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ABSTRACT 

 

Different land-use practices in river basins affect the hydrological characteristics, 

water quality and alter the complex biotic and abiotic processes that govern the 

functioning macroinvertebrate communities. Studies utilizing macroinvertebrate 

functional feeding groups to assess the ecological condition of streams in Kenya are 

scarce. This study set out to investigate changes in total abundance, taxon richness 

and biomass of macroinvertebrate functional feeding groups (FFGs) in response to 

land-use change and assess the suitability of abundance- versus biomass-based 

metrics as surrogates of ecosystems attributes and ecological integrity in the Sosiani-

Kipkaren River in western Kenya. A total of 21 sites were sampled during the wet 

season (July-August 2018) and 14 of the same sites during the dry season (February-

March 2019) along a land-use gradient. Four land-use categories; Forest (n = 5), 

Mixed (n = 6), Agriculture (n = 6) and Urban (n = 4) were sampled. 

Macroinvertebrates were collected seasonally, identified, assigned to functional 

feeding groups and used to derive the five metrics utilized as surrogates of ecosystem 

attributes. Water and habitat quality variables were also measured seasonally and their 

data used to correlate with the macroinvertebrates assemblages. There were 

significant (p < 0.05) spatial variation in habitat quality, organic matter standing 

stocks, electrical conductivity, temperature, sodium, potassium and nutrient 

concentrations across land-uses, with forested sites recording lowest values. Forest 

land-use sites had good habitat quality (QHEI Score of 56) while the rest were 

marginal. Macroinvertebrates total abundance was significantly higher (R-statistic = 

0.30, p < 0.007) during the wet season (35,827 individuals) than dry season (7,652 

individuals). Responses in macroinvertebrates differed among functional feeding 

groups, with biomass-based metrics responding more strongly to land-use change 

while richness-based metrics being the least predictive, indicating replacement of taxa 

within functional feeding groups across land-uses. Higher shredder abundance, 

biomass and richness were recorded in forested streams and lowest in urban streams 

during both seasons. Collector-gatherers dominated agricultural streams during both 

the wet and dry seasons, while predators dominated urban streams. Scrapers 

responded positively to increased nutrient levels and open canopy in mixed and 

agricultural streams. Abundance-based metrics were better predictors of ecosystem 

attributes, and displayed greater response to changes in stream size than biomass-

based metrics. There was incongruence between abundance- and biomass-based 

indicators for Production/Respiration and coarse particulate organic matter to the fine 

one. Catchment land-use did not influence metric performance, suggesting that reach 

scale influences played a predominant role in structuring communities and 

determining ecosystem functioning. Even though there is need for more studies to 

refine the metrics used and establish thresholds for the various attributes, this study 

established that there is indeed potency of functional feeding groups approach to be 

used as a means of assessing both the ecological integrity and functioning of 

Afrotropical streams. 
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CHAPTER ONE 

INTRODUCTION  

1.1 Background information  

Despite the fact that tropical rivers and riparian zones are among the most vulnerable 

habitat types on the planet and constitute >50% of Earth’s runoff (Schlunz & 

Schneider, 2000), little is known about how these ecosystems function (Dudgeon et 

al., 2006). Agricultural expansion, urbanization and industrialization, overgrazing, 

mining, water abstraction, hydro-morphological alterations, and untreated wastewater 

discharge are among the common factors that have a negative impact on habitat 

quality, food availability, and the ecological integrity and function of streams and 

rivers (Dudgeon et al., 2006; Ramirez et al., 2008; Carpenter et al., 2011). In order to 

more fully understand the influence of human activities on riverine ecosystem 

structure and functioning globally, and safeguard the myriad ecosystem services 

deriving from streams and rivers, there is a need to develop and validate regional 

decision-support tools for bioindication (Masese et al., 2017; Ko et al., 2020).  

Aquatic macroinvertebrate communities exhibit spatial and temporal dynamics in 

response to changes in abiotic and biotic conditions due to their diverse behavioral 

and structural adaptations for food acquisition and habitats across different taxa (Eady 

et al., 2014). The structural and functional composition of aquatic macroinvertebrates 

have been used as bioindicators of ecological integrity and ecosystem functioning 

(Palmer et al., 2005; O’Brien et al., 2016). However, assessment of ecological 

condition of streams and rivers has mainly relied on the structural composition (Stone 

et al., 2005; Jiang et al., 2010), whereas fewer studies have addressed the 



2 

 

relationships between functional diversity and environmental variables (Cummins et 

al., 2005; Savić et al., 2018).  

Benthic macroinvertebrates are organisms which lack a backbone, are visible to the 

naked eye and are captured in the mesh sizes of 200-1000 micrometres (Rajele, 2004). 

They exist in different habitats ranging from fast flowing mountainous streams to 

slow-flowing muddy waters (Dallas, 2007). These organisms utilize rocks and stones, 

logs, vegetation and soft sediments in aquatic systems as their habitats (Barbour et al., 

1999). They are valuable indicators of the physical wellbeing of aquatic 

bodies because they show a broad range of pollution and disturbance sensitivities 

(Kazanci & Dugel, 2010; Freitas et al., 2012). Natural and human-caused changes in 

stream and river characteristics such as width, depth, substrate type, water velocity or 

discharge, and physico-chemical variables such as dissolved oxygen, water 

temperature, conductivity, salinity, and pH easily alter macroinvertebrates 

composition and distribution (Baptista et al., 2007; Arimoro, 2009; Arimoro et al., 

2011; Masese et al., 2014a). 

Other than the macroinvertebrates ability to indicate both long term and short term 

changes in the system, they are often used for biomonitoring because of their short 

life spans and ease of capture (Rosenberg et al., 2008). Macroinvertebrate 

communities also play an important role in the food webs of riverine ecosystems, as a 

source of food for higher trophic levels such as fish, and are fundamental to stream 

health in that, when classified into functional feeding groups (FFGs) they play vital 

roles in biofilm assimilation, breakdown of leaf litter and other associated materials 

and also as predators and prey (Cummins et al., 2005; Taylor, 2005; Rosenberg et al., 

2008). In general, they have a negative response to physical channel and riparian 
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alterations and disturbances (Resh & Rosenberg, 1993; Taylor, 2005; Rosenberg et 

al., 2008).  

Macroinvertebrate FFGs is a classification system based on behavioral processes of 

food acquisition rather than a taxonomic group (Cummins & Klug, 1979; Merritt & 

Cummins, 1996). Instead of studying hundreds of different taxa, use of FFGs allows a 

small number of individuals from the groups to be studied together based on how they 

function and absorb energy in the stream habitat (Merritt & Cummins, 1996). The 

major FFGs are; Shredders, that utilize on leaf litter or other coarse particulate organic 

matter (CPOM); the grazers, commonly known as scrapers, that eat algae and 

associated material; collector-gatherers (henceforth gatherers), which feed on fine 

particulate organic matter (FPOM) from the stream bottom; collector-filterers 

(henceforth filterers), that consume fine particulate organic matter from the water 

column using various filters; and predators, that consume the other invertebrates 

(scrapers, collectors and shredders) (Cummins & Klug, 1979).  

In streams and rivers, the functional composition of macroinvertebrate assemblages is 

strongly influenced by both catchment-scale and riparian or reach-scale land-use and 

other factors that influence habitat conditions, food quality and quantity (Allan, 2004; 

Jiang et al., 2011; Masese et al., 2014a). Changes in land-use from natural forests to 

agriculture or settlement are a major source of worry around the world because they 

are linked to soil erosion, sedimentation, nutrient enrichment and hazardous chemical 

input into aquatic ecosystems and changes in biological communities (Dudgeon et al., 

2006; Reid et al., 2019). As opposed to previous decades when land transformation 

was mainly for industrial and infrastructural development, land-use change is 

increasingly being driven by cropland farming and livestock grazing, with about 6 
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million km
2
 of forests and grasslands being converted yearly (FAO, 2013). 

Agricultural activities can degrade streams by causing nutrient enrichment through 

fertilizer or manure use (McDowell & Sharpley, 2001), increase sediment input from 

farmlands (Burdon et al., 2013), increase mean water temperature (Benstead & 

Pringle, 2004), alter hydrologic regimes (O’Brien  et al., 2018), and increase pesticide 

inputs (Osano et al., 2003) into streams. Similarly, urban development and its 

associated impervious surfaces can degrade streams through the release of excess 

nutrients, sediments and toxicants (Beasley & Kneale 2002; Walsh et al., 2005), cause 

shifts in temperature regimes and significantly alter basal resources for food webs 

(Walsh et al., 2005; Imberger et al., 2011).  

Seasonality, which is defined in the tropics by rainfall availability and amount, also 

influences habitat conditions, water quality, energetic connectivity between terrestrial 

and aquatic environments, and the abundance and diversity of food resources, all of 

which influence the structural and functional composition of macroinvertebrate 

communities (Bunn & Arthington, 2002; Leigh, 2013). Studies have indicated that 

abundance of macroinvertebrate FFGs increase during the wet/rainy season (Camacho 

et al., 2009, Masese et al., 2014a), while others have shown more abundance and 

richness during the low flows (Jiang et al., 2010, Makaka et al., 2018). During the 

rainy season, increased turbidity is a limiting factor for riverine primary productivity 

and as a result, aquatic consumers ability to absorb algal resources is greatly 

diminished (Junk et al., 1989). During the dry season, however, algal quantity and 

contribution to aquatic food webs are higher, but terrestrial organic matter is more 

essential during the wet season (Zeug & Winemiller, 2008; Roach & Winemiller, 

2015).  



5 

 

Although earlier studies captured in the River Continuum Concept (RCC) (Vannote et 

al., 1980) recognized the utility of macroinvertebrate FFGs as proxies for ecosystem 

attributes and functioning, the past three decades have seen an upsurge in the use of 

species or community functional metrics or traits as surrogates of ecosystem attributes 

and functioning in relation to disturbance gradients (Petchey et al., 2004; Verberk et 

al., 2013; Merritt et al., 2017), such as changes in land-use and loss of riparian 

vegetation (Verberk et al., 2013; Dolédec et al., 2011; Fierro et al., 2017), increased 

amounts of fine sediments (Wagenhoff et al., 2012; Mathers et al., 2017), and as 

indicators of ecosystem condition (Merritt et al., 2017). Thus, without having to 

quantify these attributes independently, the functional composition of 

macroinvertebrates can be utilized as a measure of trophic dynamics and ecological 

status of aquatic ecosystems (Cummins et al., 2005; Makaka et al., 2018; Abdul & 

Rawi, 2019). Macroinvertebrate FFGs are significant both environmentally and 

economically since they reduce the cost of measuring ecosystem attributes, which 

require are usually expensive in terms of time, personnel and 

equipment while providing a limited and short-term perspective of ecosystem 

functioning. 

Studies that have utilized ratios of FFGs as surrogates of ecosystems attributes in 

tropical streams (e.g., Cummins et al., 2005) have relied on metrics developed for 

temperate streams (Merritt et al., 2017). However, because macroinvertebrate FFGs 

have intra- and inter-regional differences in composition (Boyero et al., 2011), these 

metrics must be tested and validated before being used as indicators of ecosystem 

attributes in zones other than the temperate zone where they were developed. For 

instance, several studies in the tropics have reported a limited number of shredder taxa 

in comparison to temperate streams (Yule, 1996; Tumwesigye et al., 2000; Dobson et 
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al., 2002; Makaka et al., 2018), even though a number of other studies have 

documented a diverse shredder guild in headwater streams (Cheshire et al., 2005; 

Yule et al., 2009; Masese et al., 2014a).   

Furthermore, due to the abundance of macroconsumers in tropical streams, such as 

freshwater crabs and shrimps, which also play important roles in organic matter 

processing in detrital food webs (Wantzen et al., 2008; Boyero et al., 2020), there is 

likely to be a disparity in metrics of ecosystem functioning based on 

macroinvertebrate FFGs abundance and biomass between temperate and tropical 

streams. This study therefore did set out to investigate changes in taxon richness, 

numerical abundance and biomass of macroinvertebrate FFGs in response to land-use 

change and assess the suitability of abundance- vs. biomass- based metrics as 

surrogates of ecosystems attributes and ecological integrity in the Sosiani-Kipkaren 

River in western Kenya.  

1.2 Statement of the problem and justification of the study  

Changes in land-use, primarily at the catchment- and reach-scales, have a negative 

impact on the growth rates, abundance, diversity, and the trophic structure of 

macroinvertebrate communities (Raburu et al., 2009; Aura et al., 2011; Masese et al., 

2014a; Oruta et al., 2017). The expansion of agricultural and urban areas, 

overgrazing, mining, abstraction of water for domestic use, deforestation, hydro-

modification, storm sewer and discharge of untreated water as is the case along the 

Nzoia River Basin (NRB) headwater streams are some impacts that affect the riparian 

and water quality and integrity of biotic stream communities (Sangale et al., 2005; 

GEF, 2004; Njiru et al., 2008; Masese et al., 2009).  
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Assessment of water quality and overall degradation has relied for long on the 

measurement of physico-chemical parameters, which is an expensive method and also 

lacks the integrative capacity to inform about the effects of pollutants on biodiversity 

and the ecological integrity of aquatic resources. There is therefore a need to adopt an 

effective and economical (both in terms of money and time) monitoring tool. Earlier 

studies by Benstead & Pringle, (2004), Dudgeon, (2010), Boyero et al. (2011) and 

Ferreira et al. (2012) indicated that the knowledge of macroinvertebrate FFGs in 

tropical streams and rivers is important as it aids in the understanding of the 

functioning of these streams and provides insights on the type of management that is 

required to reduce and/or prevent degradation of these streams. Thus, 

macroinvertebrate FFGs can and have been used for biomonitoring.  

However, there is paucity of information on FFGs classification and application in 

tropical, as opposed to temperate freshwater systems (Masese et al., 2014a). This 

makes it hard to properly implement this approach in many tropical streams. These 

limited studies have utilized temperate models and have not tested the temperate 

ratios on tropical rivers and streams on wider scales and have not established whether 

they work and respond on temporal and spatial dimensions of Afrotropical Rivers. 

Information on the factors that influence macroinvertebrate community structure is 

important not only for basic ecological understanding and biodiversity conservation, 

but also as a model for monitoring, repairing, and sustaining stream ecosystem health 

(Masese et al., 2014a, b).  

Given that the Sosiani-Kipkaren River has undergone gradual physical modifications 

over time, and the resultant habitat and water quality changes may be playing a role in 

influencing its biotic attributes, this study is important to help provide information on 
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FFGs of the Sosiani-Kipkaren on spatial and temporal scales, assess land-use impacts 

on the functional organization of macroinvertebrate communities and employ the 

abundance vs. biomass based ratios as surrogates of ecosystem attributes. The study is 

also important as it is aimed at providing information that will be utilized by the 

Kenyan biomonitoring protocol and aid in bridging the gap in FFGs knowledge 

around East Africa and their potential use in assessing ecological conditions in 

streams and rivers; in line with the attainment of Vision 2030 and Sustainable 

Development Goals (SDGs) on conservation of water resources and protection of the 

environment. 

1.3 Study objectives  

1.3.1 Overall objective  

To assess the spatial and temporal changes in macroinvertebrate functional feeding 

groups along the Sosiani-Kipkaren River and their use as indicators of ecosystem 

attributes.  

1.3.2 Specific objectives  

The specific objectives of this study were to: 

i. Determine spatial and temporal variation in water quality physico-chemical 

variables and habitat quality in the Sosiani-Kipkaren River.  

ii. Determine spatial and temporal patterns of macroinvertebrates diversity, 

composition and biomass in the Sosiani-Kipkaren River.  

iii. Evaluate the influence of water and habitat quality on macroinvertebrates 

diversity, biomass and composition in the Sosiani-Kipkaren River.  
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iv. Investigate whether abundance- vs. biomass-based ratios of macroinvertebrate 

FFGs can be utilized as proxies of ecosystem attributes in Sosiani-Kipkaren River.  

 

1.4 Hypotheses  

HA1: Physico-chemical water quality variables display higher levels in agricultural 

and urban stream categories than in forested streams. 

HA2: The composition of macroinvertebrate FFGs would vary as a result of changes 

in land-use and seasonal variations in flow, water quality and habitat characteristics.  

HA3: The ratios of macroinvertebrate FFGs can be utilized as proxies of ecosystem 

attributes in Sosiani-Kipkaren River. 

HA4: There are differences between abundance- vs. biomass-based ratios of FFGs as 

surrogates of ecosystem attributes in the Sosiani-Kipkaren River because of the 

presence of macroconsumers. 
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CHAPTER TWO 

LITERATURE REVIEW  

2.1 Variation in water and habitat quality in streams and rivers  

While fresh water is about 0.01% of the water on Earth, and covers less than 1% of 

the earth's surface, it is a habitat to a substantial 40% of recognized fish species and 

25% of the known vertebrates (Dudgeon et al., 2006). Some of the world's most 

endangered species are included in the biota connected to these habitats (Amezaga et 

al., 2002). Freshwater habitats have been and remain changed at a higher rate than 

any other ecosystem by anthropogenic land-use change. Regardless of the fact that 

freshwater habitats are very critical, human actions have adversely affected at least 80 

percent of streams (Dudgeon et al., 2006).  

Water quality refers to particular water's physical, chemical and biological 

characteristics for intended use (Bouwer, 2000). Water quality is affected by changes 

in physical and chemical parameters which include: water temperature, dissolved 

oxygen (DO), biological oxygen demand (BOD), salinity, turbidity, phosphates, 

nitrites, chemical oxygen demand (COD), nitrates, electrical conductivity, pH and 

heavy metals (Wilhm & Dorris, 1968). The Environmental Management and 

Coordination Act (EMCA) of the Environmental Act of 1999 in Kenya specifies the 

maximum values of water quality criteria that can be used for domestic use as; 

Nitrates 10 mg/L, Ammonia 0.5 mg/L, Nitrites 3 mg/L, Total dissolved solids (TDS) 

1200 mg/L, Total suspended solids (TSS) 30 mg/L, Phosphates 30 mg/L and 

Aluminium 5 mg/L (Kenya Gazette, 2006; NEMA, 2006; KEBS, 2015).  

As is the case in Kenya, most parts of Africa and other developing countries, people 

have continued to live near streams and rivers in order to obtain water for their 
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everyday needs, leading to contamination of these water bodies (Minaya et al., 2013; 

Masese et al., 2009, 2014a), so as is the case along the Sosiani-Kipkaren River. The 

discharge of organic and inorganic materials or contaminants into a water body 

frequently affects water quality, causing changes in the biotic community (Arimoro et 

al., 2007; Raburu et al., 2009; Aura et al., 2011; Arimoro et al., 2011; Masese et al., 

2014a).  

Habitat quality is important in that clearing of forests and riparian vegetation within 

stream catchments has led to changes in; resource base, flow and channel 

characteristics, sediment regime and producing homogeneity in habitats and instream 

characteristics (Allan, 2004). As a result of the increased surface runoff and river 

sediment loads, ecological changes such as smothering of littoral habitats, clogging of 

river bed, and floodplain aggravation have occurred (Dudgeon et al., 2006). Riparian 

areas are important for aquatic environment maintenance and regulation (Naiman et 

al., 2005). Availability of riparian vegetation acts as sediment barrier in streams, 

assisting in the maintenance of water quality and the provision of allochthonous 

resources (leaves from forest cover) which is essential for the maintenance of energy 

flow and stream balance (Mathooko & Kariuki, 2000; Dobson et al., 2002).  

Because they may be found in all but the most severely contaminated or disturbed 

habitats and have a wide range of contamination tolerances across various taxa, 

benthic macroinvertebrates are effective indicators of water quality (Allan, 2004). 

Even though natural alterations are an important aspect of freshwater ecosystems, in 

the recent past, there is growing scientific evidence of their increasing severe effects 

on stream macroinvertebrate communities (Hawkins et al., 2015). According to 

studies on headwater streams, biological communities in most habitats can be 
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described as creating a temporal sequence of synchronized species replacement (Hepp 

et al., 2016).  

River ecosystem stability can be viewed as a tendency to reduce fluctuations in the 

flow of energy while keeping community structure and function in the face of 

environmental changes. This implicitly combines stability of the community (Masese 

et al., 2014a) with the physical system's instability. In ecosystems with a highly stable 

physical structure, biotic diversity may be low, but total flux ecosystem stability may 

still be retained, while on the other hand, systems with a lot of physical variability 

may have a lot of species variety or at least a lot of species complexity, which helps to 

maintain stability (Vannote et al., 1980).  

The quality of water resources is intensely deteriorating on a daily basis in many 

places and this is one of the biggest problems people are facing along the Nzoia River 

headwaters mainly caused by deforestation and utilization of catchment and riparian 

areas for agricultural (Sugar cane, maize, livestock and vegetables) activities and 

urbanization (Eldoret, Turbo and Kipkaren) (GEF, 2004; Masese et al., 2009; Aura et 

al., 2011). The Nzoia River Basin has been reported to have high amounts of 

phosphates, nitrates, and prohibited substances such as aldrin, dieldrin, and DDT in its 

water, which has been linked primarily to agricultural activities (Osano et al., 2003; 

Twesigye et al., 2011). Moreover, nutrients from surface runoff, such as nitrates, 

phosphates, and total organic carbon, are a primary cause of eutrophication in Lake 

Victoria, resulting in large algal blooms, water hyacinth infestation, and oxygen 

depletion in the water (Okungu & Opango, 2005). Therefore, this study was set to 

look at physical, chemical and biological parameters dependent on the water and 

habitat quality and how the variability in water and habitat quality in turn influences 
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macroinvertebrates structural and functional composition, diversity and biomass along 

the Sosiani-Kipkaren River.  

2.2 Macroinvertebrates structural and functional composition  

A river's ecological integrity is defined as its ability to support and maintain a 

balanced, integrated, and adaptive composition of physico-chemical characteristics 

with a biological community on a spatio-temporal scale comparable to those of a 

natural aquatic ecosystem in the region (Taylor et al., 2005). The fundamental benefit 

of using a biological approach (such as macroinvertebrates) is that it examines 

organisms that are constantly exposed to pollution. As a result, species found in 

riverine ecosystems reflect both the current and previous history of the system's water 

quality, enabling for the detection of perturbations that would otherwise go unnoticed 

(Taylor et al., 2005).  

Macroinvertebrates are mainly used in biomonitoring because of their advantageous 

characteristics which include; their diversity (taxonomically and trophically), 

abundance, low mobility (good indicators of localized conditions), suitable lifespans, 

ability to show responses to many pollution types and pollution levels, ability to 

provide information about cumulative and synergistic pollution effects, ease and low-

cost of collection, ease of identification to family-level, importance in food webs, and 

the considerable amount of background information that is available (Resh et al., 

1995, Pavluk et al., 2000, Wenger et al., 2009). In terms of their functional 

importance, benthic macroinvertebrates aid in the breakdown of CPOM, FPOM, 

microbes, diatoms, macrophytes, and other invertebrates, as well as constitute a major 

food source for other invertebrates, fishes, and waterfowl (Vannote et al., 1980, 

Pavluk et al., 2000).  
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Functional classification of macroinvertebrates (FFGs) is a classification centered on 

morpho-behavioral mechanisms employed by macroinvertebrates to obtain food stuff 

(Cummins & Klug, 1979). Macroinvertebrate FFGs classification offers the advantage 

of combining both morphological characteristics such as mouth part specialization 

and behavioral mechanisms such as food acquisition when consuming resources 

(Cummins et al., 2005). This method of classifying organisms enriches the 

understanding of trophic dynamics in aquatic systems by simplifying the benthic 

community into trophic guilds (Merritt & Cummins, 1996, 2006). When assigning 

macroinvertebrates to functional feeding groups, knowledge of macroinvertebrates 

numerical abundance and biomass along the rivers and streams is important for 

determining the effects of land-use change and riparian alterations (Baptista et al., 

2007; Masese et al., 2014a). Masese et al. (2014a) noted that the duty to allocate 

macroinvertebrates to FFGs is not clear and is generally problematic in some cases, 

especially when the assignment isn't backed up by information on feeding patterns 

and mouthparts morphology. 

Assignment of macroinvertebrates into FFGs is mainly through gut content analysis 

and mouth part morphology, though, with a few exceptions, most studies around the 

tropics assign FFGs using available literature (Merritt & Cummins, 1996; Graca et al., 

2001; Dobson et al., 2002; Polegatto & Froehlich, 2003; Molina, 2004; Cheshire et 

al., 2005, Masese et al., 2014a). There is little or no information of macroinvertebrate 

FFGs in many tropical streams (Boyero et al., 2009, Masese et al., 2014a). Other than 

relying on the already existing literature, most studies and research in these tropical 

streams and rivers also do use temperate models while assigning FFGs bringing a 

major question of whether ecological models created for temperate streams are 
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applicable to their tropical counterparts (Masese et al., 2014a). This therefore 

necessitates the need for proper assignment of macroinvertebrates into FFGs.  

For some taxa, this method has worked, but not all, because some closely related 

species in different regions have distinct diets. Furthermore, some species exhibit 

food ontogenic shifts while some have a variety of diets to be ascribed to a single 

FFG (Cheshire et al., 2005, Masese et al., 2014a). However, several efforts to 

advance the knowledge of the feeding ecology of tropical macroinvertebrates have 

been made; including: (Dobson et al., 2002, Tomanova et al., 2006, Boyero et al., 

2009; Chará-Serna et al., 2010, Masese et al., 2014a). These studies used gut content 

analysis in conjunction with mouth part morphology to look at diet composition, 

trophic stages, and FFGs. 

Macroinvertebrate community abundance, biomass and diversity can be used to assess 

ecological changes and impacts that might occur due to the change in land-use. 

Several studies have found a link between land-use and macroinvertebrate 

assemblages, with the total percentage of taxa and proportions of groups such as 

Ephemeroptera, Plecoptera, and Trichoptera (EPT) decreasing while Oligochaeta and 

Diptera increasing as pollution and variations in river quality increase (Raburu, 2003; 

Dudgeon, 2006; Raburu et al., 2009; Masese et al., 2009; Masese et al., 2014a). 

Therefore this study was set to investigate structural and functional composition, 

diversity and distribution of macroinvertebrates across different land-use sites from 

the less disturbed upper reaches of the river at Kaptagat forest to the more impacted 

mid (towns) and lower reaches of agricultural (large scale maize and sugar cane 

plantation) land-uses so as to investigate how the community structure changes with 
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change in human activities along the riparian and catchment scales as potential 

candidates for bioindication.  

2.3 Water and habitat quality on macroinvertebrates diversity, biomass and 

functional composition 

Macroinvertebrates are the most common bioindicators in aquatic ecosystems because 

of their valuable characteristics such as; broad diversity of species with varying levels 

of tolerance to disturbance, high abundance, low mobility (good indicators of 

localized conditions), long lifespans which offers the ability to provide information 

about cumulative and synergistic effects of pollution, ease of collection and 

identification to family level, and the considerable amount of background information 

that is available (Barbour et al., 1999; Resh, 2008). To ease their use in bioindication, 

macroinvertebrates have been divided into functional feeding groups (FFGs) based on 

behavioural and physiological mechanisms for food acquisition and habitat use 

(Cummins & Klug, 1979; Merritt & Cummins, 1996).  

Because of the varied environmental and food requirements, macroinvertebrate FFGs 

have been used as both indicators of ecological status and ecosystem functioning 

(Vannote et al., 1980; Merritt & Cummins, 1996, 2006). However, the use of FFGs 

for biomonitoring aquatic ecosystems in the tropics has received a number of 

challenges, notably lack of keys and schema for classifications (Masese et al., 2014a; 

Buss et al., 2015). As a result, most studies have used temperate keys and guides to 

identify and classify macroinvertebrates into FFGs, sometimes with misleading 

outcomes (Camacho et al., 2009). 

Despite the challenges of using macroinvertebrates as indicators of ecological 

condition and ecosystem functioning in tropical streams, many studies have used 
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structural responses of communities to develop indices for bioindication (e.g., 

Dickens & Graham, 2002; Aschalew & Moog, 2015; Kaaya et al., 2015). Some of the 

factors that influence macroinvertebrate community composition in streams and rivers 

include seasonality in flow conditions and land-use change (which inturn affects the 

water and habitat quality) or human-induced disturbances (Collier & Quinn, 2003; 

Cooper et al., 2013). The diversity, abundance and biomass of FFGs reflect a 

combination of seasonally varying factors including water quantity (flow velocity and 

discharge) and quality, habitat or biotope suitability and availability for different taxa, 

and the relative abundance of autochthonous and allochthonous food resources 

(Junker & Cross, 2014; Entrekin et al., 2020).  

Seasonal variation in taxon richness, abundance and biomass largely rely on 

biological traits of the organisms (Beche et al., 2006). Collector-gatherers (generalist 

feeders) tend to be abundant both during the wet and dry seasons (Masese et al., 

2014a), whereas more specialised feeders such as shredders are dependent upon 

seasonal availability of coarse particulate organic matter (litter fall), and thus may 

exhibit strong seasonality in abundance (Bogan & Lytle, 2007). Similarly, collector-

filterers distribution can vary with season (Bogan et al., 2013), as they require specific 

flow conditions to acquire food from the water column, both of which can vary 

seasonally. Because of its impact on basal food resources through disruption of 

allochthonous resource subsidies, decreased stream shading and increased 

sedimentation and water temperature, changes in water and habitat quality have a 

significant impact on macroinvertebrate FFGs diversity (Lorion & Kennedy, 2009; 

García et al., 2017; Masese et al., 2018; Mwaijengo et al., 2020).  
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Studies have shown that some shredder taxa are restricted to cooler and shaded 

forested streams, while FFGs that are tolerant to poorer water quality and habitat 

degradation (Yule et al., 2009; Masese et al., 2014a), such as collectors, can be more 

widespread (Masese et al., 2009a; Buss et al., 2015). Comparatively, forested streams 

have a higher taxon richness of macroinvertebrates compared to adjacent streams 

under other uses, such as agriculture or grazing (Minaya et al., 2013; García et al., 

2017; Fugère et al., 2018). Watershed urbanization also negatively affects 

macroinvertebrate biomass and community structure, through changes in water 

quality and basal food resources (Lawrence & Gresens, 2004; Sterling et al., 2016; 

Alberts et al., 2018).  

Understanding the effects of water and habitat quality on streams and rivers is an 

overarching objective for the management and conservation of riverine ecosystems. 

Because freshwater ecosystems are important not only to conservation, but to 

economics and culture as well, the effects of their alteration on their structure and 

functioning are of great interest (Dudgeon et al., 2006; Vörösmarty et al., 2010). In 

concert with the increasing rate of land-use and land cover changes and human 

population growth on tropical catchments (López-Carr & Burgdorfer, 2013), there is a 

need for a concomitant increase in knowledge on the impacts of these developments 

on biodiversity, water resources and ecosystem functioning (Dudgeon et al., 2006; 

Ramírez et al., 2008).  

Data on macroinvertebrate functional organization in Afrotropical streams and rivers 

will aid in deeper understanding of organic-matter processing, trophic interactions, 

and management actions required to prevent ecosystem degradation (Dudgeon et al., 

2010; Boyero et al., 2011; Ferreira et al., 2012; Fugère et al., 2018). This study 
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therefore set out to investigate how land-use change from forestry to rural settlements, 

urbanization and farmlands influence water and habitat quality in streams and rivers 

and the ensuing responses in the functional organization of macroinvertebrate 

assemblages.  

 

2.4 Spatio-temporal trends in macroinvertebrate FFGs as surrogates of 

ecosystem attributes  

Food availability has a significant impact on the distribution of FFGs along streams 

and rivers, as well as seasonal variations in the structure of macroinvertebrates in 

habitats (Allan, 1995; Towsend et al., 1997). Both living and detrital food bases are 

continually processed in natural stream systems, but there is usually a seasonal shift in 

the relative importance of autotrophic production vs. detritus loading and processing. 

Trophic measures are proxies for complicated processes including trophic interaction, 

production, and the availability of food sources (Merritt et al., 2002). Numerous 

studies, like Vannote et al. (1980), have indicated that the patterns of FFG distribution 

in aquatic systems are connected to the environmental gradient, and this is being 

utilized in several water quality systems (Pavluk et al., 2000).  

The nature of macroinvertebrate distribution provides information on the types of 

ecological processes that regulate assemblage structure (Tumwesigye et al., 2000; 

Raburu et al., 2009). Riparian vegetation, which inhibits autotrophic production via 

shading of the stream and generates substantial volumes of allochthonous detritus, has 

a significant impact on the functioning of many headwater streams. As stream size 

increases, terrestrial organic supply becomes less important, while autochthonous 

primary production and organic transport from upstream become more important 
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(Merritt & Cummins 2006). This shift from headwaters (which rely on terrestrial 

inputs) to medium-sized rivers (which rely on algal or rooted vascular plant 

production) is hypothesized to be indicated in a shift in the gross primary productivity 

to community respiration ratio and is usually dictated by the degree of shading 

(Minshall, 1978).  

The river continuum concept (RCC), Vannote et al. (1980), hypothesized that food 

resources would shift with stream size, and that the FFGs would reflect changes in the 

types and locations of food resources as stream size increased (Plate 1). This concept 

was developed in the context of undisturbed, natural stream ecosystems in the 

temperate region and its application to tropical systems has shown mixed results, 

some negative (Yule, 1996; Tumwesigye et al., 2000), and others more positive 

(Dudgeon, 1984; Marchant et al., 1985; Greathouse & Pringle, 2006; Tomanova et 

al., 2006; Jiang et al., 2011).  

River morphology, hydrologic aspects and the importance of riparian vegetation 

change along the upstream-downstream gradient usually shape the biological 

communities. The upstream reaches of the river are dominated by the shredders which 

break large leaves from coarse particulate organic matter (CPOM) to fine particulate 

organic matter (FPOM). In the middle river reach the functional feeding group is 

predominated by the grazers/ scrapers which tend to feed on the available algal 

material and diatom and the functional composition changes from shredders to 

collectors as the energy input changes downstream. The collectors are further 

categorized into collector-filters and collector-gatherers. The downstream river reach 

is dominated by the collectors and predators (Plate 1).  
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Plate 1: The river continuum concept (RCC) by Vannote et al., 1980 

Proportions of the various macroinvertebrate FFGs can be utilized as indicators of 

stream ecosystem attributes (Vannote et al., 1980; Merritt et al., 2002). This makes 

FFGs ecologically and economically important as they save on measurements of the 

ecosystem characteristics that need huge input in terms of time and equipment and 

provide only a small view of ecosystem functioning (Merritt & Cummins, 1996, 2006; 

Cummins et al., 2005; Table 1).  
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Table 1: Ratios of macroinvertebrate FFGs as indicators of ecosystem attributes (Cummins et al., 2005) 

Ecosystem Parameter/Attribute Symbols 

Functional Feeding Group 

Ratios Threshold Ratio  

Autotrophy  to Heterotrophy P/R Scrapers to (Shredders + Total 

Collectors) 

Autotrophic>0.75 

Coarse particulate organic matter 

(CPOM) to Fine particulate organic 

matter  

(FPOM) 

CPOM/FPOM Shredders to Total Collectors Normal shredder linkage 

with functioning riparian 

>0.25 

FPOM in transport (Suspended) to 

FPOM in storage (Deposited in Benthos) 

TFPOM/BFPOM Filtering collectors to Gathering 

collectors 

FPOM Transport greater 

than normal FPOM loading 

in suspension >0.50 

Substrate (Channel) Stability Stable Channel  

(Scrapers + Filterers) to 

(Shredders + Gatherers) 

Stable Substrate Plentiful 

>0.50 

Top-Down Predator Control Top-Down Control Predators to Total of all other  

groups 

 Normal predator Prey 

Balance 0.10-0.20 

NB: P =Primary Production, R = Respiration 
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Despite the fact that macroinvertebrates are effective surrogates for ecosystem health 

and functioning, many tropical streams have inadequate information on functional 

composition, making this technique challenging to use (Boyero et al., 2009; Masese et 

al., 2014a). There is still paucity of information about macroinvertebrate FFGs of 

Kenyan streams for them to be fully used as surrogates of ecosystem attributes. 

Therefore, this study examined macroinvertebrate FFGs of the Sosiani-Kipkaren 

River a moderately disturbed river with diverse land-uses along temporal (wet and dry 

seasons) and spatial (land-use and longitudinal) scales and employed the FFG ratios 

as surrogates of ecosystem attributes. 
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CHAPTER THREE 

MATERIALS AND METHODS  

3.1 Study area  

This study was conducted in the Sosiani-Kipkaren River, a tributary of the Nzoia 

River in Lake Victoria basin (LVB), Kenya. The river originates in the Kaptagat 

Forest, which is part of the larger Mau Forest Complex in the Kenyan Rift Valley. 

Geographically, the basin which is situated between latitudes 1
0
 30’N and 0

0
 05’S and 

between longitudes 34
0
 and 36

0 
45’E has a catchment area of 12,709 km

2
 and is 334 

km long from the source to the mouth in Lake Victoria (Engineers, 2002). It is located 

at an altitude of 1134m asl at Lake Victoria to the highest level at the peak of Mt. 

Elgon at 4,316 m asl. The climate of the area is mainly tropical humid, with mean 

annual rainfall ranging from 900 to 2200 mm and temperature ranging from 13 °C to 

25 °C which varies strongly with elevation. The annual rainfall pattern is bimodal, 

with long rains between March and June, and short rains from September to 

November (Nyadawa & Mwangi, 2011). 

The Nzoia River catchment serves approximately 3.5 million people with an average 

population density of 190-persons/ km
2
 (GEF, 2004). The catchment area is 

characterized by forest cover at its upper reaches which transits to small and large-

scale agriculture, settlements (rural and urban), grazing, urbanization and industrial 

activities. Agriculture both commercial and subsistence is the source of livelihood for 

a large proportion of the basin’s population. On a commercial scale the communities 

practice large scale farming of maize which are the grain baskets of the country and 

sugar cane farming though production has dramatically reduced in the recent years 

owing to the instability of the sugar mills within the region. Others commercial 
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activities include tea farming and livestock keeping that ranges from small to large 

scale. On a subsistence scale the communities plant cabbages, potatoes, beans, kales, 

as well as keeping of donkeys and bees. Communities also abstract water from the 

river for irrigation and domestic chores as well utilizing the river as animals watering 

points and motor washing points. These land-use activities within the catchment 

potentially contribute to water quality deterioration and modifications of in-stream 

habitats. 

3.2 Study design  

Study sites were grouped into four categories characterized by catchment or riparian 

land-use, and reach-scale human influences: forested, agricultural, mixed and urban. 

Based on the Digital Elevation Model of Kenya (90 m by 90 m) produced using data 

from the Shuttle Radar Topography Mission, catchments were delineated and the area 

of each land-use category upstream of each sampling site was calculated. Forested 

sites, were sites that had a riparian zone that was > 60% forest and the catchment area 

upstream of the site had > 60% forest, shrublands or grasslands cover. Agricultural 

sites, had a riparian zone with > 60% agriculture and the catchment area upstream of 

the site with ˃ 60% crop cover. Urban sites were located in urban areas within Eldoret 

City and its outskirts, with > 60% human settlements and other developments along 

the riparian zone. Mixed sites were those with varied percentages of the two primary 

land-uses; forest and agricultural, with none exceeding 60% areal coverage in the 

riparian zone and catchment areas (Masese et al., 2014b).  

A total of 21 sites [Forested (n = 5), Mixed (n = 6), Agricultural (n = 6) and Urban (n 

= 4)] were sampled during the wet season. Due to logistical constraints, only 14 of the 
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same sites [Forested (n = 3), Mixed (n = 5), Agriculture (n = 2) and Urban (n = 4)] 

were sampled during the dry season (Figure 1).  

 

Figure 1: Location of sampling sites along the Sosiani-Kipkaren River, Kenya 

The sampled sites traverse stream-size and land-use gradient from the forested upper-

reaches, through the mixed, agricultural and urban middle reaches to the lower 

reaches that were largely agricultural (Table 2; Plate 2).  
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Table 2: Site groups, sites, elevation, GPS coordinates, and the dominant characteristics of the sites at the various site categories 

Site group Sites Stream 

Order 

Elevation 

(m) 

Location 

(Latitude, Longitude) 

Characteristics 

Forested Elseti upstream 1 2493 0° 16’ 10’’N, 35° 30’ 

32’’E 

-Forested catchment with > 

60% under forest 

-Riparian zone intact with 

>70% instream canopy cover 

-Water clear with stony 

substrate 

-No major human activity 

Chepkoilel River 

upstream 

2 2447 0° 25’ 59’’N, 35° 29’ 

29’’E 

Sabor at Chebolei Bridge 2 2246 0° 27’ 08’’N, 35° 24’ 

17’’E 

Kipsinende River 2 2232 0° 27’ 13’’N, 35° 23’ 

31’’E 

Kipsenganyi upstream 3 2433 0° 22’ 22’’N, 35° 28’ 

56’’E 

Agriculture Chepkoilel River at 

Turbo Bridge before 

confluence 

4 1806 0° 37’ 48’’N, 35° 03’ 

38’’E 

-Agricultural catchment with > 

60% under agriculture 

-Riparian zone less intact with 

agricultural activities along the 

banks 

-Mucky water with a lot of 

sedimentation 

-Some other human activities 

include water abstraction, 

bathing, washing clothes, 

animal grazing and small scale 

fishing and sand harvesting  

Sosiani River at Turbo 

before confluence 

4 1805 0° 37’ 29’’N, 35° 03’ 

25’’E 

Kipkaren at Kipkaren-

Sosiani confluence 

5 1697 0° 35’ 10’’N, 35° 00' 

21''E 

Sosiani at Kipkaren-

Sosiani confluence 

5 1700 0° 35’ 20’’N, 35° 00’ 

18’’E 

Sosiani-Chep confluence 

at Turbo 

5 1798 0° 37’ 46’’N, 35° 03’ 

04’’E 

Kipkaren River at 

Kipkaren Bridge 

6 1651 0° 36’ 24’’N, 34° 57’ 

53’’E 

Mixed Cheboen upstream 1 2558 0° 17’ 05’’ N, 35° 32’ 

28’’ E 

-Located in agricultural 

catchment but agriculture and 

forest both are less than 60% 

-Agricultural practices at the 
Naiberi River at Sisibo 

Bridge 

3 2227 0° 27’ 08’’N, 35° 24’ 

17’’E 
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Kapsenegerute 3 2292 0° 25’ 37’’N, 35° 25’ 

48’’E 

catchment but some with intact 

riparian zones. 

-Some with banks with 

undercuts. 

-Used for water abstraction for 

domestic use and animal 

watering points 

-Sugar and paper industries 

along the river 

-Mixed canopy of both 

indigenous and exotic trees 

Mlango tributary  4 2065 0° 24’ 46’’N, 35° 13’ 

38’E 

Kipkaren River at 

Airport 

4 2014 0° 23’ 34’N, 35°11’ 

58’’E 

Ngara falls river 3 2015 0° 23’ 36’’N, 35° 11’ 

55’’E 

Urban Sosiani  at Nairobi 

Bridge 

4 2105 0° 29’ 52’’N, 35° 18’ 

10’’E 

-Located in urban centres with 

human settlement 

-Eroded banks with undercuts 

with overhanging litter and litter 

deposits in the stream (plastic 

bags and bottles) and town 

sewage discharge  

-Greenish turbid smelly water 

-Some other human activities 

include; agriculture activities on 

the banks( maize and kales), 

burning and clearing of bushes, 

water abstraction and animal 

grazing grounds and watering 

points  

Sosiani at Elgon View 4 2080 0° 30’ 26’’N, 35° 17’ 

03’’E 

Sosiani River Sokoni 4 2064 0° 30’ 56’’N, 35° 16’ 

17’’E 

Sosiani River at Mille 4 4 1972 0° 32’ 38’’N, 35° 13’ 

13’’E 
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CHEPKOILEL (FOREST LANDUSE) SABOR (FOREST LANDUSE) 

KIPKAREN (MIXED LANDUSE) KIPKAREN (MIXED LANDUSE) 

KIPKAREN (AGRICULTURE LANDUSE) KIPKAREN (AGRICULTURE LANDUSE) 

SOSIANI (URBAN LANDUSE) SOSIANI (URBAN LANDUSE) 
 

Plate 2:  Different stream sections in the four land-use categories (Forest, Mixed, 

Agriculture and Urban) along the Sosiani-Kipkaren River 
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3.3 Variation of Water and Habitat Quality  

3.3.1 Water physico-chemistry  

Sampling was done twice; during the wet season (July-August, 2018) and during the 

dry season (February-March, 2019) with the wet season being sampled during the 

short-light rains. At each sampling site, before sampling of macroinvertebrates, 

several variables were recorded in situ by directly inserting a YSI multi-probe water 

quality meter (556 MPS, Yellow Springs Instruments, Ohio, USA) into the stream. 

Some of the variables measured included; water temperature, dissolved oxygen 

concentration (DO), pH as well as electric conductivity (EC). For nutrient analyses, 

Duplicate filtered water samples were taken per site in acid-washed HDEP bottles, 

instantly fixed with sulphuric acid, and stored in a cooler before being transported to 

the laboratory, where they were stored at 4 
o
C before analysis. A total of 70 water 

samples were collected; 42 samples during the wet season and 28 samples during the 

dry season. For total suspended solids (TSS) and particulate organic matter (POM), at 

each sampling site, Known volumes of water samples were filtered through pre-

combusted Whatman GF/F; Glass fiber filters of 0.42mm thickness, 0.7 μm pore size 

and 47mm diameter. The GF/F filters holding the suspended matter were wrapped in 

aluminium foil and stored in a cooler box before being transported to the University 

of Eldoret laboratory for processing. 

3.3.2 Nutrients and cations laboratory analyses 

Standard colorimetric procedures (APHA, 2005) were used in the lab to analyze the 

water column nutrients. The soluble nutrients; nitrites (NO2), soluble reactive 

phosphorous (SRP), nitrates (NO3), and ammonium (NH4) were analyzed from 
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filtered water samples. The ascorbic acid technique was used to analyze the SRP, with 

absorbance being read at a wavelength of 885 nm (APHA, 2005). The salicylate 

method was used to analyze NO2 and NO3, with the spectrophotometric absorbance 

being read at a wavelength of 543 nm (APHA, 2005). The reaction between sodium 

salicylate and hypochlorite solutions was used to analyze NH4 with the 

spectrophotometric absorbance of the treated sample being read at a wavelength of 

655 nm (APHA, 2005). Cations (Sodium (Na) and Potassium (K)) were determined 

using flame atomic absorption spectrometry (FAAS), detected at 589.0nm and 766.5 

nm, respectively. The nutrients and cations concentrations were determined using 

equations generated from the standard calibration curves obtained from 

the absorbance values. 

3.3.3 TSS and POM determination  

GF/F filters with embedded sediments were dried at 60 ºC for 72 hours to attain 

constant weight. The filters were then re-weighed using an analytical balance and 

subtracting the filters weight for TSS determination.  

TSS (mgL-1) = ((A – B)/V) * 106………………………………………Equation 1  

Where: A = mass of filter + dried residue (g), B = dry mass of filter (g), and V = 

volume of sample filtered (L).  

The filters were then ashed at 450 ºC for 4 hours in a muffle furnace and re-weighed 

for the determination of POM as the difference between TSS and ash-free-dry 

mass/weight.  

Equation: POM (mgL-1) = ((C-B)/V) * 106………………………………Equation 2  

Where: B = dry mass of filter (g), C = Weight of ashed filter (g) and V = volume of 

sample filtered (L).  
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3.3.4 Measuring of stream and habitat variables, and organic matter  

At each sampling site, reach characterization was done by measuring the width of the 

stream, depth of the water, flow velocity and stream discharge along a reach. A 

measuring tape was used to determine stream width while a 1-m ruler was used to 

measure water depth at a number of points determined by channel shape and width 

along the river reach. Velocity was measured using a mechanical flow meter (General 

Oceanics; 2030 Flow meter, Miami, Florida) while discharge was calculated using 

velocity–area method (Wetzel & Likens, 2000).  

Discharge (Q) = River cross-sectional area (A) × Velocity (v)…………….Equation 3  

Riparian and in-stream habitat assessment was also done at each site qualitatively to 

determine habitat quality and diversity using the Qualitative Habitat Evaluation Index 

(QHEI) adopted from Rankin (1995) and modified for the LVB (Masese et al., 2009b; 

Raburu & Masese, 2012) (Appendix 3). Habitat quality variables assessed included; 

substrate, instream cover, channel morphology, riparian zone and bank erosion and 

pool/glide and riffle/run quality, and at each point the percentage of substratum at 

each biotope was also estimated. The overall QHEI score is obtained as a summation 

of the aforementioned variables and it categorizes sites into three condition 

classes/levels; > 67.5 the habitat quality is excellent or very good, 52.5-67.5 it is good 

and <52.5 the habitat is described as marginal or poor.  

For each site, the percentage of streambed covered by different substrate types was 

estimated for each biotope sampled for invertebrates. A biotope was divided into nine 

sub-sampling units of similar size, and counting the number of units occupied by 

various types of substrates. The dominant substratum was the particle size (boulders, 

cobbles, pebbles, gravel, sand and mud) that made up 50% or more of the streambed 
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surface within the quadrat when classified according to a modified Wentworth scale 

into one of the size classes (Mykrä et al., 2007). Data on water depth and velocity 

were also collected for each sampled biotope.  

In addition to substrate types, the biomass (standing stock) of course particulate 

organic matter (CPOM), was estimated by collecting CPOM samples in triplicates 

from each sampling site using a quadrat (0.5*0.5 m2) and placed in zip lock bags for 

transportation to the laboratory for processing. The CPOM collected was mainly 

composed of sticks, leaves, seeds, fruits and flowers. Percentage coarse particulate 

organic matter (% CPOM) was determined as the % coverage of the CPOM in the 

stream bed. In the laboratory, the CPOM was dried at 68°C for 48 h to constant 

mass and different fractions (leaves, sticks, seeds, fruits, and flowers) were weighed 

separately with a Sartorius balance to the nearest 0.1 mg (SECURA224-1ORU; 

Sartorius, Goettingen, Germany). The CPOM standing stock biomass was determined 

as the summation of the dry weight of the various fractions (Masese et al., 2014a).  

3.4 Macroinvertebrates sampling and processing  

3.4.1 Macroinvertebrates sampling  

Macroinvertebrate sampling was conducted using a semi-quantitative kick-net 

sampling method (Dickens & Graham, 2002). Three major biotopes were delineated 

and sampled within each site: 1) GSM: gravel, sand and mud; (2) STONES: bedrock, 

boulders, cobbles and pebbles, either under flowing or non-flowing conditions; (3) 

VEG: submerged and marginal vegetation (Masese et al., 2021). The sampling 

process involved kicking/ disturbing the benthos an area of approximately 1 m
2
 

upstream of the kick net (500-μm mesh size), so that water current can wash the 

dislodged macroinvertebrates into the net. Three replicates per biotope were collected 
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where kicking was carried out on for about a 1 minute per biotope. Larger substrate 

such as boulders and cobbles were disturbed by hand and washed into the net. 

Macroinvertebrate samples per biotope were preserved in 75% ethyl ethanol for 

further processing in the laboratory. 

3.4.2 Macroinvertebrates sorting and identification  

Macroinvertebrates samples were washed in running water in sieves (from 500μm) 

and transferred into sorting trays where they were counted and identified mainly to 

the genus level, with the aid of identification keys (Day et al., 2002 a, b; de Moor et 

al., 2003a, b; Stals & de Moor 2007; Merritt et al., 2008; Appendix I & II). 

Macroinvertebrates biomass was then determined by oven drying the 

macroinvertebrates at 103 
o
C for four hours and thereafter weighed using an analytical 

balance (Sartorius, Secura 124-1S, 0.0001g) (Mason et al., 1983).  

Macroinvertebrate FFGs richness was obtained as the number of/count of species 

belonging to the different FFGs in the different land-use types while numerical 

abundance was determined as the number of individuals per species in the different 

FFGs.  

3.4.3 Allocation of macroinvertebrate FFGs  

Allocation of FFGs was done using the literature (Merritt & Cummins, 1996; Graca et 

al., 2001; Dobson et al., 2002; Polegatto & Froehlich, 2003; Molina, 2004; Masese et 

al., 2014a). Surrogates of ecosystem attributes were derived from ratios of the various 

FFGs (Vannote et al., 1980; Merritt et al., 2002; Cummins et al., 2005) as:  

i. Autotrophy vs. heterotrophy (production/respiration [P/R]) index which was 

determined as the scrapers to (shredders + total collectors) ratio; 
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ii. Linkage between stream food webs and allochthonus inputs; coarse particulate 

organic matter and fine particulate organic matter (CPOM/FPOM) index was 

calculated as the ratio of shredders to total collectors;  

iii. The ratio of predators to prey (total of all other groups) was used to calculate the 

top-down control index; 

iv. The filterers to gatherers ratio was used to determine the transport fine particle 

organic matter and benthic fine particulate organic matter (TFPOM/BFPOM) index;  

v. Scrapers + Filterers: Shredders + Gatherers ratio was used to determine the stable 

channel index.  

3.5 Statistical analyses  

Statistical analyses were performed with R version 3.3.3. (R Development Core 

Team, 2017), using the packages vegan (Oksanen et al., 2013), sem (Fox, 2006), and 

deSolve (Soetaert et al., 2010). Figures were created in SigmaPlot (Version 12), MS 

Office Excel (2016) and R version 3.3.3 (R-Development-Core-Team, 2017).  

Descriptive statistics (means ± standard deviation) and plots were used to present 

spatial and temporal variation in water and habitat quality variables at different site 

categories.  

Two-way analysis of variance (ANOVA) was used to test for differences in physico-

chemical and habitat variables among land-uses (forested, mixed, agricultural, and 

urban) and seasons (dry and wet) with land-use and seasons as main factors and land-

use × season interaction term. Where there were no significant seasonal differences, 

data were pooled and one-way ANOVA used to test for differences among land-uses 

followed by Tukey multiple post hoc comparisons of the means. Prior to analysis 
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count data were log (x+1) transformed while the rest of the response variables were 

log-transformed to meet normality assumptions.  

Principal Component Analysis (PCA) was used to reduce the dimensionality of the 

physico-chemistry and habitat variables data. Two PCs were included to describe 

water quality physico-chemical variables and habitat quality variables separately. 

PCAs were statistically assessed using PERMANOVA (permutational analysis of 

variance), based on Bray-Curtis similarity matrices (McArdle & Anderson, 2001).  

Habitat quality and diversity was determined by getting the mean of the QHEI 

metrics/components at the different land-use site categories and assessing them 

against the three condition classes/levels; excellent or very good, good and marginal 

or poor.  

Community structure was described in terms of taxon richness, abundance, biomass 

and community indices. Species occurrence (presence-absence) and distribution data 

were summarized for each site and means calculated for each land-use category using 

the number of taxa (S) and the total relative abundances. Several reach‐ scale 

diversity indices were calculated for each study site and means calculated for each site 

category. Shannon's diversity index (Hʹ) was derived as a measure of diversity 

(Magurran, 2004), and an associated H′/H′max index (Pielou, 1975) was used as a 

measure of evenness. The reciprocal form of the Simpson index (1-Ds) (Simpson, 

1949) was used as a measure of species richness. Hill's number (i.e., gamma diversity; 

Hill, 1973) and Fisher's alpha (Fisher et al., 1943) were used as extra measures of 

macroinvertebrates diversity. Hill's number was calculated as the ratio between Hʹ and 

1/D (Hill, 1973). Margalef’s species richness index was also calculated as an extra 

measure of taxon richness.  
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Two-way ANOVA was then used to test for differences in total abundance, biomass, 

and taxon richness of all taxa between seasons (dry and wet) and the four land-use 

categories (forested, mixed, agricultural and urban) with the main factors as season 

and land-use with a season × land-use interaction.  

The average rank similarities of macroinvertebrate FFGs were compared between the 

wet and dry seasons using two-way nested analysis of similarities (ANOSIM), with 

replicate land-uses nested within seasons. ANOSIM calculates the R-statistic, which 

is a test statistic that varies between 0 and 1; higher values indicate bigger differences 

between factors.  

Non-metric multidimensional scaling (NMDS) was then used to visualize functional 

composition of macroinvertebrates in different land-uses and seasons (Clarke & 

Gorley, 2006). Using Bray–Curtis (Bray & Curtis, 1957) coefficients, dissimilarity 

matrices were derived for 2 sets of data: un-transformed abundances data and 

presence–absence data for the FFGs. The magnitude of the associated stress value (< 

0.2 corresponding to a good ordination) was used to determine the ordination's fit 

(Kashian et al., 2007).  

Similarity percentages analysis (SIMPER) was performed to establish which key 

macroinvertebrates were accountable for the variations observed between land-uses 

(indicator macroinvertebrates for changes in land-use, habitat and water quality). The 

%contribution FFGs to the overall dissimilarity was quantified between land-uses per 

season. SIMPER is a restrictive pairwise analysis between two factor levels (Clarke & 

Warwick, 2001), and in this case, comparisons were done between forested and 

mixed, forested and agricultural, and finally forested and urban land-use sites. 
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Redundancy analysis (RDA) was used to elucidate relationships between 

macroinvertebrate assemblages and environmental variables. The output was 

displayed as triplots, in which the plotted points for taxa and FFGs and land-use 

categories could be related to physico-chemical and habitat variables that were 

represented as rays. Before RDA was performed the gradient length in standard 

deviation (SD) units was estimated using Detrended Correspondence Analysis to test 

the suitability of a Canonical Correspondence Analysis (Ter Braak & Smilauer, 

1998). Because the gradient length was less than 3 SD, RDA was employed instead of 

CCA to determine which factors were responsible for the structure or groupings of 

FFGs among site categories (Ter Braak & Smilauer, 2004).  

The ratios of the macroinvertebrate FFGs from the four land-use categories were used 

to calculate mean values of stream ecosystem attributes. The ratios were derived 

from macroinvertebrate FFGs numerical abundance and biomass during both the wet 

and dry seasons. 

To assess longitudinal trends in metrics used as surrogates of ecosystem attributes 

with changes in stream size (river width), generalized additive models (GAMs) 

(Wood, 2017) was used. GAMs usually incorporates smooth functions that are more 

flexible in modelling nonlinear relationships (Hastie & Tibshirani, 1990). GAMs were 

selected over more commonly used linear regression techniques because typical 

patterns in compositions of FFGs along streams and rivers are hypothesized to be 

nonlinear (e.g., Vannote et al., 1980). GAMs were built using penalized cubic 

regression splines with degrees of freedom automatically identified based on the 

generalized cross-validation score (GCV). GAMs were fitted using the R-package 

mgcv (Wood & Wood, 2015). 
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CHAPTER FOUR 

RESULTS 

4.1 Water physico-chemistry and nutrients 

Both season and land-use change played significant roles in influencing water and 

habitat quality variables in the study. There was a significant decline in habitat 

quality, mainly riparian zone quality and instream cover from forested to urban land-

uses (Table 3). Significant differences were recorded across the variables with higher 

values being recorded during the dry season than the wet season in all the physico-

chemical and nutrient variables except for dissolved oxygen (DO), TSS, POM and 

depth. The Percentage of CPOM coverage and its standing stock biomass also 

declined among land-uses though did not differ significantly (Table 3).  

Highest temperature levels were recorded in agricultural sites (19.5 ± 0.3 ◦C) and 

(22.6 ± 0.4 ◦C) while forested sites recorded the lowest (14.6 ± 0.4 ◦C) and (15.6 ± 1.0 

◦C) during the wet and dry seasons, respectively. Forested sites recorded significantly 

higher DO concentrations during both wet (7.1 ± 0.4) and dry (6.5 ± 0.9) seasons. 

Highest conductivity was recorded in the agricultural sites during the dry season (241 

± 25.9 μS/cm) while the lowest was recorded in the forested sites (32 ± 2.1 μS/cm) 

during the wet season (Table 3). The concentrations of nutrients were lowest in 

forested sites in both the dry and wet seasons while agricultural and urban sites 

recorded highest levels of nitrates and SRP during both seasons.  

Qualitative habitat evaluation index (QHEI) mainly focuses on five major components 

and the less disturbed forest sites scored highly on the instream cover (13 ± 0.516), 

substrate (14 ± 0.792) and riparian zone quality (15 ± 1.183) metrics while the 

disturbed urban and agricultural sites scored poorly in those metrics (Table 3). Forest 
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land-use sites varied significantly from the other land-use sites in instream cover and 

riparian zone and bank quality but substrate and channel morphology was not 

significantly different across the different site categories. Agriculture and urban sites 

had high scores in the pool/glide and riffle/run quality (Table 3). From the total 

scores, forest land-use sites had good habitat quality (QHEI Score of 56) while mixed 

(score = 46), agriculture (score = 45) and urban (score = 42) all had marginal or poor 

habitat quality (Table 3). 

The PCA biplot combining water physico-chemistry and habitat quality data (Figure 2) 

collected during both the dry and wets seasons indicated clear seasonal gradients and 

hence further analysis was done for each season separately (Figure 3). The Principal 

component 1 (PC 1) of the PCAs explained 34.9-35.1% of the total variation, while PC 2 

explained 18.5-20.5% of the total association (Figures 2).  
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Table 3: Means (± SE) variation of physico-chemical variables, habitat quality and stream size variables in the different land-use categories. 

EC= electrical conductivity, SRP= soluble reactive phosphorus, TSS= total suspended solids, POM= particulate organic matter and 

CPOM=course particulate organic matter 

Variable Season Forest  Mixed  Agriculture  Urban  F-Value p-value 

Seasonal variation 
       

Temperature (°C) Wet 14.6±0.4
b
 18.3±0.6

a
 19.5±0.3

a
 18.7±0.4

a
 19.3 0.001* 

 
Dry 15.6±1

c
 17.8±0.4

b
 22.6±0.4

a
 21.5±0.3

a
 29.7 0.001* 

EC (µS/cm) Wet 32±2.1
b
 82±7.5

a
 101±4.1

a
 96±7.2

a
 25.99 0.001* 

 
Dry 58±7.7

c
 102±12.9

c
 241±25.9

a
 165±12.3

b
 23.61 0.001* 

Dissolved oxygen (mg/L) Wet 7.1±0.4
a
 6.3±0.1

ab
 6.4±0.1

ab
 5.9±0.2

b
 4.25 0.008* 

 
Dry 6.5±0.9

a
 5.9±0.2

a
 4.5±0.5

b
 4.6±0.4

b
 3.86 0.042* 

pH Wet 6.7±0.1
a
 6.4±0.13

ab
 6.7±0.147

a
 5.9±0.2

b
 5.87 0.001* 

 
Dry 7.1±0.04

b
 7.1±0.05

b
 7.3±0.03

a
 7.2±0.02

a
 8.33 0.001* 

Nitrites (mg/L) Wet 0.1±0.01
a
 0.1±0.01

a
 0.1±0.01

a
 0.1±0.02

a
 4.49 0.208 

 
Dry 0.2±0.1

a
 0.6±0.3

b
 0.1±0.11

a
 0.1± 0.03

a
 1.63 0.008* 

Nitrates (mg/L) Wet 0.1±0.02
c
 0.2±0.02

bc
 0.3±0.1

a
 0.3±0.1

ab
 6.88 0.001* 

 
Dry 1.3±0.4

a
 1.9±0.7

a
 3.8±0.9

b
 2.7±0.6

c
 1.89 0.001* 

SRP (mg/L) Wet 0.04±0.02
b
 0.05±0.04

b
 0.1±0.01

a
 0.1±0.01

ab
 9.44 0.001* 

 
Dry 0.02±0.01

b
 0.02±0.01

b
 2.2±1.2

a
 0.2±0.1

b
 6.79 0.002* 

Ammonia (mg/L) Wet 0.01±0.01
a
 0.01±0.01

a
 0.03±0.02

a
 0.02±0.01

a
 0.86 0.47 

 
Dry 0.2±0.1

a
 0.3±0.1

b
 0.4±0.1

b
 0.4±0.1

b
 6.68 0.002* 
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TSS (mg/L) Wet 20.4±7.5
b
 33.9±19

ab
 43.1±6.1

a
 27.3±7.4

ab
 3.63 0.034* 

 
Dry 7.0±0.3

a
 12.2±11.7

a
 26.3±0.9

a
 17.0±7.1

a
 1.79 0.212 

POM (mg/L) Wet 8.4±4.9
a
 13.5±4.6

a
 13.7±3.9

a
 10.8±5.2

a
 1.55 0.238 

 
Dry 3.1±0.1

a
 3.6±3.2

a
 6.6±1.4

a
 4.6±2.2

a
 0.86 0.492 

Depth (m) Wet 0.3±0.03
b
 0.2±0.03

b
 0.7±0.12

a
 0.3±0.08

b
 7.43 0.02* 

 
Dry 0.3±0.13

a
 0.2±0.04

a
 0.2±0.03

a
 0.2±0.04

a
 0.69 0.58 

No seasonal variation 
       

Sodium (mg/L) 
 

1.8±0.3
b
 2.8±0.2

ab
 2.1±0.3

ab
 3.3±0.6

a
 3.04 0.038* 

Potassium (mg/L) 
 

1.3±0.2
a
 2.3±0.3

a
 1.7±0.3

a
 1.9±0.4

a
 2.28 0.092 

Width (m) 
 

5.4±0.9
b
 4.9±0.6

b
 15.7±1.8

a
 10.4±2.7

ab
 10.41 0.001* 

Discharge (m³/s) 
 

0.4±0.01
a
 0.1±0.03

a
 0.1±0.01

a
 0.3±0.08

a
 2.72 0.061 

Substrate type 
 

13.2±0.8
a
 13.8±1.0

a
 13.2±1.1

a
 13.3±1.1

a
 0.06 0.979 

Instream cover 
 

14.2±0.5
a
 9.8±1.2

b
 9.0±0.9

b
 6.8±0.7

b
 8.56 0.001* 

Channel morphology  
 

7.4±0.3
a
 6.8±0.3

a
 6.8±0.3

a
 6.5±0.2

a
 0.93 0.449 

Riparian zone and bank 

erosion  
15.4±1.2

a
 13.8±1.1

ab
 9.3±1.3

b
 9.3±1.1

ab
 4.69 0.015* 

Pool/Glide Riffle/Run Quality  
 

5.8±0.5
a
 5.5±0.3

a
 7.2±0.8

a
 6.8±0.5

a
 2.96 0.061 

Total Habitat Quality score 

(max score)  
56.0±2.8

a
 49.8±1.0

ab
 45.5±2.0

b
 42.5±2.3

b
 7.55 0.002* 

% CPOM  
 

52.5±6.4
a
 48.6±6.3

a
 41.3±5.7

a
 37.7±5.5

a
 0.55 0.652 

CPOM standing stock (g/m
2
) 

 
60.2±13.9

a
 45.7±7.3

a
 28.7±6.5

a
 35.3±8.9

a
 2.1 0.108 

*Means that do not share a letter are significantly different, Tukey posthoc tests  

*P-values marked with asterisks are significantly different among site categories at p < 0.05  
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(a)
(c)

(b) (d)

 

Figure 2: PCA biplot for all data for water quality variables (a, b) and habitat quality and stream size variable (c, d) for land-use (a, c) and 

season (b, d) in the Sosiani-Kipkaren River 
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Ordination of habitat quality and stream size variables indicated that forested and 

some mixed sites had protected riparian areas with stable instream substrate. Principal 

component 1 (PC 1) of the PCA explained 29.3-38.6% of the total variation in habitat 

and stream size data, while PC 2 explained 21.2-25.5% of the total association (Figure 

3a, b). During both seasons % CPOM, substrate quality, instream cover, riparian zone 

and bank erosion and morphology were associated with the forested and mixed land-

use types, while POM (read TSS), discharge and river width were associated with 

agriculture and urban sites.  

Ordination of water quality physico-chemistry data indicated that principal 

component 1 (PC 1) of the PCA explained 38.7-44.2% with PC 2 explaining 19.4-

24.9% of the total variation. During the dry season, high levels of DO were associated 

with forested and mixed sites, while higher levels of nutrients (SRP and nitrate), 

conductivity, TSS, temperature were associated agricultural and urban sites. During 

the wet season, similar trends were noted but with increased levels of electrical TSS, 

conductivity and nutrients in agricultural and urban sites (Figure 3c, d). 

Habitat quality and organic matter characteristics had significant differences between 

seasons (PERMANOVA, F = 2.1, df = 1, p = 0. 05), among land-uses 

(PERMANOVA, F = 4.3, df = 3, p = 0. 001), but without a significant season*land-

use interaction (PERMANOVA, F =1.3, df = 3, p = 0. 21). For water quality physico-

chemical variables, stronger seasonal (PERMANOVA, F =18.1, df = 3, p = 0. 001) 

and among land-uses (PERMANOVA, F = 7.9, df = 3, p = 0.001) differences were 

obtained, with a significant season*land-use interaction (PERMANOVA, F = 3.4, df 

= 3, p = 0.001). 
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Figure 3: PCA biplot for habitat quality (a, b) and water quality physico-chemical variables (c, d) during the dry season (a, c) and wet season 

(b, d) in the Sosiani-Kipkaren River. EC = electrical conductivity, DO = dissolved oxygen, SRP = soluble reactive phosphorus, TSS-total 

suspended solids 
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4.1.1 Nutrient concentrations 

During both the dry and wet season, nitrates and SRP were highest in the agricultural 

and urban sites (Figure 4). Nitrites and nitrates did not significantly vary during the 

dry season (p ˃ 0.05) (Table 3).  Nitrates recorded highest values than nitrites in both 

seasons with much variation during the dry season. The highest nitrates level were 

recorded in the dry season 3.8 ± 0.864 mg/L (Table 3). During the rainy season all 

nutrients recorded low concentration (0.01 ± 0.005 - 0.3 ± 0.051 mg/L) as compared 

to the dry season (0.1 ± 0.026 - 3.8 ± 0.864mg/L) (Figure 4).  

 

a b

 

 

Figure 4: Nutrient concentration across the different land-use sites; dry season (a) 

(February-March 2019) and wet (b) (July-August 2018) season along the Sosiani-

Kipkaren River. Error bars represent standard Error 
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4.1.2 Cations 

Cation concentrations varied across the different land-use sites (Table 3). Mixed and 

urban land-use sites had high levels of both sodium (2.8 ±0.24  and 3.3 ±0.645 mg/L, 

respectiely) and potassium (2.3 ±0.267  and 1.9 ±0.353  mg/L, respectively ) while the 

forest land-use sites had low levels of both ions; sodium (1.8 ±0.291  mg/L) and 

potassium (1.3 ±0.239 mg/L) (Figure 5). Sodium recoreded higher levels than 

potassium across the different land-use sites (Figure 5). 

 

Figure 5: Cations concentration across the different land-use sites along the Sosiani-

Kipkaren River. Error bars represent standard Error 
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4.2 Macroinvertebrates structural and functional composition, diversity and 

biomass  

A total of 43,479 macroinvertebrate individuals were collected in the study area. Total 

abundance was higher during the wet season (35,827) compared with the dry season 

(7,652). A total of 15 orders, 68 families and 98 genera were collected during the wet 

season while 13 orders, 53 families and 67 genera were collected during the dry 

season. During the wet season, Ephemeroptera were the most abundant with 13,692 

individuals, followed by Diptera (5586) then Tricladida (4950). The least abundant 

orders were Arachnida, Lepidoptera and Collembola with 33, 31 and 1 individuals 

respectively (Figure 6). 

 

Figure 6: Abundance of macroinvertebrate orders during the wet season in July-August 

2018 in the Sosiani-Kipkaren River 
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During the dry season, Diptera were the most abundant with 3611 individuals 

followed by Ephemeroptera with 1363 individuals, then Mollusca with 926 

individuals. The least abundant orders were Tricladida, Lepidoptera, and 

Arhynchobdellida with 12, 10 and 7 individuals, respectively (Figure 7). 

 

Figure 7: Abundance of macroinvertebrate orders during the dry season in 

February-March 2018 in the Sosiani-Kipkaren River 

4.2.1 Spatio-temporal patterns of macroinvertebrates community composition 

During the dry season, Ephemeroptera, Plecoptera and Trichoptera (EPT taxa) 

dominated the forest sites and decreased in the urban and agricultural sites (Figure 8), 

a pattern that was exhibited by the Coleopterans too (Figure 8). Dipterans were the 

dominant taxa in the agriculture and urban sites (Figure 8).  
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During the wet season, forest sites were still dominated by the EPT taxa that reduced through to the urban sites (Figure 8). The 

agriculture and urban sites were dominated by other macroinvertebrates taxa including the Odonata, Mollusca and Tricladida (Figure 8). 

Coleoptera taxon was highly abundant in the forest land-use sites (Figure 8).  

a b

 

Figure 8: Relative abundance of macroinvertebrates taxa across the different land-use site categories during the dry season (a) in February-

March 2019 and the wet season (b) in July-August 2018. EPT= Ephemeroptera, Plecoptera and Trichoptera 
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There were mixed results in diversity indices used to measure community structure of 

macroinvertebrates across the four land-use categories during the wet and dry seasons, 

with some showing wide ranges, such as taxon richness, dominance, Margalef’s 

species richness index and Fisher’s alpha diversity, while the rest showed narrow 

ranges (Table 4). During both seasons, Shannon diversity index was higher (3.15 and 

3.07) in forested sites while urban had the least diversity (2.53 and 2.09) (Table 4). 

Similarly, Simpson index (1/Ds) had the same trends with higher values in forested 

sites and least in urban sites during both seasons (Table 4). 

 Pielou’s evenness index displayed the lowest response across the land-use and 

seasonal gradient with values of (0.29 and 0.38) at forested sites and (0.20 and 0.16) 

at urban (Table 4). In contrast, Fisher’s alpha diversity showed the widest range with 

the highest value (12.43 and 11.19) at forested sites during the wet and dry seasons 

respectively with again urban sites recording the least values (Table 4).  

Dominance followed the opposite trend as Fisher’s alpha diversity index with the 

highest values (0.14 and 0.32) at urban sites and the lowest values (0.06 and 0.07) at 

forested sites for the wet and dry seasons respectively. Forested sites had the highest 

number of taxa (79 and 56) with mixed sites having the least taxa (62 and 27) during 

both seasons (Table 4). 
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Table 4: The diversity indices of macroinvertebrate communities in the Sosiani-Kipkaren River during the dry season in February-March 

2019 and wet season in July-August 2018 

 

 
Wet season 

 
Dry season 

 
Forest Mixed Agriculture Urban 

 
Forest Mixed Agriculture Urban 

Taxa_S 79 62 70 63 

 

56 27 46 51 

Individuals 9,124 7,421 3,461 14,148 

 

1,657 810 1,150 4,035 

Dominance_D 0.06 0.08 0.11 0.14 

 

0.07 0.10 0.23 0.32 

Simpson_1-D 0.94 0.92 0.89 0.86 

 

0.93 0.90 0.77 0.68 

Shannon_H 3.15 2.88 2.89 2.53 

 

3.07 2.64 2.39 2.09 

Pielou's evenness (J’) 0.29 0.28 0.26 0.20 

 

0.38 0.32 0.24 0.16 

Margalef’s species richness index 8.55 6.96 8.47 6.49 

 

7.42 3.88 6.39 6.02 

Equitability_J 0.72 0.69 0.68 0.61 

 

0.76 0.80 0.62 0.53 

Fisher_alpha 12.43 9.45 11.89 8.49 

 

11.19 5.38 9.59 8.23 

Hill's number (gamma diversity) 4.97 4.32 3.28 2.87 

 

4.56 3.70 1.83 1.51 
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4.2.2 Spatio-temporal patterns of macroinvertebrates functional composition  

Five functional feeding groups (FFGs) collected in the study sites along the Sosiani-

Kipkaren River were scrapers, collector-gatherers (gatherers), collector-filterers 

(filterers), predators and shredders.  

During the dry season, predators (3,641 individuals) were the most abundant, 

followed by filterers (1427) and scrapers (1314) (Figure 9a). Shredders were the least 

abundant (442 individuals). During the wet season, scrapers (11700) were the most 

abundant followed by predators (9144) and filterers (8005) (Figure 9b), again, 

shredders being the least abundant with 1546 individuals (Figure 9b).  

 

 

Figure 9: Macroinvertebrate functional feeding groups abundance along the Sosiani-

Kipkaren River during the dry season (a) (February-March, 2019) and wet season (b) 

(July-August, 2018) 
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Seasonality strongly influenced the abundance of FFGs with higher numerical 

abundance during the wet season (2-way ANOVA, F1,3= 9.08, p < 0.05). Shredder 

abundance (6.1% and 8.9%) was highest in forested sites while predators numerical 

abundance increased with increase in disturbance from the forested sites (9.7% and 

8.9%) to urban sites (40.1% and 62.3%) during the wet and dry seasons respectively 

(Figure 10A). During the wet season, scrapers were more abundant in mixed (29.5%) 

and agricultural (30.5%) sites while during the dry season, they were more abundant 

in forested (26.8%) and mixed (22.9%) sites. During the wet season, collector-filterers 

were more abundant in forested (30.2%) and mixed (27.3%) sites, while during the 

dry season, they displayed a decreasing trend from forested (26.8%) to urban (11%) 

sites (Figure 10A).  

Total macroinvertebrate biomass differed among the land-uses (One-way ANOVA, 

F3= 1.74, p < 0.05), but did not significantly differ between seasons (One-way 

ANOVA, F1= 2.69, p = 0.11). Shredder biomass was highest in forested sites (90.5% 

and 80.7%) and decreased gradually along the degradation gradient with the lowest 

biomass being recorded in the urban sites (23% and 28.8%) during wet and dry 

seasons respectively (Figure 10B). During the wet season, predators (32%) had the 

highest biomass in the agricultural sites while filterers (33.7%) were dominant at the 

urban sites. There was a gradual increase in the biomass of scrapers along the 

degradation gradient with the highest biomass recorded in urban sites (13.7% and 

38.6%) and the least biomass recorded in forested sites (1.3% and 5.6%) during both 

wet and dry seasons respectively (Figure 10B).  

Taxon richness was dominated by predators in all land-uses during both the wet and 

dry seasons (Figure 10C). During the wet season, filterers had the lowest taxon 

richness across all land-uses (Figure 10C). 
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Figure 10: Percentage composition of macroinvertebrates FFGs in terms of total 

abundance (A), biomass (B), and taxon richness (C) in the different land-use sites during 

the wet and dry seasons 
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4.3 Relationships between water and habitat quality and macroinvertebrates 

assemblages 

ANOSIM indicated significant differences in macroinvertebrate assemblages for un-

transformed abundance data among land-uses (R-statistic = 0.24, p < 0.004), and 

between seasons (R-statistic = 0.30, p < 0.007). These findings suggest a stronger 

effect of “seasons” across land-uses as compared to “land-use” effect across seasons. 

Both the abundance and presence-absence data-based NMDS had good ordination 

with stress values < 0.2 (Figure 11a-d). Both abundance and presence-absence data of 

FFGs grouped land-uses similarly, although there were some overlaps. Sensitive taxa 

mainly belonging to EPT (Baetidae, Afronurus, Adenophlebia, Hydropsyche, 

Calamoceratidae and Oligoneuridae), Potamonautidae, Perlidae and Coleoptera 

clustered in the forested sites while the tolerant taxa of mainly Oligochaeta, Diptera, 

Odonata, Planariidae and Hirudinae clustered among the disturbed Urban and 

Agricultural sites (Figure 11). 
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Stress = 0.19 Stress = 0.19

Stress = 0.17 Stress = 0.16(a)

(c) (d)

(b)

 

Figure 11: NMDS based on abundance (a, c) and presence-absence data (b, d) of the 

macroinvertebrates taxa during the wet season (a, b) and dry season (c, d). Lepid = 

Lepidostomatidae, Calam = Calamoceratidae, Elim = Elmidae, Leptoc = Leptoceridae, 

Nauc = Naucoridae, Lest = Lestidae, Baet = Baetidae, Scirt = Scirtidae, Acanth = 

Acanthiops, Perl = Perlidae, Adeno = Adenophlebia, Afron = Afronurus, Bez = Bezzia, 

Tany = Tanypodinae, Potam = Potamonautidae, Hydro = Hydropsychidae, Sim = 

Simuliidae, Lumb = Lumbriculidae, Chao = Chaoboridae, Lymn = Lymnaedae, Caen = 

Caenidae, Cheum = Cheumatopsyche, Musc = Muscidae, Tipu = Tipulidae, Aesh = 

Aeshnidae, Gomp = Gomphidae, Oligon = Oligoneuridae, Adeno = Adenophlebiidae, 

Dicer = Dicercomyzon, Nepid = Nepidae, Hiru = Hirudinae, Chim = Chimarra, Tubi = 

Tubifex, Gyr = Gyrinidae, Cord = Corduliidae, Pisd = Pisdium, Planar = Planariidae, 

Cramb = Crambidae 
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Abundance-based SIMPER’s pair-wise comparison of forested sites with agricultural 

sites during the wet season identified Simuliidae (16.3%) and Baetidae (16.2%) to 

contribute the greatest dissimilarity between forested and agricultural sites, with 

higher abundance in forested sites (Table 5). Afronurus sp. (11.9%) and Simuliidae 

(10.2%) contributed greatest dissimilarity between forested and mixed sites with 

Afronurus having higher abundance in the mixed sites while Simuliidae had higher 

abundance in the forested sites. Baetis sp. (14.7%), Planaria sp. (21.1%) and again 

Simuliidae (12.4%) accounted for greater dissimilarity between urban and forested 

sites (Table 5).  

During the dry season Tanypodinae (30.0%) and Baetidae (12.0%) accounted for the 

dissimilarity between forested and agricultural sites with Tanypodinae having higher 

abundance in Agricultural sites while Baetidae being more abundant in Forested sites 

(Table 5).  Pisidium (16.5%) and Baetidae (16.3%) contributed greatest dismiliarity 

between forest and mixed sites with both having higher abundance in the forested 

sites. Tanypodinae (25.7%) (Higher abundance in urban sites) and Baetidae (9.4%) 

(Higher abundance in forested sites) accounted for the dissimilarity between forested 

and urban sites (Table 5).  

Unlike the abundance based-SIMPER, biomass-based SIMPER’s pair-wise 

comparison indicated that Potamonautes sp. (fresh water crabs) were responsible for 

the observed dissimilarity between forested and all the other three site categories with 

higher biomass in the forested sites (Table 6). 
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Table 5: Macroinvertebrates taxa-ranked abundance-based results of SIMPER analysis for mean abundance of macroinvertebrates  

Wet season 

 

Dry season 

Taxon Mean Forest Mean Agriculture Contrib. % 

 
Taxon Mean Forest Mean Agriculture Contrib. % 

Simuliidae 198 4 16.3 

 

Tanypodinae 4 262 30.0 

Baetis sp. 400 242 16.2 

 

Baetis sp. 99 30 12.0 

Pisidium sp. 108 13 7.8 

 

Pisidium sp. 90 65 8.6 

Hydropsyche sp. 112 19 7.5 

 

Caenis sp. 46 13 6.3 

Chironomidae 92 44 6.7 

 

Scirtidae 37 1 5.5 

Tubificidae 88 11 6.4 

 

Naucoridae 0 21 2.9 

Afronurus sp. 91 17 6.0 

 

Neoperla sp. 18 0 2.8 

Planaria sp. 55 1 4.2 

 

Chironomus sp. 4 22 2.3 

Caenis sp. 54 32 2.7 

 

Afronurus sp. 12 0 2.1 

Potamonautes sp. 36 3 2.7 

 

Adenophlebia sp. 16 1 2.1 

Neoperla sp. 16 21 2.1 

 

Potamonautes sp. 10 12 2.1 

Leptophlebia sp. 28 0 2.0 

 

Hydropsyche sp. 6 14 1.8 

         

 

Mean Forest Mean Mixed Contrib. % 

  

Mean Forest Mean Mixed Contrib. % 

Afronurus sp. 91 195 11.9 

 

Pisidium sp. 90 36 16.5 

Simuliidae 198 111 10.2 

 

Baetis sp. 99 27 16.3 

Chironomidae 92 110 7.7 

 

Caenis sp. 46 4 7.9 

Pisidium sp. 108 151 6.7 

 

Scirtidae 37 1 7.2 

Hydropsyche sp. 112 100 6.5 

 

Afronurus sp. 12 37 6.0 

Baetis sp. 400 274 12.6 

 

Simuliidae 3 29 4.4 

Tubificidae 88 16 5.0 

 

Tanypodinae 4 27 4.0 

Planaria sp. 55 17 3.8 

 

Chimarra sp. 23 2 4.0 

Potamonautes sp. 36 30 2.8 

 

Neoperla sp. 18 0 3.9 

Hirudinidae 23 40 2.7 

 

Tubificidae 17 1 3.4 

Tanypodinae 20 50 2.6 

 

Adenophlebia sp. 16 4 2.7 

Atyidae 0 51 2.1 

 

Hydropsyche sp. 6 17 2.6 
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Mean Forest Mean Urban Contrib. % 

  

Mean Forest Mean Urban Contrib. % 

Planaria sp. 55 1120 21.1 

 

Tanypodinae 4 557 25.7 

Baetis sp. 400 524 14.7 

 

Baetis sp. 90 9 9.4 

Simuliidae 198 219 12.4 

 

Caenis sp. 46 50 8.0 

Hydropsyche sp. 112 355 7.8 

 

Pisidium sp. 90 47 6.9 

Caenis sp. 54 284 6.1 

 

Chimarra sp. 2 50 6.9 

Chimarra sp. 2 126 5.1 

 

Afronurus sp. 12 41 5.5 

Chironomidae 92 132 4.4 

 

Scirtidae 37 0 4.1 

Hirudinidae 23 203 4.2 

 

Chaoboridae 0 24 2.6 

Pisidium sp. 108 37 3.2 

 

Helisoma sp. 0 19 2.4 

Tubificidae 88 26 3.0 

 

Calamoceratidae 0 14 2.1 

Afronurus sp. 91 131 3.0 

 

Neoperla sp. 18 0 2.1 

Cheumatopsyche sp. 13 108 2.4 

 

Lestidae 1 19 2.0 
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Table 6: Macroinvertebrates taxa-ranked abundance-based results of SIMPER analysis for mean biomass of macroinvertebrates 

Wet season 

 

Dry season 

Taxon Mean Forest Mean Agriculture Contrib. % 

 

Taxon Mean Forest Mean Agriculture Contrib. % 

Potamonautes sp. 33.40 2.82 76.4 

 

Potamonautes sp. 11.30 9.39 66.1 

Limonia sp. 0.50 0.09 3.0 

 

Libellullidae 0.96 0.00 6.6 

Libellullidae 0.77 0.15 2.5 

 

Naucoridae 0.00 0.44 3.3 

Tipula sp. 0.17 0.32 2.0 

 

Scirtidae 0.49 0.01 2.9 

Belostomitadae 0.00 0.45 2.0 

 

Helisoma sp. 0.00 0.42 2.3 

Hexatoma sp. 0.19 0.02 1.7 

 

Neoperla sp. 0.35 0.00 2.2 

Neoperla sp. 0.31 0.42 1.7 

 

Belostomitadae 0.00 0.48 2.1 

Gomphidae 0.41 0.21 1.4 

 

Tanypodinae 0.00 0.21 1.8 

Hydropsyche sp. 0.34 0.06 1.2 

 

Gomphidae 0.11 0.34 1.6 

Naucoridae 0.00 0.25 1.0 

 

Lymnaeidae 0.00 0.17 1.6 

     

Calamoceratidae 0.00 0.15 1.3 

     

Leptoceridae 0.20 0.11 1.3 

     

Hexatoma sp. 0.00 0.27 1.0 

     

Lestidae 0.01 0.15 1.0 

         

 
Mean Forest Mean Mixed Contrib. % 

  

Mean Forest Mean Mixed Contrib. % 

Potamonautes sp. 33.40 28.20 73.3 

 

Potamonautes sp. 11.30 6.42 67.2 

Gomphidae 0.41 2.04 6.2 

 

Libellullidae 0.96 0.12 8.1 

Planorbis sp. 0.00 1.62 4.2 

 

Lymnaeidae 0.00 0.66 4.9 

Libellullidae 0.77 0.20 2.0 

 

Scirtidae 0.49 0.01 3.8 

Limonia sp. 0.50 0.36 1.8 

 

Neoperla sp. 0.35 0.00 3.0 

Tipula sp. 0.17 0.38 1.2 

 

Gomphidae 0.11 0.13 1.6 

Hexatoma sp. 0.19 0.25 1.2 

 

Leptoceridae 0.20 0.00 1.5 

Hirudinidae 0.12 0.21 0.9 

 

Lestidae 0.01 0.14 1.4 

Hydropsyche sp. 0.34 0.30 0.9 

 

Caenis sp. 0.18 0.01 1.3 
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Mean Forest Mean Urban Contrib. % 

  

Mean Forest Mean Urban Contrib. % 

Potamonautes sp. 33.40 1.88 69.8 

 

Potamonautes sp. 11.30 1.41 51.2 

Chimarra sp. 0.02 1.30 3.7 

 

Lymnaeidae 0.00 1.67 9.7 

Caenis sp. 0.22 1.14 3.6 

 

Libellullidae 0.96 0.00 6.8 

Hydropsyche sp. 0.34 1.07 2.9 

 

Helisoma sp. 0.00 0.82 4.9 

Limonia sp. 0.50 0.08 2.3 

 

Tanypodinae 0.00 0.45 3.4 

Libellullidae 0.77 0.00 2.1 

 

Chimarra sp. 0.02 0.51 3.3 

Hexatoma sp. 0.19 0.03 1.4 

 

Scirtidae 0.49 0.00 3.0 

Gomphidae 0.41 0.20 1.2 

 

Notonectidae 0.00 0.53 2.8 

Tipula sp. 0.17 0.00 1.0 

 

Calamoceratidae 0.00 0.37 2.5 

     

Neoperla sp. 0.35 0.00 2.3 

     

Caenis sp. 0.18 0.20 1.6 

     

Lestidae 0.01 0.24 1.5 

     

Leptoceridae 0.20 0.11 1.2 

     

Gomphidae 0.11 0.08 1.0 
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The wet season RDA indicated distinct spatial patterns in macroinvertebrate 

community composition associated with water quality variables (Figure 12a, b) and 

stream size, organic matter and habitat variables (Figure 12c, d). For the water 

quality, RDA axis 1 accounted for 21.4 % of the total variation while the second axis 

accounted for 17.7% (Figure 12a, b), while for the habitat and stream size RDA, Axis 

1 accounted for 23.3-24.2% of the total variation while Axis 2 accounted for 16.2-

16.7%.  Both abundance and presence-absence data indicated that, increased DO 

levels, %CPOM, substrate quality, riparian and cover were associated with 

Potamonautidae, Acanthiops sp., Calamoceratidae, Crambidae, Elmidae, Euthraulus 

sp. and Lepidostomatidae in the forested sites while higher temperature levels, 

conductivity, TSS, POM, discharge, sodium, potassium and nutrient levels was 

associated with Cheumatopsyche sp., Libellulidae, Simuliidae, Hydropsyche sp., 

Lumbriculidae and Planariidae in the urban and agricultural sites (Figure 12a-d). 
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(a)

(d)(c)

(b)

 

Figure 12: Redundancy analysis (RDA) triplot of macroinvertebrates structural composition based on abundance (a, c) and presence-

absence (b, d) data in relation to water quality (a, b) and stream size, habitat quality variables (c, d) during the wet season in the Sosiani-
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Kipkaren River. Lepid = Lepidostomatidae, Calam = Calamoceratidae, Elim = Elmidae, 

Leptoc = Leptoceridae, Nauc = Naucoridae, Lest = Lestidae, Baet = Baetidae, 

Scirt=Scirtidae, Acanth = Acanthiops, Perl = Perlidae, Adeno = Adenophlebia, Afron = 

Afronurus, Bez = Bezzia, Tany = Tanypodinae, Potam = Potamonautidae, Hydro = 

Hydropsychidae, Sim = Simuliidae, Lumb = Lumbriculidae, Chao = Chaoboridae, 

Lymn = Lymnaedae, Caen = Caenidae, Cheum = Cheumatopsyche, Musc = Muscidae, 

Tipu = Tipulidae, Aesh = Aeshnidae, Gomp = Gomphidae, Oligon = Oligoneuridae, 

Adeno = Adenophlebiidae, Dicer = Dicercomyzon, Nepid = Nepidae, Hiru = Hirudinae, 

Chim = Chimarra, Tubi = Tubifex, Gyr = Gyrinidae, Cord = Corduliidae, Pisd = 

Pisdium, Planar = Planariidae, Cramb = Crambidae, EC = electrical conductivity, DO = 

dissolved oxygen, SRP = soluble reactive phosphorus, K = potassium, Na = sodium, 

POM = particulate organic matter, CPOM = coarse particulate organic matter, TSS = 

Total suspended solids 

 

RDA still indicated distinct spatial patterns in macroinvertebrate community 

composition associated with water quality variables (Figure 13a, b) and stream size, 

organic matter and habitat variables (Figure 13c, d) during the dry season. The RDA 

Axis 1 explained the most variance (% explained variance, range 21.5-32.9 %) while 

the second RDA Axis was responsible for 17.4-24.4% of the variation (Figure 13a-d). 

Just like the wet season, dry season data indicated that for both abundance and 

presence-absence data, increased DO levels, %CPOM, substrate quality, riparian and 

cover were associated with Potamonautidae, Acanthiops sp., Calamoceratidae, 

Crambidae, Elmidae, Euthraulus sp. and Lepidostomatidae in the forested sites while 

higher temperature, conductivity, TSS, POM, discharge and nutrient levels were 

associated with Cheumatopsyche sp., Libellulidae, Simuliidae, Hydropsyche sp., 

Lumbriculidae and Planariidae in the urban and agricultural sites (Figure 13a-d). 
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(a)

(d)(c)

(b)

 

Figure 13: Redundancy analysis (RDA) triplot of macroinvertebrates structural composition based on abundance (a, c) and presence-

absence (b, d) data in relation to water quality (a, b) and stream size, habitat quality variables (c, d) during the dry season in the Sosiani-
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Kipkaren River. Lepid = Lepidostomatidae, Calam = Calamoceratidae, Elim = Elmidae, 

Leptoc = Leptoceridae, Nauc = Naucoridae, Lest = Lestidae, Baet = Baetidae, Scirt = 

Scirtidae, Acanth = Acanthiops, Perl = Perlidae, Adeno = Adenophlebia, Afron = 

Afronurus, Bez = Bezzia, Tany = Tanypodinae, Potam = Potamonautidae, Hydro = 

Hydropsychidae, Sim = Simuliidae, Lumb = Lumbriculidae, Chao = Chaoboridae, 

Lymn = Lymnaedae, Caen = Caenidae, Cheum = Cheumatopsyche, Musc = Muscidae, 

Tipu = Tipulidae, Aesh = Aeshnidae, Gomp = Gomphidae, Oligon = Oligoneuridae, 

Adeno = Adenophlebiidae, Dicer = Dicercomyzon, Nepid = Nepidae, Hiru = Hirudinae, 

Chim = Chimarra, Tubi = Tubifex, Gyr = Gyrinidae, Cord = Corduliidae, Pisd = 

Pisdium, Planar = Planariidae, Cramb = Crambidae, EC = electrical conductivity, DO = 

dissolved oxygen, SRP = soluble reactive phosphorus,  POM = particulate organic 

matter, CPOM = coarse particulate organic matter, TSS = Total suspended solids 

The macroinvertebrate FFGs ANOSIM indicated significant differences for un-

transformed abundance data among land-uses (R-statistic = 0.14, p < 0.028), and 

between seasons (R-statistic = 0.66, p < 0.001). These findings suggest a stronger 

effect of “seasons” across land-uses as compared to “land-use” effect across seasons. 

Both the abundance and presence-absence data-based NMDS had good ordination 

with stress values < 0.2 (Figure 14). Both abundance and presence-absence data of 

FFGs grouped land-uses similarly, although there were some overlaps. Predators 

(Pred) and scrapers (Scr) clustered among agricultural sites (AGR) and Urban (URB) 

sites, collector-gatherers (Colg) clustered among mixed (MIX) sites, while shredders 

(Shr) clustered among forested (FOR) sites. Collector-filterers (Colf) were more 

associated with agricultural sites but overlapped across the different land-uses (Figure 

14).  
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Stress = 0.18
Stress = 0.17

Stress = 0.19 Stress = 0.18

(a)

(d)(c)

(b)

 

Figure 14: NMDS based on abundance (a, c) and presence-absence (b, d) data of the 

macroinvertebrate FFGs during the wet (a, b) and dry (c, d) seasons. Pred = predators, 

Shr = shredders, Scr = scrapers, Colf = collector-filterers, Colg = collector-gatherers 

Abundance-based SIMPER’s pair-wise comparison of forested sites with agricultural 

sites during the wet season identified collector-filterers (20.6 %) and collector-

gatherers (17.2%) to contribute the greatest dissimilarity between forested and 

agricultural sites, with higher abundance in forest sites (Table 7). Collector-filterers 

(13.8 %) and collector-gatherers  (14.7 %) still contributed the greatest dissimilarity 
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between forested and mixed streams, with higher abundance in forest sites, while 

collector-filterers (20.7 %) and predators (19.1 %) contributing the greatest 

dissimilarity between forested and urban sites, with higher abundance in urban sites.  

During the dry season, predators (25.0 %) and scrapers (16.6 %) accounted for the 

greatest dissimilarity between forested and agricultural sites, with higher abundance 

in the agricultural sites. Collector-filterers (19.7 %) and scrapers (18.7 %) were 

identified to contribute the dissimilarity between forested and mixed streams, with 

higher abundance in forested sites, while predators (29.8 %) and scrapers (17.0 %) 

contributed to the greatest dissimilarity between forested and urban sites, with higher 

abundance in urban sites (Table 7).  

Unlike the abundance data, biomass-based SIMPER’s pair-wise comparison indicated 

that during the wet season, shredders and predators contributed greatest dissimilarity 

among all the land-uses. Shredder biomass differentiated among the land-uses with 

more than 70 % total contribution to dissimilarity with higher biomass in the forested 

land-use while predators accounted for 11-14 % with higher biomass in the 

agricultural, mixed and urban sites (Table 7).  

For the dry season, differentiation of the forested sites from agricultural sites was by 

shredders (69.1 %) and predators (20.0 %), with higher biomass in the agricultural 

sites. Shredders (55.8 %) with higher biomass in the forested sites and scrapers (19.6 

%) with higher biomass in the urban sites contributed greatest dissimilarity between 

forested and urban sites, while shredders (70.5 %) and predators (15.7 %) 

differentiated forested from mixed sites, with higher biomass in the forest sites (Table 

7).
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Table 7: FFGs-ranked abundance- and biomass-based SIMPER analysis for mean abundance and mean biomass of macroinvertebrate FFGs 

for all sites per land-use  

  Wet Season   Dry Season 

Mean  abundance             

FFGs Forest Agriculture % contribution FFGs Forest Agriculture % contribution 

Filterers 448 41 20.6 Predators 56 225 25 

Gatherers 476 240 17.2 Scrapers 120 55 16.6 

Scrapers 328 176 10.6 Gatherers 83 58 11.1 

Predators 145 83 8.7 Filterers 82 92 10.4 

Shredders 90 38 3.8 Shredders 25 30 4.7 

 

Forest Mixed 

  

Forest Mixed 

 
Gatherers 476 412 14.7 Filterers 82 113 19.7 

Filterers 448 416 13.8 Scrapers 120 50 18.7 

Scrapers 328 449 12.7 Predators 56 67 15.5 

Predators 145 175 7.5 Gatherers 83 37 13.7 

Shredders 90 71 3 Shredders 25 18 4.5 

 

Forest Urban 

  

Forest Urban 

 
Filterers 448 865 20.7 Predators 56 629 29.8 

Predators 145 1419 19.1 Scrapers 120 112 17 

Gatherers 476 615 13.4 Filterers 82 123 12.4 

Scrapers 328 553 9.2 Gatherers 83 111 11.2 

Shredders 90 84 2.7 Shredders 25 34 4.8 

 

Mean biomass 

 
Forest Agriculture 

  
Forest Agriculture 

 Shredders 34.2 3.3 81.9 Shredders 9.7 11.6 69.1 

Predators 2 1.8 12.9 Predators 1.5 1.9 20 
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Filterers 0.7 0.1 2.2 Scrapers 0.7 0.7 7.9 

Gatherers 0.4 0.2 1.5 Filterers 0.04 0.2 1.7 

Scrapers 0.5 0.4 1.4 Gatherers 0.2 0.1 1.3 

 

Forest Mixed 

  

Forest Mixed 

 
Shredders 34.2 17.8 77.9 Shredders 9.7 6.6 70.5 

Predators 2 2.8 13.8 Predators 1.5 0.6 15.7 

Scrapers 0.5 1.5 4.1 Scrapers 0.7 0.8 11 

Filterers 0.7 0.5 2.2 Gatherers 0.2 0.1 1.5 

Gatherers 0.4 0.4 2 Filterers 0.04 0.2 1.3 

 

Forest Urban 

  

Forest Urban 

 
Shredders 34.2 2.1 73.7 Shredders 9.7 2 55.8 

Predators 1.9 2 10.8 Scrapers 0.7 2.7 19.6 

Filterers 0.7 3.1 8.8 Predators 1.5 1.5 19.3 

Scrapers 0.5 1.2 3.8 Filterers 0.04 0.6 3.6 

Gatherers 0.4 0.8 2.8 Gatherers 0.2 0.2 1.7 
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Redundancy analysis indicated distinct spatial patterns in macroinvertebrate 

community composition associated with water quality variables (Figure 15) and 

stream size, organic matter and habitat variables (Figure 16) for both dry and wet 

seasons. During the wet season, RDA Axis 1 accounted for the greatest variance (% 

explained variance, range 20.5% - 28.8 %) in the data. Both presence-absence and 

abundance data showed similar trends to water quality and nutrients during both wet 

and dry seasons.  

The first RDA axis (RDA 1) explained between 23.8% - 29.8% of the association for 

both abundance and presence/absence data. The second RDA axis (RDA 2) explained 

between 16.3% and 23.2% of the association. The RDA ordination showed similar 

associations of FFGs with specific land-uses as observed with the NMDS ordination 

for both wet and dry seasons. Nutrients (SRP and nitrates), higher temperature levels, 

electrical conductivity and TSS were associated with predators and scrapers in urban 

and agricultural sites while higher DO levels occurred in forested sites and were 

associated with shredders and collector-gatherers (Figure 15).  
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Figure 15: Redundancy analysis (RDA) triplot of macroinvertebrate FFGs based on abundance (a, c) and presence-absence (b, d) data in 

relation to water quality variables for the wet (a, b) and dry (c, d) seasons in Sosiani-Kipkaren River. Pred = predators, Shr = shredders, Scr 
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= scrapers, Colf = collector-filterers, Colg = collector-gatherers, EC = electrical 

conductivity, DO = dissolved oxygen, SRP = soluble reactive phosphorus, K = 

potassium, Na = sodium 

For both the abundance and presence-absence data, there were clear associations of 

specific FFG taxa with hydraulic parameters and other physical variables (Figure 16). 

The association were explained by (22.6% - 26.1%) in axis 1 while axis 2 explained 

between (18.4% - 21.5%) of the association (Figure 16). Abundance and presence-

absence data indicated that variables; instream cover, riparian zone and substrate 

quality were associated with RDA 1 (Figure 16). Substrate quality, cover, discharge, 

TSS, and riparian zone quality were the most important variables describing the 

variation of the macroinvertebrates FFGs in the various land-uses in both seasons. 

Increased amounts of CPOM and instream cover were positively associated with 

shredders at the forested and mixed land-use sites. Scrapers and collector-gatherers 

were mainly associated with agricultural sites and were negatively influenced by 

increased TSS and POM levels, but positively associated with increased conductivity 

and nutrient levels. Pool quality, stream depth and stream width were associated with 

predators at urban sites (Figure 16). 
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Figure 16: Redundancy analysis (RDA) triplot of macroinvertebrate FFGs based on abundance (a, c) and presence-absence (b, d) data in 

relation to stream size, habitat quality variables in wet (a, b) and dry (c, d) seasons in the Sosiani-Kipkaren River. Pred = predators, Shr = 
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shredders, Scr = scrapers, Colf = collector-filterers, Colg = collector-gatherer, POM = 

particulate organic matter, CPOM = coarse particulate organic matter, TSS = Total 

suspended solids 

4.4 Abundance- vs. biomass-based ratios of macroinvertebrates FFGs as 

surrogates of ecosystem attributes 

4.4.1 Spatial-temporal patterns 

Land-use and stream size had strong influences on the ecosystem attributes (Table 8, 

Figure 17). Abundance- and biomass-based metrics displayed mixed outcomes for 

many of the ecosystem attributes assessed, with opposite results for the CPOM/FPOM 

index and agreement for channel stability and balance between FPOM in transport 

and FPOM deposited in the benthos. With the CPOM/FPOM index, biomass data 

showed a strong linkage between food webs in the river and the riparian zone (CPOM 

> FPOM) at all site categories and during both the dry and wet seasons. On the 

contrary, abundance-based metrics did show no such linkage (CPOM < FPOM, Table 

8).  

Seasonality played a major role in a lack of congruence between abundance- and 

biomass-based metrics of ecosystem functioning, with more disagreements during the 

wet than dry season. For instance, abundance and biomass data agreed that forested 

sites were heterotrophic (P < R), but differed on the rest of the sites with abundance 

data showing that they were autotrophic (P > R) while biomass data showing that they 

are heterotrophic (P < R).  

During both seasons top-down control index derived from both abundance and 

biomass data showed that other than the forest sites, the rest of the sites had an 

overabundance of predators. Irrespective of site category, all sites had a stable channel 
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and more fine particulate matter being transported from upstream than that being 

deposited in the benthos during both seasons as indicated by the TFPOM/BFPOM 

index (Table 8). 



78 

 

 

 

Table 8: Numerical abundance- and biomass-based derived mean values of stream ecosystem attributes in the different land-use categories 

along the Sosiani-Kipkaren River during the two seasons. *and bold face identify those values above the threshold values for that metric 

 

Abundance based attributes 

 

Biomass based attributes 

Land-use 

P/R 

ratio 

CPOM/ 

FPOM 

Top-down 

control 

Channel  

stability 

TFPOM/ 

BFPOM 

 

P/R 

ratio 

CPOM/ 

FPOM 

Top-down 

control 

Channel  

stability 

TFPOM/ 

BFPOM 

Wet 

season            

Forest 0.67 0.14 0.12 3.00* 2.12* 

 

0.02 38.40* 0.12 0.06 2.34* 

Mixed 0.79* 0.18 0.28* 2.36* 1.20* 

 

0.46 42.39* 0.66* 0.62* 1.26* 

Agriculture 1.88* 0.22 0.17 2.93* 0.43 

 

0.26 10.13* 1.19* 0.35 0.69* 

Urban 0.95* 0.2 0.82* 5.30* 5.15* 

 

0.33 0.81* 0.28* 1.76* 15.73* 

Dry season            

Forest 0.41 0.23 0.10 4.63* 4.12*  0.06 70.53* 0.16 0.07 0.66* 

Mixed 0.74 0.17 0.59* 4.14* 4.57*  0.29 99.20* 1.12* 0.43 1.73* 

Agriculture 0.30 0.24 1.22* 1.85* 2.26*  0.37 45.32* 0.44* 0.85* 1.83* 

Urban 0.86* 0.20 1.93* 2.26* 4.29*  4.67* 3.62* 0.45* 5.94* 14.30* 

#
Threshold values for the attributes are: P/R: >0.75, CPOM/FPOM: >0.25, Top/Down Control: >0.20, TFPOM/BFPOM: >0.50 and stable channel: 

>0.50 (Cummins et al., 2005). 
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There were strong seasonal differences in performance of abundance- vs. biomass-

based metrics of ecosystem functioning (Figure 17). Stream size influence on the 

metrics varied between the abundance- and biomass-based metrics. The P/R and 

CPOM/FPOM ratios were better explained with the biomass-based metrics while top-

down control, channel stability and TFPOM/BFPOM ratios were better explained by 

the abundance-based metrics (Figure 17).  

Unexpectedly, abundance-based P/R metric indicated that during the dry season in the 

mid reaches, the system was heterotrophic. Similarly, with the CPOM/FPOM metric, 

the abundance-based data indicated poor linkage between food webs in the river and 

the riparian zone in forested sites during the wet season. Biomass-based channel 

stability metric showed that forest sites were not stable during both the wet and dry 

seasons (Figure 17). 
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Figure 17: Performance of abundance- vs. biomass-based metrics of ecosystem function in 

the Sosiani-Kipkaren River as determined by different ratios of macroinvertebrate 

functional feeding groups. The dashed line show thresholds indicating a change in ecosystem 

attributes for each metric as shown in Table 8. Note the difference in the y-axis scale for 

CPOM/ FPOM metric between the abundance and biomass metrics because of the high 

biomass of freshwater crabs 
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4.4.2 Longitudinal patterns  

To investigate longitudinal changes in ecosystem functioning with increasing stream 

size, relationships were explored using GAMS between FFG metrics of ecosystem 

attributes and stream/ river width with a smoother for land-use interacting with stream 

width (Figure 18). Abundance and biomass data were plotted separately during the 

dry and wet seasons. There were both seasonal differences in the responses of 

abundance- and biomass-based attributes of ecosystem functioning with relationships 

clearer during the dry season than during the wet season (Figure 18).    

However, there were no significant interactions between the land-use smoother and 

stream width (data not shown), indicating that land-use did not influence longitudinal 

patterns in the FFGs metrics of ecosystem functioning. Abundance-based attributes 

performed better than biomass-based attributes with CPOM/FPOM and channel 

stability showing significant decrease with increasing stream size during the low 

flows (Figure 18b, c).  

During the rainy season abundance-based P/R ratio significantly increased with 

streams size, while TFPOM/BFPOM decreased with as increase in stream size (Figure 

18e, h). In comparison, biomass-based attributes showed significant longitudinal 

relationships with stream size only during the dry season, with P/R ratio and channel 

stability increasing with an increase in stream size (Figure 18i, k) while 

CPOM/FPOM ratio showed an opposite relationship with increase in stream size.  

There was incongruence in abundance- and biomass-based attributes of ecosystem 

functioning for most of the attributes that showed significant or marginally significant 

(p < 0.1) relationships with stream size/ width. There were disagreements in the P/R 
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ratio and channel stability with abundance-based showing a decrease with stream size, 

while biomass-based attributes showing an increase with stream size. The ratio of 

FPOM in transport to FPOM deposited in the benthos (TFPOM/BFPOM) showed a 

consistent non-linear relationship with higher amount of FPOM in the benthos in both 

low and high order streams and lower amount in mid-sized streams.   
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Figure 18: Longitudinal variability in ecosystem attributes derived from the composition of FFG along the Sosiani-Kipkaren 

River during the dry (a-d and i-l; n =14) and wet (e-h and m-p; n =21) seasons. The black line with grey shaded area represents 

smoother mean and s.e.; smoother significance, R
2
 and GCV are supplied in the figures. Note the changes in y-axis values 

across graphs. Ln CPOM/FPOM for biomass data are as a result of the high biomass values of freshwater crabs among 

shredders 
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CHAPTER FIVE 

DISCUSSION 

The Sosiani-Kipkaren River and its tributaries serve as critical water sources for 

various uses and users. However, a number of anthropogenic activities along the river, 

such as bathing, washing clothes, water collection for domestic purposes (using 

motorbikes, hand carts and women and children carrying on their backs and heads), 

swimming, irrigation, sand harvesting, washing motorbikes and vehicles, and 

discharge of waste water from urban centres (Eldoret, Turbo and Kipkaren) pose 

threats to water quality. This study shows that the five major macroinvertebrate FFGs 

identified (scrapers, shredders, predators, filterers and gatherers) displayed both 

spatial and temporal variability in abundance, biomass and taxon richness in response 

to land-use driven changes. Seasonality amplified the land-use effects on water 

quality, with low dissolved oxygen and increased concentrations of nutrients and 

higher electrical conductivity associated with agricultural and urban sites.  

Macroinvertebrates responded similarly with higher shredder abundance, biomass and 

taxon richness being recorded in forested sites, irrespective of the season, while 

predators and scrapers increased in agricultural and urban sites where water 

temperature and nutrient concentrations were higher. Biomass of FFGs responded 

more strongly to changes in land-use type than abundance. For shredders, decrease in 

biomass along the land-use gradient was attributed to the presence of 

macroconsumers (freshwater crabs) which are very sensitive to deforestation and 

deterioration of habitat and water quality (Lancaster et al., 2008).  



85 

 

 

 

Both abundance- and biomass-based metrics displayed responses to land-use and 

stream size, as hypothesized, although there was incongruence in how some metrics 

evaluated ecological condition and ecosystem functioning. Most notably, biomass-

based metrics were poor predictors of ecological condition while abundance-based 

metrics were a better approximation of assessments based on physical measures of 

water and habitat quality. Nevertheless, the functional metrics used offered insights 

into the ecological condition and functioning of the river. 

5.1 Variation of Water and Habitat Quality 

Both season and land-use played significant roles in influencing water quality, organic 

matter and habitat variables in the study. Changes in water quality across the land-use 

sites were indicated by decreasing DO levels, increasing temperature, pH, 

conductivity, nutrients, cations and TSS levels (Table 3). The higher mean 

temperature in the agricultural and urban streams can be attributed to open canopy 

cover along the riparian zones, while the lower mean temperature at forested sites 

were due to dense vegetation cover. Vegetation cover on river margins limit solar 

radiation reaching the water thus reducing fluctuations in water temperature in 

forested streams (Mathooko & Kariuki, 2000; Aura et al., 2011; López-Carr & 

Burgdorfer, 2013; Masese et al., 2017).  

The lower conductivity recorded in forested sites than other site categories during 

both seasons can be attributed to the fact that undisturbed catchments are 

characterized by very low in-stream ionic concentrations. The higher conductivity 

recorded in agricultural and urban streams during the wet season can be attributed to 

runoff from farmlands and urban areas (Minaya et al., 2013; Mwaijengo et al., 2020). 

The study contrasted with similar works around the tropics (Rodrigues et al., 2018; 
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Mwaijengo et al., 2020) with lower conductivity being recorded during the wet than 

dry season which can be attributed to increased livestock using these streams as 

watering points during the dry season. But these watering do not comprise to a greater 

extend these streams to be termed as impaired.  

The higher levels of nitrates in agricultural sites could be attributed to nitrogenous 

fertilizers used in farmlands used for maize and wheat production. Increase in 

dissolved fractions of nitrogen, sodium, potassium and conductivity are indicators of 

disturbance that have been attributed to change in land-use type from forestry to 

agriculture in the region (Minaya et al., 2013; Jacobs et al., 2017). In urban sites the 

high levels of nitrates and ammonia are attributed to runoff and leakages from 

sewerage facilities and waste disposal from agro-industrial activities (Osano et al., 

2003; Aura et al., 2011).  

Habitat quality and organic matter characteristics had significant differences among 

land-uses, without a significant interaction with seasonality. Forested sites had good 

riparian zone quality, instream cover and a higher percentage coverage and biomass 

of CPOM whose quality declined among land-uses. This can be ascribed to the fact 

that forest streams are less interfered with, therefore still containing in-stream 

vegetation with intact riparian zones. It was evident from the study that water and 

habitat quality worsened with change in land-use type from forestry to urbanization 

and agricultural land-use. 

5.2 Patterns in structural composition of macroinvertebrates 

The study identified Ephemeroptera, Diptera and Trichoptera (EPT) as the dominant 

taxa along the river. Observations that were similar to earlier studies of Masese et al. 
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(2009) and Aura et al. (2011) while on working in the same catchment. However, 

there were differences in macroinvertebrate composition and distribution among land-

use site categories, which can be explained by different macroinvertebrate taxa's 

tolerance levels to adverse environmental conditions. 

The total abundance of macroinvertebrates was much larger during the wet than the 

dry season. These findings corroborate those of Harrison & Hynes (1988) and Masese 

et al. (2009) who reported more taxa in the wet season than in the dry one. However, 

the results contradict other similar studies within the region (Tumwesigye et al., 2000; 

Arimoro et al., 2012) that have found an increase in taxa during the dry than the wet 

season. The high abundance during the wet season can be attributed to two main 

reasons; first, more sites were sampled during the wet season than the dry there by 

bringing a disparity in effort and secondly flow differences caused by seasonality 

(Table 3). 

During both the wet and dry seasons EPT taxa dominated (percent abundance and 

richness) the forest sites and decreased in the urban and agricultural sites, a pattern 

that was exhibited by the Coleopterans too, while Dipterans were the dominant taxa in 

the agriculture and urban sites (Figure 8). Similar results have been reported by earlier 

studies; Raburu et al. (2009), Masese et al. (2009) and M’erimba et al. (2014). The 

agricultural and urban sites also recorded a higher abundance of other 

macroinvertebrates taxa including the Odonata, Mollusca and Tricladida (Figure 8). In 

the Lake Victoria Basin, these taxa are thought to be among the most tolerant to 

organic pollution (Kobingi et al., 2009; Masese et al., 2009). 

The lower numbers of EPT taxa in the urban and agricultural land-use sites coincided 

with water quality degradation, EPT taxa can therefore be referred to as good 
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indicators of water quality change (Figure 8). Several studies have recognized the 

significant correlation between land-use and macroinvertebrate communities, 

indicating that the total number of taxa and the percentage of groups like 

Ephemeroptera, Plecoptera, Trichoptera and Coleoptera decreasing while those 

Oligochaeta and Diptera increasing as the pollution and alterations in the river quality 

increases (Masese et al., 2009; Hussain & Pandit, 2012; Masese et al., 2014). The 

urban and agricultural land-use had high nutrient levels, TSS, POM and temperature 

(Table 3). Several studies (such as; Hawkins & Vinson, 2000; Hyslop & Brown, 

2012) have indicated that high nutrient enrichment and sedimentation are known to 

favor Dipterans, primarily Chironomids and Oligochaetes, at the expense of snails, 

algae piercing Trichoptera, Ephemeroptera, and Plecoptera.  

Forested land-use sites had the highest richness and diversity (Table 4) during both 

seasons. The higher diversity of macroinvertebrates in these areas compared to 

agricultural and urban sites can attributed to habitat diversity and complexity in these 

sites given that these sites are areas with little or no human disturbance with some 

having intact riparian zones. Streams with minimally disturbed riparian vegetation 

have been reported to shed leaves and large wood to the streams that increase habitat 

complexity and produce habitats that favour increased abundance and diversity of 

macroinvertebrates (Mathooko, 2001; Kaufmann & Faustini, 2012; Anyona et al., 

2014). 

5.3 Patterns in functional composition of macroinvertebrates 

Shredder biomass and abundance dominated in forested sites compared to sites in the 

other land-uses. This observation is in agreement with earlier studies in the tropical 

region, including Dobson et al. (2002), Cheshire et al. (2005), Uwadiae, (2009) and 
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Masese et al. (2014a). Shredders (most of them being Trichoptera) and scrapers 

(mostly Ephemeroptera) are more sensitive to environmental changes, while 

collectors and predators are more tolerant to disturbance and organic pollution 

(Boyero et al., 2009; Masese et al., 2014a; Masese & Raburu, 2017). Abundance 

based SIMPER identified collectors (filterers and gathers) during the wet season and 

predators during the dry season in terms of numerical abundance as the major FFGs 

contributing to the dissimilarity among the land-uses. Shredders and predators co-

dominated the biomass and contributed to differences among the land-uses. There was 

dominance in terms of richness and abundance of predators in urban streams, which 

can be attributed to tolerant taxa, among Odonata and Hemiptera (Masese et al., 

2021). The availability of other tolerant prey taxa such as Oligochaeta allowed these 

taxa to dominate in urban sites (Barbee, 2005). 

Seasonality was a major driver of functional organization of macroinvertebrates in the 

study area. There was high abundance, biomass and richness of FFGs during the wet 

season than the dry season, which can be attributed to the increase in habitats as 

marginal vegetation are flooded and a broad diversity of flow velocities are available 

for the flow velocities are maintained for both rheophilic taxa and pool taxa (Dallas, 

2007; Munoz-Mas, 2019; Masese et al., 2021). Food resources are also abundant and 

diverse during the wet season from run-off from terrestrial sources (Masese et al., 

2009a). For example, the study indicated the lowest DO concentration but with 

highest nutrient levels and electrical conductivity during the dry season, indicative of 

point sources of pollution, which in urban areas emanates from wastewater treatment 

facilities and outfalls from agro-industrial facilities (Walsh et al., 2005). 
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There were distinct spatial patterns in macroinvertebrate community composition 

associated with water quality variables and stream size characteristics, organic matter 

and habitat variables for both dry and wet seasons (Figures 10). For instance, 

abundance and richness of predators dominated the dry season whose proportion 

increased with increase in disturbance from the forested sites to the degraded urban 

sites and were positively correlated with increased levels of cations, nutrients and 

electrical conductivity. Anthropogenic activities influence on the riparian land of 

urban sites created conditions that could only accommodate a narrow range of 

macroinvertebrates (mainly tolerant FFG taxa) that can withstand and are 

opportunistic in the degraded water and habitat conditions.  

Shredders were the least abundant and diverse but had the highest biomass that was 

>80 % of all taxa in forested and mixed sites. Earlier studies by Pearson et al. (1989), 

Cheshire et al. (2005) and Camacho et al. (2009) indicated that Shredder composition 

in the tropical streams and rivers fluctuate over time and space. The low numbers of 

shredders in agricultural and urban sites can be attributed to the deforestation and 

clearance of indigenous riparian vegetation, water pollution and habitat disturbance 

caused by farming activities and urbanization in the region (Masese et al., 2009; 

Raburu et al., 2009; Aura et al., 2011). Furthermore, exotic tree species dominates the 

remaining riparian vegetation (mainly Eucalyptus, Cypress and Pine cover). The 

inadequate quality and quantity of leaf litter input may jointly cause the scarcity of 

shredders (Cummins et al., 1989; Tiegs & Peter, 2008; Jiang et al., 2011; Masese et 

al., 2014a). 

The longitudinal distribution of FFGs at Sosiani-Kipkaren River varied widely among 

abundance, biomass and taxon richness of the various FFGs, and did not meet the 
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expectations of the River Continuum Concept (RCC) (Vannote et al., 1980). While 

the abundance data showed a mixed trend in the distribution of shredders from 

upstream sites (forested) to downstream sites (agricultural and urban), biomass data 

had a clear distribution that noticeably matched the RCC predictions. The richness-

based metric did not show any systematic longitudinal patterns and was less 

responsive to change in land-use type. This can be attributed to the replacement of 

intolerant by tolerant taxa across FFGs (Masese et al., 2021). Abundance data 

indicated that collector-gatherers and collector-filterers co-dominated the upper 

reaches while predators dominated the mid and lower reaches. The biomass-based 

metric showed a clear trend in the distribution of shredders conforming to the RCC 

prediction.  

Although in low numbers, shredders numerical abundance was highest at the upper 

forested reaches and decreased from upstream to downstream sites. The biomass of 

total collectors (filtering and gathering collectors) and scrapers increased from 

upstream to downstream, results that conform to similar studies within the region by 

Dobson et al. (2002) and Masese et al. (2014a). The predominance of scrapers and 

collectors throughout the river has been reported in other studies in tropical streams 

(Tomanova et al., 2006; Jiang et al., 2011). The shredder biomass which differed 

significantly (p < 0.05) from the other functional feeding groups was contributed 

significantly by crabs of the genus Potamonautes, Tipulids, and Trichopterans 

(Pisulia sp., Triaenodes sp., Adicella sp., and Lepidostoma sp.) which are large-

bodied and have been reported to be highly abundant in East African streams (Dobson 

et al., 2002; Masese et al., 2014a). 
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5.4 Abundance- vs. biomass-based ratios of macroinvertebrate FFGs as 

surrogates of ecosystem attributes 

The spatio-temporal dynamics of macroinvertebrate FFGs in the river in response to 

disturbance rendered them quite amenable as surrogates of ecosystem functioning. 

The various ratios of FFGs (metrics) used were able to track shifts in ecosystem 

integrity and functioning as a result of changes in seasonality and land-use/ 

disturbance. However, abundance- and biomass-based indices did not quite agree in 

all attributes and periods (wet and dry seasons), but there were interesting agreements 

in others, with land-use change and stream size having strong influences on the 

ecosystem attributes (Table 8). 

Abundance- and biomass-based metrics displayed opposite results for the P/R index, 

CPOM/FPOM index and channel stability, but near perfect agreement for top-down 

control and the balance between FPOM in transport and FPOM deposited in the 

benthos (Table 8). Abundance data indicated that while the forested sites were 

heterotrophic (P/R < 0.75), sites in the all other land-uses were autotrophic; an 

observation that conforms to earlier studies in Kenyan streams (Masese et al., 2014, 

2017). On the contrary, biomass data indicated that all sites were heterotrophic, which 

is an indication of poor sensitivity of this metric to changes in stream size or land-use. 

Surprisingly, the river was more heterotrophic during the dry than the wet season. 

This is contrary to expectations because the river was more turbid (higher TSS 

concentrations) during the wet season, which, in addition to cloud cover and scouring, 

would reduce primary production and turn the river heterotrophic (Griffiths et al., 

2013; Masese et al., 2017). Thus, autotrophy at most of the sites during the wet 
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season, and only at urban sites during the dry season, is a significant departure from 

expectations based on other measures of ecosystem functioning. 

Another instance of poor performance of the biomass-based metric was on the 

CPOM/ FPOM index, whereby the abundance-based results captured the removal of 

riparian vegetation along urban and agricultural streams, but the biomass-based index 

showed a strong linkage between food webs and the riparian zone (CPOM > FPOM) 

at all site categories and seasons. This poor performance of biomass-based metrics 

can be attributed to the presence of large-bodied shredders, especially Potamonautes 

sp. and Tipulids, whose presence, even in small numbers, can disproportionately shift 

the P/R ratio toward greater heterotrophy and the CPOM/FPOM ratio metric to 

identify sites as having a well-protected and functioning riparian zone, when in 

essence they are not. These findings highlight concerns regarding potential bias in 

biomass-based ecosystem functioning metrics when large-bodied macroconsumers 

like freshwater crabs are present. Although macroconsumers, such as crabs, crayfish 

and shrimps are often classified as shredders and play major roles in organic matter 

processing in tropical streams (Crowl et al., 2001; Schofield et al., 2001; Masese et 

al., 2014), they are also omnivores with a diverse diet, implying that their 

classification as shredders when calculating metrics of ecosystem functioning may be 

misleading. Moreover, macroconsumers can exert strong top-down controls on other 

invertebrates (Lancaster et al., 2008), which would disadvantage their relative roles as 

indicators of ecosystem condition and functioning. 

There was an increase in predator driven top-down control with land-use change as 

indicated by both abundance- and biomass-based metrics. Urban and agricultural 

streams had an overabundance of predators, such as Hemiptera, Coleoptera and 
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Odonata. Increased abundance of predators, especially large bodied Odonates, beetles 

and bugs, which are fast colonizers and tolerant to poor water quality (Boulton & 

Lake, 2008), have been reported in disturbed streams, especially during droughts. 

Some Coleopterans (beetles) and Hemipterans (bugs) are also known to persist in 

drying pools and their high mobility enables them to escape and seek refuge in larger 

and permanent ones (Velasco & Millan, 1998). Some Odonate species are also 

tolerant to flow variation and temperature (Stewart & Samways, 1998; Hardersen, 

2008), and this can partly explain their high abundance and diversity at the urban and 

agricultural sites. 

There was close correspondence in the performance of channel stability and TFPOM 

vs. BFPOM metrics as measures of ecological condition. Across the four land-uses, 

both abundance- and biomass-based metrics showed that there was more FPOM in 

transport as compared to that deposited on the streambed, while the abundance-based 

metric showed that all sites had stale instream substrate. These two metrics relied 

mainly on Hydropsychidae and Simuliidae, which have been found to thrive in 

moderately disturbed sites with organic material utilized by Simuliidae that are the 

main prey for predatory Hydropsychidae (Rivers-Moore et al., 2007; Masese & 

Raburu, 2017). This tolerance to organic pollution and cosmopolitan distribution of 

these two families biased assessment of the geomorphological condition of the river 

against visual evidence of erosion and sedimentation, especially at agricultural sites.  

 

The better performance of abundance- vs. biomass-based metrics of ecological 

condition and function in this river was supported by the visual assessment of sites 

based on water quality variables and the qualitative habitat quality index. The poor 

performance of biomass-based metrics in this study raises interesting questions on the 
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importance of macroconsumers and other large bodied individuals, such as some 

Odonates, bugs and beetles as bioindicators of ecological condition in streams and 

rivers. In the context of biodiversity and ecosystem functioning, evidence shows that 

species richness and diversity can enhance ecosystem functioning (Hooper et al., 

2005; Cardinale et al., 2012). This can be interpreted to imply that a diverse 

community of taxa belonging to various FFGs would be a better predictor of 

ecological condition and ecosystem function compared to a less diverse community of 

dominated by a few taxa. In a system with macroconsumers as ours, abundance better 

approximates species richness, than biomass. For instance, freshwater crabs can 

constitute more than 80% of the biomass of invertebrates (Masese et al., 2014), which 

significantly diminishes the presence and role of other invertebrates. Moreover, poor 

performance of biomass-based metrics and some abundance-based metrics could be as 

a result of using threshold values that were developed for temperate streams (Merritt 

et al., 2017), and may not be appropriate for tropical streams where the composition 

of FFGs and tolerance of taxa to different forms of disturbance are different (Boyero 

et al., 2009; Masese & Raburu, 2017). 

 

The study recorded notable longitudinal shifts in metrics of ecosystem attributes in 

response to increasing stream size (Figure 18). From the RCC predictions it’s 

expected that change in stream size would affect the composition of FFGs, and hence 

the metrics used here as measures of ecosystem functioning. In some instances, the 

ecosystem attributes agreed with the predictions of the RCC (Vannote et al., 1980), 

and in some instances there were total disagreement, but these were dependent on 

seasons and on whether the metrics were abundance- or biomass-based. For instance, 

headwaters streams were heterotrophic and mid-reaches were autotrophic, which is in 
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agreement with RCC concept. Moreover, for most biomass-based metrics 

relationships were weak or non-existent, further highlighting the weaknesses of using 

biomass as a measure of ecosystem integrity. The weak longitudinal relationship 

imply that changes in stream size did not play a significant role in influencing the 

functional composition of macroinvertebrates as surrogates of ecosystem functioning, 

but rather the changes were as a result of confounding factors of seasonality and reach 

scale influences caused by agricultural activities and urbanization in the vicinity of the 

sampling sites. 
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CHAPTER SIX 

CONCLUSIONS AND RECOMMENDATIONS 

6.1 CONCLUSIONS 

This study shows that land-use change and seasonality affected water and habitat 

quality variables with higher values being recorded in the disturbed urban and 

agricultural sites. The results indicate that the functional organization of 

macroinvertebrates in headwater streams is subject to deterministic processes through 

the occurrence of gradients caused by changes in environmental conditions, such as 

organic matter, water and habitat quality. These differences are then amplified or 

ameliorated by flow variations caused by seasonality in these streams. Changes in 

land-use type from forestry to agricultural and urbanization resulted in deterioration 

of water and habitat quality, which subsequently affected the different 

macroinvertebrate FFGs differently.  

The sensitive EPT taxa and shredders were found in the less polluted forested streams 

while the tolerant taxa were in the polluted streams. Shredder biomass was most 

negatively responsive to change in land-use type, while the rest of the functional 

feeding groups seemed to thrive in modified stream conditions. Higher shredder 

abundance, biomass and taxon richness was recorded in forested sites, irrespective of 

the season, while predators and scrapers increased in agricultural and urban sites 

where water temperature and nutrient concentrations were higher. 

This study also adds to the increasing body of knowledge about macroinvertebrates' 

functional organization in tropics and their potential use as bioindicators of ecosystem 

health both at spatial and temporal scales. Although there were disagreements 
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between abundance- vs. biomass-based metrics used as surrogates of ecosystem 

functioning, some metrics were in agreement, also with some of the predictions of the 

RCC, which confirms the potency of this approach as a means of assessing both the 

ecological integrity and functioning of tropical streams. The abundance-based metrics 

were more reliable as they agreed with visual assessments of the sites based on water 

and habitat quality, and cases of disagreements from expected patterns would be 

explained by the confoundment caused by land-use change and point sources of 

pollution (urbanizations and industries).  

Despite the challenges of deposition and sedimentation along the river gradient during 

the wet season, and unbalanced sampling during the dry and wet seasons, the results 

from this study are reliable. 

 

6.2 RECOMMENDATIONS 

1. The study showed that catchment land-use can modify riparian quality and in-

stream habitat conditions in turn affecting stream macroinvertebrate 

communities, therefore, riparian corridors along streams should be protected 

and this knowledge used in management actions of the Sosiani-Kipkaren River 

and similar other streams and rivers in the region.  

2. Results from the study indicated clearer patterns during the dry than the wet 

season. Therefore, sampling for biomonitoring should be done during the base 

flow where the confounding effects of flow variation are minimal. 
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3. Overall, the use of FFG-based metrics as surrogates of ecological condition 

and ecosystem functioning in tropical streams holds promise, but there is a 

need to evaluate and update threshold values for the various metrics originally 

developed for temperate streams, as these may not be applicable. 
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APPENDICES 

 
Appendix I: a; Identification of macroinvertebrates in the laboratory under a 

stereomicroscope with the aid of several keys, b; an identified Dytiscidae 

 

a b
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Appendix II: Macroinvertebrates FFG assignment (Merritt & Cummins, 1996; 

Dobson et al., 2002, Molina, 2004; Masese et al., 2014a) collected in the Sosiani-

Kipkaren River during the wet and dry seasons. PRD = Predators, SCR = 

Scrapers, CG = Collector-gatherers, CF = Collector-filterers, SHR = Shredders 

ORDER FAMILY GENUS FFG 

Arachnida Araneae Araneae PRD 

Arhynchobdellida Hirudinae Hirudo sp. PRD 

Coleoptera Amphizoidae Amphizoidae PRD 

 Dytiscidae Yola sp. PRD 

 Elmidae Elminae SCR 

  Larainae SHR 

 Gyrinidae Dineutus sp. PRD 

  Gyrinus sp. PRD 

 Hydraenidae Hydraena sp. PRD 

 Hydrophilidae Hydrohilinae  PRD 

  Hydrophilus sp. PRD 

 Noteridae Noteridae PRD 

 Scirtidae Elodes sp. SCR 

Collembola Collembola Collembola CG 

Decapoda Atyidae Atyidae CG 

 Cambaridae Cambarus sp. CG 

 Potamonautidae Potamonaute sp. SHR 

Diptera Athericidae Athericidae PRD 

 Ceratopogonidae Bezzia sp. PRD 

  Culicoides PRD 

 Chironomidae Chironomus sp. CG 

  Orthocladiinae CG 

  Tanypodinae PRD 

 Muscidae Musca sp. CG 

 Nepidae Nepidae PRD 

 Psychodidae Psychodidae CG 

 Simuliidae Simulium sp. CF 

 Tabanidae Tabanus sp. PRD 

 Tanyderidae Tanyderidae CG 

 Tipulidae Antocha sp. SHR 

  Hexatoma sp. PRD 

  Limonia sp. SHR 

  Tipula sp. SHR 

Ephemeroptera Baetidae Acanthiops sp. SHR 

  Baetis sp SCR 

  Centroptiloides CG 

  Tsitsa sp. CG 
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 Caenidae Afrocaenis sp CG 

  Caenis sp CG 

 Ephemerythidae Ephemerythus sp. CG 

 Heptageniidae Afronurus sp. SCR 

 Leptophlebiidae Adenophlebia sp CG 

  Euthraulus sp. SCR 

  Leptophlebia sp. CG 

 Oligoneuriidae Oligoneuriopsis sp. CF 

 Polymitarcyidae Povila sp. CG 

 Tricorythidae Dicercomyzon sp. CG 

  Tricorythus sp. CG 

Hemiptera Belostomatidae Belostoma sp. PRD 

 Corixidae Corixa sp. PRD 

  Micronecta sp. PRD 

 Gerridae Eurymetra sp. PRD 

  Gerris sp. PRD 

  Metrobates sp. PRD 

 Hydrometridae Hydrometra sp. PRD 

 Mesoveliidae Mesovelia sp. PRD 

 Naucoridae Naucoridae PRD 

 Nepidae Nepidae PRD 

 Notonectidae Notonecta sp. PRD 

  Plea sp. PRD 

Lepidoptera Crambidae Crambidae SHR 

  Parapoynx sp. SHR 

  Synclita sp. SHR 

Mollusca Lymnaeidae Lymnaeidae SCR 

 Planorbidae Planorbis sp. SCR 

 Sphaeriidae Pisidium sp. CF 

 Thiaridae Thiaridae SCR 

Odonata Aeshinidae Aeshna sp. PRD 

 Chlorolestidae Chlorolestidae PRD 

 Corduliidae Cordulia sp. PRD 

  Corduliidae PRD 

  Phyllomacromia sp. PRD 

 Gomphidae Gomphus sp. PRD 

 Lestidae Lestes sp. PRD 

 Libelluliidae Libelluliidae PRD 

 Protoneuridae Protoneuridae PRD 

Oligochaeta Lumbriculidae Lumbricus sp. CG 

 Tubificidae Tubifex sp. CG 

Plecoptera Perlidae Neoperla sp. PRD 

Trichoptera Calamoceratidae Anisocentropus sp. SHR 

 Ecnomidae Ecnomus sp. CF 

 Hydropsychidae Cheumatopsyche sp. PRD 

  Hydropsyche sp. CF 

 Hydroptilidae Hydroptilidae SCR 
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 Lepidostomatidae Lepidostoma sp. SHR 

 Leptoceridae Atheripceides SHR 

  Leptocerus sp SHR 

  Oecetis sp PRD 

 Philopotamidae Chimarra sp. CF 

 Pisuliidae Pisulia sp. SHR 

 Polycentropodidae Polycentropus sp. PRD 

Tricladida Planariidae Planaria sp. PRD 
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Appendix III: The QHEI form used for qualitative evaluation of sites along the 

Sosiani-Kipkaren River (Adopted from Rankin, 1995) 
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Appendix IV: Similarity Report 

 


