set aside and managed for wildlife and natural re-
source conservation. They are diversely rich in flora and animals in great numbers, and
they all assist the ecology in some way [3].

Each West African country's government has institutions responsible for monitor-
ing, patrolling, and controlling illegal poaching operations in these protected areas, as
well as enforcing applicable international treaties and conventions to which all West Af-
rican nations are signatories. Protecting life support systems such as watersheds and
water catchment regions is one of the advantages of protected areas and national parks.

Due to the obvious significant potential for research development, most research
institutions in agriculture, health, and bioorganic technology are located near or in some
of these locations. The link between national security and national parks (protected areas)
is one of the government's concerns [4]. National parks and protected regions are vital to
every country's national security [5]. Unfortunately, the majority of state-owned forest
reserves have now become hotbeds of criminal activity [6].

As a result, the formation of these national parks would offer the much-needed ap-
paratus to fend off criminal elements in the country's present struggle against insurgency
and other organized crimes such as poaching, cattle rustling, and illegal logging,
amongst others.
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Figure 1. The objectives and key components of Biodiversity Conservation.

The existing approach to natural resource management by most states and munici-
pal governments has outgrown the magnitude of strain on natural resources. Extension
services on forestry and biodiversity-related issues have been ineffective in most West
African nations, particularly Nigeria, leaving natural resource governance in shambles.

2. Literature Review: Biodiversity, Protected Areas and National Parks

According to Conservation International [1], the value of biodiversity in West Africa
is well understood. The West African forest environment is also home to two of Africa's
great apes, including a tiny population of western lowland gorillas near the Nige-
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ria-Cameroon border and remnant dispersed groups of endangered western chimpan-
zees [1]. A population of about 7,500 African elephants lives in West African countries,
yet many of them live in northern savannah environments outside of forest ecosystems
[7]. The Upper Guinean forest ecosystem in West Africa, on the other hand, is one of the
world's most critically fragmented ecosystems [8].

The International Union for Conservation of Nature (IUCN) classified the Kainji
National Park as a National Park in the second category II [9-11, 24]. In terms of size and
primary goal of safeguarding functioning ecosystems, the National Park is comparable to
a wilderness region. National parks, on the other hand, are more tolerant of human vis-
itation and the infrastructure that supports it. National parks are administered in such a
way that they may help local economies by fostering educational and recreational tour-
ism at a scale that does not jeopardize conservation efforts [2, 12-13]. The significant sec-
tions of a national park may be used for recreational or non-recreational purposes, but
they should nevertheless operate as a shield for the protection of the protected area's na-
tive(indigenous) species and communities so that they can thrive in the long run. In a
system devised by the organization, [IUCN protected area management categories are
used to classify national parks and nature-protected areas [14]. The Aichi Targets "Living
in Harmony with Nature" and the UN Decade of Biodiversity's Strategic Plan for Biodi-
versity 2011-2020 were examined in this study.

Biological variety, according to [15,16], underlies ecosystem functioning and the
provision of ecosystem services critical to human well-being. It ensures food security,
human health, and access to clean air and water; it supports local livelihoods and eco-
nomic growth, and it is critical to achieving the goals. It's also a big part of a lot of peo-
ple's belief systems, worldviews, and identities. Biodiversity, despite its critical value,
continues to be lost. In 2010, the Parties to the Convention on Biological Diversity ap-
proved the Strategic Plan for Biodiversity 2011-2020 in Nagoya, Japan, to encourage
broad-based action in support of biodiversity by all governments and stakeholders dur-
ing the following decade [17-19]. The United Nations General Assembly has also named
2011-2020 as the United Nations Decade on Biodiversity, recognizing the urgent need for
action. The Biodiversity Strategic Plan 2011-2020 is a ten-year framework for action by all
governments and partners to conserve biodiversity and maximize its benefits to people
[20-23].

2.1. The Study Area: Kainji National Park, Nigeria (West Africa)

Located in both Kwara and Niger Provincial States of Nigeria, the Kainji National
Park was given recognition in 1978, covering a land area of 5,341 km?[21,22]. There are 18
national parks and nature-protected areas in Nigeria, the first eight are already recog-
nized while the remaining ten are yet to be given national recognition. It is divided into
three distinct zones/sectors: the Kainji Lake, at the western area of the lake, is the Borgu
Game Reserve, not too far from the South-east is the Zugurma Game Reserve. The Nigerian
government through her agency known as the Federal National Park Service (FNPS) and
there is a second agency known as the Nigeria National Park Service (NNPS). These two
agencies manage and fund the park while preserving, enhancing, protecting, and man-
aging vegetation and wild animals in the national parks, shortly after the Federal Gov-
ernment gave it special recognition in 2005. It was then considered as a Lion Conserva-
tion Unit[21-23]. There are laws and policies already in place that are been enforced and
actions were taken against poaching and unscrupulous human activities which can be
pursued under national park law. In line with the geographical location of the study site,
there is mostly savanna forest which comprises majorly the Borgu Game Reserve has a
land area of 3,929 km?, the least in terms of size amongst the game reserves is the while
the Zugurma Game Reserve with a size of 1,370 km?2. A 136 km long lake separating the
two main parts of the park is the Kainji Lake (see Figure 2). The tourism sector under the
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Nigerian Tourism Development Corporation in this park is very limited because the lo-
cation is just evolving into an urban settlement.
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Figure 3. (a) Map showing the 8 recognized National Parks of Nigeria. (b) Map of Nigeria
showing neighbouring West African Countries Biodiversity and Protected Areas in Ni-
geria [9, 24]

3. Methods: The Study Area Protocol

Four remotely sensed imageries were used for assessment of the perpetual land-use
changes that occurred in the past five decades The four Landsat imageries gotten from
1972, 1986, 2015, and 2021 show the dramatic transformation in the area surrounding
these protected areas.

The transformation witnessed by the study area in the past five decades is enor-
mous. The green area is gradually shifting from the wooded savanna into farmland and
into the brown patches which are the present human settlements (see Figures 4,5,6 & 7).
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(a) (b)
Figure 4. (a) Landsat Imageries of Kainji Lake National Park, 1972. (b) Landsat Imageries
of Kainji ake NationalPar, 1986.
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Figure 6. (a) Landsat Imageries of Kainji Lake National Park (showing the three zones-
Zugurma, Borgu, and Lake Kainji Zones). (b) Map showing the Study Area.

The rapid expansion of agriculture in this formerly semi-natural area can be under-
stood in the context of changing land use and continuous agricultural purpose which has
increased the Nigerian economy by the increase in food production, wood, and
non-wood forest products.
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3.1 Data Collection

A random sampling strategy, consisting of a random sample of 10kilometre by
10kilometre (10x10Km?2) frames stratified stratum and all these strati are situated in a
common ecoregion. These ecological areas have similar biophysical and environmental
situations. This helps to ascertain the framework for effective research, inventory, and
management of natural resources. A total of 5,341 km? which is the total area of the park,
a total of 24 frames were gotten and each frame was assessed based on the predominant
flora and fauna that are present as shown in the tables below.

The dominant Flora is the savanna woodland of the Borgu sector is dominated
by the following indigenous trees: Burkea Africana, Terminalin Avicennioides, Detarium
Microcarpum. Isoberlinia Tomentosa, Diospyros Mespiliformis, Polysphaeria Orbuscula, Termi-
nalia Macroptera, Isoberlinia Doka, Afzelia Africana, Daniella Oliveri, Pterocarpus Erinaceus,
Parkia Clappertoniana, Vitellaria Paradoxa, Detarium Microcarpum, Uapaca Togoensis, all these
indigenous trees belong to the following species of trees: Abies, Abelia, Dovyalis abyssinica
Abarema Abies balsamea Acacia adunca Lagarostrobos franklinii Adenostoma Adenaria floribunda
Salix fragilis Hakea francisiana Acacia argyrophylla Adenaria floribunda Carya x schneckii
Adenostoma fasciculatum as used in the i-Tree Eco v6.0.23. Dominant Geographical Zones
are Zugurma Zone Borgu Zone and Lake Kainji.

' \
\\

The dominant fauna is over 70 mammal species, over 400 species of birds, and 40
species of reptiles and amphibians have been recorded in the park. These include the
following wildlife: Elephant, African Manatee, Antelope, Hippopotamus, African Wild Dog,
Honey Badger, Senegal Bushbaby, Monkey, African Clawless Otter. There are lots of Reptiles
like Nile Crocodile, West African Slender-Snouted Crocodile, Turtle Species, Nile Monitor, Sa-
vannah Monitor, Lizards, Snakes, Baboons, Duikers, Hyenas, Roan Antelopes. Numerous spe-
cies of Amphibians (15 amphibian species) were spotted, Fish (90 species- numerous
species) the reptiles, amphibians, and fish are commonly spotted at the Lake Kainji zone.
Assessing the form, function, and value of an urban forest may help guide management
decisions that benefit human health and the environment.

During the year 2021, a study of the vegetation structure, function, and value of
Kainji National Park and the protected forest was carried out. The i-Tree Eco model cre-
ated by the US Forest Service's Northern Research Station was used to evaluate data
through multiple frames of one plot placed throughout the research region with the as-
sistance of the nearest weather station.
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The following tables give the reports of individual-level results composition and
structure of trees in the study area according to the weather station close to the location
(see Table 1 & 2 for the weather station data). The existing Flora and Fauna were identi-
fied and the i-Tree Eco v6.0.23 was used for onward analysis using the following pa-
rameters.

Table 1 presents a summary of the data collected in the field as well as additional
estimated tree characteristics for each of the trees sampled. This table includes Plot and
Tree ID, Species Name, DBH, Height, Street Tree Status, and estimates for the following;:
Canopy Cover, Tree Condition, Leaf Area, Leaf Biomass, Leaf Area Index — estimated by
dividing Leaf Area by Canopy Cover, and Basal Area. Tree condition categories are de-
fined as follows:

a. Crown Health (dieback): Excellent = 0% dieback, Good =1 - 10% dieback, Fair = 10 -
25% dieback, Poor = 25 - 50% dieback, Critical = 50 - 75% dieback, Dying = 75 - 99%
dieback, Dead = 100% dieback.

b. Crown Health (condition): Excellent = 100% condition, Good = 90 - 99% condition,
Fair = 75 - 90% condition, Poor = 50 - 75% condition, Critical = 25 - 50% condition,
Dying =1 - 25% condition, Dead = 0% condition.

Table 1. Composition and Structure of Individual Trees.

I

Location: Ado-

Project: BIODI\ '_T
Generated: 10/10/2021 liree
PlotID TreeID Species Name DBH Height Crown Height Crown Width Canopy Cover Tree Condition Leaf Area Leaf Biomass Leaf AreaIndex Basal Area Native to State
(em)  (m) (m) (m) (m?) (m?) (kg) (m?)
1 1 Abies 350 300 10.0 15.0 176.7 CRITICAL 558.1 78.6 32 0.1
1 2 Abelia 354 200 9.0 8.0 50.3 POOR 3341 17.5 6.6 0.1
3 3 Dovyalis abyssinica 350 600 100 20.0 3142 CRITICAL 7289 62.3 23 0.1
1 4 Abarema 350 350 100 17.5 240.5 CRITICAL 171.8 148 0.7 0.1
1 5 Abies balsamea 50.0 300 20 15.0 176.7 CRITICAL 209.1 218 12 0.2
1 6 Acacia adunca 500 200 3.0 1255 122.7 CRITICAL 11.6 28 0.1 0.2
1 7 Lagarostrobos franklinii 150  30.0 6.0 12.5 122.7 POOR 115 14 0.1 0.0
1 8 Adenostoma 400 65.0 10.0 12.5 122.7 CRITICAL 187.5 141 15 0.1
1 9 Adenaria floribunda 250 300 110 17.5 240.5 CRITICAL 60.2 78 03 0.0
1 10 Salix fragilis 100 25.0 10 1255 122.7 CRITICAL 55 03 0.0 0.0
1 1 Hakea francisiana 200 200 20 125 122.7 CRITICAL 736 9.0 0.6 0.0
1 12 Acacia argyrophylla 400 350 120 17.0 227.0 CRITICAL 436 105 0.2 0.1
1 13 Adenaria floribunda 500 400 15.0 250 490.9 DYING 36.3 4.7 0.1 0.2
1 14 Carya x schneckii 280 300 10.0 16.5 213.8 CRITICAL 894 6.0 0.4 0.1
1 15 Adenostoma fasciculatum 45.0  35.0 5.0 10.0 78.5 DYING 177.2 133 23 0.2
Total 2,822.7 2,698.6 265.0 16

Table 2 presents a summary of the data collected in the field as well as additional
estimated tree characteristics for each of the trees sampled. This table includes estimates
for the following characteristics: Tree Count, Canopy Cover, Leaf Area, Leaf Biomass,
and Basal Area.
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Table 2. Composition of Individual Trees by Species.

Composition and Structure of Individual Trees by Species ﬂ
Location kiti, Ekiti

ON OF KAINII PARK, Series: NJFU PAPER, Year: 2021 i-Tree
Species Name Tree Count | Canopy Cover (m?) | Leaf Area (m?) | Leaf Biomass (kg)  Basal Area (m?)
Value % Value % | Value %| Value % | Value %
Abarema 1 6.7 240.5 85| 171.8 6.4 14.8 5.6 0.1 6.2
Abelia 1 6.7 50.3 18| 3341 124 17.5 6.6 0.1 6.3
Abies 1 6.7 176.7 6.3| 558.1 20.7 78.6 2907 0.1 6.2
Abies balsamea 1 6.7 176.7 6.3 209.1 7.7 218 8.2 0.2 12.6
Acacia adunca 1 &7 122.7 4.3 11.6 0.4 2.8 Ll 0.2 12.6
Acacia argyrophylla 1 6.7 227.0 8.0 43.6 16 10.5 4.0 0.1 8.1
Adenaria floribunda 2 133 7314 259 96.5 3.6 12.5 4.7 0.2 15.8
Adenostoma 1 6.7 122.7 43| 1875 6.9 141 53 0.1 8.1
Adenostoma fasciculatum 1 &7 78.5 28| 177.2 6.6 123 50 0.2 10.2
Carya x schneckii 1 6.7 213.8 7.6 89.4 33 6.0 23 0.1 4.0
Dovyalis abyssinica 1 &7 314.2 11.1| 7289 27.0 62.3 FEL 0.1 6.2
Hakea francisiana 1 6.7 1227 43 73.6 2.7 9.0 34 <0.1 2.0
Lagarostrobos franklinii 1 6.7 122.7 4.3 11.5 0.4 14 0.5 <0.1 el
Salix fragilis 1 6.7 122.7 4.3 5.5 0.2 0.3 0.1 <0.1 0.5
Total 15 100 2,822.7 100 2,698.6 100 265.0 100 1.6 100
Table 3. Summary of the Biodiversity Data and Corresponding Values.

Summary Biodiversity Data and Values (Approx)

Number of trees: 563,500,000

Tree Cover 63.0 %

Most common species of trees: Adenaria floribunda, Crack willow, Huon Pine

connoted species.

Percentage of trees less than 6" (15.2 cm) | 13.3 %

diameter

Pollution Removal N/A - data not collected

Carbon Storage 519.4 million metric tons (3N¥40.1 trillion)

Carbon Sequestration 10.44 million metric tons (N806 billion/year)
Oxygen Production 12.6 million metric tons/year

Avoided Runoff 52.5 million cubic meters/year (N50.9 billion/year).

4. Results And Discussion

It has been revealed that land degradation, abuse, and misuse in the parks are both a
part and consequence of environmental changes leading to the loss of valuable biodiver-
sity and land resources. The following findings were reported from the study metadata
and report using the i-Tree Eco v6.0.23 from January to September 2018 under the fol-
lowing characteristics: Photosynthetically Active Radiation, Rain/Precipitation, Temper-
ature, Transpiration, Evaporation, water intercepted by trees, Avoided Runoff by trees,
Potential Evaporation by trees, Isoprene and Monoterpene by trees.

4.1  Trees Benefits for Biodiversity Conservation

This section further discusses the tree benefits of green, low carbon, and sustainable
environment within the context of biodiversity conservation considering; Carbon Stor-
age, Carbon Sequestration, Hydrology Effects, Pollution Removal, Oxygen production,
and Volatile Organic Compounds (VOCs).
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41.1  Photosynthetically Active Radiation and Precipitation

The report (Figure 8a) displays the hourly photosynthetically active radiation based
on weather data. The precipitation report (Figure 8b) displays the hourly precipitation
based on weather data. This report displays results in line chart and table formats for the
user-designated weather year.
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Figure 8. (a) Photosynthetically Active Radiation. (b) Precipitation.

412  Temperature and Transpiration

The report (Figure 9a) displays hourly air temperature based on the weather data.
This report displays results in line chart and table formats for the user-designated
weather year. The report (Figure 9b) also displays the hourly transpiration by trees.
Transpiration is the amount of water moved through plants and released into the at-

mosphere.
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Figure 9. (a) Temperature. (b) Transpiration.

413  Evaporation and Water Intercepted by trees

The hourly evaporation by trees is shown in the data report (Figure 10a). The
amount of water released into the atmosphere from a plant's surface is referred to as
evaporation. The hourly water interception by trees is shown in the data report (Figure
10b). The amount of rainwater that fell on plants and was intercepted by the leaves and
stems is referred to as rainwater captured. This water evaporates into the atmosphere
eventually. For the user-specified weather year, this report presents results in a line chart
and tabular forms
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Figure 10. (a) Evaporation. (b) Water Intercepted by trees.

414  Avoided Runoff by trees and Potential Evaporation by trees

The hourly prevented runoff by trees is shown in the report (Figure 11a). The quan-
tity of water that would otherwise become surface runoff into streams but does not is
known as avoided runoff. Water interception by plants, ground depression storage, in-
filtration on pervious ground covers, and overland flow on impermeable ground covers
are all factored into the calculations.

Patential Evapotranspiration by Trees
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Figure 11. (a) Avoided Runoff by trees. (b) Potential Evaporation by trees.
The report (Figure 11b) displays the hourly potential evapotranspiration by trees.
Potential evapotranspiration is the sum of the evaporation from the soil and the transpi-
ration from plants that would occur if an unlimited amount of water were available.
4.1.5 Isoprene and Monoterpene by trees
The report (Figure 12a) displays hourly estimates of the isoprene emissions of all
trees in your study area.
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Figure 12. (a) Isoprene by trees. (b) Monoterpene by trees.
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The report (Figure 12b) also displays hourly estimates of the monoterpene emissions
of all trees in your study area. This report displays results in line chart and table formats
for the project's available weather data for the year 2018.

4.2 Tree Characteristics of Kainji National Park

The protected area of Kainji Park has an estimated 563,500,000 trees with a tree cover
of 63.0 percent. The three most common species are Adenaria floribunda (13.3 percent),
Crack willow (6.7 percent), and Huon Pine (6.7 percent). The overall tree density is 150
trees/acre. The protected forests are composed of a mix of native and exotic tree species.

As a result, tree diversification in protected forests is generally greater than in adja-
cent native environments. Increased tree diversity can reduce the overall damage or
devastation caused by a species-specific insect or disease, but it can also put native plants
in danger if any of the introduced species are invasive and can really and replace native

species.
Native Status by Stratum %
P ON OF KAINJI PARK, Series: NJFU PAPER, Year: 2021 i-Tree
Place of Native Range
Europe & North North South
Stratum Africa Asia  America America+  Oceania  America  Unknown
Urban 6.7 6.7 200 6.7 26.7 133 200
Rid * o &
& & %y" &
@v“(\ v@z & The '+' sign indicates that the species is native to another continent other than the continents listed in the
O{’F & grouping. For example, Europe & Asia + would indicate that the species is native to Europe, Asia, and one
® other continent.
Origin Oceania, including: Australasia, Melanesia, Micronesia and Polynesia.
(a) (b)

Figure 13. (a) Chart showing the percentage of live trees population by area of native origin. & (b)
Table showing the percentage of live trees population by area of native origin.

Only around 7% of the trees are native to Africa, while the majority of the trees
originate from Oceania (27 percent of the trees). The vitality, ability to adapt, reproduc-
tive capacity, and overall absence of natural adversaries are all characteristics of invasive
plant species. They can use these characteristics to eliminate native trees, posing a hazard
to the ecological regions.

Figure 13 shows estimates of the proportion of each species of tree identified in each
Diameter at Breast Height (DBH) size class in the study. The proportion of the tree spe-
cies population by DBH class for each of the ten most frequent species in the research
region is presented in the chart.
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Species Distribution by DBH Class

I v SERVATION OF KAINJI PARK, Series: NIFU PAPER, Year: 2021 i-TI'CC,

Adenaria floribunda

Salix fragilis
Lagarostrobos frankdinii
Hakea francisiana

Carya x schneckii
Adenostoma fasciculatum
Adenostoma

i%)

Acacia argyrophylla
Acacia adunca
Abies balsamea

SENRERERON

DBH Class {cm)
Figure 14. Percentage of Species Distribution by DBH Class.

The report provides total estimates and percentage contributions of the number of
trees for each species in the study area. This report displays results in pie charts and table
formats below (Figure 15 a&b).

Popul@tlon}pmmavy by Species %
Population Summary by Species Y | ‘.‘. ONSERVATION OF KAINJI PARK \IFU PAPER iTree

i-Tr
’H CC Hakea kan“l.ga}gﬁgo(gry%s franklinii (6.7 %)
Species Number of Trees Percent of Population ; R sslicirailer®)
Adenaria floribunda 75,128,717 B33% AL BN
Salix fragilis 37,564,359 6.7%
Lagarostrobos franklinii 37,564,359 6.7%
Hakea francisiana 37,564,359 6.7% Adenostoma fasciculatum (6.7 %) Adenaria floribunda (13.3 %)
Carya x schneckii 37,564,359 6.7%
Adenostoma fasciculatum 37,564,359 6.7%
Adenostoma 37,564,359 6.7% Adenostoma (6.7 %)
Acacia argyrophylla 37,564,359 6.7%
Acacia adunca 37,564,359 6.7%
Abies balsamea 37,564,359 6.7% & P
Dovyalis abyssinica 37,564,359 6.7% SEAsEETeR
Abarema 37,564,359 6.7%
Abelia 37,564,359 6.7%
Abies 37.564 359 6.7% Acacla adunca (6.7 %) Other (26.7 %)
Total 563,465,378 100%
Ables balsamea (6.7 %)
() (b)

Figure 15. (a) Tables showing the Population Summary by Species (b) Pie Charts showing the Pop-
ulation Summary by Species

4.2.1 Urban Forest Cover Leaf Area and Importance values

Several plant advantages are proportional to the plant's robust leaf pore volume.
Trees cover about 63percent of Kainji National Park protected area and provide 39.14
thousand sqm of leaf area. the most dominant species in terms of leaf area are Abyssinian
Gooseberry, fir spp, and abelia spp.
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Table 4. The table shows the 10 species with the greatest importance values.

Percent Percent
Species Name Population Leaf Area v
Abyssinian Gooseberry 6.7 27.0 33.7
fir spp 6.7 20.7 27.3
abelia spp 6.7 12.4 19.0
Adenaria floribunda 133 3.6 16.9
Balsam fir 6.7 7.7 14.4
chamise spp 6.7 6.9 13.6
Chamise 6.7 6.6 13.2
abarema spp 6.7 6.4 13.0
Schneck's hickory 6.7 3.3 10.0
Grass-leaf Hakea 6.7 2.7 9.4

Importance values (IV) are calculated as the sum of percentage population and
percentage leaf area. High importance values do not mean that these trees should nec-
essarily be encouraged in the future; rather these species currently dominate the Kainji
National Park forest structure.

4.2.2 Air Pollution Removal by Urban Trees

Poor air quality is a problem in many urban areas. It has the potential to negatively
impact human health, landscape materials, and ecological processes, as well as reduce
visibility. The urban forest can help to improve air quality by decreasing air tempera-
tures, removing pollutants from the air directly, and lowering energy usage in buildings,
which reduces power plant air pollution emissions. Dwyer and Nowak [25] argue that
trees emit volatile organic compounds that contribute to ozone generation. To estimate
pollution clearance by trees in Kainji Park, researchers analyzed field data, present pol-
lution, and meteorological data. The most pollutant eliminated was carbon monoxide.
Trees are predicted to remove at least 10,000 tons of ozone (O3), carbon monoxide (CO),
nitrogen dioxide (NO2), microscopic particles less than 2.5 microns (PM2.5), including
sulfur dioxide (502) from the atmosphere per year, with an associated value.

The research area's trees released an estimated 133.1 thousand tons of volatile or-
ganic compounds (VOCs) in 2021. (12.45 thousand tons of isoprene and 120.7 thousand
tons of monoterpenes). Emissions vary per species, depending on species features (for
example, some genera, like oaks, produce a lot of isoprenes) and leaf biomass. Fir spp.
and Balsam fir accounted for approximately 80% of the VOC emissions in the urban for-
est.

Table 5. The table shows the VOC Emissions by Individual Trees.

VOC Emissions by Individual Trees %
ocation Ekiti, Ekiti, Nigeria

SITY CONSERVATION OF KAINJI PARK, Series: NJFU PAPER, Year: 2021 i-Tree
10/2021

PlotID Tree ID Species Name Isoprene Monoterpene VOCs Comments
(8/yr) (8/yr) (g/yn)

1 1 Abies 118.1 1,875.7 1,993.9

1 2 Abelia 0.0 0.0 0.0

1 3 Dovyalis abyssinica 41 49.6 53.6

1 4 Abarema 90.4 386 1289

il 5 Abies balsamea 32.7 519.7 5524

1 6 Acacia adunca 0.1 54.6 54.6

1 7 Lagarostrobos franklinii 0.0 0.0 0.0

1 8 Adenostoma 0.0 40.4 40.4

1 9 Adenaria floribunda 258 279 53.7

1 10 Salix fragilis 13.2 0.9 14.1

1 11 Hakea francisiana 0.6 14.2 14.8

1 12 Acacia argyrophylla 0.2 204.7 2050

il 13 Adenaria floribunda 15.6 16.8 324

1 14 Carya x schneckii 0.0 333 333

1 15 Adenostoma fasciculatum 0.0 38.2 38.2

Total 300.7 2,914.7 3,215.4
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Carbon Storage of Individual Trees

The table seen in the action panel to the right provides total estimates of the VOC
(volatile organic compound) emissions of each tree in Kainji National Park. Emissions are
displayed for monoterpene, isoprene, and the sum of both.

4.2.3 Carbon Storage and Sequestration

Anthropogenic global warming and its ramifications on the environment are im-
portant worldwide concerns. Every year, trees trap carbon in new growth, reducing the
quantity of carbon in the atmosphere. The size and health of the trees affect the quantity
of carbon stored each year. The gross sequestration of Kainji National Park trees is about
11.5 million tons of carbon per year. Net carbon sequestration in the forest is about 5.207
million tons.

Table 6 & 7. The table shows Carbon Storage and Carbon Sequestration of Individual Trees.

% Carbon Sequestration of Individual Trees

i-lree, Proiect: siopERsITY conseRvaTION oF & K, Seres: NIFU PAPER, Vear i-Tree,
PlotiD;Tree ID: Spacies Nama Carbori Stacage (k) % of Total :Comments. Plot ID Tree ID Species Name Gross Carbon Sequestration (kg/yr) % of Total Comments
1 1 Abies 8511 6.2 T 1 Abies 449 162
IR R B— e L2 Al 79 100
T o - 1 3 Douyalis abyssinica 451 162
1 s Abies balsamea s92.5 43 1 4 Abarema 296 10.6
1 6 Acacia adunca 1,1284 8.2 1 5 Abies balsamea 89 32
1 7 Lagarostrobos franklinii 885 06 1 6 Acacia adunca 0.9 03
1 8 Adenostoma 2,206.9 16.0 3 7 Lagarostrobos franklinii 9.0 32
1 s Adenaria floribunda 4595 33 1 8 Adenostoma 344 124
1 10 salix fragilis 285 0.2 x 5l Adenaria floribunda 250 9.0
3] 11 Hakea francisiana 147.9 11 1 10 Salix fragilis 53 19
1 12 Acacla argyrophylla 12518 S 1 11 Hakea francisiana 9.2 33
4 13 Adenaria floribunda 2,1291 154 1 12 Acacia argymphylla 146 53
& e shned e . 1 13 Adenaria floribunda 01 00
e A 1 14 Caryaxschnecki 202 73
otal ,827. .
L 15 2.7, 10
Due to limits of available models, i-Tree Eco will limit carbon storage to a maximum of 7,500 kg (16,534.7 Ibs) and not estimate additional storage Total 2778 100%
for any tree beyond a diameter of 254 cm (100 in). Whichever limit results In lower carbon storage is used.
Tropical carbon equations have been used in these estimates. Tropical carbon equations have been used in these estimates.
(a) (b)

Sequestration (thousand ton)

Table 6 & 7. (a) The table provides the estimates of carbon storage for each of the trees sampled in
Kainji National Park. The percentage contribution to the total carbon storage of all sampled trees is
also reported. (b) The table provides estimates of gross carbon sequestration for each of the trees
sampled in the study area. The percentage contribution to the total gross carbon sequestration of all
sampled trees is also reported.

2000 = ~ 140 110 A -
- 100 -
1800 L 130 7
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1400 o = 2 80 S
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1200 - ben 2 S 79 5
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(a) (b)

Figure 16. (a) Estimated annual gross Carbon Sequestration and value for park tree species with the
greatest sequestration. (b) Estimated annual gross Carbon Storage and value for park tree species
with the greatest storage.

Another method that trees might impact global climate change is through carbon
storage [26-29]. A tree stores more carbon as it develops by storing it in its accumulated
tissue. When a tree dies and decays, much of the carbon it has stored is released back into
the atmosphere. As a result, carbon storage is a measure of how much carbon may also be
released if trees are left to die and degrade. When a tree dies, the wood may be used to
make long-lasting wood products, heat buildings, or generate electricity, reducing carbon
emissions from decomposition or fossil-fuel or wood-based power plants. Kainji National
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Park's trees are believed to contain 573,000,000 tons of carbon (40.1 trillion) in their
trunks. Adenaria floribunda stores the most carbon (about 18.7% of the total carbon
stored) and Abyssinian Gooseberry sequesters the most among the species studied (ap-
proximately 16.2 percent of all sequestered carbon).

4.2.4 Oxygen Production

One of the most widely touted benefits of trees is the creation of oxygen. The quan-
tity of carbon stored by a tree, which is linked to the buildup of tree biomass, is directly
proportional to its net yearly oxygen output. The amount of oxygen produced by trees in
the research region is estimated to be 13.89 million tons per year. However, because of
the vast and relatively consistent amount of oxygen in the atmosphere and massive gen-
eration by aquatic systems, this tree benefit is very minor. Most National Parks and Na-
ture-protected places have a large reservoir of oxygen in their atmosphere.

Table 8 & 9. The table shows Oxygen Production by Trees.

Net Carbon
Oxygen Production by Individual Trees Species Oxygen Sequestration  Number of Trees Leaf Area
L o , iTree (thousand metric  (thousand metric (thousand square
PAPER. Yeaf: 2021 ICC ton) ton/yr) kilometer)
PlotID TreelD Species Name Oxygen Production Comments Abies 3,912.70 1,467.26 37,564,339 20.97
(kg/yr) Dowyalis abyssinica 3,439.23 1,289.71 37,564,359 27.38
1 1 Abies 1198 Abelia 2,513.68 942,63 37,564,359 12.55
1 2 Abelia 743
I e 0 Abarema 2,301.87 863.20 37,564,359 6.45
1 4 Abarema 789 Adenostoma 1,980.09 742.53 37,564,359 7.04
1 5 Abies balsamea 237 Carya x schneckii 1,635.24 613.21 37,564,359 3.36
Lot Acdadiinc 23 Lagarostrobos franklinii 859.54 12233 37,564,359 0.43
1 7 Lagarostrobos franklinii 24.0 -ABAr0Stronos fran ) - e :
1 8 Adenostoma 91.8 Hakea francisiana 82341 308.78 37,564,359 277
1 9 seicsiiaontlnds 66.7 Acacia argyrophylla 633.39 237.52 37,564,359 164
1 0, Saftcfraglliss 143 salix fragilis 513.52 19257 37,564,359 021
1 11 Hakea francisiana 24.7
T Acaargrophila 80 Abies balsamea 496.73 186.28 37,564,359 7.85
1 13 Adenaria floribunda 03 Acacia adunca -652.53 -244.70 37,564,359 0.44
i ig Knnya x schaeckii 53; Adenostoma fasciculatum -2,725.56 -1,022.08 37,564,359 6.66
Total 7409 Adenaria floribunda -3,134.35 -1,175.38 75,128,717 3.62
(a) (b)

Table 8 & 9. (a) The table showing Net Oxygen Production by Individual Trees. (b) The table shows
the Number of Trees, the Net Oxygen Production, the Net Carbon Sequestration by Individual
Trees and the Leaf Area.

4.2.4 Avoided Runoff

Surface water runoff from most protected areas may be a source of pollution in
streams, marshes, rivers, lakes, and seas, which is a source of worry in many metropoli-
tan areas [30-32]. During precipitation events, vegetation (trees and bushes) intercepts
some of the precipitation, while the rest reaches the ground. The enormous number of
impermeable surfaces in metropolitan areas increases the level of stormwater.
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Figure 17. The chart shows the avoided runoff and the value for the species with the greatest overall
impact of runoff.

Municipal trees and bushes, on the other hand, help to reduce surface runoff. Trees
and bushes collect rainwater, while their root systems aid in absorption and soil reten-
tion. The research site's trees and bushes assist to minimize runoff by 1.85 billion cubic
meters per year. Local weather from the user-designated weather station is used to esti-
mate avoided runoff. The total yearly precipitation in 2018 was 248.92 mm, according to
the statistics gathered.

5. Conclusions

This study concludes by stating the need to develop the national parks and na-
ture-protected department and/or forest management committee to help improve bio-
diversity conservations, forest, and urban air quality. The conservation strategies can
come in the form of strict legislation or an increase in the number of healthy flora and
fauna. The need to sustain large, healthy trees can not be overemphasized. The usage of
fossil fuels to maintain vegetation is being reduced. Experts in conservation must plant
trees in energy-saving sites, as well as trees to shade wooded regions. The provision of
sufficient water so that the park does not suffer from a long drought or water deficit,
which might result in the extinction of trees and species. The elimination of air pollution
by urban trees is equally critical in the maintenance of protected forests. According to this
study, the areas around national parks should have a high population density and ur-
banization encroachment since multiple human activities harm the parks. Deforestation,
uncontrolled burning, and illegal grazing are among the human effects that are particu-
larly prominent in the Kainji National Park's Zugurma zone. Illegal hunting has resulted
in relatively low concentrations of wild animals. Due to the sheer large amount of illicit
fishing that takes place in and around the Kainji Lake, the lake's fish farming industry has
experienced a significant and incremental loss in the past years.

Remotely-sensed information usually provided a good presentation of national
parks and protected areas changing land covers. This can help to achieve biodiversity
mapping of the environmental impact analysis. This indicates that future strategies of
conserving biodiversity in parks should focus as much on both the community-based
participatory approach and the socio-economic dimension of biodiversity conservation
but to jettison the scientific study of species and habitats.
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At the national level, there have to be strict government policies against illegal log-
ging of forest wood and non-wood and timber products and illegal poaching activities
causing deforestation at all the reserved forest areas and national parks.
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