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Abstract: A floristic survey of plant species encountered around auto-mechanic workshop clusters in the Yenagoa
Metropolis was conducted using stratified sampling technique and following standard methods in this study. Sampling was
done at three intervals; reference point (Om), 50m and 100ms from 5 auto-mechanic workshop clusters and a control site.
Results were expressed in simple percentages X+STD. The distributional patterns, frequency of occurrence and Sorensen’s
Similarity Index of plant species around auto-mechanic workshop clusters were used to determine prevalence levels and
variations from one sample site to another. It was observed that distance decay concept manifested conspicuously as plant
species’ diversity increased with increasing distances from the reference points (Om) of the auto-mechanic workshop clusters.
Overall plant species diversity at the reference point (Om) was 5+1, 25423 at 50m and 36+12 at 100m around the auto-
mechanic workshop clusters while 37+32 was observed at the control site, respectively. However, the control site showed
highest species’ frequency distribution and diversity as compared to the auto-mechanic workshop clusters in this study. Heavy
metal levels were generally observed to be higher in soils around auto-mechanic workshop clusters than at the control site
showing evidence of anthropogenic effects in samples encountered at the auto-mechanic workshop clusters. Zn, Cu, Cd, Cr, Hg
and Mn were noticed to have decreased with increasing distances suggesting distance decay while Ni and Fe increased with
increasing distances in soils of the auto-mechanic workshop clusters. These had tremendous effects on the distributional
patterns of most plant species in this study. This study has shown that plant species like Sc. dulcis (Scrophuriaceae), C.
digitalis (Cyperaceae), Py. Polystachyos (Cyperaceae), A. tectorum (Poaceae), P. foetida (Passifloraceae), S. paramidalis
(Rubiaceae), as well as C. mucunoides (Febaceae) remain better choices for use as bio-indicators for heavy metal studies
around auto-mechanic workshop cluster in the Yenagoa Metropolis since despite exposure to prevailing natural and
anthropogenic conditions, they still showed heavy metal tolerance and remediation potentials.
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mechanic workshop clusters within the Metropolis. Auto-
mechanic workshop clusters usually are sited where different
plant species grow and these get affected one way or another.
Auto-mechanic workshop clusters are geographical
locations specifically inhabited by automobile repair workers
in settings suited for different automobile workers who
specialize in handling one type of automobile-related issue or
the other. It is common knowledge that auto-mechanics,
panel beaters, welders, spray painters, vulcanizers, scrap
metal dealers, battery chargers and a host of other artisans

1. Introduction

Yenagoa Metropolis has had tremendous increase in
population since 1996 after the creation of the state owing to
increasing influx of thousands of people from different parts of
the country into the area. As human population increased, more
mouths ought to be fed and this necessitated more movement of
people and goods from one place to another for manifold
reasons. Unavoidably, this implied more servicing and repair of
automobiles, thus engendering springing up of more auto-
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usually conglomerate within auto-mechanic workshop
clusters where they render various repairs and services. With
functional auto-mechanic workshop clusters in place, car
owners are provided with a ‘one-stop’ service and repair
centre for servicing and repair of different faults in their
automobiles, thus implying overwhelming advantages in the
geographical locations where they are situated.

A look at literature revealed that several authorities have
conducted floristic checklist of areas prone to anthropogenic
influences in different parts of the world. Reference [10]
showed a comprehensive floristic survey to record the
botanical diversity, ethnotaxonomy, reproductive as well as
the phenological response of the vascular flora of the district
Kotli, Azad Jammu and Kashmir in Pakistan between 2011
and 2013. In their study, a total of 463 plant species
belonging to 306 genera and 93 families were recorded with
the most dominant families in the study area in this order;
Poaceae (54 species), Leguminosae (39 species), Compositae
(33 species), Lamiaceae (23 species) and Rosaceae (22
species), respectively. Reference [18] documented a floristic
checklist of the angiosperm diversity of Bowen University,
Iwo, Osun State, Nigeria. In their study, a total of 110 species
in 96 genera and 42 families were recorded. Asteraceae,
Euphorbiaceae and Poaceae were dominant with 10, 8 and &
species, respectively. In another related study, [2] consisted
of an eco-taxonomic distribution of plant species around
auto-mechanic workshops in Asaba and Benin City, both in
Nigeria. This study identified and documented oil-tolerant
plant species predominant within the study areas.

Information detailing the distributional patterns of flora
within and around auto-mechanic workshop clusters within
the Yenagoa Metropolis is to the best of our knowledge, very
scanty. This survey was designed to provide a checklist of
flora found within and around auto-mechanic workshop
clusters. It also helped to assess similarities and differences
in floristic distribution within and around the auto-mechanic
workshop clusters. In addition, it was intended to bridge
information gap relative to spatial floristic distribution of
different species affected by heavy metal levels within and
around the study area. Finally, this study was designed to
enable identifying dominant plants species that tolerated
heavy metal contamination within the study area.

2. Methodology
2.1. Study Area

Yenagoa Metropolis is located between latitudes 4°50'N
and 5°05'N and longitudes 6°15E and 6°30°E (Figure 1) and
lies astride the Epie Creek which empties into the Ekole
Creek [5]. According to [20], Yenagoa Metropolis is the most
economically buoyant town in Yenagoa Local Government
Area and the entire Yenagoa Local Government Area
occupies an estimated area of 706 km?. The population of
Yenagoa Local Government Area was put at 353,344 people
in 2006 comprising 187,791 males and 165,553 females with
an annual growth rate of 2.9% as at the 2006 National Census

[12]. According to [17], the soils of Yenagoa Metropolis
predominantly are classified as rain forest soils with the soils
constituting over 90% of the soils which belong to the
following Orders; Entisols, Oxisols and Alfisols,
respectively. Ibid [17] further stated that soils of the study
area originated from alluvial deposits of late Pleistocene and
Holocene ages while [16] did state that the soils of the study
area are of the hydromorphic type.

The study area is located within humid tropical wetlands
whose viability, structure and functional landcover has been
badly affected by developmental projects like built up areas [4].
The study area has mean annual rainfall of about 2,539mm with
average mean temperature of 26.2°C with ambient temperature
ranging from 24.5°C to 32°C during wet and 25°C to 36°C
during dry seasons [17]. Rainfall is usually witnessed throughout
the year with peaks from June to September, relative humidity
usually about 85% in the wet season and 45% in the dry season
[Ibid, 17], respectively. Reference [14] further stated that
vegetation of the study area falls under the fresh water swamp
forest which comprises of thick, tall and shady trees, climbers,
shrubs and grasses. Others are economic trees like Raffia palm,
Oil palm trees, Wild/African Mango, Crocuces, Avengers
species and a host of other plants grow there.

2.2. Sampling Techniques

Stratified sampling technique was employed in assessing
spatial distribution of plants in the study area. The method
used by [13] for assessing plant species distribution was
adopted in this particular study. In which case, two line
transects were cut 50m apart along each auto-mechanic
workshop clusters sampled from the (Om) reference points of
each sample point, leaving 10m from the margin of each auto-
mechanic workshop clusters, and plants were sampled along
the line transects at intervals of 10m using a Im® x Im’
quadrant. Each auto-mechanic workshop cluster was sampled
twice and plants encountered twice were ignored. The
sampling was then extended from the reference point (Om) to
50m and later 100m away from the auto-mechanic workshop
cluster and the process repeated in each case. The sampling
was conducted at Imgbi, Igbogene, Imiringi, Swali and Etegwe
auto-mechanic workshop clusters as well as a control site in a
forested and uncultivated forested area along Igbogene-Zarama
Expressway (Figure 1). Sampling was carried out between
November 2015 to January 2016 and between June to August
2016, respectively. Most of the plants were identified instantly
with the help of reference materials by [8] and [6] and a few of
those that could not be identified on the field were properly
labeled, put in black polyethylene bags and taken to the
Department of Biological Sciences Laboratory, Niger Delta
University, for proper identification. The similarity between
plant diversity between two sites was estimated using the
Sorenen’s Similarity Index [19] and this is stated below;

a
SI—aIblC (D

Where;
SI = Sorensen’s Similarity Index,
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a = Number of species common to both sites studied,
b = Number species present in sites A but not in site B
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¢ = Number of species present in site B but not in site A
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Figure 1. Sketch Map of Yenagoa Metropolis showing sample sites.

3. Results and Discussions

Sorensen’s Similarity Index consecutively showed infinity
for sample sites Om and 50m as well as 50m and 100m at the

auto-mechanic workshop clusters in the Yenagoa Metropolis.
Generally, it was observed that 4. species, U. labata and C.
doctylon species showed equal mean frequency distributions
between the reference points (0m) and 50m sample site
(Table 1). This implied that A. species, U. labata and C.
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doctylon species had good genetic potentials for heavy metal
tolerance than other species. Reference [7] earlier reported
heavy metal tolerance among the Poaceae family while [2]
reported high dominance of P. maximum at auto-mechanic
workshops at Asaba, Delta State, Nigeria. On the other hand,
apart from species of A. species, U. labata and C. doctylon, it
was observed that frequency distributions of all plant species
encountered at the auto-mechanic workshop clusters
increased with increasing distances from the reference points
(Om) to farther distances. In which case, lower frequency
distributions were generally observed at the reference points
(Om), then increased gradually at 50m and highest at 100mat
the auto-mechanic workshops clusters. As could be seen from
Table 1 below, P. maximum (Graminae), C. mucunoides
(Febaceae), Sc. dulcis (Scrophuriaceae), P. foetida
(Passifloraceae), A. tectorum (Poaceae), S. pyramidalis
(Rubiaceae), C. digitalis (Cyperaceae) and Py. Polystachyos
(Cyperaceae) all showed fairly higher frequency distributions
as one moved from Om to 50m and 100m in this study. This

Mimosa species and C. prostate were found to be
completely absent from the reference point (Om) as compared
other species which were observed to be conspicuously
encountered 50m and 100m around the auto-mechanic
workshop clusters (Table 1). Higher anthropogenic
influences at the reference points (Om) which necessitated
slightly overall higher heavy metal concentrations as
compared to farther distances (50m and 100m) around the
auto-mechanic workshop clusters could be responsible for
the absence of both species in this present study. However, C.
odorata (Asteraceae) was observed to be completely absent
at the control site but was found to show fair distribution
around auto-mechanic workshop clusters in the Yenagoa
Metropolis. Two reasons could be responsible for this
scenario; either C. odorata was naturally not native to the
control site or interspecific competition among weed species
at the study area could have influenced its absence. In
addition, direct anthropogenic influences around auto-
mechanic workshop clusters in Yenagoa Metropolis on plant

depicted distance decay effects on plant species distribution  species must have impacted negatively on species
around the auto-mechanic workshop clusters in the Yenagoa  distribution of C. odorata in this present study.
Metropolis.
Table 1. Frequency Distribution of Plant Species within and around Auto-Mechanic Workshops in Yenagoa Metropolis and the Control Site.
Ffeql.lenc.y Distribution Remarks for Remarks
Uses Distribution of Plants P
. . of Plants at  Distribution of Plants for the
S/N Plants Family Ehlgla:n ust.)e at the AMWS in . the Control atthe AMWs in Control
(2013)°&Gill  Yenagoa Metropolis Site (%) Yenagoa Metropolis  Site
(1992)" (%)
Om 50m 100m All Om 50m 100m All
1 Panicum maximum (Jacq.) Graminaea Foliage 8+23 46+52 62+18 87+5 + ++ +++ +H++
2 g’;_o)”wl“e””domm (Linn, King & ,tereceae Medicinal® ~ 3+7 2468 60+23 00 + o -
3 Ageratum conzoide (Linn.) Astereceae Medicinal® 1£5 8421 27+18 49+19 4+ 4 4+ Siataty
4 Andropogon species Proteaceae Medicinal® 1+2 1£5  21£12 18+£15 S 4 S +
5 Eleucineindica (Linn. &Gaertn) Proteaceae Medicinal® 10£18 16+18 26+£10 9+13 + + + +
6 Mimosa species (Linn.) Febaceae-Mimo  Medicinal® 0+0 1£2 3£3 244 4+ 4 4+ -
7 Caloponiummucunoides (Desv) Febaceae-Papi Medicinal® 20+15 72418 75+10 81+4 +
8 SidaacutaBurm F. Malvaceae Medicinal® 349 5+12 86 1+£1 + + + i
9 Triumfettacordifolia (A. Rich) Amarantheceae ~ Medicinal® 49 7£10  12+£12 243 s ¥ s 4
10 Cyanthula prostrate (Linn.) Brume ~Amarantheceae ~ Medicinal® 0+0  5+11  15+12 19+17 - + + -
11 Scopariadulcis Linn. Scrophuriaceae ~ Medicinal® 9436 52468 69+30 27+10 + ++
12 Passiflorafoetida Passifloraceae Medicinal® 13+43 68+44 80+7 84+7 + -
13 Androponontectorum Poaceae Foliage* 7420 67+47 81+4 86+8 + -
14 Sabiceapyramidalis L. Andersson ~ Rubiaceae Medicinal® 10£23 59436 7745 7445 + +++ +++ +H++
15  Carex digitalis Cyperaceae Medicinal® 2017 72+£18 81£8 82+7 = dHEEE AR -+
16  Pycreuspolystachyos Cyperaceae Lawn 74 76+21 8744  75+3 + -
17 Diodascandense Rubiaceae Medicinal® 3+£14  16+65 20+35 69+9 + + + +++
18  Urenalabata (Linn.) Malvaceae Medicinal® 1+3 16 5+£5 28+l S 4 S ++
19  Psychotriaspecies Rubiaceae Medicinal® 1£3 348 545  44+15 S 4 S +++
20  Zonialatifolia SM Febaceae.Pspi Medicinal® 3+6 124£21 26£26 22+6 S 4 I=F ++
21  Centrosemapubescens (Benth) Fabiaceae-caesel Medicinal® 247 1116 29425 26+3 4+ 4 4+ ety
22 Cynodondoctylon Graminae/Poaceaec Medicinal® 2414 248 64  57+3 + + + +++
23 Heterotisrotundifolia Melastomataceae Medicinal® 1+8 36 107 7+l + + + +
24 Volkensiicordata Polypodiaceae Medicinal® 5+12  12+14 1548 5+1 S 4 S +
25  Euphorbia pilufera Euphorbiaceae Medicinal® 8+15 14+12 20+9 26+3 S 4 I=F ++
26  Euphorbia hirta Euphorbiaceae Medicinal® 145 548  19+10 5+1 + + + +
27  Euphorbia hyssopifolia Euphorbiaceae Medicinal® 245 745 2147 2341 + + + ++
Overall Mean Species Frequency Distribution 5+1 25423 36+12 37+£32

Source: Author’s Field Work, (2015) Key: - = absent (-), + = very scarce (1-19), ++ = scarce (20-49), +++ = moderate (50-69) and ++++ = very abundant (70-

100).
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In addition, it was generally observed that higher plant
species diversity and frequency distribution occurred at the
control site as compared to values recorded at various
distances from the auto-mechanic workshop clusters
investigated in this study. For instance, overall mean species
frequency distribution at the reference (0m) point was 5+1%,
25+23% at 50m and 36+12% at 100m at the auto-mechanic
workshop clusters in the Yenagoa Metropolis while the
control site showed 37+32%, respectively (Table 1). Impacts
of anthropogenic activities around auto-mechanic workshop
clusters in the Yenagoa Metropolis had negatively affected
plant species’ spatial distributional patterns in this present
study. Furthermore, plant species distribution significantly
varied between Om and 50m with the control site but
insignificantly varied with species’ distribution encountered
100m from the auto-mechanic workshop clusters.

The reference points (0m) which were observed to
generally contain lower plant species’ diversity (Table 1) than
50m and 100m, were observed to show fairly higher heavy
metals concentrations with decreased distances (Zn, Cu, Cd,
Cr, Hg &Mn) or with increased distances (Ni & Fe) from the
auto-mechanic workshop clusters in the study area (Table 2).
The first instance is a reflection of distance decay effects as
higher Zn, Cu, Cd, Cr, Hg and Mn levels in soils upon which
the plants grew correspondingly influenced higher species
diversity with increasing distances at the auto-mechanic
workshop clusters in this study. Topography, soil type,
drainage characteristics and climatic factors as suggested by
[9] could have been responsible for the latter scenario as
impacts of heavy metal contamination [11] and localized
physical disturbances by artisans working at the auto-mechanic
workshop clusters had played significant roles.

Table 2. Mean Heavy Meta Levels in Soils in Yenagoa Metropolis.

Heavy Distances from AMWC:s in the Yenagoa Metropolis
Metals Om 50m 100m

Pb 0.02+0.01 0.02+0.01 0.02+0.01
Control 0.00+0.00 0.00+0.00 0.00+0.00
Zn 0.27+0.13 0.26+0.14 0.23+0.05
Control 0.25+0.02 0.37+0.02 0.40+0.02
Cu 0.09+0.07 0.07+0.04 0.07+0.05
Control 0.02+0.01 0.02+0.01 0.02+0.01
Cd 0.02+0.02 0.01£0.02 0.01£0.01
Control 0.00+0.00 0.00+0.00 0.00+0.00
Co 0.01£0.01 0.01£0.01 0.01£0.01
Control 0.01£0.01 0.00+0.00 0.00+0.00
Cr 0.02+0.03 0.01£0.01 0.01£0.01
Control 0.00+0.00 0.00+0.00 0.00+0.00
Ni 0.03+0.05 0.04+0.06 0.08+0.13
Control 0.01+0.01 0.01+0.01 0.01+0.01
Hg 0.02+0.01 0.01£0.01 0.01£0.01
Control 0.00+0.00 0.00+0.00 0.00+0.00
Mn 0.03+0.02 0.02+0.01 0.02+0.01
Control 0.01+0.01 0.01+0.01 0.01+0.01
Fe 1.05+0.73 1.28+1.10 1.46+1.47
Control 1.49+0.03 1.55+0.03 1.56£0.02

4. Conclusions

This study has been able to provide a checklist of plant
species found growing within and around soils of auto-
mechanic workshop clusters and a control site in the
Yenagoa Metropolis, Bayelsa State, Nigeria. Discharge of
heavy metal-bearing substances like waste engine oils,
transmission fluids, waste electrodes, scrap metal deposits,
and a host of other waste substances is a common practice
around auto-mechanic workshop clusters in Nigeria [1].
However, despite exposure to discharge of heavy metal-
bearing substances upon vulnerable soils with propensities
for increasing soil heavy metal levels and consequent
bioaccumulation into plant’s tissues, some indigenous plant
species were observed to be capable of growing luxuriantly
within such contaminated environments. These plant species
show evidence of genetic tolerance to heavy metal
contaminations, hence good candidates for such
contaminant’s remediation from vulnerable soils. Thus, plant
species that featured more prominently across all auto-
mechanic workshop clusters are considered good choices for
studies that focus on screening for heavy metal
phytoremediators in the study area.

This study has shown that plant species like Sc. dulcis
(Scrophuriaceae),  C.  digitalis  (Cyperaceae),  Py.
Polystachyos (Cyperaceae), A. tectorum (Poaceae), P.
foetida (Passifloraceae), S. paramidalis (Rubiaceae), as well
as C. mucunoides (Febaceae) could be considered as local
plant species of choice in any investigation focusing on
screening of plants for heavy metal-related studies around
auto-mechanic workshop cluster in the Yenagoa Metropolis
since despite exposure to prevailing natural and
anthropogenic conditions, they still grew vigorously, showed
fair dominance levels and good frequency distributions in the
study area, respectively. Finally, it was generally observed
that higher heavy metal concentrations could be responsible
for the lower plant species distribution and frequencies found
within the reference point (0m) as compared to plant species
frequency distribution noticed farther distances (50m and
100m) away from the auto-mechanic workshop clusters with
comparably lower heavy metal levels and where
anthropogenic impacts were felt less.
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