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Abstract 

Mangrove insect abundance, richness and diversity are currently experiencing a huge decline due to human 
activities especially in developing nations. In this study, we set out to assess the impact of land use change on the 
abundance, composition and diversity of mangrove insects in Bundu-Ama, Niger Delta, between the year 2017 
and 2023. For this to be achieved, sampling exercise was conducted every other week for a period of three 
months. Insects were collected and documented with reference to the particular tree species where it was 
foraging at the point of collection. Insect identification was conducted in the field and later verified in the lab. A 
Geographic information systems software was used to determine the change in mangrove vegetation between 
both study periods. The result showed that about 3.39Ha of mangrove in the immediate surroundings of the 
sample site have been lost to infrastructure development during the period. This also resulted in a huge decline in 
the insect biodiversity of the mangrove ecosystem. In Avicennia, the insect population reduced from twenty-two 
to nine insect species, twenty-one to nine insect families, with a shift in dominance from Formicidae to 
Tabanidae. More so, diversity reduced to 1.766, evenness reduced to 80% and a dissimilarity value of 58% was 
recorded during the period. Meanwhile in Rhizophora, the insect community reduced from seven to three insect 
species; the family also reduced from seven to three, with Formicidae retaining its dominance. The ecological 
indices showed that diversity was very low (0.874), evenness increased slightly to 80% and the dissimilarity 
index was 41%. The study asserts that consequence of the loss of insect communities in the area would result in 
the decline in ecosystem services such as food provision, diseases control, loss of gene pool, plus an alteration in 
the natural, biological and environmental cycles. Hence, there is an urgent need for action from stakeholder 
groups to halt this menace and rehabilitate the mangrove ecosystem halting the detrimental impact on insect 
biodiversity. Moreover, there is an imminent need to educate the citizens on the consequences of their activities 
on the environment.  
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1. Introduction 

Insect abundance, richness and diversity are currently experiencing a huge decline due to anthropogenic 
activities and this has been gathering attention of experts all over the world and is generating debates (Dirzo et 
al., 2014; Lister & Garcia, 2018; Yeo et al., 2021). The sustained debates on the subject is largely tied to the fact 
that there is a huge deficiency of available and reliable data on insects, plus a trivial knowledge of the rate or 
magnitude of change in species composition along predefined spatial or environmental gradients (Yeo et al., 
2021). This paucity in knowledge has greatly impacted the value-based system for insects in the ecosystem. 
Unknowing to so many, insects are key components in the ecosystem, providing services such as pollination, 
food for birds and reptiles, and diseases control. Although they are not structurally huge, they are a key stone 
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species, as they guaranty the continuity of plant species, which are the primary producers in the ecosystem 
(Gómez et al., 2007; Yang & Gratton, 2014). But due to the knowledge gap, its habitat is greatly impacted by 
anthropogenic activities and the rate of conversion is massive (Ewers et al., 2015; Yeo et al., 2021). 

The situation is especially horrible in developing nations of the tropics, in which other issues such as hunger, 
poverty, insecurity, political unrest, high rate of inequality, in addition to the threat posed by climate change 
tending to be more pressing, distracting the attention of stakeholders towards focusing on insect biodiversity 
(Bhakuni, 2023; Murshed & Regnault, 2023; Rahaman et al., 2021; Raihan, 2023). Hence, there is no 
comprehensive database of the insect fauna of these regions, and as such there are no baseline which could serve 
as indicators for monitoring change. The bulk of information available largely focuses on insects of freshwater 
ecosystems, but those of the mangrove are highly neglected (Adeniyi & Adeyinka, 2013; Basset et al., 2012; Yeo 
et al., 2021). Some authors argue that the reason for this gross neglect is as a result of the low plant diversity and 
richness which also affects the insect dynamics in the ecosystem (Asuk, 2018). Others hinge it on the difficulty 
in accessing the ecosystem, hence carrying out detailed study in the area poses a humungous challenge (Munji et 
al., 2014; Younes Cárdenas et al., 2017).  

The case of the Niger Delta Mangrove and its insect population is not different from those of other developing 
nations. The Niger Delta Mangrove is the largest in Africa and it is considered the third largest in the world, 
covering over 853km (Numbere, 2019; Oloyede et al., 2022; Ogbeibu et al., 2023). This ecosystem bounds the 
coastlines of the Niger Delta from the upsurge of the Atlantic waves, sequesters carbon in its soil and plants, 
serves as breeding ground for fishes and provides fuel wood for the locals (Numbere, 2019; Oloyede et al., 2022; 
Ogbeibu et al., 2023). Despite these services, the mangrove ecosystem has been declining in an alarming rate. 
Previous study on the Niger Delta shows that between year 2007 and 2017, there was a 12% loss of mangrove in 
the region (Nwobi et al., 2020); and results by (Itumo et al., 2023) captured a cumulative decline of about 47% 
of mangrove in the mangrove of Port Harcourt, a region in the Niger Delta. A study by (Omo-Irabor et al., 2011) 
showed that the vulnerability index of population pressure and deforestation was about 75%, hence implying that 
mangroves are at the mercy of human development. These uncontrolled losses have greatly impacted these 
habitats of insects, hence reducing their activities.  

Although only a handful of study on the insect biodiversity of the Niger Delta mangrove have been conducted 
thus far, but none have actually focused on the impact of land use change on the mangrove insects of the Niger 
Delta. (Membere et al., 2021) conducted a study on the abundance and diversity of insects associated with the 
mangroves of a county in the Niger Delta; (Gbarakoro & Okene, 2020) also assessed the mangrove Insect 
Functional Groups in Asarama community, in the Niger Delta; and (Uwagbae et al., 2019) investigated the 
impact of disturbances on the biodiversity of Ijala-Ikeren Wetland Ecosystem in Niger Delta, of which insect 
population was accounted for. However, in this present study, we present the impact of land use change on the 
abundance, composition and diversity of mangrove insects in Bundu-Ama community in the Niger Delta.  

 

2. Materials and Methods 

2.1 Study area  

Located in Port Harcourt metropolis, Bundu-Ama is a community in the Niger Delta sedimentary Basin (Fig 1), 
and within latitude 3.055 N and longitude 5.047 E. The Bonny River floods the area every day with tidal water. 
Rhizophora mangle, Avicennia germinans, and a few stands of Rhizophora racemosa and Laguncularia sp. are 
the predominant mangrove species at the site. Here, fishing, hunting for crabs, and trading are the primary 
human activities. A diverse range of built-up landcover, serving both commercial and residential uses, envelops 
the study region. There is an Eagle Cement Production Company near the study area. There are deforested areas 
inside the mangroves that are being used to build affordable houses. Due to their abundance, the plant species 
sampled for the study belonged to the Rhizophora and Avicennia genera.  
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Figure 1. Map showing Bundu-Ama in the Niger Delta (Source: Membere et al., 2021) 

 

2.2 Change Detection – GIS Mapping 

Sentinel 2 imagery of the site was acquired for the year 2017 and 2023. The imageries were georeferenced and 
orthorectified. Buffer distances of 200meters, 500meters and 1000meters were generated and overlaid on the 
imageries to signify the area of interest. Image classification was then performed on the imageries to establish 
the landuse/landcover (LULC) classes that are present. At the end of the classification process, eight LULC 
classes were identified and delineated. They are Water, Freshwater swamp forest, Mangrove, Agriculture, Built 
Up, bareground, Grassland and secondary forest. The LULC were vectorized and the intersect tool detect was 
used for the change in the two LULC datasets by taking the attribute from both LULC dataset and creating a new 
output data.  

2.3 Sample Collection 

For three months during the dry season, samples were taken every two weeks (April, May and June) in 2017 and 
2023. Based on the abundance of the plant species sampled, two sampling sites were set up. Two 90-meter 
transect lines separated by 20 meters were placed at each station. Three 10 × 10 m plots measuring 20 m apart 
were set up in each station inside each transect line for the purpose of sampling mangrove trees. Each plot had 
three plants sampled, one each of Rhizophora and Avicennia, for a total of eighteen trees for each sample site and 
thirty-six trees for the two sampling stations. During the course of the study, samples from 216 trees were taken. 
Ten minutes were spent sampling each tree. At low tide, between 7 and 11 am, when the majority of insects were 
most active, the insects were collected. At each plot, insects were collected from the randomly selected trees 
using sweep net, hand net, hand picking methods and also by taking photographs of insects and noting on which 
plant the insect was observed. All insects were preserved in 70% ethanol in well labelled vials. Insects were 
gathered from the randomly chosen trees in each plot using a sweep net, a hand net, hand picking techniques, as 
well as by taking pictures of the insects and marking the plant on which they were seen. Every specimen was 
kept inside vials of 70% ethanol and was clearly labelled. 
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2.4 Identification 

In accordance with Ameen et al. (1982) and Ameen & Nessa (1985), every sample taken from the study area was 
identified. The Department of Crop Protection at Ahmadu Bello University in Zaria's and Curator Insect 
Museum also validated the identification of the insects. 

2.5 Statistical Analysis 

The diversity of insect species in the mangrove research region was ascertained and explained using biodiversity 
indices such as Shannon Wiener Diversity, Pielou evenness and Bray Curtis dissimilarity indices. The JMP 
software version 17 was used for these analysis, and Microsoft Excel was used to create the graphical displays. 

 

3. Result 

3.1 Change Detection 

The result of the change in mangrove vegetation in the station is contained in figure 2 to 5. Figures 2 and 3 
shows the satellite imagery layout of the observed change in mangrove vegetation in the area for the year 2017 
(Fig 2) and 2023 (Fig 3); while figures 4 and 5 shows the color coded analysis of the imagery denoting the 
change in mangrove vegetation for the site and period under investigation. The buffer distances of 200meters, 
500meter and 1000meters already created were used to clip the change dataset for the site. The change detection 
analysis was then performed for site at the three distances. The result shows that at Bundu-Ama 200, 500 and 
1000 meters from the sample point, mangroves had lost 3.397831Ha. This is a significant decline as mangrove 
depletion around squatter-settlements begins from the boundaries of human settlements with the mangroves and 
encroaches deeper into the forest. This is also denoted in the figure 6 below showing a change in mangrove 
vegetation equivalent to 3% loss, during the period under investigation. 

 

 
Figure 2: Year 2017 Imagery of Bundu Ama 
 

 
Figure 3: Year 2023 Imagery of Bundu Ama 
 

 
Figure 4: Year 2017 LULC of Bundu Ama 
 

 
Figure 5: Year 2023 LULC of Bundu Ama 
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Figure 6. Area of change between land use types 

 
Table 1. shows the relative abundance of Avicennia bound insect species and their corresponding families within 
the period under investigation. In the year 2017, twenty-two insect species were identified, with a maximum 
relative abundance of 21% and a minimum of 1%; while in the year 2023 only nine insect species were identified, 
having a maximum relative abundance of 38% and a minimum of 2%. The test of significant difference of the 
insect abundance between the two period was not significant (p = 0.09694). Additionally, the relative abundance 
of insect families (Fig 7) shows that twenty-one families were identified in the year 2017, and nine families in 
the year 2023. Family Formicidae had the most frequency (22%), and Coccinellidae, Pyrrhocoridae, Libellulidae 
and Lycaenidae all had the least frequency of 1% in the year 2017. Meanwhile Tabnidae recorded the highest 
frequency (38%) and Coccinellidae, Tephritidae and Alydidae had the least frequency (2%) in the year 2023. 

 

Table 1. Relative abundance of Avicennia bound insect species and families 

  

Species_ID Family Avicennia_2017 Avicennia_2023 p-value 

Faina elongata Miridae 3%  0.09694 

Brumoides foudrasi Coccinellidae 1%   

Atheriogo binubila V. Emden Muscidae 2%   

Atherioogo pallidipleura Muscidae 5%   

Apis millifera Apidae 3%   

Tiphia sp. Tiphiidae 2%   

Chrysops lengicormis Tabanidae 2% 38%  

Hyperaspis senegalensis Coccinellidae 2% 2%  

Didacus sp. Tephritidae 
 

2%  

Chrysomyia albiceps Calliphoridae 7% 10%  

Lasius niger Formicidae 21% 24%  

Acantholepsis sp. Formicidae 1%   

Riptortus acantharis Cantharidae 6% 7%  

Chrysis sp. Alydidae 2% 2%  
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Species_ID Family Avicennia_2017 Avicennia_2023 p-value 

Dysdercus volkeri Pyrrhocoridae 1%   

Auplopus commendabilis Pompilidae 6% 7%  

Bembex liturata Crabronidae 6%   

Cheilomenes sulphurea Coccinellidae 3%   

Orthetrum icteromelas Libellulidae 1%   

Sarcophaga cruentata Sarcophagidae 9% 7%  

Euchrysops pallidipteura Lycaenidae 1%   

Oestrus ovis Oestridae 3%   

Sceliphron spirifex Sphecidae 9%   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 7. Relative abundance of Avicennia bound insect families for the year 2017 and 2023 

Table 2. shows the relative abundance of Rhizophora bound insect species and their corresponding families 
within the period under investigation. In the year 2017, seven insect species were identified, with a maximum 
relative abundance of 56% and a minimum of 4%; while in the year 2023 only three insect species were 
identified, having a maximum relative abundance of 65% and a minimum of 12%. The test of significant 
difference of the insect abundance between the two period was not significant (p = 0.57871). Additionally, the 
relative abundance of insect families (Fig 8) shows that seven families were identified in the year 2017, and three 
families in the year 2023. Family Formicidae had the most frequency in the year 2017 (56%) and 2023 (65%), 
while Coccinellidae, Sarcophagidae and Dictyopharidae all had the least frequency of 4% in the year 2017, and 
Calliphoridae had the least frequency (12%) in 2023. 
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Table 2. Relative abundance of Rhizophora bound insect species and families 

  

Species ID Family Rhizophora_2017 Rhizophora_2023 p-value 

Chrysops lengicormis Tabanidae 
 

24% 0.57871 

Chrysomyia albiceps Calliphoridae 15% 12%  

Lasius niger Formicidae 56% 65%  

Riptortus acantharis Cantharidae 11%   

Auplopus commendabilis Pompilidae 7%   

Cheilomenes sulphurea Coccinellidae 4%   

Sarcophaga cruentata Sarcophagidae 4%   

Paradictya sp. Dictyopharidae 4%   

 

 
Figure 8. Relative abundance of Rhizophora bound insect families for the year 2017 and 2023 

 

The Shannon-Weiner diversity, evenness and Bray and Curtis dissimilarity indices are contained in table 3. For 
Avicennia, there was a decline in species diversity between the period of investigation. Year 2017 had a greater 
diversity and evenness than year 2023, and the site recorded a 58% dissimilarity index during the period. 
Similarly, Rhizophora recorded a higher insect diversity in the previous year than the later, but a lower evenness 
in the previous than the later. More so, a dissimilarity index of 41% was observed in Rhizophora insect 
population between the periods under investigation: 

 

Table 3. Diversity, Evenness and dissimilarity index of the study area 

 

Index ID Avicennia_2017 Avicennia_2023 Rhizophora_2017 Rhizophora_2023 

Shannon-Wiener (H) 2.76 1.766 1.413 0.874 

Evenness (%) 89 80 73 80 

Bray & Curtis (%) 58 41 

 

 



Journal of Environment and Earth Science                                                                                                                                        www.iiste.org 

ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online)  

Vol.14, No.4, 2024 

 

8 

4. Discussion 

The finding of this study has shown a huge change in the mangrove ecosystem and its associated impact on the 
insect population in the study area within the period of interest. It revealed a decline in the mangrove vegetation 
and a commensurate increase in built up areas as a result of anthropogenic activities. This decline in mangrove 
vegetation poses a huge threat to biological lives in the ecosystem and on the long run would also affect human 
lives.   

During the period under investigation, a decrease in mangrove of about 3.397831Ha which is equivalent to 3% 
was observed, mainly due to an upsurge in the population of the metropolis and as such, there is a huge 
requirement for developmental projects to meet the need of the teaming population. Amongst the apparent 
projects are roads, houses, bridges, which are critical utilities that supports human existence, but to the detriment 
of other biological components of the environment. There have been several studies in the Niger Delta region 
highlighting the conversion of mangrove to other land use type. Itumo et al. (2023) conducted a study on the 
diminishing mangrove vegetation in a selected part of Rivers State, and observed about a 47% decrease between 
a twenty-year period (1993 to 2013). Nwobi et al. (2020) also studied the rapid loss of mangrove vegetation and 
the occupation of harvested mangrove area by an invasive Nipa Palm (Nypa fruticans) between years 2007–2017 
in the region. During the period under investigation, about 4.5% of mangrove vegetation was lost and the whole 
are lost was overtaken by the opportunistic Nypa fruiticans (Nwobi et al., 2020). Hence, conversion of mangrove 
vegetation to other land use type has been an ongoing practice of the locals, which if neglected by the relevant 
stakeholders could be detrimental to the environment and the society at large. The impact of this change 
according to Zabbey (2008), ranges from subtle to sub-lethal impairment and then outright mortality of both 
plants and animals.  

As observed in this present study, the change greatly impacted the abundance and diversity of insect population 
in the study area within the period under investigation. During this period, a total of 14 individual species and 13 
families were lost in the Avicennia bound insect population, while a total of 5 individual species and 5 families 
were lost in the Rhizophora bound insect population. Additionally, the ecological indices were also impacted 
greatly as seen in the decline observed in the diversity of insect species observed in both Avicennia and 
Rhizopora group; and evenness also reduced in the Avicennia population but increased in the Rhizophora group. 
The extent of dissimilarity in the insect population between the period of interest was 58% for the Avicennia 
group and 41% for the Rhizophora group. However, Lasius niger and Formicidae family maintained their status 
as the most dominant species and family respectively in the Rhizophora community during the period, but lost it 
to species Chrysops lengicormis and family Tabanidae in the Avicennia community; meanwhile Chrysops 
lengicormis and Didacus sp. were newly observed in the Rhizophora and Avicennia insect community groups 
respectively.  

Nevertheless, it is apparent that there has been a great loss of insect biodiversity as a result of mangrove 
vegetation depletion due to human activities. This decline in insect population definitely has an impact on certain 
ecosystem services. Ecosystem services such as pollination, food provision, diseases control, seed dispersal, 
dead wood decomposition, energy flow and culture preservation could be highly impacted by the loss of insect 
species. Continuity of predatory mangrove insect groups such as the Tabanidae, whose larvae develop in the 
sediments would have been impacted a great deal due to the land use change. This assertion supports the findings 
of Yeo et al. (2021) who also reported that altering mangrove ecosystem could have dire consequences on the 
reproduction of certain insect groups. Decline in families like Cantharidae and Coccinellidae belonging to the 
coleopteran insect order, which are detritivores, feeding on decaying leaves or dead wood, might have created a 
niche in the decomposition of organic matter in the ecosystem. Additionally, the decline in populations of Apidae 
family might also impact the pollination and plant productivity in the study area. Meanwhile adjacent 
agricultural land and gardens would have been impacted significantly as a result of the decline of herbivorous 
groups of insects belonging to families such as Dictyopharidae; and the population of some other insects would 
have exploded as a result of a decline in predatory species in the family of Tabanidae and Formicidea. These 
assertions corroborate the findings of Grampurohit and Karkhanis (2013), Rahman (2015) and Yeo et al. (2021) 
on the role of insects in crucial ecosystem services previously stated. Other issues that could be affected as a 
result of the impact on insect population include turnover rate, energy flow, and loss of insect and plant genepool 
(Grampurohit & Karkhanis, 2013; Rahman, 2015; Yeo et al., 2021). 

Given the observations in this study, it is clear that the insect biodiversity of the study area has been impacted 
negatively. This calls for urgent strategies in halting further encroachment of human settlements into the 
mangroves, plus efforts to recover the lost habitat and reinstate the species in other to mitigate current impacts 
and prevent future eventualities that could arise because of their continued absence.    
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5. Conclusion 

This study has shown the impact of land use change on the mangrove insect population in Bundu-Ama, Niger 
Delta.  This change was evident in the decline in population and loss of insect species and families during the 
period under investigation. More so, the insect population, diversity and evenness in the distribution was greatly 
impacted. If this decline persists, the insects of the mangrove would either be destroyed or they will migrate to 
more suitable environments or skew towards certain specie dominance. This would be a significant loss to the 
study area because the services provided by these insects in the environment would be lacking and the ecosystem 
services will be threatened. Hence, there is an urgent need for action from stakeholder groups to halt this menace 
and rehabilitate the mangrove ecosystem and the insect biodiversity. In addition, there is a need to educate the 
citizens on the consequences of their activities on the environment. In other to have a holistic understanding of 
the impact, it is highly recommended that the direct or indirect value of the services provided by the insect 
population should be quantified and published, which would be used as a yardstick for policy adjudication on 
conservation. 
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