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Abstract 

Assessment of lake ecological condition using benthic invertebrate, Physico-chemical 

parameters and habitat features in Lake Kuriftu  

Rahel Lemma 

June 2018 

This study aimed at determining ecological condition of Lake Kuriftu using benthic 

macroinvertebrate as response variable. The field research was carried out at the 

rainy season (Oct-Nov, 2017) and dry season (Apr-May, 2018). Altogether, 10 

habplots were studied, which are located in equal distance. Moreover, Studies on the 

hydromorphology were performed using the method of Lake Habitat Survey (LHS), in 

addition to water quality analysis. Both Univariate and Multivariate analytical 

methods were utilized to explore response of benthic macro invertebrates to temporal 

and spatial dynamics considering water quality and habitat structure as explanatory 

variable. Almost all taxa recorded were pollution tolerant (PTV>6). In addition the 

lake was depicted to accumulate high concentration of nutrients over time. Much of 

the area surrounding the lake had been altered for recreational and residential land 

uses on top of its location facilitating seasonal non-point runoff. Similarly chemical 

gradients in RDA model showed weak association with species scores (Eigen value; 

0.153, 0.136, 0.104 and 0.059). Obtained results indicated that hydro morphological 

modifications in the Lake are an important ecological factor dominantly affecting the 

occurrence and quantitative diversity of macro invertebrate, and water quality 

condition. Remedial actions and further specific studies were proposed to solve the 

identified and confounded problems, and to improve the ecological condition of the 

lake. 
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Definition of terms 

1. Littoral zone  is  defined as the belt of shallow water around the shoreline of a 

lake to the maximum depth at which light still reaches the bottom sediments to allow 

macrophytic growth (Rowan et al., 2003). 

2. Fresh water quality is  the totality of features and characteristics of the water 

that bear upon its ability to support an appropriate natural fauna, and to sustain 

legitimate uses ( Pugh , 1997) 

3. Lake  is type of  water body that meets criteria such as 1)It fills or partly fills a 

basin or several connected basins 2)It has essentially the same water level throughout, 

except for short periods when influenced by wind, large inflows and precipitation 

(Rowan et al., 2003) 

4.  Biological integrity is the summation of chemical, physical and biological 

integrity and a system possessing integrity is expected to withstand and recover from 

most perturbations imposed by natural environmental processes as well as many 

major disruptions induced by man. 

5.  Shoreline is the unique habitat represented by the land water interface     

(ecotone) is a zone of change extending from the near shore littoral to the riparian 

zone above the bank and typical water level. 

6.  Riparian zone is defined as three-dimensional zones of direct interaction 

between terrestrial and aquatic ecosystems, and it signifies a strip of land bordering a 

stream, lake or coast. 

7.  Bank edge  is defined by convex break in slope or as the line along which 

riparian (terrestrial or land) conditions change to in lake conditions(Rowan et al., 

2003). 
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8.  Eigen values are values that represent the amount of the original variance 

explained by each of new derived variables 

9.  Ecological condition  : "a biological system  can be considered in excellent 

condition when its inherent potential is realized, its condition is stable, its capacity for 

self-repair when perturbed is preserved, and minimal external support for 

management is needed" ((Karr, 1991). 

10. Ordination is the operation of arranging observations along in a defined order 

either by measurements on some pre-known environmental data (direct ordination) or 

along an abstract mathematical axis (Ter Braak, 1988). 

11. Integrity implies an unimpaired condition or the quality or state of being 

complete or undivided (Karr, 1993). 

12. Benthic Invertebrate Fauna are invertebrates, which are visible to naked eye 

and live on the bottom of aquatic ecosystems at least part of their life cycle and can be 

collected using aquatic nets of 500 μm or less (Jones et al.,2004) 

13. Biotic  homogenization is the reduction in diversity, as biotic communities 

increase in taxonomic, functional or genetic similarity over time (McKinney and 

Lockwood, 1999). 

14. Buffer strips are undisturbed, naturally vegetated zones around water reservoirs 

and their tributaries and are recognized as integral aspect of watershed management 

(Nieswand et al.,1991). 
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Chapter one 

1. Introduction 

1.1 Background of the study 

Almost every situation in human’s life is reflected in fresh water ecosystems. They 

proffer us solace in time of sadness, depression and grief by providing a gentle place 

to rest, float and think. Moreover, they make a significant contribution to aquatic 

biodiversity by maintaining species of fauna and flora (Sayer et al.,1999; Dudgeon et 

al., 2006). They are also well known in their role in providing transportation, energy 

and waste diffusion. Besides lake Sediments were found to have high part in carbon 

sequestration than forest biomass or soil (Cole et al., 2007). 

 

However, fresh water ecosystems are deteriorating due to mainly population growth 

and economic development (Masesea et al.,2013), which affect their capacity to offer 

ecosystem services. Loss of fishes and sensitive fauna, chemical deterioration, 

riparian and littoral vegetation loss, shoreline development and overexploitation of 

fish stock are some of the activities associated with human induced effects. Moreover, 

influence of predicaments combining and interacting to each other are most of the 

time complex to understand (Cai et al., 2014). 

 

Lake ecosystem is more prone to high sedimentation and pollutant entry in runoff. 

This is due to their occurence utmost in a valley bottoms and lack of open marine 

water volume (Dudgeon et al.,2006), which constraints their ability to dilute 

contaminants. This is more manifested in lakes with no outlets. 
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Following this, there had been a world wide agreement for their recovery and 

conservation (Solimini et al.,2006), leading to development of schemes aimed at 

safeguarding integrity of water resources (Gabriel et al ., 2010). 

 

However, prior to development of such schemes , it is necessary to evaluate  and 

quantify the current state of and impacts on water enironment (Diaz et al.,2004). 

Emphasis has switched from water quality which is simply expressed interms of water 

chemistry variables to more robust method based on bioindicators (Masesea et al., 

2013). Focusing only on  chemical parameters to  assess water quality is often limited 

to providing and interpreting snapshot of periods when samples are taken (Karr, 

1991). In addition, impacts could be confounded by the occurrence of physical habitat 

disturbance (Poikane et al., 2016). On the contrast, bioindicators help to anticipate 

environmental problems before they become acute (Martınez et al .,2010) and  record 

aggregated impacts of a given perturbation (Levin et al.,2016). 

 

Legislations such as National Water Act (South Africa) ,Water Framework Directive 

(Europe), and Clean Water Act (USA) could be mentioned as a frameworks that 

adopted use of aquatic organism in environmental assessment of surface water in 

those nations. Similar legislation exists for South Korea (National Stream Health 

Monitoring Act), Canada (Canada Water Act), New Zealand (Resource Management 

Act), and Australia (Sustainable Rivers Audit). Brought back to East African 

countries ,they have recently recognize water for basic human needs and 

environmental protection as the highest priorities (Masesea et al.,2013). However, 

there are no provisions for their bioassessment and biomonitoring. 
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Benthic invertebrate  fauna ,with a common  name ‘’Macro invertebrates” are one of 

the relevant elements for the categories of lakes (Gabriel et al., 2010; Birk et al., 

2012).This is because of their efficiency in responding to hydrological, morphological 

and climatological stresses. In addition , they constitute a significant biomass and play 

an important role in overall production (Free et al., 2009). Utilization of one single 

factor to assess lake integrity may not completely reflect lake Regime. This is where 

physical habitat indices come to the scene, as it is a basis for maintenance of diverse 

and functional aquatic communities. 

Due to relative contribution to all freshwater habitats ,small lakes require considerable 

research effort for determination of biodiversity and conservation value (Baars et al., 

2014). Often large lakes have been the focus of published studies and routine 

monitoring disproportionally. Such studies are required to document the species 

present and to determine how susceptible these lakes are to environmental stresses. In 

so doing, the biological integrity of the system will be compromised. 

Ethiopia, with variable topography and altitudinal range, from 126m bsl to 4,620m asl 

, is entirely landlocked country located in East Africa. It is often referred as the 

‛‛Water Tower of Africa” (Amanuel Aklilu, 2011), indicating the high water resource 

abundance in the country. In spite of this, it is considered water stressed and natural 

variability in rainfall patterns and distribution, punctuated by extreme climatic events 

has thrust many regions of the country. 

In addition, most of the lakes in the country are in vicinity of fast growing cities  

exposed to water quality changes as a result of unplanned land use and modification, 

irrigation, waste disposal and other practices associated with population growth 

(Zinabu Gebremariam, 2002; Tujuba Ayele and Seyoum Mengistou, 2013). 
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1.2 Statement of the problem 

Lake Kuriftu is located outside the city on the northern side of Bishoftu, east shewa 

zone of the Oromia region. Human activities such as unplanned land use and 

modification, settlement, recreation, agricultural and aqua cultural practice are 

performed in close proximity to the Lake. Such activities associated directly or 

indirectly with rapid population growth in the country are the major surface water 

quality degrading factors (Fasil Degefu et al., 2014), aggravating the need to urgent 

intervention for conservation and recovery. 

In Ethiopia the use of macro invertebrate for assessment and monitoring of lake 

conditions is rare (Habiba Gashaw and Seyoum Mengistou, 2012). This indicates 

availability of little information on biological assessment and monitoring tools. 

Reasons for this case might be most countries including Ethiopia is focusing on 

chemical parameters, which are usually very sensitive and does not reflect the 

ecological state of targeted ecosystem.  

To date, most of studies conducted  in Lake Kuriftu were about organisms or about 

the processes carried out by these individual organisms or communities (Ashagrie 

Gibtan et al., 2008; Eshete Assesfa and Seyoum Mengistou, 2011; Girum Tamirie and 

Seyoum Mengistou, 2013; Tujuba Ayele and Seyoum Mengistou, 2013). So far, the 

habitat structure of the lake has received no attention. As a result, the responses of 

biota to surrounding habitat structure changes are poorly understood. Therefore, this 

study aims to assess the ecological condition of a small tropical lake, using 

hydromorphological, physicochemical parameters and macroinvertebrates, 
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1.3 Objectives 

1.3.1 General objectives 

o To evaluate  ecological condition of Lake kuriftu by using benthic invertebrate 

fauna, physical habitat and water quality parameters 

1.3.2 Specific objectives 

o To examine Littoral Macroinvertebrate abundance and community structure in the 

Lake Kuriftu 

o To identify the pattern of Macroinvertebrate assemblages with regard to physical 

habitat and water quality parameters in Lake Kuriftu 

o To evaluate the difference and similarity of community-environment relationships 

with regard to sampling periods and habplots in Lake kuriftu 
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1.4 Scope of the study 

Water quality variables were selected based on their degree of temporal variation and 

efficiency in illustrating the water quality condition of the Lake. In addition, time and 

financial constraints were considered as habplots are treated independently for the 

Habitat quality assessment method (HabQA). 

First sampling period “Oct-Nov (2017)” was carried out at the end of heavy rain 

season, since this period reflects winter impacts, further referred as wet season. The 

second sampling period ‘‘Apr-May (2018)’’ was further referred in the text as dry 

season. This sampling period was considered since invertebrate fauna richness is high. 

In addition, the fauna identified tend to be large and easily identified. Moreover, the 

contribution of rains refilling the lake in Apr-May (2018)’’ was insignificant to Lake 

Kuriftu and its tributaries.  

1.5 Limitation of study 

It is unlikely that the two sampling times represent the full species assemblage, and 

further more regular sampling is required to document the full species complement of 

this Lake. 
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Chapter Two 

2. Literature review 

2.1 Introduction to bio monitoring /bio assessment 

Biological assessment is the evaluation of the ecosystem condition that is grounded  

on surveys of the structural and functional organization of the resident biota (Masesea 

et al., 2013). It is now recognized as one of the most valuable tools available for water 

resource managers. This is mainly due to its contribution in understanding of species-

environmental relationship (Gobiet et al., 2013). 

Human influences on water resources are beyond chemical alteration further 

extending to hydro-morphological alteration, riparian loss, substrate degradation, 

climate change, often interacting to each other. Status of aquatic life had been 

established as the most direct and effective measure  of water resources integrity since 

they provide an integrative view on the effects of human influences (Karr, 2006). 

Some of the advantages of bio monitoring are 

1.Biological communities reflect overall ecological integrity; 

2.Communities integrate the stresses overtime and provide an ecological measure on 

fluctuating environmental condition; 

3.Ability to detect the cumulative impact of multiple stressors through bio indicators. 

However, it shall not be seen as an alternative to physical and chemical monitoring 

but as a useful complementary approach. The response of organisms that is affected 

by their natural cycle renders strength of the bio monitoring. 
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2.2 Selection of indicator organism in biomonitoring 

Bioindicator is an organism whose characteristics (e.g.:-presence or absence, 

population density, dispersion, reproductive success) are used as index or attributes 

(Birk et al., 2012). On the other hand, biotic indices go one-step further and attempt to 

summarize features of dissimilar elements of the ecosystem; For instance, biological 

assemblage and community level information, which integrates relevant ecological 

information in to an overall expression of the integrity of targeted ecosystem. 

Indicator organisms have been used for decades as a convenient assay of 

environmental condition (Cheimonopoulou et al., 2011). Since not every potential 

interest with in an ecosystem can be measured choice of what to measure is critical. 

Valuable indicators possess characteristics such as; 

1. generating ecological information related to environmental problems; 

2. cost and practicality of the method; 

3. providing information that can be translated in to useful management; 

4. contributing  to achievement of monitoring program objectives; 

5. taxonomically easy and well known; 

6. widely distributed and presenting low genetical variability; 

7. long life cycle and low mobility; 

8. Sensitivity to stresses on the system and predicting changes that can be averted by 

management actions. 
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2.3 Macro invertebrates for Lake Bio monitoring 

Utilization of benthic macroinvertebrates for lake biomonitoring dates back to the 

beginning of the 20th century (Paul and Cairns,1983). Since then their use as 

indicators of lake ecosystem degradation or restoration has become wide spread and 

reliable for bioassessment (Birk et al., 2012; Dalu et al., 2016). 

They form an important link between primary producers , detrital deposits and higher 

trophic levels in aquatic food webs (Gobiet et al., 2013). Moreover, benthic macro 

invertebrates indicate combined and varying pressures than what can be reflected by 

plankton communities (Dalu et al., 2016) and fishes as they exhibit life cycles ranging 

several months. 

Benthic invertebrate fauna are highlighted as a potential indicator in small lakes that 

are mostly found naturally with sparse macrophyte. Furthermore, their a) less 

variability in time unlike phytoplankton, which is only present during vegetation 

period, b) response to habitat degradation in contrast to diatoms, c) immobility unlike 

fish, which is less sensitive to pressures and dependent on lake size, put Macro 

invertebrates on practical advantage over the other discussed biological quality 

elements. 

In spite of this, the use of benthic macroinvertebrate in lake assessment programmes 

has been limited (Birk et al., 2012). This is more manifested in developing countries 

like Ethiopia following lack of regulations that undertook bio assessment as national 

program, which hindered technique calibration and development to monitor, and 

assess impairment.  
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No indicator provides one hundred percent perfection to managers in assessing 

integrity of water resource. Similarly, fauna’s complex biotic structure is  mentioned 

as a feature which renders their strength (Solimini et al.,2006; Birk et al.,2012). 
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Chapter Three  

3. Materials and Methods 

3.1 Description of the study area 

3.1.1 Study area 

This study was conducted in Lake Kuriftu, which is located in Bishoftu city at an 

altitude ranging from 1863 m to 1872 m above sea level. The lake was originally a 

dry crater depression (Seifu Kebede et al., 2002).  

It was later filled by diverting the river wadecha , a tributary of Awash river, for the 

purpose of introducing fish and to initiate small scale horticulture for local people 

(Tujuba Ayele and Seyoum Mengistou, 2013). 

It is roughly circular in shape, with perimeter 1.3 km2 (approx.).The lake ranged in 

depth from 4.21m (rainy season) to 3.6m (dry season). It has no perennial surface 

inlets or outlets. Surface runoff and precipitation play a maximum role in the Lake 

water level balance following the static water level  which is above the water level 

(Seifu Kebede et al., 2002). 

3.1.2 Climatic condition 

According to National Metrological Agency of Ethiopia (NME, 2018), Bishoftu lies 

in weina dega (subtropical) climatic zone (1500m -2300m). In addition, Rainfall 

seasonality in the area is very pronounced, with heavy rainfall in July-August 

followed by prolonged drought period (fig 1). 
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Figure 1 mean monthly precipitation (May 2017-May 2018) 
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3.2 Sampling protocol 

3.2.1 Study design and period 

This study was carried out by setting 10 equidistant plots, which extend from riparian 

to littoral zone along the Lake perimeter. All surveys were done in October 28-Nov 2 

(2017) and Apr 27-May 2 (2018). 

3.2.2 Variables of the study 

Physical habitat metrics were predictor variable whereas biological variables were 

considered as dependent variable. Water quality parameters were considered as 

dependent and independent variable. 

Water quality Parameters such as water temperature (ToW), pH, dissolved Oxygen, 

specific conductivity, ammonia, nitrate, phosphate, total nitrogen, biological oxygen 

demand (BOD5) were used to assess water quality condition. 

3.2.3 Sampling Site selection 

Sampling sites were selected according to LHS method. This method requires that 

shoreline and riparian habitat to be assessed at random and evenly spaced locations 

(habplots).These are designed to record the main lakeshore habitat characteristics over 

15m wide plots, which extend from within the riparian zone to within littoral zone 

(appendix 1). 

Considering the above requirements, 10 equidistant sampling points were selected 

along the Lake perimeter (Table 1). The first habplot is located closer to where the 

boat was launched and the remainders are approximately evenly spaced (Appendix 1). 
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Table 1 Location of Plots  

Habplots Elevation    N  E 

A 1870 08⁰46'662''  038⁰59'910'' 

B 1868 08⁰46'621'' 039⁰00'008'' 

C 1871 08⁰46'646'' 039⁰00'008'' 

D 1872 08⁰46'741'' 039⁰00'122'' 

E 1867 08⁰46'830'' 039⁰00'070'' 

F 1867 08⁰46'859'' 039⁰00'070'' 

G 1865 08⁰46'861'' 039⁰00'011'' 

H 1863 08⁰'46'850'' 038⁰59'959'' 

I 1863 08⁰46'790'' 038⁰59'921'' 

J 1869 08⁰'46'728'' 038⁰59'917'' 
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Figure 2 Map of the Lake Kuriftu showing the ten habplots to characterize physical habitat, water quality and macro 

invertebrates present in wet season and dry season 
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3.3 Data collection and preparation 

3.3.1 Water quality characterization. 

3.3.1.1 Insitu measurement of water quality parameters 

Measurement of parameters such as pH, Conductivity(µs), water temperature (Wtemp 

in ⁰C), Dissolved Oxygen (DO in mg/l) were taken using a portable WTW multi-

parameter probe according to (CCME, 2011). The samples were taken at surface 

(0.5m). Conductivity was changed to specific conductivity following conversion 

method by Talling and Talling. (1965). The data were later averaged. 

3.3.1.2 Laboratory analysis 

The sample water collected using Kemmerer sampler was poured to 2-liter 

polyethylene bottle, which is pre-cleaned and rinsed with sample water prior to final 

collection. This procedure was repeated for each site. The bottle were then stored in 

icebox until return to AAU, CES laboratory. 

In the laboratory BOD5 ,nutrients (NO3-N, NH3-N, PO4-P, TN) were determined  

according to HACH. (2013). Total alkalinity was also determined through titration 

using strong acid (HCl). All analytical procedures were triplicated. Determination 

methods are listed in Table 2. 
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Table 2 Analytical methods of Chemical Parameters used during the study 

Parameters Method of analysis 

Total alkalinity Titration with HCl using phenophtalin and bromcresol 

indicator solutions 

BOD5 Winkler’s method (5 day incubation) 

PO4-P Acid Persulfate Digestion Method 

NH3-N Nessler method 

TN Persulfate digestion method 

NO3-N Cadmium Reduction Method 
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3.3.2 Physical Habitat Evaluation 

A visual habitat assessment was conducted using LHS method  (Rowan et al.,2004). 

This method recognizes littoral zone, shore zone and riparian zone through a detailed 

questionnaire, which categorizes observations as classes of extent or present/absent 

(Rowan , 2008). In addition, human pressures at each plot and whole lake scale were 

assessed up to 50 m back from the current water line, also within 50 m radius from 

each plot. Individual plant variables: diameter at breast height (DBH) and for smaller 

and multi-stemmed shrub, at the height of 30 cm (d
30

) from the ground were measured 

using measuring tape. Furthermore, vegetation found in each habplots were identified 

using Bekele Tessema, A. (2007). 

As part of the Lake Habitat survey method (LHS method), 3 metrics which will be 

calculated using the survey data were used: 

3.3.2.1 LHMS (Lake Habitat Modification Score) 

A Lake Habitat Modification Score (LHMS ) calculated from LHS data synthesizes a 

wide array of hydro morphological and human pressures, and has direct applications 

for assessment of ecological status (appendix 2). 

3.3.2.2 LHQA (Lake Habitat Quality Assessment) and HabQA (Habplot Quality 

assessment) 

The Lake Habitat Quality Assessment (LHQA) of LHS provides an index of lake 

habitat quality based on diversity, physical structure and the presence of habitat 

features considered to be of ecological value (Rowan et al., 2003). HabQA (Mcgoff 

and Irvine, 2009) ,a modified scoring method was used to compare across the 10 

habplots with regard to macroinvertebrate community  structure and water quality 
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parameters. In addition, habitat within the individual habplots was linked with the 

biota and abiotic variables measured using HabQA method. 

Immersed trailing riparian habitat, livestock watering and riparian root substrate was 

observed in Lake kuriftu. Their presence in lake ecosystem is highlighted to impact 

macro invertebrate richness, abundance and water quality. For example, lakes 

exposed to livestock faces herbivory impacts on aquatic vegetation, nutrient inputs via 

urine and fecal deposition, and trampling of the sediments (Coffin and Lauenroth, 

1988; Collins et al., 2010). Relatedly trailing habitat plays an important role in the 

establishment of some macroinvertebrate taxa and temperature modulation .Therefore, 

a modification of score ranges was made to incorporate presence of livestock 

watering, trees extending to littoral zone and root habitats in HabQA and LHQA 

metrics (Appendix 3).  

3.3.3 Macroinvertebrate sampling, processing and analysis 

3.3.3.1 Macro invertebrate sampling and processing 

Macroinvertebrate samples were taken from each of the ten plots with in the littoral 

zone in Oct-Nov 2017 and Apr-May 2018. 10-20 minute sample was taken with the 

sample effort divided proportionally among the habitats present at the site (silt, sand, 

stone, mud, tree bark and trailing riparian habitat) in a littoral zone with a 0.5 mm 

mesh D-Frame net using travelling kick and sweep method (OBBN,2004). 

The resultant sample was washed through two sieves; one contained (1-cm2) hardware 

cloth to sieve out large debris and the other had 600μm mesh to rinse out fine organic 

material. The elutriated sample was then transferred in to a white tray for further 

sorting of macro invertebrates. 
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Sorted macro invertebrates were then stored in Plastic jars (0.5 L) and preserved with 

4% formaldehyde. This procedure was repeated 3 times per site to calculate mean 

values. Plastic jars containing the invertebrates were transported to the laboratory of 

the limnology department, Addis Ababa University, for further identification. 

3.3.3.2 Macroinvertebrate sample analysis 

Macro invertebrates was identified mainly to family level using Binocular dissecting 

microscope  and identification keys such as; (Hugh,1991 ; Bouchard,2004 ; Oscoz et 

al.,2011). Bowman and Bailey (1997) examined ten benthic macroinvertebrate data 

sets and concluded that relatively coarse taxonomic resolution (i.e., family or order) 

provides a similar description of community patterns to higher taxonomic resolution. 

Subsampling was not necessary owing to the low variable number of macro 

invertebrate collected in each site. However, it enabled the processing to be free from 

biases, which result from selection of larger macro invertebrates. Re-counting and re-

identification was  conducted for quality assurance measure. 
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3.4 Data and statistical analysis 

All Water quality variables were standardized to zero mean and unit variance prior to 

statistical analysis since they were combination of different measurement unit. 

Species abundance data were log transformed [(log (x + 1)] before the analysis to 

prevent extreme values (outliers) from unduly influencing the ordination and achieve 

normal distribution  (Ter Braak, 1988). HabQA variables were also standardized (z-

score) when used in parametric analysis. 

The significant levels of differences between sampling periods with regard to three 

LHS metrics, macroinvertebrate data and water quality variables were examined using 

independent t-test (Mann Whitney U-test). Similarly, Anova was carried out to assess 

the significance levels of differences between sampling plots. 

Spearman rank correlation analysis (non-parametric) was utilized to opt for significant 

HabQA variables (a suite of variables considered to be ‘driving’ the HabQA score). 

Then the relationship between selected variables of HabQA and macroinvertebrate 

taxa was explored to isolate the impact of hydromorphological alteration on the 

community. 

Pearson product moment correlation was used to assess significant HabQA variables 

and chemical variables overall by pooling temporal chemical data in order to 

understand the relation between the physical habitat and water quality condition, 

Then redundancy analysis (RDA) based on correlation matrix was used to explicitly 

investigate the relationship between community composition and Physico-chemical 

variables since it works well with empty values. In addition, preliminary analysis 
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using detrended canonical analysis was computed and longest gradient ranged 

between 3-4 (3.41). 

During the RDA analysis the species scores were post transformed and divided by the 

standard deviation to standardize the ordination diagram for species data (Ter Braak, 

1988). RDA analysis involved a forward selection procedure to obtain the smallest set 

of variables explaining statistically significant variance in the community data. 

Significance was tested using the Monte Carlo test with 999 permutations (Ter Braak, 

1988), whereas collinearity between explanatory variables was checked using 

Variation inflation factor (>20). 

Univariate analyses were performed with the statistical software PAST (Hammer, 

2018), whereas multivariate analyses were executed with CANOCO 4.5 (Ter Braak, 

1988). 
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Chapter Four 

4. Result and discussion 

4.1 Water quality condition 

In Lake kuriftu nutrient income from the catchment mainly occurs in rainy season, 

whereas in dry season when precipitation are scarce or absent, there is high possible 

of being released internally. 

Each nutrient concentration (NH3- N, NO3-N, TN, PO4-P) accounted high value in wet 

season when compared to values in dry season. Normally, nutrient concentration 

could get higher with rainy season due to untreated inflow and surface runoff. 

However, dilution effect might have prevented vegetative and microbial development, 

and maintained a low nutrient  concentration (Vlek and Bula, 2006). 

This phenomenon again may be attributed to the presence of more immersed trailing 

riparian vegetation in wet season due to rise in Lake water level. Trailing riparian 

habitats are well known in their role of acting as a shade lowering temperature 

(Milner and Gloyne-phillips.,2005:Kaufmann et al.,2014).Partly, Phosphate increment  

may be due to internal loading following longer sediment residence time (Jones and 

Hunt, 1972; Coops et al., 2003 and Zohary and Ostrovsky, 2011). 

In addition, phosphate concentration above 0.03 mg/l stimulates the algal growth 

which result in eutrophication, also causing a turnover among aquatic life to fewer 

number of pollution tolerant taxa such as chironomids and worms. In wet season 

phosphate concentration was below 0.03 in 40 % of habplots (A, B, F, G) while 60% 

of the plots were exhibited with >0.03 (C, D, E, H, I, J). 
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High nitrate level in drinking water is hazardous to infants as it induces the "blue 

baby" syndrome (methaemoglobinaemia). In fact, the nitrate itself is not a direct 

toxicant but is a health hazard because of its conversion to nitrite, which reacts with 

blood hemoglobin to cause methaemoglobinaemia. Nitrate( NO3-N) concentration in 

Lake kuriftu recorded in two sampling periods and sampling sites didn’t exceed value 

range for surface and drinking water quality (<50mg/l ) and were  permissible for 

livestock watering (EPA, 2001; ESA,2013; Hubbard et al.,2004 ). It was found in low 

concentration, indicating low concentration of organic matter. This might be due to 

low vegetation cover in littoral zone of the lake. Relatedly, Nichols and Allen (1981) 

reported that the presence of vegetation should lead to a reduced grain size of 

sediment texture and to an increased content of organic matter. 

Maximum BOD5 were measured in plot J during both seasons. In actual fact, it was 

slightly elevated in dry season. This might be attributed to decomposition of tree 

leaves, presence of dumping with in 50m radius. Minimum values of BOD5 

concentration were exhibited in plot H that is characterized with less access to human 

activities. In addition, birds were observed to dwell in this Plot. Free ammonia value 

in both season exceeded from the value suggested by European Union water quality 

regulation (< 0.005) for the fish growth. 

Most aquatic insects are sensitive to pH value below 5 (APHA, 1999).The gastropods, 

mayflies, stone flies  and caddis flies are some of macro invertebrate groups that 

prefer pH level from 7-9.5 (Collier et al., 2010). Mean pH level (n=10) in the lake 

ranged from 8.5 to 7.8 in wet and dry season, respectively. The measured pH values 

were within the acceptable range (6 and 8.5) for human and cattle consumption (EPA, 

2001; Hubbard et al.,2004). The values were also proved to be comfortable for fish 
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growth (EPA, 2001). There was no significant variation (Anova, P >0.05) of pH with 

sampling sites. 

DO is one of the most important parameter, since, its’ correlation with water body 

gives direct and indirect information (e.g. bacterial activity, photosynthesis, 

availability of nutrients, stratification etc.). In the progress of summer, usually 

dissolved oxygen decreases due to increase in temperature and microbial activity 

(Moss, 1972;Morrissette and Mavinic, 1978). However, a slight elevation in DO 

concentration was observed in dry season. This phenomenon could be attributed to 

duration of bright sunlight that influences the percentage of soluble gases (O2 and 

CO2). Total alkalinity were mainly comprised of bicarbonate alkalinity since titration 

result using phenolphthalein indicator were 0 mg/l.  

Specific conductivity which is an indicator of the overall water salinity (APHA, 

1999), ranged from 44 to 54.76 µs/cm (wet and dry season ,respectively). 

Conductivity has positive relationship  with runoff  and soil loss as well as 

composition of the rainfall (Likens, 1985). In this study, Conductivity concentration 

was depicted to increase in dry season. This could be attributed to dilution of the lake 

water by the rain-associated run-off or by the rain itself and less evaporation during 

the mostly cooler days ( Zinabu Gebremariam, 2002). Nevertheless, whatever the 

season and sampling site, the waters of the lake exhibited conductivity values lower 

than 200 µS/cm, thereby being categorized as weakly mineralized waters (Rodier, 

1978; AFNOR, 1986).  

Almost all water quality parameters showed non-significant differences with regard to 

sampling periods (Mann Whitney u test, P>0.05) and sites (Anova, p>0.05). This 
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could be due to presence of similar fragmented land use and absence of point source 

impacts. 

The physicochemical characteristics of the water samples collected at different 

sampling sites and periods are summarized in table 3 a ,b. 
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Table 3 a Observation of chemical parameters in Lake kuriftu (wet season) 

 A1 B1 C1 D1 E1 F1 G1 H1 I1 J1 Mean ±SD 

DO(mg/l) 6.4 6.2 6.9 7.8 6.6 5.9 5.7 5.6 6.8 7.3 6.5±0.7 

pH 8.5 8.5 8.6 8.5 8.6 8.2 8.3 8.4 8.5 8.5 8.5±0.11 

Tow(oc) 21.3 22 21.5 21.8 20.4 21.6 21.8 22.1 23.07 22.3 21.8±0.7 

Cond(µS/cm) 44.1 45.4 44.5 45.1 42.2 44.2 45.1 46 48.2 46.3 45.1±1.6 

BOD5(mg/l) 1.5 0.65 1.56 3.15 2.23 2.16 1.04 1.08 2.13 4.19 2±1.06 

NH3-N(mg/l) 0.4 0.5 0.9 0.8 0.42 0.3 0.4 0.4 0.3 0.36 0.5±0.2 

NO3-N(mg/l) 0.4 0.001 0.0005 0.0001 0.0005 0.7 0.01 0.01 0.01 0.015 0.1±0.22 

TN(mg/l) 0.01 0.57 0.65 0.15 0.33 1.7 2.8 0.6 3.1 1.3 1.12±1.09 

PO4-P(mg/l) 0.02 0.02 0.4 0.5 0.2 0.005 0.02 1.2 1.02 0.33 0.4±0.42 

Alk(mg/l) 90 90 100 90 90 100 100 90 110 110 97±8.23 
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Table 3 b Observation of chemical parameters at all sites of Lake Kuriftu (Dry season) 

 A2 B2 C2 D2 E2 F2 G2 H2 I2 J2 Mean±SD 

DO(mg/l) 6.7 6.5 7.5 7.0 6.9 6.7 5.9 5.6 5.9 7.0 6.6±0.6 

pH 6.4 7.12 8 8.0 8.2 8.27 8.1 7.8 8.1 8.1 7.8±0.6 

T⁰w(oc) 22.16 22.3 22.9 23.7 23.5 23.5 23.4 23.4 23.3 23.8 23.2±0.6 

Cond(µS/cm) 53.4 53.0 53.4 54.9 55.4 55.1 55.9 55.1 55.5 56.2 54.8±1 

BOD5(mg/l) 3.43 3.16 4.1 3.5 4.2 4.56 2.2 0.6 1.12 5.01 3.2±1.5 

NH3-N(mg/l) 0.02 0.1 0.2 0.4 0.06 1.17 0.25 0.2 0.29 0.9 0.4±0.4 

NO3-N(mg/l) 2.1 3.5 16.55 5.05 8.2 7.3 4.5 6.5 0.29 0.36 5.44±5.41 

TN(mg/l) 1.55 1.6 12.6 6.25 8.1 0 11.05 0.5 0.5 0.5 4.3±4.96 

PO4-P(mg/l) 2.595 0.18 0.515 0.72 0.4 0.46 0.24 1.29 0.06 0.35 0.7±0.87 

Alk(mg/l) 80 80 90 80 80 90 90 100 90 120 90±14.05 
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4.2 Biological Quality 

In total, 16 taxa and 1296 individuals were recorded. The Corixidae family was found 

to dominate the macro invertebrate community during the whole study period (37%). 

Family Baetidea (14 %), Coenagridae (14%), Red Chironomidae (14 %), 

Notonoctidae (6%) and Ceratopogenidae (6%) were frequently collected. Taxa 

Chironomidae and Ceratopogenidae were recorded in 30% of the plots (Habplots A, 

B, and C) in wet season. The other 7 plots were marked zero to show that no benthic 

macroinvertebrate could be collected. Indeed, these sites were influenced by heavy 

sedimentation of silt and sand, loss of macrophyte and morphological pressures 

surrounding the lake and impenetrable substrates (concrete), submerged grassland 

following raise in Lake water level. 

Prey Chironomidae were observed to proliferate in plot A and B (84% and 100%) and 

in plot C (73%) whereas Ceratopogenidae accounted 23% in this site. Family 

Chironomidae is an abundant fauna in fresh water habitat (Wymer and Cook, 2003). 

Main reason for their proliferation, compared to other fauna encountered in the lake, 

may be to a low number of predator fauna. In addition ,Chironomidae larvae are more 

mobile and can migrate at different depths which make them less dependent to the 

quality of sediment (Solimini et al., 2006). Thus, Chironomidae are pre-adapted to 

react more rapidly to changes in environmental conditions. 

In fact, peak in abundance of the macroinvertebrate were present in dry season (16 

taxa, 100%). Of the recorded taxa >65% were tolerant taxa and with 20% facultative 

taxa (Table 4, Appendix 4).In dry season, Plot A was recorded to constitute 16% of 

taxa followed by Plot D and F, each constituting 12 % to overall percentage of taxa. 

These plots were observed with presence of trailing riparian habitat in littoral habitat, 
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although found in low percentage. Similarly, Plot A and Plot D supported high 

percentage Corixidae Family (33% & 30%). This is mainly attributed to presence of 

root habitat, which is a good food source, and act as a substrate. Corixidae species’ 

are usually associated with sheltered vegetation, muddy substrate and tolerant (PTV 

>6) (Mcgoff and Irvine, 2009). 

The least macro invertebrate richness was recorded in Plot B. This habplot was least 

exposed to human activities when compared with other habplots, due to difficulty of 

access. Moreover, riparian vegetation in this plot was  compromised of shrubs with < 

1m. The Dominant land cover observed was rocky surface (appendix 5 a, b). Decrease 

in macro invertebrate taxa richness might be possible due to loss of food source, loss 

of vegetation and shading. This result corroborates with studies highlighted the 

influence of habitat complexity on macro invertebrate structure and abundance (for 

e.g.;-Diaz et al., 2004; Rennie and Jackson, 2005:Abebe Beyene et al., 2008). Benthic 

invertebrate taxa recorded were outlined in table 4. 
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Table 4 Macro invertebrate taxa found in Lake kuriftu (Mean,wet season(1), dry season(2) 

  No of individuals at sampling sites   

Macroinvertebrate 

Taxa 

Taxa Code A1 B1 C1 A2 B2 C2 D2 E2 F2 G2 H2 I2 J2 

Corixidae CORI 0 0 0 110 0 0 38 10 0 0 1 0 0 

Baetidae BAET 0 0 0 26 0 10 2 0 2 0 3 6 12 

Corduliidae CORD 0 0 0 2 0 0 0 0 0 1 0 0 0 

Naucoridae NAUC 0 0 0 4 0 0 2 0 6 0 0 2 1 

Coenagrionidae COEN 0 0 0 1 0 7 4 1 28 10 0 5 4 

Calopterigidae CALO 0 0 0 0 0 0 0 0 0 0 1 0 0 

Aeshnidae AESH 0 0 0 1 0 1 0 0 4 0 0 0 0 

Belostomatidae BELO 0 0 0 0 0 0 0 0 1 0 0 0 0 

Notonectidae NOTO 0 0 0 0 0 0 0 27 0 0 0 0 0 

Chiro (white) CHIRwhite 0 0 0 0 0 0 2 2 0 1 3 0 0 

Chironomidae(R) CHIRred 11 5 8 4 0 20 3 0 3 0 0 3 3 

 (Physidae) PHYS 0 0 0 0 0 0 0 0 1 0 0 0 0 

Gaerridae GAER 0 0 0 0 0 1 0 0 0 0 0 0 0 

Ceratopogenaidae CERA 2 0 6 0 5 0 7 1 0 3 0 0 0 

Oligochaeta OLIG 0 0 0 1 0 0 0 0 0 0 0 0 2 

Caenidae CAEN 0 0 0 0 0 2 0 0 0 0 0 0 0 

Total Macroinvertebrates 13 5 14 149 5 41 58 41 45 15 8 16 22 

Nº of taxa 2 1 2 8 1 6 7 5 7 4 4 4 5 

Dominance D  0.74 1 0.51 0.6 1 0.3 0.45 0.49 0.42 0.49 0.3 0.28 0.36 

Equitability J 0.62 0 0.98 0.42 0 0.73 0.62 0.58 0.65 0.68 0.9 0.94 0.7896 
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Correlation analysis of HabQA variables with macroinvertebrate structure in each 

season resulted non- significant relation in wet season (Table 5 a). In dry season, 

macro invertebrate taxa recorded were impacted by immersed riparian habitat, and 

root substrate, the other variables (Table 5 b). For instance, family Corixidae and 

Naucoridae was positively correlated with riparian littoral root in littoral zone. 

However, Gaeridae was negatively correlated while the remainder fauna showed no 

significant relation with riparian littoral habitat. Furthermore, Family caenidae, 

Baetidae and Chironomidae were positively associated with trees extending to littoral 

zone while Notonoctidae family was negatively correlated. 

Table 5 a spearman correlation of Macroinvetebrate taxa with HabQA variables 

in wet season (*Correlation is significant at 0.05) 

 CERA CHIRr 

CHIRr 0.85* 

simple vegetation 0.02 0.06 

10% trees over 5m tall -0.08 -0.15 

natural bank material -0.08 -0.15 

Trees extending to littoral zone -0.08 -0.085 

Number of littoral habitat 

features 

-0.4 -0.51 

Total HabQA score -0.39131 -0.50599 

littoral root present -0.12228 -0.253 
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Table 5 b Spearman correlation of macroinvertebrate with HabQA in dry season 

 Trees 

extending to 

littoral zone 

littoral root present 

CORI     0.8* 

BAET 0.62*  

NAUC  0.61* 

NOTO -0.77*  

CHIRr 0.56*  

GAER  -0.525* 

CAEN 0.58*  

*only significant correlation is listed. 
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In the RDA model (fig .3), the first two ordination axes explained 77.4% of the 

variance of the species-environment relation and 44.2% of the variance of species 

data. The statistical significance of the relationship between macro invertebrate 

families and set of environmental variables was not significant (p>0.05) for the first 

axis and all canonical axes together. The Eigen value of axis 1, 2, 3 and 4 were 0.153, 

0.136, 0.104 and 0.059 respectively. In addition, the species environment data was 

correlated strongly to the first four axes (i.e., 0.831, 0.923, 0.818 and 0.802). 

Environmental variables was selected none with a general selection criterion (p<0.05). 

This indicated that functional faunal assemblage in both seasons was dominantly 

determined by other variables, could be habitat variables or undetected stressors, 

without calculating variation partitioning. Conversely, environmental variables were 

selected based on mild selection criterion (p<1) and inflation factor (<20) to avoid 

type 2 errors (i.e. loss of meaningful information). 
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Figure 3 RDA ordination plot of macro invertebrate a) families, against 

environmental variables (b) Samples (1 wet season, 2 dry season) 

B 
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In Fig 3, it is predicted that Coenagridae has short line indicating that it is not 

represented well by the first two axes. The first axis is mainly related to caenidae and 

Gaeridae, setting apart at the end of negative side having large concentration of 

nitrate, low phosphate and conductivity concentration. Taxa Aeshnidae, Red 

chironomidae and physidae sat apart at the positive end side of the first axis. Though 

weak, they correlated positively with BOD5 and NH3-N, and negatively with water 

temperature. 

The RDA analysis also reflected that macro invertebrate are more abundant in dry 

season when projecting sample points onto species vector in a biplot (fig 3 b). 

However, their distribution was not according to water quality condition of the Lake. 

For instance, Aeshnidae (PTV<4) arrow were pointing towards to plot F featured with 

high BOD5, NH3-N and COD. This showed habitat structures dominantly structure 

taxa in Lake kuriftu.  

The positive correlation of DO with BOD5 was quite interesting (fig 3), since ideally 

BOD5 and DO are correlated negatively. But this could be possible when the lake is 

featured with instable thermocline (Tujuba Ayele and Seyoum Mengistou, 2013). 

Additionally, RDA analysis reflected that most of the water quality parameters do not 

correlate well with invertebrate taxa. Thus they impact fauna structure and richness 

sub dominantly or indirectly (i.e. changing nutrient concentrations and shifts in 

Primary productivity) (Stewart and Robertson, 1992). 

It was attempted to compare results of this study with (Tujuba Ayele and Seyoum 

Mengistou, 2013),whom  investigated macroinvertebrate structure in Lake kuruftu. 
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Tujuba Ayele and Seyoum Mengistou.(2013) recorded several sensitive taxa 

including Ephemeroptera, Plecoptera, Tricoptera. 

Thus, in present study the taxa richness and diversity loss in both seasons ,compared 

with (Tujuba Ayele and Seyoum Mengistou, 2013), might be due to artificial 

structures constructed surrounding the lake such as walls, stone surfacing, and paved 

surfaces. This structure minimize or completely eliminate natural complexity further 

decreasing or altering littoral habitat diversity (Rennie and Jackson, 2005;Solimini et 

al.,2006). Furthermore, the concomitant disappearances of the pollution sensitive 

insect such as Trichopterans and Plecopterans with increased representation of 

pollution tolerant taxa such as Chironomids, Oligochaetes and others that burrow in 

the relatively homogeneous soft sediment are undoubtedly linked to the disappearance 

of macrophytes. Butler et al.,(1992) also found that when macrophytes were present 

in a lake, the macroinverebrates was more likely to include a diverse assemblage of 

mayflies, beetles and midges. Beside several studies have shown the importance of 

macrophytes as substrate for macroinvertebrates (Timm and Möls, 2012;Tujuba Ayele 

and Seyoum Mengistou, 2013).  

In addition, the effect of water level fluctuation was witnessed in this result. It’s  

impacts are more severe and larger in shallow lakes ,and more seen in littoral zone 

(Wantzen et al., 2008; Zohary and Ostrovsky, 2011). Loss of macro vegetation 

,shifting of bottom to sand and silt, trailing riparian habitat , encountered during the 

study period, might be due to water  level fluctuation ( Garcia et al., 2008; Zohary and 

Ostrovsky, 2011). In addition, this study corroborates with Hynes (1961) and  Jones 

and Hunt (1972) ,who showed influence of  lake level variation in littoral fauna. 



  38  

 

4.3 Physical habitat 

LHQA scores close to 0 show that the habitat surveyed is exposed to pressures and 

when close to 120 show the habitat’s pristine condition (Appendix 3). The LHQA 

scores calculated for Lake kuriftu ranged from 43 to 38.25 in wet season and  dry 

season respectively (Appendix 5 a ,b).Difference between sampling periods were  

found to be non-significant (Mann Whitney, P>0.05, n=24). The scores for both 

season was not above 60, which is 50% of the full score indicating the lake exhibits 

low diversity and impairment. 

The LHMS  indices calculated at whole lake scale resulted 26/42, above 50 % of the 

whole score, for both season (Appendix 6). The zero ends on the scale of LHMS 

depicts that the habitat is natural and has not been modified in any way (high 

ecological status) while 42 depicts that, the habitats have been greatly impacted (low 

ecological status). 

Of LHMS metrics calculated for identifying pressures in habplots, shore zone 

modification and shore zone intensive use indicates that ≥ 30 % of the plots are 

subjected from human steered alteration such as amenity led pressures including rip 

rap (stone surfacing) and vertical wall. These structures are used mostly for protection 

of soil from erosion (Guilloy et al;2000; Solimini et al., 2006). Riparian and littoral 

vegetation cover for these sites were very low .This is also reflected on LHQA 

metrics (Appendix 5 a, b). 

The vegetation in riparian zone surrounding the lake was mainly compromised of 

Casuarina equisetifolia, Sesbania sesban, Arundo donax, Ficus spp, Jacaranda 

mimosifolia, Grevillea robusta, Acacia spp, Faidherbia albida, Cordia africana, 
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Podocarpus falcatus,Euphorbia abyssinica, Dovyalis abyssinica, Vernonia 

amygdalina, Psidium guajava, Schinus molle, Euphorbia  tirucalli, Croton 

macrostachyus, with very few indigenous vegetation  recorded. In addition, Cyperus 

papyrus (emergent plant) was the only macrophyte recorded in littoral zone of plot G 

(1% of the site). 

The HabQA score is analogous to the LHQA in that it is an indicator of quality and 

diversity of habitats, but it differs from the LHQA because it assigns a score to each 

site within a lake (Mcgoff and Irvine, 2009) ,enabling site comparison and direct 

correlation of habitat variables to in lake water quality condition and biotas. 

All LHS metrics were not found to be significantly different in all sampling periods 

(Mann Whitney u test, p>0.05). Therefore, HabQA variables surveyed in dry season 

were used in computations involving Physical habitat (Appendix 7). In addition 

littoral, riparian and bank features will be more obvious in this season (Rowan et al., 

2004) . 

It is observed that some variables of HabQA scoring were different spatially 

(Appendix 7). Of the 16 variables, six variables correlated significantly to HabQA 

(spearman correlation, n=10). This includes 1) simple vegetation (r=0.76, P=0.01), 2) 

10% trees over 5m tall(r=0.74, P=0.0039) and 3) Number of littoral habitat features 

present (r=0.92, p=0.000115), 4) Trees extending to littoral zone (r=0.73, P=0.00883), 

5) Natural Bank Material (r=0.87, P=0.0009), 6) presence of root habitat(r=0.70, 

P=0.05. 

However, variables such as 1) visibility of trash line (r=0.46, P =0.26), 2) No of 

macrophytes (r = 0.52, P = 0.11), 3) Earth/sand presence (r=0.48, P=0.15) 4) livestock 



  40  

 

watering (r= -0.44, P=0.20), displayed weak correlation with the overall HabQA 

score. The remainder variables natural or semi natural habitat present , Macrophyte 

PVI, No of Littoral substrate, did Macrophyte extend lake wards?, Natural beach 

Material and No of wetland Habitat in each habplot displayed no correlation to  

HabQA score (no contribution). 

In dry season, >85% of the plot exhibited sandy to stony with little fine silt. Lakes 

which are composed of these substrates tend to detach nutrients much than substrates 

with high composition of fine and clay particles (Kissoon et al., 2013). This is also 

reflected on macrophyte abundance, diversity metrics and chemical characteristics.  

On the contrary, fine silt with little stone and sand were recorded in wet season. This 

may be justified by the sedimentation following surface runoff. The substrate 

composition during this study were again endeavored  to compare with (Tujuba Ayele 

and Seyoum Mengistou, 2013). Tujuba Ayele and  Seyoum Mengistou (2013) Stated 

that littoral zone of lake was composed of mainly clay particles. In addition, they 

reported the prescence of macrophyte species mainly Polygonaceae and Cyperaceae 

unlike the result of present study. Furthermore, water quality variables such as pH, 

conductivity alkalinity and ammonia was impacted with HabQA variables listed in 

table 6. 
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Table 6 Pearson correlation Coefficient of HabQa and Water quality parameters 

 pH Cond. NH3-N Alk 

10% trees over 5m    

tall 

0.639* - - - 

Natural bank material - 0.677* -0.69* 0.72* 

Trees extending to 

littoral zone 

- - -0.715* - 

Number of littoral 

habitat features 

present 

- - -0.71* - 

*Only significant correlation is listed. 

Moreover, This change could be attributed to Lake water level fluctuation (WLF) 

which is common in shallow lakes (Coops et al., 2003). In addition, it suggests 

ecological assessment with minimum interval of time (at least annually) should be 

practiced. This will ultimately offer the identification of possible sources and 

variables influencing shallow lakes. It also offers better understanding of water 

quality and ecological status of the study area. 
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Chapter five 

5. Conclusion and Recommendation 

5.1 Conclusion  

Results of this study support a broader, multiple scale approach to assess water quality 

of Lake Kuriftu. As it was demonstrated in the spatial and temporal distribution 

analysis of water quality parameters, the lake is subjected to non-point source 

pollution and morphological modifications. 

 Multivariate analysis showed weak relation among communities and chemical 

gradient. Relationships between macroinvertebrate communities and HabQA suggest 

that this system was driven on a site and seasonal scale. Based on this the fauna was 

impacted by trailing riparian habitat, riparian root habitat indicating the importance of 

vegetation for community structuring.  

Most chemical parameters showed no correlation with HabQA variables. This 

indicated the necessities of more rigorous investigation on in-lake productivity and 

Catchment characteristics for linkage. In view of that, further data collection and 

analysis are required to develop improved equations that would incorporate additional 

stressors. 

As in many freshwater systems, the results of this study showed that significant shifts 

occurred in invertebrate community composition, which created distinct temporal 

variability. This was particularly evident in the families recorded where there was a 

notable turnover in dry season. It is noteworthy that abundance shifts between seasons 

were because of adaptation to the habitat feature and chemical variables and certain 
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species emergence. Moreover, most communities recorded was tolerant taxa. This 

indicated habitat urbanization and nutrient condition have homogenized macro 

invertebrate communities .Findings of this study add to the existent knowledge how 

the selected biota respond to environmental stresses (physico-chemical and Physical) 

and contribute to the development of a multivariate analysis, adequate for the 

ecological assessment of small tropical lakes. 

5.2 Recommendation 

This study suggests the need for management improvement in nonpoint Sources of 

pollution, loss in natural riparian habitat, and occasional untreated point inflow in 

order to improve the physical and chemical state, and biological integrity of the lake. 

Management efforts ,for enhancement of habitat complexity ,emphasized on 

protecting morphological status of the littoral zone ,to weigh different types of 

shoreline modification or erosion protection against their biological impacts, and to 

protect or plant riparian buffers along this inlet location are expected to improve water 

and riparian quality. 

Furthermore, prior knowledge on dose-effect relationships regarding the amplitude 

and timing of fluctuation must be applied, if manipulation of lake water level is 

planned. Nutrient enrichment and trampling by domestic livestock can be simply 

remedied by fencing out the livestock or establishing grass buffers. This ultimately 

helps in reducing fine substrates and increases in macro invertebrate density. 
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Appendices 

 

Appendix 1 Schematic of physical habitat sampling station distribution with in Lake Kuriftu and detail of habitat observation 

zone in the LHS method 
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Appendix 2 Scoring System for Lake Habitat Modification score ( LHMS ) (Rowan et al, 2006) 

Pressure Score 0 score 2 score4 score 6 Score 8 

Shore zone 

modification  

<10% shoreline 

affected by hard 

engineering and shore 

einforcenmrt recorded 

at 0-1habplots 

≥10%,<30% 

shareline affected 

by hard engineering 

or shore 

reinforcennt 

recorded at 2 

habplots or 

poaching recorded 

at 3 or more 

haqbplots  

≥30%,<50% shoreline 

affected by hard 

engineering gor shore 

reinforcemnt recorded at 

3-4 habplots  

≥50%,<75 % shoreline 

affected by hard 

engineering or shore 

reinforcent recorded at 

5-7 habplos 

≥75% shore line 

afected by hand 

engineering or 

shore 

reinforcemtn 

recorded at 8 or 

more habplots 

Shore zone 

intensive use 

<10% shoreline non-

natural land cover 

recorded at 0-1 

habplots 

≥10%,<30% 

shoreline non 

natural land cover 

recorded at 2 

≥30% ,<50% shoreline 

non natural land cover 

or non natural land 

cover recorded at 3-4 

≥ 50% ,<75% shoreline 

non natural land cover 

or Non-natural land 

cover recorded at 5-7 

habplo habplots 

≥75 %shoreline 

non natural land 

cover recorded at 

8 or more 
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habplots haqbplots habplots 

In lake use  No in lake 

pressures(excluding 

litter or odour) 

1 in 

pressure(excuding 

litter or odour) 

2 in lake presures 

(excluding litter or 

odour) 

3 in lake pressures > 3 in lake 

presures 

Hydrology 0-1 hydrological 

structures 

2 hydrological 

structures or 

prescnce of an 

upstream 

impoundment 

3 or more hydrological 

structures 

Principal use 

hydropower,flood 

control,water supply or 

raised or lowered by 

>+_1m 

1 dam (no fish 

pass)or principl 

use hydropower 

,flood control 

,water supply and 

annual fluctuation 

>5m or <0.5m 

Sediment 

regime  

<25 % shore affected 

by erosion and <25% in 

lake area affected by 

deposition(excluding 

vegetated islands) 

≥25% ,<50% 

affected by erosion 

or ≥25% ,<50% 

lake area affected 

by deposition 

≥50%,<70% shore 

affected by erosion or 

≥50%,<70% lake area 

affectd by deposion 

((excluding vegetated 

≥70% shore affected by 

erosion or ≥70% lake 

area affected by 

deposition(excluding 

vegetated islands) 
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(excluding 

vegetated islands) 

or sedimentation 

over natural 

substrate recorded 

at 3-4 habplots 

islands) or 

sedimentation over 

natural substrate 

recorded at 5-6 habplots 

Nuisance 

species  

0-1 recordings(not 2 

recordings of 1 species) 

2-3 recordings(may 

be 1 or more 

species 

≥4 recordings(may be 1 

or more species 
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Appendix 3   Scoring system for Lake Habitat Quality assessment and HabQA 

Lake 

Zone 

Characteristic 

Measured 

Measurable feature Whole lake LHQA 

Score 

Max 

Score 

Individual habplot 

HabQA score 

Max 

Score 

Riparian Vegetation 

Structural 

Complexity 

Proportion of habplots with 

complex orsimple riparian 

vegetation structure 

1 for 1–3, 2 for 4–6 

,3 for 7–8, 4 for 9–

10 

4 Complex or simple riparian 

vegetation structure- 

present/absent 

1 

  Vegetation 

longevity/stability 

Proportion of habplots 

with>10% coverof trees with 

DBH>0.3m 

1 for 1–3, 2 for 4–

6,3 for 7–8, 4 for 9–

10 

4 Trees >10% cover of trees 

with DBH >0.3m– 

present/absent 

1 
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  Extent of natural 

land cover types 

Proportion of habplots with 

either natural/semi-natural 

woodland, wetland, 

moorland heath or rock, 

scree and dunes 

1 for 1–3, 2 for 4–

6,3 for 7–8, 4 for 9–

10 

4 Does the habplot have 

natural/semi-natural 

woodland, wetland, 

moorland heath or 

rock,scree and dunes-

present/absent 

1 

  Diversity of 

natural landcover 

types 

Number of natural cover 

types recorded 

1 for each type, 

maximum of 4 

4 Not applicable to individual 

habplots 

0 

  Diversity of 

bank-top features 

Number of bank-top features 

recorded 

1 for each type, 

maximum of 4 

4 Not applicable to individual 

habplots 

0 

Shore Shore structural 

habitat diversity 

Proportion of habplots with 

an earth or sand bank >1m 

1 for 1–3, 2 for 4–

6,3 for 7–8, 4 for 9–

10 

4 If it has an earth or sand 

bank >1m- present/absent 

1 
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    proportion of habplots free 

from Livestock watering 

1 for 1-3,2 for 4-6,3 

for 7-8,4 for 9-10 

4 Livestock watering -

prescence or absecnce 

1 

  Bank Naturalness Proportion of habplots with 

trash-line 

1 for 1–3, 2 for 4–

6,3for 7–8, 4 for 9–

10 

4 If it has a trash line- 

present/absent 

1 

  Diversity of 

natural bank 

habitat 

Number of natural bank 

materials recorded 

1 for each type, 

maximum of 4 

4 Not applicable to individual 

habplots 

0 

  Diversity of 

natural beach 

habitats 

Number of natural beach 

materials recorded 

1 for each type, 

maximum of 4 

4 Not applicable to individual 

habplots 

0 

Littoral Hypsographic 

variation 

coefficient  of variation for 

depth at 10m from shore 

over all plots 

1 for >25,2 for >50,4 

for >75 

4 Not applicable to individual 

habplots 

0 
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  Extent of natural 

littoral zones 

Proportion of habplots with 

natural littoral substrate 

1 for 1–3, 2 for 4–

6,3 for 7–8, 4 for 9–

10 

4 Natural littoral substrate- 

present/absent 

1 

  Diversity of 

natural littoral 

zone types 

Number of natural littoral 

substrate types recorded 

1 for 1–3, 2 for 4–

6,3 for 7–8, 4 for 9–

10 

4 Not applicable to individual 

habplots 

0 

  Extent of 

Macrophyte 

Cover 

Average of total macrophyte 

cover overall habplots 

1 for a ‘1’, 2 for a 

‘2’,3 for a ‘3’, 4 for a 

‘4’ 

4 Total of macrophyte cover 

for each habplot 0.25 (0–

10%), 0.5>10-40%) , 

0.75(>40-75%), 1(>75%) 

1 

    Number of habplots where 

macrophyte cover extends 

lake wards 

1 for 1–3, 2 for 4–

6,3 for 7–8, 4 for 9–

10 

4 If macrophytes extend lake 

wards - present/absent 

1 
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    Number of littoral habitat 

feature types recorded 

1 for each type, 

maximum of 4 

4 No different habitat features 

present in the habplot, 0.25 

for each type, maximum of 

1 

1 

  Diversity of 

macrophyte 

structural types 

Number of macrophyte 

cover types recorded (not 

including filamentous algae 

1 for each type, 

maximum of 4 

4 No of macrophyte types 

recorded in a habplot,0.25 

for each type, maximum of 

1 

1 

    Proportion of habplots where 

riparian  root habitat present 

1 for 1–3, 2 for 4–

6,3 for 7–8, 4 for 9–

10 

4 root habitat present/absent 1 

    Average of total fish cover 

over all habplots 

1 for 1–3, 2 for 4–

6,3 for 7–8, 4 for 9–

10 

4 Not applicable to individual 

habplots 

0 
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    Number of habplots where   

trailing riparian habitat 

recorded 

1 for 1–3, 2 for 4–

6,3 for 7–8, 4 for 9–

10 

4 Trailing riparian habitat 

,prescece?abscence 

1 

Whole 

Lake 

Diversity of 

littoral habitat 

features 

No of littoral habitat feuture 

types recorded 

1 for each type, 

maximum of 4 

4 No different habitat features 

present in thehabplot, 0.25 

for each type, maximum of 

1 

1 

  Diversity of 

special habitat 

feutures 

Diversity of special habitat 

feutures   (excl.diseased 

alders) 

5 for each 

type,maximum of 20 

20 Number of wetland habitats 

adjacent tohabplot up to 

50m inland from lake 

shore,score 0.625 for each 

type, maximum of 8 

5 

    Number of islands 2 for 1,5 for 2-4,10 

for 5 or more 

10 Not applicable to individual 

habplots 

0 



  66  

 

 

 

 

   Number of deltaic 

depositional 

feuturesrecorded (excl. 

unvegetated sand and silt 

deposits 

2 for each type 6 Not applicable to individual 

habplots 

0 

       Total score 120   19 
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Appendix 4 Classification of macroinvertebrate taxa based on habitat preference, feeding group and taxonomic group  

( Bode et al., 1991;Bouchard, 2004) 

Order/Class/suborder/ph

ylum 

Family Common name Habitat Functional Feeding 

group(FFG) 

Toleran

ce 

Value 

Hemiptera Corixidae Water boatmen Lotic deposisional Collector gatherer 9 

Belostomatidae Giant water bugs Lotic deposisional predator 10 

Gerridae Water striders Lentic Surface,Lotic 

surface 

predator 8 

Naucoridae Creeping Water bugs Lotic deposisional predator 5 

Notonoctidae Back swimmers Lotic deposisional predator 9 

Ephemeroptera Baetidae Small minnow mayflies Lotic erosional;Lotic 

depositional 

collector 

gatherer;scrapper 

4 

Caenidae Small square Gill 

mayflies 

Lotic 

depositional;Lentic 

depositional 

collector 

gatherer;scrapper 

7 

Odonata/Zygoptera Calopterygidae Broad winged  damsel 

flies 

Lotic depositional Predator 5 

Coenagrionadae Narrow winged damsel 

flies 

Lentic,Lotic Predator 9 

Odonata/Anisoptera Aeshnidae Darner Dragon flies Lentic,Lotic Predator 3 
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Cordulidae Green Eyed skimmers Edges of 

ponds;wetlands;slugish 

water 

Predator 5 

Diptera Chironomidae Non-biting midges Lentic Collector Gatherer 8 

 Ceratopogenidae Biting midges ;Punkies Lentic ;Lotic 

depositional 

Predator  6       

Annelida/Ologochaeta Aquatic earth 

worms 

Lentic depositional;lotic 

depositional 

Collector gatherer 8 
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Appendix 5 a Allocation of scores for LHQA in Lake Kuriftu score allocated according to Appendix 4(post wet season)  

Zone Measurab

le LHS 

Feature 

Score

s 

alloca

ted 

A B C D E F G H I J 

Ripari

an 

simple 

veg 

3 0 1 1 1 1 0 1 1 1 1 

>10% 

large 

trees 

2 0 1 1 0 0 0 0 1 0 1 

natural/se

mi natural 

veg. 

4 1 1 1 1 1 1 1 1 1 1 

No. 

natural  

Landcove

r types 

4 Baregro

und 

Baregr

ound,r

ocky 

Baregr

ound 

bareg

round 

baregrou

nd 

Riprap,B.

wall,On 

Constructi

on,Rock 

{25%}Riprap.

Building 

wall,mixed 

plantationsite 

soil 

ground,p

lant 

debris} 

Soil 

ground

,Plant 

debris 

Bare 

ground,w

all 

no. 

banktop 

features 

3 0 Rocky 0 0 Artifial cement 0 Diamict Diami

ct 

Diamict 

Shore Live 

stock 

watering 

4 1 1 1 0 1 0 1 1 1 1 
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Earth/ 

sand bank 

1 0 0 0 0 0 1 1 0 0 0 

Trashline 0 0 0 0 0 0 0 0 0 0 0 

Natural 

bank 

material 

2 0 1 0 0 0 Arificial 0 1 1 1 

Natural 

beach 

material 

0 0 0 0 0 0 0 0 0 0 0 

No. 

natural 

types 

0 0 0 0 0 0 0 0 0 0 0 

Littor

al 

Coefficie

nt 

variation 

1 0 0 0 0 0 0 0 0 0 0 

Natural 

Littoral 

Substrate 

4 Sandy 

to 

Stony(o

ften 

covered 

with 

silt,littl

e mud, 

high 

concent

ration 

of silt 

Sandy 

to 

Stony(

often 

covere

d with 

silt 

Sandy 

to 

Stony 

(little) 

,with  

silt 

,grass 

land 

Sand

y to 

,grass 

land 

,with 

little 

mud,]

silt 

Sandy to 

Stony 

with little 

silt 

,cobble(i

mpenetra

ble 

substrate 

Sandy to 

Stony 

with little 

silt ,grass 

land 

Sandy to 

Stony with silt 

covering,impe

netrable 

substrate 

Sandy to 

Stony 

with 

high 

concentr

ation of 

fine 

particles 

Sandy 

to 

Stony 

with 

high 

concen

tration 

of fine 

particl

es 

Sandy to 

Stony 

with high 

concentra

tion of 

fine 

particles 
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Nº of  

natural 

types 

4 4 3 4 4 4 4 3 3 3 3 

Total 

macrophy

te cover 

0 0 0 0 0 0 tick(prese

nt) 

0 0 0 0 

Extend 

lakeward? 

0 0 0 0 0 0 0 0 0 0 0 

Nº of 

macrophy

te types 

1 0 0 0 0 0 1 0 0 0 0 

Total fish 

cover 

1 3 0 0 0 0 0 0 0 0 0 

root 

habitat 

presence 

1 1 0 0 1 0 0 0 0 0 0 

Trees 

extending 

to Littoral 

zone 

4 1 0 1 1 1 1 1 1 1 1 

Whole 

Lake 

No. 

littoral 

features 

4 4 4 4 4 4 4 4 4 4 4 

 0 0 0 0 0 0 0 0 0 0 0 

No. 

deltaic 

deposits 
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No. 

Islands 

0 0 0 0 0 0 0 0 0 0 0 

 No.deltai

c deposits 

0 0 0 0 0 0 0 0 0 0 0 

 Total 43           
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Appendix 5 b Allocation of scores for LHQA in Lake Kuriftu ,scores allocated according to Appendix 4 (Dry season) 

Zon

e 

Measurable 

LHS Feature 

Scores 

allocate

d 

A B C D E F G H I J 

Ripa

rian 

simple veg 3 0 1 1 1 1 0 1 1 1 1 

>10% large 

trees 

2 0 1 1 0 0 0 0 1 0 1 

natural/semi 

natural veg. 

4 1 1 1 1 1 1 1 1 1 1 

no. natural  

Landcover 

types 

3 bareg

round 

baregrou

nd,rocky 

bareg

round 

bareg

round 

bareg

round 

Riprap,B.w

all,On 

Constructio

n,Rock 

{25%}Ripr

ap.Building 

wall,mixed 

plantation 

soil 

groun

d,plant 

debris 

Soil 

ground

,Plant 

debris 

Bare 

ground

, 

wallari

tificial 

no. banktop 

features(4 

banktop 

),Diamict 

3 0 Rocky 0 0 0 0 0 Diami

ct 

Diami

ct 

Diamic

t 

Shor

e 

 

 

Earth/ sand 

bank 

NB;- Mixed 

0 0 0 0 0 0 1 1 0 0 0 

trashline 1 0 0 0 0 0 0 0 1 0 0 

Natural bank 

material 

2 0 1 0 0 0 Arificial 0 1 1 1 

Livestock 

watering 

4 1 1 1 0 1 0 1 1 1 1 
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Natural beach 

material{prop

ortion of 

Habplots} 

0 0 0 0 0 0 0 0 0 0 0 

no.natural 

types 

0 0 0 0 0 0 0 0 0 0 0 

Litto

ral 

coefficient 

variation 

1 0 0 0 0 0 0 0 0 0 0 

natural littoral 

substrate 

4 Sandy 

to 

Stony 

with 

little 

silt 

Sandy to 

Stony  

with very 

little silt 

Sandy 

to 

Stony 

with 

little 

silt 

Sandy 

to 

Stony 

with 

little 

silt 

and 

mud 

Sandy 

to 

Stony 

with 

little 

silt 

Sandy to 

Stony with 

little silt 

Sandy to 

Stony with 

little silt 

Sandy 

to 

Stony 

with 

little 

silt 

Sandy 

to 

Stony 

with 

little 

silt 

Sandy 

to 

Stony 

with 

little 

silt 

root habitat 

presence 

1 1 0 0 1 0 0 0 0 0 0 

Trees 

extending to 

Littoral 

4 1 0 1 1 1 1 1 1 1 1 

no. natural 

types 

4 3 3 3 3 3 3 3 3 3 3 

total 

macrophyte 

cover 

0.25 1 0 0 0 0 tick 0 0 0 0 

extend 

lakewards? 

0 0 0 0 0 0 0 0 0 0 0 
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no. 

macrophyte 

types 

1 1 1 1 1 1 1 1 1 1 1 

Who

le 

Lak

e 

total fish 

cover 

1 3          

no. littoral 

features 

4 3 3 3 3 3 3 3 3 3 3 

 

no. deltaic 

deposits 

0 0 0 0 0 0 0 0 0 0 0 

No. Islands 0 0 0 0 0 0 0 0 0 0 0 

No.deltaic 

deposits 

0 0 0 0 0 0 0 0 0 0 0 

 Total score 38.25           
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Appendix 6 Allocation of scores for Lake Habitat Modification score (LHMS) according to 2 (wet season and Dry season) 

Pressure                        Score  

Shore zone Modification 4 

Shore zone intensive use  2 

In lake use 8 

Hydrology 2 

Sediment regime 6 

Nuisance species 4 

LHMS Total score 26 
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Appendix 7 Allocation of scores for HabQA in Lake Kuriftu, scores allocated according to Appendix 3 

HabQA variables A B C D E F G H I J 

Complex/simple vegetation 1 0 1 0 1 0 1 1 1 1 

10% trees over 5m tall  0 0 1 0 1 0 0 1 1 1 

Natural or semi-natural habitat present  1 1 1 1 1 1 1 1 1 1 

Does it have an earth sandbank?  1 0 1 1 1 0 1 1 1 1 

Is the trash line visible? 0 0 1 0 0 0 0 1 0 0 

Does it have natural bank material?  0 0 1 0 0 0 1 1 1 1 

Natural beach material 0 0 1 0 0 0 0 0 0 0 

Natural littoral substrate  1 1 1 1 1 1 1 1 1 1 

Macrophyte PVI  0 0 1 0 0 0.25 0 0 0 0 

Do macrophytes extend lakewards?  0 0 1 0 0 0 0 0 0 0 

Number of macrophyte types (0.25 for each type)  0 0 1 0 0 0 0 0 0 0 

Number of littoral habitat features present, 0.25 for each type  0.75 0.5 1 0.75 0.75 0.5 1 1 1 1 

Number of wetland habitats in the zones adjacent to each habplot  0 0 1 0 0 0 0 0 0 0 
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Trees extending to littoral zone 1 0 1 1 1 1 1 1 1 1 

littoral root habitat 1 0 0 1 0 0 0 0 0 0 

Livestock watering 1 1 1 0 1 0 1 1 1 1 

Total HabQA score  7.75 3.5 15 5.75 7.75 3.75 8 10 9 9 

 


