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Abstract
Watershed degradation, driven by anthropogenic activities, threatens ecosystem services and biodiversity in southeastern Nigeria. This study quantified the ecological status of two watersheds in Awka, Anambra State, by evaluating vegetation structure, biodiversity indices, and soil nutrient dynamics. Using systematic quadrat sampling, we surveyed plant species across head, tail, left, and right aspects of the watersheds. Soil samples were analyzed for nitrogen (N), phosphorus (P), and potassium (K) at different depths. The study revealed 55 plant species from 26 families, with a successional shift from tree-dominated to herbaceous ecosystems, dominated by Andropogon tectorum and Tridax procumbens. The overall Shannon-Wiener diversity index was low (H' = 1.13), indicating significant ecological disturbance. Soil nutrients analysis indicated vertical enrichment of nitrogen and phosphorus with depth, suggesting leaching and surface loss; phosphorus and nitrogen generally increased with soil depth, suggesting leaching and surface nutrient loss. The tail segments and left aspects exhibited higher species diversity and soil nutrient levels compared to the more disturbed head segments and right aspects. The study concludes that intense anthropogenic pressure, primarily from construction and urbanization, has led to significant biodiversity loss, soil alteration, and watershed degradation. The documented regime shift and low diversity provide a critical baseline for urgent restoration planning and sustainable watershed management in the region.
Keywords: Watershed degradation, Biodiversity indices, Shannon-Wiener, Soil nutrients, Anthropogenic impact, Southeastern Nigeria.
1. Introduction
A watershed is a naturally delineated land unit that channels water, sediment, nutrients, and biota to a common outlet, serving as a fundamental ecological and hydrological response unit (Wang et al., 2016). Beyond its physical dimensions, a watershed functions as an integrated socio-ecological system, where interactions between geology, climate, soil, vegetation, and human activities determine ecosystem health and service delivery (Darghouth et al., 2008). Globally, intact watersheds provide critical services; including water purification, flood mitigation, sediment retention, carbon sequestration, and biodiversity support, that underpin environmental sustainability and human well-being (Allan & Castillo, 2007; NOAA, 2024).
In tropical regions, watersheds are increasingly vulnerable to rapid degradation driven by anthropogenic pressures such as deforestation, agricultural expansion, unplanned urbanization, and infrastructural development (Iroye & Tilakasiri, 2015; Ikayaja et al., 2025). These activities disrupt hydrological cycles, accelerate soil erosion, deplete nutrients, and precipitate biodiversity loss, compromising watershed functionality and resilience. In southeastern Nigeria, watersheds that were once forested are undergoing marked ecological transformation, shifting towards herbaceous and invasive species-dominated systems, a clear indicator of declining ecological integrity (Okoro et al., 2021; Aju, 2017). The watersheds within the Nnamdi Azikiwe University campus in Awka, Anambra State, exemplify this trend, experiencing intense pressure from construction, land clearing, and other campus-related activities, yet lacking detailed, integrated assessments of their ecological status.
Ecological characterization of degraded watersheds typically employs vegetation structure analysis, biodiversity indices (e.g., Shannon-Wiener, Simpson’s dominance), and soil nutrient profiling to quantify disturbance levels and ecosystem health (Giliba et al., 2011; Ukpaka & Nnabude, 2018). Such integrated approaches can reveal successional shifts, nutrient leaching patterns, and spatial heterogeneity in degradation. However, in Nigeria and particularly for academic institutional watersheds, there remains a paucity of studies that systematically combine floristic surveys with edaphic analyses to document degradation gradients and establish quantitative baselines for restoration. Previous work in the region has highlighted general trends of deforestation and species loss but has seldom linked vegetation community metrics directly to soil nutrient dynamics across different watershed segments and aspects.
To address this gap, this study aimed to: conduct a detailed ecological characterization of two watershed systems by assessing vegetation structure and composition; compare biodiversity status across watershed segments (head vs. tail) and aspects (left vs. right); and analyze the spatial and depth-wise distribution of key soil nutrients (N, P, K). The findings are intended to establish a vital benchmark for monitoring ecological change and to inform targeted, science-based restoration strategies for degraded watersheds in southeastern Nigeria and similar tropical ecosystems.
2. Materials and Methods
2.1. Study Area
The study was conducted within the watersheds of the Nnamdi Azikiwe University campus, Awka (Latitude 6.22°N, Longitude 7.09°E). Awka lies in a tropical valley where original rainforest has largely been replaced due to farming and urbanization. The area is characterized by perennial streams draining into the Imo-Awka and Mamu rivers. Based on Dickson's 2022 classification [11], the study site is a mixed macro-watershed (≈50,000 ha), featuring multiple land uses resulting from natural and anthropogenic interactions. The predominant soil type is Oxisol, typical of highly weathered tropical soils [12]. Two distinct stream watersheds (Site 1 and Site 2) were selected for comparative analysis.
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Fig. 1.  Watershed map of Nnamdi Azikjwe University Awka campus
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2.2. Vegetation Sampling and Analysis
Each watershed site was divided into two segments: Head and Tail. Each segment was further stratified into Left and Right aspects relative to the stream flow. Eight plots (20m x 60m) were established per segment. Within each plot, vegetative sampling was performed using a 2m x 3m quadrat. All plant species rooted within the quadrat were counted and identified with reference to the Herbarium of Nnamdi Azikiwe University and standard floras [12], [13]. A complete species inventory was compiled.
Ecological indices were computed using the following standard formulas [14], [15], [16]:
· Density = Total individuals of a species / Total area sampled.
· Frequency = (Number of quadrats containing species / Total quadrats) × 100.
· Relative Density = (Density of a species / Total density of all species) × 100.
· Relative Frequency = (Frequency of a species / Sum of frequency for all species) × 100.
· Importance Value Index (IVI) = Relative Density + Relative Frequency.
· Species diversity was calculated using the Shannon-Wiener Index (H' = -∑pi ln pi), and species evenness (E = H'/H'max). Simpson’s Dominance Index (D = ∑pi²) was also determined.
The Shannon-Wiener Index was selected for its sensitivity to both species richness and evenness, making it a robust and widely accepted metric for comparing biodiversity in disturbed ecosystems.
2.3. Soil Sampling and Analysis
Soil samples were collected from both sites at three depth intervals: 0–5 cm, 6–10 cm, and 11–15 cm, using a soil auger. Six samples per depth per site were collected, placed in sterile polythene bags, and transported to the laboratory.
Total Nitrogen was determined using the standard Kjeldahl digestion and distillation method [17].
Available Phosphorus was analyzed using the ammonium persulfate digestion and ascorbic acid colorimetric method, with absorbance read at 690 nm [18].
Potassium was determined by digesting samples in a muffle furnace and analyzing the filtrate using an Atomic Absorption Spectrophotometer [19].
2.4. Data Analysis
Data on species abundance and soil nutrients were analyzed using descriptive statistics. One-way Analysis of Variance (ANOVA) was used to test for significant differences in soil nutrient concentrations across depths and between sites. Treatment means were separated using Fisher’s Least Significant Difference (LSD) at p < 0.05. All statistical analyses were performed using SPSS software (Version 25).
3. Results and Discussion
3.1. Vegetation Composition and Structure
Table 1: Dominant Species and Ecological Parameters by Watershed Segments
	Site
	Segment
	Dominant Species
	Abundance
	Density (ind/m²)
	IVI
	Ecological Significance

	1
	Head
	Andropogon tectorum
(Poaceae)
	2,493
	20.78
	82.24
	Primary pioneer; indicates high disturbance.

	
	
	Mitracapus villosus
(Rubiaceae)
	43
	0.36
	41.14
	Highest frequency (39.43%) at Site 1.

	2
	Head
	Tridax procumbens
(Asteraceae)
	173
	1.44
	32.15
	Invasive forb; marker of anthropocentric activity.

	
	
	Anthocleista vogelii
(Gentianaceae)
	199
	1.66
	30.98
	Dominant tree species in the head segment.

	1
	Tail
	Panicum laxum
(Poaceae)
	88
	0.73
	27.15
	Dominant grass species in tail segment.

	
	
	Abrus precatorius
(Fabaceae)
	76
	0.63
	21.72
	Significant climber presence.

	2
	Tail
	Elaeis guineensis
(Arecaceae)
	143
	1.19
	29.04
	Highest abundance/density in Site 2 tail.

	
	
	Sida acuta
(Malvaceae)
	103
	0.86
	27.73
	Common disturbance-tolerant herb.


A total of 55 plant species belonging to 26 families were recorded across both watershed sites. Herbs constituted 80% of the flora, indicating a highly disturbed ecosystem. The most dominant families were Poaceae, Fabaceae, Malvaceae, Asteraceae, and Cyperaceae. The vegetation analysis revealed a clear spatial pattern. The Tail segments consistently harbored higher species richness and more tree species (e.g., Elaeis guineensis, Anthocleista vogelii) compared to the Head segments, which were overwhelmingly dominated by a few grass and forb species.
Table 2: Dominant Species and Ecological Parameters by Watershed Aspect
	Site
	Aspect
	Dominant Species
	Abundance
	Density (ind/m²)
	IVI
	Key Note

	1
	Right
	Andropogon tectorum
	1,185
	9.88
	65.56
	Overwhelmingly dominant (48.75% Rel. Density).

	
	
	Peperomia pellucida
	159
	1.33
	15.57
	High abundance in shaded/moist right slope.

	2
	Right
	Tridax procumbens
	173
	1.44
	23.89
	Dominant forb on the right aspect.

	
	
	Anthocleista vogelii
	199
	1.66
	19.68
	Significant canopy contributor.

	1
	Left
	Andropogon tectorum
	1,308
	10.90
	101.98
	Highest recorded IVI across all aspects.

	
	
	Ludwigia repens
	77
	0.64
	14.84
	Secondary dominant species.

	2
	Left
	Elaeis guineensis
	12
	0.10
	28.89
	Highest Importance Value in Site 2 left.

	
	
	Cyperus rotundus
	83
	0.69
	20.94
	Highest abundance on the left aspect.


The vegetation data from Site 1 and Site 2 reveal marked ecological differentiation between the two locations, largely attributable to variations in species dominance, structural complexity, and successional status. Site 1 is overwhelmingly dominated by Andropogon tectorum, which occurs on both right and left slope aspects and attains an exceptionally high Importance Value Index (IVI), peaking at 101.98 on the left aspect. This extreme dominance, coupled with very high population density (up to 10.90 individuals m⁻²), strongly suggests a highly disturbed or open habitat in which this pioneer grass effectively outcompetes co-occurring species, resulting in depressed species richness and overall biodiversity. In contrast, Site 2 exhibits a more evenly distributed importance among its dominant taxa, reflecting a more balanced community structure and potentially a more advanced successional stage or less severe disturbance regime. The notable presence of woody species such as Anthocleista vogelii and Elaeis guineensis indicates increased vertical stratification and the development of a canopy layer absent in the grass-dominated Site 1. Although dominant species in Site 2 occur at lower absolute densities than those in Site 1, their moderate IVI values (e.g., 28.89 for E. guineensis) underscore their substantial ecological roles within the community. Furthermore, slope aspect appears to influence microenvironmental conditions, particularly light and moisture availability. Right-facing aspects support moisture- and shade-associated species such as Peperomia pellucida, whereas left-facing aspects favor more sun-tolerant and disturbance-resilient taxa, including Cyperus rotundus and A. tectorum. Collectively, these patterns indicate that Site 1 represents a low-diversity, disturbance-adapted grassland, while Site 2 reflects a structurally and compositionally more complex plant community.
3.2. Biodiversity Indices
The calculated biodiversity indices confirmed significant ecological degradation and spatial variability. Site 1 (Head and Left Aspect) shows the highest Simpson's Dominance (0.50 - 0.52). This correlates with the high IVI of Andropogon tectorum, which acts as a "monoculture" in disturbed areas. The Tail Segments in both sites consistently show higher Shannon Index (H') values compared to Head segments, suggesting that the lower reaches of the watershed are more ecologically stable or less disturbed. The low evenness in Site 1 (0.17) indicates that a few species are outcompeting others, whereas Site 2 is more "even," meaning the abundance is spread more naturally across different species. The overall low Shannon Index (1.13) for the combined watershed area classifies it as an ecosystem with low species diversity [33]. The higher dominance (D) and lower evenness (E) in the Head segments and Left Aspect of Site 1 point to more intense localized pressure.
Table 3: Summary of Biodiversity and Community Indices
	Location
	Shannon Index (H')
	Simpson's Dominance (D)
	Pielou's Evenness (E)
	Ecological Interpretation

	                                                                                  SITE 1

	Head Segment
	1.40
	0.50
	0.17
	Highest dominance; heavily skewed by A. tectorum.

	Tail Segment
	2.78
	0.08
	0.42
	Most diverse segment; stable community structure.

	Right Aspect
	2.13
	0.26
	0.27
	Moderate diversity with mid-level disturbance.

	Left Aspect
	1.36
	0.52
	0.18
	Low diversity; high species concentration.

	                                                                                  SITE 2

	Head Segment
	2.58
	0.10
	0.36
	Moderate diversity; fairly even distribution.

	Tail Segment
	2.61
	0.09
	0.39
	High stability; balanced species richness.

	Right Aspect
	2.10
	0.22
	0.31
	Balanced community on the right slope.

	Left Aspect
	2.45
	0.15
	0.38
	Strong evenness; healthy mix of species.

	OVERALL
	1.13
	N/A
	0.39
	Low overall diversity across the total study area.



3.3. Soil Nutrient Analysis
Table 4: Soil Nutrient Concentrations at Different Depths for Site 1 and Site 2.
	Site
	Depth (cm)
	Nitrogen (%)
	Phosphorus (mg/kg)
	Potassium (mg/kg)

	1
	0-5
	1.96 ± 0.08ᵇ
	9.82 ± 0.07ᵇ
	3.24 ± 4.38ᵃ

	
	6-10
	2.35 ± 0.32ᵃ
	10.61 ± 0.32ᵃ
	0.84 ± 1.07ᵃ

	
	11-15
	2.52 ± 0.08ᵃ
	11.10 ± 0.19ᵃ
	1.69 ± 2.11ᵃ

	2
	0-5
	2.46 ± 0.08ᵇ
	9.54 ± 0.11ᵇ
	0.38 ± 0.08ᵃᵇ

	
	6-10
	2.69 ± 0.08ᵃᵇ
	9.83 ± 0.09ᵇ
	0.62 ± 0.05ᵃ

	
	11-15
	2.91 ± 0.08ᵃ
	11.01 ± 0.09ᵃ
	0.50 ± 0.03ᵃᵇ


Means in a column for each site with different superscripts are significantly different (p < 0.05).
From the table above, a consistent trend was observed for nitrogen and phosphorus, with concentrations significantly increasing with soil depth at both sites (p < 0.05). Potassium showed high variability, especially in Site 1, with no clear depth-related trend. Comparing sites, potassium levels were significantly higher in Site 1 (1.92 mg/kg) than in Site 2 (0.50 mg/kg), while nitrogen and phosphorus were comparable.
This study provides robust, quantifiable evidence of pronounced ecological degradation across the investigated watersheds in southeastern Nigeria. The markedly low Shannon diversity index (1.13), together with the overwhelming dominance of herbaceous taxa, particularly disturbance-tolerant grasses such as Andropogon tectorum and invasive forbs including Tridax procumbens, constitutes a well-established indicator of intense anthropogenic disturbance and ecological simplification [9], [10]. The near-total absence of mature woody species and the apparent transition from a forest-dominated system to a grassland-like vegetation structure are consistent with documented patterns of watershed deforestation in Nigeria driven by agricultural expansion, fuel-wood extraction, and infrastructural development [20], [21]. The observed shift to herbaceous dominance and low diversity in this study implies a reduced capacity for carbon storage and impaired hydrological regulation, directly linking local findings to broader ecosystem service losses [22].
Spatial variation in biodiversity across the watershed further elucidates the extent and heterogeneity of degradation. The relatively higher species diversity and sporadic occurrence of tree species within the Tail segments suggest that these zones experience comparatively lower disturbance intensity and may function as residual ecological refugia. Conversely, the Head segments and the Right Aspect of Site 1; areas likely subjected to intensified surface runoff, soil erosion, and sustained human encroachment from the adjacent upland campus, exhibit the lowest diversity indices and the highest levels of species dominance. This spatial pattern highlights how localized land-use pressures can generate a patchwork of degradation states within a single watershed system.
Soil nutrient dynamics provide additional insight into the underlying degradation processes. The observed increase in nitrogen and phosphorus concentrations with soil depth deviates from patterns expected in undisturbed ecosystems, where organic matter and associated nutrients are typically concentrated in surface horizons. This inversion strongly indicates surface nutrient depletion through erosion and leaching, likely resulting from vegetation removal and the loss of organic-rich topsoil [23], [24]. Meanwhile, the significantly higher potassium levels recorded in Site 1 may reflect variations in parent material, differential weathering rates, or contrasting leaching intensities between sites; the lack of Cation Exchange Capacity (CEC) data in this study limits a more definitive interpretation of potassium dynamics.
Collectively, these findings illustrate a reinforcing negative feedback loop between biodiversity loss and soil degradation. Vegetation removal accelerates erosion and nutrient depletion, which in turn constrains soil fertility and structural stability, thereby limiting the re-establishment of diverse native plant communities and favoring only stress-tolerant, disturbance-adapted species [25]. The persistence of such conditions suggests that the studied watersheds are locked in a degraded ecological state, underscoring the urgent need for targeted restoration and sustainable land management interventions [26].
The degraded ecological condition of the studied watersheds necessitates immediate and context-specific management interventions aimed at reversing vegetation loss, stabilizing soils, and restoring ecosystem functionality. Priority should be given to erosion control and soil stabilization, particularly within the highly degraded Head segments and exposed slope aspects. Measures such as contour bunding, mulching, and the establishment of vegetative buffer strips can significantly reduce surface runoff and nutrient loss while improving soil moisture retention. Given the dominance of disturbance-adapted grasses and invasive forbs, assisted natural regeneration (ANR) represents a cost-effective restoration strategy. Protecting less-disturbed Tail segments from further anthropogenic pressure could allow these areas to function as seed sources and biodiversity reservoirs for surrounding degraded zones. Where natural regeneration potential is limited, enrichment planting with native tree and shrub species adapted to local edaphic conditions, particularly fast-growing, nitrogen-fixing taxa, should be employed to accelerate canopy development, enhance litter input, and improve soil organic matter.
Sustainable land-use planning is equally critical. Restricting indiscriminate clearing, regulating fuel-wood extraction, and integrating agroforestry systems within surrounding landscapes can help balance livelihood needs with watershed conservation [27]. Additionally, the incorporation of community-based watershed management frameworks would enhance long-term sustainability by fostering local stewardship and compliance with conservation measures. Ultimately, restoring vegetation structure and soil integrity is essential for breaking the observed negative feedback loop between biodiversity loss and soil degradation. Without deliberate management and restoration interventions, the watersheds are likely to remain ecologically impoverished, with continued declines in ecosystem services such as water regulation, soil fertility, and biodiversity conservation.
Limitations and Future Research
This study provides detailed ground-truthed data on vegetation and soil but is limited by its spatial and temporal snapshot. The lack of historical land-use data and remote sensing analysis restricts our ability to quantify rates of change. Future work should integrate geospatial techniques to analyze land-cover change over time and map degradation hotspots at a broader scale. Furthermore, including soil physical properties like CEC and bulk density would enhance the understanding of nutrient retention and erosion susceptibility.
[bookmark: _GoBack]4. Conclusion
This ecological characterization unequivocally demonstrates that the studied watersheds in Awka, southeastern Nigeria, are in a state of advanced degradation. Key indicators include:
Low Biodiversity and Regime Shift: A Shannon Index of 1.13 and dominance by herbaceous species signal a collapse of the original forest ecosystem and a shift to a disturbance-dominated state.
Soil Nutrient Depletion: The vertical enrichment (leaching) of nitrogen and phosphorus points to significant topsoil loss and poor nutrient retention capacity.
Spatial Heterogeneity in Degradation: The variation between segments and aspects highlights how disturbance gradients shape the ecosystem, with headwater areas being most vulnerable.
The primary driver is intense anthropogenic pressure, notably land clearing for construction associated with urbanization. This study establishes a crucial quantitative baseline for these watersheds. The findings underscore the urgent need for integrated watershed management strategies that prioritize erosion control in headwater zones, protect less-disturbed tail segments as regeneration nuclei, and reintroduce native tree species to break the cycle of degradation, restore biodiversity, and recover essential ecosystem services for both ecological and socio-economic resilience.
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