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ABSTRACT

Ibodi Monkey Forest (IMF) is known for its illegal mining activities, which have led to the
degradation of the forest ecosystem. Most studies on the forest focused on floristic and monkey
species diversity. The Carbon Stock (CS) and Sequestration Potential (SP), which are critical
for mitigating CO. emissions of IMF, have not been fully quantified. This study therefore
investigated the distribution pattern of Carbon pools and Sequestration potential in different
physiognomies in the forest.

Four plots of 25 m x 25 m each were randomly selected in three physiognomies: Regrowth
Forest (RF), Cocoa Plantation (CP) and Tree Fallow (TF). In each physiognomy, all standing
trees with Diameter at Breast Height >10cm were identified, measured and enumerated. Mean
Basal Area (MBA) of the plants was determined using standard formulae. The biodiversity
indices derived included Shannon-Wiener Diversity Index (SWDI), Sorenson’s Similarity
Index (SSI) and Family Importance Value Index (FIVI). The temporal changes in the study site
were determined by comparing results with baseline data. A diagonal transect was laid within
each plot for soil sample collection at four soil depths (0-15, 16-30, 31-45, and 46-60 cm).
Biomass and CS in different carbon pools, namely Soil Organic Carbon (SOC), Above Ground
Carbon (AGC), Below Ground Carbon (BGC), Herb-Litter-Saplings (HLS) were calculated
using standard methods. Carbon Sequestration Potential (CSP) was determined from the soil
and plant litter analyses as well as allometric equations using standard formulae. Data were

analysed using descriptive statistics and ANOVA (a0.05).

Eighty-seven, eighty-six and one hundred and six plant species were encountered in the RF, CP
and TF, respectively. The estimated MBA (mzha™) were 17.96, 13.12 and 1.93 for RF, CP and
TF, respectively. The SWDI in the three physiognomies was 3.02, 0.39 and 0.29 for RF, CP and
TF, respectively. The SSl in all the physiognomies studied showed low similarities with CP and
TF being the most similar (48.9%), while RF and CP were most dissimilar (35.1%). Family
Sterculiaceae (60.65) had the highest and Polygalaceae (1.43) had the lowest FIVI. There were
significant differences in the number of species when compared to baseline data. Total SOC
(thal) in the three physiognomies was 333.11, with 144.34 (RF), 94.37 (CP) and 94.40 (TF).
Total AGC (tCha) stock was 5492.93, the trend was 3529.29 (RF) > 1477.12 (CP) > 486.52
(TF). Total BGC (tCha) stock was 823.94, in the order 529.39 (RF) > 221.57 (CP) > 72.98
(TF). Total HLS CS (tCha) was 0.15 with the trend 0.09 (RF) > 0.04 (CP)> 0.02 (TF). The
total CSP (tCOzeha) in IMF was 24386.02. The pool trend was 20142.57 (AGC) > 3021.39



(BGC) > 1221.51 (SOC) > 0.55 (HLS). There were significantly higher CS and SP values in RF

compared to CP and TP across different Carbon pools due to the presence of more woody

species in the physiognomy.

Ibodi Monkey Forest has an appreciable carbon storage potential, with the regrowth forest
being best in carbon storage. Increased anthropogenic activities at the fringes of the forest

should however be controlled.
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CHAPTER ONE
INTRODUCTION

1.0 Introduction

Climate change duetoincreased concentrationsof Carbondioxide (CO.)intheatmosphere
isoneofthemostwidelydiscussed contemporaryissues. Theatmosphericconcentrationof
COzwasestimatedat415ppm(NOAA,2019), thisfigureis54%abovethe preindustrial fig
ureof270ppm(whichhadbeenstableforthousandsofyears),andalmosttwiceashighasit

wastowardstheendofthelasticeage (Neftel etal., 1988;1PCC, 2014).

Thethreat of global climate change has brought with it considerable attention to forests as
viable option for mitigating CO2 emissionsthrough Carbon sequestration. Ineffect, forest
sconstitute anenormous repositoryof carbon (FAQO, 2003; Mokanyetal., 2006). Forestsa
lone contain approximately 48% of terrestrial carbon (IPCC, 2001; Liuetal.,2014),anda
ccount for morethan 50% of global amount of carbon fixed during photosynthesis by all p

roducers inthe ecosystem (Beer et al., 2010; Pan et al., 2011).

Estimating carbon sequestration potential of forests isanimportantexercise forcomprehe
nsive carbon inventory for different purposes, especiallyinprofferingsustainablemanage
mentstrategies. Tropical forestsarethemostdiverseandimportantterrestrial ecosystem (T
urner,2001; Lewisetal.,2015) which plays asignificant role in the global carbon cycle (N
goetal.,2013). The world’s tropical forests house 200—300 Petagram (Pg) of carbon, whi
chisabout 54% ofthebioticcarbonpool (Baccini etal.,2012; Avitabileetal.,2016),and a
bout 39% of the atmospheric carbonpool (Le Quéré etal.,2016). Althoughtropical forests

playacrucialroleintheglobal carbonbalance, dataavailable on carbon sequestrationintro



pical regionsare either limited orincomplete (Le Quéréetal.,2016). Thus an extensive qua
ntification of carbon poolsintropical forestecosystems isimportant for understanding the
ircontribution to net carbon sequestration. There hasbeen aconsiderable decrease inglob
al forest cover between 1990 and 2015, from 4123 billion ha to 3999 billion ha (Keenan
et al., 2015; Han et al., 2017). Deforestation rates have been particularly high inthe tropi
calregion. Accordingto Hansenetal. (2013) about 100 million ha of tropical forests were

converted to farmlands between 1980 and 2012, which amounts to approximately 0.4% pe

ryear.

InNigeria, 55.7% of primary forest has been lost between 2000 and 2005 (FAO, 2016). Fu
rthermore, ithas beenreported thatevery year, Nigeria cutdownroughly350,000-

400,000hectaresofforestperyear(NACGRAB/FDA,2008; Adedejietal.,2015; Mukhtar
,2016). Mostofthesetreesareusedincontructionofroads, bridges, houses,and fuel forcoo
king. Also, foreignbusinessmenaretakingadvantageoflaxregulatorylawandenforcemen
tenvironment,aswellascorruptionbygovernmentofficialstodriveillegaltradeandexport
ofthecountry’sforestryresourcesthatmighthavegraveconsequencesontheenvironment
andeconomy. Theimplicationsofthesearealreadystaggering; Nigeriahasabout1400reco
gnisedspeciesofamphibians,birds,mammals,andreptilesasstatedbytheglobal Conserva
tionMonitoringCentre. Endemicofthesewas1.2%, and 3.5% are threatened, because
logging and cutting down forest vegetation. More striking though which is of utmost
importance is the fact that deforestation has greatly increased our temperature and
reduced rainfall in Nigeria. Studies have shown that Nigeria has experienced
temperature increase of 1.10°C within a period of 105 years which is far greater than
global average increase in temperature of 0.74°C recorded since 1860 (Odjugo, 2010).

The same study also reported that the quantity of rainfall has dwindles by 81mm. Trees



that are supposed to absorb carbon dioxide are no more there since they have been cut

down.

1.1 Justification of the study

This study has become an important exercise for comprehensive carbon inventory,
especially in proffering sustainable forest management strategies which can be
emplaced to arrest the impending ills of change in climate due to deforestation.
Management initiatives like Reduced Emissions from Deforestation and forest
Degradation and enhancing forest carbon stocks and Clean Development Mechanism
are international framework to help stop deforestation and enhancing forest carbon
stock are germane for reducing reliance on the natural forest, a core source of energy
in developing world. Reduced Emissions from Deforestation and forest Degradation is
a proven United Nations Initiative created to reduce emission from deforestation and
forest degradation. It is working by creating financial value for the carbon stored in the
forest through the sale of verified emission reductions units. Reduced Emissions from
Deforestation and forest Degradation projects make forests more valuable.
Furthermore, payment for environmental services and the potential for addressing
climate change by reducing greenhouse gas emissions provide positive impacts on
forest management, conservation of biodiversity and sustainable development of
forestry resources (Milledge et al., 2007). However, there is need for proper forest

monitoring and regular comprehensive forest inventory evaluation.

Amongthe gazetted forest reserves in Southwest Nigeria, Ibodi Monkey Forest
hasunique biodiversity with existence of endemic Monkey species. However, this ecosys
temishighly prone to adverse environmental changes occasioned by anthropological

interferencesatthefringesof the forest which is exacerbated by poverty and many



decades of sole dependence on farming by the local community in the area. Ibodi

Monkey forest has beensignificantly altered by gradual extraction, and conversion for oth

er purposes.
Measures are needed to arrest the ongoing destruction of Ibodi  Monkey Forest
(together with its biota)

and the subsequent release of its carbon stocks. The purpose and choice of this current stu
dywasto provide an understanding of the role Ibodi monkey forest can play in the mitigat
ion of climate change through carbon sequestration. The result obtained from this forest
will also enhance and expedite policy decisions of the president’s signing of the Paris Agr
eementon Climate Change which Nigeria demonstrated commitment towards reversing t

he effects of the negative trend of global warming.

1.2TheObjectivesofthe study

The objectives of the study were to:

1. Estimate Carbon Stock and storage potential in the aboveground biomass across
different physiognomies in the forest.

2. Estimate Carbon storage potential in both the soil pool and standing floor litters
across the physiognomies in the forest

3. Compare the variation in carbon content between aboveground biomass, soil
and standing floor litter across the different vegetation.

4. Determine temporal changes in aboveground species by comparing data that

will be obtained with the baseline enumeration data taken in 2013



CHAPTER TWO

LITERATURE REVIEW

2.1  Biodiversity in the tropical forest and Climate Change

Tropical forests are natural type of forest that are prominent for rich biodiversity, food,
and carbon storage. Tropical forests consist of 44% and the largest proportion of the
world’s forests (FAO, 2011). Reports shows that the tropical forest houses one of the
largest pools of carbon and have a noteworthy role in the world’s carbon cycle (FAQ,
2011). Forests hold about 80% of total aboveground organic carbon and 40% of the

belowground organic carbon globally (Gullison et al., 2007).

Forests provide sites for monitoring trends of climatic changes both in terms of net
carbon emissions and global storage capacities which are important for climatic
regulation processes of nutrient uptake as forest ecosystem is highly influenced by
changes in atmospheric CO- (Terakunpisut et al., 2007). Record shows that about 50%
the weight of dry wood is carbon and that carbon is stored (sequestered) as long as
the wood exists (Ecolink, 2007). Furthermore, forests contain approximately 75
percent of the global biomass (Cloughesy, 2006). It has a huge ability to store carbon
primarily by reforestation, agroforestry, and conservation of existing forest stand. They
are most diverse, productive at the same time vulnerable to change (Sala et al., 2000;
Siche and Ortega, 2008). Young quick growing forests sink carbon dioxide more

quickly than old growth forests. Old growths are characterized by slow growing trees



and loss of carbon owing to death and also the decay that may lead to carbon loss on
the long run (Ecolink, 2007). Biomass of forest is a pointer to carbon sink, and it bears
more role in efforts to mitigate climate change. The quantity of carbon sunk by a forest
can be estimated from its biomass accumulation because about half of forest dry
biomass is carbon (Brown, 1997). Majority of biomass quantifications are done for the
aboveground biomass of trees. The reason is that this biomass generally signifies the
greatest portion of the entire living biomass of forest and does not pose any major
difficulties in terms of logistics during field measurements (Intergovernmental Panel

on Climate Change (IPCC), 2007).

Despite the enormous usefulness of forest, it is being destroyed at a startling rate
Tropical forest has furthermore been reported to contribute approximately 20% of CO-
emissions caused by anthropogenic effect to the atmosphere via deforestation in the
tropics (Houghton et al., 2001). As at 2005, deforestation rate in Nigeria is highest
globally (FAO, 2006). Fifty-five percent of its primary forests was lost between 2000
and 2005, and the rate of change in forests increased from 3.12% to 31.2% each year.
The destruction of the forest is propelled by anthropogenic effects such as farming,
increasing population, fuelwood gathering, logging, road building as well as
hydropower development (Kaewkrom et al., 2011). The tree biomass, understory flora,
and soil organic matter in the forest constitute the key pool of carbon (Vashum and

Jayakumar, 2012)

2.2 Deforestation and Degradation of forest

The anthropogenic factor is the principal cause of both deforestation and degradation
that directly impact on forest cover subsequently culminating into the loss of stocks

of carbon. Agriculture is projected to be the major driver of deforestation constituting



about 80% globally. Mechanized agriculture is the principal deforestation driver in
Latin America (constituting about 2/3 over-all deforested area). It amounts to one
third of Africa and tropical
Asia’s deforestation and is of comparable significance to subsistence agriculture. Urba
nization, Mining, infrastructural development are significant but not so prominent.
Reports on global degradation patterns suggests timber extraction and selective
exploitation of economic woody species make up over 70% of over-all Latin America
and (sub) tropical Asia forest degradation. Fuelwood gathering, production of
charcoal, and grazing in forests are the leading drivers of degradation in major parts of
Africa (Kissinger et al., 2012). Secondary drivers are multifarious connections of
social, economic, political, cultural and technological processes that affect the major
drivers to cause deforestation or forest degradation (Geist and Lambin, 2002). They
act at numerous scales from international; markets, commodity prices, to national,
increase in population, local markets, state policies, governance and local conditions;
sustenance, poverty. Furthermore, Kissinger et al. (2012) reported that growing
economy based on the trade of primary commodities, such as timber and agricultural

produces in a global economy is critical secondary driver.

More lately, it is evident that commercial actors play a pivotal role in agricultural
expansion into forests and for numerous countries, mechanized agriculture is leading o
ver small scall agriculture (Boucher et al., 2011) especially in the Amazon region and
Southeast Asia. Here agroindustry, increasingly producing for international markets (c
attle ranching, soybean farming, and oil palm plantations) were recognized as core dri
vers of post-

1990 deforestation (Rudel et al., 2009; Boucher et al., 2011). Poor governance, corrupt

ion, Neglect to low ability of forestry agencies, uncertainties of land tenure systems, a



nd inadequate or lack of natural resource planning and management can be critical und

erlying influences of deforestation and degradation (Rademaekers et al., 2010).

The impact of Agriculture as an agent of deforestation and degradation is expansive.
The FAO envisages a 70% rise in food demand 2050, with a resultant growth of
49% cereals produced and an 85% rise in meat production (FAO, 2009). Improving
agricultural yields has been the major method for improved food production for
several years, but intensification can also result more to deforestation in some
situations (Rudel et al., 2009; Boucher et al., 2011). Foreign direct investment in
land in the least developed countries in Africa and Southeast Asia due to global

shortages of arable land is increasing and impacting on forests.

Furthermore, considering deforestation and degradation in relation to energy sources
in developing countries,
developing economies are exceeding developed economies in economic development
and gross domestic product growth, which accounted for all the total rise in world’s cr
ude oil consumption in the last ten years (World Bank, 2012). This rise in consumptio
n of oil is a signal to the increasing energy demand and mineral resource, nonetheless,
the fragility of economy to collapse in oil prices may probably make alternative source
of energy, for example biofuels and wood, more cheap attractive in the future thereby
mounting pressure on forest as an energy source. Klenketal. (2012) reported that signi
ficant changes in manner of fuelwood use worldwide in the last decade. Thereport sug
gests significant increase of wood for energy in Africa and Latin America, however, it
has declined in Asia by approximately half, reflectingapattern ofincreasing developme
ntand avaliabilty of alternative fuel source to households in these countries. Hofstad etal.
(2009) opined that use of wood for energy domestically might persist for the next
two decades, also, the charcoal demand will probably surge as a result of anticipated
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urbanization rise. There are levels of uncertainties to the amount of emissions from
greenhouse gases linked to deforestation and degraded forest globally. This is
projected at between 10% to 40% of the 1.4 PgCy™ of the total carbon emitted from

tropics (1990 to 2000) (Houghton et al., 2012)
2.3  Theconceptofclimate change

Generally climate is defined as the average condition of the atmosphere for a given
time scale (hour, day, month, season, year, a decade and so forth) and usually for a

definite geographical region (Houghton, 2002).

Global climate has not been stable in either historical or geologic time scales.
The historical record illustrates abundant instances of change in climate. For
instance, throughout the Roman Warm Period (250 BC—400 AD), the climate
was favorable to agriculture in northwest Europe and the Mediterranean, with
vineyards in what’s now Britain and olive production region of Turkey, where

winter is just too severe for those crops. (Ashby and Pachico, 2012).

There is strong indications that change in climate, in the shape of atmospheric
warming due to the greenhouse effect, is going on today. Over the last century,
increased temperature have been reported nearly everywhere; over land, on the
ocean and within the ocean air. The trend has hasten subsequently in the
1970s. An increase of 0.74° C have been reported in the Mean global land
temperatures over the past century. The world is near to being warmer than it’s
been for over 1,000 years and temperatures aren’t far from the upper limit of

the temperature range of the last 400,000 years. (Ashby and Pachico, 2012)

Behavioral chances in flora and faunas are in step with a warming climate.

Consistent with  Audubon Society, in excess of 60% of migrating species of



bird in North America have increased their winter range towards the north by
a mean of 35 miles within the four decades, showing in general, warmer
environments. Season creep—earlier springs and later autumns—has also result
to the sooner flowering of several wild flora species as springtime warming
occurs earlier in high latitudes. As Oceans warms up, Coral reefs are dying off

(Wilkinson, 2008).

Furthermore, pattern of rainfall in the past century paints a multifaceted picture.
Gradual increase in precipitation have been observed in northern latitudes,
meanwhile, a sliding trend in rainfall have been reported in south of Africa and
regions of southern Asia since the 1970s. Reports have also indicated in the Sahel a
major decrease in rainfall (region between the Sahara Desert, north and the southern
region of Sudanian Savanna as of 1920). Furthermore, within the tropical and
subtropical region, droughts became longer, more severe and affected longer range of
area as a result of the aggregate consequences of reduced precipitation, and increased

water requirements by crops due to higher temperatures (IPCC, 2007).
2.4  Causesof Climatechange

Anthropogenic effects are the major source of global climate change. These
disturbances are principally consequence from emissions related to use of energy,
but locally and regionally, urban growth and changes in land use are also a critical
factor (Karl and Trenberth, 2003). However, myriads of factor results in climate
change and come about over varying time scales. For instance, eccentricities in the
orbit of the earth round the sun and shifts in its tilt toward the sun affect the amount
of heat it receives. Referred to as Milankovitch Cycles, and supported by reports

from ice cores and sediments studies, it has been observed that this changes had
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implications on change in climate for thousands of years. In the 1970s, forecasts
based on these cycles predicted that the Earth was on the verge of entering a cooling
period, so these cycles are not responsible for ongoing global warming (Herring,

2007).

Furthermore, change in climate is also affected by the quantity of heat the sun
emits, there are steady cycles in amount of warmth radiated by the sun that
reaches Earth. Differences in this cycles have been noted to have corresponded
with variations observed in worldwide temperature and have been sustained in
about a decade’s up-and-down series whereas there has been a steady rise in the
globe’s warmth rather than a trend of the sunspot cycles. Although there is
dearth of understanding about variations in emission pattern of the sun, the recent
convention shows that a rise warmth radiated by the sun is of less significant
influence to global heating compared to variations in the earth’s atmosphere
(IPCC, 2007). According to Ashby and Pachico (2012), the content of the
atmosphere is strongly associated with variation in the global climate. For about,
400,000 years, the quantity of CO. the earth’s atmosphere and global temperature
are closely linked. During this era, four climax temperature data have corresponded
with four climax concentrations of CO> within the atmosphere. In the same way,
when there’s reduced amount of CO> concentrations in the atmosphere, temperatures
becomes cooler. Consequently, CO- is said to possess a greenhouse influence on the
globe’s warming. Majority of climate experts accept as true that current swift

variations within the atmosphere are liable for recently perceived warming climate.

2.5 Greenhouse gases
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The primary cause of recent warming climate is understood be as a result of the
increase in concentration of CO and other greenhouse gases including water vapour
(~60% ), others include trace gases such as methane and nitrous oxide within the
atmosphere. These gases trap and clench solar heat, in turn warming up the air.
Increase in the concentration of greenhouse gases within the atmosphere, leads to a

surge in heat clenched and consequently results in greater global warming.

Carbon dioxide has triggered majority of the global warming, and its sway is predicted
to continue. For instance, concentration in the last decade in the atmosphere was 389
ppm, on top of any shown in ice cores which holds illustrations of the globe’s
atmosphere for the past 650,000 years. Throughout that age, CO2> concentration
differed between a low 180 ppm to high 270 ppm. Throughout the past 20,000
millennia, CO levels have never passed 300 ppm however, concentrations are
now soaring fast. A figure of 313 ppm was reported in 1960, 389 ppm in 2010, current
figures stands at 417 ppm. (IPCC 2007; Scripps institute of Oceanography, 2020).
While volcanic activity existed as the first source of high levels of the CO> within the
atmosphere, currently the main explanation for the rise in CO2 emissions is
anthropogenic. Presently, volcanoes add less than 1% of CO2 emissions going into the

atmosphere.

Carbon dioxide worldwide emission has reached 34 billion tons as at 2011, the figure
that continues to rise. Ever since, a sum total of 420 billion tonnes of CO> has been
cumulatively emitted as a result of anthropogenic factors. Report suggests that reducing
the mean worldwide temperature increase to 2 percent above pre-industrial levels
based on the goal globally adopted in United Nation climate dialogues is feasible.
This can be achieved provided aggregate emissions in the 2000-2050 period
remain below 1000 to 1500 billion tonnes of CO,. However, if the status quo
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continues, overall emissions will exceed 1500 billion tonnes inside the next 20

years. (Joset al., 2012).

2.6 Roles of forest in climate change

Measures set in motion to reduce or prevent drivers of change in climate primarily
through the reduction of the concetration of greenhouse gases with the atmosphere

constitute what climate change mitigation is all about (Ashby and Pachico 2012).

Forest ecosystem plays a pivotal role in mitigating change in climate when it is
sustainably managed. Forest have the potential to sink approximately a tenth of world-
wide carbon emissions being anticipated in the first half of the current century into their
biomass, soil, and products and retain them in principle in perpetuity. (FAO, 2016).
Forests absorb carbon at a rate determined by several factors, this include but not
limited to forest types, location and age of forest. Forests houses huge quantities of
carbon in trees (above and belowground), understory vegetation, and soil. Worldwide,
they store carbon up 1.2 trillion tonnes, just over 50% of the total in terrestrial

vegetation and soil (FAO, 2013).

Broadly speaking, young, developing and well-managed forests are decent carbon
sinks. Tropical forest species sink carbon at a greater proportion than most forests types,
not all forests types are good carbon sinks. The unabated loss of forest biodiversity,
though, wanes the capacity of forest ecosystems to respond to drastic changes
occurring. Furthermore, dearth of knowledge on the conservation and maintainable and
sustainable use of forests in the context of change in climate is a hindrance to

recognising concerns, necessities, and primacies for action.

2.7  The cycling of carbon in the forest
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Knowledge about carbon cycle globally including its interferences through
anthropogenic factors is vital for creating feasible strategies for mitigating change in
climate. (Lal, 2008). Carbon is vital nutrient requirement for structure of entire organic
compounds, this is fixed through photosynthesis. (Rose, 2009). As this process
happens, more concentrations of CO is sunk as biomass from the atmosphere where
it occurs as gas, thus dipping carbon within the atmosphere and storing it in plant tissues

both above and below ground (Rose, 2009).

However, enormous amount of sequestered carbon in forest ecosystems from several
decades can be released to the atmosphere within a short period (Schulze et al.,
2000; Page et al., 2002; Korner, 2003). Furthermore, plants release CO, as waste
from the breakdown of organic molecules as their cells derive energy from
oxidization of molecules holding fixed carbon back into the atmosphere thus carbon
cycle is a continuum. Moreover, surface layer of soil in forests are rich in organic matter
made chiefly of plant litter at varying stages of decay. These standing litter layer
including the soil are thought to be extremely active in carbon cycling in forest,
practically in response to disturbance (Yanai et al., 2003). Pregitzer and Euskirchen
(2004) in their research on storage of carbon and nutrient cycling, they opined that at
the biome level, the forest mean carbon sink remain moderately the same or rise with
age, and average carbon in forest floor reached a peak in all three biomes studied after

approximately 70 years of stand development.
2.8  Carbon Pools and Sequestration

Carbon reservoirs where carbon is stored for a long term. Plant act as sink when the
plant takes CO; from the atmosphere for building up of their biomass through the

process of photosynthesis. Five carbon reservoirs (pools) have been identified
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globally, they include the Ocean reservoir (pool); this is estimated to be up 38000
Pg, projected to be increasing at the rate of 2.3 Pg C yr. The second, is the geologic
carbon reservoir, consisting of fossil fuel, this pool is estimated to hold 4,130 Pg,
from this 85% is coal, oil is 5.5%, and 3.3% is gas. Verified stashes of fossil fuel
comprise about 678 Pg of coal (3.2 Pg yr! production), oil is around 146 Pg (3.6
Pg yr! of production), and natural gas makes 98 Pg of the staches (1.5 Pg yr! of
production) (Schrag 2007). The ThirdisPedologicreservoir. Batjes (1996) estimated
it at 2,500 Pg up to 1 m depth. It comprises of two separate components, first of it
is soil organic carbon (SOC) reservoir estimated at 1,550 Pg and second of it is soil
inorganic carbon (SIC) reservoir estimated at 950 Pg. The SOC reservoir comprises
extremely lively humus and somewhat inert charcoal carbon. Itincludes amixof(a.)
flora and fauna residues at various phases of decay; (b) materials produced
microbiologically and/or chemically from the break down products; and (c) the
remains of dead microorganisms and small animals and their decaying products
(Schnitzer, 1991). Atmospheric reservoir is the fourth, with 760 Pg of carbon dioxide
carbon and growing at 3.5 Pg C yr! or 0.46% yr. The biotic pool is the fifth
reservoir, it is estimated at 560 Pg. Both the pedologic and biotic carbon reservoir
is together referred to as the terrestrial carbon reservoir (pool) estimated at roughly
2,860 Pg. The core carbon reservoir located in the tropical forest ecosystems are the
living tree biomass (Above and below ground) of trees, understorey vegetation, dead
mass of standing litter, woody remains and soil organic matter (Krisnawati and

Imanuddin, 2011)
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Figure 2.1: Global carbon pools
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2.9 Biomass Estimation

The most accurate procedure to measure the carbon storage in aboveground living
biomass is to reap completely trees in identified sites. The reaped species are dried,
biomass are in turn weighed. Carbon reserves in each species are assessed from the
biomass dried by taking 50 percent of the biomass weight (carbon content is
approximately 50% of biomass (Westlake, 1966). Moreover, this method is precise for
a specific site, it is excessively inefficient, strenuous, costly, destructive and
impracticable for country level analyses (Gibbs et al., 2007). However, non-destructive
estimation of forest biomass by the use of allometric equations is the most generally
adopted method. Equations are established and used for forest to evaluate the living

tree biomass and carbon storage of different forest (Vashum and Jayakumar, 2012)

There are generalized aboveground forest tree biomass estimation cum predictor for
several forest types and tree species (Brown, et al., 1989; Nelson et al., 2000; Chung-
Wang and Ceuleman, 2004; Navar, 2009). These are established through relationships
of various parameters of trees such as diameter of trees at breast height, height, diameter
of crown to mention a few. Worldwide comparison can be made based on various
calculations and equations developed for specific species and for a combination of

different species. (Vashum and Jayakumar, 2012).
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CHAPTERTHREE
MATERIALSANDMETHOD
3.1  StudyArea
3.1.1 Location, Topography,Drainage,andSoilofthestudyarea

ThestudywasconductedinIbodiMonkeyForest(IMF),of Osun State Nigeria,442mabov

esealevel (Fig.1). IMFislocatedonthelatitudinalandlongitudinal 7°35N, 4°40'Eand 07°

35.161°N,004°40.548 Erespectively. Theareacoversaboutabout0.5km?. Itconsistsofcl

ustersofcontiguousforestedareaswithbounderiessuchasriver,manmadefeatureslikeroa
dsthatdelineatedit. Thesoilsarefinetexturedandwell-

drained, withuniformbrownishtoredordarkbrowncolourtodepthwhichisresultantfrom

amphiboliteandotherassociatedbasicrocks. Ibodi Monkey forest has been preserved trad

itionallybylocal prieststhroughastrict law prohibiting logging. The forestin time pastha

sdifferentnames before the intervention ofthegovernmenttenyearsago (Komolafe,2015

). IthasbeenformerlycalledbyseveralnamessuchasIGBO AIWO (abushnoonemustente

r),IGBOOLUWA (God’sforest) (Komolafe,2015).
3.1.2 ClimateandVegetationofthestudyarea

Ibodi experiences atropical climate with prominent wet and dry seasons. Average annual
rainfall and temperature are 1157 mmand of 26.1°C respectively. The rainy season gener
ally lasts for about eight months (March — October) while the dry season occurs between
November and February. The vegetation is archetypal tropical rain forest, though
slightly modified as a result of human activities; yet the three layers of the forest

can still be recognised. The lower part form the undergrowth where the vegetation
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is most dense. Species include herbs, shrubs, and grasses. The middle layer consists
of heavily branched tall trees ranging between 15 to 30 meters in height. They are
with well-developed and dark green foliage to form an extensive canopy of evergreen
foliage. Thetop layers (themost prominent) are made up of tall trees between 35-60

meters in height. The leaves are usually in few branches at the top of the trees.

Due to the agricultural activities at the fringes of the forests the study site include both
cash crops and fruit crops, and forest species. In the category of the tree or cash crops
are orange (Citrus spp), cocoa (Theobroma cacao), kola nut (Cola spp) and palm oil
(Elaeis guineensis). Among the food crops at site as at the time of the reconnaissance
survey, are cassava (Manihot esculenta), cocoa yam (Xanthosoma esculentum), and
banana (Musa spp). Forest species found during the survey includes Albizia zygia,

Baphia nitida, Ficus exasperata, Funtumia elastica etc.

3.2 Selection of plots

Thereare three major physiognomies in Ibodi Monkey Forest (IMF) identified during the

reconnaissance survey in 2013 these are; Regrowth forest (RF), Tree Fallow (TF); (an
area of farmlands left to fallow over a period of 20 years) and Cocoa Plantation (CP).
Twelve 25 m x 25 m plots were randomly located, four plots in each of the three
physiognomies. A complete enumeration of these plots were done to determine the
temporal changes in each physiognomy by comparing with the baseline studies. A
measuring tape was used to lay out the plots, the boundaries were demarcated with
pegs. The coordinates of each plots were determined with a global positioning system

(GPS) with model GARMIN (GPS MAP 78).
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Table 3.1: Geographical location of each plot at Ibodi Monkey Forest

PHYSIOGNOMY and
PLOTS PLOT LOCATIONS

A1 07°35.471'N,004°40.591'E
Az 07°35449'N, 004°40.618°E

a Az 07°35.391'N, 004°40.606 E
A4 07°35.414°N,004°40.622°E
B1 07°3.35.369°N, 004°40.605°E
B2 07°35.367°N,004°40.625°E

< B3 07°35.191°N,004°40.37°E
B4 07°35.352°N,004°40.404’E
C1 07°3.35.291°N, 004°40.564’E
C2 07°35.288°N,004°40.573°E

" Cs 07°35.171°N,004°40.541’E
o 07°35.161°N,004°40.548°E

Where A1.4, B1.4, and Ci1.4 represent the plots randomly chosen in each of the
physiognomies.
RF—Regrowth forest
CP—-Cocoa plantation

TF—Tree fallow
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3.3 Method of Data Collection

Ateveryplot, all standing trees, DBH>10 cmwere identified, measured and recorded.
A diagonal transect was laid within the sample plot for soil sample collection. Soil sa
mples were taken from four soil depths of 0-15 cm, 15-30 cm, 30-45 cm and 45-

60 cm at three points (i.e. at the two edges and middle of thetransect line). Soil sample
s from the same depths and from the same plot were pooled and thoroughly mixed to fo
rm a composite soil sample, from which subsamples were collected for laboratory anal

ysis.

3.3.1 Tree Species Identification

The botanical name of every standing tree enumerated in each sample plot were
recorded in each of the study sites. When a tree’s botanical name was not known
immediately, it was identified by its commercial or local name. Such commercial
or local name was translated to correct botanical names using Keay (1989) and
taken to University of Ibadan Herbarium for authentication. Each tree was recorded
individually in the field and possible effort was made not to omit any eligible
stem in a sample plot. This was because any species omitted will indicate the

absence of such species in the ecosystem.

3.3.2 Basal Area Estimation

Tree basal area in all selected plots in the selected study area were calculated using the

formula;

Where BA = Basal area (m?), D = Diameter at breast height (cm) and © = Pie (3.142).
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The total basal area for each of the sample plots was obtained by the sum of the

BA of all trees in the plot.

The Basal area per obtained per plot was converted to BA per hectare by multiplying

mean basal area per plot with the number of 25x25 m plots in a hectare (16).

BA , = BAP X16....orveereeeeesseese s @)

Where BA,, = basal area per hectare.

BA-= Mean basal area per plot

3.3.3 TreeSpecies Classification and Biodiversity Indices

(i) The relative density of the species was computed as:

Where:
RD =speciesrelative density
ni= number of individual of species i
N = total number of all tree species in the entire community.
(ii) Species relative dominance (RDo (%)) was computed using the equation:

> Ba; x100

SiBa, s

RD,
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Where: Bai = basal area of individual tree belonging to species i
Ban = Individual stand basal area

(iii) Species diversity index was calculated using the Shannon-Wiener diversity index

(Kent and Coker, 1992):

H :—Z O 12T TR (5)

Where:
H’ = Shannon-Wiener diversity index
S = Total number of species in the community
Pi = Proportion of S made up of the i" species
In = natural logarithm

(iv) Shannon’s maximum diversity index was calculated using the relationship between

total number of species and Shannon-Wiener diversity index:
Himax =IN(S) woviei (6)
Where
Hmax = Shannon’s maximum diversity
S = Total number of species in the community
(v) Species evenness in each community was determined using Shannon’s equitability

(En):

>R in(R)
=)
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(vi) Mangalef’s index was calculated using the equation below:

Where
D = Mangalef’s index
G = Species number
K = Number of individuals

(vii) Sorenson’s similarity Index (SI)

SI=2G. 9)
A+B
Where G = species common to both communities
A = count of species present in community X

B = count of species present in community Y

While X and Y are two different communities being studied.

(viii) Family Importance Value (FIV)

The Family Importance Value (FIV) was used to understand a family’s share in the tre
e community. FIV is defined as the sum of its relative dominance (RDm), its relative d

ensity (RD) and its relative frequency (RF), which is
Calculated as follows:

_ Total basal area for a family
Total basal area for all families

m

_ Number of individual of a family
~ total number of all individual
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RF = Frequency of a family
sum frequencie s of all families

Thus, Family Importance Value=RDm+RD +RF ....................... (13)

3.4 Biomass and Carbon Stock Estimation

3.4.1 Estimation of Aboveground biomass of Woody Species

The following parameters will be used to determine the aboveground biomass of woody
species encountered within the sampling plots across the different study sites; (i)
Heights (ii) Specific wood gravity (iii) Diameter at breast height (iv) Allometric

equation.
3.4.2 Height Estimation

Erect span between the lowermost part and the highest standing part of all trees >3 m
in height was measured. Haglof clinometer was used to determine the height of the
woody Species.

3.4.3 Determination of Specificwood gravity

Species specificgravity wasdetermined fromthetreecoresamples. Due to the fact that
destructive sampling could not be carried out because of the status of the forest in the s
tudy area we collected three wood cores at heights 1 m and 1.4 m above ground level f
rom each species using an increment borer. Core volume was measured by water displ
acement and anhydrous mass was obtained after drying to constant weight at 105 °C.
Basic wood density was determined as the anhydrous mass of a wood sample per unit
volume:

p=t
where p = basic wood density (g.cm3); m and v, sample anhydrous mass (g) and volu
me (cm?®) respectively. Density was averaged across all three cores per sample to deter

mine specific wood density.
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3.4.3 Selection of Allometric Equation
The choice of the allometric equation used in this study involved an assessment of five
allometric equations that were developed for moist forests. Allometric equations
without height were not considered because they can be influenced by environmental
stress parameters which could introduce bias (Kenzo et al., 2015). Allometric equations
considered were those that quantitatively formalize proportionality relationship
between woody species diameter at breast height, height and specific gravity.
Allometric equations assessed were:
1. Biomass = 0.0509 x (p) x ((DBH)?) xH

(Chave et al., 2005) ... (15)
2. Biomass = 0.0347 x (p)? x (DBH)2 x H

(Henry et al, 2010) ... (16)
3. Biomass = exp (-2.436) + (0.1399 x In (DBH) ?) + (0.7373 x (In (DBH) 2) x H)
+(0.279 x In (p)

(Djomo et al., 2010) ... (17)
4. Biomass = exp (-2.9205) + (0.9894xIn ((DBH?)) xp x H)

(Feldpausch et al., 2012) ... (18)
5. Biomass = 0.0673 x ((p x (DBH) 2 xH)) %976

(Chave et al., 2014)... (19)
Where, p = Wood specific gravity;
DBH = woody species diameter at breast height;
H = woody species height
Assessment of the allometric equations was done using each of the equations to
generate aboveground biomass estimates for woody species (with DBH > 10 cm)

within the sampling plots. The allometric equation that best accurately predicts the
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aboveground biomass with minimal error was obtained using multiple regression
analysis and coefficient of variation was used to describe the inherent heterogeneity in
aboveground biomass estimates (Dominguez-Calleros et al, 2016).

3.4.4 Carbonstock estimation inaboveground pool

The amount of carbon in each woody species is approximately 50% from the total
aboveground biomass (Hirata et al., 2012). In lieu of this, the conversion of biomass
to carbon stock was done by applying the conversion factor of 0.5 based on the

equation below:

C(ton)=AGBXCF................... (20)
Where:

C = carbonstock (tCha™)
AGB = above groundbiomass (t)
CF = carbonfraction (0.5)

3.4.5Evaluation of Belowground Biomass

Belowground biomass was estimated at 15% of the aboveground biomass

(MacDicken, 1997; Mokany et al., 2006 ).

The total biomass of each site were estimated by summing up the amount of biomass
of each species in the area (ha) in the study sites and multiplied with the total size

of the forest.

Biomass values were converted to carbon stocks using 0.5 carbon fractions as default

values (MacDicken, 1997; Penman, 2003; IPCC, 2006) and expressed in t/ha.

3.5  Assessment of Biomass in the aboveground and carbon storage in the
understory in all the three physiognomies
Estimation of the carbon stock in the growth forms of the understory, such as herbsand shr

ubswas done by laying five transects systematically in each physiognomyand aquadrato
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f1mx1mwasestablishedatevery 2 mpointto identify the understory plantspecies prese
ntineach plot. Aboveground biomass was collected by clipping at 2 cm above the ground.
The collected shrubs and herbaceous plants were transported to the laboratory, ovendried
toaconstantweightat 70 °Cand weighed . The loss onignition (LOI) was used for estimati
ngthe organic carbon content (Dean, 1974). Biomass of other growth forms were calculat
ed inall the sites by multiplying the concentrations of total C with the corresponding dryw

eightsand convertedtot-ha .,

Carbon stock inthe understory was calculated by multiplying organic carbon estimates by
aCarbon Fraction default value of 0.47t-C-t*(IPCC, 2006)

3.6 Standing forest floor litter collection

Inorderto quantify carbon stock in Litter, standing floor litter was randomly collected at fi
ve pointsusinga50cmx 50 cm quadrat size. The litter collected inside the quadrat was sep
arated into leaves, wood, reproductive organs (flowers and fruits) and thrash (those that co
uld not be easily classified into any of the above components), ovendried at 60 °C until co
nstantweight was achieved and milled foranalysis. The ground leaf and wood standing flo
or litter components were analyzed to determine organic carbon. The loss onignition (LOI
) was used for estimating the organic carbon content (Dean, 1974).The reproductive and tr
ashcomponents were discarded. Biomass of standing floor litter was calculated inall the si
tesby multiplying the concentrations of total C withthe corresponding dry weightsand co
nvertedtot-ha 2.

Carbonstock inthe standing Litter was calculated by multiplying organic carbon estimate
sbyaCarbon Fraction defaultvalue of 0.47t-C-t 1 (IPCC, 2006)
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3.7 Soil carbon stock estimation

Each samples were collected at different depths upto 60 cm. Organic carbon was determ
ined using the Walkley—Black method. Samples collected for bulk density were ov
en—dried for 24 h at 105 °C and their bulk density determined as the ratio of the o
vendried mass of the sampletoitsvolume. Soil carbon stock (SCS) was calculated der

ived using the equation proposed by Broos and Baldock (2008)

SOC=0Cxpxd

SOC = Soil organic carbon (t-ha™?)
OC  =OrganicCcontent (%)
=s0il bulk density (g-cm3)
=depth (m)

3.8  Estimationof carbonsink (sequestration) potential of Ibodi monkey forest
The carbon stock in all the carbon pools was convertedto tons of CO2 equivalent by m
ultiplying it by 44/12 or 3.667 (atomic weight difference between C and CO.) so as to
understand the climate change mitigation ability of the study site.

CO2zetotal = Ciotal X 3.667  wovveeeeeeeee e (22)

Where:

COzetotal = Carbon dioxide equivalent within all measured pools (t.COz.ha™)

Ctotar = Carbon stocks in all measured pools (t C ha?)

3.667 = Conversion factor to convert Carbon into Carbon Dioxide

3.9  Statistical Analysis

Results obtained was subjected to appropriate descriptive and inferential statistics.
One way analysis of variance was employed to test for significant difference between

carbon stock in aboveground biomass, soil and in the standing floor litter across the
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different vegetation. Means of the main effects were compared using Least

Significant Difference (LSD), using SPSS 17.0 software package.

31



CHAPTERFOUR
RESULTS

4.1- Floristic Pattern and composition of the study area

4.1.1 Composition of Species encountered

The species composition of each of the twelve (12) study plots is presented in Tables
4.1 to 4.3. A total of One Hundred and ninety-one (191) individual species were
recorded in all the three physiognomies out of which eighty-seven (87) species were
encountered in the regrowth forest physiognomy (RF) (Table 4.1) eighty-six (86)
species in the Cocoa plantation physiognomy (CP) (Table 4.2) and One hundred and
six (106) species in the Tree fallow physiognomy (TF) (Table 4.3). Furthermore, Sixty-
five (65) families were encountered in all the three physiognomies out of which Forty-
three (43) families were represented in the RF, Thirty-nine (39) families in the CP and
Forty-four (44) families in the TF. Dominant families in the study includes
Euphorbiaceae (13 species), Moraceae (12 species), Apocynaceae (11 species),

Papilionaceae (9 species), Asteraceae and Rubiaceae (8 species), Cucurbitaceae

and Sterculiaceae (7 species), Acanthaceae, Malvaceae and Sapindaceae (6

species), Mimosaceae (5 species) and others (92 species) (Figure 4.1)

32



Table 4.1- Plant species encountered in the Regrowth forest physiognomy of Ibodi monkey forest, Ibodi,
Osun State.

S/ PLOTS
N NAME FAMILY HABIT A B C D
1 Acanthus montanus (Nees) T. Anderson Acanthaceae H - - - 4
2 Adenia cissampeloides (Planch. ex Hook.) Passifloraceae C - o+ - -
3 Alafia barteri Oliv. Apocynaceae C + + - 4+
4 Albizia zygia (DC.) J.F. Macbr. Mimosaceae T - -+ -
5 Alchornea cordifolia (Schumach. et

Thonn.) Mull. Arg. Euphorbiaceae S -+ - -
6 Alchornea laxiflora (Benth.) Pax et K.

Hoffm. Euphorbiaceae S - -+ -
7 Alstonia boonei De Wild. Apocynaceae T -+ - -
8  Anchomanes difformis (Blume) Engl. Araceae S - - - -
9  Antiaris toxicaria A. Chev. Moraceae T -+ o+ -
10 Baissea axillaris (Benth.) Hua Apocynaceae C + + - -
11 Baphia nitida Lood. Papilionaceae T -+ + o+
12 Canthiumsp L. Rubiaceae T + - - -
13 Cardiospermum grandiflorum Sw. Sapindaceae C -+ - -
14  Carpolobia lutea G. Don. Polygalaceae S + -+ 4+
15 Ceiba pentandra (L.) Gaertn. Baombacaceae T - -+ -
16  Celtis mildbraedii Engl. Ulmaceae T + -+ -
17  Celtis sp Engl. Ulmaceae T + - - 4+
18 Chassalia kolly (Schumach) Hepper Rubiaceae H + + + 4+
19 Chromolaena odorata (L) R.M. King et H.

Rob. Asteraceae H -+ o+ -
20  Chrysophyllum albidium G. Don. Sapotaceae T + - - 4+
21 Cissus arguta Hook. F. Vitaceae C - o+ - -
22  Cissus quadrangularis L. Vitaceae C - -+ 4+
23  Cnestis ferruginea Vahl ex Dc. Connaraceae S -+ - -
24 Cola millenii K. Schum. Sterculiaceae T + + + -
25 Combretum hispidum M.A. Lawson Combretaceae C + + + -
26 Combretum paniculatum Vent. Combretaceae C -+ - -
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27
28
29
30
31

32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

47
48
49
50
51

52
53
54
55
56
57

Combretum sp Vent.

Cordia sp L.

Cyathula prostata (L.) Blume
Dalbergiella welwitschii (Baker) Baker.f.
Deinbollia pinnata (Po r. et Thonn.)
Schumach. et Thonn.

Dioscorea bulbifera L.

Diospyros Spp Hiern

Diospyros barteri Hiern

Diospyros sp Hiern

Dracaenea manii Baker

Elaeis guineensis Jacqg.

Enathia chlorantha Oliv.

Ficus exasperata Vahl

Ficus sp Vahl

Funtumia elastica (Preuss) Stapf

Grewia mollis Juss.

Hippocratea pallens Planch. ex Oliv.

Hura crepitans L.

Icacina trichanta Oliv.

Jateorhiza macrantha (Hook. f. et Mendon a)
Excell et Mendon a

Khaya grandifoliola C. DC.

Landolphia owarrensis P. Beauv.
Lecaniodiscus cupanioides Planch. ex Benth.
Macaranga barteri Mull. Arg.

Melenthera scandens (Schumach. et Thonn.)
Roberty

Mezoneuron bentamianum Baill.
Microdesmis puberula Hook f. ex Planch.
Monodora myristica (Gaertn.) Dunal
Morinda lucida Benth.

Morus mesozygia Stapf.

Motandra guineensis (Thonn.) A. DC.

Combretaceae
Boraginaceae
Amaranthaceae

Papilionaceae

Sapindaceae
Dioscoreaceae
Ebenaceae
Ebenaceae
Ebenaceae
Dracaenaceae
Arecaceae
Annonaceae
Moraceae
Moraceae
Apocynaceae
Tiliaceae
Celastraceae
Euphorbiaceae

Icacinaceae

Menispermaceae
Meliaceae
Apocynaceae
Sapindaceae

Euphorbiaceae

Asteraceae
Caesalpiniaceae
Pandaceae
Annonaceae
Rubiaceae
Moraceae

Apocynaceae

I 40 »vw 44 44444440 o w I o O

w 4 O 4 O

O 4 4 4 T O T
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58
59
60
61

62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87

Mucuna pruriens (L.) DC.

Myrianthus arboreus P. Beauv.
Napoleonaea vogelii Hook. et Planch.
Newbouldia laevis (P. Beauv.) Seem. ex
Bureau.

Oxytenanthera abyssinica (A. Rich.) Munro
Parquetina nigrescens (Afzel.) Bullock
Pentaclethra macrophylla Benth.
Phaulopsis falcisepala C.B. Clarke
Phytolacca dodecandra L'Her

Pouzolzia guineensis Benth.

Psychotria sp L.

Pterygota macrocarpa K. Schum.
Pterygota sp Schott & Endl.

Ricinodendron heudelotii (Baill.) Pierre
Rothmania hispida (K. Schum.) Fager.
Smilax kraussiana Meisn.

Sphenocentrum jollyanum Pierre

Sterculia rhinopetala K. Schum.

Sterculia tragacantha Lindl.

Strombosia pustulata Oliv.

Strophanthus sarmentosus DC.
Tabernaemontana pachysiphon Stapf.
Tacca leontopentaloides (L.) Kuntze
Tetrapleura tetraptera (Schum. et Thonn.)
Trichilia monedelpha (Thonn.) J.J. De Wilde
Trichilia prieuriana A. Juss.

Trilepisium madagascariensis DC.
Triplochiton scleroxylon K. Schum.
Voacanga africana Stapf.

Zanthoxylum sp L.

Papilionaceae
Moraceae

Lecythidiaceae

Bignoniaceae
Poaceae
Periplocaceae
Mimosaceae
Acanthaceae
Phytolacaceae
Urticaceae
Rubiaceae
Sterculiaceae
Sterculiaceae
Euphorbiaceae
Rubiaceae
Smilacaceae
Menispermaceae
Sterculiaceae
Sterculiaceae
Olacaceae
Apocynaceae
Apocynaceae
Taccaceae
Mimosaceae
Meliaceae
Meliaceae
Moraceae
Sterculiaceae
Apocynaceae
Rutaceae

—

4~ 4 4 4 4 4 4 I 404440 »nvu 4444 ITITI-AH40 v -

A, B, C and D represents the four plots randomly selected in the Regrowth forest

physiognomy

C- Climbers, H- Herbs, S- Shrubs, T- Trees
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Table 4.2- Plant species encountered in the Cocoa plantation physiognomy of Ibodi

monkey forest, Ibodi, Osun State

PLOTS
SIN  NAME FAMILY HABIT A B C D
1 Acanthus montanus (Nees) T. Anderson Acanthaceae Herb + + + 4+
2  Adenia lobata (Jacg.) Engl. Passifloraceae Climber + + + 4+
3 Aerangis biloba (Lindl.) Schltr. Orchidaceae Epiphyte -+ - -
4  Agelaea obliqua (P. Beauv.) Baill. Connaraceae Shrub -+ - -
5  Albizia ferruginea (Guill. et Perr.) Benth  Mimosaceae Tree + - - -
6  Albizia zygia (DC.) J.F. Macbr. Mimosaceae Tree + + + 4
7 Alchornea laxiflora (Benth.) Pax et K.
Hoffm. Euphorbiaceae Shrub + + - 4+
8  Allophylus aficanus P. Beauv. Sapindaceae Tree - - -+
9  Anchomanes difformis (Blume) Engl. Araceae Shrub + + - -
10  Antiaris africana Engl. Moraceae Tree -+ - -
11  Antiaris toxicaria A. Chev. Moraceae Tree L
12  Aspilia africana (Pers.) C.D. Adams Asteraceae Herb -+ - 4+
13  Asystasia vogeliana Benth. Acanthaceae Herb + + + 4+
14 Bidens pilosa L. Asteraceae Herb + - - -
15 Borreria ocymoides (Burm. F.) DC. Rubiaceae Herb + - - -
16  Cardiospermum grandiflorum Sw. Sapindaceae Climber + - - -
17  Carica papaya L. Caricaceae Shrub + - - -
18 Chassalia kolly (Schumach) Hepper Rubiaceae Herb - - -+
19  Chromolaena odorata (L.) R.M. King et
H. Rob. Asteraceae Herb + + + -
20  Cissampelos owariensis P. Beauv. ex DC.  Menispermaceae  Climber + + - 4+
21  Cissus arguta Hook. F. Vitaceae Climber + + + 4+
22 Clerodendrom volubile P.Beauv. Verbenaceae Climber -+ o+ -
23 Cnestis ferruginea Vahl ex Dc. Connaraceae Shrub -+ -+
24 Cola millenii K. Schum. Sterculiaceae Tree - -+ 4+
25  Combretum hispidum M.A. Lawson Combretaceae Climber + + + 4+
26  Commelina benghalensis L. Commelinaceae  Herb + + - -
27  Commelina diffusa Burm. F. Commelinaceae ~ Herb - - - 4
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28
29
30
31
32
33
34
35
36
37
38
39
40
41

42
43
44
45

46
47

48
49
50
51

52
53
54
55
56
S7

Costus afer Ker-Gawl.

Cyathula prostata (L.) Blume
Desmodium scorpiurius (Sw.) Desv
Dioscorea bulbifera L.

Elaeis guineensis Jacq.

Elytraria marginata Vahl

Ficus asperifolia Miq.

Ficus exasperata Vahl

Ficus lutea Vahl

Ficus mucuso Welw.

Ficus sur Forssk.

Gloriosa superba L.

Glyphaea brevis (Spreng.) Monach.
Holarrhena floribunda (G. Don et Schinz)
T. Durand et Schinz

Hoslundia opposita Vahl.

Hypoestes sp. L.

Icacina trichanta Oliv.

Jateorhiza macrantha (Hook. f. et
Mendon a) Excell et Mendon a
Laportea aestuans (L.) Chew
Lecaniodiscus cupanioides Planch. ex
Benth.

Leucaena leucocephala (Lam.) de Wit

Luffa acutangula (L.) Roxb.

Mallotus oppositifolius (Geiseler) Mill. Arg.

Melenthera scandens (Schumach. et
Thonn.) Roberty

Mezoneuron benthanianum Baill.

Milicia excelsa (Welw.) C.C. Berg
Momordica charantia L.

Momordica cissoides Planch. ex Benth.
Momordica foetida Schum.

Morinda lucida Benth.

Costaceae
Amaranthaceae
Papilionaceae
Dioscoreaceae
Arecaceae
Acanthaceae
Moraceae
Moraceae
Moraceae
Moraceae
Moraceae
Colchicaceae

Tiliaceae

Apocynaceae
Lamiaceae
Acanthaceae

Icacinaceae

Menispermaceae

Urticaceae

Sapindaceae
Mimosaceae
Cucurbitaceae

Euphorbiaceae

Asteraceae
Caesalpiniaceae
Moraceae
Cucurbitaceae
Cucurbitaceae
Cucurbitaceae

Rubiaceae

Shrub
Herb
Creeper
Climber
Tree
Herb
Climber
Tree
Tree (Epiphytic)
Tree
Tree
Climber
Shrub

Tree
Shrub
Herb
Herb

Climber
Herb

Tree
Tree
Climber
Shrub

Herb
Climber
Tree
Climber
Climber
Climber

Tree
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58
59
60
61
62

63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86

Morus mesozygia Stapf

Mucuna pruriens (L.) DC.

Mucuna sloanei Fawc. & Rendle
Nephrolepis spp

Newbouldia laevis (P.Beauv.) Seems. ex

Bureu.

Oxytenanthera abyssinica (A. Rich.) Munro

Panicum maximum Jacq.

Paullinia pinnata L.

Phaulopsis falcisepala C.B. Clarke
Phycanthus niruri L.

Piper guineense Schumach et. Thonn.
Pouzolzia guineensis Benth.
Psychotria spp

Rauvolfia vomitoria Afzel.

Senna hirsuta L.

Spathodea campanulata P. Beauv.
Spondias mombin L.

Sterculia tragacantha Lindl.
Struchium spaganophorum (L.) Kuntze
Syndrella nodiflora (L.) Gaertn.
Tacca leontopetaloides (L.) Kuntze
Theobroma cacao L.

Tragia benthami Baker

Trema orientalis (L.) Blume
Trilepisium madagascariensis DC.
Vitex doniana Sweet

Vitex rivularis Gurke

Voacanga africana Stapf.

Xanthosoma esculenta Schott

Moraceae
Papilionaceae
Fabaceae

Nephrolepidaceae

Bignoniaceae
Poaceae
Poaceae
Sapindaceae
Acanthaceae
Euphorbiaceae
Piperaceae
Urticaceae
Rubiaceae
Apocynaceae
Caesalpiniaceae
Bignoniaceae
Anacardiaceae
Sterculiaceae
Asteraceae
Asteraceae
Taccaceae
Sterculiaceae
Euphorbiaceae
Ulmaceae
Moraceae
Verbenaceae
Verbenaceae
Apocynaceae

Araceae

Tree
Climber
Climber

Fern

Tree
Shrub
Grass
Climber
Herb
Herb
Climber
Herb
Tree
Tree
Shrub
Tree
Tree
Tree
Herb
Herb
Herb
Tree
Climber
Tree
Tree
Tree
Tree
Tree
Herb

+

+

+

+

A, B, C and D represents the four plots randomly selected in the Cocoa Plantation

physiognomy
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Table 4.3 - Plant species encountered in the Tree fallow physiognomy of Ibodi

monkey forest, Ibodi, Osun State.

PLOTS
S/IN NAME FAMILY HABIT A B C D

1 Abelmoschus esulentus (L.) Moench Malvaceae Herb - - -+

2  Ageratum conyzoides L. Asteraceae Herb + -+ -
3  Albizia zygia (DC.) J.F. Macbr. Mimosaceae Tree + + + -
4 Alchornea cordifolia (Schumach. Euphorbiaceae Shrub + + - -

et Thonn.) Mull. Arg.

5  Alchornea laxiflora (Benth.) Pax et  Euphorbiaceae Shrub + + - +

K. Hoffm.

6  Anacardium occidentale L. Anacardiaceae Tree - -+ -

7 Ananas comosus (L.) Merrill Bromeliaceae Herb - -+ -

8  Anchomanes difformis (Blume) Araceae Shrub + - - -

Engl.

9  Antiaris africana Engl. Moraceae Tree - -+ -
10  Antiaris toxicaria A. Chev. Moraceae Tree + + - -
11  Aristolochia ringens Vahi Aristolochiaceae ~ Climber + + - -
12 Aspilia africana (Pers.) C.D.Adams  Asteraceae Herb - -+ o+
13  Asystasia gangetica (L.) T. Anderson  Acanthaceae Herb + + + +
14  Asystasia vogeliana Benth. Acanthaceae Herb + - - -
15  Axonopus compressus (Sw.) P. Poaceae Herb/Grass - - + +

Beauv.
16  Baphia nitida Lodd. Papilionaceae Tree + - - +
17  Blighia sapida K.D. Koenig Sapindaceae Tree + -+ 4+
18  Bridelia ferruginea Benth. Euphorbiaceae Tree + + - -
19  Byrsocarpus coccineus Schum. &  Connaraceae Climber - - -+
Thonn.
20  Caladium bicolor Vent. Araceae Herb - - -+
21  Calopogonium mucunoides Desv.  Papilionaceae Tree + -+ -
22 Capsicum annuum L. Solanaceae Herb - - -+
23 Cardiospermum grandiflorum Sw.  Sapindaceae Climber + - - -
24  Centosema pubescens Benth. Papilionaceae Climber -+ - -
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25
26

27
28
29
30
31
32
33
34
35
36
37

38
39
40

41
42
43
44
45
46
47
48
49

50
51
52
53

Chassalia Kolly (Schumach.) Hepper
Chromolaena odorata (L.) R.M.

King et H. Rob.

Cissus arguta Hook. F.

Citrus sinensis (L) Osbeck
Clitoria ternatea L.

Cnestis ferruginea Vahl ex DC.
Combretum hispidum M.A. Lawson
Combretum paniculatum Vent.
Combretum sp Vent.

Crochorus olitorius L.
Cucurbita moschata (Lam.) Poir.
Cyathula prostrata (L.) Blume
Dalbergiella welwitschii (Baker)

Baker.f.

Dioscorea bulbifera L.
Dioscorea dumetorum (Kunth) Pax

Dissotis erecta (Guill. & Perr)

Dandy.

Eclipta prostata L.

Elaeis guineensis Jacq.

Ficus asperifolia Mig.

Ficus exasperata Vahl

Ficus sur Forssk.

Funtumia elastica (Preuss) Stapf.
Gliricidia sepium (Jacg.) Walp.
Gloriosa superba L.

Glyphaea brevis (Spreng.)

Monachino

Grewia mollis Juss.
Hewittia sublobata (L. f.) Kuntze.
Hibiscus asper Hook.f.

Hippocratea pallens Planch. Ex

Oliv.

Rubiaceae
Asteraceae

Vitaceae
Rutaceae
Fabaceae
Connaraceae
Combretaceae
Combretaceae
Combretaceae
Tiliaceae
Cucurbitaceae
Amaranthaceae

Papilionaceae

Dioscoreaceae

Dioscoreaceae

Melastomataceae

Asteraceae
Arecaceae
Moraceae
Moraceae
Moraceae
Apocynaceae
Papilionaceae
Colchicaceae

Tiliaceae

Tiliaceae
Convolvulaceae
Malvaceae

Celastraceae

Shrub
Herb

Climber
Tree
Herb
Shrub
Climber
Climber
Climber
Herb
Herb
Herb
Shrub

Climber
Climber
Herb

Herb
Tree
Tree
Tree
Tree
Tree
Tree
Climber
Shrub

Shrub
Climber
Herb
Climber
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54

55
56
57
58
59

60

61

62

63
64

65

66
67

68

69
70

71
72
73
74
75
76

Holarrhena floribunda (G. Don et
Schinz) T. Durand et Schinz
Hoslundia opposita Vahl

Ipomea involucrata P. Beauv.
Ipomea nil (L.) Roth

Jatropha gossypifolia L.

Lecaniodiscus cupanioides Planch.

Ex Benth.

Leucaena leucocephala (Lam.) de
Wit

Malacantha alnifolia (Baker)
Pierre

Mallotus oppositifolius (Geiseler)
Mill. Arg.

Manihot esculenta Crantz.
Margaritaria discoidea (Ba ll.)
Webster

Melenthera scandens (Schumach.
et Thonn.) Roberty

Merremia sp B.

Microdesmis puberula Hook.f. ex
Planch.

Milletia thonningii (Schum. et
Thonn.) Baker

Momordica charantia L.
Momordica foetida Schum. &
Thonn.

Mucuna sloanei Fawcett & Rendle
Mucuna sp Adans

Musa sapientum L.

Musa sp L.

Myrianthus arboreus P. Beauv.
Newbouldia laevis (P. Beauv.)

Seem. ex Bureau.

Apocynaceae

Lamiaceae

Convolvulaceae

Convolvulaceae

Euphorbiaceae

Sapindaceae

Mimosaceae

Sapotaceae

Euphorbiaceae

Euphorbiaceae

Euphorbiaceae

Asteraceae

Convolvulaceae

Pandaceae

Papilionaceae

Cucurbitaceae

Cucurbitaceae

Fabaceae
Papilionaceae
Musaceae
Musaceae
Moraceae

Bignoniaceae

Tree

Climber
Herb
Herb
Shrub

Tree

Tree

Tree

Shrub

Shrub

Tree

Herb

Climber
Herb

Tree

Climber
Herb

Climber
Climber
Shrub
Shrub
Tree

Tree
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77  Oxytenanthera abyssinica (A. Poaceae Shrub

Rich.) Munro

78  Parquetina nigrescens (Afzel.) Periplocaceae Climber
Bullock

79  Passiflora foetida Mast. Passifloraceae Climber

80  Paullinia pinnata L. Sapindaceae Climber

81  Pentaclethra macrophylla Benth. Mimosaceae Tree

82  Pergularia daemia (Forssk.) Asclepiadaceae Climber
Choiv.

83  Phaulopsis falcisepala C.B. Clarke  Acanthaceae Herb

84  Platostoma africanum P. Beauv. Lamiaceae Herb

85  Pouzolzia guineensis Benth. Urticaceae Herb

86  Raphia hookeri G. Mann & H. Arecaceae Shrub
Wendl.

87  Rauvolfia vomitoria Afzel. Apocynaceae Tree

88  Ricinodendron heudelotii (Baill.) Euphorbiaceae Tree
Pierre ex Pax.

89  Rothmania longiflora Salisb. Rubiaceae Shrub

90  Securinega virosa (Roxb. ex W Euphorbiaceae Shrub
Ild.) Ball.

91  Senna hirsuta L. Caesalpiniaceae Shrub

92  Sida acuta Burm.f. Malvaceae Shrub

93 Sida corymbia RE Fries Malvaceae Herb

94  Sidaurens L. Malvaceae Herb

95  Smilax kraussiana Meisn. Smilacaceae Climber

96  Solenostemon monostachyus (P Lamiaceae Herb
Beauv.) Brig.

97  Spathodea campanulata P. Beauv.  Bignoniaceae Tree

98  Spondias monbin L. Anacardiaceae Tree

99  Stachytarpheta cayennensis (Rich.) Verbenaceae Herb
Schau.

100 Sterculia tragacantha Lindl. Sterculiaceae Tree

101 Syndrella nodiflora (L.) Gaertn. Asteraceae Herb

102  Talinum triangulare (Jacq.) Willd  Portulacaceae Herb
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103 Telfairia occidentalis Hook F. Cucurbitaceae Climber - -+ 4+

104  Urena lobata L. Malvaceae Shrub - - -+
105 Voacanga africana Stapf. Apocynaceae Tree + - - -
106  Xanthosoma esculenta (L.) Schott ~ Araceae Herb - -+ o+

A, B, C, and D represent the four plots randomly selected in the Tree fallow
physiognomy
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Figure 4.1: Plant family dominance of species in all the three physiognomies
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4.1.2 Woody species

A total of ninety-nine (99) woody species were encountered in all the three
physiognomies studied accounting for 51.8% of the whole flora of the vegetation in
Ibodi Monkey forest (Table 4.4). In RF, fifty-seven (57) woody species (13 shrubs
and 44 trees) were encountered, forty (40) woody species (11 shrubs and 29 trees)
in the CP and fifty (50) woody species (20 shrubs and 30 Trees) in the TF (Table
4.4). Twelve (12) woody species including
Albizia zygia, Alchornea laxiflora Anchomanes difformis, Antiaris toxicaria, Cnestis
ferruginea, Elaeis guineensis, Ficus exasperata, Lecaniodiscus cupanioides,
Newbouldia laevis, Oxytenanthera abyssinica, Sterculia tragacantha, Voacanga
africana were shared in the three physiognomies of study area (Table 4.4). Seventeen
(17) woody species are common to the RF and CP and they include Albizia zygia, Alch
ornea laxiflora, Anchomanes difformis, Antiaris toxicaria, Cnestis ferruginea, Cola mi
llenii, Elaeis guineensis, Ficus exasperata, Lecaniodiscus cupanioides, Morinda lucid
a, Morus mesozygia, Newbouldia laevis, Oxytenanthera abyssinica, Psychotria Sp, Ste
rculia tragacantha, Trilepisium madagascariensis, Voacanga africana (Table 4.4) Tw
enty-

one (21) Species are common to the RF and TF they include Albizia zygia, Alchornea
cordifolia, Alchornea laxiflora, Anchomanes difformis, Antiaris toxicaria, Baphia niti
da, Cnestis ferruginea, Dalbergiella welwitschii, Elaeis guineensis, Ficus,Ficus exasp
erata, Funtumia elastic, Grewia mollis, Lecaniodiscus cupanioides, Myrianthus arbor
eus, Newbouldia laevis, Oxytenanthera abyssinica, Pentaclethra macrophylla, Ricino
dendron heudelotii, Sterculia tragacantha and Voacanga africana. Species common t
0 CP and TF were twenty-two (22) and they include Albizia zygia, Alchornea
laxiflora, Anchomanes difformis, Antiaris africana, Antiaris toxicaria, Cnestis
ferruginea, Elaeis guineensis, Ficus exasperata, Ficus sur, Glyphaea brevis,
Holarrhena floribunda, Lecaniodiscus cupanioides, Leucaena leucocephala,
Mallotus oppositifolius, Newbouldia laevis, Oxytenanthera abyssinica, Rauvolfia
vomitoria, Senna hirsute, Spathodea campanulata, Spondias mombin, Sterculia

tragacantha and Voacanga africana.
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Table 4.4 —Woody Species encountered in the three physiognomies of the
monkey forest Ibodi, Osun State.

PHYSIOGNOMIES

SIN NAME FAMILY RF CP TF
1 Agelaea obliqua Connaraceae - + -
2 Albizia ferruginea Mimosaceae - + -
3 Albizia zygia Mimosaceae + + +
4 Alchornea cordifolia Euphorbiaceae  + - +
5 Alchornea laxiflora Euphorbiaceae  + + +
6 Allophylus aficanus Sapindaceae - + -
7 Alstonia boonei Apocynaceae + - -
8 Anacardium occidentale Anacardiaceae - - +
9 Anchomanes difformis Araceae + + +
10  Antiaris africana Moraceae - + +
11  Antiaris toxicaria Moraceae + + +
12 Baphia nitida Papilionaceae + - +
13  Blighia sapida Sapindaceae - - +
14  Bridelia ferruginea Euphorbiaceae - - +
15  Calopogonium mucunoides Papilionaceae - - +
16  Canthium sp Rubiaceae + - -
17  Carica papaya Caricaceae - + -
18 Carpolobia lutea Polygalaceae + - -
19  Ceiba pentandra Baombacaceae @ + - -
20  Celtis mildbraedii Ulmaceae + - -
21  Celtissp Ulmaceae + - -
22  Chassalia Kolly Rubiaceae - - +
23 Chrysophyllum albidium Sapotaceae + - -
24 Citrus sinensis Rutaceae - - +
25  Cnestis ferruginea Connaraceae + + +
26  Cola millenii Sterculiaceae + +

27  Cordiasp Boraginaceae + - -
28  Costus afer Costaceae - + -
29  Dalbergiella welwitschii Papilionaceae + - +
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30

Deinbollia pinnata

Sapindaceae

31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62

Diospyros barteri
Diospyros sp
Dracaenea manii
Elaeis guineensis
Enathia chlorantha
Ficus asperifolia
Ficus exasperata
Ficus lutea

Ficus mucuso

Ficus sp

Ficus sur Forssk.
Funtumia elastica
Gliricidia sepium
Glyphaea brevis
Grewia mollis
Holarrhena floribunda
Hoslundia opposita
Hura crepitans
Jatropha gossypifolia
Khaya grandifoliola
Lecaniodiscus cupanioides
Leucaena leucocephala
Macaranga barteri
Malacantha alnifolia
Mallotus oppositifolius
Manihot esculenta
Margaritaria discoidea
Milicia excelsa
Milletia thonningii
Monodora myristica
Morinda lucida

Morus mesozygia
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Ebenaceae
Ebenaceae
Dracaenaceae
Arecaceae
Annonaceae
Moraceae
Moraceae
Moraceae
Moraceae
Moraceae
Moraceae
Apocynaceae
Papilionaceae
Tiliaceae
Tiliaceae
Apocynaceae
Lamiaceae
Euphorbiaceae
Euphorbiaceae
Meliaceae
Sapindaceae
Mimosaceae
Euphorbiaceae
Sapotaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Moraceae
Papilionaceae
Annonaceae
Rubiaceae

Moraceae



63

Musa sapientum

Musaceae

64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95

Musa spp

Myrianthus arboreus
Napoleonaea vogelii
Newbouldia laevis
Oxytenanthera abyssinica
Pentaclethra macrophylla
Psychotria sp

Pterygota macrocarpa
Pterygota sp

Raphia hookeri

Rauvolfia vomitoria
Ricinodendron heudelotii
Rothmania hispida
Rothmania longiflora
Securinega virosa

Senna hirsuta

Sida acuta

Spathodea campanulata
Sphenocentrum jollyanum
Spondias mombin
Sterculia rhinopetala
Sterculia tragacantha
Strombosia pustulata

Tabernaemontana pachysiphon

Tetrapleura tetraptera
Theobroma cacao
Trema orientalis
Trichilia monedelpha

Trichilia prieuriana

Trilepisium madagascariensis

Triplochiton scleroxylon

Urena lobata
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Musaceae
Moraceae
Lecythidiaceae
Bignoniaceae
Poaceae
Mimosaceae
Rubiaceae
Sterculiaceae
Sterculiaceae
Arecaceae
Apocynaceae
Euphorbiaceae
Rubiaceae
Rubiaceae
Euphorbiaceae
Caesalpiniaceae
Malvaceae
Bignoniaceae
Menispermaceae
Anacardiaceae
Sterculiaceae
Sterculiaceae
Olacaceae
Apocynaceae
Mimosaceae
Sterculiaceae
Ulmaceae
Meliaceae
Meliaceae
Moraceae
Sterculiaceae

Malvaceae
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Vitex doniana

Verbenaceae

97
98
99

Vitex rivularis
Voacanga africana

Zanthoxyllum sp

Verbenaceae
Apocynaceae

Rutaceae

RF — Regrowth forest Physiognomy
CP — Cocoa Plantation Physiognomy
TF — Tree fallow Physiognomy
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4.1.3 Herbaceous species

In all the three physiognomies, forty-

five (45) herbaceous species were encountered which accounted for 23.6 % of the who
le flora encountered in the forest (Table 4.5). Eleven (11) herbaceous species were enc
ountered in the RF, twenty-three (23) species in the in the CP and thirty-

two (32) species in the TF.

Five (5) Herbaceous species were common to the three physiognomiesand they includ
ed Chromolaena odorata, Cyathula prostata, Melenthera scandens, Phaulopsis falcise
pala, Pouzolzia guineensis. Herbaceous species common to RF and CP were nine (9)a
nd they included Acanthus montanus, Chassalia kolly, Chromolaena odorata, Cyathul
a prostata, Icacina trichanta, Melenthera scandens, Phaulopsis falcisepala, Pouzolzia
guineensis and Tacca leontopentaloides. Furthermore, six (6) herbaceous species were
common to RF and TF and they include Chromolaena odorata, Cyathula prostata, M

elenthera scandens, Microdesmis puberula, Phaulopsis falcisepala, Pouzolzia guineen
sis. Lastly, there were nine (9) species common to the CP and TF and they included As
pilia africana, Asystasia vogeliana, Chromolaena odorata, Cyathula prostata, Melent

hera scandens, Phaulopsis falcisepala, Pouzolzia guineensis, Syndrellanodiflora, Xant

hosomaesculenta.
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Table4.5 — Herbaceous Species encountered in the three physiognomies of the
monkey forest Ibodi, Osun State.

PHYSIOGOMIES

S/IN NAME FAMILY RE  CP_TF
1 Abelmoschus esulentus Malvaceae - - +
2 Acanthus montanus Acanthaceae + + -
3 Ageratum conyzoides Asteraceae - - +
4 Ananas comosus Bromeliaceae - - +
5 Aspilia africana Asteraceae - + +
6 Asystasia gangetica Acanthaceae - +
7 Asystasia vogeliana Acanthaceae - + +
8 Bidens pilosa Asteraceae - + -
9 Borreria ocymoides Rubiaceae - + -
10 Caladium bicolor Araceae - - +
11 Capsicum annuum Solanaceae - - +
12 Chassalia kolly Rubiaceae + + -
13 Chromolaena odorata Asteraceae + + +
14 Clitoria ternatea Fabaceae - - +
15  Commelina benghalensis Commelinaceae - + -
16 Commelina diffusa Commelinaceae - + -
17 Crochorus olitorius Tiliaceae - - +
18 Cucurbita moschata Cucurbitaceae - - +
19 Cyathula prostata Amaranthaceae + + +
20 Dissotis erecta Melastomataceae - - +
21 Eclipta prostata Asteraceae - - +
22 Elytraria marginata Acanthaceae - + -
23 Hibiscus asper Malvaceae - - +
24 Hypoestes sp. Acanthaceae - + -
25 Icacina trichanta Icacinaceae + + -
26 Ipomea involucrata Convolvulaceae - - +
27 Ipomea nil Convolvulaceae - - +
28 Laportea aestuans Urticaceae - + -
29 Melenthera scandens Asteraceae + + +
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30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

Microdesmis puberula
Momordica foetida
Phaulopsis falcisepala
Phycanthus niruri
Phytolacca dodecandra
Platostoma africanum
Pouzolzia guineensis

Sida corymbia

Sida urens

Solenostemon monostachyus
Stachytarpheta cayennensis
Struchium spaganophorum
Syndrella nodiflora

Tacca leontopentaloides
Talinum triangulare

Xanthosoma esculenta

Pandaceae
Cucurbitaceae
Acanthaceae
Euphorbiaceae
Phytolacaceae
Lamiaceae
Urticaceae
Malvaceae
Malvaceae
Lamiaceae
Verbenaceae
Asteraceae
Asteraceae
Taccaceae
Portulacaceae

Araceae

RF — Regrowth Forest
CP — Cocoa Plantation

TF — Tree Fallow
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4.1.4 Climbers, Epiphytes, ferns and Grass species

There were forty-eight (48) speciesin this group and they accounted for 25.1 % of the
whole floraencountered inthe vegetation (Table 4.6). There were nineteen (19) speciesin
the RF, twenty-three (23) species in CP and twenty-

five (25) speciesin TF. Three (3) species were common to all the three physiognomies a
nd they include Cardiospermum grandiflorum, Cissus arguta, Combretum hispidum,
Dioscorea bulbifera. Furthermore, Seven (7) species were common to the RF and CP,
the species are Cardiospermum grandiflorum, Cissusarguta, Combretum hispidum, Dio
scoreabulbifera, Jateorhizamacrantha, Mezoneuron benthanianum, Mucuna pruriens.
Also, there were nine (9) species that were commonto the RFand TFand they included Ca
rdiospermumgrandiflorum, Cissus arguta, Combretum hispidum, Combretum paniculat
um, Combretumsp, Dioscorea bulbifera, Hippocratea pallens, Parquetinanigrescens, S
milaxkraussiana. Lastly, there were eight (8) speciescommontothe CP and TF, they incl
uded Cardiospermumgrandiflorum, Cissus arguta, Combretum hispidum, Dioscoreabul

bifera, Gloriosasuperba, Momordica charantia, Mucunasloanei, Paullinia pinnata.
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Table4.6: Climbers, Epiphytic, Fern and Grass Species encountered in the three

physiognomies of the monkey forest Ibodi, Osun State.

PHYSIOGNOMIES

S/IN NAME FAMILY HERB RF CP TF
1 Adenia cissampeloides Passifloraceae Climber + - -
2 Adenia lobata Passifloraceae Climber - + -
3 Aerangis biloba Orchidaceae Epiphyte - + -
4 Alafia barteri Apocynaceae Climber + - -
5 Aristolochia ringens Aristolochiaceae  Climber - - +
6 AXonopus compressus Poaceae Grass - - +
7 Baisseaaxillaris Apocynaceae Climber + - -
8 Byrsocarpus coccineus Connaraceae Climber - - +
9 Cardiospermum grandiflorum Sapindaceae Climber + + +
10  Centosema pubescens Papilionaceae Climber - - +
11  Cissampelos owariensis Menispermaceae  Climber - + -
12 Cissus arguta Vitaceae Climber + + +
13  Cissus quadrangularis Vitaceae Climber + - -
14 Clerodendrom volubile Verbenaceae Climber - + -
15  Combretum hispidum Combretaceae Climber + + +
16  Combretum paniculatum Combretaceae Climber + - +
17 Combretum sp Combretaceae Climber + - +
18  Desmodium scorpiurus Papilionaceae Climber - + -
19  Dioscorea bulbifera Dioscoreaceae Climber + + +
20  Dioscorea dumetorum Dioscoreaceae Climber - - +
21  Ficus asperifolia Moraceae Climber - - +
22  Gloriosa superba Colchicaceae Climber - + +
23 Hewittia sublobata Convolvulaceae  Climber - - +
24 Hippocratea pallens Celastraceae Climber + - +
25  Hoslundia opposita Lamiaceae Climber - - +
26  Jateorhiza macrantha Menispermaceae  Climber + + -
27  Landolphia owarrensis Apocynaceae Climber + - -
28  Luffa acutangula Cucurbitaceae Climber - + -
29  Merremia sp Convolvulaceae  Climber - - -
30  Mezoneuron benthanianum Caesalpiniaceae  Climber + + -
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31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

Momordica charantia
Momordica cissoides
Momordica foetida
Motandra guineensis
Mucuna pruriens
Mucuna sloanei
Mucuna sp
Nephrolepis sp
Panicum maximum
Parquetina nigrescens
Passiflora foetida
Paullinia pinnata
Pergularia daemia
Piper guineense
Smilax kraussiana
Strophanthus sarmentosus
Telfairia occidentalis

Tragia benthami

Cucurbitaceae
Cucurbitaceae
Cucurbitaceae
Apocynaceae
Papilionaceae
Fabaceae
Papilionaceae
Nephrolepidaceae
Poaceae
Periplocaceae
Passifloraceae
Sapindaceae
Asclepiadaceae
Piperaceae
Smilacaceae
Apocynaceae
Cucurbitaceae

Euphorbiaceae

Climber
Climber
Climber
Climber
Climber
Climber
Climber
Fern
Grass
Climber
Climber
Climber
Climber
Climber
Climber
Climber
Climber
Climber

RF — Regrowth forest
CP — Cocoa Plantation

TF — Tree fallow
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4.2 - TEMPORAL CHANGES IN THE FLORISTIC COMPOSITION OF IBODI
MONKEY FOREST

4.2.1 Summary of the temporal changes of Species encountered in 2013 and the

present study

In 2013, a total of one hundred and sixty-three (163) individual species were observed
in all the three physiognomy, with the present study, one Hundred and ninety-one (191)
individual species which amounts to 17.2% increase in the number of individual species
over a five year period and an average of six (6) new individual species being
introduced to the forest annually. Seventy-nine (79) species were encountered in RF in
2013 presently, there are eighty-seven (87) species which accounts for 10.1% increase
in the number of new individual species found in the physiognomies. In 2013, fifity-six
(56) species were recorded in CP; presently eighty-six (86) species were found
accounting for 53.6% increase. Finally in the TF, eighty-two (82) species were present
in 2013, presently One hundred and six (106) individual species were encountered
which accounted for 29.3% increase in the number of individual species in the

physiognomy. (Figure 4.2)

There was significant difference in the level or presence of species between 2013 and
2017 across the three sites. That is, the number of species varies significantly from year
2013 to 2017. A Post Hoc test was conducted in order to measure the level of species
variation across the years under consideration. The Post Hoc revealed that significant
variation existed in the number of woody and climber species as well as between woody
and herbaceous species between 2013 and 2017. Thus, woody species and climber
species in 2017 across the three sites varies significantly compared to the number of
woody species observed in 2013. Similarly, woody species and herb species also
significantly varied within the years. The number of woody species varied significantly

from climber species from one year to the other year.
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Figure 4.2: Temporal changes Summary of Species in 2013 and 2017
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4.2.2 Temporal changes in Woody species

In 2013, a total of ninety-three (93) woody species were observed in all the three
physiognomies. Presently, a total of ninety-nine (99) woody species were encountered
which accounted for a 6.50% increase. In the RF in 2013, sixty (60) woody species
were encountered; presently fifty-seven (57) woody species were recorded. This
represents a 5% decrease in the number of species in the physiognomy. In the CP in
2013, there were twenty-six (26) woody species. Presently, there are forty (40) woody
species representing 53.80% increase. Furthermore, in 2013 there were fourty-one (41)
woody speciesinthe TF; presently fifty (50) woody species were found which accounted f
oranincrease of 22% number of species recorded within 5 years (Figure 4.3)

The number of woody species common to the three physiognomies increased from four
(4) species in 2013 to twelve (12) now. Albizia zygia and Elaeis guineensis were
common to all the physiognomies in the two studies. Furthermore, the number of woody
speciescommontothe RFand CPin2013 increased from fourteen (14) to seventeen (17),
in the present study. Albizia zygia, Antiaris toxicaria, Elaeis guineensis, Ficus
exasperata, Lecaniodiscus cupanioides, Voacanga africana were common to both
studies in the two physiognomies. In RF and TF in 2013, the number of species common
to both physiognomies increased from seven (7) in 2013 to Twenty-one (21) in the
present study. Albizia zygia, Elaeis guineensis, Ficus exasperata were common to the
two studies and physiognomies. Lastly, species commom to CP and TF increased from
sixteen (16) in 2013 to twenty-two (22) in the present study. The species common in
both studies in both physiognomies included Albizia zygia, Alchornea laxiflora,
Cnestis ferruginea, Elaeis guineensis, Ficus exasperata, Holarrhena floribunda, Newb

ouldia laevis, and Rauvolfia vomitoria.
4.2.3 Temporal changes in herbaceous species

In 2013, a total of thirty-three (33) herbaceous species were reported in all the three
physiognomies. In the present study, a total of forty-five (45) herbaceous species were
encountered which accounts for an increase of 36.40%. In the RF in 2013, six (6)
herbaceous species were encountered. In the present study, eleven (11) herbaceous
species were recorded. This represents 83.30% increase in the number of herbaceous
species in the physiognomy. This suggests that the number of existing herbaceous

species may have increased or new herbaceous species invaded the physiognomy in the
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past 5 years. In the CP in 2013, there were seventeen (17) species. In the present study,
there were twenty-three (23) species representing 35.30% increase. Furthermore, there
were nineteen (19) species in the TF in 2013 but in the present study, thirty-two (32)
species were recorded accounting for 68.40% increase within 5 years. (Figure 4.3)

The number of species common to the three physiognomies increased from two (2)
species in 2013, In the present study twelve (5) species were observed. Chromolaena
odorata was common to all the physiognomies in the two studies. Furthermore, the
number of herbaceous species common to the RF and CP in 2013 increased from three
(3) to nine (9) in the present study. Chromolaena odorata was common to both studies
in the two physiognomies. In RF and TF in 2013, the number of species common to
both physiognomies increased from three (3) to six (6) in the current study.

Chromolaena odorata was common to the two studies and physiognomies.

Lastly, species common to CP and TF increased from five (5) in 2013 to nine (9) in the
present study. The species common in both study in both physiognomies was

Chromolaena odorata
4.2.4Temporal changesin Climbers, Epiphytes, fernsand Grass species

In 2013, a total of thirty-seven (37) species were reported in all the three
physiognomies. In the present study, a total of forty-eight (48) species were
encountered which accounted for a 29.70% increase. In the RF in 2013, eleven (11)
species were encountered nthe present study, nineteen (19) species were seen. This
represents a 72.70% increase in the number of species in this in the physiognomy and
an avearge of two new species invading the physiognomy in the past 5 years. In the
CP in 2013, there were twelve (12) species. Presently, there are twenty-three (23)
species representing 91.70% increase. Furthermore, there were twenty (20) species in
the TF in 2013, presently twenty-five (25) species were seen accounting to 25%
increase of new species observed within 5 years. None of the species in these group
were common to the three physiognomies in 2013, Three (3) species were
common to all the three physiognomies and they included Cardiospermum
grandiflorum, Cissus arguta, Combretum hispidum, Dioscorea bulbifera. None
of the species was common to all the physiognomies in the two studies.
Furthermore, the number of herbaceous species common to the RF and CP in

2013  increased from one (1)toseven(7)in the  present  study.
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None of the species was common to both studies in the two physiognomies. In RF
and TF in 2013, the number of species common to both physiognomies increased
from one (1) in 2013 to six (9) in the current study. None of the species was common
to the two studies and physiognomies. Lastly, species common to CP and TF
increased from six (6) in 2013 to eight (8) in the present study. The species common

in both study in both physiognomies was Paullinia pinnata. (Figure 4.3)
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Figure 4.3: Temporal changes in the different group of species in the study area
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4.3 - VEGETATION STRUCTURE
4.3.1 Tree Species Classification and Biodiversity Indices

Shannon-Wiener diversity index of the three physiognomies ranges from 0.29 to 3.02
the highest species diversity index in the RF and lowest in the TF. Furthermore, plant
species richness index shows that the RF had the highest species richness of 8.83
followed by CP with 1.38 and TF with the lowest richness of 0.83. The species evenness
was in the order RF (0.843) > TF (0.266) > CP (0.240) (Table 4.7)
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Table 4.7: Margalef, Shannon-Wiener and Evenness Indices in the three

Physiognomies of the study area

Physiognomies R H' E
RF 8.83 3.02 0.84
CP 1.38 0.39 0.24
TF 0.83 0.29 0.27

R - Margalef’s Species Richness

H' - Shannon-Wiener Species diversity index

E - Shannon’s equitability Evenness
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The evaluation of similarity index for all the three physiognomies using Sorensen
index of similarity showed low similarity within the three physiognomies (similarities
less than 50% in all the comparison made) with CP and TF being the most similar with
a similarity index of 48.90%. The similarity between RF and TF was 39.30%. RF and
CPandRF had the least similarity index value at 35.10%. (Table 4.8)
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Table 4.8: Sorensen’s index (%) of similarity of the three Physiognomies of the

study area.
Physiognomies RF CP TE
RF -
CP 35.10 -
TF 39.30 48.90 -

RF — Regrowth forest
CP — Cocoa Plantation

TF — Tree fallow

65



4.3.2 — Woody species density

Atotal of 952 individuals per hectare were encountered in the three physiognomies. Mean
Density of woody species per hectare in the three physiognomies is presented in Table
4.9.

Thehighestspecies density in the three physiognomies was in the RF with 484 individuals
per hectare while the TF hasthe lowest density of woody species with 176 individuals p

er hectare. The CP has an intermediate value of 292 individual woody species per hect
are. The dominant species in terms of density in RF were Trichilia prieureana, (92 spe
cies per hectare), Lecaniodiscus cupanioides, (60 species per hectare) and Diospyros s
p (56 species per hectare). Furthermore, in the CP only one species was dominant whic
h is Theobroma cacao with 268 species per hectare which accounted for about 91.8%

of the total density of the physiognomy. In TF, dominant species in terms of density w
as Gliricidia sepium with 164 individuals per hectare which accounted for 93.2% of th

e total density.

Alstonia boonei and 15 other species in the RF have the lowest density of 4 stems per h
ectare while other species had intermediate values. In the CP, Albizia ferruginea, Vitex
doniana, and Voacanga africana had the lowest density of 4 stems per hectare while o
ther species had intermediate values. In TF, Ricinodendron heudelotii had the lowest d
ensity of four stems per hectare while the other species in the physiognomy had interm

ediate values.
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Table 4.9: Mean Density of woody species (per Hectare) in the three physiognomies i

n the study area

PHYSIOGNOMIES

SIN NAME FAMILY RF CP TF
1 Albiziaferruginea Mimosaceae - 4 -
2 Albizia zygia Mimosaceae 12 - -
3 Alchornea cordifolia Euphorbiaceae - -
4  Alstonia boonei Apocynaceae 4 - -
5 Baphia nitida Papilionaceae 24 - -
6 Canthiumsp Rubiaceae 4 - -
7  Carpolobia lutea Polygalaceae 4 - -
8 Ceiba pentandra Baombacaceae 4 - -
9 Celtissp Ulmaceae 4 - -
10  Chrysophyllum albidium Sapotaceae 8 - -
11  Citrus sinensis Rutaceae - - 4
12 Cola millenii Sterculiaceae 8 - -
13 Cordiasp Boraginaceae 4 - -
14  Deinbollia pinnata Sapindaceae 4 - -
15 Diospyros barteri Ebenaceae 8 - -
16 Diospyros sp Ebenaceae 56 - -
17  Dracaenea manii Dracaenaceae 8 - -
18 Elaeis guineensis Arecaceae 8 12 -
19 Gliricidia sepium Papilionaceae - - 164
20 Khaya grandifoliola Meliaceae 4 - -
21 Lecaniodiscus cupanioides Sapindaceae 60 - -
22 Monodora myristica Annonaceae 8 - -
23 Morinda lucida Rubiaceae 8 - -
24 Myrianthus arboreus Moraceae 4 - -
25 Napoleonaea vogelii Lecythidiaceae 4 - -
26  Newbouldia laevis Bignoniaceae 4 - -
27 Pentaclethra macrophylla Mimosaceae 4 - -
28 Pterygota macrocarpa Sterculiaceae 32 - -
29 Pterygota sp Sterculiaceae 12 - -




30 Rauvolfia vomitoria Apocynaceae - - 4
31 Sterculia rhinopetala Sterculiaceae 4 - -
32  Sterculia tragacantha Sterculiaceae 4 - -
33 Strombosia pustulata Olacaceae 8 - -
34 Tabernaemontana pachysiphon Apocynaceae 16 - -
35 Theobroma cacao Sterculiaceae - 268 -
36  Trichilia monedelpha Meliaceae 8 - -
37  Trichilia prieuriana Meliaceae 92 - -
38  Trilepisium madagascariensis Moraceae 12 - -
39 Triplochiton scleroxylon Sterculiaceae 4 - -
40 Vitex doniana Verbenaceae - 4 -
41 Voacanga africana Apocynaceae 4 4 -
42  Zanthoxyllum sp Rutaceae 12 - -
TOTAL 484 292 176

RF — Regrowth forest
CP — Cocoa Plantation

TF — Tree fallow
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4.3.3 Basal Area (m?ha) distribution

The RF has the highest mean basal area 17.96 (m?hat) while the TF has the lowest
mean basal area (1.93m?ha”

1 with the CP having an intermediate mean basal area (13.12m?ha?) (table 4.10).

The contribution of each species to the overall basal area of each physiognomies show
ed that the in the RF Pterygota macrocarpa contributed the largest mean basal area
of 4.95 m?.ha"

1(27.6% of the total), Carpolobia lutea had the lowest mean basal area of 0.00039
m2.ha

1 while other species had intermediate values. In CP, Theobroma cacao contributed
the largest mean basal area of 12.43 m?.ha

1(94.8% of the total), Voacanga africana had the smallest mean basal area of 0.064 m?
ha

L while other species had intermediate values. Gliricidia sepium contributed the largest
mean basal area of 1.61 m2.ha

Lin the TF (83.60% of total basal areain the physiognomy), Rauvolfia vomitoria had th
e smallest mean basal area of 0.0046 m2.ha! while other species had intermediate
values (Table 4.10).
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Table 4.10: Mean basal area of woody species (m>ha™) in the three physiognomies

in Ibodi Monkey forest, Ibodi, Osun State.

PHYSIOGNOMIES

SIN NAME FAMILY RF CP TF
1 Albizia ferruginea Mimosaceae - 0.010 -

2 Albizia zygia Mimosaceae 0.13 - -

3 Alchornea cordifolia Euphorbiaceae  0.022 - -

4 Alstonia boonei Apocynaceae 0.014 - -

5 Baphia nitida Papilionaceae 1.13 - -

6 Canthium sp Rubiaceae 0.0035 - -

7 Carpolobia lutea Polygalaceae 0.00040 - -

8 Ceiba pentandra Baombacaceae  0.0046 - -

9 Celtis sp Ulmaceae 0.013 - -
10  Chrysophyllum albidium Sapotaceae 0.47 - -
11 Citrus sinensis Rutaceae - - 0.31
12 Cola millenii Sterculiaceae 0.031 - -
13 Cordiasp Boraginaceae 0.77 - -
14 Deinbollia pinnata Sapindaceae 0.088 - -
15 Diospyros barteri Ebenaceae 0.014 - -
16  Diospyros sp Ebenaceae 1.64 - -
17  Dracaenea manii Dracaenaceae 0.23 - -
18  Elaeis guineensis Arecaceae 0.41 044 -
19  Giliricidia sepium Papilionaceae - - 1.61
20  Khaya grandifoliola Meliaceae 0.034 - -
21  Lecaniodiscus cupanioides Sapindaceae 1.93 - -
22 Monodora myristica Annonaceae 0.055 - -
23 Morinda lucida Benth. Rubiaceae 0.038 - -
24 Myrianthus arboreus Moraceae 0.075 - -
25  Napoleonaea vogelii Lecythidiaceae  0.0020 - -
26 Newbouldia laevis Bignoniaceae 0.35 - -
27  Pentaclethra macrophylla Mimosaceae 0.0046 - -



28  Pterygota macrocarpa Sterculiaceae 4.95 - -
29  Pterygota sp Sterculiaceae 0.17 - -
30  Rauvolfia vomitoria Apocynaceae - - 0.0046
31  Sterculia rhinopetala Sterculiaceae 0.00080 - -
32 Sterculia tragacantha Sterculiaceae 0.042 - -
33 Strombosia pustulata Olacaceae 0.028 - -
34  Tabernaemontana pachysiphon Apocynaceae 0.20 - -
35  Theobroma cacao Sterculiaceae - 12.43 -
36  Trichilia monedelpha Meliaceae 0.022 - -
37  Trichilia prieuriana Meliaceae 3.48 - -
38  Trilepisium madagascariensis Moraceae 0.53 - -
39  Triplochiton scleroxylon Sterculiaceae 0.98 - -
40  Vitex rivularis Verbenaceae - 0.080 -
41  Voacanga africana Apocynaceae 0.030 0.064 -
42 Zanthoxyllum sp Rutaceae 0.086 - -
TOTAL 17.96 13.12 1.93

RF— Regrowth forest
CP — Cocoa Plantation

TF — Tree fallow
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4.3.4 Family Important Value Index (FIVI)

The family Importance Value (FIV; see Table 4.11) was used to assess the
importance of different families in the study area. Family Important Value combines
relative density, relative frequency and relative basal area which is the proportion of
basal area of a species in the study area into a measure that can be used to indicate

the ecological influence of each family in the forest.

The families with the highest FIV above the value of ten (10) were Sterculiaceae
(60.65), Papilionaceae (33.09), Meliaceae (24.66), Ebenaceae (19.08), Sapindaceae
(16.87), Moraceae (15.64), Euphorbiaceae (12.02), Apocynaceae (10.38). These eight
(8) families accounted for 77.64% of the FIVI.
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Table 4.11: Family importance value (FIV) of all families in the physiognomies in

Ibodi Monkey forest, Ibodi, Osun State.

SIN Family RDm RD RF FIV
1 Annonaceae 0.16 0.84 2.02 3.02
2 Apocynaceae 0.96 3.36 6.06 10.38
3 Arecaceae 2.57 2.10 2.02 6.70
4 Baombacaceae 0.014 0.42 1.01 1.44
5 Bignoniaceae 1.05 0.42 2.02 3.49
6 Boraginaceae 2.32 0.42 1.01 3.75
7 Dracaenaceae 0.69 0.84 1.01 2.54
8 Ebenaceae 10.34  6.72 2.02 19.08
9 Euphorbiaceae 0.068 0.84 1111 12.02
10 Lecythidiaceae 0.0062 0.42 1.01 1.44
11 Meliaceae 10.70 1092  3.03 24.66
12 Mimosaceae 0.71 2.10 5.05 7.86
13 Moraceae 1.83 1.68 12.12  15.64
14 Olacaceae 0.084 0.84 1.01 1.93
15 Papilionaceae 8.29 19.75  5.05 33.08
16 Polygalaceae 0.0012 0.42 1.01 1.43
17 Rubiaceae 0.13 1.26 6.06 7.45
18 Rutaceae 1.21 1.68 2.02 4.91
19 Sapindaceae 6.10 6.72 4.04 16.87
20 Sapotaceae 1.42 0.84 2.02 4.28
21 Sterculiaceae 18.71 3487  7.07 60.65
22 Ulmaceae 0.041 0.42 2.02 2.48
23 Verbenaceae 0.24 0.42 2.02 2.68
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44 — TEMPORAL CHANGES IN THE FOREST STRUCTURE OF IBODI
MONKEY FOREST

4.4.1 — Temporal changes in the tree Species Classification and Biodiversity
Indices

In 2013, Shannon’s diversity index (SDI) in RF was 3.40, the value for the present study
was 3.02 which represents an 11.25% decrease in the species diversity index (table
4.12). Furthermore, in the CP, 2013 SDI was 2.50, presently the SDI value is 0.37 this
represents 84.57% decrease in the SDI value in the physiognomy over a 5 year period.
In the TF, SDI in 2013 was 3.24 while in present enumeration, it is 0.29 representing a
90.99% decrease in the SDI in the physiognomy.

Species richness index (SRI) shows that the RF in 2013 has a value of 15.81, the present
value was 8.83 representing a 44.18% decrease. Moreover, the SRI in 2013 in CP was
10.82 while in the present study, the value is 1.38 representing an 87.27% decrease in
the physiognomy. Additionally, in the TF in 2013, the SRI value was 13.57 while in
the present study the value was 0.83 representing a 93.85% decrease in the

physiognomy.

Species evenness index (SEI) value in the RF in 2013 was 0.93 while presently, the
value is 0.84 representing a 9.45% decrease in the value in the physiognomy.
Furthermore, in the CP in 2013, the SEI value was 0.80 while presently, the value is

0.24 representing a 69.96% decrease in value in the physiognomy. Moreover, in the

TF in 2013, the SEI value was 0.93 while presently, the value is 0.27 representing a
71.31% decrease in the SEI value for the physiognomy. (Table 4.12)
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Table 4.12: Temporal change in the tree species classification and biodiversity

indices the physiognomies in Ibodi Monkey forest, Ibodi, Osun State.

Physiognomies Year R H' E
2013 15.81 3.40 0.93
RF present
study 8.83 3.02 0.84
2013 10.82 2.50 0.80
CP present
study 1.38 0.39 0.24
2013 13.57 3.24 0.93
TF present
study 0.83 0.29 0.27

R -Margalef’s Species Richness

H' - Shannon-Wiener Species diversity index

E - Shannon’s equitability Evenness

RF— Regrowth forest
CP — Cocoa Plantation

TF — Tree fallow
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The evaluation of the temporal changes in Sorensen similarity index (SSI) value among
the three physiognomies is highlighted below. In 2013, SSI value showed the low
similarity between all the physiognomies with CP and TF being the most
similar with SSI value of 40.28%. Presently, SSI between the two most similar

physiognomies in 2013 is 48.9% representing a 21.4% increase. SSI value
between RF and CP in 2013 was 21.11%, presently, SSI value is 35.1%
amounting to a 66.27% increase. Moreover, SSI value in 2013 between RFand TFwas
16.54% presently the value is 39.3% representing more than a 100% increase in the SSI
value. (Table4.13)
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Table 4.13: Temporal changes in Sorensen’s index (%) of similarity of the three

Physiognomies of the study area.

Physiognomies Period RF CP TF
RE 2013
present study )
21.11 )
cp 2013
present study 35.10 -
16.54 )
TE 2013 40.28
present study 39.3 48.90 -

RF — Regrowth forest
CP — Cocoa plantation

TF — Tree fallow
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4.4.2 — Temporal changes in woody species density

In 2013, a total of 3347 individuals per hectare
were encountered in the study site, presently, the density of woody species in all the th
ree physiognomies was 952 individuals per hectare representing a more than a 100%
decrease in the density of species in the study area. In the RF in 2013, the density
of species per hectare was 1483 presently, the density of individuals in the
physiognomies is 484 representing a more than a 100% decrease in the density of
species in the physiognomies. Furthermore, in the CP the 2013 density value was
1072 individual per hectare, presently, the value is 292 indicating more than a 100%
decrease in the density figure In the TF, the 2013 density of woody species was 792
individuals per hectare, presently, the density value is 176 individuals per hectare

accounting for more than 100% decrease in the density of the physiognomy.

Furthermore, in terms of species contribution to densities in each physiognomy, in
2013, dominant species in
the RF Trichilia prieureana (160 individuals per hectare), Rothmania longiflora, Celti
s zenkeri, Pterygota macrocapa (96 species per hectare). Presently, dominant species i
n the RF are Trichilia prieureana, (92 species per hectare), Lecaniodiscus cupanioides
, (60 species per hectare) and Diospyros Sp (56 species per hectare). Moreover,
in the CP two species were dominant which included Theobroma cacao (640
species per hectare) which account for about 60% of the total density and Cola
acuminata (208 species per hectare). Presently, only one species was dominant
which is Theobroma cacao with 268 species per hectare which account for about
91.80% of the total density of the physiognomy. In the TF in 2013, dominant
species in terms of density include Gliricidia sepium (296) which account for
37% of the total density in the physiognomy. Presently, In TF, dominant species
in terms of density was Gliricidia sepium with 164 individuals per hectare which
account for 93.20% of the total density. (Table 4.14)
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Table 4.14: Temporal changes in the woody species stnads

density ( per hectare)in the physiognomies in Ibodi Monkey forest, Ibodi, Osun St

ate.
Physiognomies Year Density
RE 2013 1483
present study 484
cp 2013 1072
present study 292
TE 2013 792
present study 176

RF—Regrowttforest
CP—Cocoaplantation
TF—Treefallow
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4.4.3-Temporal changesinthe basal area

In 2013, the RF had the mean basal area (MBA) (per hectare) 0f 40.91 m?.ha"
! presently, the valueis 17.96 m2.hatamountingto 56.10% decrease in the MBA of
species in the physiognomy furthermore, in the CP in 2013, MBA was 21.44 m?.ha!
presently the MBA is 13.12 m?.ha’t, amounting to 38.81% decrease in the MBA in the
physiognomy. Moreover, the MBA in the TF in 2013 was 2.55 m2.ha’l, presently, MBA
in the TF is 1.93 m2.ha! representing a 24.31% decrease in the MBA value in the TF.

The contribution of each species to the overall MBA over the period of time in each ph
ysiognomy showed that in 2013, RF, Celtis zenkeri contributed the largest MBA of 10.
08m?ha (25% of the total), Chassalia kolly had the lowest MBA of 0.0066 m?ha-

1 while others have intermediate values. Presently, Pterygota macrocarpa contributed
the largest MBA of 4.95 m2.ha

1(27.60% of the total), Carpolobia lutea had the lowest MBA of 0.00039 m?.ha"
Lwhile other species had intermediate values. Moreover, in the CPin2013. Theobroma
cacao contributed the largest MBA of 18.96 m?.ha"

1(88.40% of total), Citrus sinesis had the smallest MBA of 0.014 m2.ha

L while others have intermediate values. Presently, Theobroma cacao still remained th
e highest contributing species with MBA of 12.43 m2.ha

1(94.80% of the total), Voacanga africana had the smallest MBA of 0.064 m?.ha”

L while other species had intermediate values. Furthermore, in the TF in 2013, Gliricid
ia sepium contributed the largest MBA of 5.83 m?.ha"

1(92% of the total), Alchornea cordifolia had the smallest MBA of 0.000032 m?.ha-

L while others have intermediate values. Presently, Gliricidia sepium is still the species
with the largest MBA in physiognomies with a value of 1.61 m?.ha”

Lin the TF (83.60% of total), Rauvolfia vomitoria had the smallest MBA of 0.0046 m?.
ha* while other species had intermediate values.
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Table 4.15: Temporal change in basal area (per hectare) of woody species in the t

hree physiognomies in Ibodi Monkey forest, Ibodi, Osun State.

Physiognomies Year Mean basal area (m2.ha?)
RF 2013 40.91
present study 17.96
cp 2013 21.44
present study 13.12
TF 2013 2.55
present study 1.93

RF — Regrowth forest
CP — Cocoa plantation
TF — Tree fallow
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Table 4.16: Summary of temporal changes in floristic composition and
Structural characteristics of the three physiognomies in Ibodi monkey forest.

SIN Attributes year RF CP TF
35 34 36
1 Number of families 2013 . N 44
present 43 39
60 26 41
2 Number of woody species 2013 o N 50*
present 57 40
40 17 30
3 Number of trees 2013 30+
present 44+ 29*
20 9 18
4 Number of shrub 2013 0%
present 13** 11*
5 17 15
5  Number of herbs 2013 . N 30+
present 11 23
g  Number of other non woody 2013 12 11 23
species present 19* 23* 25*
1483 1072 792
7 Density of woody (ha) 2013 . . 176%
present 484 292
40.91 21.44 6.28
8  Mean Basal area (m?ha®) 2013 1.93%*
present 17.96** 13.12** :
_ 2013 3.40 2.50 3.24
9  Shannon wiener i . 0.29%*
present 3.02 0.39 .
_ _ 2013 0.93 0.80 0.93
10  Species evenness index . 0.97+*
Present 0.85%* 0.24 :
o _ 2013 15.81 10.82 13.57
11  Species richness index 0.83%*
present 8.83** 1.38 ** '
* Symbolizes increase in the numerical value of attributes

wx Symbolizes decrease in the numerical value of attributes

RF—Regrowth forest
CP — CocoaPlantation

TF — Tree fallow

82



4.5 Carbonstockinthethree physiognomies of Ibodi Monkey forest

4.5.1 Soil organic carbon Nitrogen (N), Organic matter (OM) in the three
physiognomies of Ibodi Monkey forest

The soil organic carbon (SOC) ranges in the study area from 2.25+0.14% to
3.29+0.43% at 0-15 cm depth, 1.48+0.20% to 2.58+0.54% at 15-30 cm, 0.79+0.046%
to 2.02+0.70% at 30-45 cm and 0.68+0.19% to 1.84+0.69% at 45-60 cm depth. (Table
4.17) (Figure 4.4). In the Regrowth forest physiognomy (RF), the highest mean SOC
was found at the depth of 0-15 cm (3.29+0.43%) while the least was found at the 45-60
cm depth (1.84+0.69%) the other two depth has intermediate values (Table 4.17). In the
Cocoa plantation physiognomy (CP), the highest SOC was found at the depth of 0-15
cm depth (2.38+0.20%), the least value of SOC was found at the 45 -60 cm depth
(0.68+0.19%), and 15-30 cm and 30-45 cm depths had intermediate values (Table 4.17).
In the Tree fallow physiognomy (TF), the highest mean SOC was found at the depth of
0-15 cm (2.25+0.14%) while the least however in this physiognomy unlike the previous
two was found at the 30-45 cm depth (0.80+0.05%) the other two depths had
intermediate values (Table 4.17) (figure 4.5).

The Nitrogen content (N) in the study area ranges from 0.21+0.021% to 0.29£0.049%
at 0-15 cm depth, 0.13+0.019% to 0.22+0.064% at 15-30 cm, 0.10+0.01% to
0.18+0.081% at 30-45 cm and 0.09+0.0080% to 0.15+0.049% at 45-60 cm depth.
(Table 4.17). N content in the RF was highest at 0-15cm (0.29+0.049%), while the least
N content was found in the 45-60 cm depth (0.15+0.049), the other the depth has
intermediate values. (Table 4.17). In the (CP), the highest N content was found at the
depth of 0-15 cm depth (0.26+0.024%), the least value of N content was found at the
45-60 cm depth (0.093+0.021%), and 15-30 cm and 30-45 cm depths had intermediate
values (Table 4.17). In the TF, the highest mean N content was found at the depth of O-
15 cm (0.21+0.021%) while the least, however, was in the depth 45-60 cm
(0.09+0.008%) the other two depths had intermediate values. (Table 4.17).

The Organic matter (OM) ranges in the study area from 3.88+0.25% to 5.67+0.74% at
0-15 cm depth, 1.78+0.11% to 4.44+0.93% at 15-30 cm, 1.37+0.079% to 3.48+1.20%
at 30-45 cm and 1.17+0.32% to 3.16+1.19% at 45-60 cm depth. (Table 4.17) (Figure
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4.6). Furthermore, in the (RF), the highest mean Organic matter content (OM) was
found at the depth of 0-15 cm (5.67+0.74%) while the least was found at the 45-60 cm
depth (3.16+1.19%) the other two depth has intermediate values. (Table 4.17). In the
(CP), the highest OM content was found at the depth of 0-15 cm depth (4.11+0.35%),
the least value of OM content was found at the 45-60 cm depth (1.17+0.32%), and 15-
30 cm and 30-45 cm depths had intermediate values. (Table 4.17). In the TF, the highest
mean OM content was found at the depth of 0-15 cm (3.88+0.25%) while the least
however was in the depth 45-60 cm (1.38+0.11%) the other two depths had intermediate
values. (Table 4.17).

There was a significant difference in the OC%, %0OM, %N across RF and TF but no
significant difference in CP (t3= 7.848, p<0.05). There was significant difference in the
value of OC%, %0OM, %N across 0-15, 15-30, 30-45, 45-60 cm in the RF and TF but
not with the CP (t3 = 3.762, p<0.05)
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Table 4.17: Soil organic carbon, Organic matter and Nitrogen content in all three physiognomies in Ibodi Monkey forest

DEPT PHYSIOGNOMIES
RF Cp TF
OC% %N %OM ___ OC% %N %OM 0C% %N %OM
0-15 3.29#0.43 0.29+0.049 5.67+0.74 2.38+0.20 0.26+0.024  4.11+0.35  2.25%0.14 0.21+0.021 3.88+0.25
15-30 2.58+0.54 0.22+0.064 4.44+0.93 1.03+0.060 0.13+0.019 1.78+0.11  1.48+0.20 0.18+0.026 2.55+0.34
30-45 2.02+0.70 0.18+0.081 3.48+1.20 0.89+0.040 0.13+0.012 1.53+0.070  0.80+0.050 0.10+0.010 1.3740.079
45-60  1.84+0.69 0.150.049 3.16x1.19 0.68+0.19 0.093+0.021 1.17+0.32  0.81%0.070 0.09+0.0080  1.38+0.11

RF — Regrowth forest Physiognomy
CP — Cocoa Plantation Physiognomy
TF — Tree fallow Physiognomy

OC - Organic carbon
OM — Organic matter
N —  Nitrogen
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Figure 4.4:
Soil organic C concentrations (%) inthe different sampled soil depth of the different physi

ognomiesin Ibodi Monkey Forest, Osun state, Nigeria
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4.5.2 Soil Carbon Stocks in three physiognomiesin Ibodi Monkey forest

Thetotal soil C Stocks inthree physiognomies in Ibodi Monkey forest pools are summed u
pinTable4.18 withatotal value 0f 333.11t.h™.

The RF had the highest carbon stock value of 144.34t.h. Furthermore, 45-

60 cm depth had the highest carbon stock value 0f 48.58 t.h while 0-
15cmhadtheleastvalueof21.71t.ha”

! CP hadthe least carbon stock value among the three physiognomy (94.37 t.ha"

1. Moreover, 45-60 cm had the highest carbon stock value of 26.11 t.ha™* with 15-
30cmdepth havethe least value of 19.78 t.ha™.

Carbon stock value of 94.40 t.hal was obtained for the TF with the soil depth of
45-60 cm having the highest value of 28.12 t.ha while the least stock was in the
soil depth 0-15 cm (19.58 t.ha™2).

There was significant difference in the carbon stock value among the three physiogno
mies (f, 1) = .0021, p<.05 p=.000). Furthermore, there was no significant difference
with depth acrossthe three physiognomies; RF, CP, TF (f(,1) = 2.45, p>.05 p =.07). Th
ere was significant difference across different depthexaminedupto60cm (f(3,1) =.040,
p<.05) p=0.02
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Table

(thal)

Soil Depth range |

| Bulkdensity (g.cm3) | Carbon (t.ha?)

0-15
15-30
30-45
45-60

0-15
15-30
30-45
45-60

0-15
15-30
30-45

4.18: Soil carbon
in the three physiognomies in Ibodi monkey forest
%carbon | Soildepth
Regrowth forest Physiognomy (RF)
3.29 15 0.44
2.58 30 0.44
2.02 45 0.44
1.84 60 0.44
Total
Cocoa plantation physiognomy (CP)
2.38 15 0.64
1.03 30 0.64
0.89 45 0.64
0.68 60 0.64
Total
Tree fallow physiognomy (TF)

2.25 15 0.58
1.48 30 0.58
0.8 45 0.58
0.81 60 0.58

45-60

Total

21.71
34.10
40.00
48.58
144.34

22.85
19.78
25.63
26.11
94.37

19.58
25.75
20.88
28.12
94.40
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4.5.3 Aboveground biomass and carbon stock in Ibodi Monkey forest

4.5.3.1 The Selection of Allometric Equation

Assessment of the allometric equations was done using each of the equations to
generate aboveground biomass estimates for woody species (with DBH > 10 cm) in
the three physiognomies.

The reliability of the different equations was based on the value of F value, R? and
adjusted R%. The first allometric equation (Chave et al., 2005) gave the best
prediction based on the criteria stated above inthe regrowth forest physiognomy (RF)
and Cocoa plantation physiognomy (CP), while Feldpausch et al., 2012 was suitable
for Tree fallow physiognomy. (Table 4.19)

In (RF), the decreasing trend of the 5 allometric in estimating the aboveground
biomass suitability is 0.0509 x (p) x ((DBH)?) xH > 0.0673 x ((p x (DBH) 2 xH)) %97
>0.0347 x (p) 2 x (DBH)? x H > exp (-2.9205) + (0.9894xIn ((DBH?)) xp x H) > exp
(-2.436) + (0.1399 x In (DBH) ?) + (0.7373 x (In (DBH) 2) x H) + (0.279 x In (p)

In (CP), the decreasing trend of the 5 allometric in estimating the aboveground
biomass suitability is 0.0509 x (p) x ((DBH)?) xH > 0.0347 x (p)? x (DBH)2x H >
0.0673 x ((p x (DBH) 2 xH)) %97® > exp (-2.9205) + (0.9894xIn ((DBH?)) xp x H) >
exp (-2.436) + (0.1399 x In (DBH) 2) + (0.7373 x (In (DBH)?) x H)

+(0.279 x In (p)

In (CP), the decreasing trend of the 5 allometric in estimating the aboveground
biomass suitability is exp (-2.9205) + (0.9894xIn ((DBH?)) xp x H) > exp (-2.436) +
(0.1399 x In (DBH) %) + (0.7373 x (In (DBH) %) x H) + (0.279 x In (p) > Henry et al,

2010 > 0.0509 x (p) x ((DBH)?) xH > 0.0673 x ((p x (DBH) 2 xH)) %976,
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Table 4.19: Multiple regression analysis of different allometric equations in estimating the aboveground
biomass (AGB) in the three physiognomies in Ibodi monkey forest

Physiognomies Variable R R Square Adjusted R Square df F Sig.
1 1.000? 1.000 1.000 35 864790.81 .000
2 .9952 .990 .989 35 1066.61 .000°
RF 3 .0812 963 .959 35 274.10 .000°
4 9922 985 983 35 690.91 .000P
5 1.0002 1.000 1.000 35 877358.83 .000°
1 1.0002 1.000 1.000 38 738957171.39 .000°
2 1.0002 1.000 1.000 38 765424062.40 .000°
CP 3 .9962 991 991 38 2073.86 .000P
4 .0982 995 .995 38 3774.10 .000°
5 1.0002 1.000 1.000 38 346525967.76 .000°
1 1.0002 1.000 1.000 48 - -
2 1.0002 1.000 1.000 48 - -
TF 3 9992 999 .999 48 22455.95 .000°
4 .9992 999 .999 48 18963.68 .000°
5 1.0002 1.000 1.000 48 - -

1: Chave et al., 2005 2: Henry et al, 2010 3: Djomo et al., 2010 4: Feldpausch et al., 2012 5: Chave et al., 2014
RF — Regrowth forest Physiognomy

CP — Cocoa Plantation Physiognomy

TF — Tree fallow Physiognomy
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4.5.3.2 Abovegroundbiomass of woody speciesin the three physiognomies

Thetotal Aboveground Biomass (AGB) (kg.ha') inall the three physiognomies was 6866
15.85kg.ha. The AGB inthe three physiognomies ranges from 60815.01 kg.ha™

tinthe Tree Fallow Physiognomy to 441160.98kg.ha’
linthe Regrowthforestphysiognomy (RF) withthe cocoaplantation physiognomyhaveint
ermediatevalue. ThestudysitebiomassfoundinRFwas64.25%,26.89%and8.86%inCP
and TFrespectively.(Table4.21-4.22)

IntheRF, Trichiliaprieuriana(111618.94Kg.ha
handPterygotamacrocarpa(111420.47 Kg.ha®

1 contributed the highest AGB in the physiognomy, contributing25.30% and 25.26%
respectively of the AGB value. Carpolobia lutea (0.85 kgha) had the least AGB
(0.00019%) (Table 4.20).

In the CP, Theobroma cacao (174042.21 Kg.ha
1 contributed the highest AGB in the physiognomy (94.26%). Voacangaafricana
(391.68 Kg.ha') had the least AGB (0.21%) (Table 4.21).

In TF and RF physiognomies Gliricidia sepium (55071.68 Kg.ha) contributed the
highest AGB (90.56%). Rauvolfia vomitoria (28.04 Kg.hal) had the least AGB
(0.046%) (Table 4.22).
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Table 4.20: Aboveground biomass of woody species in the Regrowth Forest (RF) physiognomy

Height Specific wood Aboveground Biomass
S/No Name Family DBH (cm) (cm) gravity (g.cm?) (AGB) (Kg.hat)

1  Albizia zygia Mimosaceae 10.18 303.00 0.55 882.90

2 Alchornea cordifolia Euphorbiaceae 4.22 150.00 0.54 73.05

3 Alstonia boonei Apocynaceae 3.34 103.00 0.39 22.68

4 Baphia nitida Papilionaceae 29.92 980.00 0.57 25351.59

5  Canthium sp Rubiaceae 1.67 230.00 0.72 23.36

6  Carpolobia lutea Polygalaceae 0.56 120.00 0.45 0.85

7  Ceiba pentandra Bombacaceae 1.91 150.00 0.35 9.86

8  Celtis sp Ulmaceae 3.26 175.00 0.63 59.72

9  Chrysophyllum albidium Sapotaceae 19.33 960.00 0.59 10733.80

10  Cola millenii Sterculiaceae 4.93 250.00 0.52 161.99

11  Cordia sp Boraginaceae 24.67 1025.00 0.42 13191.96

12 Deinbollia pinnata Sapindaceae 8.36 220.00 0.52 408.86

13  Diospyros sp Ebenaceae 36.12 1052.00 0.80 55898.85

14  Diospyros barteri Ebenaceae 3.341 110.00 0.70 43.58

15 Dracaenea manii Dracaenaceae 13.45 520.00 0.37 1775.56
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16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

Elaeis guineensis

Khaya grandifoliola
Lecaniodiscus cupanioides
Monodora myristica
Morinda lucida
Myrianthus arboreus
Napoleonaea vogelii
Newbouldia laevis
Pentaclethra macrophylla
Pterygota macrocarpa
Pterygota sp

Sterculia rhinopetala
Sterculia tragacantha

Strombosia pustulata

Tabernaemontana pachysiphon

Trichilia monedelpha

Trichilia prieuriana

Trilepisium madagascariensis

Arecaceae
Meliaceae
Sapindaceae
Annonaceae
Rubiaceae
Moraceae
Lecythidiaceae
Bignoniaceae
Mimosaceae
Sterculiaceae
Sterculiaceae
Sterculiaceae
Sterculiaceae
Olacaceae
Apocynaceae
Meliaceae
Meliaceae

Moraceae

18.06
5.17
39.15
6.60
5.49
7.72
1.27
16.63
191
62.79
11.70
0.80
5.81
4.69
12.73
4.217
52.59
20.53

1020.00
230.00
960.00
162.00
288.00
302.10
106.00
899.00
101.00

1136.00

1003.00
109.00
198.00
206.00
890.00
206.00

1196.00
952.00

0.47
0.66
0.77
0.49
0.51
0.69
0.35
0.21
0.82
0.49
0.57
0.67
0.57
0.83
0.51
0.46
0.66
0.50

7960.41
207.60
57660.39
176.22
224.90
633.85
3.01
2594.13
15.38
111420.47
3974.33
2.36
193.81
191.79
3759.11
85.78
111618.94
10197.48
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34 Triplochiton scleroxylon Sterculiaceae 27.85 1190.00 0.44 20434.20

35 Voacanga africana Apocynaceae 4.85 290.00 0.49 171.08
36  Zanthoxyllum sp Rutaceae 8.28 523.00 0.55 997.11
TOTAL 441160.98
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Table 4.21: Aboveground biomass of woody species in the Cocoa Plantation (CP) physiognomy

Height Specific wood Aboveground Biomass
S/No  Name Family DBH (cm) (cm) gravity (g.cm=) (AGB) (Kg.hat)
1 Albizia ferruginea  Mimosaceae 8.91 502.00 0.49 1002.43
2 Elaeis guineensis Arecaceae 18.70 1023.00 0.47 8556.47
3 Theobroma cacao  Sterculiaceae 99.46 823.00 0.42 174042.21
4 Vitex doniana Verbenaceae 7.96 502.00 0.40 647.07
5 Voacanga africana  Apocynaceae 7.16 305.00 0.49 391.68
TOTAL 184639.86
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Table 4.22: Aboveground biomass of woody species in the Tree Fallow (TF) physiognomy

Specificwood  Aboveground Biomass (AGB)

S/No  Name Family DBH (cm) Height (cm) gravity (g.cm?) (Kg.ha't)
1 Citrus sinensis Rutaceae 15.75 580.00 0.78 5715.29
2 Gliricidia sepium Papilionaceae 35.81 1508.00 0.56 55071.68

3 Rauvolfia vomitoria ~ Apocynaceae 1.91 320.00 0.47 28.04
TOTAL: 60815.01
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4.5.3.3 Carbonstock estimate in aboveground pool in Ibodi monkey forest

Carbon fraction of 0.5t C t"* was used to estimate the carbon stock in the aboveground pool
of the three physiognomies in Ibodi monkey forest from the aboveground biomass

(AGB).

Thetotal estimated carbon stock in the aboveground pool inall the three physiognomies
was 5492.93 t C hal. The aboveground carbon stock pool in the three physiognomies
ranges from486.52tCha?inthetreefallowphysiognomy(TF)(8.86%)t03529.29tCha"
linthe Regrowthforestphysiognomy (RF) (64.25%)withthe cocoaplantation physiogno
my (CP)(26.89%) having theintermediatevalue(1477.12tCha™).(Table4.23-4.25)
IntheRF Trichiliaprieuriana(892.95tCha!)andPterygotamacrocarpa(891.36tCha
Hcontributedthehighestcarbonstockinthe physiognomy, contributing25.30%and 25.26
%, respectivelyofthecarbonstockvalue. Carpolobialutea(0.0068tCha’
Yhadtheleastcarbonstock (0.00019%). (Table4.23)

Inthe CP, Theobromacacao(1392.34tCha

Ycontributedthehighestcarbonstockinthe physiognomy(94.26%). Voacangaafricana(
3.13tChat)hadtheleastcarbonstock (0.21%).(Table4.24)

Inthe TF, Gliricidiasepium(440.57tCha’

Hcontributedthe highestcarbonstockinthe physiognomy (90.56%). Rauvolfiavomitoria(
0.22tCha’

Hhadthe leastcarbonstockcontributing0.046%tothetotal carbonstock. (Table4.25)
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Table4.23: Carbonstock estimate in aboveground pool in Regrowth forest physiognomy in Ibodi monkey forest

AGB (kgha- Scaling carbon fraction CF (t Carbon Stock t C
S/No Names families 1) ABG (t) factor Ctl) ha!
1  Albizia zygia Mimosaceae 882.90 0.88 16.00 0.50 7.06
2  Alchornea cordifolia Euphorbiaceae 73.05 0.073 16.00 0.50 0.58
3 Alstonia boonei Apocynaceae 22.68 0.023 16.00 0.50 0.18
4 Baphia nitida Papilionaceae 25351.59 25.35 16.00 0.50 202.81
5  Canthium sp Rubiaceae 23.36 0.023 16.00 0.50 0.19
6  Carpolobia lutea Polygalaceae 0.85 0.0010 16.00 0.50 0.0068
7  Ceiba pentandra Baombacaceae 9.86 0.010 16.00 0.50 0.079
8  Celtis sp Ulmaceae 59.72 0.060 16.00 0.50 0.48
9  Chrysophyllum albidium Sapotaceae 10733.80 10.73 16.00 0.50 85.87
10  Cola millenii Sterculiaceae 161.99 0.16 16.00 0.50 1.30
11  Cordia sp Boraginaceae 13191.96 13.19 16.00 0.50 105.54
12 Deinbollia pinnata Sapindaceae 408.86 0.41 16.00 0.50 3.27
13  Diospyros sp Ebenaceae 55898.85 55.90 16.00 0.50 447.19
14  Diospyros barteri Ebenaceae 43.58 0.044 16.00 0.50 0.35
15 Dracaenea manii Dracaenaceae 1775.56 1.78 16.00 0.50 14.20
16  Elaeis guineensis Arecaceae 7960.41 7.96 16.00 0.50 63.68
17 Khaya grandifoliola Meliaceae 207.60 0.21 16.00 0.50 1.66
18 Lecaniodiscus cupanioides Sapindaceae 57660.39 57.66 16.00 0.50 461.28
19  Monodora myristica Annonaceae 176.22 0.18 16.00 0.50 1.41
20  Morinda lucida Rubiaceae 224.90 0.22 16.00 0.50 1.80
21  Myrianthus arboreus Moraceae 633.85 0.63 16.00 0.50 5.07
22  Napoleonaea vogelii Lecythidiaceae 3.01 0.0030 16.00 0.50 0.024
23 Newbouldia laevis Bignoniaceae 2594.13 2.59 16.00 0.50 20.75
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24 Pentaclethra macrophylla Mimosaceae 15.38 0.015 16.00 0.50 0.12
25 Pterygota macrocarpa Sterculiaceae 111420.47 111.42 16.00 0.50 891.36
26  Pterygota sp Sterculiaceae 3974.33 3.97 16.00 0.50 31.79
27  Sterculia rhinopetala Sterculiaceae 2.36 0.0024 16.00 0.50 0.019
28  Sterculia tragacantha Sterculiaceae 193.81 0.19 16.00 0.50 1.55
29  Strombosia pustulata Olacaceae 191.79 0.19 16.00 0.50 1.53
30 Tabernaemontana pachysiphon Apocynaceae 3759.11 3.76 16.00 0.50 30.07
31  Trichilia monedelpha Meliaceae 85.78 0.086 16.00 0.50 0.69
32 Trichilia prieuriana Meliaceae 111618.94 111.62 16.00 0.50 892.95
33 Trilepisium madagascariensis Moraceae 10197.48 10.20 16.00 0.50 81.58
34 Triplochiton scleroxylon Sterculiaceae 20434.20 20.43 16.00 0.50 163.47
35 Voacanga africana Apocynaceae 171.08 0.17 16.00 0.50 1.37
36  Zanthoxyllum sp Rutaceae 997.11 0.10 16.00 0.50 7.98
TOTAL: 3529.29

101



Table 4.24: Carbon stock estimate in aboveground pool in Cocoa plantation physiognomy in Ibodi monkey forest

Aboveground
Biomass Aboveground
AGB (kgha- Biomass Carbon Fraction CF
S/No Species Family 1) ABG (t) Scaling factor (tctt) Carbon Stock t C ha!
1 Albizia ferruginea  Mimosaceae 1002.43 1.00 16.00 0.50 8.02
2 Elaeis guineensis Arecaceae 8556.47 8.56 16.00 0.50 68.45
3 Theobroma cacao  Sterculiaceae 174042.21 174.04 16.00 0.50 1392.34
4 Vitex doniana Verbenaceae 647.07 0.65 16.00 0.50 5.18
5 Voacanga africana  Apocynaceae 391.68 0.39 16.00 0.50 3.13
TOTAL: 1477.12
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Table 4.25: Carbon stock estimate in aboveground pool Tree fallow physiognomy in Ibodi monkey forest

AGB Scaling carbon fraction CF (t  Carbon StocktC
S/No.  Species Name family (kgha-1)  ABG (t) factor Ct?l) ha!
1 Citrus sinensis Rutaceae 5715.29 5.72 16.00 0.50 45.72
2 Gliricidia sepium Papilionaceae 55071.68 55.07 16.00 0.50 440.57
3 Rauvolfia vomitoria Apocynaceae 28.04 0.028 16.00 0.50 0.22
TOTAL: 486.52
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4.5.4 Belowground biomass and carbon stock

The Belowground biomass and carbon stock were estimated from the aboveground
biomass (AGB). The total belowground biomass (BGB) and belowground carbon
stock in all the three physiognomies were 102990 kgha and 823.94 t C ha. The
BGB in the three physiognomies ranges from 912 kgha-1 in the tree fallow
physiognomy to 66170 kgha-

1 in the Regrowth forest physiognomy (RF) with the cocoa plantation physiognomy ha
ving an intermediate value. Below ground carbon stock ranges from 72.98 t C ha'
in the TF to 529.39 t C ha! in the RF. In the study site, RF contributed 64.25% of
the biomass, CP yielded 26.89% and TF produced 8.86% of the biomass. (Table 4.26-
4.28)

In the RF Trichilia prieuriana with biomas of 16742.84 kgha™, carbon stock value
of 133.94 t C ha! and Pterygota macrocarpa with biomass 16713.07kgha, carbon
stock value of 133.70 t C ha* contributed the highest BGB and carbon stock in the
physiognomy contributing 25.30% and 25.26% respectively of the BGB and carbon
stock value. Carpolobia lutea (0.13 kgha-1) had the least BGB contributing
0.00019% of the AGB value (Table 4.26).

In the CP, Theobroma cacao with biomass 26106.33 kgha™, carbon stock value of
208.85 t C ha! contributed the highest BGB (94.62%) and carbon stock in the CP.
Physiognomy. Voacanga africana with biomass 58.75 kgha, with a carbon stock
value of 0.47 t C ha? had the least BGB and carbon stock contributing 0.21%
of the BGB and carbon stock value (Table 4.27).

In the TF, In the RF Gliricidia sepium with biomass 8260.75 kgha® with a carbon
stock value of 66.09 t C ha? contributed the highest BGB and carbon stock in
the physiognomy contributing 90.56%. Rauvolfia vomitoria with biomass 4.21
kgha®, carbon stock value of 0.03 t C ha* had the least BGB contributing 0.046%
of the BGB and carbon stock value (Table 4.28).
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Table 4.26: Belowground biomass and carbon stock in the Regrowth Forest physiognomy

Scaling Carbon Fraction Carbon stock

S/No Names families ABG (t) BGB (t) factor (CF (tCt?) t Chat
1 Albizia zygia Mimosaceae 0.88 0.13 16.00 0.50 1.06
2 Alchornea cordifolia Euphorbiaceae 0.073 0.011  16.00 0.50 0.088
3 Alstonia boonei Apocynaceae 0.023 0.0034  16.00 0.50 0.027
4 Baphia nitida Papilionaceae 25.35 3.80 16.00 0.50 30.42
5 Canthium sp Rubiaceae 0.023 0.0035  16.00 0.50 0.028

6 Carpolobia lutea Polygalaceae 0.00085 0.00013  16.00 0.50 0.0010
7 Ceiba pentandra Baombacaceae 0.0099 0.0015  16.00 0.50 0.012
8 Celtis sp Ulmaceae 0.060 0.0090 16.00 0.50 0.071
9 Chrysophyllum albidium Sapotaceae 10.73 161  16.00 0.50 12.88
10 Cola millenii Sterculiaceae 0.16 0.024  16.00 0.50 0.19
11 Cordiasp Boraginaceae 13.19 1.98 16.00 0.50 15.83
12 Deinbollia pinnata Sapindaceae 0.41 0.061  16.00 0.50 0.49
13 Diospyros Sp Ebenaceae 55.90 8.38  16.00 0.50 67.08
14 Diospyros barteri Ebenaceae 0.044 0.0065  16.00 0.50 0.05
15 Dracaenea manii Dracaenaceae 1.78 0.27 16.00 0.50 2.13
16 Elaeis guineensis Arecaceae 7.96 1.19  16.00 0.50 9.55
17 Khaya grandifoliola Meliaceae 0.21 0.031  16.00 0.50 0.25
18 Lecaniodiscus cupanioides Sapindaceae 57.66 8.65  16.00 0.50 69.19
19 Monodora myristica Annonaceae 0.18 0.026  16.00 0.50 0.21
20 Morinda lucida Rubiaceae 0.22 0.034  16.00 0.50 0.27
21 Myrianthus arboreus Moraceae 0.63 0.095  16.00 0.50 0.76

22 Napoleonaea vogelii Lecythidiaceae 0.0030 0.00045  16.00 0.50 0.0036
23 Newbouldia laevis Bignoniaceae 2.59 039 16.00 0.50 3.11
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24 Pentaclethra macrophylla Mimosaceae 0.015 0.0023  16.00 0.50 0.019
25 Pterygota macrocarpa Sterculiaceae 111.42 16.71  16.00 0.50 133.70
26 Pterygota sp Sterculiaceae 3.97 0.60 16.00 0.50 4.77
27 Sterculia rhinopetala Sterculiaceae 0.0024 0.00035  16.00 0.50 0.0028
28 Sterculia tragacantha Sterculiaceae 0.19 0.029  16.00 0.50 0.23
29 Strombosia pustulata Olacaceae 0.19 0.029  16.00 0.50 0.23
30 Tabernaemontana pachysiphon Apocynaceae 3.76 0.56 16.00 0.50 451
31 Trichilia monedelpha Meliaceae 0.086 0.013  16.00 0.50 0.10
32 Trichilia prieuriana Meliaceae 111.62 16.74  16.00 0.50 133.94
33 Trilepisium madagascariensis ~ Moraceae 10.20 1.53  16.00 0.50 12.24
34 Triplochiton scleroxylon Sterculiaceae 20.43 3.07 16.00 0.50 24.52
35 Voacanga africana Apocynaceae 0.17 0.026  16.00 0.50 0.21
36 Zanthoxyllum sp Rutaceae 0.10 0.15 16.00 0.50 1.20
TOTAL 66170
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Table 4.27: Belowground biomass and carbon stock in the Cocoa Plantation physiognomy

ABG (t BGB(t Scaling Carbon Fraction (CF)
S/No Species Family hat) ha?) Factor (tCctt) Carbon stock t C ha'?
1 Albizia ferruginea Mimosaceae 1.00 0.15 16.00 0.50 1.20
2 Elaeis guineensis Arecaceae 8.56 1.28 16.00 0.50 10.27
3 Theobroma cacao Sterculiaceae  174.04 26.11 16.00 0.50 208.85
4 Vitex doniana Verbenaceae 0.65 0.097 16.00 0.50 0.78
5 Voacanga africana Apocynaceae 0.39 0.059 16.00 0.50 0.47
TOTAL 27.6960 221.57

107



Table 4.28: Belowground biomass and carbon stock in the Cocoa plantation physiognomy

ABG (t BGB(t Scaling

Carbon Fraction (CF) (tC

S/No. Species Name Family hat) ha?t) Factor t1) Carbon stock t C ha'?
1 Citrus sinensis Rutaceae 5.72 0.86 16.00 0.50 6.86
2 Gliricidia sepium Papilionaceae ~ 55.07 8.26 16.00 0.50 66.09
3 Rauvolfia vomitoria Apocynaceae  0.028 0.0042 16.00 0.50 0.033
TOTAL 9.122252 72.98
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45,5 Litter, saplings and herbaceous species Organic carbon (OC), Nitrogen

(N), Organic Matter (OM) in the three physiognomies of Ibodi Monkey forest

The organic carbon content (OC) (%), Total Nitrogen, (N) (%) and organic matter
(OM) (%) in the litter, saplings and herbaceous species varied in the three

physiognomies of study.

For litter, The OC ranges from 50.496+1.85% in the Cocoa Plantation physiognomy
(CP) to 53.964%3.65% in the Tree Fallow (TF) with the Regrowth Forest
physiognomy (RF) having the intermidiate value (52.96+1.73%). Organic Matter
ranges from 87.64+2.83% in the CP to 92.82+6.50% in the TF. Regrowth Forest
physiognomy had 91.30+3.00%. Moreover, N ranges from 2.67+0.33% in the CP to
2.82+0.35% in the TF. Regrowth Forest physiognomy had 2.67+£0.33% of N
concentration (Table4.29). Organic Carbon, OM and N were not significantly different
throughout the three physiognomies studies.

Furthermore, for herbs and saplings in the study area, Organic Carbon ranges from
56.46+4.47% in the TF, to 56.90+1.08% in the CP with the Regrowth forest
physiognomy (RF) having the intermidiate value (56.86+1.02). Organic Matter ranges
from 97.34+7.71% in the TF to 98.07+£1.85% in the CP. RF had 97.85+1.60% Organic
Matter. Moreover, N ranges from 2.84+0.35% in the TF to 3.96+£0.98% in the CP. RF
had 2.98+0.74% (Table 4.29). Organic Carbon, OM and N were not significantly
different throughout the three physiognomies studies.
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Table 4.29: Litter, saplings and herbaceous species organic carbon, Organic matter and Nitrogen content in all three physiognomies in

Ibodi Monkey forest

LITTER HERBS AND SAPPLINGS
OC% OM% N% OC% OM% N%
RF 52.96+1.73 91.30+3.00 2.73+0.51 56.86+1.02 97.85%1.60 2.98+0.74
CP 50.50+1.85 87.64+2.83 2.67+0.33 56.90+1.08 98.07+1.85 3.96+0.98
TF 53.96+3.65 92.82+6.50 2.82+0.35 56.46+4.47 97.34+7.71 2.84+0.35

OC-= Organic Carbon, OM= Organic Matter, N= Nitrogen



Total Carbon stock in the study area for litter was 0.13 t.ha

1(Table4.30). The RF had the highest carbon stock value (0.083 t.ha"

1y with CP and TFF having 0.035 t.ha™ and 0.010 t.ha

! respectively. The biomass in the standing litter ranged from 0.025 t.ha"
Linthe TF, 0.18 t.ha® in the RF while CP had 0.075 t.ha"

!, Moreover, Total Carbon stock in the study area for herbs and sapplings was 0.018 t.
ha™.

Futhermore, the TF had the highest carbon stock value (0.0074 t.ha"

1y with RF and CP having 0.0039 t.na™* and 0.0068 t.ha

! respectively. The biomass of herbs and saplings ranged from 0.0083 t.ha”
Lin the RF, 0.016 t.ha™ in the TF while CP had 0.015t.ha* (Table 4.30).
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Table 4.30: Litter, saplings and herbaceous species biomass and carbon stock in all three physiognomies in Ibodi Monkey forest

Biomass Carbon scaling Biomass Carbon
OC% Dryweight(t) scalingfactor (t.ha) stock t.hat OC%  Dryweight (t)  factor (t.ha) stock t.ha!
Litter Herbs and saplings
RF 52.96 0.00021 16.00 0.18 0.083 56.86 0.000009 16.00 0.0083 0.0039
CP 50.50 0.000093 16.00 0.075 0.035 56.90 0.000016 16.00 0.015 0.0068
TF 53.96 0.000029 16.00 0.025 0.012 56.46 0.000018 16.00 0.016 0.0075
TOTAL 0.13 0.018
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4.6 Summary of all carbon stock inaboveground, below ground, soil, litter, herbs, sa
plingand sequestration potential of Ibodi Monkey forest

Thetotal carbon sequestration potential in Ibodi monkey forest was 24386.02t.COze.ha”
with the aboveground pool and below ground pool having the highest sequestration pote
ntial in the study with the value 0f 20142.57 t.CO,e.ha* (82.60%) and 3021.39t.COe.ha
1(12.35%), respectively. Soil organic carbon pool had asequestration potential of 1221.5
1(5.00%)t.CO2e.ha°

L herbsand sapling pool had the least sequestration potential of 0.55t.COze.ha
1(0.0023%) (Table4.31) (Figure4.7)
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Table4.31: Atable showing Sequestration potential of Ibodi Monkey forest

Sequestration potential

Carbonpool Carbonstock (t.C.ha')  (t.COze.ha?)
Aboveground 5492.93 20142.57
Below ground 823.94 3021.39
Soil 333.11 1221.51
Herbs, Samplings and Litter 0.15 0.55
TOTAL 6650.13 24386.02
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m Aboveground  mSoil  mBelowground  mHerbs, Samplings and Litter

Figure 4.7: lbodi carbon sequestration potential in different pools (t.CO.e.ha™)
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CHAPTER FIVE
DISCUSSION
5.1 Floristic composition of Ibodi monkey forest

The forests of the world carried out a germane role in maintaining and balancing the
natural ecosystem. The forest and its resources fulfill human obligations and demands
by providing renewable raw materials and energy, maintain biodiversity and protect
land and water resources.
The study of the forest flora and its structure are sinequanon in understanding the valu
e and importance of forest (Komolafe et al., 2017).

In the current study, herbaceous species varied across the three physiognomies
studies. Herbaceous species encountered accounts for 23.60 % of the whole flora of
the forest.
There were more herbaceous species in the TF than any other two physiognomies. Thi
s indicates open canopies in this physiognomy due to the practice of shifting cultivatio
n in the area which enables the herbaceous species to thrive due to light availability. Th
is corroborates with the study of Borgmann et al. (2005) and Johnson (2016) that
opined that anthropogenic interferences result in greater ecosystem fragmentation
and disturbances, allowing for the greater establishment of invasive herbaceous
species. Fragmentation increases light availability. However, the study reported that
herbaceous species in the RF were few which might be due to a lesser intensity of
anthropogenic activity compared to the other two physiognomy (Komolafe et al.,
2017). Furthermore, common herbaceous species such as Chromolaena odorata,
Cyathula prostrata, Melenthera scandens, Phaulopsis falcisepala, Pouzolzia
guineensis have been reported to be an invasive species, a weed of cultivated land,
of waste places and forest margins (Fuke et al., 2016; Olowokudejo and Oyebanji,
2016; Komolafe et al., 2017; Rembold et al., 2017). Chromolaena odorata
specifically has been reported to be an obnoxious weed that invades plantations,
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regrowth forest and cultivated agricultural areas competing and interfering with crop-
growth (Akinbiola et al., 2016)

The number of individual woody species varied notably across all the three
physiognomies in the study area. Woody species encountered accounts for 51.8 % of
the whole flora in the forest. The study recorded more woody species in the RF than
other two physiognomies in the study area. This indicates that the intensity of
interferences was more severe at CP and TFF than the RF.
Thismay be due to the factthat both physiognomies are located at fringes of the forest whil
e RF quite secluded away from human habitation. These findings agree with Htun etal. (2

013)and Ayeetal. (2014) that opined that forest cover loss was high in areas close to
park boundaries and roads and low in remote and less accessible areas. Albizia zygia,
Alchornea laxiflora, Antiaris toxicaria, Cnestis ferruginea, Elaeis guineensis, Ficus
exasperata, Lecaniodiscus cupanioides, Newbouldia laevis, Oxytenanthera abyssinica,
Sterculia tragacantha, Voacanga africana were woody species common to the three
physiognomies. Elaeis guineensis was specifically present in the RF indicating human
interference (Salami, 2001; Akinbiola et al., 2016) and a suggestion of previous landuse

of the physiognomy.

Climbers, Epiphytes, ferns and Grass species accounted for 25.10 % of the whole flora
in the forest. Tree Fallow physiognomy has the highest number of species when
compared to the other two physiognomies. This might be due to the age of the forest.
Lianas (woody climbers) are significantly more abundant in young regrowth
secondary forests (< 40 years old) than in older forests (> 100 years-old) ( Dewalt
et al., 2000; Kuzee and Bongers 2005) which may affect tree recruitment, growth
rates, fecundity and survival, as well as alter the successional trajectories of gap-
phase regeneration (Stevens 1987; Clark & Clark 1990; Pérez-Salicrup and Barker
2000; Schnitzer et al., 2000).

Thedominantfamilies in the study area includes Euphorbiaceae (13 species), Moraceae
(12 species), Apocynaceae (11 species), Papilionaceae (9 species), Asteraceae and
Rubiaceae (8 species), Cucurbitaceae and Sterculiaceae (7 species), Acanthaceae,
Malvaceae, Sapindaceae (6 species) and, Mimosaceae (5 species). The dominance of
these families is consistent among different lowland tropical rain forest region (Aye et
al., 2014; Bogale et al., 2017; Rita and Francois, 2018; Salami and Akinyele, 2018)
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5.2 Vegetation structure of Ibodi monkey forest
5.2.1 Species richness, diversity, and evenness among the three physiognomies

The combination of a number of species and their relative abundance determines
species diversity. The values of species diversity depend upon levels of species
richness and evenness (Manuel and Molles, 2007; Bogale et al., 2017)

The result of tree species classification and biodiversity indices (Shannon-Weiner
diversity, and evenness index and Margalef’s Species Richness index) in the three
physiognomies shows that RF is more diverse and has a higher level of richness
followed by CP and TF. The variance in the species classification and biodiversity
indices of the three physiognomies might be probably due to the difference in their
species composition, level of disturbance involved (like selective exploitation of
economic species, fuelwood gathering, and construction). In addition agricultural
expansion, illegal settlement, overgrazing, artisan mining and shifting cultivation are

also major problems of the study area (Bogale et al., 2017)
5.2.2 Sorensen index of similarity among the three physiognomies

The result of Sorensen’s index of similarity was used to determine the similarities
among plant communities. There was high similarity among the three physiognomies,
with similarities highest between CP and TF most importantly in terms of proportion of
species common to the physiognomies. This could be a consequence of the geographic
proximity or closeness of the sites, which are separated by short distances (Santos
et al., 2015). Furthermore, this probably could be linked to anthropogenic and
other environmental factors such as soil type and properties. However, a small
number of habitat tree species may contribute to marked divergences in the
species composition of adjacent communities. This may account for the reduced
similarity observed between the RF and the other two physiognomies (Santos et
al., 2015).

5.2.3 Woody species density

The highest of woody density species was found in the RF and the least in the TF. This
pattern is consistent with the regime and intensity of disturbance in the three difference

physiognomies in the study area. There were selective logging of mature timber species
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in the CP and intensive artisan mining regime in TF which has affected the woody

species in both physiognomies in no small measure.

The dominant species in terms of density are Trichilia prieureana, (92 species per
hectare) of the family Meliaceae, Lecaniodiscus cupanioides, (60 species per hectare)
in the family Sapindaceae and Diospyros sp (56 species per hectare) in the family
Ebenaceae have been reported to be a prominent species in the Nigerian rainforest
(Were, 2001; Salami and Akinyele, 2018). There were thirty woody species found (
with dbh >10cm) in all the three physiognomies with less than 10 individuals per
hectare namely; Albizia ferruginea, Alchornea cordifolia, Alstonia boonei, Canthium
sp, Carpolobia lutea, Ceiba pentandra, Celtis sp, Chrysophyllum albidium, Citrus
sinensis, Cola millenii, Cordia sp, Deinbollia pinnata, Diospyros barteri, Dracaena
manii, Khaya grandifoliola, Monodora myristica, Morinda lucida, Myrianthus
arboreus, Napoleonaea vogelii, Newbouldia laevis, Pentaclethra macrophylla,
Rauvolfia vomitoria, Sterculia rhinopetala, Sterculia tragacantha, Strombosia
pustulata, Trichilia monedelpha, Triplochiton scleroxylon, Vitex doniana, Voacanga
africana, could be endangered in the study area due to persistent interferences on the
forest. (Ihenyen et al., 2010; Aigbe et al., 2017)

5.2.4 Basal Area (m?ha?) distribution

The basal area obtained in this study (33.00 m?ha?) was lower than 86.50 m?.ha'
reported by Salami and Akinyele (2018) in Omo biosphere reserve, Ogun State,
Nigeria. However, the value is higher than the value reported by Alder and Abayomi
(1994), for a well-stocked tropical rainforest in Nigeria with an average basal area of
15.00 m2ha'! though significantly lower than the 64.90 m?.h obtained by komolafe et
al., (2017) for the same study area. When compared to other basal area reported in
Africa, it is reasonably higher than the value of 18.5 m2.h™* reported by Birhanu et al.,
(2018) for Amoro Forest in West Gojjam Zone, North Western Ethiopia and close to
the value of 21.05 m2 ha'* obtained by Hakizimana et al., (2016) for Kibira rainforest,
Burundi. This differences reported in the current study is to be expected since the study
is not under protection by any forest guard. The report that RF has the highest mean
basal area (17.96 m?.ha’) among the three physiognomies shows that the RF is more
mature than other physiognomy types in Ibodi Monkey Forest with a less human
disturbance in the area. Tree Fallowhas the lowest mean basal area (1.93 m?.hat) with
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the CP having an intermediate mean basal area (13.12 m?.ha'). The low basal area
could be attributed to the degree of disturbance, which affect species composition, age

structure, and successional stage of the forest. (Hakizimana et al., 2016).
5.2.5 Family Important value index (FIVI)

The FIVI is an indicator of families that are important in the floristic composition of a
vegetation. Some of the dominant families in this study (Sterculiaceae, Euphorbiaceae,
Apocynaceae, and Meliaceae) have been reported by Onyekwelu et al., (2008) as
dominant tree species in three rainforest ecosystems in southwestern Nigeria. The
findings of this study corroborates the findings of Adekunle et al. (2013) who reported
one or more of the dominant families in this study as dominant in Strict Nature Reserve,

within Akure Forest Reserve in Ondo State, Southwest, Nigeria.

5.3 Temporal changes in the floristic composition and structure of Ibodi Monkey

Forest
5.3.1 Temporal changes in the floristic composition of Ibodi Monkey forest

The forest and its resources in most African countries are threatened by various
natural and most importantly anthropogenic disturbances, such as exploitation of
economic species, land use changes, overexploitation of non-timber forest products,
and agriculture. The challenge of unsustainable use of forest and its resources in Nigeria

is of growing concern and this was evident in the study of Komolafe et al. (2017).

The total number of individual species in all the three physiognomies in the study
increased by 17.2% over a five year period and an average of six (6) new individual
species being introduced to the forest annually. This is significant and indicates that the
site is undergoing rapid and intense environmental changes because of human actions
such as logging, agriculture expansion, land use change, construction, and artisanal
mining. For example, logging was found to be the prevailing factor influencing the
establishment of alien plants in a national park in Madagascar and due to the dominance
and tenacity of the invasive species, the logged sites never regained native species
diversity (Brown and Gurevitch, 2004, Chaudhary, A. et al., 2016).

The number of individual woody species increased by 6.5% over the time period of the
two studies. It must be noted, however, that there was a 5% decrease in the number of

species in the RF while an increase of 53.8% and 22% in CP and TF, respectively. The
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decrease in the species in the RF may be due to anthropological influences while the
increase in the other two physiognomies might be due to the openness of their canopy
to foreign seeds and propagules (Komolafe et al., 2017). It has been noted in a similar
temporal study by Maracahipes-Santos et al., (2018) that the changes observed in the
present study occurred over a period of five years, which is considered a short-term
scale for woody vegetation in the tropics. The number of individual herbaceous species
encountered in comparison with the baseline data indicated there was a 36.40%
increase. Changes in the RF in terms of herbaceous species indicates an 83.30%
increase in the number of herbaceous species in the physiognomy and approximately a
new herbaceous species invading the physiognomy in the past 5 years, this indicates
that the level of interferences that occurred in the past 5 years allowed invasive species
such as Chromolaena odorata (common to the three physiognomies understudy) to
invade the physiognomy (Fuke et al., 2016; Olowokudejo and Oyebanji, 2016).
Furthermore, 35.30% increase observed in the CP and 68.40% increase in new species
observed within 5 years in the TF could be attributed to the past and present
disturbances that have led to a considerable decrease in closed canopy of woody
species.

These levels of alterationand interferences of species composition affects the future eco
system balance, resilience, and sustainability. This corroboratesthe assertion of Swamy
etal. (2010) who stated that many tropical forests have an immense innate capacity for
self-

subsistence though many of them are losing this ability due to excessive biotic interfer

ences such as anthropogenic disturbances.

An increase of 29.70% was observed in the number of individual climber epiphytes, fe
rns and grass species in the study area. There was a 72.70% increase in the number of s
pecies in RFan average of two new species invading the physiognomy in the past 5 ye
ars. This might be as a result of gaps created through selective exploitation of timber w
oody species in this physiognomies. It has been reported that many canopy gaps beco
me colonized by lianas (woody climbers) very soon after gap formation (Schnitzer and
Carson 2001; Schnitzer et al., 2004).
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5.3.2 Temporal changes in the forest structure of Ibodi Monkey forest

5.3.2.1 Temporal changes in the tree Species Classification and Biodiversity

Indices

There was an 11.25% decrease in Shannon-Weiner diversity index (SDI) value in
the RF when compared with the baseline data, however, there was a huge decrease
in the SDI value in CP and TF with a percentage decrease of 84.57% and 90.99%
respectively. The reason for the relatively lower drop in RF SDI value compared to the
may be due to the relatively restricted access to the physiognomy. However, the steep
decrease in the SDI value in both CP and TF could be explained by the extensive
anthropological interferences by the farm owners and the rural populations in the study
area. Group of woody plant species is usually cut or burnt for agricultural, social,
economic and cultural purposes by local populations. (Rita and Francois, 2018).

Species richness index (SR1) shows a 44.18% decrease in the RF over the 5 year period
after Komolafe et al. (2017). Moreover, a decrease of 87.27% and 93.85% was
observed in CP and TF respectively. The steep temporal change in SRI over the 5 year
period observed in all the physiognomies shows that there was variation or change in
the plant species composition over time (Olatunji et al., 2015). Furthermore, Olatunji
et al. (2015) reported SR is related to the level of disturbance in the forest, this explains
the low decrease in SRI value in the RF when compared with CP and TF.

The Species Evenness Index (SEI) for the forest is indicative of high species
distribution and the evenness of species. (Onyekwelu et al., 2008; Salami and Akinyele,
2018). This may be a function of the level of interferences and disturbances in the area.
This supports the observation of this study that temporal changes in the SEI was
responsible for the decrease with percentage SEI decreasing in order of RF<CCP<TF.
This furthermore, corroborated the report of Lalfakawma et al. (2009), who opined that

undisturbed site achieved highest equability or evenness than the disturbed site in their
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study of community composition and tree population structure in undisturbed and

disturbed tropical semi-evergreen forest stands of north-east India.

The temporal change in the Sorensen’s similarity index (SSI) indicates that there was an
increase in similarity in the three physiognomies over the past 5 years. There was low
similarity specifically between RF-CP (21.11%) and RF-TF (16.54%) five years ago.
This might be due but not limited to land use change in the study area. This supports
Chaudhary et al. (2016) that reported that Serensen’s similarity index that may be
more sensitive to land use impacts than relative species richness. Other factors of
influence include the variation in species composition and diversity among
communities which could be associated with different factors, such as altitude,

anthropogenic impacts, soil properties, slope, and aspect. (Bogale et al., 2017)
5.3.2.2 Temporal changes in woody species density

There was more than a 100% decrease in the density of woody species in the study area
per hectare. In the RF, the density of species per hectare reduced from 1483 to 484,
1072 to 292 in CP and 792 to 176 in the TF. Land use changes and logging are two
major factors that might be responsible for this high decline in the density of species.
(Htun et al., 2013). However, Houehanou et al. (2012) and Pereki et al. (2013) pointed
out that bushfire and breakage might have significant negative influence on woody
species density particularly in lower layer, other factors include differences in condition
of each physiognomy in the study site over the period of study, species characteristics
for adaptation, degree of exploitation, conditions for regeneration (Shibru and Balcha,
2004) and a wider distribution of the species in the forest. (Birhanu et al., 2018)

5.3.2.3 Temporal changes in the basal area

The Mean Basal Area (MBA) of the study site reduced from 64.90 m?ha? to 33.01
m2hat over the 5 year period after Komolafe et al. (2017). The major decrease was in
the RF with 56.10% decrease and 38.81% and 24.31% in CP and TF. This trend
indicates that study sites are now dominated by shrubs and saplings. Furthermore,
cutting down trees and other factors influenced species by reducing the number of

stems, affecting species diversity and the size of species. (Birhanu et al., 2018)

5.4 Carbonstockandsequestrationpotentialin lbodi Monkeyforest
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5.4.1SoilOrganicCarbon(SOC),Nitrogen(N),Organicmatter (OM)in Ibodi

monkeyforest

Soil organic carbon was observed to be relatively high in the surface layers of the
soils of the three physiognomies. However, the highest organic carbon was found in
the Regrowth Forest physiognomy (RF), while the least was found in the TF. This
can be attributed to a number of factors such as high litter input by the forest
(Pinheiro et al., 2017) and dead soil fauna in the regrowth physiognomy.
Decomposition of litterfall, slashed undergrowth and decayed cacao pods especially
at the soil surface were responsible for increase in SOC in the Cocoa plantation
physiognomy. It is at the soil surface that most biological activity is concentrated
(Banwart et al., 2014; Gideon et al., 2016).

The percentage organic carbon in the three physiognomies of this study reasonably
low with values ranging from 2.25% to 3.29% but values as high as 4.63% have
been reported for surface soils with content decreasing with depth. (Enwezor et al.,
1981; Gideon et al., 2016) However, low organic carbon content has been reported
by Ufot et al., 2016 (1.03%) in their study of effects of land use on soil physical
and chemical properties in Akokwa Area of Imo State, Nigeria, also Gideon et al.,
2016 (1.63%) in three land use systems in Abia State, Nigeria. However, the value
of 2.60% reported by Agboola (2017) for the tropical moist forest of Osun State is
in agreement with this study.

Nitrogen content was observed to be highest in the RF and TF has the least N. The
value of Total N in the study area which ranged between 0.21% and 0.29% was
close to 0.31% N reported for Nigerian forest soils by Onyekwelu et al. (2008).
However, it is significantly lower than plant sufficiency range (1 and 6%) in soils
(Gideonetal.,2016). The higher total N in the RF soil maybe due to microbial
mineralization of organic residues, especially litter fall (Gideon et al., 2016). There
was a general decrease in Total N with depth from 0 - 15 cm to 45-60 cm, this
might be due to diminishing humus with depth. (Gbadegesin et al., 2012; Ufot et
al., 2016)

Soil organic matter (SOM) dynamics are directly proportional to plant inputs such as
leaf litter and root products. In this study, Soil Organic Matter (SOM) was highest in

the RF and was the least TF. This might be as a result of the level of disturbances in
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each of the physiognomy understudy (Arévalo-Gardini et al., 2015). Losses of SOM in
the TF could be attributed to rapid mineralization following previous cultivation which
disrupts soil aggregates, and thereby increases aeration and microbial accessibility to
SOM (Solomon et al., 2000; Solomon et al., 2002).

5.4.2 Soil Carbon Stocksin Ibodi monkey forest

The soil carbon stock is a balance of incoming carbon from organic matter and carbon
losses either through decomposition processes or Dissolved Organic Carbon (DOC) le
aching (Davidson and Janssens, 2006; Raich et al., 2006; Hombegowda et al., 2016).

Soil Organic Carbon losses and gains reflect a change in the equilibrium of carbon inpu
ts, losses in the present land uses and influence through other factors such as anthropol

ogical interferences. (Van Straaten et al., 2015).

The total Carbon Stocks in three physiognomies in Ibodi Monkey forest (333.11 t.h"

1) was more than the average value stored in the whole soil profile of the mid-
latitudinal belt of the world (96.00 t-ha™t), although it falls within the results obtained
by Lal (2004) for soil carbon stock for tropical (121-123 t-ha™?), temperate (96—

147 t-ha™t) and boreal forest ecosystems (247—

344 t-ha™t). However, results obtained from this study was reasonably higher than the
one obtained in riparian vegetation (61.23 t-ha™®) in lle-

Ife by Onome and Odiwe (2018). The dissimilarities might be a result of the several fa
ctors such as sampling depths, the management history of the study sites, climatic, geo

graphical, geological and environmental factors in the study sites. (Justine et al., 2015)

Regrowth Forest physiognomy (RF) (144.34t.h°

1Y had significantly higher soil carbon stocks than the two physiognomies with the Cocoa P
lantation physiognomy (CP) (94.37t.ha”

Y havingthe least soil carbon stocks. RF contributed the highest percentage (44.33%) tot

he carbon stock pool inthe studyareaimplyingthatincrease in RFwill lead to increased ac
cumulation of soil organic carboninthe pool. (Olorunfemietal., 2019). Continuous remo

valofstandinglittercropviaopencanopies, deadwoodandtwigs, fuelwoodgathering, char

coalmaking, loggingofmerchantablespecies, forestclearingforagriculturalartisanminin
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garefewhumanpressurethatmightbeaconfoundingfactorwhenanalyzingthevariationin

soilcarbonstockinIbodimonkey forests (Girmayetal., 2008; Tesfayeetal., 2016).
5.4.3 Above ground Biomass and Carbon stock in the aboveground pool

Regrowth Forest physiognomy(RF) (441160.98 kgha™
Hhadthehighestabovegroundbiomasscontributing 64.25%oftotal AGB inthestudysite,
26.89%and8.86%inCocoaplantationphysiognomy (CP)(174042.21kgha

1Y and Tree fallow Physiognomy TF (60815.01 kgha

1, respectively. The total AGB inthe studyarea decreased with increasing level of interfe
rence and disturbance peculiar to each site. Other factors, however, includes plant
species and growth forms within spatial gradients, soil moisture, and edaphic
conditions (Wang et al., 2008).

Furthermore, more biomass is contained in aboveground carbon pool than in other
carbon pool. (Olorunfemi et al., 2019). The AGB pool accounted for 82.60% of the

total biomass of the study area.

One important finding of this work was the significantly higher aboveground carbon st
ock inthe RF compared to other physiognomies even though all three physiognomiesare e
xposed toequally intensive interferences, the highnumber of large trees in RF still gave th
e physiognomyasignificantly higheraboveground carbon stocks. The obviousdifference
inthe aboveground carbon stock of RF compared to other physiognomiesis due to greater
production of biomass inthe forest trees. The differences inaboveground carbon storage a
mong different physiognomies in this study reveals variation inanumber of factors peculi
arto different physiognomiesacross the study site namely tree structure, the regime of dist
urbance history, management practices and soil fertility (Ngoetal.,2013; Olorunfemieta
1.,2019). Low biomass and carbon stocks observed inthe TF might be due to loss of carbon

resulting fromthe removal of vegetation. (Contietal., 2014).
5.4.4 Carbon stock in the herbs, shrubs and litter pool

The carbon stock recorded inthe litter, herbsand saplingswas 0.1488t.C.ha"

Linallthe three physiognomy, this falls within the values reported for some other tropical f
orestsinvarious parts oftheworld (>1to>30t.C.ha"

1 (Barkeretal.,2007; Yangetal.,2010). Moreover, the value was reasonably close to the r

ange obtained by Ogunsanwo (2016) (0.03-0.11t.Cha-1) along the ripariancorridorin lle-
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Ife, South western Nigeriaand less than the estimate of Onome and Odiwe (2018) (2.13 -
4.25t.C.ha'* (shrubsand herbs) and 5.83—25.44t.C. ha

! (standing litter) for forest vegetations in Obafemi Awolowo University, atropical rainfor
estecosystem, southwest, Nigeria.

5.5 Carbonsequestration potential

Ibodi monkey forest has the capacity of storingup to 6650.13t.ha"

L of Cwiththe carbon sequestration potential of 24386.02t.COe.ha

! Reportsonthetropical forest have put the range of soil C storage between 90 -

200t C/ha(Amundson, 2001; Lewisetal.,2009). The result obtained in this study for SO
C(1221.51t.COze.ha

1was reasonably higher than the range for the tropics. Nair (2012) has also reported seque
stration of biomass carbon inthe range of 3—

18tCha*oncultivated land, this range was lower to the sequestration potential for the Tre
e Fallow (TF) physiognomy (1784.07t.CO.e.ha

1Y where some form of cultivation is going on. The forest has the potential in mitigating cli
mate change by sequestering huge volume of CO equivalents if well managed. However,
Nigeria, beingadeveloping country has the challenge of deforestation, forest degradation

and land use/land cover change which culminate into high carbon emissions.
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CHAPTERSIX
SUMMARY AND CONCLUSION
6.1 Summary

Quantification of vegetation structure, floristic composition, and temporal changes
from the baseline data showed remarkable changes over time and in the three different
physiognomies. The intensity of disturbance in the study area showed a subtle change
of RF to TF through logging, agriculture artisan mining, and erection of buildings. This
led to a 17.2% increase in the number of individual species over the five year and an
average of six (6) new individual species being introduced to the forest annually,
species are mostly herbaceous species and saplings. Moreover, the structure of the
forest has been disturbed with diversity index value reduced by 11.25% in the RF in a
5 year period, with reduction as high as 90.99% in the TF. Also, evaluation of the
temporal changes in Sorensen similarity index (SSI) value among the three

physiognomies shows that RF has become more similar to the CP and TF.

Onemajorfinding of the current study was that carbon stocks under different physiogno
mies in Ibodi Monkey forest, southwestern Nigeria indicates a varying differences am
ong the three physiognomies. Regrowth forest physiognomy had greater biomass and t
otal carbon stocks than the other two physiognomies (Cocoa plantation physiognomy a
nd Tree fallow physiognomy). A baseline overall estimate of carbon stock and sequestr
ation potential carbon sequestration potential of Ibodi Monkey forest was6650.13t.C.
ha*and 24386.02 t.CO.e.ha respectively.

6.2 Conclusion

Theoutcomeofthis result proves there is rich biodiversity and higher carbon
accumulation within the regrowth forest. However, less species and biodiversity
recorded within the two most disturbed physiognomies (CP and TF) reveals the extent

to which disturbance can impact negatively on the potential of Ibodi Monkey forest to
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be an effective Carbon
sink. The sequestration potential estimated indicates the forest still has the potential to p

lay a role in the global climate change mitigation.
6.3 Recommendations

In

othertoimprove and sustain the forest carbon storage potential, itis pertinent that urgent
management practices that sequester carbon is introduced to mitigate and arrest the pe
nding destruction of the remaining carbon pool in the study area. This might include e
mploying a forest guard and also proper demarcation of the boundaries of the forest to
limit encroachment by villagers. Furthermore, sensitization outreaches should be imple
mented to create awareness on the imperative of forests, to give the villagers better un
derstanding on how forests work and why they are important to change their opinion s

o that they can appreciate the use and potentials of the forest.

6.4 Contribution to knowledge

This study provides the baseline information on the carbon sequestration
potential of different physiognomies in Ibodi monkey forest and the forest as a who
le. Thestudysuppliesinformationonthe species of the forest which can play in
a vital role in the mitigation of climate change. Furthermore, the study provides
data on which proper management Strategies and plans can be made to salvage
the biodiversity of Ibodi Monkey Forest.

Futher studies should be conducted on the temporal changes in both species compositon
and carbon stocks to ensure proper monitoring of the effectiveness of the management

programs recommended.
6.5 Suggestions for futher studies

Futher studies should be conducted on the temporal changes in both species compositon
and carbon stocks to ensure proper monitoring of the effectiveness of the management
programs recommended. Due to the anthropogenic activities in the study, the endemic
monkey species have moved deeper in the regrowth forest, a study of their habitat range
will be highly useful. Artisanary mining have impacted the soil, flora and fauna of
several part of the forest, The effect of gold mining is recommended to determine if any

the environmental impact on the forest soil, flora and fauna.

129



REFERENCES

Adedeji, O. H., Tope-Ajayi, O. O. and Abegunde, O. L. 2015. Assessing and
Predicting Changes in the Status of Gambari Forest Reserve, Nigeria Using
Remote Sensing and GIS Techniques. Journal of Geographic Information
System, 7, 301-318. http://dx.doi.org/10.4236/]9is.2015.73024.

Adekunle, V. A., Adewole, O.O.and Akindele, S. O.2013. Tree species diversity and stru
cture of Nigeriastrictnature reserve. International Society forTropical Ecology, 54(
3):275-289.

Agboola, O. O. 2017. Plant species composition, diversity, structure and carbon seque
stration of tropical moist forests and savannas of Osun state. Phd Thesis
submitted to the Department of Botany, Obafemi Awolowo University, lle-Ife,
Osun State.

Aigbe, H. 1., Nchor, A. A., and Obasogie, F. O. 2017. Structure and Floristic
Compositions of Ehor Forest Reserve, Edo State, Nigeria. Structure, 22(2), 197-
209.

Akinbiola, S., Awotoye, O., Adepoju, K. and Salami, A. 2016. Floristic indicators of
tropical land use systems: Evidence from mining areas in Southwestern Nigeria.

Global Ecology and Conservation, 7, 141-147.

Alder, D. and Abayomi, J. O. 1994. Assessment of data requirement for sustained yiel
d calculations unpublished report prepare for the Nigeria Tropical Action Progra

mme, FORMECU, Federal department of forestry, Ibadan Nigeria. 28p.

Amundson,R. 2001. The Carbon Budget in Soils. Annual Review of Earth and
Planetary Sciences, 29,535-562.

Arévalo-Gardini, E., Canto, M., Alegre, J., Loli, O., Julca, A., and Baligar, V. 2015.

Changes in soil physical and chemical properties in long term improved natural

130



and traditional agroforestry management systems of cacao genotypes in Peruvian
Amazon. PloS one, 10(7), e0132147.

Ashby, J. and Pachico, D. 2012. CLIMATE CHANGE: From concepts to action. A

guide for development Practitioners. Catholic Relief Services.

Avitabile, V., Herold, M., Heuvelink, G.B., Lewis, S.L., Phillips, O. L., Asner, G.P.,
Armston, J., Ashton, P.S., Banin, L., Bayol, N. and Berry, N. J., 2016. An
integrated pan-tropical biomass map using multiple reference datasets. Global
change biology, 22(4), pp.1406—1420.

Aye, Y. Y., Pampasit, S., Umponstira, C., Thanacharoenchanaphas, K. and Sasaki,
N. 2014. Floristic Composition, Diversity and Stand Structure of Tropical
Forests in Popa Mountain Park. Journal of Environmental Protection, 5, 1588-
1602. http://dx.doi.org/10.4236/jep.2014.517150

Baccini,A.G.S.J.,Goetz,S.J.,Walker, W.S., Laporte, N. T., Sun, M., Sulla—Menashe, D
., Hackler, J., Beck,P.S. A., Dubayah, R., Friedl, M. A.and Samanta, S., 2012. Esti
mated carbon dioxide emissions from tropical deforestation improved by carbon—d

ensity maps. Nature climate change, 2(3), pp.182—185.

Banwart, S. A., Noellemyer, E. and Milne, E. 2014. Soil Carbon: Science,
Management and Policy for Multiple.Wiley- Blackwell, UK. pp 249.

Barker, T., I. Bashmakov, A. Alharthi, M. Amann, L., Cifuentes, J., Drexhage, M.,
Duan, O., Edenhofer, B., Flannery, M., Grubb, M., Hoogwijk, F. I., Ibitoye, C. J.,
Jepma, W. A. and Yamaji, K. 2007. Mitigation from a cross-sectoral perspective.
Climate Change 2007: Mitigation. Contribution of Working Group 11l to the
Fourth Assessment Report of the Intergovernmental Panel on Climate Change, B.
Metz, O. Davidson, P. Bosch, R. Dave and L. Meyer, Eds., Cambridge University
Press, Cambridge, UK.

Batjes, N. H. 1996. Total C and N in soils of the world. Eur. J. Soil Sci. 47, 151-163.

131



Beer, C., Reichstein, M., Tomelleri, E., Ciais, P., Jung, M., Carvalhais, N., R6denbeck
, C., Arain, M.A., Baldocchi, D., Bonan, G.B. and Bondeau, A., 2010. Terrestrial
gross carbon dioxide uptake: global distribution and covariation with climate. S
cience, 329 (5993), pp.834—838.

Birhanu, L., Bekele, T. and Demissew, S. 2018. Woody species composition and
structure of Amoro Forest in West Gojjam Zone, North Western Ethiopia. Journal
of Ecology and the Natural Environment, 10(4), 53-64.

Bogale, T., Datiko, D. and Belachew, S. 2017. Floristic Composition and Community
Analysis of Berbere Forest, Bale Zone, South East Ethiopia. Agriculture, Forestry
and Fisheries, 6(6), 206.

Borgmann, U., Couillard, Y., Doyle, P. and Dixon, D. G., 2005. Toxicity of sixty-three
metals and metalloids to Hyalella azteca at two levels of water hardness.
Environmental toxicology and chemistry: an international journal, 24(3), pp.641-
652.

Boucher, D., Elias, P., Lininger K., May-Tobin, C., Roquemore, S. and Saxon E.
2011. The Root of the Problem: What’s Driving Tropical Deforestation Today?
Union of Concerned Scientists. Cambridge, Massachusetts.

Broos, K. and Baldock, J. 2008. Building Soil Carbon for Productivity and Implications fo
r Carbon Accounting. In South Australian GRDC Grains Research Updates; CSIR
OPublishing: Clayton South, Australia.

Brown, K. A.and Gurevitch, J.,2004. Longterm impacts of logging on forest diversityin
Madagascar. Proceedings of the National Academy of Sciences, 101(16), pp.6045-

6049.

Brown, S. 1997. Estimating Biomass and Biomass Change of Tropical Forests: A
Primer. FAO Forestry Paper 134. FAO, Rome.

132



Brown, S., Gillespie, A. and Lugo, A. 1989. Biomass estimation methods for tropical

forests with applications to forest inventory data. Forest Sci. 35, 881-902.

Chaudhary, A., Burivalova, Z., Koh, L.P. and Hellweg, S., 2016. Impact of forest
management on species richness: global meta-analysis and economic trade-offs.

Scientific reports, 6(1), pp.1-10.

Chave, J., Andalo C., Brown, S., Cairns, M. A., Chambers, J. Q., Eamus, D., Folster
H., Fromard. F., Higuchi, N., Kira, T., Lescure, J. P., Nelson, B. W., Ogawa, H.,
Puig, H., Riera, B., Yamakura, T. 2005. Tree allometry and improved estimation

of carbon stocks and balance in tropical forests. Oecologia, 145: 87—99.

Chave, J., Muller-Landau, H. C., Baker, T. R., Easdale, T. A., Steege, H. T. and
Webb, C. O. 2006. Regional and phylogenetic variation of wood density across
2456 Neotropical tree species. Ecological applications, 16(6), pp.2356-2367.

Chave, J., Réjou-Méchain, M., Burquez, A., Chidumayo, E., Colgan, M.S., Delitti,
W.B., Duque, A, Eid, T., Fearnside, P.M., Goodman, R.C. and Henry, M. 2014.
Improved allometric models to estimate the aboveground biomass of tropical
trees. Global change biology, 20(10), pp.3177-3190.

Chung-wang, X., and Ceuleman, R. 2004. Allometric relationship for below and above
ground biomass of young Scot pines. Forest Ecology and Management 203: 177-
186

Clark, D. B., and Clark, D. A. 1990. Distribution and effects on tree growth of lianas
and woody hemiepiphytes in a Costa Rican tropical wet forest. Journal of
Tropical Ecology 6:321-331.

Cloughesy, M. 2006. Forests, Carbon and Climate Change: A Synthesis of Findings.
The Oregon Forest Resources Institute, Oregon State University College of
Forestry, and Oregon Department of Forestry. Oregon Forest Resources Institute,

Portland, Oregon.

133



Conti, G. Pérez-Harguindeguy, N., Quétier, F., Gorné, L.D., Jaureguiberry, P., Bertone,
G.A., Enrico, L., Cuchietti, A., Diaz, S. 2014. Large changes in carbon storage
under different land-use regimes in subtropical seasonally dry forests of southern
South America. Agric. Ecosyst. Environ. 197, 68—76.

Davidson, E. A. and Janssens, I. A. 2006. Temperature sensitivity of soil carbon

decomposition and feedbacks to climate change. Nature, 440 (7081), p.165.

Dean, W.E., 1974. Determination of carbonate and organic matter in calcareous
sediments and sedimentary rocks by loss on ignition; comparison with other
methods. Journal of Sedimentary Research, 44(1), pp.242-248.

Dewalt, S.J., Schnitzer, S. A. and Denslow, J.S. 2000. Density and diversity of lianas
along a chronosequence in a central Panamanian lowland forest. Journal of

Tropical Ecology, 16(1), pp.1-19.

Djomo, A. N., Adamou, I., Joachim, S., Gode, G. 2010. Allometric equations for
biomass estimations in Cameroon and pan moist tropical equations including

biomass data from Africa. Forest Ecology and Management, 260:1873-1885

Dominguez-Calleros, P. A., Chaidez, J. D. J. N., de Jesus Rodriguez-Flores, F. 2016.
Fitting And Testing Allometric Equations for Mexico’s Sinaloan Tropical Dry
Trees and Forest Inventory Plots. Tropical and Subtropical Agroecosystems,
19(1).

Ecolink, 2007. Climate Change: Forests and Carbon Sequestration, 0-3.

Enwezor, W. O., Udo, E. J. Sobulo, R. A. 1981. Fertility Status and Productivity of the
“Acid Sands”. In: E. J. Udo and R. A. Subulo (eds) ,,Acid Sands* of Southern
Nigeria. The Soil Sci. Soc. of Nigeria. Monol: 21 — 58.

FAO 2003 State of the world’s forests. Technical report, United Nations Food and
Agriculture Organization at
http://www.fao.org/DOCREP/005/Y7581E/Y7581E00.HTM.

134


http://www.fao.org/DOCREP/005/Y7581E/Y7581E00.HTM

FAOQO, 2006. Report of the expert consultation on Global Forest Resources Assessment:
Towards FRA 2010, 12-16 June 2006, Kotka, Finland. Rome, Italy. (Also
available at http://www.fao.org/forestry/11187-1-0.pdf).

FAO, 2009. FAOSTAT: production\crops. http://faostat.fao.
org/site/567/default.aspx#ancor.

FAQO, 2011. Situation des forets du monde. Rome: Organisation des Nations Unies

pour I’ Alimentation et I’ Agriculture, 102-177.

FAO, 2013. “World Agriculture: Toward 2015 / 2030~
http://www.fao.org/docrep/004/y3557e/y3557e10.htm

FAOQO, 2016. Sustainable Forest Management Available from: http://bit.ly/10eZDCKk.
Feldpausch, T. R., Lloyd, J., Lewis, S. L., Brienen, R. J., Gloor, M., Monteagudo
Mendoza, A., Lopez-Gonzalez, G., Banin, L., Abu Salim, K., Affum-
Baffoe, K. and Alexiades, M., 2012. Tree height integrated into pantropical forest

biomass estimates. Biogeosciences, pp.3381-3403.

Fuke, Y., Akin-Fajiye, M.,Magar,K. T. Ren, J. and Gurevitch. J. 2016. A global
systematic review of ecological field studies on two major invasive plant species,
Ageratina adenophora and Chromolaena odorata Diversity and
Distributions 22, no. 11 (2016): 1174-1185.

Gbadegesin, A. S., Abugiam, T. A., Ata, J. E. 2012. Variation in Soil Properties on
Cassava production in Southern Nigeria. Journal of Geography and Geology.
Canada Center of Science and Edu, 2012; 3 (1): 94-103

Geist, H., Lambin, E., 2002. Proximate causes and underlying driving forces of tropical
deforestation. BioScience 52: 143-150. Ghana

Gibbs, H. K., Brown, S., Niles, J.O. and Foley, J. A. 2007. Monitoring and estimating
tropical forest carbon stocks: making REDD a reality. Environmental Research
Let- ters 2(4): 045023.

135


http://www.fao.org/forestry/11187-1-0.pdf
http://www.fao.org/docrep/004/y3557e/y3557e10.htm

Gideon, I. K., Ogbonna, A. N., Nzegbule, E. C. 2016. Soil physicochemical properties
in three land use systems (Theobroma Cacao, Gmelina Arborea and Secondary
Forest) in Umuahia, North of Abia State, Nigeria. Canadian Journal of
Agriculture and Crops, 1(1), 19-29.

Girmay, G., Singh, B.R., Mitiku, H., Borresen, T. Lal, R. 2008. Carbon stocks in Ethiopia
nsoilsinrelation to land use and soil management. Land Degradation & Developme
nt,19(4), pp.351-367.

Gullison, R. E., Frumhoff , P., Canadell, J., Field, C. B., Nepstad, D. C., Hayhoe,
K., Avissar, R., Curran, L. M., Friedlingstein, P., Jones, C. D. and Nobre, C.
2007. Tropical Forests and Climate Policy. Science 316, 985-986.

Han,S.H.,Meng, L.,Park,G.S.,Kim,S.B.,Cho, M. S.andPark, B. B.2017. Characteristi
csofsoil carbonand nutrientstocks across land use types inaforest region of central
Korea. Forestscience andtechnology, 13(3), pp.93—99.

Hansen, M.C., Potapov, P.VV.,Moore, R., Hancher, M., Turubanova, S.A., Tyukavina,
A., Thau, D., Stehman, S.V., Goetz, S.J., Loveland, T.R. and Kommareddy, A.,
2013. High-resolution global maps of 21st-century forest cover change. Science,
342(6160), pp.850-853.

Hakizimana, D., Huynen, M. C., Hambuckers, A. 2016. Structure and floristic
composition of Kibira rainforest, Burundi. Tropical Ecology, 57(4), 739-749.

Henry, M., Besnard, A., Asante, W. A., Eshun, J., AduBredu, S., Valentini, R,
Bernoux, M., Saint-Andre, L. 2010. Wood density, phytomass variations within
and among trees, and allometric equations in a tropical rainforest of Africa. Forest
Ecology and Management, 260: 1375-1388.

Herring D. 2007. Earth's Temperature Tracker. National Aeronautics and Space
Administration.

http://earthobservatory.nasa.qgov/Features/GISSTemperature/qiss temperature.p

hp

136


http://earthobservatory.nasa.gov/Features/GISSTemperature/giss_temperature.php
http://earthobservatory.nasa.gov/Features/GISSTemperature/giss_temperature.php

Hirata, Y., Takao, G., Sato, T. Toriyama, J. 2012. REDD+ Cookbook. How to measure
and monitor forest carbon. Tsukuba: REDD Research and Development Center,
Forestry and Forest Products Research Institute Japan 156pp. ISBN 978-4-
905304-15-9 A.

Hofstad, o., Kohlin, G. and Namaalwa, J. 2009. How can emissions from wood fuel b
e reduced? In Realising REDD+: National strategy and policy options, edited by
Angelsen, A Brockhaus, M. Kanninen, M. Sills, E. Sunderlin, W. D. Wertz S.
Kanounnikoff. bogor, indonesia: center for international Forestry research, 237-
249.

Hombegowda, H. C., Straaten, O. V., Kohler, M., Holscher, D. 2016. On the
rebound: soil organic carbon stocks can bounce back to near forest levels when

agroforests replace agriculture in southern India. Soil, 2(1), 13-23.

Houehanou, T. D., Glélé Kakal, R. L., Assogbadjo, A. E., Kindomihou, V., Houinato,
M., Wittig R, Sinsin, B. A. 2012. Change in the woody floristic composition,
diversity and structure from protected to unprotected savannahs in Pendjari
Biosphere Reserve (Benin, West Africa) Afr. J. Ecol. 51:358—365.

Houghton, D. D. 2002. Introduction to climate change: Lecture notes for
Meteorologists. WORLD METEOROLOGICAL ORGANIZATION WMO-No.
926 Secretariat of the World Meteorological Organization Geneva — Switzerland

Houghton, R. A, Lawrence, K. T., Hackler, J. L. and Brown, S. 2001. The spatial
distribution of forest biomass in the Brazilian Amazon: a comparison of estimates
Glob. Change Biol. 7 731-46

Houghton, R. A., van der Werf, G. R. DeFries, R. S. Hansen, M. C. House, J. I. Le

Quére, C. Pongratz, J. and Ramankutty, N. 2012. Chapter G2 Carbon emissions
from land use and land-cover change, Biogeosciences Discuss, 9, 835-878.

137



Htun, N.Z., Mizoue, N. and Yoshida, S. 2013. Changes in Determinants of
Deforestation and Forest Degradation in Popa Mountain Park, Central Myanmar.
Environmental Management, 51, 423-434. http://dx.doi.org/10.1007/s00267-
012-9968-5

Ihenyen, J., Mensah, J. K.and Okoegwale, E. E. 2010. Trees/shrubs species diversity of E
hor Forest Reserve in Uhummode local government area of Edo state, Nigeria. Depa
rtmentof botany, Ambrose Ali University, Ekpoma. Research 2(2): 37 -49p.

IPCC, 2001. “Climate Change 2001: Impacts, Adaptation, and Vulnerability,” Contrib
ution of Working Group 1l to the 3rd Assessment Report of the Intergovernmental
Panel on Climate Change, Cambridge University Press, Cambridge and New York
,2001.

IPCC, 2006. IPCC Guidelines for National Greenhouse Gas Inventories. Prepared by the
National Greenhouse Gas Inventories Programme ed H S Eggleston, L Buendia,
KMiwa, T Ngara and K Tanabe (Japan: Institute For Global Environmental

Strategies)

IPCC, 2007. Climate Change 2007: The Physical Science Basis. Contribution of
Working Group | to the Fourth Assessment Report of the Intergovernmental
Panel on Climate Change. Cambridge, UK and New York, USA, Cambridge

University Press.

IPCC, 2014. In: PichsMadruga, O.,R., Sokona, Y., Farahani, E., Kadner, S., Seyboth, K.,
Adler, A.,Baum, I., Brunner, S., Eickemeier, P., Kriemann, B., Savolainen, J., Schl
6mer, S., von Stechow, C., Zwickel, T., Minx, J.C. (Eds.), Climate Change 2014: Mi
tigation of Climate Change. Contribution of Working Group I11to the Fifth Assess
mentReport of the Intergovernmental Panel on Climate Change [Edenhofer.Cambr

idge University Press, Cambridge, UKand New York, NY.

Johnson, T. B. 2016. Influence of urban disturbances, soil properties, and other abiotic
and biotic factors on L. Maackii invasions of remnant urban riparian hardwood
FORESTS Environmental Studies: Student Scholarship & Creative Works.

http://digitalcommons.augustana.edu/envrstudent/1

138


http://dx.doi.org/10.1007/s00267-012-9968-5
http://dx.doi.org/10.1007/s00267-012-9968-5
http://digitalcommons.augustana.edu/envrstudent/1

Jos, G. J.,Janssens-
Maenhout, G.and Jeroen, A.H.W.2012. Trends in Global CO2 Emissions, 2012 Re
port, Background Studies. PBL Netherlands environmental assessmentagency and

European Commission jointresearch Centre: the hague/ Bilthoven, netherlands.

Justine, M., Yang, W., Wu, F., Tan, B., Khan, M., Zhao, Y. 2015. Biomass stock and
carbon sequestration in a chronosequence of Pinus massoniana plantations in the
upper reaches of the Yangtze River. Forests, 6(10), 3665-3682.

Kaewkrom, P, Kaewkla, N, Thumnikkapong, S, Punsang, S. 2011. Evaluation of carbo
n storage in soil and plant biomass of Primary and Secondary mixed deciduous fo
rests inthe lower northern part of Thailand. African Journal of Environmental Scien
ceand Technology, 5(1): 8-14.

Karl, T.R.and Trenberth, K. E. 2003. Modern Global Climate Change Science 302, 1719
(2003); DOI: 10.1126/science.1090228

Keay, R. W. 1989. Trees of Nigeria. Oxford University Press.

Keenan,R.J.,Reams, G. A., Achard, F., de Freitas, J.V., Grainger, A.and Lindquist, E., 20
15. Dynamics of global forest area: Results from the FAO Global Forest Resources

Assessment 2015. Forest Ecology and Management, 352, pp.9—20.

Kent,M.,and Coker, P. 1992. Vegetation Description and Analysis. A Practical
Approach. Belhaven Press, London Pp.351.

Kenzo, T., Furutani, R., Hattori, D., Kendawang, J. J., Tanaka, S., Sakurai, K. and
Ninomiya, I. 2009. Allometric equations for accurate estimation of above-ground
biomass in logged-over tropical rainforests in Sarawak, Malaysia. Journal of
forest research, 14(6), pp.365-372.

139



Kissinger, G., M. Herold, V. Des, Y.2012. Drivers of Deforestation and Forest Degradati
on: A Synthesis Report for REDD+ Policymakers. Lexeme Consulting, Vancouver
Canada, August2012.

Klenk, L. N., Mabee, W., Gong, Y., Bull, G., 2012. Deforestation, Forest Management
and Governance. Encyclopedia of Life Sciences, accepted for publication.
Komolafe, E. T.2015. Floristic Composition and Structural Diversity of Ibodi Monkey F

orest, Ibodi, Southwestern Nigeria. Obafemi Awolowo University, lle-Ife.

Komolafe, E. T., Olajide, O. S., Ademayowa, O., Olusanya, O. 2017. Floristic compositio
nand structural diversity of Ibodi monkey forest, Ibodi, southwestern Nigeria. Pak.
J.Bot, 49(4),1359-1371.

Korner, C.2003.Slow in, rapid out-Carbon flux studies and Kyoto targets. Science
300:1242-1243.

Krisnawati, H., Wahjono, D. and Imanuddin, R., 2011. Changes in the species
composition, stand structure and aboveground biomass of a lowland dipterocarp
forest in Samboja, East Kalimantan. Indonesian Journal of Forestry Research,
8(1), pp.1-16.

Kuyah, S. and Rosenstock, T.S. 2015. Optimal measurement strategies for
aboveground tree biomass in agricultural landscapes. Agroforestry systems,
89(1), pp.125-133.

Kuzee, M. E. and Bongers, E. 2005. Climber abundance, diversity and colonization in
degraded forests of different ages in Cote d'lvoire. Forest Climbers of West
Africa. Diversity, Ecology and Management (Eds F.Bongers, M.P.E.Parren & D.
Traore), pp. 67-84. CABI Publishing, Wallingford.

Lal, R. 2004. Soil carbon sequestration to mitigate climate change. Geoderma 2004,
123, 1-22.

140



Lal, R. 2008. Carbon sequestration. Philosophical Transactions of the Royal Society B:
Biological Sciences 363: 815-830.

Lalfakawma, S. U. K., Roy, S., Vanlalhriatpuia, K., Vanalalhluna, P. C. 20009.
Community Composition and Tree Population Structure inundisturbed and
Disturbed Tropical Semi-Evergreen Forest Stands of North-East India. Appl.
Ecol. Environ. Res., 7(4): 303-31

LeQuéré, C., Andrew, R., Canadell, J. G., Sitch, S., Korsbakken, J. I, Peters, G.P., Mannin
g,A.C.,Boden, T.A., Tans, P.P.,Houghton, R. A.and Keeling, R.F.,2016. Global
carbonbudget2016.

Lewis, S.L., Lopez-Gonzalez,G.,Sonké, B., Affum-

Baffoe,K.,Baker, T.R.,0jo,L.0O.,Phillips,O.L.,Reitsma,J. M. 2009. IncreasingCa
rbonStoragein Intact African Tropical Forest. Nature,457,1003-1006

Lewis,S.L.,Edwards, D.P.andGalbraith,D.,2015. Increasinghumandominance oftropic
alforests.Science, 349(6250),pp.827—832.

Liu, Y.,Goodrick, S.and Heilman, W., 2014. Wildland fire emissions, carbon, and climat
e: Wildfire—climate interactions. Forest Ecology and Management, 317, pp.80—96.

MacDicken, K. G.1997. A guide to monitoring carbon storage in forestry and agroforestry

ry project. Winrock International. Arlington, Virginia, USA.
Malhi, S.S., Nyborg, M., Harpiak, J. T., Heier, K.and Flore, N. A. 1997. Increasing organi
ccarbonand nitrogen under bromegrass with long-

term N fertilization. Nutr. Cycl. Agroecosyst. 49, 255-260.

Manuel, C. Molles, J. 2007. Ecology concepts and applications. McGraw-
Hill, Inc., New York.

Maracahipes-

Santos, L., Santos, J. O.D.,Reis, S. M., Lenza, E. 2018. Temporal changes inspecie

141



scomposition, diversity, and woody vegetation structure of savannas inthe Cerrado

-Amazontransition zone. Acta BotanicaBrasilica, 32(2), 254-263.

Milledge, S. A.H., Gelvas, |. K.and Ahrends, A. 2007. Forestry, Governance and Nationa
I Development: lessons learned from alogging boom in Southern Tanzania. Report,
TRAFFICEast/Southern Africa/TanzaniaDevelopmentPartners Group/Ministryo
fNatural Resourcesof Tourism, DaresSalaam, Tanzania:252pp.

Mokany, K.,Raison,R.J.,Prokushkin,A.S.2006. Criticalanalysisofroot:shootratiosinte
rrestrialbiomes. Global Change Biology11:1-3.

Montes,N.,Guaquelin, T.,Badri,W., Bertaudire, V., Zaoui, E.H.2000. Anondistructivem
ethodforestimatingabovegroundforestbiomassinthreatenedwoodlands. ForestEc
ologyandManagement. 130:37-46

Mujuru,L.,Gotora, T., Velthorst,E.J.,Nyamangara, J.,Hoosbeek,M.R.,2014. Soil carbon
andnitrogensequestrationoveranagesequenceofPinuspatulaplantationsinZimba
bweanEasternHighlands. For.Ecol. Manag.313,254-265.

Mukhtar, R. B. 2016. Influence of light intensity on early growth of Adansoniadigitata (L
.).Research Journal of Recent Sciences. 5(12): 5-9.

NACGRAB/FDA, 2008. Stateof PlantGeneticResourcesforFoodand AgricultureinNig
eria(1996—
2008); ACountryReport, http://www.pgrfa.org/gpa/nga/Nigeria2.pdf; Retrieved
19th June, 2014.

Nair, P.K. R. 2012. Carbon sequestration studies in agroforestry systems: a reality
check Agrofor. Syst. 86, 243-253. https://doi.org/10.1007/s10457-011-9434-7

Navar, J. 2009. Allometric equations for tree species and carbon stock for forest of

Northwest Mexico. Forest Ecology and Management 257: 427-434

Neftel, A., Oeschger, H., Staffelbach, T.,and Stauffer, B. 1988. CO.record inthe Byrdice
core 50000-5000years BP, Nature, 331,609-611, 1988.

142


https://doi.org/10.1007/s10457-011-9434-z

Nelson, B.W., Mesquita, R., Pereira, J. L. G., Aquino de Sauza, S. G., Batista G.T.
1999. Allometric regressions for improved estimate of secondary forest biomass
in the central Amazon. Forest Ecology and Management 117: 149-167.

Ngo, K. M., Turner,B. L., MullerLandau, H. C., Davies, S.J., Larjavaara, M., Hassan, N. F
.B.N.,Lum, S.2013. Carbon stocks in primary and secondary tropical forests in Sin
gapore. For. Ecol. Manag. 296, 81-89.

NOAA 2019. Carbon dioxide levelsinatmosphere hitrecord high in May viewed 6 June 2
020, https://www.noaa.gov/news/carbon—dioxide—levels—in—atmosphere—hit—re

cord—high—in—may

Odjugo,P.A.0. 2010. General Overview of Climate Change Impacts in Nigeria. West
East Journal of Economics and Business, 12(2), 43 — 79.

Ogunsanwo, G. 2016. Landuse/landcover classification and terrestial carbon stock assess
ementalongtheriparian corridorin llelfe, South western Nigeria. A Thesis submitt
edtothe Institute of Ecology and Environmental studies, Obafemi Awolowo Unive
rsity, lle-Ife, Osun State, Nigeria.

Olatunji,O. A., Oke, S. O, Isola, E. F., Akinyemi, D. S. and Omodara, A. A., 2015.
Relationship between the standing vegetation, soil properties and soil seed bank
of an industrially degraded vegetation of Iron Smelting Factory. International

Journal of Biological and Chemical Sciences, 9(2), pp.614-632.

Olorunfemi, I. E., Komolafe, A. A., Fasinmirin, J. T., Olufayo, A. A. 2019. Biomass
carbon stocks of different land use management in the forest vegetative zone of
Nigeria. Acta Oecologica, 95, 45-56.

Olowokudejo, J. D., Oyebanji, O. O. 2016. Floral diversity of the littoral vegetation of

Southeastern  Nigeria.  International Journal of Biodiversity and
Conservation, 8(12), 320-333.

143



Onome, O. O. and Odiwe, A. I. 2018. Carbon Stock in Different Pools across Different

Vegetation Structures in a Tropical Rainforest in lle-1fe, Nigeria.

Onyekwelu, J. C.,Mosandl, R. Stimm, B. 2008. Tree species diversity and soil status of pri
mary and degraded tropical rainforest ecosystems in South-

Western Nigeria. Journal of Tropical Forest Science, 20 (3): 193 —-204p.

Page,S. E., Siegert, F., Rieley, J. O., Boehm Hans-Dieter V., Jaya, A. and Limin, S.
2002. The amount of carbon released from peat and forest fires in Indonesia
during 1997 Nature 420 61-65

Pan, Y., Birdsey, R.A., Fang, J., Houghton, R., Kauppi, P.E., Kurz, W.A., Phillips,
O.L., Shvidenko, A., Lewis, S.L., Canadell, J.G. and Ciais, P., 2011. A large and
persistent carbon sink in the world’s forests. Science, 333(6045), pp.988-993.

Penman, J. 2003. Good practice guidance for land use, land-use change and forestry
IPCC National Greenhouse Gas Inventories Programme and Institute for Global
Environmental Strategies, Kanagawa, Japan available at: http://www.ipcc-

nggip.iges.or. jp/public/gpglulucf/gpglulucf.htm.

Pereki, H., Wala, K., Thiel-Clemen, T., Bessike, M. P. B., Zida, M., Dourma, M.,
Batawila, K. and Akpagana, K. 2013. Woody species diversity and important
value indices in dense dry forests in Abdoulaye Wildlife Reserve (Togo, West

Africa). International Journal of Biodiversity and Conservation, 5(6), pp.358-366.

Pérez-Salicrup, D. R., and Barker, M. G. 2000. Effect of liana cutting on water potential
and growth of adult Senna multijuga (Caesalpinioideae) trees in a Bolivian
tropical forest. Oecologia 124:469-475.

Pinheiro, E., Ceddia, M., Clingensmith, C., Grunwald, S., Vasques, G. 2017. Prediction

of soil physical and chemical properties by visible and near-infrared diffuse

reflectance spectroscopy in the central Amazon. Remote Sensing, 9(4), 293.

144



Pregitzer, K. S.,and Euskirchen, E. S. 2004. Carboncycling and storage inworld forests: b
iome patternsrelated to forestage. Glob. Change Biol. 10 (12): 2052-
2077.DOI: 10.11111j.1365-2486.2004.00866.X.

Rademaekers, K., Eichler, L., Berg, J., Obersteiner, M. and Havlik, P. 2010. Study on t
he evolution of some deforestation drivers and their potential impacts on the
costs of an avoiding deforestation scheme. Prepared for the European
Commission by ECORYS and IIASA. Rotterdam, Netherlands.

Raich, J. W., Russell, A. E., Kitayama, K., Parton, W.J. Vitousek, P. M., 2006.
Temperature influences carbon accumulation in moist tropical forests. Ecology,
87(1), pp.76-87.

Rembold, K., Tjitrosoedirdjo, S.S., Kreft, H. 2017. Common wayside plants of Jambi

Province (Sumatra, Indonesia).

Rita, B. M., Frangois, K. N. G. 2018. Floristic Diversity of the Natural Forests of
Dimbokro Region, Centre-Eastern Cote d’Ivoire. European Scientific Journal,
ESJ, 14(36), 174.

Rose, W. G. 2009. Carbon Sequestration in forest. Congressional Research Service 7:
1-6

Rudel, T. K., Schneider, L., Uriarte M., Turner, B. L., DeFries, R., Lawrence, D.,
Geoghegan, J., Hecht, S., Ickowitz, A. and Lambin, E. F. 2009. Agricultural
intensification and changes in cultivated areas, 1970-2005. PNAS 106: 20675—
20680.

Sala, O. E., Chapin, F. S., Armesto, J. J., Berlow, E., Bloomfield, J., Dirzo, R., Huber-
Sanwald, E., Huenneke, L. F., Jackson, R. B. Kinzig, A., Leemans, R., Lodge, D.
M., Mooney, H. A., Oesterheld, M., Proff, N. L., Sykes, M. T., Walker, M. and
Wall, D. H. 2000. Global Biodiversity Scenerios for the year 2000. Science 287:
1770- 1774.

145



Salami, A. T. 2001. Agricultural colonization and floristic degradation in Nigeria‘s rain

forest ecosystem. Environmentalist 21, 221-229.

Salami, K. D., Akinyele, A. O. 2018. Floristic composition, structure and diversity
distribution in Omo Biosphere Reserve, Ogun State, Nigeria. Ife Journal of
Science, 20(3), 639-648.

Santos, L. M., Lenza, E., dos Santos, J. O., Marimon, B. S., Eisenlohr, P. V., Junior, B.
H. M., Feldpausch, T. R. 2015. Diversity, floristic composition, and structure of
the woody vegetation of the Cerrado in the Cerrado—Amazon transition zone in
Mato Grosso, Brazil. Brazilian Journal of Botany, 38(4), 877-887.

Schnitzer, M. 1991. Soil organic matter—the next 75 years. Soil Sci. 151, 41-58.
Schnitzer, S. A. and Carson, W. P., 2001. Treefall gaps and the maintenance of species

diversity in a tropical forest. Ecology, 82(4), pp.913-9109.

Schnitzer, S. A., Dalling, J. W. Carson. W. P. 2000. The impact of lianas on tree
regeneration in tropical forest canopy gaps: evidence for an alternative pathway

of gap-phase regeneration. Journal of Ecology 88:655-666.

Schnitzer, S. A., Parren, M. P. E., Bongers, F. 2004. Recruitment of lianas into logging
gaps and the effects of pre-harvest liana cutting in a Cameroon lowland forest.
Forest Ecol. Manag., 190, 87-98.

Schrag, D. P. 2007. Preparing to capture carbon. Science 315, 812-813.
Schueler, V., Kuemmerle, T., Schroder, H., 2011. Impacts of Surface Gold Mining on
Land Use Systems in Western Ghana. Ambio 40:528-539.

Schulze,E.D., Hogberg, P., Van Oene, H., Persson, T., Harrison, A.F., Read, D.,
Kjeller, A. and Matteucci, G., 2000. Interactions between the carbon and nitrogen
cycles and the role of biodiversity: a synopsis of a study along a north-south
transect through Europe. In Carbon and nitrogen cycling in European forest

ecosystems (pp. 468-491). Springer, Berlin, Heidelberg.

146



Scripps Institute of Oceanography, 2020. The Keeling Curve, Viewed 6 June 2020,

https://scripps.ucsd.edu/programs/keelingcurve/

Shibru, S.and Balcha, G. 2004. Composition, Structure and regeneration status of woody
speciesin Dindin Natural Forest, Southeast Ethiopia: Animplication for conservati
on. Ethiop. J. of Biol. Sci, 1(3), pp.15-35.

SicheR.andOrtega E. 2008. Energy and Value of net primary production (NPP)

aboveground in Natural areas. Ecol. Quest. 10: 99-101

Silver W.L., Ostertag R., Lugo A.E. 2000. The potential for carbon sequestration
through reforestation of abandoned tropical agricultural and pasture lands. Rest.
Ecol. 8, 394-407.

Silver, W. L., F. N. Scatena, A. H. Johnson, T. G. Siccama and Watt, F. 1996. At what
temporal scales does disturbance affect belowground nutrient pools? Biotropica
28: 441-457.

Smith, P., Smith, J. U., Powlson, D. S., Arah, J. R. M., Chertov, O. G., Coleman, K.,
Franko, U., Frolking, S., Gunnewick, H. K., Jenkinson, D. S., Jensen, L. S.,
Kelly, R. H., Li, C., Molina, J. A. E., Mueller, T., Parton,W. J., Thornley, J. H.
M., and Whitmore, A. P.: 1997. ‘A comparison of the performance of nine soil
organic matter models using datasets from seven long-term experiments’,
Geoderma 81, 153-225.

Solomon, D., Fritzsche, F., Lehmann, J., Tekalign, M., Zech, W. 2002. Soil organic
matter dynamics in the sub humid agroecosystems of the Ethiopian highlands.
Soil Science Society of America Journal, 66(3), 969-978.

Solomon, D., Lehmann, J. Zech, W. 2000. Land use effects on soil organic matter

properties of chromic Luvisols in the semiarid tropics: Carbon, nitrogen, lignin
and carbohydrates. Agric. Eco. Environ. 78:203-213

147


https://scripps.ucsd.edu/programs/keelingcurve/

Stevens, G. C. 1987. Lianas as structural parasites: the Bursera simaruba example.
Ecology 68:77-81.

Swamy, S., Dutt, C., Murthy, M., Mishra, A., Bargali, S. 2010. Floristics and dry matter
dynamics of tropical wet evergreen forests of Western Ghats, India. Current
Science 99 (3): 353-364.

TelD.A.and RaoP.V.1982. Automated and Semi-
automated Methods for Soil and Plant Analysis No. 7. International Institute of Tro
pical Agriculture Oyo Road, PMB 5320: Ibadan, Nigeria.

Terakunpisut, J., Gajaseni, N.and Ruankawe, N.2007. Carbon sequestration potential in
aboveground biomass of Thong Pha Phum National Forest, Thailand. Applied
Ecology and Environmental Research. 5. 93-102. ISSN 1589-1623

Tesfaye, M. A., Bravo, F., Ruiz-Peinado, R.,Pando, V., Bravo-
Oviedo, A. 2016. Impact of changes in land use, species and elevation on soil organi

ccarbonand total nitrogen in Ethiopian Central Highlands. Geoderma, 261, 70-79.

Turner, 1.M.2001. TheEcologyofTreesinthe Tropical RainForest. Cambridge Universit
yPress, Cambridge, UK. ISBN—13:9781139428873,Pages: 298.

Ufot,U.O.,Iren,O.B.,Chikere, C.U.2016. Effectsof landuseonsoil physicalandchemica
Ipropertiesin Akokwaareaof Imostate, Nigeria. Int.J. Life. Sci. Scienti.Res, 2(3),27
3-278.

Van Straaten, O., Corre, M.D.,Wolf,K., Tchienkoua, M., Cuellar, E., Matthews,R.B., Vel
dkamp, E.2015.Conversionof lowland tropical forests to tree cash crop plantations
loses up to one-half of stored soil organic carbon. Proceedings of the National Academy
of Sciences, 112(32), 9956-9960.

Vashum K.T., Jayakumar S. 2012. Methods to Estimate Above-Ground Biomass and
Carbon Stock in Natural Forests - A Review. J Ecosyst Ecogr 2:116

148



Wang, C., Long, R., Wang, Q., Jing, Z., Du, Y., Cao, G. 2008. Effects of Soil Resources
on Species Composition, Plant Diversity, and Plant Biomass in an Alpine
Meadow Qinghai-Tibetan Plateau. Israel Journal of Ecology and Evolution, 54,
205-222.

Were, J. L.R. 2001. Nigerian lowland forests (ATO 123). http://www.wild life .org
/wild word/profiles/terrestrial/at 0123-full. Html.

Westlake D.F. 1966. The biomass and productivity of glyceria maxima: I. Seasonal
changes in biomass J. Ecol. 54 745-53.

Wilkinson, C. 2008. Status of Coral Reefs of the World: 2008. Global Coral reef monitorin
gnetwork & reefand rainforestresearch Centre: townsville, Queensland, Australia.

http://www.icriforum.org/climatepapers

World Bank, 2012. Global Economic Prospects: Managing growth inavolatileworld. Vo
lume5,June 2012. Washington, DC. Drivers

Yanai,R.D., Stehman, S.V., Arthur, M.A., Prescott, C.E., Friedland, A.J., Siccama,
T.G., Binkley, D., 2003. Detecting change in forest floor carbon. Soil Science
Society of America Journal 67, 1583-1593.

Yang, Y.,Zhang, N., Xue, M. Tao, S. 2010. Impact of soil organic matter onthe distributio

nof polycyclicaromatic hydrocarbons (PAHSs) insoils. Environmental Pollution, 1
58(6), pp.2170-2174.

149


http://www.icriforum.org/climatepapers

7.590

7.585

APENDIX1.1

The Extent of Ibodi monkey forest

APPENDIX

4.675

150

7.590

7.585



Regrowth forest Physiognomy in Ibodi Monkey Forest
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Tree fallow Physiognomy in Ibodi Monkey Forest (Arable crops and woody species
such as Gliricidia sepium)
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Cocoa plantation Physiognomy in Ibodi Mokey Forest
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Forest signpost at the entrance of Ibodi Monkey Forest
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APENDIX 1.2

STATISTICAL ANALYSIS FOR THE TEMPORAL CHANGES IN SPECIES
COMPOSTION

Descriptive Statistics

Descriptive summary of the overall species level across sites

Statistics RF CP TF
2013 33+27.0 21.5+4.50 30+11.0
2017

29+14.19 28.67+5.67 35.67+7.45

Graphically, the number of species found in 2017 is higher compare to what was
found in 2013 at the three sites. Specifically, at site RF, we observe a 10.10%
increase in the number of species between 2013 & 2017. There is 53.70% and
29.30% increases at site CP and TF respectively. Thus, the most significant change
in the number of species presence at any site is observed at CP site.

We consider the species presence or variation by sites and across the years.

Descriptive summary of the species level across the Year

2013 2017
Statistics Woody Herb Climber Woody Herb Climber
Meant SE 42.3£9.84  14+4.04  14.3+2.85 491493  22+6.08 22.3+1.76
Maximum 60 19 20 57 32 25
Minimum 26 6 11 40 11 19
Range 34 13 9 17 21 6

We observe that, only the woody species at site RF reduces between year 2013 and

2017. Other species increases in number at all the three sites between 2013 and

2017.

Statistical Test (ANOVA)

Base on the stated objectives and the data supplied, we conduct Analysis of Variance

(ANOVA). The following hypothesis will be tested.

Hypothesis one
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Ho: There is no significant differences in the level or presence of species between
2013 and 2017 across the three sites.

Hai: There is significant differences in the level or presence of species between 2013

and 2017 across the three sites.
At the level of significance (o) = 5%.

The hypothesis above is testing whether the volume of species varies significant
from one year (2013) to another (2017). Since, we are interested in observing the
variation across species and within the year under study. We conduct a randomized
completed block design (RCBD), generally known as two-way ANOVA test.

Result of the ANOVA test for hypothesis

Sources of variation Degree of Sumof Mean F Pr(>F)

freedom squares square

Species 2 9076 4538 1702  0.000587***
Year 1 771 771 289 0.00344**
Residual 2 5 3

The ANOVA test is significant. Thus, there is adequate evidence to reject the null
hypothesis. This means that, there is significant differences in the level or presence
of species between 2013 and 2017 across the three sites. That is, the number of
species varies significantly from one year (2013) to another (2017). As a result, we
must further conduct a Post Hoc test in order to measure the level of species variation

across the years under consideration.
Post Hoc Test for Hypothesis one

The Post Hoc result reveals that, significant variation exist in the volume of woody
species & climber species as well as between woody species & herb species from
2013 & 2017. Thus, woody species and climber species in 2017 across the three
sites varies significantly higher compare to the woody species volume observed in
2013. Similarly, woody species and herb species also significantly varies within the
years. Thus, for instance, the volume of woody species varies significantly different
form climber species from one year to the other year.
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Post Hoc test for hypothesis one

Diff Iwr upr p adj
herb-climber -1 -10.61956 8.619559 0.8288576
woody-climber 82 72.38044 91.619559 0.0000101
woody-herb 83 73.38044 92.619559 0.0000085
2017 - 2013 22.67 16.93 28.40 0.00306

Thus, the bolded row is the pair of species where significant differences exist.
Hypothesis two

In similar sense, we also wish to test whether the volume of each species varies
significantly from one site to another within the 2013 and 2017. In order to achieve
this, we consider the species volume in the first year across the sites and also did

the same for the second year.

Ho: There is no significant differences in the volume of the species from one site to
another within the 2013 and 2017.

Hi: There is significant differences in the volume of the species from one site to
another within the 2013 and 2017.

The ANOVA test shows that, there is no significant differences in the volume of the
species from one site to another in 2013 (see Table 4.5.1). That is, woody species
at site one (RF) does not varies significantly from woody species at another site
(CP). And, the woody species at any of the sites does not varies significantly from
the climber or herbs species at any other sites under consideration. Generally, we
can infer that, the species volume in 2013 is the same across the three sites under

consideration.
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Result of the ANOVA test for hypothesis two (2013)

Sources of variation Df Sum of Mean F Pr(>F)
squares square

Species 2 1586.9 793.4 5.262 0.0758

Sites 2 124.2 62.1 0.412 0.6876

Residual 4 603.1 150.8

The ANOVA test shows that, there is significant differences in the volume of the
species 2017 but the volume of various species does not varies significantly across
the sites. That is, woody species at site one (RF) does not varies significantly from
woody species at another site (CP). However, the volume of species varies
significantly in 2017. Generally, we can infer that, the species volume in 2017 varies

significantly but the same across the three sites under consideration.

This led us to the Post Hoc analysis on the species to identify which species varies

significantly from the other.

Result of the ANOVA test for hypothesis two (2017)

Sources of variation | Df Sum of Mean F Pr(>F)
squares square

Species 2 1440.2  720.1 9.827 0.0286*

Sites 2 93.6 46.8 0.638 0.5746

Residual 4 293.1 73.3

Post Hoc Test for Hypothesis two

The Post Hoc result reveals that, significant variation exist in the volume of woody
species & climber species as well as between woody species & herb species across

the sites.
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Post Hoc test for hypothesis two

Diff Iwr upr p adj

herb-climber -0.3333 -25.2435 24.5769 0.9987
woody-climber 26.667 1.75649 51.5769 0.0404
woody-herb 27.000 2.0898 51.9102 0.0388

Thus, the bolded row is the pair of species where significant differences exist.
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APENDIX 1.3
STATISTICAL ANALYSIS FOR DETERMINATION OF SUITABLE
ALLOMETRIC EQUATION FOR THE ESTIMATION OF ABOVEGROUND
BIOMASS IN THE THREE PHYSIOGNOMY (MULTIPLE REGRESSION
ANALYSIS)
REGROWTH FOREST PHYSIOGNOMY

Model Summary

Model R R Square Adjusted R Square Std. Error of the
Estimate
1 1.000? 1.000 1.000 89.1225692153

a. Predictors: (Constant), FELDPAUSCH, CHAVE2014, DJOMO, HENRY

MULTIPLE LINEAR REGRESSION

Model Sum of Df Mean Square F Sig.
Squares
) 27475553689. 6868888422.3
Regression 4 864790.811 .000P
256 14
1 Residual 246227.803 31 7942.832
27475799917.
Total 35
059

a. Dependent Variable: CHAVE2005
b. Predictors: (Constant), FELDPAUSCH, CHAVE2014, DJOMO, HENRY
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Coefficients?

Model Unstandardized Standardized t Sig.
Coefficients Coefficients
B Std. Error Beta
(Constant) 18.680 21.817 .856 .398
HENRY 042 012 .018 3.396 .002
. DJOMO .066 .034 .005 1.954 .060
CHAVE2014 1.078 .004 1.007 256.078 .000
FELDPAUSC
H -.263 .035 -.032 -71.577 .000

a. Dependent Variable: CHAVE2005
(F(4, 31)=864790.811), p<0.05, R=1.000% R?=1.000)

(F (4, 31) = 864790.811), p<0.05, R=1.000%, R?=1.000)

The summary of analysis in the tables above suggest that HENRY, CHAVE2014
AND FELDPAUSCH jointly predict CHAVE2005 (F (4, 31) = 864790.811), p<0.05,
R=1.000%, R?=1.000). Further investigation from the table indicates that 100% of
variation is explained by the independents variables (HENRY, DJOMO,
CHAVE2014 AND FELDPAUSCH). From the coefficient table HENRY (B= .042,
t=3.396, p<0.05), DJOMO (B= .066, t=1.954, p>0.05), CHAVE2014 (B= 1.078,
t=1.007, p<0.05), FELDPAUSCH (B= -.263, t=-.032, p<0.05). HENRY,
FELDPAUSCH and CHAVE2014 independently predict CHAVE2005.
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Model Summary

Model R R Adjusted Std. Error Change Statistics
. s
49 R Square  of the R F dfli df2  Sig. F Change
Estimate
Square ~ Change
Change
82.6548 877358
1 1.0002 1.000 1.000 1.000 4 31 .000
735532 .833

a. Predictors: (Constant), CHAVE2005, DJOMO, FELDPAUSCH, HENRY

MULTIPLE LINEAR REGRESSION

Model Sum of Df Mean Square F Sig.
Squares
_ 23975859000 5993964750.
Regression 4 877358.833 .000P
510 127
1 Residual 211786.672 31 6831.828
23976070787
Total 35
182

a. Dependent Variable: CHAVE2014

Coefficients?

Model Unstandardized Standardized t Sig.
Coefficients Coefficients
B Std. Error Beta
(Constant) -17.884 20.218 -.885 .383
HENRY -.038 012 -017  -3.241 .003
. DJOMO -.059 .032 -005 -1.856 073
FELDPAUSC
H 241 .033 .032 7.342 .000
CHAVE2005 927 .004 993 256.078 .000

a. Dependent Variable: CHAVE2014
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(F (4, 31)= 877358.833), p<0.05, R=1.000%, R?=1.000)
The summary of analysis in the table above suggests that HENRY, CHAVE2005

AND FELDPAUSCH jointly predict CHAVE2014 (F (4, 31)= 877358.833), p<0.05,
R=1.0003, R2=1.000). Further investigation from the table indicates that 100% of
variation is explained by the independents variables (HENRY, DJOMO,
CHAVE2005 AND FELDPAUSCH). From the coefficient table HENRY (= -.038,
t=-3.241, p<0.05), DJOMO (B= -.059, t=-1.856, p>0.05), CHAVE2005 (B= .927,
t=256.078, p<0.05), FELDPAUSCH (B= .241, t=-7.342, p<0.05). HENRY,
FELDPAUSCH, CHAVE2014 independently predict CHAVE2005. DJOMO is
different because of the significant level which is higher than the rest.

Model Summary

ModeR R Adjusted Std. Error Change Statistics
I Square R Square of the

R Square F dfl df2 Sig. F
Ecti
stimate Change  Change Change
1246.3151 1066.61
1 9958 990  .989 .990 3 32 .000
831956 4

a. Predictors: (Constant), FELDPAUSCH, CHAVE2005, DJOMO

MULTIPLE LINEAR REGRESSION

Model Sum of Df Mean Square F Sig.
Squares
) 4970320060.8 1656773353.6
Regression 3 1066.614 .000°
16 05
1 Residual 49705649.148 32 1553301.536
5020025709.9
Total 35
64

a. Dependent Variable: HENRY
b. Predictors: (Constant), FELDPAUSCH, CHAVE2005, DJOMO
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Coefficients?

Model Unstandardized Standardized t Sig.
Coefficients Coefficients
B Std. Error Beta
(Constant) 337.617 298.959 1.129 267
CHAVE2005 292 .018 684  16.564 .000
1 DJOMO -2.252 261 -430  -8.635 .000
FELDPAUSC
H 2.437 .245 701 9.947 .000

a. Dependent Variable: HENRY
(F (3, 32) =1066.614), p<0.05, R=.995, R?=.990)

Excluded Variables?

Model Beta In T Sig. Partial Collinearity
Correlation Statistics
Tolerance
1 CHAVE2014 -14.556° -3.241 .003 -.503 1.183E-005

a. Dependent Variable: HENRY
b. Predictors in the Model: (Constant), FELDPAUSCH, CHAVE2005, DJOMO

The summary of analysis in the table above suggests that CHAVE2005, DJOMO
AND FELDPAUSCH jointly predict HENRY (F (3, 32) =1066.614), p<0.05, R=.995,
R2=.990). Further investigation from the table indicates that 99.0% of variation is
explained by the independents variables (DJOMO, CHAVE2005 AND
FELDPAUSCH). From the coefficient table CHAVE2005 (B= .295, t=10.564,
p<0.05), DJOMO (B= -2.252, t=-8.635, p<0.05), FELDPAUSCH (B= 2.437, t=9.947,
p<0.05). , FELDPAUSCH, DJOMO independently predict CHAVEZ2005.
CHAVE?2014 is excluded because the significant level is 0.003 which is also less
than 0.05 but, FELDPAUSCH, DJOMO and CHAVE2005 have the same significant

level which makes them predicting variables for HENRY..
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Model Summary

Model R R Square Adjusted R Square Std. Error of the
Estimate
1 .9812 963 .959 462.9775379653

a. Predictors: (Constant), FELDPAUSCH, CHAVE2005, HENRY

MULTIPLE LINEAR REGRESSION

Model Sum of df Mean Square F Sig.
Squares
Regression 176255595.758 3 58751865.253  274.095 .000°
1 Residual 6859142.421 32 214348.201
Total 183114738.179 35

a. Dependent Variable: DJOMO
b. Predictors: (Constant), FELDPAUSCH, CHAVE2005, HENRY

Coefficients?

Model Unstandardized Coefficients Standardized t Sig.
Coefficients
B Std. Error Beta
(Constant) 251.038 104.191 2.409 .022
. CHAVE2005 .084 014 1.026 6.038 .000
HENRY -311 .036 -1.627 -8.635 .000
FELDPAUSCH 993 .055 1.497 17.923 .000

a. Dependent Variable: DJOMO

((F (3, 32) =274.095), p<0.05, R=.981, R?=.963)

Excluded Variables?

Model Beta In T Sig. Partial Collinearity
Correlation Statistics
Tolerance
1 CHAVE2014 -19.533° -1.856 073 -.316 9.814E-006

a. Dependent Variable: DJOMO
b. Predictors in the Model: (Constant), FELDPAUSCH, CHAVE2005, HENRY
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The summary of analysis in the table above suggests that CHAVE2005, HENRY
AND FELDPAUSCH jointly predict DJOMO (F (3, 32) =274.095), p<0.05, R=.981,
R?=.963). Further investigation from the table indicates that 96.30% of variation is
explained by the independents variables (HENRY, CHAVE2005 AND
FELDPAUSCH). From the coefficient table CHAVE2005 (B= .084, t=6.038,
p<0.05), HENRY (= -.311, t=-8.635, p<0.05), FELDPAUSCH (3= .993, t=17.923,
p<0.05). , FELDPAUSCH, HENRY and CHAVE2005 independently predict
DJOMO. CHAVE?2014 is excluded because the significant level is 0.73 which is
greater than 0.05 but, FELDPAUSCH, HENRY and CHAVE2005 have the same

significant level which makes them predicting variables for DJOMO.

Model Summary

Model R R Square Adjusted R Square  Std. Error of the
Estimate
1 9928 .985 983 4445403370760

a. Predictors: (Constant), DJOMO, HENRY, CHAVEZ2005

MULTIPLE LINEAR REGRESSION

Model Sum of df Mean Square F Sig.
Squares
) 409603737.30 136534579.10
Regression 3 690.908 .000°
3 1
1 Residual 6323715.561 32 197616.111
415927452.86
Total s 35

a. Dependent Variable: FELDPAUSCH
b. Predictors: (Constant), DJOMO, HENRY, CHAVE2005
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Coefficients?

Model Unstandardized Coefficients Standardized t Sig.
Coefficients
B Std. Error Beta
(Constant) -130.028 106.281 -1.223 230
. CHAVE2005 -.077 014 -.629 -5.589 .000
HENRY 310 .031 1.077 9.947 .000
DJOMO 916 .051 608  17.923 .000

a. Dependent Variable: FELDPAUSCH

((F (3, 32) =690.908), p<0.05, R=.992, R?=.985)

Excluded Variables?

Model Beta In t Sig. Partial Collinearity
Correlation Statistics
Tolerance
1 CHAVE2014 19.975° 7.342 .000 197 2.419E-005

a. Dependent Variable: FELDPAUSCH
b. Predictors in the Model: (Constant), DJOMO, HENRY, CHAVE2005

The summary of analysis in the table above suggests that CHAVE2005, DJOMO
AND HENRY jointly predict FELDPAUSCH ((F (3, 32) =690.908), p<0.05, R=.992,
R?=.985). Further investigation from the table indicates that 98.50% of variation is
explained by the independents variables (DJOMO, CHAVE2005 AND HENRY).
From the coefficient table CHAVE2005 (B= -.077, t=-5.589, p<0.05), DJOMO (=
916, t=17.923, p<0.05), HENRY (= .310, t=9.947, p<0.05). CHAVE2005, HENRY
and DJOMO independently predict FELDPAUSCH. CHAVE2014 is excluded
because the significant level is 0.797 which greater than 0.05 but, HENRY, DJOMO
and CHAVE2005 have the same significant level which makes them predicting
variables for FELDPAUSCH.

CHAVE2014 and CHAVEZ2005 are both good from the result of the analysis. This
is because, CHAVE2014 and CHAVE2005 have R? to be one and are both

statistically significant
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TREE FALLOW PHYSIOGNOMY
The summary of analysis in the table below suggests that Henry et al., 2010 AND
Feldpausch et al., 2012 jointly predict Djomo et al., 2010 ((F (2, 46) =22455.946),
p<0.05, R=.999%, R?=.999). Further investigation from the table indicates that 99.90%
of variation is explained by the independents variables (Feldpausch et al., 2012 and
Henry et al., 2010). From the coefficient table Feldpausch et al., 2012 (= .655,
t=30.884, p<0.05) and Henry et al., 2010 (p= .047, t=4.181, p<0.05). Henry et al.,
2010 and Feldpausch et al., 2012 independently predict Djomo et al., 2010. Chave

et al., 2014 and Chave et al., 2005 are excluded variables.

Model Summary

Model R R Square Adjusted R Square  Std. Error of the
Estimate
1 .999? 999 .999 38.6477418286

a. Predictors: (Constant), Henry et al., 2010, Feldpausch et al., 2012

MULTIPLE LINEAR REGRESSION

Model Sum of df Mean Square F Sig.
Squares
Regression  67082555.373 2 33541277.686 22455.946 .000P
1 Residual 68707.806 46 1493.648
Total 67151263.179 48

a. Dependent Variable: Djomo et al., 2010
b. Predictors: (Constant), Henry et al, 2010, Feldpausch et al., 2012
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Coefficients?

Model Unstandardized Standardized t Sig.
Coefficients Coefficients
B Std. Error Beta
(Constant) 5.485 5.641 972 .336
Feldpausch et
.655 021 .882  30.884 .000
1 al., 2012
Henry et al,
047 011 119 4.181 .000
2010
a. Dependent Variable: Djomo et al., 2010
((F (2, 46) =22455.946), p<0.05, R=.999°, R?=.999)
Excluded Variables?
Model Beta In T Sig. Partial Collinearity
Correlation Statistics
Tolerance
CHAVE ET
25.153" 167375.091 .000 1.000 1.617E-006
1 AL., 2014
CHAVE ET
23.666° 180532.399 .000 1.000 1.827E-006
AL., 2005

a. Dependent Variable: Djomo et al., 2010
b. Predictors in the Model: (Constant), Henry et al, 2010, Feldpausch et al., 2012

The summary of analysis in the table below suggests that Djomo et al., (2010) and
Chave et al., 2014 jointly predict Feldpausch et al., (2012) ((F (2, 46) =18963.678),
p<0.05, R=.999%, R?=.999). Further investigation from the table indicates that 99.90%
of variation is explained by the independents variables (Djomo et al., 2010 and
Chave et al., 2014). From the coefficient table Djomo et al., 2010 (B= 1.448,
t=38.239, p<0.05) and Chave et al., (2014) (= -.017, t=-2.760, p<0.05). Djomo et
al., (2010) and Chave et al., (2014) independently predict Feldpausch et al., (2012).
Chave et al., (2005) and Henry et al, (2010) are excluded variables.
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The result from the analysis shows that Djomo et al., (2010) and Feldpausch et al.,
(2012) is the best formula to use because the R? values are closer to one and they

are both statistically significant.

Model Summary

Model R R Square Adjusted R Square Std. Error of the
Estimate
1 9992 999 999 56.6296604533

a. Predictors: (Constant), Chave et al., (2014), Djomo et al., (2010)

MULTIPLE LINEAR REGRESSION

Model Sum of df Mean Square F Sig.
Squares
) 121629940.49
Regression ) 2 60814970.246 18963.678 .000°
1 Residual 147518.248 46 3206.918
121777458.74
Total 0 48

a. Dependent Variable: Feldpausch et al., (2012)
b. Predictors: (Constant), Chave et al., (2014), Djomo et al., (2010)

Coefficients?

Model Unstandardized Standardized t Sig.
Coefficients Coefficients
B Std. Error Beta
(Constant) -6.659 8.292 -.803 426
Djomo et
1.448 .038 1.076  38.239 .000
1 al., 2010
Chave et al.,
-.017 .006 -.078 -2.760 .008
2014

a. Dependent Variable: feldpausch et al., (2012)
((F (2, 46) =18963.678), p<0.05, R=.999°, R?=.999)
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Model Summary

Model R R Square Adjusted R Square Std. Error of the
Estimate
1 1.000? 1.000 1.000 .0002716064

a. Predictors: (Constant), Feldpausch et al., (2012), Chave et al., (2014), Djomo et al.,
(2010)

MULTIPLE LINEAR REGRESSION

Model Sum of df Mean Square F Sig.
Squares
_ 2990076407.61
Regression 6 3 996692135.872 . b
1 Residual .000 45 .000
2990076407.61
Total 6 48

a. Dependent Variable: Chave et al., (2005)
b. Predictors: (Constant), Feldpausch et al., (2012), Chave et al., (2014), Djomo et al.,
(2010)

Coefficients?

Model Unstandardized Standardized t Sig.
Coefficients Coefficients
B Std. Error Beta
(Constant) 1.101E-010 .000 .000 1.000
Djomo et al.,
.009 .000 .001 8942.174 .000
2010
1 Chave et al.,
1.085 .000 1.028 35352853.409 .000
2014
feldpausch et
-.149 .000 -030 -213367.126 .000
al., 2012

a. Dependent Variable: Chave et al., (2005)
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Excluded Variables®

Model Beta In t Sig. Partial Collinearity
Correlation Statistics
Tolerance
Henry et
y b . . ) .000
al, 2010

a. Dependent Variable: Chave et al., (2005)
b. Predictors in the Model: (Constant), Feldpausch et al., (2012), Chave et al., (2014),
Djomo et al., (2010)

Model Summary

Model R R Square Adjusted R Square Std. Error of the
Estimate
1 1.000% 1.000 1.000 0001274470

a. Predictors: (Constant), Chave et al., 2005, Feldpausch et al., 2012, Djomo et al., 2010

MULTIPLE LINEAR REGRESSION

Model Sum of df Mean Square F Sig.
Squares
Regression  438904522.210 3 146301507.403
1 Residual .000 45 .000
Total 438904522.210 48

a. Dependent Variable: Henry et al, 2010
b. Predictors: (Constant), Chave et al., 2005, Feldpausch et al., 2012, Djomo et al., 2010
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Coefficients?

Model Unstandardized Standardized t Sig.
Coefficients Coefficients
B Std. Error Beta
(Constant) -7.280E-011 .000 1.000
.000
Djomo et al.,
-.087 .000 -.034 -179814.383 .000
. 2010
Feldpausch et
433 .000 228 1307096.180 .000
al., 2012
Chave et al.,
2005 310 .000 .810 23208905.372 .000

a. Dependent Variable: Henry et al, (2010)

Excluded Variables?

Model Beta In t Sig. Partial Collinearity
Correlation Statistics
Tolerance
Chave et al.,
b ) ) . .000
2014

a. Dependent Variable: Henry et al, 2010
B. Predictors In The Model: (Constant), Chave Et Al., 2005, Feldpausch et al., 2012,
Djomo et al., 2010

Model Summary

Model R R Square Adjusted R Square Std. Error of the
Estimate
1 1.000? 1.000 1.000 .0002442031

a. Predictors: (Constant), Djomo et al., (2010), Chave et al., (2005), Feldpausch et al.,
(2012)
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MULTIPLE LINEAR REGRESSION

Model Sum of
Squares
) 2685728233.52
Regression
5
1 Residual .000
2685728233.52
Total .

df

Mean Square

3 895242744.508

45

48

a. Dependent Variable: Chave et al., (2014)
b. Predictors: (Constant), Djomo et al., 2010, Chave et al., 2005, Feldpausch et al.,

.000

Sig.

2012
Coefficients?
Model Unstandardized Standardized t Sig.
Coefficients Coefficients
B Std. Error Beta
(Constant) -1.087E-010 .000 .000 1.000
Feldpausch et
138 .000 029 212531.616 .000
al., 2012
1 Chave et al., 35295068.16
922 .000 973 .000
2005 1
Djomo et al.,
-.008 .000 -.001 -8926.360 .000
2010
a. Dependent Variable: Chave et al., (2014)
Excluded Variables?
Model Beta In Sig. Partial Collinearity
Correlation Statistics
Tolerance
Chave et
-33.192° -213083.559 .000 -1.000  1.100E-006

al., 2005
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Henry et al,
2010

a. Dependent Variable: Feldpausch et al., (2012)

b. Predictors in the Model: (Constant), Chave et al., (2014), Djomo et al., (2010)

4,909 1121281.584 .000 1.000  5.027E-005

The other tables indicates Chave et al., (2014), Chave et al., (2005) and Henry et
al, (2010) are not suitable although, they all have R? to be one (1) but they are not

statistically significant.

COCOA PLANTATION PHYSIOGNOMY

Model Summary

Model R R Square Adjusted R Square  Std. Error of the
Estimate
1 1.000? 1.000 1.000 1.0262407658

a. Predictors: (Constant), FELDPAUSCH, CHAVE2005, DJOMO

MULTIPLE LINEAR REGRESSION

Model Sum of df Mean Square F Sig.
Squares
_ 2418365234.8 806121744.96 765424062.39
Regression 3 .000°
82 1 6
1 Residual 36.861 35 1.053
2418365271.7
Total 38
43

a. Dependent Variable: HENRY
b. Predictors: (Constant), FELDPAUSCH, CHAVE2005, DJOMO
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Coefficients?

Model Unstandardized Standardized t Sig.
Coefficients Coefficients
B Std. Error Beta
(Constant) .089 175 506 616
CHAVE2005 281 .000 .983 9875.974 .000
1 DJOMO -.119 .002 -017 -77.633 .000
FELDPAUSC
H 212 .002 035 116.377 .000

a. Dependent Variable: HENRY

((F (3, 35) = 765424062.4), p<0.05, R=1.000%, R?=1.000)

Excluded Variables?

Model Beta In t Sig. Partial Collinearity
Correlation Statistics
Tolerance
CHAVE201
A -.366° -3.774 .001 -543  3.367E-008

a. Dependent Variable: HENRY
b. Predictors in the Model: (Constant), FELDPAUSCH, CHAVE2005, DJOMO

The summary of analysis in the tables above suggest that CHAVE2005, DJOMO
AND FELDPAUSCH jointly predict HENRY ((F (3, 35) = 765424062.4), p<0.05,
R=1.000%, R?=1.000). Further investigation from the table indicates that 100% of
variation is explained by the independents variables (DJOMO, CHAVE2005 AND
FELDPAUSCH). From the coefficient table CHAVE2005 (B= .281, t=9875.974,
p<0.05), DJOMO (B= -.119, t=-77.633, p>0.05), FELDPAUSCH (B= .212,
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t=116.377, p<0.05). CHAVE2005, FELDPAUSCH and DJOMO independently
predict HENRY. CHAVE?2014 is excluded because it is a different significant level.

Model Summary

Model R R Square Adjusted R Square  Std. Error of the
Estimate
1 1.000? 1.000 1.000 3.6473456082
a. Predictors: (Constant), HENRY, DJOMO, FELDPAUSCH
MULTIPLE LINEAR REGRESSION
Model Sum of df Mean Square F Sig.
Squares
Regression 29491329868 3 9830443289. 738957171.3 000P
618 539 88
1 Residual 465.610 35 13.303
Total 29491330334 28
228
a. Dependent Variable: CHAVE2005
b. Predictors: (Constant), HENRY, DJOMO, FELDPAUSCH
Coefficients?
Model Unstandardized Standardized t Sig.
Coefficients Coefficients
B Std. Error Beta
. (Constant) -315 623 -.506 616
DJOMO 424 .006 018  77.085 .000
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FELDPAUSC

H

HENRY 3.554 .000 1.018 9875.974 .000
a. Dependent Variable: CHAVE2005
((F (3, 35) =738957171.388), p<0.05, R=1.000, R?>=1.000)

-.752 .007 -.036 -115.092 .000

Excluded Variables®

Model Beta In t Sig. Partial Collinearity
Correlation Statistics
Tolerance
CHAVE201
A .381° 8.489 .000 .824 7.402E-008

a. Dependent Variable: CHAVE2005
b. Predictors in the Model: (Constant), HENRY, DJOMO, FELDPAUSCH

The summary of analysis in the table above suggests that FELDPAUSCH, DJOMO
AND HENRY jointly predict CHAVE2005 ((F (3, 35) =738957171.4), p<0.05,
R=1.000, R?=1.000). Further investigation from the table indicates that 100% of
variation is explained by the independents variables (DJOMO, FELDPAUSCH AND
HENRY). From the coefficient table FELDPAUSCH (B= -.752, t=-115.092, p<0.05),
DJOMO (B= .424, t=77.085, p<0.05), HENRY (B= 3.554, t=9875.974, p<0.05).
FELDPAUSCH, HENRY and DJOMO independently predict CHAVE2005.
CHAVEZ2014 is excluded variables.

Model Summary

Model R R Square Adjusted R Square  Std. Error of the
Estimate
1 .9962 991 991 111.2355864975

a. Predictors: (Constant), CHAVE2005, FELDPAUSCH
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MULTIPLE LINEAR REGRESSION

Model Sum of df Mean Square F Sig.
Squares
Regression  51321223.647 2 25660611.824 2073.860 .000P
1 Residual 445440.805 36 12373.356
Total 51766664.452 38
a. Dependent Variable: DJOMO
b. Predictors: (Constant), CHAVE2005, FELDPAUSCH
Coefficients?
Model Unstandardized Standardized t Sig.
Coefficients Coefficients
B Std. Error Beta
(Constant) 22.295 18.639 1.196 239
FELDPAUSC
1 H 1.171 .029 1.327  40.959 .000
CHAVE2005 -.017 .001 -397 -12.266 .000

a. Dependent Variable: DJOMO

((F (2, 36) =2073.860), p<0.05, R=.996°, R%=.991)
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Excluded Variables?

Model Beta In t Sig. Partial Collinearity
Correlation Statistics
Tolerance

CHAVE201
. A -184.343>  -13.663 .000 -.918 2.132E-007
HENRY -56.927°  -77.633 .000 -997  2.640E-006

a. Dependent Variable: DJOMO
b. Predictors in the Model: (Constant), CHAVE2005, FELDPAUSCH

The summary of analysis in the table above suggests that FELDPAUSCH AND
HENRY jointly predict DJOMO ((F (2, 36) =2073.860), p<0.05, R=.996°, R?=.991).
Further investigation from the table indicates that 99.10% of variation is explained
by the independents variables (FELDPAUSCH AND HENRY). From the coefficient
table FELDPAUSCH (B= 1.171, t=40.959, p<0.05) and HENRY (= -.017, t=-
12.266, p<0.05). FELDPAUSCH and HENRY independently predict DJOMO.
CHAVE2005 and CHAVE?2014 are excluded variables.

Model Summary

Model R R Square Adjusted R Square  Std. Error of the
Estimate
1 1.000? 1.000 1.000 4.9082180872

a. Predictors: (Constant), DJOMO, CHAVE2005, FELDPAUSCH

MULTIPLE LINEAR REGRESSION

Model Sum of df Mean Square F Sig.
Squares
) 25044060376 8348020125. 346525967.7
Regression 3 .000°
.039 346 55
1 Residual 843.171 35 24.091
25044061219
Total 38
210

a. Dependent Variable: CHAVE2014
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b. Predictors: (Constant), DJOMO, CHAVE2005, FELDPAUSCH

Coefficients?

Model Unstandardized Standardized t Sig.
Coefficients Coefficients
B Std. Error Beta
(Constant) -.276 .839 -.329 744
FELDPAUSC
. y 270 .009 .014  31.007 .000
CHAVE2005 913 .000 991 6704.073 .000
DJOMO -.100 .007 -005 -13.663 .000

a. Dependent Variable: CHAVE2014
((F (3, 35) =346525967.8), p<0.05, R=1.000%, R?=1.000)

Excluded Variables?

Model Beta In t Sig. Partial Collinearity
Correlation Statistics
Tolerance
1 HENRY -.808° -3.774 .001 -.543 1.524E-008

a. Dependent Variable: CHAVE2014
b. Predictors in the Model: (Constant), DJOMO, CHAVE2005, FELDPAUSCH

The summary of analysis in the table above suggests that FELDPAUSCH, DJOMO
AND CHAVE2005 jointly predict CHAVE2014 ((F (3, 35) =346525967.8), p<0.05,
R=1.000%, R?=1,000). Further investigation from the table indicates that 100% of
variation is explained by the independents variables (DJOMO, FELDPAUSCH AND
CHAVE?2005). From the coefficient table FELDPAUSCH (B= .270, t=31.007,
p<0.05), DJOMO (p= -.100, t=-13.663 p<0.05), CHAVE2005 (B= .913, t=6704.073,
p<0.05). FELDPAUSCH, CHAVE2005 and DJOMO independently predict
CHAVE2014. HENRY is the excluded variable.
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Model Summary

Model R R Square Adjusted R Std. Error of the
Square Estimate
1 .998? 995 995 93.6089249845

a. Predictors: (Constant), CHAVE2014, DJOMO

MULTIPLE LINEAR REGRESSION

Model Sum of df Mean Square F Sig.
Squares
) 66157726.22 33078863.11
Regression 2 3774.992 .000°
0 0
1 Residual 315454.710 36 8762.631
66473180.93
Total . 38

a. Dependent Variable: FELDPAUSCH
b. Predictors: (Constant), CHAVE2014, DJOMO

Coefficients?

Model Unstandardized Standardized t Sig.
Coefficients Coefficients
B Std. Error Beta
(Constant) -15.210 15.792 -.963 342
. DJOMO 834 .020 736 40.852 .000
CHAVE201
A 016 .001 313 17.381 .000

a. Dependent Variable: FELDPAUSCH

((F (2, 36) =3774.992), P<0.05, R=.998%, R?=.995)
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Excluded Variables?

Model Beta In t Sig. Partial Collinearity
Correlation Statistics
Tolerance
HENRY 45.361° 32.231 .000 984  2.231E-006

1 CHAVE200
. -68.803" -30.868 .000 -982  9.670E-007

a. Dependent Variable: FELDPAUSCH
b. Predictors in the Model: (Constant), CHAVE2014, DJOMO

The summary of analysis in the table above suggests that DJOMO AND
CHAVE2014 jointly predict FELDPAUSCH ((F (2, 36) =3774.992), P<0.05,
R=.998%, R?=.995). Further investigation from the table indicates that 99.50% of
variation is explained by the independents variables (DJOMO AND CHAVE2014).
From the coefficient table DJOMO (B= .834, t=40.852, P<0.05), CHAVE2014 (B=
.016, t=17.381, P<0.05). DJOMO and CHAVE2014 independently predict
FELDPAUSCH. CHAVE2005 and DJOMO are excluded variables.

HENRY, CHAVE2005 and CHAVE2014 are good. This is because, HENRY,
CHAVE2005 AND CHAVE2014 have R? to be one and are statistically significant.
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