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A B S T R A C T   

The numerous benefits and the need to conserve urban forest is increasingly been acknowledged by scientists, 
land managers as well as decision makers. However, unlike the developed regions of the world, urban forest 
composition and structure in developing countries such as Nigeria remains the most threatened and least-studied. 
Using intensive field surveys and remote sensing data, this study investigated changes in species composition and 
structure of nine vegetation types in Akoka between 1962 and 2014. Field data on individual species was 
collected along a belt transect laid across the nine vegetation boundaries. Species composition, richness and 
diversity differed among the vegetation types as well as between 1962 and 2014. Species composition ranged 
from 3 to 19 across the vegetation types and was highest in fresh water swamp forest. While brackish marsh land 
had highest total number of individual, fresh water swamp forest located near the parks and garden had the least 
likely due to its nearness to ceaseless human disturbance. The species diversity was generally low across the 
vegetation types, and varied between 1.32 in brackish marsh land to 2.63 in mangrove swamp forest. The overall 
initial vegetation of Akoka had significantly fragmented and diminished between 1962 and 2014. Compared to 
1962, the percentage vegetation cover by the major vegetation types had reduced, indicating that while 
anthropogenic disturbance persisted, little or no effort was put in place to improve their restoration. Overall, our 
findings pointed to the needs for sustainable management of urban forest with keen attention being paid to 
restoration.   

Introduction 

Urban vegetation is a significant component of the forest ecosystem 
and a treasured part of urban green space (Konijnendijk et al., 2006; 
Agbelade and Onyekwelu, 2020). Similar to other forest ecosystem, 
urban forests are diverse and play a key role in biodiversity conservation 
and carbon storage (Agbelade and Onyekwelu, 2020). They provide 
numerous ecosystem services, which are crucial for human survival, 
livelihoods and wellbeing. These services ranges from regulation of 
climate change and environmental temperature; reduction of flood and 

disease control; recreational and amusement parks, and reduction of air 
pollution (Arowolo et al., 2018; Agbelade and Onyekwelu, 2020). 
However, despite their importance, urban forest remains the most 
threatened and least-studied, particularly in developing countries such 
as Nigeria. 

Although, disturbance of the forest vegetation by humankind in 
order to obtain food, fiber, fuel and other necessities has been ongoing 
for millennia; the pace, extent and intensity of urbanization these days 
have sharply accelerated urban green space destruction (Ellis and Pon-
tius, 2007; Olatunji et al., 2015). The increase in population, 
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commercial activities and demand for infrastructures such as housing, 
roads and education facilities among others, posed huge sustainability 
challenges to urban vegetation (Sanderson et al., 2002; Giri, 2012). As 
such, strategic inventory and management of the few remaining urban 
green spaces that are relatively undisturbed is therefore important 
(Shekhar and Arya, 2019). This is especially important for developing 
countries, given the continuous rural migration into urban cities (UNPF, 
2007) and the contribution of those cities to global greenhouse gas 
emission (Agbelade and Onyekwelu, 2020). Indeed, due to the informal 
settings and inadequate planning of urban cities in most developing 
countries, exploring vegetation inventory and detection of green space 
changes remain a serious challenge. Nevertheless, these challenges can 
be alleviated through a comprehensive assessment approach including 
mapping and monitory using remote-sensing tools. 

Previously, providing information on spatial and temporal patterns 
of urban vegetation covers and their changes through time is a chal-
lenging task (Shekhar and Arya, 2019). This is because acquisition of 
such information requires a synoptic and large spatial extent survey that 
is seldomly provided by labor-intensive traditional field approach 
(Franco and Macdonald, 2017). The method is cumbersome, stressful 
and have to be carried out frequently. To cater for this, several methods 
such as the use of visual perception and self-reporting questionnaire as 
well as objective measurement of greenness have been deployed (Liu 
et al., 2016). But, the use of data acquired via remote sensors constitutes 
better approach that is cost effective and allow for repeated analysis of 
the urban green space spatial patterns within a shortest time (Zhou et al., 

2018). In several cases, studies have attempted to assess vegetation 
patterns through remote sensing techniques by relying on percentage of 
green space area or the relationships between vegetation and land cover 
types (Senanayake et al., 2013; Anguluri and Narayanan, 2017). Several 
previous studies had employed remotely sensed data to map urban 
forested areas due to its repeatability, objectiveness and effectiveness 
(Johansen et al., 2011; Li et al., 2012). However, information acquired 
through such approach is insufficient for assessing green space patterns 
and changes within a single land cover type, which by definition is 
assumed to be spatially homogeneous. Moreover, vegetation spread in 
urban area is often skewed owing to increase in multiple socioeconomic 
activities (Pham et al., 2012). 

Given the development in data technology and innovation theories, 
digital mapping and geographic information system (GIS) techniques 
have proven to be very efficient in monitoring urban vegetation 
changes, preparation of land cover maps and in providing accurate in-
formation about land cover change (Alqurashi and Kumar, 2013; 
Shekhar and Arya, 2019). This technique provides for the assessment of 
vegetation inventories from inaccessible regions and guide in making 
decision for urban green space development (Singh et al., 2015). As 
such, studies in some major cities across the world have documented 
urban spatial land cover pattern using remotely sense data (Qian et al., 
2015; Sathyakumar et al., 2020). But such documentation is limited in 
most developing countries including Nigeria and when available, they 
do not consider spatially homogeneous vegetation. Nigeria aside being 
the most populated country in Africa is experiencing rapid urbanization. 

Fig. 1. Flowchart of data acquisition and processing.  
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It is projected that by 2050, Nigeria alone will contribute about 189 
million people out of the 68% world population that is expected to exist 
in the urban cities across the world (UN, 2018; Dangulla et al., 2019). 
Therefore, a study is needed to delineate composition and diversity of 
the urban vegetation, and the menace they undergo due to 
ever-increasing urbanization. 

In view of the aforementioned, this study examined vegetation 
composition, diversity and structural characteristics of a major urban 
city in Nigeria; in order to determine the extent of changes in the 
vegetation composition. For this study, University of Lagos in Akoka 
(UNILAG) was selected. Previous study had reported high rate of 
degradation of the remnant flora species of Akoka, majorly due to 
recuperation of mangrove for development of numerous infrastructural 
facilities (Nodza et al., 2014). Akoka is a community in the city of Lagos, 
Nigeria. Lagos being the commercial center of the country, is the most 
populated and continuously undergoing rapid urbanization revolution 
accompanied by huge ecosystem degradation and stern environmental 
risk. The natural vegetation of the city of Lagos is presently undergoing 
rapid changes driven by infrastructural development and intense ur-
banization. However, an area within the city (UNILAG-Akoka) still hold 
some level of compositions and diversity. This study aims at (i) assessing 
the floristic composition and diversity of the vegetation in 
UNILAG-Akoka; and (ii) detect the impact of urban encroachment on 
this ecosystem since 1962 when the land was acquired and 2014 when 
many significant developmental activities have been carried out. 

Material and method 

Study area 

Akoka which hosts the University of Lagos is located on the western 
part of Lagos metropolis in Yaba Local Government Area of Lagos State, 
Nigeria. The area lies between latitude 6◦ 30.40ʹ N and 3◦ 24.52ʹ E 
longitude. It occupies a total area of approximately 3.25 km2 (802 
acres). The study site is a typical humid tropical climate, with a mean 
annual maximum temperature of 34 ◦C and minimum of 24 ◦C. The 
mean annual precipitation and relative humidity of the area are 2733 
mm and > 70%, respectively. The area is mainly dominated by four 
main vegetation types; (1) Fresh water swamp forest, (2) Mangrove 
swamp vegetation, (3) Sandy plain vegetation and (4) Upland vegetation 
comprising of mosaics of highly disturbed secondary rain forest vege-
tation and a senescent rain forest on an island (Fig. 1). The mangrove 
swamp forest occupies roughly 50% of the total vegetation. The study 
area is flanked by lagoon, freshwater, as well as terrestrial land which 
hosts diverse flora that are being constantly disturbed by human 

activities. The lithology of the study area alternates between sandy and 
clayey sediments, with pH of 7.79 (Adekanmbi and Alebiosu, 2017). 

Sampling strategy and data collection 

This study combined intensive field surveys and remote sensing data 
integrated with geographic information system (GIS). For the field sur-
vey, flora assessment and data collection were performed using a Belt 
Transects Method (BTM) according to Hill et al. (2005). The transect was 
laid along environmental gradient or across vegetation boundaries. The 
study area was divided into nine vegetation types along the transect and 
100×40 m quadrats was marked out for the estimation of trees and 
shrubs. For the enumeration of herbs and grasses, 0.5 × 2 m quadrat was 
used. The geographic coordinates of each sampling vegetation were 
recorded and designated as E1 to E9 (Table 1). All plant sample within 
each vegetation types were identified up to species levels in the field or 
retrieved for subsequent identification in the herbarium. Species that 
were not completely identified in the field were collected and taken to 
the Herbarium of the Department of Botany, University of Lagos for 
proper identification using appropriate floras, manuals and monographs 
(Hutchinson and Dalziel, 1964). 

Data analysis 

Species composition and community structure analysis 

Plant data retrieved from the herbarium and field identification were 
used to establish species composition of each studied vegetation type. 
Species encountered were counted and processed for estimation of 
vegetation structure using the parameters including Species richness, 
Shannon-Wiener (Hʹ), and Species evenness. Shannon-Weiner diversity 
was performed using the formula: 

H
′

= − ΣPilnPi 

Where Hꞌ = Shannon-Weiner index, Pi = Relative abundance of each 
species, calculated as the proportion of individual of a given species (ni) 
to the total number of individuals (N) in the vegetation types (ni/N) 

ln = natural logarithm 
Species richness was determined by the below equation according to 

Margalef (1970) 

D =
(S − 1)

ln N 

Where D = Species richness, S = total number of sp. 
The species evenness was calculated using the formula: 

J = H/ ln S  

Table 1 
Sampling plots distribution across the study site.  

Code Vegetation types Co-ordinate   
Longitude Latitude 

E1 Reclaimed Mangrove forest 6◦ 31′ 8.207′′ 3◦ 23′

13.977′′

E2 Fresh water swamp forest (High Rise) 6◦ 30′

31.084′′

3◦ 23′

53.541′′

E3 Fresh Water Swamp forest (Parks and 
Garden) 

3◦ 23′

34.317′′

6◦ 30′55.035′′

E4 Fresh Water Swamp forest 3◦ 23′

29.947′′

6◦ 30′45.692′′

E5 Fresh Water Swamp forest 3◦ 23′ 26.85′′ 6◦ 30′

41.395′′

E6 Mangrove Swamp forest 3◦ 23′

48.069′′

6◦ 31′ 9.157′′

E7 Mangrove Swamp forest 3◦ 23′

50.579′′

6◦ 31′

12.998′′

E8 Brackish Marsh land 3◦ 24′

13.486′′

6◦ 31′53.05′′

E9 Brackish marsh land 3◦ 24′ 2.542′′ 6◦ 30′

48.434′′

Table 2 
Data Sources used for the Reconnaissance of the study site.  

S/ 
N 

Data Scale/ 
resolution 

Production 
Date 

Source 

1 Ecosystem map of 
University of Lagos 

1:25000m 1962 Orebanjo and 
Njoku (1963) 

2 Satellite imagery of 
University of Lagos 

2.5m 2005 Google earth 

3 Orthophotos of 
University of Lagos and 
its environs 

0.7cm 2009 Guinea Current 
Large Marine 
Ecosystem 
(GCLME) Lab, 
Unilag 

4 GPS locations of 
ecosystem types and 
new features in the 
University of Lagos  

2013, 2014 Field data, 2013, 
2014  
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Reconnaissance of study site 

Primary data of the study site from time of acquisition in 1962 and in 
December 2014 was obtained by integrating remote sensing data with 
geographic information system (GIS). The reconnaissance process in-
cludes: (1) Identification and collection of geographic co-ordinates of 
the different ecosystem encountered during the field survey for further 
spatial data processing, (2) processing and analysis of the identified 
relevant dataset (Table 2), (3) terrain processing, datum harmonization 
and geo-referencing. ArcGIS 10.2 (Esri, USA) software was used for the 

map production and analysis. 

Workflow and remote sensing data processing 

The study workflow entails stepwise arrangement, organization and 
processing of the acquired spatial data of the study area (Fig. 1). The 
ecosystem map acquired from past literature was scanned and geore-
ferenced. The ecosystem map was converted to the Universal Transverse 
Mercator (UTM) because it was in the National North Order (NNO) 
coordinate system. The Satellite imagery data from Google Earth was 

Table 3 
Floristic Composition and individual abundance of the study site.  

Species Family  Individual abundance 
Habit E1 E2 E3 E4 E5 E6 E7 E8 E9 

Acrostichum aureum Pteridaceae Fern 40 30 – – – 40 – – – 
Albizia zygia Fabaceae Tree – – 2 1 – – – – 1 
Alchornea cordifolia Euphorbiaceae Shrub/tree – 15 – 13 15 – – 5 15 
Alstonia boonei Apocynaceae Tree 4 – – 8 11 20 – – – 
Anthocleista vogelii Gentianaceae Tree – 15 6 10 12 – – – 12 
Artocarpus altilis Moraceae Tree – – 1 – – – – – – 
Aspilia Africana Asteraceae Herb – 15  – – – – – – 
Avicennia nitida Acanthaceae Shrub – – – – – – 30 – – 
Azadirachta indica Meliaceae Tree – – – 4 3 – – – – 
Bambusa vulgaris Poaceae Grass 5 – 20 10 8 – 35 – – 
Bixa Orellana Bixaceae Tree – – – 11 5 – – – – 
Calopogonium spp Fabaceae Vine – 13 – – – – – – – 
Chromolaena odorata Asteraceae Herb/shrub – 20 – – – – – – – 
Colocasia esculenta Araceae Herb – – – 16 – – – – – 
Dalbergia ecastaphyllum Fabaceae Shrub/tree – – – – 6 – – – – 
Delonix regia Fabaceae Tress – – – – – – – – 1 
Dioclea reflexa Fabaceae Shrub – – – – 20 – – – – 
Dioscorea spp Dioscoreaceae Climber – – – 7 – – – – – 
Drepanocarpus lunatus Fabaceae Shrub – – – – – – 28 15 – 
Dryopteris spp Dryopteridaceae Fern 5 – – – – – – – – 
Eichhornia crassipes Pontederiaceae Fern – – – – – – – 20 250 
Elaeis guineensis Arecaceae Tree 4 15 – – – – 10 – – 
Ficus umbellate Moraceae Tree – 9 – – – – – – – 
Gliricidia sepium Fabaceae Tree – – – 5 10 – – – – 
Hallea stipulosa Rubiaceae Herb 7 – – – – – – – – 
Helioconia psittacorum Heliconiaceae Herb – – 5 – – – – – – 
Ipomoea batatas Convolvulaceae Herb-vine – – – 20 – – – – – 
Ipomoea carica Convolvulaceae Herb-vine – 35 30 28 25 108 86 – 30 
Irvingia gabonensis Irvingiaceae Tree – – 1 – – – – – – 
Lantana camara Verbenaceae Shrub – – – 5 – – – – 5 
Ludwidgia spp Onagraceae Creeper 10 – – – – – – – – 
Manihot esculenta Euphorbiaceae Shrub – – – 10 11 – 8 – – 
Mariscus ligularis Cyperaceae Grass 5 – – – – – – – – 
Mimosa pudica Fabaceae Creeper 2 – – – 30 – – – – 
Morinda lucida Rubiaceae Shrub/tree – – 1 – – – – – – 
Musa paradisiaca Musaceae Herb 4 – – 15 6 – 8 – – 
Musa sapientum Musaceae Herb – 5 – – – – – – – 
Mussaenda polita Rubiaceae Shrub 7 3 – – 6 – – – – 
Nymphaea lotus Nymphaeaceae Herb 20 – – – – – – – – 
Nypa fruticans Arecaceae Shrub – – – – – – – 30 12 
Ormocarpum verrucosum Fabaceae Shrub/fern – – – – – – – 8 – 
Paspalum vaginatum Poaceae Grass – – – – 60 – 103 60 180 
Passiflora foetida Passifloraceae Herb 5 – – – – – – – – 
Persea Americana Lauraceae Tree – – 1 – – – – – – 
Phyllanthus reticulatus Phyllanthaceae Shrub 3 – – – – – 10 15 – 
Pithecellobium dulce Fabaceae Tree – – 5 – – – – – – 
Psidium guajava Myrtaceae Tree – – – 2 – – – – – 
Raphia hookeri Arecaceae Tree – – 3 – – – – – – 
Rhizophora racemosa Rhizophoraceae Tree – – – – 45 – – – – 
Saccharum officinarum Poaceae Grass – – – – – – 30 – – 
Sacciolepis spp Poaceae Grass 8 – – – – – – – – 
Senna alata Fabaceae Tree – – – 11 12 – – – 11 
Senna siamea Fabaceae Tree – – – – – – – 6 – 
Sphenoclea zeylanica Sphenocleaceae Shrub 15 – – – – – – – – 
Tectona grandis Lamiaceae Tree – 3 – – – – – – – 
Telferia occidentalis Cucurbitaceae Herb-vine – – – 20 – – – – – 
Terminalia catappa Combretaceae Tree – – 1 – – – – – 2 
Tridax procumbens Asteraceae Herb 5 – – 19 10 – – – 17 
Typha latifolia Typhaceae Herb – – – – – – 10 – – 
Urena lobata Malvaceae Shrub – 10 – – – – – – –  
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also georeferenced using the Universal Transverse Mercator (UTM) co-
ordinate type. While the orthophoto imagery acquired already had the 
spatial reference information. 

Map digitization and change detection 

The digitization involves conversion of raster datasets including 
scanned map and satellite imagery into vectors in the ArcGIS software 
environment. All the features identified in the raster datasets are rep-
resented as points, lines and polygons during the digitization process. 
The GPS coordinate locations of the ecosystem types and the newly 
constructed facilities/buildings identified during field survey was 
plotted against the digitized files. For change detection, we employed 
vector change detection method in ArcGIS software. Changes in land 

cover features were detected by identifying changes in the ecosystem 
maps for 1962 and 2014 after vectorization. The area of the digitized 
ecosystem types from the ecosystem map of 1962 was subtracted from 
the digitized ecosystem types of the newly produced ecosystem map for 
2014. The percentage change in land cover (ecosystem types) features 
was then calculated from the areas of the change categories. 

Results 

Plant species composition, distribution and biodiversity indices across the 
urban vegetation 

Across the transects, 60 species comprising 2144 individuals were 
recorded (Fig. 2; Tables 3,4). The species belong to 35 families and 57 
genera. Among the families, Fabaceae was noted to have the highest 
number of species (12 species), while Araceae, Poaceae and Rubiaceae 
had 4 species each across the transects (Table 4). Vegetation type E4 had 
the highest species composition, while E6 had the least. Ipomoea carica 
was the most widely distributed among the species enumerated, 
occurring in all the vegetation types except E1 and E8. Species such as 
Alchornea cordifolia, Alstonia boonei, Anthocleista vogelii, Bambusa vulga-
ris, Paspalum vaginatum and Tridax procumbens were distributed at most 
in 5 vegetation types, while other species are restricted to either 1 or just 
2 out of the nine vegetation types. 

The species diversity was generally low across the vegetation types, 
and varies between 1.32 in E9 to 2.63 in E6 (Table 4). Vegetation type 
E9 has the highest individual but the lowest species evenness and di-
versity. Vegetation type E4 and E5 has the highest diversity as well 
species evenness. The species richness differs along the transect such 

Fig. 2. Representative species of the fresh water and mangrove swamp forest within the study area. (A) Alstonia boonei. (B) Fresh water Eichhornia crassipes. (C) 
Passiflora foetida, (D) Dalbergia ecastaphylum, (E) Nypa fruticans (in blue circle) and Paspalum vaginatum (in red circle) and (F) Sphenoclea zeylanica (For interpretation 
of the references to color in this figure legend, the reader is referred to the web version of this article.). 

Table 4 
Biodiversity indices of the study site.  

Plots Total 
individual 
(N) 

No of 
Species 
(S) 

Species 
Richness 

Shannon- 
Wiener (Hʹ) 

Species 
Evenness (J) 

E1 149 17 3.35 2.47 0.89 
E2 188 13 2.90 2.37 0.92 
E3 76 12 2.71 1.54 0.75 
E4 215 19 3.38 2.63 0.93 
E5 295 18 2.87 2.57 0.93 
E6 168 3 0.89 1.54 0.86 
E7 358 11 1.80 1.97 0.83 
E8 159 8 1.38 1.77 0.87 
E9 536 12 1.75 1.32 0.58  
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that E1 has the highest richness while E6 has the least (Table 4). 

Ecosystem delineation and changes in the vegetation cover between 1962 
and 2014 

Comparison of the vegetation map between 1962 and 2014 revealed 
that greater percentage of the major ecosystem types of the study area 
including fresh water swamps, mangrove swamps and secondary rain-
forest/upland vegetation had significantly reduced (Figs. 3A and B; 4). 
The percentage vegetation cover by fresh water swamps, mangrove 
swamps and areas of secondary rainforest were noted to be 18%, 30.5%, 
49% and 2.5%, respectively in 1962, but reduced to 6%, 20%, 11% and 
0% in 2014. There was a loss in green space area such that fresh water 
swamps, mangrove swamps, areas of secondary rainforest/successional 
forests and the island forest, recorded a total area of 0.444 km2, 0.754 
km2, 1.732 km2 and 0.063 km2 respectively in 1962, and 0.138 km2, 
0.503 km2, 1.273 km2 and 0.005 km2 respectively in 2014 (Fig. 4). The 
vegetation of the study area became more fragmented in 2014 as 
compared to 1962 (Fig. 3). 

Discussion 

Urban vegetation systems are facing intense disturbance owing to the 
increasing impact of economic developments and other anthropogenic 
activities (Dangulla et al., 2019; Agbelade and Onyekwelu, 2020), but 
very little attention has been given to their structure and composition, 
mainly in developing countries. In this study, we noted spatial variation 
in the species composition, richness and diversity among the vegetation 
types as well as between 1962 when our study area was undisturbed and 
2014 when significant anthropogenic activities have taken place. 
Typical of urban ecosystem across the world and consistent with the 
observation of Nodza et al. (2014), both exotic plant species and native 
were found in our study. However, the native flora had been meaning-
fully degraded to the extent that no single individual species across all 
the vegetation types. Ipomoea carica which appear common to the Akoka 
urban vegetation only present in 7 vegetation types, but absent in 
reclaimed mangrove forest and brackish marsh land. This observation 
regarding the occurrence of I. carica could be that the reclaimed 
mangrove forest and brackish marsh are less suitable for their survival. 
Several species including Albizia zygia, Artocarpus altilis, Azadirachta 
indica, Delonix regia, Dioscorea spp, and Morinda lucida, were 

Fig. 3. Vegetation cover of the (A) study area in 1963 at the time of acquisition; (B) sample site at the time of acquisition and (C) after 52 year of urban 
encroachment. 
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characterized by limited individuals, indicating that they are undergo-
ing anthropogenic threat which has altered their composition and 
abundance (Farmilo et al., 2014; Olatunji et al., 2015). 

Generally, species composition was low across the vegetation type 
such that fresh water swamp forest, despite having the highest species 
composition only has 19 different species and 215 individual, while 
mangrove swamp forest with least species composition of 3 had only 168 
individuals. The total number of individuals in fresh water swamp forest 
near parks and garden was the least, likely due to it closeness to inces-
sant human disturbance. The observed species composition was signif-
icantly lower than the reported species composition for most forest 
vegetation in southwestern Nigeria (Fasona et al., 2020) and indicate 
intense disturbance to the urban vegetation. Consistent with the previ-
ously reported trends about vegetation in most urban city (Gwedla and 
Shackleton, 2015; Dangulla et al., 2019), we found that species richness 
and diversity are generally low and vary across the vegetation types. 
Specifically, we noted that while fresh water swamp forest had the 

highest richness and species diversity, mangrove swamp forest had the 
least species richness and brackish marsh land, the least species di-
versity. The differences in species richness and diversity experienced 
across the vegetation types is consistent with past investigation on tidal 
fresh, Brackish, and Salt marshes (Więski et al., 2010), and could be 
attributed to the uniqueness of each vegetation types. For example, 
while mangrove swamp forest is characterized by saline or brackish 
water and supported mostly mangrove species such as Acrosticum aur-
eum, freshwater swamp forest supported tropical species including 
Dioclea reflexa, Alchornea cordifolia and Alstonia boonei (Alongi, 2002; 
Więski et al., 2010). Further, human land-use has been noted as a key 
contributor that changes the structure and functioning of many eco-
systems (Vitousek et al., 1997; Arowolo et al., 2018). As such, the 
observed lower species composition, richness and diversity in our study 
area is not surprising, given the ongoing habitat conversion into resi-
dential area, educational and infrastructural facilities at different points. 

Using digital mapping and remote sensing data integrated with 

Fig. 3. (continued). 
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geographic information system (GIS), we detected that the overall initial 
vegetation of Akoka had significantly fragmented and diminished be-
tween 1962 and 2014. Previous findings had reported unabated ur-
banization to occupied vegetation area and cause serious ecological 
threat to the fragile urban ecosystem (Yao et al., 2019; Sathyakumar 
et al., 2020). This study revealed that land reclamation for development 
(urbanization) and anthropogenic functions have caused biodiversity 
loss in Akoka. The percentage vegetation cover by each vegetation types 
had decreased to the extent that great portion of the initial green space 
had been lost. However, the percentage decrease in the vegetation cover 
differ across the vegetation types and may be likely due to the differ-
ences in human population on each site. These findings reflect the 
raucous condition of the study location, which, in addition to a growing 
human population, is undergoing new and ongoing construction pro-
jects. Overall, our results indicated that high urban dynamism and 
anthropogenic pressures are suffocating Akoka vegetation and little 
effort is currently put being towards its restoration. Therefore, better 

attention should be paid to conservation program that will benefit 
composition and diversity within this urban city. 

Conclusion 

The findings from this study revealed difference in species compo-
sition, richness and diversity among the vegetation types and between 
1962 and 2014. The flora had been meaningfully degraded to the extent 
that no single individual species across all the vegetation types. This 
result indicate variation in the intensity of disturbance across vegetation 
types such that while brackish marsh land had highest total number of 
individual, fresh water swamp forest located near the parks and garden 
had the least. Greater percentage of the major ecosystem types of the 
study area had significantly reduced. The green space area of Akoka had 
diminished such that the fresh water swamps, mangrove swamps, areas 
of secondary rainforest and the island forest which recorded a total area 
of 0.444 km2, 0.754 km2, 1.732 km2 and 0.063 km2 respectively in 

Fig. 3. (continued). 
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1962, had reduced to 0.138 km2, 0.503 km2, 1.273 km2 and 0.005 km2 

respectively in 2014. Overall, the findings from study highlight the 
ongoing threat to the urban vegetation and the need to put more effort 
towards its restoration. 
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