


Ecological Impacts of Swamp Reclamation: Evidence from Soil, Water, and Biodiversity in Rivers State, Nigeria
Abstract
Swamp reclamation has risen significantly in several developing areas of the Niger Delta. This increase has raised concerns about its environmental impact. This study assessed the effect of swamp reclamation on soil physicochemical properties, water quality, and biodiversity in selected parts of Rivers State. A comparative field study was carried out between natural and reclaimed swamp sites. Soil samples were obtained, prepared and analysed for some physicochemical parameters such as pH, organic carbon, total nitrogen, and available phosphorus, while water samples were obtained, prepared and assessed for dissolved oxygen, biochemical oxygen demand, turbidity, and nitrate concentration using standard analytical methods. Biodiversity assessment was conducted on terrestrial and aquatic macroinvertebrate communities, and diversity indices were computed to evaluate ecological variation between sites. Statistical analyses, including One-way analysis of variance (ANOVA) and Pearson correlation, were used to establish significant differences and relationships among the measured variables. The results showed that natural swamps generally possessed higher nutrient content, better water quality conditions, and greater biodiversity compared with reclaimed swamps. On the other hand, reclaimed swamps revealed signs of environmental disturbance which may be due to altered soil properties, reduced dissolved oxygen levels, increased turbidity,  biochemical oxygen demand, and decreased levels of species diversity. The findings buttressed the ecological impacts of swamp reclamation and state the importance of sustainably managing wetland. The study reco that effective environmental regulation and conservation strategies should be put in place to overcome the adverse effects of reclamation and ensure the long-term ecological integrity of wetland ecosystems in Rivers State.
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1.0 Introduction
One of the most productive and ecologically valuable ecosystems on Earth is a wetland. A typical wetland provide vital environmental services such as the recycling of nutrient cycling, purification of water,  control of flood,  sequestration of carbon, and above all, the provision of habitats for various soil and water organisms (Ferreira et al., 2023; Hammer & Bastian, 2020). In addition to the ecological roles of wetlands, they contribute meaningfully to the livelihoods of humans through several occupations like fishing, crop production, and other ecosystem services (Atiim et al., 2022). Due to these ecological roles, wetlands are seen as important ecosystems mainly responsible for sustaining the environmental and as well conserving biodiversity (Bhowmik, 2022; Dinsa & Gemeda, 2019).

There are various categories of wetlands, of which swamps are one of them. According to Chakraborty et al. (2023), swamps are characterised by waterlogged soils and vegetation with saturated conditions. These ecosystems help to regulate hydrological processes and serve as natural filtration systems that trap sediments and absorb excess nutrients, as a result help to improve water quality (Abata et al., 2025). Butt et al. (2021) clearly stated that swamps play significant roles in the environment by supporting the existence of different biological communities like aquatic plants, fish, amphibians, macroinvertebrates, and microorganisms, which explains the reason for the high biodiversity commonly found in wetland ecosystems.

In tropical regions, like the Niger Delta region of southern Nigeria, which hosts one of the largest wetland systems in Africa,  wetlands like freshwater swamps, mangrove forests, and tidal creeks, are mainly extensive due to high rainfall and low-lying landscapes. Within this region, Rivers State occupies larger areas of swamp ecosystems where activities like fishing, crop production, and other  activities for livelihood. These swamps also regulate the rate of flooding and protect shoreline (Onu, 2025; Chukwuma et al., 2016).

Irrespective of the ecological importance of wetlands, they  are heavily threatened by anthropogenic activities,  especially land reclamation for the expansion of urban areas and infrastructural development (Wu et al., 2018). In rapidly developing urban areas such as Port Harcourt, swamp reclamation sometimes involves drainage, dredging, sand filling, and deforestation to create land for building houses and industries (Dapa & Brown, 2020). These human activities, as posited by Ibama and Nengi (2020), may lead to the alteration of soil properties, disruption of hydrological conditions, degradation of water quality, and reduction of habitat availability for many wetland organisms (Ibama & Nengi, 2020; Wali et al., 2018).

Although several research studies have critically examined the destruction of wetlands globally, little attention has been given to the overall environmental consequences of swamp reclamation in the Niger Delta region, especially in Rivers State. Another gap is that several existing research studies have focused on soil, water quality, or biodiversity separately rather than examining their synergistic interactions within wetland ecosystems. Therefore, this study seeks to investigate the impact of swamp reclamation on soil physicochemical properties, water quality, and biodiversity in selected parts of Rivers State, Nigeria, in order to provide a comprehensive understanding of how reclamation activities influence environmental conditions and ecological sustainability.
1.1 Objectives of the Study
The main objective of this study is to assess the impact of swamp reclamation on soil physicochemical properties, water quality, and biodiversity in selected parts of Rivers State, Nigeria. Specifically, this study seeks to:
1. Investigate the effects of swamp reclamation on selected soil physicochemical properties in natural and reclaimed swamps.
2. Establish the influence of swamp reclamation on water quality parameters in the study area.
3. Assess the impact of swamp reclamation on biodiversity, particularly plant species and aquatic macroinvertebrate communities.
4. Examine the relationships between environmental parameters measured in natural and reclaimed swamps.
1.2 Research Hypotheses 
The following research hypotheses guided the study:
2. There is no significant effect of swamp reclamation on selected soil physicochemical properties in natural and reclaimed swamps.
3. Ther is no significant influence of swamp reclamation on water quality parameters in the study area.
4. There is no significant impact of swamp reclamation on biodiversity.
5. There is no significant relationships between environmental parameters measured in natural and reclaimed swamps.
2.0 Literature Review
2.1 Wetland and Swamp Ecosystems
Wetlands play a vital role in maintaining ecological balance and sustaining the environment (Ferreira et al., 2023; Bhowmik, 2022). They occur as transitional zones between terrestrial and aquatic habitats and are typically characterised by wet soils and vegetation (Chakraborty et al., 2023). According to  Abata et al. (2025), wetlands provide numerous ecological services. These services include the recycling of nutrients, retention of sediments, regulation of flood, and purification of water. They also served as nature-based solutions for water management because of their role in regulating hydrological processes and improving water quality (Abata et al., 2025; Hammer & Bastian, 2020). Moreso, wetlands have been known to be involved in the regulation of climate and stability of the environment through carbon storage and support from the environment (Dinsa & Gemeda, 2019).
Swamps represent an important type of wetland ecosystem dominated mainly by hydrophytes (Chakraborty et al., 2023). They commonly develop in areas where water accumulates as a result of poor drainage or periodic flooding (Ferreira et al., 2023). Swamps support several biological communities and serve as habitats for numerous species of plants, fish, amphibians, crustaceans, birds, and microorganisms (Wali et al., 2018).. The high biological productivity of wetlands contributes significantly to biodiversity conservation and ecological stability (Butt et al., 2021). Furthermore, wetlands function as natural filtration systems capable of trapping sediments and removing pollutants from water bodies, thereby maintaining environmental quality (Hammer & Bastian, 2020; Abata et al., 2025).
In dredging tropical regions such as the Niger Delta of Nigeria, wetlands and swamp ecosystems are widespread due to high rainfall and extensive river networks (Onu, 2025; Wali et al., 2018). These ecosystems provide important ecological services and support the livelihoods of local communities (Atiim et al., 2022). 
Wetlands in the Niger Delta region, like Rivers State, serve as breeding grounds and habitats for many aquatic organisms and therefore contribute significantly to the conservation of aquatic biodiversity (Wali et al., 2018). Studies have also reported that wetlands in the Port Harcourt metropolis play an important role in regulating floodwaters, supporting fishing farming, and ensuring environmental balance (Dapa & Brown, 2020; Wali et al., 2018).
2.2 Swamp Reclamation and Wetland Degradation
Globally, wetlands are increasingly threatened by various human activities (Bhowmik, 2022). One of the major causes of wetland degradation is land reclamation (Imiete et al., 2024; Wu et al., 2018). Wetland reclamation involves converting wetlands into dry land for agriculture, building of residential areas, or industrial activities through processes such as drainage, dredging, sand filling, and deforestation. These activities lead to the alteration of the natural structure and functioning of wetland ecosystems and often lead to the loss of important ecosystem services (Ferreira et al., 2023; Wu et al., 2018). Consequently, wetland loss has become a major global environmental concern due to its impact on biodiversity and ecological sustainability (Dinsa & Gemeda, 2019).
Although land reclamation can provide economic benefits by creating land for development, it frequently leads to ecological disturbances. Reclamation activities can alter natural hydrological regimes, reduce water storage capacity, and disrupt ecological processes within wetland ecosystems (Imiete et al., 2024). 
In many developing countries, wetland reclamation has increased due to rapid urbanisation and population growth (Fombo et al., 2024). In urban areas such as Port Harcourt, wetlands are often reclaimed to ensure the development of residential and commercial areas. However, the conversion of wetlands into built environments can result in significant environmental consequences including flooding, loss of biodiversity, and deterioration of water quality (Fombo et al., 2024; Imiete et al., 2024).
2.3 Effects of Swamp Reclamation on Soil Physicochemical Properties
Wetland soils are mainly rich in organic matter and nutrients, which slow down the rate of decomposition of fossils and plant materials due to waterlogged conditions. These soils ensure nutrient cycling and carbon storage within wetland ecosystems (Zhang et al., 2016). However, swamp reclamation mostly leads to the alteration of soil properties by exposing waterlogged soils to oxygen (Ibama & Nengi, 2020; Wali et al., 2018).
Xu et al. (2021) stated that ehen wetlands are drained or filled during reclamation, the oxidation of organic matter may lead to a reduction in soil organic carbon and nutrient content. They further stated that land-use changes in these areas can possibly reduce soil fertility by altering soil structure, pH, and nutrient availability. In addition, they opined that the use of dredged sand and construction materials during reclamation may further modify soil characteristics.
Amaechi et al. (2022) and Hu etvdemonstrated that soil nutrient levels often decline after reclamation due to increased microbial activity and nutrient leaching. These changes may affect plant growth and reduce the productivity of reclaimed wetland soils.
2.4 Effects of Swamp Reclamation on Water Quality
Wetlands have been known to have ability to maintain water quality by acting as natural filtration systems (Lyu et al., 2022). They do this by trapping sediments, absorbing excess nutrients, and removing pollutants from water bodies through biological and chemical processes (Lyu et al., 2022; Van Huijgevoort et al., 2020). However, the reclamation of swamp ecosystems can reduce their capacity to perform these ecological functions (Li et al., 2022; Numbere, 2020). Activities such as dredging and sand filling may increase the turbidity and sedimentation rate in water bodies, while the disturbance of organic-rich soils may lead to increased nutrient concentrations, which can negatively affect aquatic organisms and disrupt ecological processes (Aziz et al., 2024; Ferreira et al., 2023; Kazeem et al., 2020). 
In many verified cases, wetland degradation has been linked to reduced dissolved oxygen levels and increased biochemical oxygen demand in nearby water bodies (Mishra et al., 2023). High levels of biochemical oxygen demand indicate increased microbial decomposition of organic matter, which consumes dissolved oxygen and may create unfavorable conditions for aquatic organisms (Mishra et al., 2023; Dubuc et al., 2017; Liu et al., 2016).
2.5 Impact of Swamp Reclamation on Biodiversity
Wetlands support diverse biological communities due to the availability of water, nutrients, and suitable habitat conditions (Liu et al., 2018). Swamp ecosystems particularly provide habitat for numerous species of organisms that help in maintaining the stability of the ecosystem and ecological balance (Numbere, 2020; Liu et al., 2018).
Wali et al. (2018) observed that the  reclamation of swamp environments can lead to the loss of biodiversity  because it involves deforestation and the alteration of natural hydrological conditions. This is in line with Ibama and Nengi (2020), who supported that the factor for the global loss of biodiversity in wetland ecosystems is the destruction of the habitats of swamp organisms. 
Wetland conversion often results in reduced species richness and abundance. Aquatic macroinvertebrates, which are commonly used as indicators of environmental quality, are particularly sensitive to changes in water quality and habitat structure (Ibama & Nengi, 2020). Declines in macroinvertebrate diversity may therefore indicate ecological degradation in reclaimed wetland environments. Similarly, vegetation removal during reclamation can reduce plant diversity and alter ecosystem structure. The loss of plant species may also affect other organisms that depend on vegetation for food, shelter, and breeding sites (Adesakin et al., 2023; Butt et al., 2021; Ibama & Nengi, 2020).
3.0 Materials and Methods
3.1 Study Area
The study was carried out in selected swamp ecosystems in Rivers State located in the Niger Delta region of southern Nigeria. Rivers State lies approximately between latitude 4°30′N and 5°45′N and longitude 6°30′E and 7°30′E. The area is characterised by extensive freshwater and mangrove swamps influenced by tidal fluctuations and seasonal flooding. The climate is tropical with two distinct seasons: the rainy season (March–October) and the dry season (November–February). The mean annual rainfall ranges between 2000 and 3000 mm, while the average temperature ranges from 25°C to 30°C. Relative humidity remains high throughout the year. Sampling locations were selected within swamp environments in Port Harcourt, Obio-Akpor, and Eleme. At each location, two sites were identified: a natural swamp site and a reclaimed swamp site.
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Figure 1. Sampling locations in selected swamp ecosystems in Rivers State. 
3.2 Research Design
The study employed a comparative field survey design to assess the impact of swamp reclamation on soil physicochemical properties, water quality, and biodiversity. Natural swamp environments served as control sites, while reclaimed swamp areas represented the experimental sites (disturbed environments).
3.3 Analysis of Soil Samples
· Soil Sampling
Soil samples were obtained using a soil auger at a depth of 0–15 cm, which represents the biologically active layer of the soil. At each sampling location, three subsamples were collected and combined to form a composite sample. The soil samples were placed in labeled polyethylene bags and transported to the laboratory. In the laboratory, samples were air-dried, crushed, and sieved through a 2 mm mesh prior to analysis.
· Soil Physicochemical Analysis
Soil pH was determined in a soil–water suspension (1:2.5) using a digital pH meter following the procedure described by McLean (1982), soil organic carbon was determined using the Walkley–Black wet oxidation method described by Walkley and Black (1934), total nitrogen was determined using the Kjeldahl digestion method described by Johann Kjeldahl (1883), and available phosphorus was determined using the Bray-1 extraction method described by Bray and Kurtz (1945). 
3.4 Analysis of Water Samples
· Water Sampling
Water samples were collected from swamp channels using pre-cleaned polyethylene bottles. Sampling was carried out approximately 20 cm below the water surface to avoid contamination from floating debris. The samples were stored in an ice chest and transported immediately to the laboratory for analysis.
· Water Quality Analysis
Dissolved oxygen was determined using the Winkler titration method described by Montgomery et al. (1964), biochemical oxygen demand (BOD5) was determined using the five-day incubation method described by Khan et al. (2025), turbidity was determined using a nephelometric turbidity meter following the procedure described Khan et al. (2025, and nitrate concentration was determined using the spectrophotometric method described by Yang et al. (1998). 
3.5 Biodiversity Assessment
· Vegetation Sampling
Vegetation sampling was carried out using the quadrat method described by Curtis and McIntosh (1950). At each sampling point, a 10 m × 10 m quadrat was established and all plant species within the quadrat were identified and counted.
· Macroinvertebrate Sampling
Aquatic macroinvertebrates were collected using the kick-sampling technique with a D-frame net as described by Chamia and Kutuny (2022). Samples were preserved in 70% ethanol and identified using standard taxonomic keys.
· Biodiversity Indices
Species diversity was calculated using the Shannon–Wiener diversity index described by Fedor and Zvaríková (2019).
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Where H′ = Shannon diversity index; pᵢ = proportion of individuals belonging to species i.
3.6 Statistical Analysis
Statistical analyses were performed using IBM SPSS Statistics version 21. Descriptive statistics including means and standard deviations were calculated for all variables. Analysis of variance (ANOVA) was used to determine significant differences between natural and reclaimed swamp environments. Pearson correlation analysis was also conducted to evaluate relationships among soil properties, water quality parameters, and biodiversity indicators. All statistical tests were conducted at a significance level of p < 0.05. 
4.0 Results and Discussion
4.1 Effects of Swamp Reclamation on Soil Physicochemical Properties
The soil physicochemical properties of natural and reclaimed swamp environments are presented in Table 1. Graphical illustrations of the soil parameters are presented in Figure 2, while the variability of soil properties across sites is shown in Figure 3.
The results revealed clear differences between the two environments. The results indicate that soil pH was higher in reclaimed swamp soils than in natural swamp soils. However, organic carbon, total nitrogen, and available phosphorus concentrations were significantly higher in natural swamp soils. Statistical analysis using ANOVA showed that the differences between the two environments were significant (p < 0.05). 
The results demonstrate that swamp reclamation significantly affects soil physicochemical properties. Natural swamp soils contained higher concentrations of organic carbon and essential nutrients compared with reclaimed swamp soils. Wetland soils typically accumulate organic matter because waterlogged conditions limit microbial decomposition processes (Bhowmik, 2022; Dinsa & Gemeda, 2019). However, reclamation activities expose wetland soils to oxygen through drainage and land filling. This exposure accelerates microbial decomposition and leads to the loss of soil organic carbon (Li et al., 2022; Wu et al., 2018).
The lower nitrogen and phosphorus concentrations observed in reclaimed swamp soils may also result from soil disturbance and nutrient leaching during reclamation activities (Aziz et al., 2024; Lyu et al., 2022). These findings indicate that swamp reclamation reduces soil fertility and alters nutrient cycling processes within wetland ecosystems (Butt et al., 2021; Dinsa & Gemeda, 2019).
The higher pH values recorded in reclaimed swamp soils may be attributed to the introduction of dredged sand and construction materials used during land reclamation. These materials can neutralise the naturally acidic conditions characteristic of swamp soils (Aziz et al., 2024; Numbere, 2020). In essence, these results suggest that swamp reclamation significantly modifies soil chemical properties and may reduce the ecological productivity of wetland environments (Onu, 2025).
Table 1: Soil Physicochemical Properties of Natural and Reclaimed Swamps
	Parameter
	Natural Swamp (Mean ± SD)
	Reclaimed Swamp (Mean ± SD)
	F-value
	p-value

	Soil pH
	5.81 ± 0.42
	6.64 ± 0.37
	8.74
	0.006

	Organic Carbon (%)
	3.45 ± 0.51
	1.98 ± 0.40
	16.23
	0.001

	Total Nitrogen (%)
	[bookmark: _GoBack]0.28 ± 0.06
	0.14 ± 0.05
	12.41
	0.002

	Available Phosphorus (mg/kg)
	18.4 ± 3.2
	9.7 ± 2.8
	14.67
	0.001
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Figure 2: Bar chart showing the soil physicochemical properties of natural and reclaimed swamps
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Figure 3: Box plot showing the distribution of soil properties across natural and reclaimed swamps
4.2 Impact of Swamp Reclamation on Water Quality Parameters
The water quality parameters measured in natural and reclaimed swamp environments are presented in Table 2. Graphical representation of the water quality parameters is shown in Figure 4, while the distribution across sampling sites is illustrated in Figure 5.
The results show that dissolved oxygen concentrations were significantly higher in natural swamp waters compared with reclaimed swamp waters. Conversely, biochemical oxygen demand, turbidity, and nitrate concentrations were higher in reclaimed swamp waters. The results also indicate that swamp reclamation negatively affects water quality (Lyu et al., 2022; Kazeem et al., 2020). The lower dissolved oxygen concentrations recorded in reclaimed swamp waters may suggest deteriorating environmental conditions for aquatic organisms (Mishra et al., 2023; Dubuc et al., 2017 ).
Wetlands naturally function as water purification systems that regulate nutrient concentrations and trap sediments. However, reclamation activities disturb these natural filtration processes (Abata et al., 2025; Hammer & Bastian, 2020). Higher turbidity levels observed in reclaimed swamp waters indicate increased sediment disturbance caused by dredging, land filling, and vegetation removal. Increased turbidity reduces light penetration and can limit photosynthetic activity in aquatic ecosystems (Mishra et al., 2023; Adesakin et al., 2023).
Similarly, the higher biochemical oxygen demand recorded in reclaimed swamp waters suggests increased microbial decomposition of organic matter (Dubuc et al., 2017; Liu et al., 2016). This process consumes dissolved oxygen and may create stressful conditions for aquatic organisms (Ferreira et al., 2023; Wu et al., 2018). These results therefore demonstrate that swamp reclamation significantly degrades water quality and may threaten aquatic ecosystem stability (Wu et al., 2018).
Table 2: Water Quality Characteristics of Natural and Reclaimed Swamps
	Parameter
	Natural Swamp
	Reclaimed Swamp
	F-value
	p-value

	Dissolved Oxygen (mg/L)
	6.2
	3.8
	11.92
	0.002

	BOD (mg/L)
	2.4
	5.9
	17.64
	0.001

	Turbidity (NTU)
	12.5
	28.7
	21.03
	0.000

	Nitrate (mg/L)
	0.9
	3.1
	18.12
	0.001


[image: ]
Figure 4: Bar Chart showing the water quality characteristics of natural and reclaimed swamps
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Figure 5: Box plot showing the distribution of water quality parameters across natural and reclaimed swamps
4.3 Effects of Swamp Reclamation on Biodiversity
Biodiversity indices derived from vegetation surveys and macroinvertebrate sampling are presented in Table 3. The graphical representation of biodiversity indicators is shown in Figure 6, while Figure 7 illustrates the distribution patterns.
The findings of the study indicate that natural swamp ecosystems recorded significantly higher biodiversity values compared with reclaimed swamp environments. The results clearly indicate that swamp reclamation significantly reduces biodiversity (Li et al., 2022; Wu et al., 2018). Natural swamp ecosystems support diverse plant and animal communities due to stable hydrological conditions and abundant resources (Onu, 2025; Balwan & Kour, 2021; Butt et al., 2021). However, according to Dapa and Brown (2020) and Fombo et al. (2024), reclamation activities disrupt these habitats through vegetation removal, soil disturbance, and hydrological alterations. These changes reduce habitat availability and ecological stability (Wu et al., 2018; Chukwuma et al., 2016).
Macroinvertebrates are widely recognised as biological indicators of environmental quality because they respond quickly to changes in water quality and habitat structure (Adesakin et al., 2023; Liu et al., 2018). The lower macroinvertebrate diversity recorded in reclaimed swamp environments therefore indicates declining ecological conditions (Adesakin et al., 2023; Mishra et al., 2023).
The reduced Shannon diversity index in reclaimed swamp areas further confirms that reclamation activities significantly alter ecosystem structure and reduce biological diversity (Li et al., 2022; Wu et al., 2018). 
Table 3: Biodiversity Indices of Natural and Reclaimed Swamps
	Biodiversity Indicator
	Natural Swamp
	Reclaimed Swamp

	Plant Species Richness
	24
	12

	Macroinvertebrate Taxa
	18
	7

	Shannon Diversity Indexs
	3.12
	1.67
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Figure 6: Bar chart showing the biodiversity indices of natural and reclaimed swamps
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Figure 7: Box plot showing the distribution of biodiversity indicators across natural and reclaimed swamps

4.4 Correlation between Environmental Parameters in Natural and Reclaimed Swamps
The correlation analysis presented in Table 4 examined the relationships between environmental parameters measured in natural and reclaimed swamp ecosystems. The results showed significant correlations between several soil properties, water quality parameters, and biodiversity indicators.
Organic carbon exhibited a strong positive correlation (r = 0.72) between natural and reclaimed swamps. Similarly, total nitrogen (r = 0.69) and available phosphorus (r = 0.66) also showed strong positive relationships. Dissolved oxygen demonstrated the highest positive correlation (r = 0.74), indicating consistent variations in oxygen levels between the two swamp types.
In contrast, several parameters showed negative correlations. Soil pH had a moderate negative correlation (r = −0.48), indicating that reclaimed swamps were generally more alkaline than natural swamps. Biochemical oxygen demand showed a strong negative correlation (r = −0.71), while turbidity (r = −0.68) and nitrate concentration (r = −0.64) also displayed negative relationships.
The biodiversity index exhibited the strongest positive correlation (r = 0.76), suggesting that variations in biodiversity patterns between the two ecosystems were closely associated with environmental changes resulting from swamp reclamation.
The correlation analysis highlights the interconnected nature of soil properties, water quality, and biodiversity in swamp ecosystems. The strong positive correlations observed for organic carbon, total nitrogen, and available phosphorus indicate that nutrient availability remains closely linked between natural and reclaimed swamp environments (Zak et al. 2026; Pan et al., 2023), although the absolute concentrations differ. Natural swamps typically contain higher levels of organic matter due to the accumulation of decomposed plant materials under waterlogged conditions (Zabbey et al., 2025; Zhang et al., 2023). However, reclamation activities such as sand filling and drainage can reduce organic matter content, leading to nutrient depletion (Li et al., 2022; Wu et al., 2018).
The positive relationship observed for dissolved oxygen suggests that oxygen dynamics in reclaimed swamps are influenced by similar ecological processes as those in natural wetlands, although the lower mean values recorded in reclaimed swamps indicate reduced oxygen availability. Reduced dissolved oxygen levels in reclaimed wetlands may result from increased microbial decomposition of organic materials and sediment disturbance (Liu et al., 2022).
The negative correlation observed for soil pH suggests that reclamation activities modify the chemical environment of wetland soils. The slightly higher pH values in reclaimed swamps may be attributed to the introduction of dredged sand or construction materials during reclamation processes. Such changes can influence nutrient availability and microbial activity within the soil (Xu et al., 2021; Edori & Iyama, 2017). 
Biochemical oxygen demand showed a strong negative correlation, reflecting increased organic pollution in reclaimed swamp waters (Saeed et al., 2021). Elevated biochemical oxygen demand indicates higher microbial activity associated with the decomposition of organic materials, which consumes dissolved oxygen and can negatively affect aquatic organisms (Lv et al., 2024). This finding is consistent with previous studies like those of Zhu et al. (2022) and Bhowmik (2022) that reported increased organic pollution and reduced water quality in disturbed wetland environments.
The negative correlations observed for turbidity and nitrate concentration further demonstrate the environmental impacts of swamp reclamation. Increased turbidity in reclaimed swamps may result from sediment disturbance during dredging and land filling activities (Aziz et al., 2024; Lyu et al., 2022; Zhu et al., 2022). Elevated nitrate levels may also be associated with nutrient runoff from surrounding urban developments and disturbed soils (Lyu et al., 2022; Dapa & Brown, 2020).
The strong positive correlation observed for biodiversity indicates that biological communities respond directly to environmental conditions within swamp ecosystems (Yin et al., 2025). Natural swamps supported higher biodiversity due to their stable hydrological conditions, nutrient-rich soils, and intact vegetation structure (Onu, 2025; Butt et al., 2021). In contrast, reclaimed swamps exhibited lower biodiversity indices, likely due to habitat destruction (Wu et al., 2018), vegetation removal (Dapa & Brown, 2020), and degraded water quality (Mishra et al., 2023; Dubuc et al., 2017).
Table 4: Correlation analysis of physicochemical parameters and biodiversity indices between natural and reclaimed swamp ecosystems
	Parameter
	Natural Swamps (Mean ± SD)
	Reclaimed Swamps (Mean ± SD)
	r-value

	Soil pH
	5.81 ± 0.42
	6.64 ± 0.37
	-0.48*

	Organic Carbon (%)
	3.45 ± 0.51
	1.98 ± 0.40
	0.72*

	Total Nitrogen (%)
	0.28 ± 0.06
	0.14 ± 0.05
	0.69*

	Available Phosphorus (mg/kg)
	18.4 ± 3.2
	9.7 ± 2.8
	0.66*

	Dissolved Oxygen (mg/L)
	6.2 ± 0.8
	3.8 ± 0.7
	0.74*

	Biochemical Oxygen Demand (mg/L)
	2.4 ± 0.5
	5.9 ± 0.9
	-0.71*

	Turbidity (NTU)
	12.5 ± 3.1
	28.7 ± 4.2
	-0.68*

	Nitrate (mg/L)
	0.9 ± 0.3
	3.1 ± 0.6
	-0.64*

	Biodiversity Index
	3.12 ± 0.35
	1.67 ± 0.29
	0.76*


Values represent Pearson correlation coefficients (r) comparing physicochemical parameters and biodiversity indices between natural and reclaimed swamp ecosystems. *Significant correlations at p < 0.05.
5.0 Conclusion and Recommendations
5.1 Conclusion
This study investigated the impact of swamp reclamation on soil physicochemical properties, water quality, and biodiversity in selected parts of Rivers State, Nigeria. The findings showed  that swamp reclamation activities had significant pressure on the ecological stability and environmental quality of wetland ecosystems.
The study further buttressed the linking relationships among environmental parameters within swamp ecosystems. Alterations in one environmental component was observed to influence others, demonstrating the linking nature of wetland ecological processes. Consequently, continuous reclamation without adequate environmental management may lead to gradual ecosystem degradation and loss of important ecological services.
Be that as it may, the findings suggest the need for sustainable wetland management practices to ensure that developmental activities do not compromise the ecological functions and environmental stability of swamp ecosystems in Rivers State, Nigeria.
5.2 Limitations of the Study 
This study has several limitations. First, sampling was limited to selected swamp locations in Rivers State, which may not fully represent the ecological variability of the wider region. 
Second, the study was conducted within a restricted timeframe and did not account for seasonal variations. As a result, temporal dynamics that influence soil, water, and biodiversity parameters may not have been fully captured.
Third, only selected physicochemical and water quality parameters were analysed. Therefore, other important indicators such as heavy metals, hydrocarbons, microbial load, and sediment characteristics were not considered.
Finally, biodiversity assessment was restricted to macroinvertebrate communities. Thus, the responses of other ecological groups, including fish, amphibians, plants, and microorganisms, were not evaluated.
5.3 Recommendations
Based on the findings of this study, the following recommendations are proposed:
1. Environmental protection agencies should enforce strict policies to regulate swamp reclamation and protect sensitive wetland ecosystems.
2. All reclamation and land development projects in swamp areas should undergo comprehensive environmental impact assessments before approval.
3. Urban development authorities should incorporate wetland protection strategies into regional planning frameworks to minimise encroachment into swamp ecosystems.
4. Conservation initiatives should be implemented to protect remaining natural swamps, while degraded areas should be restored through ecological rehabilitation measures such as vegetation re-establishment and hydrological restoration.
5. Environmental education programmes should be organised to increase public awareness about the ecological importance of wetlands and encourage community participation in conservation efforts.
6. Continuous monitoring of soil, water, and biodiversity indicators should be conducted in both natural and reclaimed swamp ecosystems to track environmental changes and guide management decisions.
7. Additional studies should investigate the long-term ecological consequences of swamp reclamation and explore other environmental indicators such as heavy metal accumulation, sediment dynamics, and microbial diversity.
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