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Abstract

The impacts of small-scale mining on the vegetal cover as well the livelihoods of communities in mined areas in
developing countries such as Ghana are far-reaching. This study assessed the impacts of small-scale mining on
flora of conservation and economic significance through quantification of species richness, and species diversity.
Mined and unmined sites were chosen in the Dunkwa East Municipality of Ghana. Five belt transects each (200m
x 200m) were constructed in both sites. Each belt transect was divided into 100 quadrats (20m x 20m) and plant
species in each of the quadrat were identified in the field and or the herbarium of the School of Biological Sciences,
University of Cape Coast. One hundred and fifty seven species distributed in 140 genera and 54 families were
identified in the mined area whilst the 209 species identified in the unmined area were in 185 genera and 73
families. Plant families Euphorbiaceae, Rubiaceae and Asteraceae were more diverse whilst Asteraceae, Poaceae
and Euphorbiaceae were dominant in the unmined area. In the mined area, however, Poaceae, Euphorbiaceae and
Asteraceae were more diverse. Pteridium aquilinum, Tridax procumbens and Waltheria indica in the unmined area
and Chromolaena odorata, Sporobolus pyramidalis and Euphorbia hirta in the mined area were the dominant
species. Small-scale miming activities have caused reduction in species diversity, richness and economic and
commercial values in the area. Higher disturbance of the flora has resulted in more secondary species in the mined
area. Restoration is required in the study area.
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1. Introduction

Historically, Ghana has large deposits of mineral resources (Hilson, 2002), ninth on the list of countries that
produce gold worldwide and the second largest producer of gold in sub-Saharan Africa (Arthur, Agyemang-Duah,
Gyasi, Yeboah, & Otieku, 2016) accounting for over 3% of world gold production. Gold has provided enormous
support to Ghana’s economy in terms of capital formation, fiscal payment and employment (Lawson & Bentil,
2014; Kuranchie-Mensah & Amponsah, 2016; McQuilken & Gavin, 2016). Small-scale mining apart from
employing more people especially in the rural poor communities (Arthur et al., 2015) contributed between 20% -
35% of the estimated one million five hundred thousand ounces of gold produced in Ghana in 2014 (MinCom,
2015). According to Benkenstein (2012), the contribution of small-scale mining to gold production in Ghana
increased sharply from 9% in 2000 to 23% in 2010. Notwithstanding the support of small-scale gold mining to
Ghana’s growth and development, mining activities have impacted negatively on the environment rendering soils
and water in most mined sites not suitable for many purposes (Kpan, Opoku, & Anukwah, 2014).

The relatively regulated rehabilitation of large scale mined sites has not been replicated in small-scale mined sites
in Ghana leading to degraded small-scale mined sites after mining has ceased. The degradation of the site is
characterized by unfilled pits, poor landscaping, and depleted and fragmented plant cover (Edwards, 2014)
rendering the sites not suitable for members of the community who are mostly farmers to re-use the land. From a
spatio-temporal perspective, it is unclear what systematic changes in flora have occurred owing to mining
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activities. Thus, there is the need to know the functional relationship between small-scale mining activities and
floral resources so as to help reduce the impacts of small-scale mining on the environment.

This study assesses the impacts of small-scale mining on the flora/vegetation through quantification of the species
richness and diversity and also determines the economic and ecological significance, star-rating and genetic heat
index (GHI) of the plant species. This will help to reveal how the species respond to significant influences on the
floral community and the conservation values of the species.

2. Methods
2.1 Study Area

This study was carried out in the Dunkwa East Municipality, one of the oldest mining areas in the southern part of
Ghana. The area lies within latitudes 5°30! and 6°02' North of the equator and longitudes 1°W and 2°W of the
Greenwich Meridian (Figure 1). The study area falls within the semi-equatorial zone (Hall & Swaine, 1981) and is
characterized by a three-tree strata. The total annual mean rainfall is between 1200mm and 2000mm and the mean
temperature ranges from 29°C in the hottest months and about 24°C in the coolest months (Dunkwa East Municipal
Assembly, 2014). The rocks in the Municipality are mostly of the Birimian and Tarkwaian formation accounting
for the rich mineral deposits. The geology of the area makes it attractive for mining and over the years, several
concessions have been granted to companies and individuals for both large-scale and small-scale mining. This has
resulted in the setting up of one of the District Mining Commission offices in Dunkwa-on-Offin. The study site
offers unique opportunity to understand how the activities of small-scale mining affect land availability for
agricultural activities especially farming in the local communities.
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Figure 1. Map of study area showing the sampling sites

2.2 Inventory of Plant Species

Ten belt transects each measuring 200m x 200m were constructed for the vegetation studies. Five of the belt
transects (200m x 200m) were constructed in the mined areas and another five belt transects (200m x 200m) in the
unmined areas. Each belt transect (200m % 200m) was divided into 100 quadrats (20m x 20m) and plant species in
each of the quadrats (20m x 20m) were identified in the field and or the herbarium of the School of Biological
Sciences, University of Cape Coast. The plant species in the field were identified by the leaves, crown, bole,
buttresses, slash exudates, texture, colour, smell, etc. For plant species that were not readily identified in the field,
voucher specimens (leaves, seeds, fruits, bark slashes etc.) and photographs of the specimens were sent to the
herbarium at the School of Biological Sciences, University of Cape Coast for identification. The herbarium
identification was done by comparing with already identified herbarium material and the use of published flora.
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Herbarium staff at the School of Biological Sciences, University of Cape Coast also helped with the identification
processes.

2.3 Categorization of the Plant Species

A comprehensive list of plants species obtained was used in the determination of the proportion of taxa, life-form,
star rating and ecological guild of species in the study area. Star rating and ecological guild of species were
determined with the help of the Forest of Ghana Graphical Information Exhibitor (FROGGIE) by Hawthorne
(1993).

2.4 Life Form of Plant Species

The plant species in the study area were grouped into life forms on the basis of their similarities in structure and
function. In this study, the plant species were grouped as Trees, Shrubs, Herbs, Lianes, Ferns and Climbers.

2.5 Ecological Parameters of Plant Species

Each of the belt transect (200m % 200m) was sampled to determine ecological parameters of species in the mined
and unmined study areas. In the determination of the density and frequency of plant species, only plants rooted in
the quadrats (20m x 20m) were counted. Shoots arising from a common tussock and those with rooted stolons
were considered as single/individual plants.

2.6 Density of Plant Species

Plant species in each quadrat (20 mx 20 m) were counted and the total number for each species recorded. This was
done for 500 quadrats in the mined site and another 500 quadrats in the unmined site.

Density of plant species in each study site was then calculated as:

Number of individuals of a particular plant species
Total area of belt transect (1000 m?2)

Density =

()

2.7 Frequency of Plant Species

100 quadrats (20m x 20m) were constructed in each transect belt (200m % 200m). The presence or absence of a
particular plant species in each quadrat was recorded for the determination of frequency.

The frequency of each plant species was obtained from the relation:

Number of quadrats (20 m X20 m)in which a particular species occurred

Frequency= x 100 2)

Total number of quadrats (500 quadrats)

2.8 Diversity of Plant Species
The diversity of the plant species was determined using Shannon-Weiner (1949) and Simpson’s (1949) indices.
Shannon-Weiner Index, H:
H=-Y Piln Pi
Where, Pi=ni/N
and ni = number of individuals of the i species
N = total number of individuals
Simpson’s Index, D:
D=1-C
Where, C = Concentration of Dominance
=Yni(ni-1)/NN-1)
Where ni and N are defined as above
2.9 Species Evenness (E)
E =HI1/InS (Pielou, 1969)
Where, H' = Shannon — Weiner diversity index

S = number of species
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2.10 Similarity of Species

The similarity of species between the mined and unmined areas was obtained using Sorenson’s Index and
Similarity Ratio.

The Sorenson’s index for this study was obtained from the relation:

_ 2a
$= (2a+b+c) (3)
Where;
a = number of species common to both mined and unmined study sites
b = number of species unique to mined site
¢ = number of species unique to unmined site
2.11 Similarity Ratio (SR)
The similarity between species in mined site (a) and unmined site (b) was obtained from the relation:
SRij = YKYKaYKb @)

(XKYKaZ+YKYKb2—-yKYKaYKb)

Where;
KYKa = abundance of K species in mined site
KYKb = abundance of K species in unmined site
2.12 Pioneer Index (PI)

The Pioneer Index of plant species for each of the study sites was obtained from the relation:

Pl = ( PioneersxPioneer Weight)+(NPLD XNPLD Weight)x100 (5)

Total Number (of individuals of species sampled)

Where;
Pioneer weight = 2; NPLD weight = 1 (Hawthorne, 1993).
Pioneers — Number of Pioneer species
NPLD - Number of NPLD species

2.13 Genetic Heat Index (GHI)

The Genetic Heat Index for species in each of the study sites (mined and unmined) was obtained from the relation:

_ (BKxBKweight)+(GDxGDweight)+(BUXBUweight)+(RDXRDweight)x100
BK+GD+BU+GN+RD

GHI

(6)

Where;
BK, BU, GD, GN and RD represent Black, Blue, Gold, Green and Red species respectively
BK weight is the weight of black species etc.
Weights of black, gold, blue, red and green species are 27, 9, 3, 1 and 0 respectively (Hawthorne, 1993).
2.14 Economic Index (E)
The economic index for species in each of the study areas (mined and unmined) was obtained from the relation:

__ (SCxSCweight)+(RDXRDweight)+(PKxPKweight)x100
Total all stars

EI

(7

Where;
SC is scarlet; RD is red and PK is pink.
Weight of scarlet = 3; red = 2; pink = 1 (Hawthorne, 1993)
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The plant species were grouped into star ratings to reflect genetic conservation value. The star classification
provides a priority list for species. It also highlights the “genetic hot-spots™ of the plant community. In this study,
the plant species were star-rated according to the specific circumstances of Ghana as follows:

Black star

Species are rare internationally and at least uncommon in Ghana;

urgent attention to conservation of population needed.
Gold star

Species are fairly rare internationally and / or locally.
Blue star

Species are widespread internationally but rare in Ghana or vice-versa.
Pink star

Species are common and moderately exploited. Also non- abundant species of potential value.
Red star

Species are common but under serious pressure from exploitation.

Current rate of exploitation if not controlled can lead to economic damage in the next few years.
Scarlet star

Species are common but under extreme pressure from heavy exploitation. Presently, economic damage from
heavy exploitation being experienced.

Green star

Species of no particular conservation concern and are common in Ghana.
3. Results
3.1 Assessment of Flora in Mined and Unmined Sections of the Study Area

Two hundred and seventy eight plant species belonging to 238 genera and 84 families were identified in mined and
unmined study areas (Table 1). The Magnoliopsida (Dicots) emerged with 80.21% of the species distributed
among six subclasses and was the most dominant group in terms of number of species. The Liliopsida (Monocots)
followed with a dominance of 15.83% of the species distributed among four subclasses. The plant group with the
least number of species was the Pteridophyta which accounted for 3.96% of the total species.

Table 1. Plant groups of the flora in the unmined and mined study areas

Plant group Number of families Number of genera Number of species
Magnoliopsida 63 188 223

Liliopsida 13 42 44

Pteridophyta 8 8 11

Totals 84 238 278

The Magnoliopsida (Dicots) consisted of plant species from six subclasses which were the Magnoliidae, Asteridae,
Rosidae, Dillenidae, Caryophyllidae and Hamamelidae. The dicot with the most number of species was the
Rosidae which accounted for 30.93% of all the species encountered (Figure 2). This was followed by the Asteridae
(27.33%) and the Dillenidae (11.87%). In order of decreasing number of species, the contributions of the
remaining subclasses of the dicots were Hamamalidae (4.68%), Magnoliidae (2.88%) and Caryophyllidae (2.52%).
The monocots were distributed in four subclasses; namely, Commelinidae, Arecidae, Zingiberidae and Liliidae
and their contribution to the total number of species encountered in the study were 10.43%, 2.52%, 1.80% and
1.08%, respectively. The Pteridophyta group formed 3.96% of the total number of plant species obtained in the
study (Figure 2).
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Figure 2. Distribution of plant species among taxonomic groups

One hundred and fifty seven species found in 140 genera and 54 families were identified in the mined study area
whilst 209 species encountered in the unmined study area were distributed in 185 genera and 73 families.
Eighty-eight (88) plant species identified in this study were common to both the mined and unmined areas. The
number of plant species found in only the mined site was 69 species and that for the unmined site was 121 species.

3.2 Distribution and Abundance of Plant Species in the Unmined and Mined Study Areas

The prevalence of the species in the unmined area ranged from 0.2% to 20.6%. The species with relatively higher
frequencies in the unmined area included Spilanthes filicaulis (20.6%), Pteridium aquilinium (18.6%), Diplazium
sammatii (17.6%), Sorghum arundinaceum (17.6%), Chromoleana odorata (17.0%) and Tridax procumbens
(16.6%). Other plants species of low frequency found in the unmined site included Theobroma cacao (1.0%),
Aningera altissima (0.2%), Ochna staudii (0.2%) and Zanthoxylum lemairei (0.4%). The distribution of species in
the mined area ranged between 58.4% and 0.2%. Plant species which were relatively better distributed in the
mined area included Chromolaena odorata (54.8%), Echninochloa cruspavanis (54.0%), Helleria latifolia
(51.4%), Euphorbia hirta (46.2%), Momordica charantia (46.2%) and Sporobolus pyramidalis (45.4%). Other
species of low distribution in the mined area included Cola chlamydantha (0.2%), Solanum eranthium (0.4%),
Treculia africana (0.4%) and Cyclosorus afer (0.6%). The densities of species in the unmined area were generally
low. Plant species with relatively higher density values included Pteridium aquilinum (0.22), Tridax procumbens
(0.19), Waltheria indica (0.17), Euphorbia hirta (0.15), Chromolaena odorata (0.15) and Grewia pubescens
(0.14). Species with least density value of 0.01 in the unmined area included Ochna staudii and Aningeria
altissima. The values for the density of species in the mined area ranged from 0.01 to 4.37. Plant species such as
Chromolaena odorata (4.37), Sporobolus pyramidalis (2.14), Echinochloa cruspavonis (1.50), Panicum maximum
(1.40) and Commelina benghalensis (1.35) had relatively higher density values in the mined area. Solanum
erianthum (0.01), Hallea ledermannii (0.01), Cyclosorus afer (0.02), Berhinia occidentalis (0.02) and Antiaris
africana (0.02) had low density values.

3.3 Overview of Plant Life Forms in the Unmined and Mined Areas

Six plant life forms were recognized amongst the species in the unmined study area (Table 2). These were trees,
herbs, shrubs, climbers, lianes and ferns. The group with the highest number of species in the unmined study area
was the trees which accounted for 52.15% of all the species encountered (Table 2). The herbs followed with 27.75%
of the species. The next group of species was the climbers which comprised 9.09% of the species. Following the
climbers were the ferns, lianes and shrubs with 4.31%, 3.83% and 2.87% of the species, respectively (Table 2).
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Table 2. Life form of plant species growing in the unmined study area

Life form Number of species Proportion of species (%)
Tree 109 52.15

Herbs 58 27.75

Shrub 6 2.87

Climber 19 9.09

Liane 8 3.83

Fern 9 431

Total 209 100

In the mined study area, eight life forms were recognized amongst the species (Table 3). These were trees, herbs,
shrubs, climbers, seedlings of trees, lianes, ferns and saplings. The dominant plant life form was the herb,
constituting 56.05% of all the species in the mined area. The climbers followed with 12.01% of the species
identified. Next to the climbers were the trees and saplings accounting for 9.56% and 8.28% of the species,
respectively. These were followed by the shrubs, involving 6.37% of the species. The next group of species was
the tree seedling which came up with 3.82% of the species encountered. Following the tree seedlings were the
lianes and ferns. Each group accounted for 1.91% of the species in the mined area (Table 3).

Table 3. Life form of plant species growing in the mined study area

Life form Number of species Proportion of species (%)
Tree 15 9.56

Herb 88 56.05

Shrub 10 6.37

Climber 19 12.10

Seedling (of a tree) 6 3.82

Liane 3 1.91

Fern 3 1.91

Sapling 13 8.28

Total 157 100

3.4 Ecological Status of Plant Species in the Unmined and Mined Study Areas

The ecology of the species with respect to the presence of canopies and gaps and other influences on the flora
showed that the dominant guild in the unmined plant community was the Pioneers, forming 44.98% of all the
species (Table 4). The Non-Pioneer Light Demanding (NPLD) and the Shade bearers constituted 16.27% and
13.87% of the species, respectively. The least guild identified in the unmined study area was the Swamp (1.91%).
The guilds of 48 plant species (forming 22.97% of identified species) were not available (Table 4).

Table 4. Ecological guild of plant species growing in the unmined area

Ecological guild Number of species Proportion of species (%)
Pioneer 94 44.98

Shade bearer 29 13.87

Non-Pioneer Light Demanding 34 16.27

Swamp 4 1.91

Not Available 48 22.97

Total 209 100

The guild of species in the flora of the mined study area showed that Pioneers formed 59.24% of the species (Table
5). The remaining guilds, Shade bearers, Non-Pioneer Light Demanding and Swamps showed up as 6.37%, 5.73%
and 1.27% of the species, respectively. The guild of 27.39% of the species encountered in the mined area was not
available (Table 5).
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Table 5. Ecological guild of plant species growing in the mined area

Ecological guild Number of species Proportion of species (%)
Pioneer 93 59.24

Shade Bearer 10 6.37

Non-Pioneer Light Demanding 9 5.73

Swamp 2 1.27

Not Available 43 27.39

Total 157 100

3.5 Diversity of Plant Species in the Unmined and Mined Study Areas

The diversity of species in the unmined area was found to be high (Table 6). The Shannon-Weiner Index gave a
mean value of 4.62 + 0.025 whilst the Simpson’s Index gave a mean value of 0.98 + 0.012. The Evenness of the
species had a mean value of 0.52 = 0.015.

Table 6. Diversity of plant species in the unmined study area

Quadrat (200m x 200m) Number

Diversity Index 1 2 3 4 5 Mean

Shannon-Weiner (H') 4.64 4.62 4.65 4.60 4.59 4.62 +0.025
Simpson’s (D) 0.99 0.98 0.96 0.98 0.99 0.98 £0.012
Evenness (E) 0.50 0.53 0.52 0.54 0.51 0.51+0.015

The diversity of plant species in the mined area was also high. The Shannon-Weiner Index gave a mean value of
4.54 + 0.023 whilst the Simpson’s Index had a mean value of 0.98 = 0.014 (Table 7). The mean value for the
Evenness of the species was 0.40 + 0.012.

Table 7. Diversity of plant species in the mined study area

Quadrat (200m x 200m) Number

Diversity Index 1 2 3 4 5 Mean

Shannon-Weiner (H') 4.50 4.56 4.55 4.55 4.54 4.54+0.023
Simpson’s (D) 0.97 0.99 0.96 0.99 0.99 0.98+0.014
Evenness (E) 0.39 0.40 0.39 0.40 0.42 0.40+0.012

3.6 Star — Rating of Plant Species in the Unmined and Mined Study Areas

The star-rating of the plant species in the unmined study area showed that there were no black star species (Table
8). However, blue (3.83%), gold (1.91%), green (52.15%), red (3.83%), pink (7.18%) and scarlet (2.87%) species
were recorded. The study revealed the dominance of green star species in the unmined area. Fifty-nine (59) species
forming 28.23% of the plant species identified in the unmined area have not been star-rated (Table 8).

Table 8. Star — rating of plant species growing in the unmined area

Star — rating

Number of species

Proportion of species (%)

Blue 8 3.83
Scarlet 6 2.87
Gold 4 1.91
Red 8 3.83
Pink 15 7.18
Green 109 52.15
Not Available 59 28.23
Total 209 100
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The conservation status of species in the mined area revealed that most of the species (59.87%) were not star-rated
(Table 9). Out of the 63 species which were star-rated, 53 species were green (33.76%). The star- ratings of the
other species showed up as blue (0.64%), scarlet (0.64%), gold (0.64%), red (1.91%) and pink (2.54%). The blue,
scarlet, gold, red, and pink star-rated species were distributed in 10 plant species in the mined area (Table 9) and
also found in 41 species in the unmined area (Table 8).

Table 9. Star - rating of plant species growing in the mined study area

Star - rating Number of species Proportion of species (%)
Blue 1 0.64

Scarlet 1 0.64

Gold 1 0.64

Red 3 1.91

Pink 4 2.54

Green 53 33.76

Not Available 94 59.87

Total 157 100

3.7 Some Indices of Plant Species in the Unmined and Mined Study Areas

The analysis of the Shannon-Weiner (H!) diversity values for the unmined and mined study areas showed that the
t-statistic of the H'- diversity was -5.16 and the P-value was 0.001. There was a significant difference (p< 0.05)
between the H'- unmined and H'-mined Shannon (H') values (Table 10).

Table 10. Indices of plant species in the unmined and mined study areas

Index Mined Unmined T-Test P-value
GHI All Star 31.84+1.44 59.33+0.50 -40.37 0.000
GHI Trees Only 54.89 +1.46 64.42 +0.63 -13.41 0.000
EI All Star 20.88 +1.75 32.66 +0.93 -13.27 0.000
EI Trees Only 41.84 +£3.07 46.15+0.89 -3.02 0.039
PI 137.48 +£2.89 132.77+£1.76 -3.12 0.021
Shannon 4.62+0.025 4.544+0.023 -5.16 0.001

For both the Genetic Heat Index (GHI) and Economic Index (EI) of all-star-rated species, there were significant
differences (p< 0.05) between the GHI’s and EI’s of plant species of the unmined and mined sites (Table 10). The
analysis of the GHI and EI of only trees in the study area showed that there were significant differences between
the GHI’s and the EI’s of the plant species in the unmined and mined areas (Table 10). The analysis of the Pioneer
Index (PI) values for the flora of the unmined and mined areas showed that the t-statistic was -3.12 and the P-value
was 0.021 indicating a significant difference (p< 0.054) between PI of species in the unmined and mined areas
(Table 10).

3.8 Similarity of the Flora of the Unmined and Mined Study Areas

Comparative study of the flora of the unmined and mined study areas showed that the Similarity ratio (SR) was
0.033519 and the Sorenson’s Index (SI) was 0.4808.

4. Discussion
4.1 Floral Richness and Diversity at the Study Site

The unmined study area had more floral species (209 species distributed in 185 genera and 73 families) than the
mined area (157 species distributed in 140 genera and 54 families). This suggested that intact moist
semi-deciduous forests (unmined area) had flora with many different species and relatively few individuals in each
species (Fonge, Tchetcha, & Nkembi, 2013; Pappoe, Armah, Quaye, Kwakye, & Buxton, 2010) than semi-
disturbed or disturbed forest (mined area). Moreover, intact tropical forest ecosystems tend to have plant species
diversity reserves as observed by Kothandaram & Sundarapandian (2017). In this study, 69 species were found
growing only in the mined area. The loss of canopy and creation of gaps in the mined area could have led to growth
of many secondary plant species, especially herbs (Sahoo, Panda, & Acharya, 2017). This could have accounted
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for the 84,246 individuals distributed in 157 species in the mined area and the 6745 individuals distributed in 209
species in the unmined area. According to Sundarapandian & Karoor (2013), environmental and anthropogenic
changes in forest ecosystems affect plant community structure and species composition.

The dominant plant families in the unmined area were the Euphorbiaceae (18species), Rubiaceae (18species) and
Asteraceae (10species); and that of the mined area were Poaceae (22species), Euphorbiaceae (17species) and
Asteraceae (11species). This conformed with observations by Duah-Gyamfi, Kyereh, Adam, & Swaine, (2014)
who noted that the Euphorbiaceae, Rubiaceae and Moraceae were among the five dominant families in their study
of a tropical forest in Ghana. In another study conducted on plant species in a tropical West African forest in Sierra
Leone National Park (Gola Rainforest National Park), the Fabaceae, Euphorbiaceae and Sterculiaceae families
were dominant (Laurin et al., 2013). According to Kothandaraman & Sundarapandian (2017), the Euphorbiaceae
was the dominant plant family in two forest areas in the tropical deciduous forest of Kanyakumari Wildlife
Santuary in India. The Papilionaceae, Moraceae, Sterculiaceae and Sapindaceae were listed as the dominant plant
families in a tropical forest ecosystem in south-western Nigeria (Eludoyin, Ojo, Ojo, & Awotoye, 2017).
According to a study done by Naidu & Kumar (2016) and Sundarapandian & Karoor (2013) on tropical forest
ecosystems, the Euphorbiaceae and Combretaceae were the top-most contributors to species diversity while the
Poaceae and Fabaceae were most dominant families in terms of abundance. In this study, the Euphorbiaceae,
Rubiaceae and Asteraceae contributed most to species diversity while Asteraceae, Poaceae and Euphorbiaceae
were abundant in both the unmined and mined areas. High species richness is typical of many tropical forests
(Antonelli & Sanmartin, 2011; Tarakeswara, Premavani, Suthari, & Venkaiah, 2018). The most dominant tree
families encountered in the unmined area were the Euphorbiaceae (12 species distributed in 10 genera) and
Rubiaceae with 10 species distributed in 9 genera. This observation is in agreement with the findings by Fonge et
al. (2013) and Attua & Pabi (2013) who stated that the Rubiaceae was the dominant tree family in tropical forests
in Mount Cameroon and Northern Forest -Savanna Ecotone of Ghana respectively. Laurin et al. (2013) in their
study on a tropical West African forest in Sierra Leone National Park (Gola Rainforest National Park), identified
the Euphorbiaceae, Fabaceae and Sterculiaceae as dominant tree families. The marked presence of the
Euphorbiaceae and Rubiaceae in the unmined area is a feature common to most tropical forests (Ifo et al., 2016)
however, this observation contradicts the findings of Pappoe et al. (2010) who identified the Meliaceae,
Sterculiaceae, Mimosaceae and Moraceae as dominant tree families in a study conducted in the tropical forest of
the Kakum National Park in Ghana. The study site with relatively higher species richness was the unmined area
with Margalef richness value of 23.53 whiles the mined site had a Margalef richness value of 13.75.

The significant difference (p< 0.05) between the H'-unmined and H'mined (Table 10) could indicate that the two
areas are environmentally different from each other (Magurran, 2013) and this could have influenced the observed
lower similarity of plant species (Sorenson’s index =0.48.8; Similarity ratio =0.033519) between the unmined and
mined areas. The H' for both unmined and mined areas (Table 10) were higher than 3.5 indicating that despite the
anthropogenic activities (small-scale mining, farming etc.) in the study area, plant species diversity has not been
adversely altered much (Fonge et al., 2013). The equitability and Simpson’s diversity of (0.50 to 0.54) and (0.96 to
0.99) in the unmined area (Table 6), imply that between 50% to 54% of the species were equitably distributed in
the unmined area (Magurran & Henderson, 2003; Pappoe et al., 2010) while between 96% to 99% of the species in
the flora may be of different species. Thirty-nine to forty-two percent of the plant species were equitably
distributed in the mined area, while between 97% and 99% of the species in the mined flora may be of different
species (Table 7). The relatively lower diversity in the mined area was probably due to anthropogenic activities
such as small-scale mining, farming and hunting (Fonge et al., 2013). Work done by Tom-Dery, Dagben, and
Cobbina (2012) in Northern Ghana indicated that small-scale mining activities caused reduction in the diversity of
plant species. The unmined area is dominated by trees (52.15%) and tropical trees tend to be highly species diverse
(Pappoe et al., 2010). The diversity in tropical trees is due to habitat suitability, differences in biogeography and
anthropogenic pressures (Sundarapandian & Karoor, 2013).

4.2 Species Distribution, Abundance and Conservation Status

The distribution of the species into life forms in the unmined area showed that trees were the most dominant
(52.15%) followed by herbs with 27.75% of the species (Table 2). The dominance of tree species in the unmined
area is typical of the ecosystem under study (Magurran, 2013). It was also observed that the dominant life forms in
the mined area were the herbs (56.06%) which were followed by climbers with 12.10% of the species (Table 3).
The observed differences in the vegetation structure of the two areas could be due to edaphic and anthropogenic
(small-scale mining) characteristics (Kothandaraman & Sundarapandian, 2017). The significant difference
(p<0.05) between the pioneer index (PI) values of the species in the unmined and mined areas (Table 10) indicate
relatively heavy disturbance of the flora of the mined area. A high pioneer index value gives a good indication of
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the “secondariness” of an area of a forest and most forests in Ghana are secondary in terms of species composition
(Hawthorne & Gyakari, 2006). This finding corroborated with Tchouto (2004) who observed in Cameroon tropical
forest that the numbers of herbaceous species and climbers increase with the degree of floral disturbance. Gyamfi,
Swaine, Adam, and Pinard (2014) also found out that after anthropogenic disturbances of the flora in a tropical
ecosystem, the numbers of pioneer species (especially herbs) are expected to increase. The relative high number of
herbs found in the mined area as compared to the unmined area (Tables 2 and 3) suggest that more time is needed
for the expected flora compositional shift to take place naturally (Oduro et al., 2012).

The species richness of a forest ecosystem depends on the number of species per unit area. The situation where
there are more species per unit area, the species richness tends to be high (Eludoyin et al., 2017). The species
richness values of 82 tree species/ha for the unmined area and 7 tree species/ha for the mined area were lower as
compared to 552 tree species/ha obtained in a tropical forest in Kade in Ghana (Hall & Swaine, 1981) and 93 tree
species/ha observed in a tropical forest in Tanzania (Kacholi, 2014). Phillips, Hall, Gentry, Sawyer, and Vasquez
(1994) after analysis of different tropical forests indicated that the average tree species richness were 86-92 tree
species/ha and 56 trees species/ha for Ghana and Uganda, respectively. Studies conducted on species diversity of
three Ghanaian tropical forest reserves by Gatti, Laurin, and Valentini (2017) showed that the Bia and Dadieso
forests had tree species richness of 88-118 trees/ha which was similar to tree species richness of other Ghanaian
forests. However, the species richness of trees obtained from the unmined study area (82 tree species/ha) was
higher than the 60-70 tree species/ha (Lawson, 1985), and 28 tree species/ha (Addo-Fordjour, Obeng, Anning, &
Addo, 2009) obtained in West African Tropical Forests.

The significant difference (p<0.05) between GHI’s of all star-rated/trees species (Table 10) of the unmined and
mined areas shows that the level of destruction of species of high conservation value is more pronounced in the
mined area and the unmined area relatively has more exciting and rare species (Hawthrone & Jongkind, 2006).
This could have accounted for the significant differences (p< 0.05) observed between the Economic index (EI)
values of all star species and that of trees only between the unmined and mined areas (Table 10), indicating that
species in the unmined areas have higher commercial and conservation value than that of the mined areas. The GHI
of trees (64.42 £ 0.63) for the unmined area (Table 10) shows that generally, the forest ecosystem of the study area
falls in the low conservation or bioquality category (Hawthorne & Abu-Juam, 1995) and this has implications for
biodiversity conservation in the study area. The study showed a decline in tree species richness and diversity in the
mined area and this could be attributed to small-scale mining activities. According to Swamy et al. (2010), many
tropical forests have lost the potential for self-maintenance due mainly to anthropogenic activities. Small-scale
mining activities at the mined site could have altered the ecological factors over the area leading to the differences
in the diversity, density and distribution of plant species between the unmined and mined areas (Khan et al., 2017).

The presence of many species with low density and frequency values in the unmined area could be due to the
fact that most of the plant species are rare (Magurran, 2013). The rarity of majority of the species in the unmined
area may be due to strong density-dependency in the area, poor dispersal of species and the presence of resource
gradient leading to abundance distribution variation of species (Fonge et al., 2013; Naidu, Premavani, Suthari, &
Venkaiah, 2018).

The anthropogenic disturbances as a result of small-scale mining probably led to the destruction of canopies and
creation of gaps in the mined area leading to the preponderance of herbaceous species with relatively higher
densities and frequencies (Table 8). The floristic richness of species in a forest zone could be influenced by the
geographical location of the area, favourable climatic conditions and the level of anthropogenic disturbances
(Eludoyin et al., 2017; Laurin et al., 2013).

The classification of all plant species into guilds in the study area showed that Pioneers had 187 species,
Non-Pioneer Light Demanding (NPLD) obtained 43 species, Shade-Bearers consisted of 39 species and 6 species
were found in the Swamp ecological category (Tables 4 and 5). The totality of Pioneers and NPLD (230 species) in
the study area could underpin the existence of gaps in the study area (Hawthorne, 1993). The relative abundance of
Pioneers and NPLD in the unmined area (128 species) as compared to the 102 species (Pioneers and NPLD) in the
mined area (Tables 4 and 5), could be due to the dominance of tree species (109 species) in the unmined area as
compared to the 15 tree species in the mined area (Tables 2 and 3). According to Hawthorne and Abu-Juam (1995)
and (Hawthorne, 1993), most lianes and timber species (trees) are NPLD and Pioneers.

4.3 Use of Native Plant Species for Rehabilitation of Mined Area

The knowledge on regeneration status of native plant species in any human-modified forest ecosystem is critical
for the determination of the structure and composition of future communities in the ecosystem (Lasky et al., 2014).
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As noted by Loo et al. (2017), regeneration of native tree species has a good occurrence in human- modified forest
where native tree species can be recruited from the remnants of the surrounding forest.

In this study, native tree species of relatively good abundance and distribution that could be exploited for
regeneration in the mined area included Macaranga hurifolia, Macaranga barteri, Macaranga heterophylla,
Vernonia conferta, Pentaclethra macrophylla, Calycobolus africanus, Alchornea cordifolia, Carapa procera,
Allanblackia floribunda, Pachystella brevipes, Baphia nitida and Piptadeniastrum africanum. Native species
identified for the restoration of degraded forests in Offinso in Ghana included Milicia excelsa, Piptadeniastrum
africanum, Entandrophragma angolense, Pericopsis elata, Pouteria sp., Terminalia superba, Terminalia
ivoriensis, Entandrophragma utile and Antiaris toxicaria (Mensah, 2015). The native species identified by for
regeneration of degraded forests in Offinso are generally different from that in the findings of this study. As
recommended by Brown & Amacher (1999) and Morgan (2005), a study of the neighbouring areas surrounding a
degraded forest site, provides an indication of what native species are more likely to survive and thrive in soils of
the local area and be useful for any planned restoration programme. The use of mixed native tree species generally
promotes and accelerates the plant species restoration process in a degraded tropical forest (Baatuuwie & Van
Leeuwen, 2011).

5. Conclusion

The study on the flora of the unmined and mined areas has revealed that small-scale mining has contributed to the
reduced numbers of plant species of higher conservation value in the mined areas; caused reduction in species
diversity and richness; reduced the economic and commercial value of species in the mined area; and increased
destruction of canopies leading to the preponderance of herbaceous species in the mined areas. The study provides
important information on the abundance and distribution of plant species (especially tree species) which can be
targeted and prioritized and used for the formulation of site-specific strategies for conservation of biological
diversity and restoration of degraded/mined areas in a moist semi-deciduous forest located in the environs of
Dunkwa East Municipality of Ghana. The study area is very rich and diverse in terms of plant species and the
species in the unmined area are richer and more diverse than that of mined area. Plant families Euphorbiaceae,
Rubiaceae and Asteraceae were the top-most contributors to species diversity whilst the Asteraceae, Poaceae and
Euphorbiaceae were dominant in terms of abundance in the unmined area; and in the mined area the Poaceae,
Euphorbiaceae and Asteraceae contributed most to diversity and abundance of species. Species wise, Pteridium
aquilinum, Tridax procumbens and Waltheria indica in the unmined area and Chromolaena odorata, Sporobolus
pyramidalis and Euphorbia hirta in the mines area were dominant. Trees and herbs were prominent in the unmined
area whilst herbs and climbers were dominant in the mined areas. The rehabilitation of small-scale mined site at the
study area should necessary include planned regeneration of plant species for sustainability of the mined
environment. Macaranga hurifolia, Macaranga barteri, Macaranga heterophylla, Vernonia conferta,
Pentaclethra macrophylla, Calycobolus africanus, Alchornea cordifolia, Carapa procera, Allanblackia
floribunda, Pachystella brevipes, Baphia nitida and Piptadeniastrum africanum could be exploited for
regeneration in the mined area.
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