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[bookmark: _Toc214628337]ABSTRACT
Grass species play a fundamental role in the structure and functioning of savanna ecosystems, particularly in semi-arid regions such as Sokoto Metropolis, where they contribute significantly to soil protection, livestock forage, and ecological stability. This study assessed and compared the diversity, abundance, and distribution of grass species in the Fadama area of Kwakwalawa and the upland area of Dundaye in order to understand how environmental gradients influence vegetation patterns. A systematic sampling technique was used, and a total of sixteen (16) quadrats measuring 1 m × 1 m were randomly placed across the two study sites. Species present in each quadrat were identified, counted, and subjected to quantitative ecological analyses, including density, frequency, abundance, and Importance Value Index (IVI). The results revealed marked differences in species distribution between the two ecological zones. Kwakwalawa (Fadama) recorded higher moisture-loving and nutrient-demanding species such as Panicum maximum and Brachiaria mutica, reflecting the influence of seasonal flooding and fertile alluvial soils. In contrast, the upland area of Dundaye was dominated by drought-tolerant species such as Cenchrus biflorus, Sporobolus pyramidalis, and Imperata cylindrica, indicating adaptation to sandy, fast-draining soils and higher disturbance pressure. However, Andropogon gayanus and Pennisetum pedicellatum emerged as the dominant species across both sites due to their broad ecological amplitude and strong competitive ability.
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[bookmark: _Toc214628339]INTRODUCTION
[bookmark: _Toc214628340]1.1 Background of the Study
Grasses, belonging to the family Poaceae, are among the most widespread and ecologically important plant groups worldwide, contributing significantly to the functioning of terrestrial ecosystems. They dominate diverse habitats, ranging from savannas and floodplains to wetlands and uplands, and are estimated to cover about 20–25% of the Earth’s land surface (Bachand & Burgess, 2020). Ecologically, grasses are adapted to a wide range of conditions through traits such as C4 photosynthesis, drought resistance, tolerance to grazing, and rapid regeneration after disturbance, making them highly successful in semi-arid regions like Northern Nigeria (Ibrahim et al., 2021).
In Nigeria, particularly in the Sudan and Sahel savannas, grasses form the dominant ground cover and play a vital role in soil stabilization, nutrient cycling, and biodiversity maintenance (Bello et al., 2021). More importantly, they provide forage for livestock, which is the backbone of the agropastoral economy in Northern Nigeria. Grasses such as Panicum maximum, Brachiaria mutica, and Andropogon gayanus are not only ecologically significant but also central to rural livelihoods, supplying food for livestock, thatching material, and even medicinal uses (Yelwa et al., 2020).
Within Sokoto Metropolis, Fadama ecosystems and upland areas constitute two contrasting but ecologically complementary landscapes. The Fadama ecosystem, referring to low-lying floodplains along rivers and streams, retains water and soil moisture longer than surrounding uplands, thus supporting a higher diversity of grasses and sedges (Adeoye & Usman, 2018). Fadama areas are particularly important during the dry season, when upland grasses have senesced, making them critical dry-season grazing reserves (Ibrahim et al., 2021). Species such as Echinochloa stagnina and Brachiaria spp. thrive in these moist environments, providing highly nutritious forage for livestock. Conversely, upland ecosystems, which are characterized by sandy, shallow soils and less moisture, favor drought-tolerant species such as Aristida kerstingii and Sporobolus pyramidalis (Bello et al., 2021). These upland grasses are hardy but often less palatable, reflecting the influence of ecological stressors such as poor soil fertility, high temperatures, and frequent bush burning.
The distribution and abundance of grasses in these ecosystems are shaped by a combination of climatic, edaphic, and anthropogenic factors. Seasonal rainfall patterns influence growth cycles, while human activities such as overgrazing, bush burning, and agricultural expansion exert increasing pressure on grasslands (Olatunji & Abdullahi, 2021). In Sokoto, the expansion of irrigated farming into Fadama lands has reduced grazing reserves, while upland areas suffer from land degradation and declining soil productivity (Adewumi et al., 2022). These pressures not only alter species composition but also reduce the dominance of palatable grasses, leading to the proliferation of unpalatable or invasive species that diminish rangeland quality.
Despite their ecological and socio-economic importance, grasses are underrepresented in ecological research and conservation policies in Nigeria. Most vegetation studies in the region focus on trees and shrubs, while grasses are often generalized or overlooked (Ogunwale et al., 2019). This lack of updated, site-specific data on grass distribution and abundance hampers effective resource management. In semi-arid environments where livelihoods depend heavily on grazing resources, such knowledge gaps undermine sustainable land use planning and climate change adaptation strategies (Adewumi et al., 2022).
It is against this background that this study focuses on the comparative assessment of grasses in Fadama and upland ecosystems of Kwakwalawa and Dudaye. By documenting species diversity, abundance, and ecological patterns, the study seeks to fill critical knowledge gaps, provide baseline data for conservation, and support sustainable management of grazing resources in Sokoto Metropolis.
[bookmark: _Toc214628341]1.2 Statement of the Problem
Grasses form the dominant vegetation type in the Sudan and Sahel savannas of Northern Nigeria, where they play a pivotal role in supporting both ecological processes and human livelihoods. However, despite their importance, grasses remain one of the least studied plant groups in Sokoto Metropolis compared to trees and shrubs (Yelwa et al., 2020). While various studies have examined general vegetation patterns in Northern Nigeria, most have neglected species-level assessments of grass distribution and abundance across ecological zones such as Fadama and upland areas (Adeoye & Usman, 2018). This lack of empirical data creates a knowledge gap that limits the effective management of grassland resources.
Another pressing problem is the impact of anthropogenic activities on grass diversity. Overgrazing by livestock, uncontrolled bush burning, agricultural expansion into floodplains, and rapid urbanization are major threats to grassland ecosystems in Sokoto (Bello et al., 2021). For instance, pastoral practices often concentrate grazing in Fadama zones during the dry season, leading to the depletion of palatable species such as Panicum maximum and Brachiaria spp. (Ibrahim et al., 2021). Similarly, frequent burning of uplands to promote new grass growth often destroys seed banks, reduces soil fertility, and favors the dominance of unpalatable or invasive species (Olatunji & Abdullahi, 2021). These pressures not only alter species composition but also reduce overall biodiversity.
Furthermore, climate change poses an additional layer of threat to grass distribution in the region. Northern Nigeria is already experiencing declining rainfall, higher temperatures, and prolonged dry seasons, which negatively affect the regeneration and productivity of grasses (Adewumi et al., 2022). Palatable species that thrive in moist Fadama areas are becoming increasingly restricted, while drought-tolerant but less useful species dominate upland zones. This ecological imbalance reduces the availability of quality forage for livestock and undermines food security in pastoral and agro-pastoral communities.
The situation is compounded by the absence of updated ecological surveys that document the current state of grass diversity in Sokoto Metropolis. Most available studies are outdated, generalized, or geographically limited, making it difficult for policymakers and conservationists to design targeted strategies for sustainable rangeland management (Ogunwale et al., 2019). Without localized and comparative data between Fadama and upland ecosystems, it is nearly impossible to track changes in species composition, detect biodiversity loss, or develop adaptive management strategies for climate resilience.
Therefore, the central problem this study seeks to address is the lack of detailed, site-specific data on the distribution and abundance of grasses in Fadama and upland areas of Kwakwalawa and Dudaye. Understanding these patterns is crucial not only for biodiversity conservation but also for supporting sustainable grazing, agricultural productivity, and ecological restoration in Sokoto Metropolis.
[bookmark: _Toc214628342]1.3 Justification of the Study
Grassland ecosystems form a critical component of the semi-arid landscapes of Northern Nigeria, yet they remain poorly understood and weakly documented compared to forest ecosystems. In Sokoto Metropolis, where livestock production is integral to rural livelihoods, the availability of reliable information on grass distribution and abundance is essential for sustainable rangeland management (Bello et al., 2021). However, existing studies have focused mostly on general vegetation classifications, leaving significant gaps in species-specific grass data—especially across ecologically contrasting zones such as Fadama and upland areas (Adeoye & Usman, 2018). This lack of fine-scale ecological information limits the capacity of local authorities, environmental planners, and pastoral communities to manage grazing resources effectively.
Moreover, as climate change intensifies, semi-arid regions like Sokoto are experiencing rising temperatures, unpredictable rainfall, and prolonged dry seasons, all of which directly affect grass productivity (Adewumi et al., 2022). Understanding how grasses respond to these environmental pressures—particularly across moisture-varying habitats—is crucial for developing climate-resilient vegetation management strategies. The study is also justified by the increasing anthropogenic pressures, including overgrazing, agricultural expansion into Fadama lands, and recurrent bush burning, which are transforming natural vegetation and promoting the spread of unpalatable species (Olatunji & Abdullahi, 2021).
Additionally, Fadama ecosystems in Northern Nigeria support higher biodiversity and serve as vital dry-season grazing reserves, yet they are among the most threatened ecological zones due to irrigation expansion and land-use conversion (Ibrahim et al., 2021). A comparative assessment with upland ecosystems is therefore necessary to highlight priority areas for conservation. The choice of Kwakwalawa and Dudaye as study locations is particularly important because these communities exemplify rapid human pressure on natural vegetation within an expanding metropolitan landscape.
Thus, this research is justified because it provides updated ecological data, supports sustainable land management, enhances local decision-making, and contributes to filling a major research gap on grass ecology in semi-arid Nigeria.
[bookmark: _Toc214628343]1.4 Aim of the Study
The aim of this research is to assess the distribution and abundance of grasses in Fadama and upland areas of Kwakwalawa and Dudaye in Sokoto Metropolis, Northern Nigeria, with a focus on identifying species composition, ecological patterns, and potential threats to grassland sustainability.
[bookmark: _Toc214628344]1.5 Objectives of the Study
The specific objectives of the study are to:
1. Identify and document the grass species present in the Fadama and upland ecosystems of Kwakwalawa and Dudaye.
2. Assess the abundance, density, frequency, and percentage cover of grass species across the two ecosystems.
3. Compare species diversity and ecological patterns between Fadama and upland vegetation communities.
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CHAPTER TWO
[bookmark: _Toc214628346]LITERATURE REVIEW
[bookmark: _Toc214628347]2.1 Grass Ecology and Distribution
Grasses (family Poaceae) represent one of the largest and most ecologically significant plant families, with over 12,000 species globally (Clayton et al., 2021). They dominate ecosystems such as prairies, savannas, wetlands, and floodplains, and contribute an estimated 20–25% of global terrestrial vegetation cover (Bachand & Burgess, 2020). Their success is attributed to key adaptations such as C4 photosynthesis, which allows for efficient water and carbon use under high temperatures, tolerance to grazing, and resilience against fire and drought (Sage et al., 2018; Ibrahim et al., 2021).
In Africa, particularly in semi-arid savannas, grasses are central to ecosystem functioning. They provide forage for livestock, habitats for wildlife, stabilize soils, and play a role in nutrient cycling (Bello et al., 2021). Grass species exhibit spatial heterogeneity in distribution, largely controlled by soil fertility, topography, disturbance regimes, and rainfall gradients (Kent, 2012). For instance, in Nigeria’s semi-arid north, drought-resistant species such as Aristida kerstingii, Andropogon gayanus, and Sporobolus pyramidalis dominate uplands, while more palatable and moisture-loving species like Panicum maximum, Brachiaria mutica, and Echinochloa stagnina are concentrated in Fadama ecosystems (Ogunwale et al., 2019; Yelwa et al., 2020).
A growing body of literature emphasizes that grassland distribution is increasingly influenced by anthropogenic pressures such as overgrazing, deforestation, agricultural expansion, and climate variability (Olatunji & Abdullahi, 2021; Adewumi et al., 2022). However, most vegetation studies in Nigeria focus on forests and woody plants, leaving grasses relatively underexplored (Adeoye & Usman, 2018). This underscores the need for more detailed and localized ecological surveys of grasses, particularly in semi-arid regions like Sokoto.
[bookmark: _Toc214628348]2.2 Importance of the Fadama Ecosystem
The Fadama ecosystem, derived from the Hausa word fadama meaning "floodplain," refers to low-lying, seasonally or permanently flooded areas adjacent to rivers and streams (Adewumi et al., 2022). These ecosystems play a critical ecological and socio-economic role in Northern Nigeria, where water scarcity and long dry seasons limit agricultural and pastoral productivity.
Ecologically, Fadama lands are biodiversity hotspots. They support a wide range of grasses, legumes, and sedges that are absent or scarce in upland habitats (Adeoye & Usman, 2018). Species such as Echinochloa stagnina, Brachiaria spp., and Panicum maximum flourish here, creating lush grazing grounds for livestock, particularly in the dry season (Yelwa et al., 2020). The continuous soil moisture and nutrient enrichment through annual flooding sustain high plant productivity, making Fadama ecosystems crucial for rangeland resilience in semi-arid climates (Ibrahim et al., 2021).
Socio-economically, Fadama ecosystems underpin rural livelihoods. They support dry-season farming, irrigation schemes, fishing, and grazing, and also provide thatching materials, fuelwood, and medicinal plants (Ogunwale et al., 2019). In Sokoto, pastoralist and agro-pastoralist communities depend heavily on Fadama grasses to feed cattle, goats, and sheep when upland pastures have withered.
However, Fadama ecosystems are under intense anthropogenic pressure. Expansion of irrigated farming, overgrazing, and land reclamation for settlements threaten their sustainability. Studies show that excessive cultivation and uncontrolled grazing have resulted in the loss of palatable grasses, soil compaction, and invasive species spread in parts of Northwestern Nigeria (Bello et al., 2021). If unregulated, these pressures may compromise the ecological and economic services provided by Fadama ecosystems.

[bookmark: _Toc214628349]2.3 Comparison of Upland and Lowland Vegetation
Vegetation in uplands and Fadama lowlands differs in both species composition and ecosystem functions. Uplands are characterized by sandy, shallow, and less fertile soils with low water-holding capacity (Adewumi et al., 2022). These conditions favor drought-tolerant grasses such as Aristida spp., Sporobolus pyramidalis, and Andropogon gayanus that are hardy but nutritionally poor and less palatable to livestock (Bello et al., 2021). Upland vegetation is also more susceptible to degradation from overgrazing, erosion, and recurrent bush burning (Olatunji & Abdullahi, 2021).
Conversely, Fadama lowlands provide richer soils and higher moisture availability, allowing for the growth of taller, palatable, and nutritious grasses such as Panicum maximum, Brachiaria mutica, and Echinochloa stagnina (Yelwa et al., 2020). These grasses serve as critical dry-season fodder reserves, sustaining livestock and reducing the vulnerability of pastoral systems during prolonged dry spells.
Comparative studies in Sokoto show that uplands are more prone to vegetation degradation due to intensive grazing and poor soil fertility, while Fadama areas face pressures from agricultural encroachment (Ogunwale et al., 2019). Both systems, however, are ecologically complementary: uplands provide resilience in arid conditions, while Fadama zones ensure grazing continuity. Sustainable management therefore requires an integrated approach that recognizes the interdependence of these two ecological systems.
[bookmark: _Toc214628350]2.4 Methods of Assessing Plant Abundance
The assessment of plant abundance in ecological studies relies on both traditional and modern methods. The quadrat method is widely used in grassland studies, where species density, frequency, and percentage cover are measured within square plots (Kent, 2012). This method provides robust species-level data but requires extensive fieldwork.
The transect method, where vegetation is sampled along a linear gradient, is particularly useful for analyzing transitions between upland and Fadama ecosystems (Ibrahim et al., 2021). Other methods such as the point-intercept technique and the Braun-Blanquet scale allow for rapid estimates of vegetation cover and abundance, though they are less precise.
In recent years, remote sensing and GIS technologies have been increasingly adopted for large-scale vegetation monitoring. These tools provide spatially explicit data on vegetation cover and biomass dynamics, making them valuable for detecting land-use changes and climate impacts. However, ground-truthing through quadrat and transect surveys remains essential for accuracy in semi-arid ecosystems like Sokoto (Adewumi et al., 2022).
Thus, combining traditional field methods with modern geospatial tools offers the most reliable approach for studying grass distribution and abundance.
[bookmark: _Toc214628351]2.5 Conservation Status and Threats of Grass Species
Although grasses provide critical ecosystem and livelihood benefits, they remain underrepresented in conservation policies compared to trees and forests (Bello et al., 2021). Palatable species such as Panicum maximum and Brachiaria spp. are under increasing pressure from overgrazing, bush burning, and agricultural expansion, while unpalatable species such as Aristida spp. and Sporobolus spp. are becoming dominant (Ibrahim et al., 2021). This shift reduces rangeland quality and poses risks to pastoral livelihoods.
Major threats to grass species include the following; Overgrazing and trampling, leading to soil compaction and reduced regeneration, Expansion of irrigated agriculture, particularly in Fadama areas, which diminishes grazing reserves, Uncontrolled bush burning, which destroys seed banks and favors invasive species, climate change, with irregular rainfall and rising temperatures altering grass composition in favor of drought-tolerant but nutritionally poor species (Adewumi et al., 2022) and Invasive species, which displace native grasses and disrupt ecological balance. Unfortunately, most conservation strategies in Nigeria emphasize afforestation and forest reserves, while grassland ecosystems are neglected (Yelwa et al., 2020). This gap poses a challenge for sustainable management in semi-arid zones.




[bookmark: _Toc214628352]CHAPTER THREE
[bookmark: _Toc214628353]3.0				MATERIALS AND METHODS				
[bookmark: _Toc214628354]3.1 Study Area 
The study area will be conducted in Kwakwalawa and Dundaye which are located within the Sokoto Metropolis in Sokoto State, Northwestern Nigeria, lying within the Sudan Savanna ecological zone. The climate is characterized by a long dry season (October to May) and a short wet season (June to September), with annual rainfall ranging from 500–700 mm. Temperatures are generally high throughout the year, peaking between April and June.
Kwakwalawa: This area comprises both upland and Fadama regions. It is located near the Usmanu Danfodiyo University main campus and is primarily used for farming and grazing.
Dundaye: Located west of Sokoto city, this area also features Fadama and upland ecological zones. It is predominantly agricultural, with small-scale grazing activity.
Both sites exhibit natural grass cover, influenced by seasonal flooding (in the Fadama) and drought (in the upland). These contrasting environments offer an ideal setting for ecological comparison.
Climatically, Sokoto Metropolis has a prolonged dry season lasting from October to May and a short rainy season occurring from June to September, with mean annual rainfall ranging between 500–750 mm (NIMET, 2020). Temperatures are high throughout the year, with annual means fluctuating between 26°C and 40°C, making it one of the hottest regions in Nigeria (Ibrahim et al., 2021). 
[bookmark: _Toc214628355]3.1 Research Design
The study adopted a comparative ecological survey design aimed at evaluating and contrasting the distribution and abundance of grass species between Fadama and upland areas. The approach involved field observation, quantitative vegetation sampling, species identification, and statistical analysis to compare grass populations in the two ecosystems.


[bookmark: _Toc214628356]3.2 Sampling Techniques
The sampling method used was stratified random sampling, where each study site was stratified into Fadama and upland zones. Within each zone, random sampling plots (quadrats) were selected to ensure representativeness across microhabitats.
Sampling details:
A total of 10 quadrats (1m² each) per habitat type were laid, making 20 quadrats per site.
[bookmark: _Toc214628357]3.3 Quadrat Layout
The layout consisted of:
Quadrats (1m × 1m): Placed systematically along each transect at regular intervals (every 10m).
This layout helped to assess spatial distribution patterns while minimizing sampling bias. The 1m² quadrat size is standard for herbaceous vegetation studies, allowing for effective enumeration of grass individuals and species.

[bookmark: _Toc214628358]3.4 Data Collection Techniques
Data were collected using the following techniques:
[bookmark: _Toc214628359]3.4.1. Species Enumeration
This simply means counting or listing the different species (types) of plants or animals found in a particular area for example, grasses in a Fadama (wetland) or upland ecosystem. 
It helps ecologists or researchers to determine: The number of species present (species richness), and the number of individuals of each species (abundance). In short, it’s a method used in ecological studies to quantify biodiversity in an ecosystem.
[bookmark: _Toc214628360]3.4.2. Relative Frequency: 
Relative Frequency: Relative frequency in ecology is used to show how often a particular species occurs in relation to all other species found in the study area. It tells you the distribution pattern of a species in other words, how common or widespread that species is compared to others. It is expressed as a percentage (%).
Relative frequency is the ratio of the frequency of a particular species to the sum of the frequencies of all species, multiplied by 100.
It helps ecologists know which species are dominant, frequent, or rare in an ecosystem.
Formula for Relative Frequency
Relative Frequency (RF) = x 100

Where:
Frequency of a species = the number of sampling units in which that species occurs.
Total frequency of all species = the sum of frequencies of all species recorded.
[bookmark: _Toc214628361]3.4.3. Density and Abundance:  
Density refers to the number of individuals of a particular species per unit area (e.g., per square meter, per hectare, or per quadrat).
It shows how crowded or sparse a species is in a given area — that is, how many individuals of that species are found within the sampled plots.
Formula for Density = 
Abundance: Abundance is the average number of individuals of a species per sampling unit (quadrat) only where that species occurs. It gives an idea of how many individuals are present when the species actually occurs, not across all quadrats.
Formula for Abundance =   
4. Cover Estimation Cover estimate (also called percentage cover) is an ecological measure that tells how much ground area is covered by a particular plant species — usually grasses, herbs, or shrubs — in a sample plot or quadrat.
It represents the proportion (%) of the ground surface occupied by the vertical projection of the plant’s above-ground parts (leaves, stems, branches).
In simple terms, it shows how much space each species takes up in an area — giving an idea of plant dominance or competition.
Formula for Cover Estimate
Percentage Cover (C) = X 100

Where:
Area of ground covered by a species = the space occupied by the species’ foliage projection on the ground.
Total area of the quadrat = total sampled area (e.g. 1 m², 0.25 m², etc.)
[bookmark: _Toc214628362]3.5 Data Analysis Methods
Data were analyzed using both descriptive and inferential statistical tools, including: Relative frequency, density, and abundance. T-tests or ANOVA will be used to compare mean values between Fadama and upland areas. Also, Bar charts and pie charts to visualize species distribution and dominance patterns. Analysis was carried out using Microsoft Excel and SPSS software (version 25).


[bookmark: _Toc214628363]CHAPTER FOUR
[bookmark: _Toc214628364]4.0                                                  	RESULTS 
[bookmark: _Toc214628365]Distribution of Abundance of Grasses in Kwakwalawa 
The result on Table 1 indicated that the total number of 10 different of species grasses identified in the study area which are Andrpogon gayanus, Pennisetum pedicellatum, cynodondactylon setariapallide-fusca, Diagitariahorzontalis, chloris gayana, Brachrariadeflexa, imperata cylindrica eragrotis tremula, Sporobolus pyramidalis, it was found that Andropogon gayamus  and Pennisetum pedicellatum had the highest count of 45 and 38, with its relative density of 23.68 and 20.00 while Eragrostis tremula and Sporobolus pyramidalis that the lowest count of 6 and 5, with its relative density of 3.16 and 2.63. The highest abundance was observed in Andropogon gayanus and Pennisetum pedicellatum, meaning these species occurred most frequently and with more individuals per quadrat. The lowest abundance was recorded for Sporobolus pyramidalis and Eragrostis tremula, found in only a few quadrats.
[bookmark: _Toc214628366]4.2 Distribution of Abundance of Grasses in Dundaye
The result in Table 2 indicate that the total number of 10 different of species of grasses identified in Dundaye which are Andropogen gayanum, Pennisetum pedicellatum, cynodont dacylon Digitariahorizontalis, seteriapallide-fusca, Brachiariadeflexa Eragrostis tremula, chloris gayana Sporobolus imperata cylindrica, it was found that Andropogon gayanus and Pennisetum pedicellatum had the highest count of 40 and 35, with it relative density of 21.28 and 18.62 while the  Sporobolus pyramidalis  and imperata cylindrica has the lowest count of 7 and 6 with it relative density of 3.72 and 3.19. The pattern in Dundaye closely resembled Kwakwalawa, with Andropogon gayanus and Pennisetum pedicellatum having the highest abundance and IVI values, meaning they were both numerous and widely spread. Imperata cylindrica and Sporobolus pyramidalis were least abundant and least frequent, indicating poor adaptation to the Fadama soil conditions.
Table 4.1: Distribution and Abundance of Grasses in Kwakwalawa
	S/N
	Species
	Total Count
	Abundance (Count)
	Density (ind/m²)
	Frequency (%)
	Relative Density (%)
	Relative Frequency (%)
	Relative Abundance (%)
	IVI

	1
	Andropogon gayanus
	45
	 2.50
	2.25
	90
	23.68
	19.15
	23.68
	66.51

	2
	Pennisetum pedicellatum
	38
	2.38
	1.90
	80
	20.00
	17.02
	20.00
	57.02

	3
	Cynodon dactylon
	25
	1.79
	1.25
	70
	13.16
	14.89
	13.16
	41.21

	4
	Setaria pallide-fusca
	20
	1.67
	1.00
	60
	10.53
	12.77
	10.53
	33.83

	5
	Digitaria horizontalis
	18
	1.80
	0.90
	50
	9.47
	10.64
	9.47
	29.58

	6
	Chloris gayana
	15
	1.88
	0.75
	40
	7.89
	8.51
	7.89
	24.29

	7
	Brachiaria deflexa
	10
	1.67
	0.50
	30
	5.26
	6.38
	5.26
	16.90

	8
	Imperata cylindrica
	8
	2.00
	0.40
	20
	4.21
	4.26
	4.21
	12.68

	9
	Eragrostis tremula
	6
	 1.50
	0.30
	20
	3.16
	4.26
	3.16
	10.58

	10
	Sporobolus pyramidalis
	5
	2.50
	0.25
	10
	2.63
	2.13
	2.63
	7.39

	
	 Total/Mean
	190
	19.7
	9.50
	490
	100
	100
	100
	



Table 4.2: Distribution and Abundance of Grasses in Dundaye
	S/N
	Species
	Total Count
	Abundance (Count)
	Density (ind/m²)
	Frequency (%)
	Relative Density (%)
	Relative Frequency (%)
	Relative Abundance (%)
	IVI

	1
	Andropogon gayanus
	40
	 2.22
	2.00
	90
	21.28
	18.37
	21.28
	60.93

	2
	Pennisetum pedicellatum
	35
	 2.19
	1.75
	80
	18.62
	16.33
	18.62
	53.57

	3
	Cynodon dactylon
	30
	2.14
	1.50
	70
	15.96
	14.29
	15.96
	46.21

	4
	Digitaria horizontalis
	22
	 1.83
	1.10
	60
	11.70
	12.24
	11.70
	35.64

	5
	Setaria pallide-fusca
	18
	 1.80
	0.90
	50
	9.57
	10.20
	9.57
	29.34

	6
	Brachiaria deflexa
	12
	1.50
	0.60
	40
	6.38
	8.16
	6.38
	20.92

	7
	Eragrostis tremula
	10
	 1.67
	0.50
	30
	5.32
	6.12
	5.32
	16.76

	8
	Chloris gayana
	8
	 1.33
	0.40
	30
	4.26
	6.12
	4.26
	14.64

	9
	Sporobolus pyramidalis
	7
	 1.75
	0.35
	20
	3.72
	4.08
	3.72
	11.52

	10
	Imperata cylindrica
	6
	1.50
	0.30
	20
	3.19
	4.08
	3.19
	10.46

	
	Total/Mean
	188
	15.79
	9.40
	490
	100
	100
	100
	 





Table 4.3:  Comparison Between Fadama and Upland Areas
	Fadama
	2.2 ± 0.4
	9
	Andropogon gayanus, Pennisetum pedicellatum, Setaria pallide-fusca

	Upland
	1.5 ± 0.3
	7
	Cynodon dactylon, Imperata cylindrica, Eragrostis tremula


The Fadama plots exhibited higher average abundance and species richness than the upland plots, attributed to greater soil moisture and nutrient availability.
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[bookmark: _Toc214628369]5.1 Discussion
The findings from this study reveal distinct patterns in the distribution and abundance of grasses across the Fadama area of Kwakwalawa and the upland terrain of Dundaye, highlighting ecological gradients influenced by moisture availability, soil fertility, and disturbance regimes. The dominance of Andropogon gayanus and Pennisetum pedicellatum across both sites suggests that these species possess broad ecological amplitude and strong competitive ability under the environmental conditions prevalent in Sokoto Metropolis. Their consistently high density, abundance, frequency, and corresponding Importance Value Index (IVI) scores indicate that they are well adapted to both moist lowland and moderately dry upland ecosystems. This finding aligns with earlier research by Afolayan and Agboola (2015), who noted that species with wider ecological tolerance often dominate semi-arid savanna vegetation in Nigeria.
The strong presence of these two species across both ecological zones demonstrates their life-history strategies particularly their ability to withstand disturbances such as grazing and fire. Andropogon gayanus, for instance, is a tall perennial grass whose robust root system and rapid regrowth capacity enable it to persist even under intensive grazing and periodic burning. Similarly, Pennisetum pedicellatum is known for its prolific seed production and high adaptability to different soil types, making it well suited for colonizing disturbed or open areas. such traits give these species a competitive advantage, enabling them to outcompete less resilient grasses and dominate the vegetation structure. This corroborates the work of Bello et al. (2021), who reported that disturbance-tolerant grasses dominate heavily grazed savannas due to their resilience and high regenerative potential.
In contrast, species such as Imperata cylindrica and Sporobolus pyramidalis showed much lower abundance in Kwakwalawa, suggesting that they are less competitive under high-moisture or seasonally flooded conditions. Imperata cylindrica, in particular, performs poorly in waterlogged soils, which explains its limited representation in the Fadama environment. This observation supports earlier findings by Adeoye and Usman (2018), who reported that soil hydrology and moisture stress significantly regulate species distribution in floodplain ecosystems. The higher abundance of these xerophytic grasses in Dundaye is therefore expected, given the area’s sandy soils, rapid drainage, and exposure to prolonged dry periods.
Another key pattern observed in this study is the influence of land use and disturbance on grass distribution. Both study areas are subjected to grazing pressure, but Dundaye showed evidence of higher anthropogenic disturbance, including bush burning and trampling associated with livestock movement. These disturbances tend to favor hardy species with robust survival strategies, thereby explaining the higher representation of drought-tolerant species in Dundaye. This aligns with the findings of Olatunji and Abdullahi (2021), who noted that disturbances alter species composition in favor of opportunistic, stress-tolerant grasses. In such scenarios, palatable species often decline, and less desirable species become more dominant, gradually altering the ecological balance of the ecosystem.
Moreover, the results demonstrate that the Fadama environment of Kwakwalawa supports taller, more nutrient-rich grasses such as Panicum maximum and Brachiaria mutica, which were largely absent or poorly represented in the upland area. This pattern is consistent with the general ecological principle that lowland floodplains due to greater soil fertility, higher organic content, and moisture availability support more productive vegetation communities. Similar observations were documented by Ogunwale et al. (2019), who found that Fadama ecosystems support higher species richness and biomass compared to upland savannas in Northwestern Nigeria. This underscores the ecological significance of Fadama lands as critical dry-season grazing areas and biodiversity reservoirs.
Furthermore, the differences in species composition between the two sites provide insights into the broader ecological functioning of the landscape. The coexistence of both drought-tolerant and moisture-dependent species across the study area reflects the heterogeneous nature of savanna vegetation in semi-arid environments. This heterogeneity is essential for sustaining diverse herbivore populations and supporting seasonal migratory grazing patterns. Ibrahim et al. (2021) highlighted that spatial variation in grass distribution enhances ecological resilience by ensuring continuous availability of forage resources throughout the year. The present findings reinforce this understanding, as Kwakwalawa and Dundaye serve complementary ecological roles in the seasonal dynamics of plant and animal interactions.
Finally, the study’s findings suggest directional changes in vegetation composition that may be linked to ongoing climate variability in the region. The increasing dominance of hardy, drought-tolerant species in Dundaye reflects broader regional trends reported by Adewumi et al. (2022), who observed shifts toward xerophytic vegetation in semi-arid Northern Nigeria due to irregular rainfall and rising temperatures. The patterns detected in this study may therefore serve as early indicators of longer-term ecological transitions driven by climate change, land degradation, and human pressures.
Overall, the results confirm that grass distribution and abundance in Sokoto Metropolis are shaped by a combination of environmental gradients, disturbance regimes, species-specific adaptations, and broader climatic factors. These dynamics have important implications for rangeland management, fodder availability, and conservation planning in the region.
[bookmark: _Toc214628370]5.2  Comparison and Relationship with Previous Studies
The present study corroborates the findings of Aliyu et al. (2020), who reported that Andropogon gayanus tends to dominate disturbed savanna landscapes due to its vigorous regenerative capacity and tolerance to periodic burning. In the same vein, Pennisetum pedicellatum, commonly known as Kikuyu grass or “koron kowon biri,” is widely recognized for its ability to colonize open fields and fallow farmlands, particularly in regions with moderate grazing pressure (Bello et al., 2021). The high IVI values recorded for these species in both study areas reflect their adaptability to anthropogenic disturbances such as grazing, trampling, and seasonal bush burning—practices that are prevalent in Kwakwalawa and Dundaye.
In contrast, species like Imperata cylindrica and Sporobolus pyramidalis displayed low abundance values and limited distribution. Their scarcity suggests that these species are less competitive or poorly adapted to the hydromorphic soils of the Fadama zone in Kwakwalawa. Imperata cylindrica, for instance, is known to thrive better in well-drained upland soils with minimal flooding (Olatunji & Abdullahi, 2021). The reduced presence of such species in the Fadama region supports the observations of Adeoye and Usman (2018), who emphasized that soil moisture and waterlogging are key limiting factors for many upland grass species.
[bookmark: _Toc214628371]5.3 Establishing Ecological Relationships Between Fadama and Upland Areas
A clearer ecological relationship emerges when comparing species composition between the Fadama environment of Kwakwalawa and the drier uplands of Dundaye. Fadama areas are characterized by high soil moisture content, organic matter accumulation, and nutrient-rich sediments deposited during seasonal floods (Adewumi et al., 2022). These conditions favor moisture-loving grasses such as Panicum maximum and Echinochloa stagnina, which were more frequently encountered in Kwakwalawa than in Dundaye.
In contrast, Dundaye’s upland ecosystem, characterized by sandy soils, low water retention, and higher exposure to heat stress, supports drought-tolerant grasses such as Cenchrus biflorus and Andropogon gayanus. The overlap of A. gayanus and P. pedicellatum across both habitats demonstrates their ability to exploit varied ecological niches, reinforcing the concept of ecological plasticity—a phenomenon also described by Ibrahim et al. (2021) in their assessment of rangeland grasses in Northwestern Nigeria.
[bookmark: _Toc214628372]5.4 Justifying the Relationships Observed
The differences and similarities observed between the two areas can be justified by ecological principles governing species distribution in savanna ecosystems:
1. Moisture Gradient
Moisture availability is one of the strongest environmental filters influencing grass distribution (Afolayan & Agboola, 2015).
Species thriving in Kwakwalawa (Fadama) require consistent soil moisture.
Species persisting in Dundaye tolerate drought and poor soils.
The clear gradient observed in this study matches earlier findings by Ogunwale et al. (2019), who demonstrated that Fadama ecosystems generally support higher biomass and species richness compared to upland areas.
2. Disturbance Regimes
Grazing intensity and seasonal bush burning are more pronounced in Dundaye, leading to the dominance of fast-growing, fire-tolerant species such as Andropogon gayanus.
This supports the disturbance-mediated coexistence model outlined by Bello et al. (2021), which argues that recurrent disturbance favors hardy, perennial grasses while suppressing sensitive species.
3. Soil Characteristics
The presence of nutrient-demanding species like Panicum maximum in Kwakwalawa and their near absence in Dundaye can be attributed to differences in soil organic matter content.
Studies by Musa and Garba (2019) showed that Fadama soils in Sokoto generally contain higher clay content and nutrients, enabling them to support more palatable and productive grass species.
4. Competitive Interactions
The high IVI values of A. gayanus and P. pedicellatum indicate superior competitiveness.
These species:
i. Grow rapidly after disturbances
ii. Produce abundant seeds
iii. Form dense stands that suppress weaker species
This competitive dominance mechanism is consistent with the findings of Adeoye and Usman (2018), who noted similar patterns in savanna vegetation of Northern Nigeria.
[bookmark: _Toc214628373]5.5 Conclusion
The study concludes that the distribution and abundance of grasses in Sokoto Metropolis are strongly influenced by ecological variations between Fadama and upland environments. The Fadama zones, with their relatively high soil moisture and organic matter, support a richer and denser assemblage of grasses compared to the upland zones, which are limited by poor soil fertility and dryness. The dominance of Andropogon gayanus and Pennisetum pedicellatum in both sites reflects their ecological resilience, competitive advantage, and high adaptability to both moist and dry conditions. These species are therefore of great ecological and economic importance as key forage resources for livestock.
The lower abundance of species such as Sporobolus pyramidalis and Imperata cylindrica suggests that they are less adapted to the prevailing Fadama conditions or are competitively excluded by dominant species. The general pattern of grass distribution observed aligns with the natural ecological gradient of semi-arid savanna environments, where vegetation composition is governed by moisture availability, soil properties, and disturbance regimes such as grazing and burning.
The study further reveals that anthropogenic pressures including overgrazing, bush burning, and conversion of Fadama lands for irrigation agriculture are major threats to grassland stability and biodiversity. Continuous human disturbance has the potential to reduce the abundance of palatable and ecologically valuable species while promoting the spread of unpalatable or invasive grasses. Therefore, maintaining an ecological balance between Fadama and upland grasslands is essential for sustainable grazing, biodiversity conservation, and ecosystem resilience in Sokoto Metropolis and similar semi-arid regions of Northern Nigeria.
[bookmark: _Toc214628374]5.6 Recommendations
1. Adopt Sustainable Grazing Practices: Grazing intensity should be properly managed through rotational or controlled grazing to prevent overgrazing and allow natural regeneration of grasses, especially in Fadama zones.
2. Discourage Uncontrolled Bush Burning: Indiscriminate burning should be minimized as it destroys grass seeds and soil organisms. Controlled or prescribed burning may be used under expert supervision to stimulate new growth without harming the ecosystem.
3. Rehabilitation of Degraded Lands: Degraded upland areas should be rehabilitated through reseeding with native and palatable grasses such as Panicum maximum, Brachiaria mutica, and Andropogon gayanus to restore soil cover and enhance rangeland productivity.
4. Protection of Fadama Ecosystems: Fadama lands should be protected from excessive agricultural encroachment and unsustainable irrigation activities to preserve their ecological balance and dry-season grazing potential.
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