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Abstract 

The study assessed the vegetation status of crude oil post impacted communities in Rivers 

state, Nigeria. The vegetation make up in crude oil post impacted sites (polluted sites 

(remediated and un-remediated)) labeled as study sites A and B and control sites labeled 

study sites C were enumerated for plant species composition, density, abundance and 

diversity. Three (3) quadrats of 20m x 20m were placed within each quadrat of 100m x 100m 

delimited within each study site A, B and C for vegetation sampling. Results revealed that 

plants species compositions in all study sites were 433 (control), 85 (polluted remediated) 

and 31 (polluted un-remediated). Results for total average plants species densities 

(computing the average of total density for each study site) revealed an average of 106 plants 

per hectare (control); average of 21 plants per hectare (polluted remediated) and an average 

of 8 plants per hectare (polluted un-remediated); while species abundance recorded an 

average of 4 species per unit area under the control study site; an average of 1 plant species 

per unit area for polluted remediated and an average of 0.5 species per unit area for the 

polluted un-remediated sites. Species diversity of 0.95 was highest under the control sites 

when compared with 0.92 and 0.91 diversities under polluted remediated and polluted un-

remediated study sites respectively. Variation was significant among plants species 

compositions (F=5.656; p<0.05) in the study area. Therefore, crude oil post impacted sites 

showed lower species compositions, densities, abundance and diversity. The study amidst 

other recommendations declared that crude oil exploration and exploitation activities should 

be managed effectively, in order to reduce its impacts on the vegetation composition, density, 

abundance and diversity in the study area.  

Keywords: Vegetation, Density, Abundance, Diversity, Crude oil post-impacted sites, Crude 

oil pollution, Remediated sites, Un-remediated sites     
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Introduction 

The natural functioning of the environment provides both goods and services such as food 

and other products on which man depends upon for the continuity of life (Ohanmu, Bako and 

Adelanwa, 2017). The ecosystem stores large amount of carbon in both plants and soils and 

this regulates water flow and water quality and also assist in the stabilization of local climates 

(Abii and Nwosu, 2009). These services are not meant for financial value, but man 

nonetheless depends on them for survival. Plants species diversity simply means the variety 

and variability among living organisms of plants (Oku, 2003). It comprises of various types 

of plants which forms a balanced environment. Plants biodiversity usually stems from micro 

plants, undergrowth plants, shrubs, and taller (economics) trees; and these are of great 

importance to man and the environment. In fact, it is the economic potentials and the 

development base of any nation because it has a significant role in the economic 

transformation of the society, (Oku, 2003; Zabbey and Hansen, 2014).  

The Niger Delta which is known for its incredibly well-endowed ecosystem contains one of 

the highest concentrations of biodiversity on the planet (Ohanmu et al., 2017). Its biological 

diversity is of global significance. The Niger Delta covers 20,000 km
2
 within wetlands of 

70,000 km
2
 formed primarily by sediment deposition (Ohanmu, Bako and Adelanwa, 2014). 

This floodplain is the home to 20 million people and 40 different ethnic groups and makes up 

7.5% of Nigeria's total land mass (Niger Delta Development Commission (NDDC), 2006). It 

is the largest wetland and maintains the third-largest drainage basin in Africa (NDDC, 2006). 

Within this extremely valuable ecosystem, oil exploration and exploitation activities are 

widespread. The advent of oil as the world's leading fuel was partly due to its relative 

cleanliness but the enormous scale of the petroleum industry's operation has inevitably 

created a new set of difficult environmental problems as being experienced today in the Niger 

Delta region of Nigeria (Edokpolor et al., 2019). 

Man in his endeavor to satisfy his needs and aspirations for better living conditions through 

resource exploitation, has created an increasing number of environmental problems (Harries, 

1998). In spite of the “blessings” from oil there are negative impacts on the human and 

ecological environment (Oyegun, 1997, 1998; Mmom and Chukwuokeah, 2011). The United 

Nations’ Human Development Report on the Niger Delta among several alarming 

declarations on the state of the region’s environment asserts that “there is a strong feeling in 

the region that the degree and rate of degradation are pushing the delta towards ecological 

disaster” (UNDP, 2006). 

Crude oil spills from oil exploration activities have a negative impact on the soil, by 

degrading the soil through the release of liquid petroleum hydrocarbon into the environment 

usually due to lack of regular maintenance of the pipeline and storage tanks or oil well blow 

out. The oil spills when they occur degrades farm and forest lands, rivers, creeks and other 

water bodies in the area. Crude oil spillage destroys vegetal cover in tropical forests and the 

regeneration of the vegetation district. The result from oil spill pollution on plants for a 

period of time, on any affected surfaces will be seen on the plant cover (Oku, 2003; Tanee 

and Albert, 2015). Edokpolor et al., (2019) have declared that environmental pollution arising 

from oil prospecting and exploration in the Niger Delta area of Nigeria has impacted 

negatively on the biodiversity of the affected communities. The main stresses arise from 

leakages of crude oil, gas flaring and the escape of other chemicals used in production 

processes. Effects on the flora and fauna of freshwater ecosystems in this part of Nigeria have 

been noticed. 
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Crude oil impacted communities have suffered several environmental pollution, especially 

soil pollution which now affects plants growth and development. The higher the oil 

concentration in the environment, the more toxic the oil is to plants. Organic molecules from 

crude oil can penetrate living plants through their roots and leaves from where the 

hydrocarbon compounds can be transported into the plant vascular system and intercellular 

spaces leading to cell and tissue damage. Cell injury can be the principal cause of 

photosynthetic inhibition because hydrocarbons tend to accumulate in the chloroplasts, which 

explains the reduced photosynthetic activity in vegetation affected by hydrocarbons (Noomen 

and Skidmore, 2010; Noomen et al., 2012; Liu et al., 2015). Despite the capacity of 

vegetation for fast acclimation and certain stress tolerance mechanisms, vegetation usually 

responds to sudden short-term or long-term stressors (in the case of oil spills) with reduced 

cell activity and reduced plant growth or even plant mortality. The stress factors vary in their 

intensity and duration which can cause damage to plants (Arellano et al., 2015). 

Therefore, adequate assessment of forest resources will help to put in place strategies geared 

toward promoting effective management of forest resources in the face of oil exploitation and 

exploration activities. This monitoring and management of forest resources is important 

because high biodiversity increases the stability of most types of ecosystem (Balvanera et al, 

2006) and enhances the sustainability of resource exploitation (Klaus, et al, 2001). The study 

based on this background therefore assessed plant species diversity, density and abundance in 

crude oil spill affected communities in Gokana LGA, Rivers state, Nigeria.  

Materials and Methods 

Description of the Study Area 

The study area comprises of crude oil impacted/polluted communities which are Nweol, Bara 

and Nwezor under Gokana LGA in Rivers state. The months of February, March and April 

record the highest temperature, then gradually slopes down through May, June and more 

deeply in July and August. Consequently, temperature rises through September, October and 

November (Oku, 2003). The warmth and high humidity of the study area gives it a strong 

tendency to ascend and produce copious rainfall, which is a result of the condensation of 

water vapour in the rapidly rising air (Encarta, 2009). The study area is drained with both 

fresh water and salt water. The salt water is caused by the intrusion of seawater inland, 

thereby making the water slightly salty. The vegetation of the study area consists mainly of 

forest swamps. The forests are of two types, nearest the sea is a belt of saline/brackish 

Mangrove swamp separated from the sea by sand beach ridges within the mangrove swamp. 

The primary economic activities in most rural communities in Gokana LGA include peasant 

farming, petty trading and fishing, shifting cultivation (Slash and burn), which involves 

cultivating a piece of land for a number of years and then abandoning it for a more fertile 

land is traditionally practiced in the area (Okpako, 2014).  

Data Acquisition 

Determination of plants species floristic composition 

The vegetation composition of crude oil polluted study sites (A & B) (Bara and Nwezor 

communities) and control study sites C (Kol-Zorgbia forest in Nweol community) were 

investigated. The study employed three study sites which are unpolluted sites (control sites), 

polluted and remediated sites, and the polluted and un-remediated sites, whereby plants were 

identified and enumerated in order to understand their floristic composition. This exercise 

was carried out by adopting the simple random sampling based on standard procedures for 
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ecological assessment studies (Kinako, 1988) with specific quadrats direction of 20m x 20m 

to determine the vegetation status of the selected sites (Eludoyin et al., 2013). In other words, 

three (3) quadrats of 20m×20m were placed within a quadrat of 100mx100m delimited in 

each study site. Within the three quadrats of 20mx20m placed in each 100mx100m, all the 

important representative plant species were identified and properly authenticated with the 

help of a Taxonomist from the Department of Forestry and Wildlife Management, University 

of Port Harcourt. Plants that were not identified in situ were taken to the Herbarium in the 

Department of Forestry and Wildlife Management, University of Port Harcourt for proper 

identification. The data collected on the vegetation status were used for the computation of 

plant species composition, density, abundance and diversity in the study area. 

Species composition and number of individual species  

Species composition of Trees vegetation was determined by identifying the plant species 

while the population of individual species was determined by direct counting of the 

population of each species in each 20m x 20m quadrat. 

Species Density 

Species density is simply the number of individual species per unit area and is generally 

reported as the number of individuals per hectare. It is a useful value to determine the health 

of an ecosystem and it is an expression of the numerical strength of a species.  

 

Density = Total number of individuals of a species in all quadrats  

Total Area of the quadrats in hectares 

 

Species Abundance 

Species abundance is the number of individuals of each species in the community per unit 

area. It is calculated as:  

Abundance =  Total number of individuals of a species in all quadrats      

Total number of quadrats in which the species occurred 

Species Diversity 

The species diversity index (H') was computed using Simpson’s index (Simpson, 1949).  

The formula for computing Simpson’s diversity index (D) is:  

D=       . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (Equ. 3.1) 

Where,  

ni= the number of individuals of ith species 

N = the total number of individuals. 

The value of D ranges from 0 to 1. With this index, 0 represents maximum diversity and, 1, 

no diversity. That is, the bigger the value the lower the diversity. To remove the inverse 

relationship between Simpson’s index and actual diversity of a community, the diversity 

index (D') is subtracted from 1. The value also ranges from 0 to 1 but the interpretation is the 

higher the value, the higher the diversity and vice versa (Chima and Omokhua, 2011; 

Eludoyin, 2016). 
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Results of the Analyses 

Plant Species Composition in Crude Oil Post-impacted sites & Control sites 

The information for the plant species types identified in the control study sites in all study 

sites is displayed on Table 1. A total of 433 individual plant species from 26 plant species 

types were identified in the control study site in Delta state. The distribution revealed that 

Alchornea cordifolia (12.9%), Elaeis guineensis (9.5%) and Bambusa vulgaris (9.2%) were 

the dominant plant species in the control site in Rivers state. Musanga cecropioides (4.8%), 

Carica papaya (4.8%), Anthocleistii vogelii (4.2%), Musa sapientum (4.2%) identified plant 

species also recorded relatively high species compositions. Chromolaena odorata (1.2%) and 

Spondiathum prensis (1.2%), were the identified plant species that recorded the lowest 

species compositions in the control study site in Rivers state. However, other identified plant 

species types (Harungana madagascariensis (3.7%), Cleistopholis patens (2.5%), Aspilia 

Africana (2.8%), Anoras nuricata (3.0%) while other identified plant species recorded 

percentage compositions of between 1.4% and 2.1% in the control study sites.   

The distribution of plant species compositions at the polluted (remediated) site in Rivers state 

is displayed on Table 4.3. The plant species that was also notable in the polluted (remediated) 

site was Alchornea cordifolia (15.3%), Bambusa vulgaris (15.3%) followed by Elaeis 

guineensis (11.8%), and Musa sapientum (8.2%). Musa parasidiaca (7.1%) also recorded 

notable species compositions. A total of 85 individual plant species from 15 species types 

were identified in the polluted (remediated) study site in Rivers state. The plant species of 

landolphia duleis (0.7%) and Milicia excelsa 0.7%) recorded the lowest species composition 

in the study area.    

In sampled sites polluted (un-remediated), Elaeis guineensis of 22.6% total number of 

individuals was dominant followed by Bambusa vulgaris (19.4%), Musa sapientum of 12.9%, 

Carica papaya (9.7%), and Harungana madagascariensis (9.7%) and Mangifera indica 

(9.7%) individual plant species. Ficus benjamina of 3.3% recorded the lowest species 

composition in the polluted un-remediated study site in the study area. In this polluted un-

remediated study site, a total of 31 individual plant species from 9 species types were 

identified.     
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Table 1: Plant Species Types identified in the study sites 

S/N Species Life form  

Control Polluted (Treated) Polluted (Untreated) 

Family Frequency % Frequency % Frequency % 

1 Alchornea cordifolia Tree Euphorbraceae 56 12.9 13 15.3 0 0 

2 Anoras nuricata Tree Anonaceae 13 3 2 2.4 0 0 

3 Anthocleistii vogelii Tree 

 

18 4.2 4 4.7 0 0 

4 Aspilia africana Tree 

 

12 2.8 0 0 0 0 

5 Bambussa vulgaris Tree Poaceae 34 7.9 13 15.3 6 19.4 

6 Carica papaya Shrub Caricaceae 21 4.8 6 7.1 3 9.7 

7 Cassytha filiformis Climber 

 

7 1.6 0 0 0 0 

8 Chromolaena odorata Shrub Asteraceae 5 1.2 0 0 0 0 

9 Citrus Simensis Tree 

 

6 1.4 0 0 0 0 

10 Citrus spp Tree 

 

9 2.1 4 4.7 0 0 

11 Cleistopholis patens Tree Annonaceae 11 2.5 4 4.7 0 0 

12 Delonix regia Tree Papilionaceae 13 3 0 0 0 0 

13 Elaies guinensis Tree 

 

41 9.5 10 11.8 7 22.6 

14 Ficus benjamina Tree Moraceae 6 1.4 4 4.7 1 3.3 

15 Ficus exasperata 

  

7 1.6 0 0 2 6.5 

16 Harungana madagascariensis Tree 

 

16 3.7 4 4.7 3 9.7 

17 Landolphia duleis Climber Apocynaceae 3 0.7 0 0 0 0 

18 Macarage barteni Tree Euphorbraceae 5 1.2 0 0 0 0 

19 Mangifera indica Tree Anacardiaceae 8 1.8 4 4.7 3 9.7 

20 Milicia excelsa Tree Moraceae 3 0.7 0 0 0 0 

21 Musa parasidiaca Shrub 

 

13 3 6 7.1 2 6.5 

22 Musa sapientum Shrub 

 

18 4.2 7 8.2 4 12.9 

23 Musanga cecropioides Tree Musangaceae 21 4.8 2 2.4 0 0 

24 Palisota hirsuta Shrub Commelinaceae 7 1.6 0 0 0 0 

25 Pierreodundrum africana Tree 

 

4 0.9 0 0 0 0 

26 Pinnus carribea Tree Pinnaceae 9 2.1 0 0 0 0 

27 Psidium guajava Tree Myrtaceae 8 1.8 2 2.4 0 0 

28 Rauvolfia vomitorra Shrub 

 

7 1.6 0 0 0 0 

29 Selaginela spp Fern  13 3 0 0 0 0 

30 Spondias cythera Tree Anarcadiaceae 6 1.4 0 0 0 0 

31 Spondiathum prensis Herb Euphorbraceae 5 1.2 0 0 0 0 

32 Terminalia cattapa Tree Combretaceae 9 2.1 0 0 0 0 

33 Tetracea alnifolia Climber Dilleniaceae 14 3.2 0 0 0 0 

34 Urena lobata Shrub Matraceae 5 1.2 0 0 0 0 

 

Total 

  

433 100 85 100 31 100 

 

Plants Species Density in all Study sites 

The information on Table 2 displays the plant species densities for all plants species types 

identified for the study in post-impacted crude oil polluted and control sites in the study area. 

The results of the distribution for the species density per hectare (ha) in the control study 

sites, showed that Alchornea cordifolia recorded 56 individuals of the same species in all 

quadrats (1200m
2
), and showed species density of 467 species per hectare (ha); Elaeis 
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guineensis with 41 individuals of a specie recorded 342 species density per hectare; Bambusa 

vulgaris, with 34 individuals of a specie recorded 283 species density per hectare; Carica 

papaya with 21 individuals of a specie recorded 175 species density per hectare; Musanga 

cecropioides recording also 175 species density per hectare; Anthocleistii vogelii and Musa 

sapientum  recorded each 18 individuals of a species and 150 species density per hectare in 

the control study sites. The plant species with the least species densities per hectare in the 

control study site were Chromolaena odorata (42 species density per hectare), Spondiathum 

prensis (42 species density per hectare) and Urena lobata recorded also 42 species density 

per hectare. The plants with relatively high species densities are Anoras nuricata with 13 

individuals recording 108 species density of per hectare; Delonix regia with 13 individuals 

recording 108 species density per hectare; Harungana madagascariensis with 16 individuals 

of a specie recording 133 species density per hectare; and Harungana madagascariensis with 

13 individuals of a species and 108 species density per hectare, and Seloginela spp recording 

13 individuals of a species and 108 species density per hectare.  

The information for the plant species density under the polluted (remediated) study sites 

revealed that Alchornea cordifolia recorded the highest species density of 108 species per 

hectare; followed by Bambusa vulgaris recording also 108 species per hectare; and Elaeis 

guineensis recording 83 species density per hectare. Other plant species with relatively high 

species densities are Musa sapientum (58 species density per hectare), and Musa parasidiaca 

(50 species density per hectare). However, the plants with the least species densities in the 

polluted (remediated) study sites in Rivers state are Musanga cecropioides and Psidium 

guajava (each recording 17 species density per hectare) in the study area.  

The information for the plant species density under the polluted (un-remediated) study sites 

revealed that Elaeis guineensis recorded the highest species density of 58 species per hectare; 

followed by bambusa vulgaries recording 50 species per hectare; and Musa sapientum 

recording 33 species density per hectare. The plant with the least number of species density 

was Ficus benjamina recording 8 species density per hectare.  

In general, in Rivers state, Alchornea cordifolia was the dominant plant species density in the 

control study sites and polluted (remediated) study site; while Elaeis guineensis was 

dominant in the polluted (un-remediated) study sites. 
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Table 2: Species Density of Plants in Crude oil Post impacted/Control sites in Rivers state 

S/

N Species 

Life 

form Family 

Control Polluted (Treated) Polluted (Untreated) 

Frequenc

y 

Densit

y 

Frequenc

y 

Densit

y 

Frequenc

y 

Densit

y 

1 Alchornea cordifolia Tree 

Euphorbracea

e 56 467 13 108 0 0 

2 Anoras nuricata Tree Anonaceae 13 108 2 17 0 0 

3 Anthocleistii vogelii Tree Loganiacaea 18 150 4 33 0 0 

4 Aspilia africana Tree 
 

12 100 0 0 0 0 

5 Bambussa vulgaris Tree Poaceae 34 283 13 108 6 50 

6 Carica papaya Shrub Caricaceae 21 175 6 50 3 25 

7 Cassytha filiformis Climber 
 

7 58 0 0 0 0 

8 Chromolaena odorata Shrub Asteraceae 5 42 0 0 0 0 

9 Citrus Simensis Tree 
 

6 50 0 0 0 0 

10 Citrus spp Tree 

 

9 75 4 33 0 0 

11 Cleistopholis patens Tree Annonaceae 11 92 4 33 0 0 

12 Delonix regia Tree Papilionaceae 13 108 0 0 0 0 

13 Elaies guinensis Tree Arecaceae 41 342 10 83 7 58 

14 Ficus benjamina Tree Moraceae 6 50 4 33 1 8 

15 Ficus exasperata 
  

7 58 0 0 2 17 

16 

Harungana 

madagascariensis Tree Guttiferae 16 133 4 33 3 25 

17 Landolphia duleis Climber Apocynaceae 3 25 0 0 0 0 

18 Macarage barteni Tree 
Euphorbracea
e 5 42 0 0 0 0 

19 Mangifera indica Tree Anacardiaceae 8 67 4 33 3 25 

20 Milicia excelsa Tree Moraceae 3 25 0 0 0 0 

21 Musa parasidiaca Shrub 

 

13 108 6 50 2 17 

22 Musa sapientum Shrub 

 

18 150 7 58 4 33 

23 Musanga cecropioides Tree Musangaceae 21 175 2 17 0 0 

24 Palisota hirsuta Shrub 

Commelinacea

e 7 58 0 0 0 0 

25 Pierreodundrum africana Tree 
 

4 33 0 0 0 0 

26 Pinnus carribea Tree Pinnaceae 9 75 0 0 0 0 

27 Psidium guajava Tree Myrtaceae 8 67 2 17 0 0 

28 Rauvolfia vomitorra Shrub 
 

7 58 0 0 0 0 

29 Selaginela spp Fern  13 108 0 0 0 0 

30 Spondias cythera Tree Anarcadiaceae 6 50 0 0 0 0 

31 Spondiathum prensis Herb 

Euphorbracea

e 5 42 0 0 0 0 

32 Terminalia cattapa Tree Combretaceae 9 75 0 0 0 0 

33 Tetracea alnifolia Climber Dilleniaceae 14 117 0 0 0 0 

34 Urena lobata Shrub Matraceae 5 42 0 0 0 0 

 

Species Abundance of Plants in all Study sites 

The information on Table 3 displays the plant species abundance for all plants species types 

identified for the study in post-impacted crude oil polluted and control sites in Rivers state. 

The results of the distribution for the species abundance per unit area in the control study 

sites, showed that Alchornea cordifolia, recorded 19 species per unit area in three quadrats; 

Anoras nuricata recorded 4 species per unit area in three quadrats; Anthocleistii vogelii 
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species of trees had a total of 6 species per unit area in all quadrats, Aspilia africana had 4 

species per unit area in three quadrats; Bambusa vulgaris was 11 species per unit area found 

within three quadrats; Carica papaya recorded 7 species per unit area within three quadrats; 

Cassytha filiformis recorded 2 species per unit area in three quadrats; Chromolaena odorata 

had a total of 2 species per unit area, in three quadrats; Citrus simensis recorded 2 species per 

unit area in three quadrats; Citrus spp  was 3 species per unit area in a three quadrats; 

Cleistopholis patens in three quadrats had 3 species per unit area;  Delonix regia was 4 

species per unit area in three quadrats; Elaeis guineensis was 14 species per unit area in three 

quadrats; Ficus benjamina recorded 2 species per unit area, in three quadrats;  Ficus 

exasperata recorded 2 species per unit area in three quadrats; Harungana madagascariensis 

was 5 species per unit area, found within three quadrats;  Landolphia duleis recorded 1 

species per unit area in three quadrats; Macarge barteni was also 2 species in three quadrats; 

Mangifera indica recorded 3 species per unit area within three quadrats; Milicia excels 

recorded 1 species per unit area in three quadrat; Musa parasidiaca of 4 species per unit area 

was found within three quadrats; Musanga cecropioides was 5 species per unit area in three 

quadrats; Palisota hirsuta recorded 2 species per unit area in three quadrats; Pierreodundrum 

africana was 1 species per unit area in three quadrats; Pinus carribea recorded 3 species per 

unit area in three quadrats; Psidium guajava was 3 species per unit area in three quadrats; 

Rauvolfa vomitorra recorded 2 species per unit area in three quadrats; Seloginela spp  of 4 

species per unit area was found within three quadrats; Spondias cythera recorded 2 species 

per unit area within three quadrats; Spondiathum prensis of 2 species per unit area were 

found within three quadrats; Terminalia cattapa recorded 3 plant species per unit area within 

three quadrats; Tetracea alnifolia which was found in three quadrats recorded 5 species per 

unit area; while Urena lobata recorded also 2 species per unit area in three quadrats.  

The most abundant plant species in the control study sites in Rivers state study area was 

Alchornea cordifolia which recorded 19 species per unit area in three quadrats; followed by 

Elaeis guineensis which recorded 14 species per unit area in three quadrats; and Bambusa 

vulgaris which also recorded 11 species per unit area in three quadrats. 

The results of the distribution for the species abundance per unit area in the polluted but 

remediated study sites, showed that Alchornea cordifolia, recorded 4 species per unit area in 

three quadrats; Anoras nuricata recorded 1 species per unit area in two quadrats; Anthocleistii 

vogelii species recorded at least 1 species per unit area in all quadrats; Bambusa vulgaris was 

4 species per unit area found within three quadrats; Carica papaya recorded 2 species per 

unit area within three quadrats; Citrus spp  was 2 species per unit area in a two quadrats; 

Cleistopholis patens in three quadrats had 1 species per unit area; Elaeis guineensis was 3 

species per unit area in three quadrats; Ficus benjamina recorded 2 species per unit area, in 

two quadrats; Harungana madagascariensis was 2 species per unit area, found within two 

quadrats; Mangifera indica recorded 2 species per unit area within two quadrats; Musa 

parasidiaca of 2 species per unit area was found within three quadrats; Musa sapientum 

recorded 4 species per unit area in two quadrats; Musanga cecropioides was 1 species per 

unit area in two quadrats; Psidium guajava was 1 species per unit area in two quadrats.  

The most abundant plant species types under the polluted but remediated study sites are 

Alchornea cordifolia, Bambusa vulgaris, and Musa sapientum, which they all recorded 4 

species of plant species per unit area within three quadrats in Rivers state.   

The results of the distribution for the species abundance per unit area in the polluted un-

remediated study sites, showed that Bambusa vulgaris was 2 species per unit area found 

within three quadrats; Carica papaya recorded 1 species per unit area within three quadrats; 

Elaeis guineensis was 3 species per unit area in three quadrats; Ficus benjamina recorded 1 
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species per unit area, in one quadrat;  Ficus exasperata recorded 2 species per unit area in one 

quadrat; Harungana madagascariensis was 1 species per unit area, found within three 

quadrats; Mangifera indica recorded 2 species per unit area within two quadrats;; Musa 

parasidiaca of 2 species per unit area was found within one quadrat; while Musa sapientum 

recorded 2 species per unit area in two quadrats. 

The most abundant plant species types under the polluted un-remediated study site is Elaeis 

guineensis recording 3 species per unit area within three quadrats under the polluted un-

remediated study sites in the study area. 
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Table 3: Species Abundance of Plants in Crude oil Post impacted/Control sites  

S/N 
  

Species Types 
  

 

Control Polluted (Treated) Polluted (Untreated) 

Frequency 

Total no. of 

species per unit 

area Frequency 

Total no. of 

species per unit 

area Frequency 

Total no. of 

species per unit 

area 

1 

Alchornea 

cordifolia 56 19 13 4 0 0 

2 Anoras nuricata 13 4 2 1 0 0 

3 

Anthocleistii 

vogelii 18 6 4 1 0 0 

4 Aspilia africana 12 4 0 0 0 0 

5 Bambussa vulgaris 34 11 13 4 6 2 

6 Carica papaya 21 7 6 2 3 1 

7 Cassytha filiformis 7 2 0 0 0 0 

8 

Chromolaena 

odorata 5 2 0 0 0 0 

9 Citrus simensis 6 2 0 0 0 0 

10 Citrus spp 9 3 4 2 0 0 

11 

Cleistopholis 

patens 11 3 4 1 0 0 

12 Delonix regia 13 4 0 0 0 0 

13 Elaies guinensis 41 14 10 3 7 3 

14 Ficus benjamina 6 2 4 2 1 1 

15 Ficus exasperata 7 2 0 0 2 2 

16 

Harungana 

madagascariensis 16 5 4 2 3 1 

17 Landolphia duleis 3 1 0 0 0 0 

18 Macarage barteni 5 2 0 0 0 0 

19 Mangifera indica 8 3 4 2 3 2 

20 Milicia excelsa 3 1 0 0 0 0 

21 Musa parasidiaca 13 4 6 2 2 2 

22 Musa sapientum 18 6 7 4 4 2 

23 

Musanga 

cecropioides 21 7 2 1 0 0 

24 Palisota hirsuta 7 2 0 0 0 0 

25 

Pierreodundrum 

africana 4 1 0 0 0 0 

26 Pinnus carribea 9 3 0 0 0 0 

27 Psidium guajava 8 3 2 1 0 0 

28 

Rauvolfia 

vomitorra 7 2 0 0 0 0 

29 Selaginela spp 13 4 0 0 0 0 

30 Spondias cythera 6 2 0 0 0 0 

31 

Spondiathum 

prensis 5 2 0 0 0 0 

32 Terminalia cattapa 9 3 0 0 0 0 

33 Tetracea alnifolia 14 5 0 0 0 0 

34 Urena lobata 5 2 0 0 0 0 

 

Plants Species Diversity in all Study sites 

The information on Table 4 shows the plant species diversity under the control study sites in 

Delta state. The species diversity of identified plants under the control study site was 0.95, 
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which showed an area with high plants species diversity. Furthermore, the information on 

Table 5 displays the plants species diversity under the polluted but treated study sites. The 

results showed a diversity level of 0.92, which is relatively high but lower to the value 

obtained under the control study sites, while the polluted (untreated) sites as displayed on 

Table 6 showed diversity index of 0.91 which is slightly lower than the value observed under 

the polluted (treated) study sites.  
 

Thus, the control study sites has the highest level of plant species diversity index (D') in the 

study area under Rivers state. The total number of individuals of specie in the control study 

sites is a reflection of the resident species and the sensitivity of this particular ecosystem 

which has little or no external disturbances when compared with the crude oil polluted sites 

in Rivers state. 
 

Table 4: Species Diversity of Plants under the Control study sites  

S/N Species Types Frequency (ni) ni - 1 ni(ni - 1) 

1 Alchornea cordifolia 56 55 3080 

2 Anoras nuricata 13 12 156 

3 Anthocleistii vogelii 18 17 306 

4 Aspilia africana 12 11 132 

5 Bambussa vulgaris 34 33 1122 

6 Carica papaya 21 20 420 

7 Cassytha filiformis 7 6 42 

8 Chromolaena odorata 5 4 20 

9 Citrus Simensis 6 5 30 

10 Citrus spp 9 8 72 

11 Cleistopholis patens 11 10 110 

12 Delonix regia 13 12 156 

13 Elaies guinensis 41 40 1640 

14 Ficus benjamina 6 5 30 

15 Ficus exasperata 7 6 42 

16 Harungana madagascariensis 16 15 240 

17 Landolphia duleis 3 2 6 

18 Macarage barteni 5 4 20 

19 Mangifera indica 8 7 56 

20 Milicia excelsa 3 2 6 

21 Musa parasidiaca 13 12 156 

22 Musa sapientum 18 17 306 

23 Musanga cecropioides 21 20 420 

24 Palisota hirsuta 7 6 42 

25 Pierreodundrum africana 4 3 12 

26 Pinnus carribea 9 8 72 

27 Psidium guajava 8 7 56 

28 Rauvolfia vomitorra 7 6 42 

29 Selaginela spp 13 12 156 

30 Spondias cythera 6 5 30 

31 Spondiathum prensis 5 4 20 

32 Terminalia cattapa 9 8 72 

33 Tetracea alnifolia 14 13 182 

34 Urena lobata 5 4 20 

  

N=433 

N(N-1)=187056 

 

ni(ni -

1)=9272 

D=0.050 

Diversity = 1-D = 1- 0.050 = 0.95  
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Table 5: Species Diversity of Plants under the Polluted (remediated) study sites  

S/N Species Types Frequency (ni) ni - 1 ni(ni - 1) 

1 Alchornea cordifolia 13 12 156 

2 Anoras nuricata 2 1 2 

3 Anthocleistii vogelii 4 3 12 

4 Bambussa vulgaris 13 12 156 

5 Carica papaya 6 5 30 

6 Citrus spp 4 3 12 

7 Cleistopholis patens 4 3 12 

8 Elaies guinensis 10 9 90 

9 Ficus benjamina 4 3 12 

10 Harungana madagascariensis 4 3 12 

11 Mangifera indica 4 3 12 

12 Musa parasidiaca 6 5 30 

13 Musa sapientum 7 6 42 

14 Musanga cecropioides 2 1 2 

15 Psidium guajava 2 1 2 

  

N=85 

N(N-1)=7140 

 

ni(ni -1)=582 

D=0.082 

Diversity = 1-D = 1- 0.082 = 0.92 

 

Table 6: Species Diversity of Plants under the Polluted (un-remediated) study sites  

S/N Species Types Frequency (ni) ni - 1 ni(ni - 1) 

1 Bambussa vulgaris 2 1 2 

2 Carica papaya 1 0 0 

3 Elaies guinensis 3 2 6 

4 Ficus benjamina 1 0 0 

5 Ficus exasperata 2 1 2 

6 Harungana madagascariensis 1 0 0 

7 Mangifera indica 2 1 2 

8 Musa parasidiaca 2 1 2 

9 Musa sapientum 2 1 2 

  

N=16 

N(N-1)=240 

 

ni(ni -1)=16 

D=0.067 

Diversity = 1-D = 1- 0.067 = 0.91 

 

Variations in plants species compositions among study sites 

The result displayed on Table 7 for variations in species compositions among study sites 

(control, polluted (remediated) and Polluted (un-remediated)) recorded an F ratio of 5.656 at 

95% (0.05) confidence level indicated a significant level of 0.006. This means that variations 

in plants species compositions among study sites were significantly different in the study 

area.  
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Table 7: Variations in Species Compositions among study sites 

 Sum of Squares df Mean Square F Sig. 

Between Groups 
906.258 2 453.129 5.656 .006 

Within Groups 
4406.173 55 80.112   

Total 
5312.431 57    

 

Discussion 

The most dominant tree plant species in the study area was Bambusa vulgaris (Bamboo Tree) 

which was found in all study sites; while the most abundant plant species was Alchornea 

cordifolia found only in the control study sites and polluted remediated study sites. Newell 

(2004) asserts that the Bamboo species are usually found in diverse climates, from cold 

mountains to hot tropical regions. However, the variations in individual plants species 

composition experienced among study sites can be used to explain the post impact effect of 

the crude oil pollution in the study area. Findings revealed that there is a significant variation 

among plant number of individual species between crude oil post impacted sites and control 

study sites. Similarly, this finding were in consonance with Nwokocha and Diene (2010); 

Baofu (2015); De la Huz et al., (2018), that petroleum hydrocarbon pollution has been 

reported to have negative effects on plants, and the ecosystem, the effects of the oil pollution 

are usually evident in altering the physical and chemical properties of soil and subsequent 

effects on the growth of plants. More so, Obiefuna et al. (2013) revealed that the obvious 

consequences of industrialization and population expansion are on natural resources like 

vegetation composition, coastal terrain and wetlands. Similarly, the rapid depletion of 

vegetation composition in the study area has many implications which are; reduction in the 

ecological services, loss of plants biodiversity, reduction in flood retention and reduced 

aquifer recharge, amongst others. Findings showed that the species composition of plants 

under the control study sites was the highest among all. It was evident that the depletion of 

plants species composition in the polluted study sites (remediated and un-remediated) was 

attributed to the impact caused by the crude oil spill which is toxic to plants. Similarly, the 

species density and abundance among individual plants species also varied among study sites. 

Reductions in number, density and abundance were observed under the polluted study sites 

(remediated and un-remediated study sites). The highest number of species density per 

hectare (ha) was also experienced under the control study sites. In the same vein, plants 

species abundance per unit area, was also highest under the control study sites, with Bambusa 

vulgaris showing the highest number of species that can be found per unit area in the study 

area. The observed reduction in species number, density and abundance at the polluted sites 

agrees with the works of Nkwocha and Duru (2010); Tanee and Albert (2015) on the impact 

of crude oil on plants species compositions and abundance. Furthermore, the absence of some 

of the plants species under the polluted study sites but present under the control study sites 

could mean their inabilities to thrive and tolerate in high concentration of crude oil pollution. 

Crude oil has been discovered to have a debilitating effect on the germination, growth and 

development of plants (Edwin et al., 2013). Thus, the species diversities of plants were lower 

under the polluted (remediated and un-remediated) study sites when compared with the 

control study sites.  
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Conclusion and Recommendation 

The study concludes that crude oil post-impacted sites in affected communities have 

negatively impacted on plants species composition, density, abundance and diversity. The 

study observed significant reductions in plants species compositions, density, abundance and 

diversity when compared with results obtained from the control study sites. The assessment 

of the vegetation status in crude oil post impacted sites and unpolluted sites therefore 

indicated crude oil pollution effects on plants vegetal cover in the study area. Thus, the study 

recommends that: crude oil exploration and exploitation activities should be managed 

effectively, in order to reduce its impacts on the vegetation composition, density, abundance 

and diversity in the study area; increased efforts should be encouraged and directed on 

pipeline monitoring and its management to prevent further crude oil spill in the environment; 

government should enact stricter laws to regulate the Nigerian oil industry in order to provide 

guidelines on the issues of pollution control and management at all times; proper remediation 

practices should be ensured in the case of oil spill so as to foster plants regeneration processes 

in crude oil polluted sites; government should increase conservation efforts on plants 

biological diversity in order to promote and improve the vegetation status in the study area. 
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