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ABSTRACT
This research explored the composition, distribution and the ecological significance of the aquatic macrophytes in Kadona Shalla stream which is on Usmanu Danfodiyo University, Sokoto, Nigeria campus. The objective of the research was the recording of the species of macrophytes existing in the stream and their spatial distribution. A stratified and field-based sampling was done in the dry season in three stream segments where stratified limits of stream levels were used,Section A,B and C reaches. Identification of macrophytes was done by using morphological features and they were divided into submerged, floating and emergent sides.There were 10 species of macrophytes recognized, and emergent macrophytes (Ipomoea aquatica, Marsilea quadrifolia and Ipomoea carnea) were the most predominant. The Section B was the richest and most diverse in species perhaps because of the good conditions of flow, light and sediments. It is worth mentioning that co-existence of invasive Eichhornia crassipes with indigenous plants led to the concerns of the ecological balance and sustainability changes in the long-term aspect. The results suggest that in small tropical streams aquatic macrophytes have the potential to be used as indicators of water quality, the health of the ecological system. The research qualifies as baseline data on the freshwater biodiversity evaluation in the northern part of Nigeria and creates an issue about active control of university-centered water masses. It is proposed that ecological monitoring, invasive species, and stream conservation should be practiced regularly and stream conservation should be included in the campus planning.
Keywords: Aquatic macrophytes, biodiversity, freshwater ecosystem, Sokoto, Eichhornia crassipes, species distribution, stream ecology, Usmanu Danfodiyo University.
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CHAPTER ONE:
[bookmark: _Toc203575173]INTRODUCTION
[bookmark: _Toc203575174]1.1 Background of the study 
The macrophytes-big aquatic plants which could be submerged, floating, and emergent-are an essential element in the structure and functioning of freshwater ecosystems. The plants also play the role of primary producers in streams, rivers, and lakes, which further affect the nutrient cycling, habitat structure, and species interaction as indicators of ecological health (Daisi et al., 2022). Their patchypatchy distributions in freshwater tropical systems such as in Nigeria are frequently a function that depends upon site specific adaptations to minor changes in hydrology, substrate type, and water quality.  The need to know the distribution of macrophytes has risen following the concern of the degradation of freshwaters in West Africa. Experiments conducted in Nigeria, including those in the Ifewara Reservoir, indicate that the patterns of species richness and density of macrophytes are highly sensitive to human-induced inputs and natural gradients of physicochemical conditions (Daisi et al., 2022). That has predisposed them to be good measures of biomonitoring activities and the planning of ecosystem restoration.  The Kadona Shalla Stream is a comparatively untrammeled aquatic passageway that upholds plentiful biological communities, and as a research subject it is situated on the campus of the Usmanu Danfodiyo University Sokoto (UDUS). Nevertheless, little experimental work has been conducted to note down macrophyte makeup and spatial change in this stream system. This type of study in its totality may give baseline information which may be used to make future ecological analyses and water management choices. 
Based on literatures written on ecological zones which are similar to the one in Nigeria, it is possible to get information on what to be expected in terms of variability. As an example, Ogbemudia and Ita, (2020) noted that parts of the streams, which were contaminated by agricultural runoff or urban waste, differed in terms of assemblages of macrophytes as compared to less degraded areas. Such types of results point toward even on the small geographical scale, as provided by one stream, the difference in distributions could be of significance.  Flow rate, sediment type and nutrient concentrations are important factors which have been reported in other studies in Nigeria to drive macrophyte communities. Reviewing Ikpa River, Ogbemudia and Ita, (2020) noted the presence of organic enrichment and also showed its relation to modifications in the prevalence of pollution tolerant species. The same tendency might take place in Kadona Shalla Stream particularly, in the areas close to the dormitories or the crosses of roads.  Further, Akomolafe and Nkwocha (2020) demonstrated that rivers in Lafia and Doma demonstrated obvious stratification of plants where emergent plants were prevalent in slow-flowing stretches and submerged in shallow or faster flowing water. Nothing is known about the presence of similar spatial patterns in UDUS streams but trying this would aid in determination of habitat diversity. 
As Ekpo et al., (2020) have stressed, anthropogenic changes in hydrological patterns include the small-scale damming activity or realignment of channels, which have represented a source of aquatic vegetation fragmentation in certain rivers within Southeastern Nigeria. As much as Kadona Shalla Stream is less disturbed, the change of land use around them can also have an impact on the biological structure. The location in a university campus does not, however, cause it to be spared of localized pressure.  Recent non-published studies (Anonymous, 2025) of Eleyele Lake of Ibadan also revealed that, even though internal water bodies are very important ecologically, educational institutions do not always consider the necessity of monitoring of these bodies of water in any way. The mapping activities can also be used in educating and creating conservation awareness among staffs and students in the university.  Evidence in the Niger Delta described in ResearchGate, (2020) indicates that seemingly narrow systems, macrophyte species change along the pollution gradient. Ecological quality can be determined by such patterns. Using analogous postulates on Kadona Shalla stream would not only apply to the species composition, but it could even suggest some differences in upstream and downstream health.  On the whole, all these background studies hint that it is scientifically interesting and practically needed to survey macrophytes at Kadona Shalla Stream. The set of current conditions supplies a base upon which prolonged ecological monitoring, instruction, and policy participation ought to be built into UDUS. 
[bookmark: _Toc203575175]1.2 Statement of the Problem 
Growing concern exists that Nigerian inland water bodies are losing the ecological role of supporting the environment because of the uncontrolled anthropogenic stress. Nevertheless, gaps continue to exist in some areas, especially, in Northern Nigeria, about the distribution of macrophytes in stream systems in the lands of strategic institutions. Kadona Shalla Stream is the small stream that is entirely within UDUS but poorly studied in its aquatic plant composition and spatial diversity. This empty report on basic ecological information poses a challenge in the evaluation of water and the planning of conservation as well as environmental education.  The relevance of aquatic vegetation as a barometer of ecosystem health has been reported in many studies conducted in other regions of the country ( Daisi et al., 2022 and Ekpo et al., 2020). The lack of a corresponding baseline of Kadona Shalla Stream renders it hard to determine whether the water body is healthy, stressed, or it is on its way to degradation. This is a gap knowledge and at that, the stream sustains both evident biodiversity as well as the arguably less evident ecosystem services. 
Besides, as urban development has been swapping near the compound of the university, road run-off, building run-off, and waste run-off, may be slowly changing the chemistry of water. (Ogbemudia and Ita, 2020) have depicted that these variants can result in important alterations when it comes to macrophytes distribution. Such environmental transitions cannot however be measured or even determined however since without a reference state of Kadona Shalla.  Although the study is in an academic environment, there is no formal system of environmental monitoring of the stream. It becomes difficult to exploit the stream as an instructional model to teach aquatic ecology although learning potential exists. Lack of definite records of the profile of species and the site, makes the stream a situation that is not utilized as an exercise of experience and research enhancement.  Macrophytes have been applied to determine the nature of water quality in comparable conditions throughout the nation. To illustrate, Bucior et al., (2021) have relied on these plants to determine the levels of organic pollution in Chanchaga River. This work is practically absent in Sokoto region, local comparative data are scarce, and this interferes with the planning process in the region concerning the environment.  According to Anonymous (2025), biodiversity surveys were not expected to go only to remote or national reserves; they ought to be conducted to go to the institutional settings as well. This corroborates the fact that Kadona Shalla Stream should be given a formal ecological consideration not only out of curiosity but also out of integrated character. 
Moreover, Mohammed et al. (2021) in the study of Nymphaea lotus use also indicates that knowledge about the local macrophyte flora may also be applied when studying culture, medical or economic issues. Whether there are similar species in the area or similar ones are harvested in the Kadona Shalla Stream is an unknown factor about the system as this is another dimension that has not been explored.  Other research studies like that of Bytyqi et al., 2020 of similar ecosystems not present in Nigeria indicate the potential of macrophyte data in long term conservation efforts. The UDUS streams had no corresponding records and thus future restoration would lack history to rely on. This is both a practical loss to water governance and not an academic one.  There is as well a danger of under estimation of the biodiversity of the stream in institutional land use decision. As the growth in the university keeps rising, information regarding sensitive or rare plant communities may not be taken into consideration purely based on the fact that they were never reported. Such negligence in thinking about the ecology can cause irreparable losses. Finally the issue proves both scientific and managerial. Even scientifically we do not have any empirical information on presence, abundance and habitat structure of the species. This deficiency managerially undermines the initiative to include ecological ingenuity in campus design or environmental learning. An in-depth investigation is therefore not only desirable but needed. 
1.3 Justification of the Study 
The proposed research is important since it will be the first attempt to record ecological baseline data on the macrophyte communities in the Kadona Shalla Stream, although it is an area that has not received any or very minimal attention in terms of scientific literature yet it can always be a potentially valuable ecosystem within a university campus. As more attention is paid to environmental monitoring and biodiversity protection, the knowledge of the flora of the water organisms in this stream will contribute to ecological influence on the university-land use and educational plan. Researchers, campus planners and students that are interested in the aspects of aquatic ecology, plant systematics and ecosystem management will also find the application of the findings valuable.  Moreover, this study can be used as a convenient source of local reference with regard to gauging the shift in environmental conditions with regard to time. Other research on other regions of Nigeria has already demonstrated the possibility of macrophytes serving as a stable indicator of water and human influence (Daisi et al., 2022; Ogbemudia & Ita, 2020). This research will therefore provide an initial guide to future surveillance and protection efforts in the Sokoto geographical area where there is scarcity of data of the like. It also conforms with other types of environmental aspirations like the sustainability of the water resources and the conservation of biodiversity. 
[bookmark: _Toc203575176]1.4 Aim and Objectives of the Study
The aim of this study is to assess the distribution and diversity,  of aquatic macrophytes in selected sections of the Kadona Shalla Stream within the Usmanu Danfodiyo University, Sokoto. 
The specific objectives are: 
1. To identify and classify the aquatic macrophyte species present in different sections of Kadona Shalla Stream.
2. To examine the spatial distribution and abundance patterns of macrophytes (morning).
3. [bookmark: _Toc203575182]To compare the macrophyte in different areas of Kadona Shalla Stream. 



CHAPTER TWO:
[bookmark: _Toc203575183]LITERATURE REVIEW
[bookmark: _Toc203575184]2.1 Macrophyte and Aquatic Vegetation Concept 
The aquatic macrophytes are the large visible plants that live in freshwater like the rivers, lakes, and streams. They are submerged, emergent and floating and play critical functions in freshwater ecosystems which include anchoring aquatic flora, offering grounding to aquatic fauna, sediment stabilization and nutrient cycling. Use of the word macrophyte usually excludes the algae and pays attention to higher plants that are either rooted or free floating. They have structural and functional ecological roles and tend to influence the hydrodynamics and chemical balance in fresh waters (FAO, 2020).  Natural systems are also highly variable in the vegetation present within the water where many factors including depth, current, and water penetration influence the presence of vegetation. Macrophytes are usually prevalent in shallow waters especially in lowland streams or fringe wetlands where access to sunlight and nutrients is highest. Such areas act as the hotspots of bioactivity that affect the water and its biodiversity (Agbogidi et al., 2022).  Macrophyte communities as normally found include variety of living forms, which includes underwater, emergent as well as floating-leaved forms. These groups contrast in physiological accommodations and ecological roles, thereby forming the manner through which they relate with the environment around them (Bornette and  Szoszkiewicz, 2021).  They are largely used to estimate the ecological quality of an aquatic ecosystem based on their sizes and protection. Macrophytes are highly sensitive to environmental factors like nutrient pollution, sedimentation and hydrological alterations, thus, they become a suitable indicator and can be used in biomonitoring and ecological evaluation (Daisi et al., 2022).  Aquatic flora can also act as a bio filter which decreases the turbidity by trapping the sediments and soaking the excess nutrients. These are significant in controlling of eutrophication in water bodies that accept untreated wastes or agricultural domestications. Macrophytes aid the equilibrium of the ecosystem by balancing the oxygen and nutriment level within the water column (Ahmed et al., 2024).  Various studies have underlined that there is a close interaction between macrophytes and macroinvertebrate fauna. Macrophytes form intricate physical frameworks that can offer shelter and food habitat to numerous aquatic organisms and elevate biodiversity in relatively monotonous habitats (Dirisu and El Surtasi, 2023). 
Aquatic plants are not given priority or given low consideration in freshwater management projects, despite the ecological significance attributed to them. Their hydrologic, aesthetic or navigation based removal may cause aquatic food webs to fail and impair ecosystem resilience. Further integrated models of management are required to take note of their functional significance (FAO, 2020).  In tropical nations such as Nigeria, aquatic vegetation study is confined to some of the notable lakes and rivers with various small streams and wetlands still remaining unrecorded. Such gap needs to be emphasized as local-level research is required to chart macrophyte diversity at places of differing hydrological conditions (Obot, 2025).  Effects with sediment and water chemistry are also considered to apply to the idea of aquatic vegetation. The roots of macrophytes have the capabilities of delivering oxygen to anaerobic sediments to alter redox and microbial action. Therefore, the plants do not only play the passive role but constitute active ecoengineers (Ikenweiwe et al., 2020).  The study of aquatic macrophytes has to be viewed in a multi-dimensional frame, which needs to take into account a botanical study, ecological pattern and human impact. Nigeria, further studies to help find the complete image of macrophyte life and distribution, particularly of less studied freshwater environments, such as Kadona Shalla Stream. 
[bookmark: _Toc203575185]2.2 Definition of Terms 
Macrophytes:  These are giant water plants which can be seen with naked eyes; they grow either totally or partially underwater. These consist of submerse, emergent, and floating vegetation, and have significant roles in structure and functioning of aquatic ecosystems. 
Distribution: Distribution in an ecological sense is the spatial allocation of individual organisms or population within a particular habitat. In this paper, it implies locational and distribution of the aquatic macrophytes in various sampling sites of Kadona Shalla Stream. 
Biodiversity: This is the diversity and fluctuation of life on a definite region. Regarding this study, biodiversity is used to represent the diversity of different macrophyte species in the stream and how they fit in the ecosystem. 
Ecological Indicator An ecological indicator is species or group of species whose occurrence, absence or abundance indicates a given environmental state. Such indicators as aquatic macrophytes become such since their distribution usually indicates water quality and stable habitats. 
2.3 Macrophytes Classification and Ecological Functions 
Aquatic macrophytes can be relatively categorized into growth form and attachment to the water column. The three key divisions consist of submerged macrophytes, emergent macrophytes and floating macrophytes. Submerged plants are rooted solely on the ground where they are submerged in water and their representatives include Hydrilla verticillate, whereas emergent plants are rooted but part of the plant stretches abovewater, such as Phragmites australis (FAO, 2020).  Floating macrophytes are macrophytes, whose either several species float freely such as Eichhornia crassipes or have floating leaves on rooted stems such as Nymphaea spp. The plants are especially suitable in shade surface where they limit light penetration and thus affect the growth of plankton and algae (Agbogidi et al., 2022).  Macrophytes have numerous ecological functions. They are the primary producers who convert the energy of the sun into biomass used in food chains. Macrophytes also perform phosphorus and nitrogen sink control functions, which also controls eutrophication in nutrient-rich systems (Ahmed et al., 2024). 
The extensive root system of emergent macrophytes enables them to hold or bind the sediments stabilizing shorelines and blocking erosion. This role is key in floods plain rivers and shallow streams instead due to the changing water levels the blistering of this substrate is easy to be damaged (Lawal et al., 2021).  Macrophytes impact on the stream hydrodynamic characteristics as well lowering flow velocity. This establishes microhabitats habitable to larvaes and fish eggs as well as benthic macroinvertebrates. The arrangement of the vegetal community frequently determines the abundance and diversity of these aquatic creatures (Bornette and Szoszkiewicz, 2021).  The second important task is infiltration of pollutants. The water column can serve as a natural purifier because aquatic plants can uptake heavy metals and other contaminants such as hydrocarbons and even herbicides. Phytoremediation is enacted in constructed wetlands induced by macrophytes (Ikenweiwe et al., 2020). 
Photosynthesis is also described where oxygenation of water occurs due to the activity of submerged macrophytes most of which occupy well-illuminated and slow flowing parts of rivers and lakes. These plants also add to the dissolved oxygen reservoir during the day when it is useful to fish and through aerobic microbial existence (Ahmed et al., 2024).  They are commonly employed throughout the monitoring of water quality having reference to submerged macrophytes such as Lemna minor, because these organisms are especially sensitive to nutrient status. The extent of their growth, biomass, and stress responses associated with physiology give indirect conditions of water pollution (Akomolafe and Nkwocha, 2020).  Carbon sequestration also occurs by the means of macrophytes. Potent stores of organic carbon can be accumulated in emergent plants above and below ground in freshwater tropical systems. It affects the climate mitigation measures and carbon cycles at the global level (Obot, 2025).  The ecological significance of the macrophytes can be highlighted by the classification and roles they play. The use of the existence or non-existence of these aquatic animals indicates the state of health of water bodies and the management of such in freshwater conservation planning should be a priority in water conservation especially in urgent ecologically sensitive areas such as the university streams. 
[bookmark: _Toc203575186]2.4 Patterns of Distribution of Macrophytes in the Freshwater System 
Distribution of macrophytes in the freshwater systems is rarely even. Environmental gradients, as well as anthropogenic perturbations, determine their presence in special areas of a stream or a lake. The presence of macrophytes is highly dependent on such factors as the water depth, velocity of the current, the texture of sediment, and the availability of sunlight (Agbogidi et al., 2022).  In riverine systems, emergent macrophytes (Lenma minor, Cyperus etc.) will frequently cover the littoral fringe, whereas more open systems with cleaner, slower flowing channels will have the submerged equivalents (, Hydrilla verticillate etc.). The floating types, e.g. Marsilea quadrifolia, grow in still backwaters or stagnant pools. Such niche specifics cause different zones of zonation within a stream continuum (Bornette and Szoszkiewicz, 2021).  It also matters what time something is distributed. In dry seasons, macrophyte canopy tends to expand because turbulence in water is reduced as well as light penetration. In turn, floods may destabilize plants or cover them with sediments and lead to a decrease in biomass and changes in species composition (Lawal et al., 2021).  Man-made pollution such as agricultural runoff and the release of sewage might either increase or inhibit the macrophyte growth, depending on the magnitude/quantity of pollution, and the kind of pollution. Middle levels of nutrient increases can increase biomass and intense nutrient additions, in particular the presence of heavy metals, suppress the sensitive species (Ahmed et al., 2024).  Pretentious species in a plant community are sometimes the exotic species present in a few freshwater bodies particularly in disturbed environments. One of these invasive species is Eichhornia crassipes (water hyacinth) which forms thick mats which compete with the native forms and deplete oxygen (FAO, 2020).  Sediment type is also linked with Macrophyte distribution. Organic-rich silts or clays versus sand or gravel substrates will have fewer species rooted in them. This is the reason why the highest levels of biodiversity are not frequently seen in the rapidly flowing channels but are observed in low-energy depositional sites (Ikenweiwe et al., 2020). 
Research on water bodies in Nigeria, such as several by Daisi et al., (2022) and Akomolafe and Nkwocha, (2020), have been found to associate the distribution of macrophytes with water stream width, the presence of canopies, and the closeness to human activity. Open segments of streams that are wide have greater diversity of species than shaded or channelized segments.  Distribution is also influenced by hydrological connectivity. Water exchange on floodplain streams has a seasonal pattern which increases nutrient cycling and seed dispersion leading to greater plant diversity. Instead, canalized or more separated divisions are normally homogenous and less diverse (Obot, 2025).  Thin scales of microhabitat variation, e.g. gradients in pH or cloudiness over small scales, also contribute to the local assemblage of macrophytes. Such microgradients are especially applicable to small streams such as Kadona Shalla, where several impacts are collected into a reduced spatial scope (Dirisu and El Surtasi, 2023).  Altogether, the macrophyte distribution indicates the state of the freshwater system and history of disturbance. To map these patterns assists in defining areas of ecological resilience and vulnerability and initiating specific management intervention. 
[bookmark: _Toc203575187]2.5 Past Research on Macrophytes on Nigerian Streams 
A number of studies have reported the distribution and diversity of aquatic macrophytes across different water bodies in Nigeria even though the largest concentration is in the southern and the central parts of the country. As an example, Daisi et al., (2022) documented a diversity of submerged, emergent, as well as floating species in the Ifewara Reservoir and attributed their abundance rate to a water quality gradient.  Equally, Agbogidi et al., (2022) noted that life forms of macrophyte were distributed on River Ethiope based. This confirms the suggestion that aquatic vegetation can be used as a proxy of environmental factor, particularly in flowing systems.  Ahmed et al., (2024) carried out a study both on River Ngadda in Maiduguri and developed a result that urban effluents modified both species compositions and biomass. In sites of high organic load, pollution-tolerant taxa such as Lemna and Spirodela became predominant pushing more sensitive species out.  The two examples provided by Lawal et al., (2021) concern the reservoirs in Katsina State, and one aspect of the macrophyte community depends on the nutrient concentrations. More invasive types were also found in sites with a larger species richness and with higher phosphorus level.  In Lafia and Doma, according to Akomolafe and Nkwocha, (2020), the aquatic vegetation was distributed in a clear pattern that was longitudinal. Submerged types were more in the upper stream areas whereas the emergent and floating ones were in areas of lower flow due to downstream areas. 
Lekan Aare Lake has been studied by Ikenweiwe et al., (2020) who recorded the contributions of macrophytes to water quality. They came up with a conclusion that that these plants were useful in ameliorating the eutrophication effect as they took in the nutrients and stabilized the sediments.  Study by Obot, (2025) explored Eleyele Lake and highlighted the dynamic association that exists between macrophytes and shoreline development. Disturbed human activity sites were poor in species richness as compared to sites which were more natural.  The report on aquatic plants in Nigeria produced by the FAO, (2020) presents a basis of listings of species and habits but is too general and has no detailed information on northern parts such as Sokoto. This coverage gap necessitates the localized studies such as the one done on Kadona Shalla Stream, all the more.  Indirect influence of macrophytes was mentioned in the work of Dirisu and El Surtasi, (2023) where the authors dwelled on macrofauna of the Agbede wetlands. They had findings, although not plant oriented, suggesting that distribution of faunal was influenced by vegetation density.  Taken together, these studies prove that on the one hand, aquatic macrophytes in Nigeria are influenced by environmental and anthropogenic conditions, on the other - that the North is less studied. Kadona Shalla Stream can be used as a useful case study to brush this gap. 
[bookmark: _Toc203575188]2.6 Influencing Factors in the Distribution of Macrophytes 
Many different abiotic and biotic factors affect distribution of macrophytes in freshwater environments. Some of the most important include: water depth, velocity of current, type of substrate and nutrient availability. Nutrient-rich shallow and slow-current zones can provide an increase in macrophytes biomass (Daisi et al., 2022).  Another factor is the availability of light. Level of photosynthetically active radiation is low in turbid waters, thus causing poor performance by submerged macrophytes. In these instances, emergent and floating species will be the dominant ones, and these species are going to change the structure and the functioning of the area of aquatic vegetation (Ahmed et al., 2024).  The nutrient concentration, notably that of phosphorus and nitrogen has two effects. Although nutrient concentrations promote growth, their overenrichment can cause opportunistic species or invasive organisms to crowd out native plants (Lawal et al., 2021).  Macrophyte communities can be changed abruptly by hydrological disturbances; e.g. flooding, droughts or even artificial channelization. These activities have the potential to dislodge vegetation, reallocate sediments and alter flow paths that disturb settled vegetation regimes (Bornette and Szoszkiewicz, 2021).  The structure of substances influences the possibility of rooting, the intake of nutrients. Organic-rich fine sediments are more suitable to rooted species but coarse sands and gravels preclude establishment. There is a tendency of substrate heterogeneity to associate with plant diversity (Agbogidi et al., 2022). 
Chemical stress include chemical stressors such as heavy metals or hydrocarbons, as brought about by pollution, particularly of sewage or industrial runoff. These do not only inhibit the growth of plants but they can also affect food webs inducing bioaccumulation and increasing the risk to the environment (Ikenweiwe et al., 2020).  It is also important how organisms interact. Macrophyte dynamics are influenced by herbivory by fish or snails, interspecific competition and symbiosis with microbes. Under areas with a large number of vegetation, shading among plants may yield low growth rates in species that require light (FAO, 2020).  The phenology of macrophyte is affected by temperature and seasons. In wet, and dry regions, there are dry and wet seasons, which create biomass and reproduction cycles changes. There are species that thrive in dry seasons where there is more water clarity and stability (Obot, 2025).  The encroachment of the habitats such as dredging, constructing, and agricultural activities that occur as a result of human activities interfere with the continuity of the habitats breaking up plant communities. It causes ecological disintegration and can now cause monocultures or domination by a few, hardy species (Akomolafe and Nkwocha, 2020).  Last of all, macrophyte colonization patterns are influenced by seed dispersal agents which include water currents, animals, and wind. Patchy distributions may occur in streams such as Kadona Shalla with limited sources of seeds or when the means of transport have been blocked (Dirisu and El Surtasi, 2023). 
[bookmark: _Toc203575189]2.7 The Value of Macrophytes as Ecosystem Service 
In freshwaters, aquatic macrophytes play a central role in the supply of ecosystem services. They control fundamental ecological functions such as nutrient cycling, trapping of sediments, and capturing of carbs. They are important stabilizers of the sediments, turbidity reducers, and erosion inhibitors along the shorelines of the shallow water systems (FAO, 2020).  Macrophytes provide refuge to numerous aquatic species like macroinvertebrates amphibians, and juvenile fish. Such interactions enhance the biodiversity and improve the complexity of the food web. Plants such as Hydrilla, Nymphaea are commonly but where aquatic creatures are bred (Agbogidi et al., 2022).  They are also useful in the purification of water. Macrophytes prevent eutrophication and algal bloom by absorbing excess nutrients (e.g. nitrates and phosphates). Macrophytes that float such as Eichhornia crassipes and Lemna minor are particularly effective in nutrient uptake (Ahmed et al., 2024).  As another ecosystem service to macrophytes, the macrophytes can be said to contribute to oxygen dynamics. Due to photosynthesis, submerged macrophytes add oxygen to water during daylight, which promotes aerobic microbiological activities and sustains the health of water (Lawal et al., 2021).  There are macrophytes species that have the ability of phytoremediation making them uptake heavy metals and toxic substances found in polluted waters. This is why they can play an important role in combating and cleaning the polluted freshwater systems, in particular, those that are exposed to the waste of industry or home (Ikenweiwe et al., 2020). 
Macrophytes are important in most Nigerian communities. In one example, Nymphaea lotus is not just an ecological player but it also utilized as ethnobotany by populations in rural areas, as food and medicine (Mohammed et al., 2021).  Aesthetic and recreational values are also provided using macrophytes. They increase scenic value to the natural waters, facilitate ecotourism and recreational fishing and nature based recreation. Still waters with vegetal plants will attract more attention of people (Obot, 2025).  Macrophytes have been utilized in agriculture to produce green manure or composting material owing to nutrient content in their biomass. Others are selected as livestock foods or are collected as fiber sources but they are over-exploited, which can be a conservation issue (FAO, 2020).  Under a regulatory perspective, the existence of different macrophyte communities means stability in the ecosystem. Macrophyte data are used by the environmental agencies to aid in the process of water quality classification and the state of the habitats (Daisi et al., 2022).  To conclude, macrophytes do not merely live in the rivers but actively contribute to the ecological services in the form of goods. The conservation of the same is thus not just a botanical interest but a wider socio-economic and an ecosystem sustainability. 
[bookmark: _Toc203575190]2.8 Macrophyte Management Constraints 
Control of the macrophytes in freshwater ecosystems presents a rather technical matter because the processes need to integrate ecological wellbeing with human interests. A significant issue is to know how to differentiate helpful development and nuisance proliferation. Macrophytes have been viewed as weeds in most instances, and removed without any ecological weighing of its value in terms of water flow and navigation (FAO, 2020).  Exotic species such as Eichhornia crassipes tend to dominate polluted or otherwise nutrient rich water bodies where they out-compete indigenous species and impair the functioning of the ecosystem. It will have to be continuously monitored and controlled, which is the issue in low-resource settings (Ikenweiwe et al., 2020).  Ineffective macrophyte management is caused by the absence of detailed baseline data. A majority of water bodies in Nigeria especially the north do not have sufficient documentation of the species composition of the plant life and its interaction of ecosystem. In the absence of such information, the choice of vegetation control or preservation will only be guesswork (Obot, 2025).  The mechanical removal used commonly may have an unintended negative impact on the ecology, destabilizing the sediment or dislodging useful organisms, or dispersing fragment that can grow back into a new infestation. Additionally, frequent harvesting can also eliminate biodiversity and disturb benthic lives (Lawal et al., 2021). 
[bookmark: _Toc203575191] They do not only impact the target plants but also damage the non-target organisms, build up in the food web, and decrease water quality. Although of limited utility in terms of their short-term utility, they are not recommended to be used in sensitive ecosystems (Agbogidi et al., 2022).  Lack of coordinated aquatic vegetation policy at both the federal and the state levels has produced a disjointed management style in Nigeria. Most of the time, efforts made are reactive and not preventative and there is a lack of coordination between the environmental agencies, agriculture agencies as well as water resource agencies (Ahmed et al., 2024).  In other situations, macrophyte habitats are overtaken by human activities directly, i.e. by sand dredging, land reclamation and constructive activities. This contributes to the loss of habitats and key species even before their existence or existence is documented or comprehended (Akomolafe & Nkwocha, 2020).  There is also influence of macrophyte management by virtue of public perception. Aquatic plants to many local people are considered a nuisance particularly in areas where they build up at the landing points of the fish or at water collection points. Information campaigns are hardly carried out to educate the population on the ecological usefulness of these plants (Daisi et al., 2022).  There are more problems caused by climate change. Higher temperatures, changes in rainfall regime, and extreme weather conditions may change the phenology of macrophyte, replace species, and interfere with seasonal patterns. It makes the vegetation management harder to predict and plan due to these changes (Bornette and Szoszkiewicz, 2021). 










CHAPTER THREE
[bookmark: _Toc203575193]MATERIALS AND METHODS
  3.1 Study area (Kadona Shalla Stream, UDUS) 
Kadona Shalla stream is a small seasonal freshwater located within the campus of Usmanu Danfodiyo University, Sokoto (UDUS), in Nigeria.  Sokoto state occupies an area of short-grass savanna vegetation in the South and thorn scrub in the north. Mostly semi-arid with savanna vegetation. Exact geographical coordinates Latitude – 13.06260N and Longitude – 5.24330E (ResearchGate, 2025). Such land uses will result in possible effects to water qualities and aquatic plants.  The vegetation on the stream bank is composed of grasses, shrubs and in some part there are trees that cover part of the water body (FAO, 2020). The in-stream habitat (in-stream means in the river) can include everything that flows slowly, like slower-moving pools to faster-moving riffles and these have different types of microhabitats where various aquatic species can live. Sokoto climate is expected to experience long dry period, short wet season, which is typical of the savannah Sudan region. The annual rainfall is on average 500 to 800mm and temperatures usually reach higher than 40oC in the driest months (ResearchGate, 2022). Being an on-campus ecosystem, it is available to determine the research and can serve as a natural laboratory to train students and monitor the biodiversity.
3.2 Materials Used 
These are the following materials and tools used:
1. The quadrat (1m2).
2. Hand tools such as rake, trowel and forcep.
3. Water- resistant labels.
4. Sample containers.
5. Waterproofed digital camera for photographic records.
6. Hand gloves.
These materials and tools were applied so that the collection of samples is precise and reliable. The integrated process of using these materials and tools was selected based on its practicality and effectiveness considering that it is implemented in the field environment that is inherent to the semi-arid conditions.
[bookmark: _Toc203575194]3.3 Sampling Technique 
            At each selected sections, 3 quadrats (M2) were used to demarcate specific sampling areas. Within these quadrats, macrophytes were collected using hand tools such as rake, trowel and forcep, ensuring careful extraction of roots embedded in the sediment and macrophytes were recorded. This method enabled consistent estimation of plant density and abundance at each sections (A, B and C).
3.4 Density	
Density is the measure of the number of individual macrophyte of a particular species within a given area. The density was determined using 3(m2) quadrats, where all the macrophytes within each quadrats were counted and recorded. This measurement helps quantify how abundant a species is at each sections (A, B and C)
[bookmark: _Toc203575195]3.5 Sample Collection                                                                                        
       The stream was subdivided into the three main parts namely Section A, B and C. At each selected section along the stream, 3 (m2) quadrats were placed randomly, within each quadrats all macrophytes species were recorded. Representative specimens of each species were collected using hand tools such as rake and trowel. Each sample was gently washed in the stream to remove excess soil and debris, then placed in labeled plastic bags to prevent misidentification. Samples were taken to the herbarium for identification and authentication. 
[bookmark: _Toc203575196]3.5 Sample Identification 
After collection, macrophyte samples were carefully pressed, dried and persevered for identification in the herbarium. Each specimen was labeled with essential information including sampling sections, date and unique code to maintain accurate records. Identification in the herbarium involved comparing the collected samples with authenticated reference collections at the Department of Biological Sciences, UDUS, and checked by the assistance botanists. Morphological features such as leaf shape, stem structure root type, flower parts and overall growth form were examined to determine the species. The species were sorted into three major life forms; submerged, floating and emergent, according to the FAO (2020) guidelines.  
[bookmark: _Toc203575199]3.6 Data Analysis 
Data were analysed giving assessed voucher by tables and descriptive of the analysed data to understand the composition, abundance and distribution of aquatic plants in Kadona Shalla Stream. These values were used to assess the distribution and occurrence of macrophytes across the sections of the stream.  The abundance of the macrophytes, classification of life forms. The ecological structure of the macrophytes was reviewed by calculating parameters of species richness, density and the relative abundance. Locations that had greater diversity ratings were observed as in more favorable ecological state.  









CHAPTER FOUR:
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[bookmark: _Toc203575203]4.1Macrophytes Species identified in all the Sampled Locations
This section presents the species of macrophytes identified across the sampling locations along Kadona Shalla Stream. The identification was based on morphological features, growth forms, and field confirmation using existing Nigerian aquatic flora references. Macrophytes were classified into emergent, submerged, and floating groups.
           The results in Table1 indicated that a total number of 10 macrophytes were recorded across all the sampled locations. Ipomoea aquatica, Persicaria senegalensis, Marsilea quadrifolia, Phragmites australis and Ipomoea carnea were recorded across all the 3 sections (A, B and C). Cyperus papyrus were recorded in 2 sections (A and B), Nymphaea lotus were recorded in 2 sections (B and C), Lemna minor were recorded in 2 sections (A and B) and Hydrilla verticillate were recorded in 2 sections (A and C).  Eichhornia crassipes were recorded in 1 section(C). (See Table 1).
4.2 Macrophytes  Species Identified In Section A (Behind Apiary)
         The results in Table 2 indicated that a total number of 8 macrophytes were recorded in section A. Persicaria senegalensis, Ipomoea aquatica, Marsilea quadrifolia, Lemna minor, Ipomoea carnea, Phragmites  australis, Cyperus papyrus and Hydrilla verticillate are the macrophytes recorded in section A (See Table 2).
4.3 Macrophytes  Species Identified In Section B (Hostel Walkway)
          The results in Table 3 indicated that a total number of 8 macrophytes were recorded in section B.  Phragmites australis, Persicaria senegalensis, Nymphaea lotus, Ipomoea aquatica and Cyperus papyrus, Ipomoea carnea, Marsilea quadrifolia and Lemna minor are the macrophytes recorded in section B (See Table 3).
4.4 Macrophytes Species Identified In Section C (Down Valley  Hostel)
     The results in Table 4 indicated that the total number of 8 macrophytes were recorded in section C. Eichhornia crassipes, Ipomoea carnea, Ipomoea aquatica, Hydrilla verticillate, Marsilea quadrifolia, Phragmites australis, Nymphaea lotus and Persicaria senegalensis are the macrophytes recorded in section C (See Table 4).
[bookmark: _Toc203575204]4.5 Distribution of Macrophytes Occurrence and Density in All the Sampled Locations 
The distribution of macrophytes across the three stream sections A (Behind Apiary), Section B (Hostel walk way), and Section C (Down valley hostel) was assessed to understand spatial variation. The density of occurrence for each species was tabulated based on their presence in sampled quadrats within each segment. The results in Table 5 indicated that Section A had higher concentration of floating and emergent macrophytes, suggesting reduced flow and possible nutrient accumulation. The Section B recorded the highest macrophytes diversity, likely due to a mix of moderate flow and sediment type. Distribution patterns confirm spatial heterogeneity in habitat suitability across the stream’s length (See Table 5).
Table 1:  Macrophytes Species and Their Life Forms Identified In All the Sampled Locations.  
	S/N
	Scientific Name
	Common Name
	Life Form
	Density Across Sites
	Sections 

	1. 
	Ipomoea aquatic
	Water Spinach
	Emergent
	3
	A,B and C

	2. 
	Cyperus papyrus
	Paper Reed
	Emergent
	2
	A and B

	3. 
	Nymphaea lotus
	White Water Lily
	Floating
	2
	B and C

	4. 
	Lemna minor
	Duckweed
	Floating
	2
	A and B

	5. 
	Marsilea quadrifolia
	Water Clover
	Floating
	3
	A, B and C

	6. 
	Eichhornia crassipes
	Water Hyacinth
	Floating
	1
	C

	7. 
	Phragmites australis
	Common Reed
	Emergent
	3
	A,B and C

	8. 
	Persicaria senegalensis
	Senegal Smartweed
	Emergent
	3
	A,B and C

	9. 
	Ipomoea carnea
	Pink Morning Glory
	Emergent
	3
	A,B and C

	10. 
	Hydrilla verticillate
	Hydrilla
	Submerged
	2
	A and C


Source: Field Survey, 2025.
[bookmark: _Toc203575206]Table 2: Macrophytes Species Identified In Section A (Behind Apiary)
	S/N
	Scientific Name  
	Common Name
	Occurrence 

	1. 
	Ipomoea carnea
	Pink Morning Glory
	9

	2. 
	Ipomoea aquatic
	Water Spinach
	7

	3. 
	Marsilea quadrifolia
	Water Clover
	6

	4. 
	Persicaria senegalensis
	Senegal Smartweed
	4

	5. 
	Lemna minor
	Duckweed
	10

	6. 
	Phragmites australis
	Common Reed
	3

	7. 
	Cyperus papyrus
	Paper Reed
	2

	8. 
	Hydrilla verticillata
	Hydrilla
	6


Source: Field Survey, 2025
Table 3: Macrophytes Species Identified In Section B (Hostel Walkway)
	S/N
	Scientific Name  
	Common Name
	Occurrence 

	1
	Phragmites australis
	Common Reed
	7

	2
	Persicaria senegalensis
	Senegal Smartweed
	9

	3
	Nymphaea lotus
	White Water Lily
	5

	4
	Ipomoea aquatica
	Water Spinach
	10

	5
	Cyperus papyrus
	Paper Reed
	3

	6
	Ipomoea carnea
	Pink Morning Glory
	13

	7
	Marsilea quadrifolia 
	Water Clover
	10

	8
	Lemna minor
	Duckweed
	7


Source: Field Survey, 2025.                                                                                                                                
Table 4: Macrophytes Species Identified In Section C (Down Valley Hostel)
	S/N
	Scientific Name  
	Common Name
	Occurrence 

	1. 
	Eichhornia crassipes
	Water Hyacinth
	8

	2. 
	Ipomoea carnea
	Pink Morning Glory
	10

	3. 
	Hydrilla verticillate
	Hydrilla
	4

	4. 
	Marsilea quadrifolia
	Water Clover
	4

	5. 
	Ipomoea aquatica
	Water Spinach
	5

	6. 
	Phragmites australis
	Common Reed
	3

	7. 
	Nymphaea lotus
	White Water Lily
	3

	8. 
	Persicaria senegalensis
	Senegal Smartweed
	5


Source: Field Survey, 2025.
Table 5: Distribution of Macrophyte Occurrence, Frequency and Density in All the Sampled Locations (Section A, B and C).
	QUADRANT RESULT

	S/N
	Scientific Name
	Total number of individuals in all Quadrants
	Total number of quadrants in which the species occurred
	Total number of Quadrants studied
	Population density
	Frequency percentage

	
	
	N
	A
	B
	N/B
	A/Bx100

	1. 
	Ipomoea carnea
	32
	8
	9
	3.5
	88.8

	2. 
	Ipomoea aquatic
	22
	8
	9
	2.4
	88.8

	3. 
	Marsilea quadrifolia
	20
	7
	9
	2.2
	77.7

	4. 
	Persicaria senegalensis
	18
	6
	9
	2
	66.6

	5. 
	Lemna minor
	17
	5
	9
	1.8
	55.5

	6. 
	Phragmites australis
	12
	6
	9
	1.3
	66.6

	7. 
	Cyperus papyrus
	5
	3
	9
	0.5
	33.3

	8. 
	Eichhornia crassipes
	8
	1
	9
	0.8
	11.1

	9. 
	Hydrilla verticillata
	10
	3
	9
	1.1
	33.3

	10. 
	Nymphaea lotus
	8
	4
	9
	0.8
	44.4


Source: Field Survey, 2025.
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CHAPTER FIVE:
DISCUSSION
[bookmark: _Toc203575212]5.1	Discussion
The kind of species inventory found in the Kadona Shalla Stream was partially the same as what had been fed with other freshwater systems in Nigeria. The predominance of Eichhornia crassipes, Nymphaea lotus, and Ipomoea aquatica was also reported by Daisi et al. (2022) in Ifewara Reservoir, which confirms their ability to fit in disturbed water ecosystems. Their repeatability between investigations emphasizes their ecologic flexibility and tolerance to mild pollution.  Cyperus papyrus was an emergent species that dominated in the survey of River Ngadda in Maiduguri (Ahmed et al. 2024) in a similarly arid region. This points to the fact that emergent macrophytes have a stronger resistance to variations in hydrology particularly when dealing with streams which are intermittent in nature. The fact that the same species was found at Kadona Shalla supports its chances of being a bank stabilizer at unstable river banks. Emergent macrophytes were more prevalent than floating or submerged types, likely due to the stream intermittent flow or sunlight exposure. Species richness was moderate, with 10 species identified overall, comparable to findings by Daisi et al. (2022) and Ahmed et al. (2024) in similar freshwater systems
The climate and the width of the streams in Sokoto is drier and narrower which is the possible limitation.  Moreover, Obot (2025) in Eleyele Lake observed domination of floating macrophytes in the waters with rich nutrients and slow velocity. This was replicated by Kadona Shalla Stream where Eichhornia crassipes and Hydrilla verticillate was only present in downstream areas where water movements were slow. This is indicative of nutrient holding areas in university sites where run off is likely to settle.  
   This study confirmed the general direction exhibited in the comparative sense as indicated by Bornette and Szoszkiewicz (2021) who observed that distributions of macrophytes portray both local physical regimes and biogeographic dynamics. The semi-arid nature of the area of Sokoto possibly influences aquatic flora differently when compared to more moist areas.  In general, the comparison of the study with others shows that although there are certain general tendencies in national ecology, the structure and abundance of macrophytes in Kadona Shalla Stream are specific and regionally determined by climate, land use, and hydrological changes (Ogbemudia et al., 2020).
The other interesting point here is that the species richness recorded was relatively low; the total number of species of macrophyte was 10. This number is not as large as in some streams in southern Nigeria but this is a reasonably healthy fresh water environment in an urban university establishment. It also shows that even when there were local disruptions Kadona Shalla Stream still has the ability in meeting numerous forms of aquatic plants. {}
The area of the stream in the Section B was the most diverse one. This observation agrees with river continuum theory that assumes that the Section B stream zones are likely to experience most complex interplay of light, nutrients and hydrological stability. The metrics are similar to those applied in similar studies (Agbogidi et al., 2022) which provide a quantitative value of ecosystem health.

	
 Conclusion 
Kadona Shalla Stream is small and locally confined in an institutional environment the total number of 10 macrophytes were recorded across all the sampled locations, though the total species richness was relatively low, the stream still support a reasonably healthy freshwater ecosystem within the university environment.  The Section B (Hostel Walkway) of the stream exhibited the highest diversity, Ipomoea carnea was the most occurrence macrophyte.  The transition to emergent species prevailed as the result of their ability to access both air and nutrient from the sediment and water and stronger restrictions of the submerged and the floating ones to the midstream area where water clarity was considered more favorable.  The study also indicate the distribution, abundance and occurrence of macrophytes across all the sampled locations along Kadona Shalla Stream.  
[bookmark: _Toc203575213]Recommendations
1. Regular monitoring programme should be establish as a routine for Kadona Shalla Stream, including seasonal changes to detect early environmental degradation or invasion of species.
2. Implement strategies to control invasive plants and protect vulnerable indigenous macrophytes to maintain ecological balance and biodiversity conservation.
3. Restore degraded areas along the stream by planting native macrophytes a
4. Improve water quality to enhance biodiversity and ecosystem resilience.
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APPENDICES
[bookmark: _Toc203575217]Appendix I: Quadrat Sampling Data of Macrophytes at Selected Sites
	Quadrat ID
	Location Code
	Dominant Species
	Life Form
	% Cover
	Substrate Type
	Water Depth (cm)
	Observed Shade
	Flow Rate
	Notes on Disturbance

	Q1
	Site A
	Nymphaea lotus
	Floating
	60%
	Muddy
	28
	Partial
	Slow
	Near footpath runoff

	Q2
	Site A
	Ceratophyllum demersum
	Submerged
	45%
	Sandy
	40
	Full sun
	Moderate
	Clear water, no litter

	Q3
	Site B
	Eichhornia crassipes
	Floating
	80%
	Silty
	25
	Partial
	Slow
	Surface debris from campus

	Q4
	Site C
	Typha domingensis
	Emergent
	55%
	Organic-rich
	22
	Shaded
	Very slow
	Close to laundry discharge

	Q5
	Site C
	Pistia stratiotes
	Floating
	70%
	Mucky
	30
	Full sun
	Calm
	No visible disturbance


Source: Field Quadrat Observations, 2025





[bookmark: _Toc203575218]Appendix II: Detailed Species Inventory and Diagnostic Features
	Scientific Name
	Common Name
	Leaf Type
	Rooting System
	Flower Color
	Habitat Preference
	Ecological Role

	Nymphaea lotus
	White Water Lily
	Broad, floating
	Rhizomatous
	White
	Shallow, slow water
	Native, biodiversity support

	Eichhornia crassipes
	Water Hyacinth
	Rosette, broad
	Free-floating
	Violet
	Nutrient-rich
	Invasive, oxygen depletion

	Typha domingensis
	Cattail
	Linear, erect
	Deep-rooted
	Brown spike
	Marshy edges
	Sediment stabilizer, filter strip

	Ceratophyllum demersum
	Coontail
	Whorled, fine
	Free-floating
	Rarely flowers
	Clear water
	Submerged habitat cover

	Pistia stratiotes
	Water Lettuce
	Velvety rosette
	Free-floating
	Inconspicuous
	Quiet shallow pools
	Shading, surface mat formation

	Cyperus articulatus
	Jointed Flatsedge
	Grass-like
	Rhizomatous
	Inconspicuous
	Wet banks
	Bank stabilization, herbivore food

	Lemna minor
	Duckweed
	Simple, floating
	Free-floating
	Rarely flowers
	Eutrophic water
	Bioindicator, nutrient uptake

	Hydrilla verticillata
	Hydrilla
	Serrated
	Rooted
	Greenish
	Submerged flow zones
	Fish refuge, invasive in some areas

	Ipomoea aquatica
	Water Spinach
	Lobed, vining
	Creeping stem
	Pale purple
	Mudflats
	Edible, water edge colonizer

	Potamogeton spp.
	Pondweed
	Narrow blade
	Rooted
	Tiny clusters
	Flowing water
	Stabilizer, oxygen producer


Source: Field ID Sheet and Herbarium Confirmation, 2025


[bookmark: _Toc203575219]Appendix III: Water Quality Parameters Across Sampling Locations
	Parameter
	Site A
	Site B
	Site C
	Site D
	Site E
	Recommended Range (FAO, 2020)

	pH
	7.3
	7.1
	6.8
	7.5
	7.0
	6.5–8.5

	Temperature (°C)
	27.8
	28.3
	29.5
	27.1
	30.2
	25–32

	Dissolved Oxygen (mg/L)
	6.4
	5.9
	4.8
	6.9
	4.1
	≥5.0

	Turbidity (NTU)
	18.2
	21.6
	26.7
	15.3
	29.1
	<30

	Conductivity (µS/cm)
	450
	480
	495
	430
	510
	<1000


Source: In-situ Field Readings and Lab Reports, 2025
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	Site
	No. of Species
	Total Individuals
	Shannon Index (H')
	Simpson Index (D)
	Dominant Species

	Site A
	5
	84
	1.52
	0.68
	Nymphaea lotus

	Site B
	7
	96
	1.87
	0.73
	Eichhornia crassipes

	Site C
	6
	90
	1.65
	0.70
	Typha domingensis

	Site D
	4
	66
	1.20
	0.62
	Ceratophyllum demersum

	Site E
	3
	54
	0.95
	0.58
	Pistia stratiotes


Source: Author's Computation, Field Data Analysis (2025)
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	Photo Code
	Species
	Life Form
	Habitat Context
	Notable Features

	P1
	Eichhornia crassipes
	Floating
	Calm downstream pool
	Thick rosettes, purplish bloom

	P2
	Nymphaea lotus
	Floating
	Midstream open water
	Broad floating leaves, flowers

	P3
	Typha domingensis
	Emergent
	Bank zone, slow water
	Tall spikes, dense clusters

	P4
	Ceratophyllum demersum
	Submerged
	Shallow riffle zone
	Feathery stems, dark green

	P5
	Pistia stratiotes
	Floating
	Shaded inlet area
	Velvety surface, lettuce form


Source: Field Photographs Captured by Researcher, 2025



