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Abstract

To understand the health conditions and growth patterns of forest estate for environmental resilience and climate change
mitigation, assessment of structure and species diversity is paramount. This study aimed at assessing the structure, alpha,
and beta diversities of tree species in three ecological zones in Taraba, Nigeria for management purposes. In recent
time, no research has been reported on the structure and beta diversity of the study areas. A systematic sampling
design was used for data collection. Five sample plots of 50x50 m were laid in each of the six natural forest areas.
The result showed a mean DBH (42.5 cm) and a tree height (15.0 m) from the forests. The forests have a structure
of an inverse “J-shape,” which is typical of natural forests in the tropics. The southern Guinea savanna zone had the
highest mean Shannon-Weiner diversity index (2.8). The least beta diversity index (0.02) was between Baissa and Jen
Gininya forest areas. Baissa and Bakin Dutse Protected Forest Areas (PFAs) contained 76.5% of the tree species. There
is a high chance of all tree species to be found in these 2 forest areas. Proximity to a location influences how similar
two tree species are, according to the least beta diversity index (0.02) recorded. The Federal Government’s method
of management for the forest, known as Gashaka Gumti National Park, may be responsible for the high beta diversity
index in the Montane ecozone. Therefore, it should be strongly encouraged to practice strict oversight of natural areas,
as their contributions to reducing climate change in Taraba State, Nigeria, cannot be overstated.
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Introduction

Tree species composition may vary even between two
close or similar geographical areas due to different factors
(human and natural factors). To assess the biodiversity of
any geographical area, different diversity indices have been
used (Sanders and Rahbek 2012; Hussain and Perveen
2015; Naveed and Erwin 2015; Turkis and Elmas 2018).

Often, biodiversity assessment depends on the alpha di-

versity index, since the indices (species diversity, richness,
and evenness) are the key parameters used for the study of
species diversity in ecology and forest ecosystems. Generally,
in realistic conservation practises in Nigeria, beta diversity
indices are seldom used when it comes to assessments of
species diversity in forest ecosystems. The common alpha
diversity indices used by most researchers include
Shannon-Wiener (S-Weiner) diversity, Margalef, Evenness,
and Chao Indices (Meer and Tella 2018; Sevda and Emire
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2018; Amonum et al. 2019a, 2019b; Bunde et al. 2019;
Chenge et al. 2019). Quantifying the uncertainty in pre-
dicting species identity of an individual tree is mostly ach-
ieved by S-Weiner’s diversity index (Natural Resources
Biometrics (NRB) 2021). If a community has low diversity
(dominated by one species), the uncertainty of prediction is
low; a randomly sampled species is most likely going to be
the dominant species, while if diversity is high, uncertainty
is high.

Beta diversity measures similarity or dissimilarity of two
or more locations of flora or fauna species in relation to an
area. It quantifies the changes between diverse species with-
in and between two or more locations in the same ecological
zone or outside. Thus, a high index of beta diversity implies
low similarity (dissimilarity), while a low index implies a
high similarity between ecosystems within or between loca-
tions (NRB 2021).

High index of beta diversity could be due to differences
in species composition variance, mostly associating with en-
vironmental gradients, elevations or topography majorly
due to modification on species pool sizes; geographical var-
iation in composition of species result to heterogeneity of
habitat with increase in grain-size (Kraft et al. 2011). Beta
diversity measures species variance between distinct forest
areas or ecosystems situated in similar or dissimilar
locations. The scales that quantify similarity or dissimilarity
(beta-diversity) of species diversity range from zero to one
(0-1); the higher the index, the higher the variations; and
the lower the index, the higher the species similarity (Koleff
et al. 2003).

Understanding species similarity or dissimilarity is para-
mount; and this serves as an indispensable tool for describ-
ing distinct ecological stages and modelling the functions
and changes of forested areas (Singh et al. 2016; Chenge et
al. 2019). The characteristics of a site’s ecosystem, the stage
of species regrowth, and the composition and abundance of
trees all play a significant role in how a forest is structured.
Assessment of alpha or beta species diversity, forest compo-
sition, and structure helps our understanding of the health
status of any forest stand, regeneration needs, and species
diversity for conservation management (Mishra et al.
2013). There have been few, if any, studies on the beta di-
versity or species composition variation between two or

more forested areas within or between the same eco-zone in
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Taraba state, Nigeria, in the study area.

In recent time, there have been no published findings on
a comprehensive study on the alpha and beta diversity of the
study area, and there is a dearth of knowledge on the forest
structure (growth characteristics) of the natural forest areas
for management decisions (policy making). This study
aimed at assessing the growth characteristics (structure)
and diversity (alpha and beta) of tree species in the natural
forest areas in distinct ecological zones of Taraba state,
Nigeria, for sustainable forest management. Better knowl-
edge of biodiversity status and their distribution are para-
mount for managing and adaption to foreign aliens,
land-use changes and forest degradation; and increasing
temperatures associated with climate change (Verosmarty et
al. 2010; Vilmi et al. 2017).

Materials and Methods

Location of the study area

The study was carried out on six natural forest areas,
namely: Gashaka Gumti National Park (GGNP), Ngel
Nyaki natural forest area (PFA), Jen Giginya PFA, Baissa
PFA, Bakin Dutse PFA, and Wasaji PFA. Gashaka Gumti
National Park (GGNP) is one of the natural areas that have
an area of approximately 6,700 km”. It lies between Latitudes
60.917° and 110.217° North and Longitudes 80.217° and
120.183° East. Ngel Nyaki natural forest area (PFA) is sit-
uated at the Mambilla Plateau; it comprises approximately
46 km” of impressive sub Montane to mid altitude forest,
lying between 1,400 to 1,500 m (Chapman and Chapman
2001). Jen Giginya PFA has 39.64 km’. Baissa PFA is a
lowland forest lying at 230 m above sea level on the Donga
River, between Latitudes 7.233° and 10.25° North and
Longitudes 10.633° and 13.517° East. The area is about
112.79 km’ (Chapman and Chapman 2001). Wasaji PFA
covers an estimated land area of 64.75 km’. Bakin Dutse
PFA has a land coverage of about 49.69 km” (Bunde et al.
2019).

All the forest areas are situated within the Taraba region
of Nigeria. The state is situated between Latitudes 60.577°
and 90.981° N and Longitudes 90.874° and 120.664° E. It
occupies approximately 54, 473 km” of land mass; there are
three distinct eco-zones: the southern guinea savanna lo-

cated in the south-western part of the state, the northern



guinea savanna in the northeast, and the montane forest in
the southeast.

The study area has two distinct seasons: dry and rainy.
The rainy period has an average period from the month of
April to October; with annual mean rainfall range between
one thousand and fifty eight millimeters (1,058 mm) in the
North to one thousand three hundred millimeters (1,300
mm) in the South. The dry period lasts between the months
of November and March. The relative humidity is as low as
about fifteen percent (15%), with an annual mean temper-
ature of about 28°C, with maximum temperatures ranging
from 30°C to 35°C; the minimum temperatures range from
15°C to 23°C.

Dala collection

The study area was stratified into distinct ecological
zones (Northern Guinea Savanna, Southern Guinea Savanna,
and Montane Forest); from each eco-zone, two uneven for-
est (natural) areas were purposefully sampled (based on
ease of accessibility and cost-effectiveness), giving a total of
six natural forest areas, namely: Bakin Dutse PFA, Baissa
PFA, GGNB, Jen Giginya PFA, Ngel Nyaki PFA, and
Wasaji PFAs.

A systematic sampling design was used. Prior to the field
survey, QGIS (version 3.22.1) was used to plot coordinates
on a map of each natural forest area. R programme software
(version 4.1.0) was used to generate random numbers
(between the lowest and highest coordinates plotted on
QGIS). Five coordinates on each map (of the forest areas)
were randomly picked to make accessing the sampling plots
as simple and as quick as possible (FAO 2020). The five
coordinates selected from each PFA were marked and
transferred to a Garmin e-Trex 10 GPS for tracking on the
field (Chenge and Osho 2018). On the field, each coor-
dinate in the study area was traced, and temporary sample
plots (T'SP) of size 50X 50 m were systematic laid exactly
on the point of each coordinate, for trees assessment. Five
TSP were laid in each natural area, giving a total of thirty
TSP for the six natural forest areas.

Woody tree species were identified in each TSP, and the
number of individuals was counted and recorded to de-
termine species occurrence, diversity, and abundance.
Using field identification aids, tree species were recognized

on the spot (Neelo etal. 2015). All live trees with a diameter
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at breast height (Dbh) of =10 c¢m in all the TSP were
identified, their Dbh and tree height (H) were measured.
The Dbh of each tree was measured to the nearest 0.1 cm at
1.3 m above the ground, and the overall tree height was
measured to the nearest 0.1 m (Ogana et al. 2020). DBH
and H were measured using a diameter tape and a Haga
altimeter, respectively (Dau et al. 2016). For leaning trees,
the measurement points were obtained from the uphill sides
of the trees and on the inside of the lean (Zuhaidi 2009).
The measurement was taken at the sound point on the stem
above the abnormality for trees with deformations of 1.3 m.
To avoid measurement errors and readings, loose bark,
climbers, and epiphytes were lifted above the measuring

tape during the measurement (Dau and Chenge 2016).
Siatistical analyses

The structure of the natural forest area was analysed us-
ing descriptive statistics (mean, standard deviation, mini-
mum, maximum, standard error) (Amonum et al. 2019;
Chenge et al. 2019). Stem diameter and tree height dis-
tributions were plotted using pivot tables on an Excel
spreadsheet (2010 version) (Hammer et al. 2001), and as-
sessed to ascertain the management effect on the tree stand
structure of the study area under the protection of the
Taraba State Government, Nigeria, for policy implications.
A diversity index is a numerical measure of the number of
distinct types (such as species) present in a community, as
well as the evolutionary relationships between the in-
dividuals distributed throughout those types, such as rich-
ness, divergence, and evenness (Tucker et al. 2017). These
are numerical representations of biodiversity in a variety of
dimensions (richness, evenness, and dominance).

Shannon-Weiner diversity (H’), species evenness, spe-
cies richness, and rarefaction indices were used to assess al-
pha diversity, while beta diversity indices (Simpson and
Sgrensen indices) (Schroeder and Jenkins 2018) were used
to assess the similarity or dissimilarity of the composition,
abundance, and distribution of tree species in the area. Beta
diversity (b) is important to ecology and biogeography be-
cause it indicates the changes in species composition that
occur across a landscape. It is also used to assess the hetero-
geneity of local communities (Heino et al. 2012). The
Sgrensen index and principal component analysis of the

study area were assessed using the Paleontological Statistics
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software package (PAST 4.03 2001) as described in the
handbook (Hammer et al. 2001). A principal component
analysis of the forest areas was carried out to ascertain the
natural forest area (s) with the highest number of tree spe-

cies in the study area.

Shannon-weiner index (H”)

The Shannon index quantifies population diversity while
assuming that all species are represented in a sample and
that they are sampled at random. As the community’s rich-
ness and evenness increase, the Shannon index rises. The
Shannon-Weiner (1949) diversity index was used to assess
species diversity in the research area; the index varies based
on the number of species present. When there are more
species, the number is higher, suggesting greater diversity.
Following Kent and Coker (1992), Magurran (2004), and
Chenge et al. (2019), the Shannon-Weiner Index (H’) was

estimated, thus:

H= ipil np;

i=1

FEquation [1]

sis the total number of species, pyis the proportion of in-

dividuals in the ith species, and /nis the natural logarithm.

Species evenness index

The Pielou evenness index is a number that ranges from
0 to 1 (Pielou 1969). When there is a dominating phenom-
enon, it is 0; when the distribution of individuals among
species is homogeneous, it is 1. The Pielou evenness index
was calculated as well, with the following formula (Adekunle
etal. 2013):

bzs
b= InS

FEquation [2]
FE'is Pielou Evenness Index, A is the Shannon—Wiener

function and S'is the total number of species.

Species richness

The approach provided by Margalef (1951; 1968) and
followed by Speller berg (1991) and Magurran (2004), as
utilized by Oluwatos and Jimoh (2016), was employed to

calculate species richness:
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D= FEquation [3]

5
VN

Dis species richness index (Margalef index), Sis the to-
tal number of species and Vis the total number of individuals.

Simpson diversity index

This index is use to evaluate the degree of concentration
when individuals are divided into groups. The measure is
equal to the probability that two species chosen at random
from the set of interest represent the same type (Simpson,
1949); i.e., the Simpson’s Diversity Index is a measure of
diversity that takes into account both the number of species
present and their relative abundance. As species richness
and evenness rise, so does diversity. This index ranges from
1 to 0, with 1 representing infinite diversity and 0 repre-

senting no diversity, thus:

1
Sl= ————
zlep?

FEquation [4]
SI is Simpson diversity index; p; is the proportional
abundance for each species and R is the total number of

species in the sample.

Rarefaction diversity index

The assessment of species richness for a given number of
individual samples is possible using rarefaction, which is
based on the construction of so-called rarefaction curves.
The method does not take into consideration specific taxa.
It looks at how many species are present in a specific sam-

ple, but not how many species are present across samples.

P K(%)ﬂi( ik ) FEquation [5]

=0 on

fnis rarefaction, N is total number of items, K is total

number of groups, /V;is the number of items in group i (i is

1, ... K).

The chao index is suited for abundance data, assumes a
Poisson distribution for the number of organisms identified
for a taxon and corrects for variance (Chao et al. 2005). Itis

useful for data sets with a high proportion of low-abun-



dance calls, which is frequently the case with microorganisms.
Thus, there was no need to estimate the chao index since it’s
mostly useful with microorganisms and assumes a Poisson

distribution.

Results

Forest structure of natural forests in taraba sitate
eco-zones, Nigeria

The result of this finding on the growth variables of trees
in the area is presented in Table 1. Based on the result, the
southern Guinea ecological zone had the highest mean
DBH of 43.27 ¢cm and 42.41 cm from the Baissa and
Wasaji forest areas, respectively. Forest areas in the Montane
and Northern Guinea ecological zones had a mean DBH
size that ranged between 35.83 and 37.49 cm. The study
areas had a minimum DBH size of 10 cm, while a max-
imum DBH of 420 ¢cm and 396 cm were recorded in the
northern Guinea (Jen Gininya Forest Area) and Montane
(Ngel Nyaki Forest Area) ecological zones, respectively.

Mean tree height of 15.98 m was recorded in montane
(Gashaka Gumti NP) eco-zone. The least mean tree height

Japheth and Meer

of 10.96 m was recorded in northern guinea eco-zone. All
the tree stands in the study area had a narrow range
(2.00-3.00 m) of minimum total height. The maximum tree
height of 115 m (Gashaka Gumti National Park) and 73 m
(Ngel Nyaki forest area) were from Montane eco-zone,
while 35 m tree height was the least from northern guinea.

The diameter distribution trend of the study areas in-

dicates an inverse “J-shape” pattern, which is typical of nat-

Fig. 1. Map of the six natural forest reserves in eco-zones of Taraba state,
Nigeria. Source: Meer et al. (2018).

Table 1. Descriptive statistics of tree stands structure of natural forest areas in eco-zones of Taraba state, Nigeria

Eco-zones Natural forest Variables n Std. dev C.V Min Mean Max SE
Montane Gashaka Gumti N.P Dbh (cm) 392 35.86 0.09 10.00 36.43 222.00 0.30
Ngel Nyaki PFA 1,449 43.64 0.03 10.00 36.84 396.00 0.17

Northern G.S Bakin Dutse PFA 287 38.05 0.13 10.00 35.83 230.00 0.36
Jen Gininya PFA 361 43.74 0.12 10.00 37.49 420.00 0.35

Southern G.S Baissa PFA 730 43.38 0.06 10.00 43.27 325.00 0.24
Wasaji PFA 539 44.40 0.08 10.00 41.41 262.00 0.29

Montane Gashaka Gumti N.P Th (m) 392 12.35 0.03 2.50 15.98 115.00 0.18
Ngel Nyaki PFA 1,449 10.42 0.01 2.00 12.49 73.00 0.08

Northern G.S Bakin Dutse PFA 287 6.47 0.02 2.00 11.10 35.00 0.15
Jen Gininya PFA 361 5.80 0.02 2.50 10.96 35.00 0.13

Southern G.S Baissa PFA 730 10.15 0.01 3.00 15.31 50.00 0.12
Wasaji PFA 539 10.72 0.02 0.20 14.57 50.00 0.14

Montane Gashaka Gumti N.P B.A (mz) 392 0.46 0.00 0.00 0.20 3.8708 0.03
Ngel Nyaki PFA 1,449 0.77 0.00 0.00 0.26 12.3163 0.02

Northern G.S Bakin Dutse PFA 287 0.51 0.00 0.00 0.21 4.1548 0.04
Jen Gininya PFA 361 0.91 0.00 0.00 0.26 13.8544 0.05

Southern G.S Baissa PFA 730 0.67 0.00 0.00 0.29 8.2958 0.03
Wasaji PFA 539 0.65 0.00 0.00 0.29 5.3913 0.03

G.S, Guinea savanna; N.P, National park; PFA, forest natural area; C.V, coefficient of variation; S.E, standard error; n, sample (s) Dbh,

Diameter at breast height; Th, tree height; B.A, basal area.
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ural forests in the tropics (Fig. 1). One thousand eight hun-
dred and two (1,802) trees had a diameter size less than §5
cm, of which the montane eco-zone had 1,089 trees in the
lower DBH distribution, while the northern eco-zone had
245 individual trees in the same distribution. Two hundred
and twenty two trees were recorded with Dbh distribution
between 55 to 105 c¢cmj; 66 individual trees were between
105 to 155 cm class, 28 trees were found in the class of 155
to 205 cm while few trees had Dbh size above 205 cm. Tree
stands in montane eco-zone had a high stock density and
better structure with trees found in all Dbh distribution
class.

Result on tree height distribution in the areas showed
that, most of the trees (1,369) had tree height at lower class
distribution ( < 10.2 m). Six hundred and twenty-two (622)
individual trees were identified in the middle class height

distribution (10.2 to 30.2 m). However, few individual
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Fig. 2. Diameter distribution class of tree stands of natural forest areas in

eco-zones of Taraba state, Nigeria.

trees were found in the upper-class height distribution (Fig.
2). This showed that forest areas in montane eco-zones had
trees with total heights that spread across all the class dis-
tributions in the study area. Thus, forest areas in the south-
ern Guinea savanna zone of the study area had a better tree

height distribution (height structure).

Alpha and beta diversity of natural forests in taraba
slate eco-zones, Nigeria

A total number of 3,758 individual trees were recorded
from 82 species, 73 genera, and 34 families were identified
from the area. The southern Guinea savanna zone had the
highest mean Shannon-Weiner index of 2.76, followed by
2.59 Shannon-Weiner indexes in the montane ecozone. The
Northern Guinea Savanna Zone had a 2.48 Shannon-Weiner
index. Baissa forest area had the highest species dominance
index of 0.1401 (from southern Guinea savanna), followed
by 0.1308 in Gashaka Gumti N.P. (Montane eco-zone),
while Wasaji natural area had the least species dominance
index of 0.0539 (from southern Guinea savanna).

Tree species evenness distribution among the eco-zones
was closely related. A mean evenness index of 0.57 was re-
corded in southern guinea savanna zone, 0.56 from north-
ern guinea zone and Montane zone had evenness dis-
tribution index of 0.522. A tree species richness index of
4.52 was the highest recorded in the Montane eco-zone,
with 4.24 and 3.54 indexes from the Southern and Northern
Guinea savanna eco-zones, respectively (Table 2).

The result of diversity from the study area indicates high
similarity between Baissa and Wasaji PFA which had 0.12,
Baissa and Bakin Dutse (0.14), Wasaji and Bakin dutse

Table 2. Tree species alpha diversity indices of natural forest areas in eco-zones of Taraba state, Nigeria

Southern G.S Montane Northern G.S
Indices Noel Nvaki Bakin D
. .. gel Nyaki akin Dutse L.
B PFA PFA NP PFA

aissa Wiasaji GG PFA PFA Jen Gininya
Taxa_S 25 32 14 51 19 24
Individuals 730 539 392 1,449 287 361
Simpson index_D 0.1401 0.0539 0.1308 0.08121 0.1036 0.1255
Shannon H 2.446 3.078 2.241 2.945 2.495 2.459
Evenness_e ™ H/S 0.4615 0.6787 0.6714 0.3727 0.6378 0.487
Richness (Margalef) 3.64 4.929 2.177 6.869 3.181 3.906

G.S, Guinea savanna; N.B, National park; PFA, forest natural area.
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PFAs had 0.25 beta diversity index (Table 3). The high be-
ta diversity (Sgrensen) index between Ngel Nyaki PFA and
Gashaka Gumti NP was 0.57, indicating dissimilarity be-
tween the two ecosystems. Ngel Nyaki and Bakin Dutse
PFAs had a 0.46 beta diversity index, while Baissa and
Ngel Nyaki PFAs had a 0.34 beta diversity index. The re-
sult of the Simpson index of the study area indicates that all
the PFA had a low value of the Simpson index, which
ranged from 0.05 to 0.14 (Table 3). This implies that there
is a low probability that two randomly sampled individuals
belongs to different species.

Principal component analysis was used to visualize spe-
cies distribution and overlap, the result showed that (Fig.
3), Baissa and Bakin dutse PFSs accounted for 76.5% of
tree species in the study area i.e. this two PFAs housing
76.5% of the tree species identified from the six PFAs.
Gashaka gumti NP accounted for 7.2% of the tree species,
Jen gininya PFA had 3.2%, and Ngel nyaki and Wasaji
PFAs accounted for 2.4% and 0.6%, respectively.

The species diversity indices of varied natural areas were
compared using a correlation matrix (Table 4). The results
indicate no significant difference (p=0.05) between the di-
versity indices of Baissa, Bakin Dutse, Gashaka Gumti,
Ngel nyaki, and Jen Gininyi natural forest areas, while var-
iation exists between Gashaka Gumti natural forest, Jen

Gininya, and Ngel nyaki natural forest areas.

Japheth and Meer

Discussion

Forest structure of the study area

The highest mean dbh (42.48 cm) and mean tree height
(14.99 m) were recorded in the southern Guinea savanna
eco-zone, while the northern Guinea area had the least
mean dbh (36.75 cm) and mean tree height (11.03 m). The
highest mean B.A. of 0.2900 m” was recorded in the south-
ern Guinea savanna of the study area (Table 1). The mean
B.A ranged from 0.2000 to 0.2900 m” ha™. This indicates
that the study areas have occupied a low cross-sectional area
at the ground level (base) of the trees. It is an indicator that
the tree stands were small in size due to the frequent felling
of trees with long stems for timber purposes. However, the
basal area is high if compared to the basal area recorded in
other guinea savannas of Nigeria (Chukwu et al. 2018;
Amonum and Japheth 2019; Vange et al. 2021).

mMentane M Northern G.5 Southern G.S

y=348.3x101
R?=0.9473

Frequency
w
g
8

R*=0.9746

<102 10.2:20.2 20.2-302 30.2-40.2 >40.2
Tree height Class (m)

Fig. 3. Tree heights distribution class of tree stands of natural forest areas in
eco-zones of Taraba state, Nigeria.

Table 3. Beta (sgrensenand simpson) diversity indices of natural forests in vary eco-zones of Taraba state, Nigeria

Gashaka Gumti
Natural forest Baissa PFA  Bakin Dutse PFA "‘NaP Y™ Jen Gininya PFA Ngel Nyaki PFA  Wasaji PFA
Baissa PFA -
Bakin Dutse PFA 0.14 -
Gashaka Gumti N.P 0.28 0.15
Jen Gininya PFA 0.02 0.12 0.26 -
Ngel Nyaki PFA 0.34 0.46 0.57 0.36 -
Wasaji PFA 0.12 0.25 0.39 0.14 0.23 -
Southern G.S Montane Northern G.S
Index
Baissa PFA Wasaji PFA GGNP Ngel Nyaki PFA Bakin Dutse PFA  Jen Gininya PFA
Simpson index_D 0.14 0.05 0.13 0.08 0.10 0.13

G.S, Guinea savanna; N.P, National park; PFA, forest natural area.

J For Environ Sci 39(1), 1-12 7
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Table 4. Correlation matrix of alpha diversity index of natural forest areas in eco-zones of Taraba state, Nigeria

Natural forest areas Baissa Bakin Dutse ~ Gashaka Gumti ~ Jen Gininya Wasaji Ngel Nyaki
Baissa -
Bakin Dutse 0.4162° -
Gashaka Gumti N.P 0.354" 0.114° -
Jen Gininya 0.1034" 0.478" 0.0212" -
Wasaji 0.699" 0.6185" 0.1978 0.1799° -
Ngel Nyaki 0.2405" 0.8842" 0.0482" 0.4702° 0.4162° -

G.S, Guinea savanna; N.P, National park; PFA, forest natural area.

Means on the same column (between forests) with different superscript are statistically significant at 0.05 (p < 0.05).

The observed “inverse J” diameter distribution (stem
frequencies decreased with increased Dbh) is typical of
tropical forests. This indicates better development and re-
generation of tree stands in the area. Natural regeneration is
dependent on the availability of mother trees, favourable
conditions, and fruiting patterns, as confirmed by Mohd
(2012). The structure in the area indicates a high pro-
portion of trees with a small diameter; this revealed high re-
generation and recruitment, which could be due to forest
exploitation as reported by Bunde et al. (2015a), who re-
ported that the lack of trees in the middle diameter classes
of forest reserves was due to the harvesting of trees for dif-
ferent purposes as evidenced by numerous stumps in the
areas. From this finding, when regeneration occurs over a
long period of time (with minimal or no disturbance), the
frequency of trees would reduce from a low to a high DBH
distribution. Thus, this will require sustainable manage-
ment of the forest area. This result agreed with the report of
Neelo etal. (2015), who reported that the status of tree pop-
ulations can be revealed by way of size class distribution
analyses.

Tree height distributions indicate a large population of
individual tree stands in the lower height stratum (10.0 m)
and a small number of tree stands in the upper (> 40 m)
height stratum. This could be due to the status of DBH
class distributions as revealed by this study. It could also be
due to competition for sunlight and open space for stem and
crown diameter expansion. This is in line with the findings
of Vange et al. (2017) and Amonum and Japheth (2019). It
could also be due to the presence of a few individual tree
stands with dominant heights over a larger population of

trees in the area. The tree height distribution from this
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study had a similar pattern to that of the Shasha natural for-
est in Osun State, Nigeria, as reported by Chenge et al.
(2019).

The number of horizontal layers, the height and density
of each stratum, and specific characteristics (tree hollows)
could make the area a good habitat structure (for bird spe-
cies), which is an emergent property of vegetation.
Structures alter the microclimate (e.g., shadowing lowers
surface temperatures) and provide substrates for breeding,
sheltering, feeding, predator avoidance, and other activities
(Brown et al. 2021). In natural ecosystems, the organization
of the vegetation determines the structure of the animal
community (Louy et al. 2011). The composition of animal
communities in agricultural systems is influenced by vege-

tation structure (Brown et al. 2021).
Alpha and beta diversity of the study area

Alpha diversity increased in the southern guinea savanna
of the study area, but declined in the northern guinea
savanna. This implies a greater abundance of tree species in
the southern zone than in the northern zone of the area. The
abundance of rainfall, average temperature, humidity, and
sunshine could be the reason for the high diversity in the
southern Guinea savanna. Suitable environmental factors
(such as rainfall, temperature, wind, sunlight, and soil nu-
trients, among others) tend to increase the growth and de-
velopment of plant species in a place. When compared to
the Southern and Northern ecosystems in the research area,
Shannon diversity in the Monatane zone was at its peak,
which is in line with Grytnes (2003). According to Naveed
and Erwin’s (2015) findings in the Swat Woodlands,

Pakistan, the Shannon Weiner diversity of vascular plants



was at its peak at low (1,600 m) and medium (2,700 m) alti-
tudes and at its lowest at the uppermost woodland zone
(3,100 m). In the majority of the elevation gradient, it ap-
pears that the abundance of various tree species influences
alpha diversity as reported by Naveed and Erwin (2015).
Ohlemiiller and Wilson (2000) found no link between her-
baceous species richness (ground flora) and elevation in re-
search from New Zealand.

In a tropical rainforest in Bangladesh, Nur et al. (2016)
reported a Shannon-Weiner index of 3.49. When compared
to the semi-evergreen forests of the Indian Eastern and
Western Ghats, the tree species richness from this finding
in Taraba State, Nigeria, recorded the highest number of 51
tree species and the lowest number of 14 species, which is
regarded as low. Moksia et al. (2019) reported 99 species
belonging to 62 genera in 32 families in two woodlands in
the Sudano-Sahelian zones of North Cameroon. The num-
ber of species was distributed among the two zones explored.

Baissa and Bakin-dutse forest areas were the two princi-
pal PFAs that accounted for 76.5% of tree species found in
the study; this implied that, 76.5% of all the tree species
would be found in the two principal areas (Baissa and
Bakin-Dutse) in Taraba state. These two natural areas
house about 75% of all the tree species; therefore, the Baissa
Forest area could be upgraded to a national forest reserve,
botanical garden, or tree seed bank, where threatened and
economically important tree species can be conserved for
sustainable forest management and genetic conservation.
The result of this finding showed that Gashaka Gumti, as a
national park, accounted for only 7.2% of the tree species in
the state. One would expect a high occurrence of trees and
tree species diversity in Gashaka Gumti as a major national
park in the study area, but the reverse is the situation as re-
vealed by this finding.

The result on the beta diversity index (Simpson index)
indicates that all the PFAs had low values of the Simpson
index, which ranged from 0.05 to 0.14. This implies that
there is a low probability that two randomly sampled in-
dividuals belongs to different species in the area. Beta di-
versity is essential for understanding ecosystem trends, bio-
diversity protection, and ecosystem management. Using
the dissimilarity index, a value of 0 means that the com-
munities have exactly the same species composition, and a

value of 1 means they don’t share any species.

Japheth and Meer

The beta diversity index (0.02) between Baissa (Southern
guinea savanna) and Jen Gininya (Northern guinea sav-
anna) was an indication that the two areas have high sim-
ilarity of tree species in the area. The similarity could also be
as a result of low anthropogenic activities on tree species
abundance, or/and also, elevation gradient of the forests.
The southern and northern Guinea savannas of the state
have similar characteristics. Ngel Nyaki PFA and Gashaka
Gumti NP had a beta diversity index of 0.57, indicating an
optimal beta index, i.e., both locations share optimally sim-
ilar species, i.e., both sites are relatively similar. The two
forest areas are situated close to each other in the same eco-
logical zone (Montane). This finding implies that a low be-
ta index could be influenced by location closeness. This re-
sult agreed with the finding of Condit et al. (2002), who re-
ported that the similarity of tree species between plots (or
locations) decreases as the distance between the plots (or lo-
cations) increases.

The high beta index value (0.57) of beta diversity could
be due to the strictness adopted by the Federal Government
to conserve the forest, which is gazetted as Gashaka Gumti
NP, while Ngel Nyaki PFA is managed by an NGO
(Nigerian Montane Forest Project, Christchurch, New
Zealand) for efficient conservation. Therefore, manage-
ment type, environmental variation, and low anthropogenic
factors could be the major influences on high beta index di-
versity patterns in the montane eco-zone in the area.

A low beta diversity index (i.e., high similarity) was re-
corded between Jen-Gininya and Bakin-Dutse PFAs. This
could be due to the closeness of the two forest areas located
in the same ecological zone (the northern Guinea savanna).
There is a high chance of having similar tree species when
two or more forest areas are close, due to the migration of
genetic traits dispersed by wind and birds. This finding is
in line with the reports of Alahuhta et al. (2017) and Astorga
et al. (2014), who reported that heterogeneity in distant lo-
cations influences beta diversity by providing a greater vari-
ety of niches or species. Species diversity in term of sim-
ilarity or dissimilarity indicates the geographical variation of
species composition among habitats (Anderson et al. 2011);
and is importantly related to two processes (Baselga 2010):
species replacement and nestedness (Alahuhta et al. 2017).

The value of Simpson index in the range of 0.10 to 0.99
had been reported for temperate forests (Turkis and Elmas
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2018), Simpson index ranged of 0.47 to 0.86 in Kavakli
Nature Reserve Area; and 0.55 to 0.84 in Citdere Nature
Reserve Areas in Yenice Forests (Turkis and Elmas 2018).
The value ranged from 0.8 to 2.3 in particular woods of the
Kumaun Himalaya (Srivastava 2002). In the Kavakli and
Citdere areas, an increase in species richness leads to an in-
crease in species diversity. Temperate forests are diverse
ecosystems with a lot of variation (Dudley 1992). In com-
parison to coniferous forests, broadleaved forests have a
more diverse vascular understory (Barbier et al. 2008).

The correlation matrix indicated that there was no sig-
nificant correlation between the forest ecosystems in the
Montane eco-zone but that there was in the Northern and
Southern eco-zones. According to Naveed and Erwin, who
use polynomial regression models, total species richness fol-
lowed a unimodal pattern along the elevation gradient,
where tree species richness initially decreased until 2200 m,
then increased, and then decreased again from 2800 m on-
ward (Naveed and Erwin 2015). Ren et al. (2006) reported
that, although the total richness of vascular plant species did
not exhibit a linear elevation trend, species groups with var-
ious ecological characteristics did exhibit significant ele-
vation tendencies. Herbs in New Zealand (Ohlemiiller and
Wilson 2000), trees and shrubs in South Africa (O’ Brien
1993), and climbers in Mexico all change their growth
forms in response to elevation (Vazquez and Givnish 1998).

An asymptotic shape or relationship was found between
the number of species and occurrence, as indicated by the
rarefaction curve in this study. The rarefaction curve in-
creases relatively fast at the initiating stage and much more
slowly in later samples as increasingly rare species are
identified. The rarefaction curve helps in understanding di-
versity at higher taxonomic levels (Bunge and Fitzpatrick
1993). This method had been adopted to determine level of
diversity in research many years before assessed individual
species rarefaction as reported by Gotelli and Colwell
(2001).

Conclusion

In the study area’s southern Guinea savanna ecozone, the
mean Dbh (42.5 cm) and mean tree height (15.0 m) of trees
were measured. The PFAs’ diameter distribution structure

displayed an inverse "J-shape" pattern that is typical of trop-
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ical natural forests. As more and more rare species were
added, the rarefaction curve rose relatively quickly at first
and then much more slowly in later samples. Baissa and
Bakin Dutse PFAs, contained 76.5% of the tree species.
This finding reveals that proximity to a location influences
how similar two tree species are, according to the least beta
diversity index (0.02). The Federal Government’s method
of management for the forest, known as Gashaka Gumti
NP, may be responsible for the high beta diversity index in
the Montane ecozone. Therefore, in the study area, it
should be strongly encouraged to practice sustainable forest
management and strict oversight of natural areas, as their
contributions to reducing climate change in Taraba State,
Nigeria, cannot be overstated. Thus, this study provides
baseline knowledge and evidence that geographically de-
tailed analyses of the diversity of the area could be useful in
conservation management or decision-making that will en-

sure the sustainability of tree species.
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