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Abstract 
The Great Akaki River crosses a predominantly residential and commercial center of Addis Ababa. Along 

the way, it is exposed to a variety of disturbances. In its southern section, it is exposed to industrial 

effluents. There has been some effort to assess the quality of water in the river based on chemical criteria. 

However, studies to assess the biological integrity of the Great Akaki River using macroinvertebrate 

bioassessment protocols are lacking. The Great Akaki Macroinvertebrate Index (GAMI) was developed 

from data collected at eight sites in the Great Akaki River from February 2006 to April 2006. Two 

reference sites thought to represent natural conditions were selected from upstream. Six other sites were 

selected based on the prominent land use and discharge of point and non-point sources. Thirteen metrics 

representing richness, composition and tolerance/intolerance measures were considered for the index 

development. Of these, four metrics were found to be useful because they provide unique information, 

have measurably different values in known reference sites versus known impaired sites. The core metrics 

included: number of taxa, number of Diptera, percent Ephemeroptera and percent dominant taxon. The 

metrics were scored on a continuous scale from 0 (poor) to 10 (good) using the upper and lower threshold 

of their distribution in the reference and test sites. To develop GAMI, the metrics were added and scaled 

to produce a score from 0-100. The GAMI was quadrasected to four integrity classes using 60% of the 

maximum observed value as the mark between good and poor sites. The reference sites GA1 (GAMI 

score=99.3) and GA2 (GAMI score=70.3) were rated as very good and good, respectively. GA3 with a 

GAMI score of 53.3 was rated as poor while GA4, GA5, GA6, GA7 and GA8 with a GAMI score of 30, 

29, 2.3, 20 and 0, respectively, were classified as sites with very poor integrity. The GAMI was effective 

for distinguishing between differentially impacted sites. A Spearman correlation analysis showed that 

metrics expected to decrease with perturbation had strong negative relationship with nutrients and organic 

loading. Change in the structural and functional organization of macroinvertebrates was attributed to low 

dissolved oxygen, nutrient enrichment and availability of food. The major sources of these stressors were 

raw sewage from households, runoff from impervious surfaces and riparian habitat degradation. The 

results also demonstrated that the rapid bioassessment protocol for benthic macroinvertebrates is effective 

for use in Great Akaki River. 
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Introduction  

The pressures placed on natural resources and the environment by humans are growing 

exponentially in line with human population growth (Joy and Death, 2003).  With the rapid 

growth of the world’s population, many societies have been demanding more from the earth’s 

resources and affecting its land surface at ever increasing rates (Pickering and Owen, 1994).  

One such resource that has been affected and that continues to be affected by human population 

is water.  For millennia, people could satisfy their need for water by locating permanent 

settlements next to rivers, lakes or oceans.  But those settlements and the agriculture they depend 

on have depleted and contaminated critical water supplies (Karr, 1995).   

 

Urbanization, the concentration of more and more humans into densely populated areas may be 

the most important trend influencing rivers today.  Rivers in most cities have been straightened, 

diverted, dammed, contained and otherwise physically engineered beyond recognition.  Cities 

also put out huge amounts of organic and synthetic garbage fully expecting rivers to carry much 

of it away.  As sprawl pushes beyond city centres into neighbouring watersheds it degrades rural 

watersheds and streams as well (Karr and Chu, 2000).  The effects of such changing land cover 

on streams may occur largely via land disturbance, increased impervious surface area and 

resultant altered hydrology and transport of non-point source pollutants (e.g. sediment, nutrients) 

to streams (Roy et al., 2003).  Physical alterations combined with massive industrial and 

residential pollution have taken a heavy toll on non-human aquatic life (Chu and Karr, 2001).  

  

 

Similarly, agricultural land uses can affect water resources by altering food or water quality for 

stream biota (Roy et al., 2003).  Documented impacts include changes in riparian vegetation and 
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stream morphology, sedimentation, nutrient additions, organic enrichment and pesticide 

contamination (Delong and Brusven, 1998; Whiles et al., 2000).   

 

In general, human activities degrade water resources by altering one or more of the five principal 

groups of attributes that influence and determine the integrity of surface water resources: water 

quality, habitat structure, flow regime, energy source and biotic interactions (Karr, 1991).  In so 

doing, the ecological integrity of the system will be compromised. Ecological 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. Biological integrity has been 

defined as “the capability of supporting and maintaining a balanced, integrated, and adaptive 

community of organisms having a species composition, diversity, and functional organization 

comparable to that of natural habitat of the region (Karr and Dudley, 1981). More recently, Chu 

and Karr (2001) defined biological integrity as “the wholeness of a living system, including the 

capacity to sustain the full range of organisms and processes having evolved in a region”. 

   

Different methods have been put in place to measure the impacts of human activities on the 

integrity of water resources including chemical, physical and toxicological measures.  Still, 

despite progress in controlling pollution coming from point sources, aquatic ecosystems have 

continued to decline worldwide.  Altered water flows in dammed  

 

streams and rivers; pollution from non-point sources such as cities, farms and feedlots; 

destruction of habitats above and alongside rivers by development or logging; and invasion by 

alien species have all taken a heavy toll (Karr and Chu, 2000). One of the main difficulties facing 

prevention of non-point sources of pollution has been the lack of techniques to monitor and 
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assess impairment. Traditional chemical evaluations of water quality have been largely 

inadequate because pollution from chemical non-point sources of pollution may be transient and 

unpredictable, and interpreting the impact on biota may be confounded by the co-occurrence of 

physical habitat disturbance (Barbour et al., 1996). So, it is imperative for water resource 

agencies to look for other ways to address these problems. In this respect, biological monitoring 

may be the most appropriate means of detecting effects on the aquatic community (Barbour et 

al., 1996).   Biological communities integrate the effects of different stressors that water resource 

agencies are struggling to address, such as reduced oxygen, excessive nutrients, toxic chemicals, 

increased temperature, excessive sediments loading and habitat degradation.  This integration 

occurs through time, a dimension difficult to measure with chemical information. Thus, 

measures of biological condition provide a critically needed tool for water resource agencies to 

detect and evaluate the aggregate impact of the stressors (Barbour et al., 2000).   

 

A study by Ohio EPA (1987) compared the comparative ability and “Power” of the traditional 

water quality and toxicological assessment tools to measure or reflect key components of the five 

major factors that determine the integrity of surface water resources with ambient biological 

assessment.  The study revealed that biological  

 

assessment tools have the comparatively unique ability to integrate and thus reflect the aggregate 

condition of a water body.  Other studies (Davis et al., 1996; USEPA, 2005) also showed that 

chemical evaluations failed to detect 50% of the damage to surface waters when compared with 

application of more comprehensive, sensitive and objective biological criteria. Karr and Chu 

(2000) asserted that living communities reflect watershed conditions better than any chemical or 

physical measure because they respond to the entire range of biogeochemical factors in the 

environment.   
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Now, biological monitoring and assessment of aquatic systems is widely accepted as 

complementing more traditional methods of evaluating human impact based on the measurement 

of physical and chemical variables (Linke et al., 1999) because when used in conjunction with 

chemical, physical and toxicological assessment tools, the ability to identify and quantify 

associated causes and sources are greatly enhanced (Karr 1991; Yoder and Smith, 1999). 

Another advantage of biological assessment is that, it is cost-effective.  For example, in Ohio, 

Yoder and Rankin (1995) found out that costs (per evaluation) for ambient monitoring are low 

(benthic invertebrates, US $824; fish US$ 740) compared to chemical and physical water quality 

(US$ 1,653) and bioassays (US$ 3,573-$ 18,318). So, in all countries biological monitoring can 

provide an estimate of all deleterious influences on lotic habitats but it may be particularly useful 

in developing areas as it frequently has low cost and technical requirements (Thorne and 

Williams, 1997). 

 

 

 

Use of ambient biological communities, assemblages and populations to protect, manage and 

even exploit water resources have been developing for the past 150 years (Davis, 1995). The 

indicator species concept was developed in the United States by the classic studies of S.A. 

Forbes on the Illinois River. Forbes’s limnological investigations began in the 1870s and 

demonstrated the indicator value of benthic fauna (Cairns and Pratt, 1993).  While the Illinois 

state laboratory of natural history began its systematic collection of aquatic life in 1894, the use 

of indicator organisms to help classify trophic status of rivers and streams was also developing in 

Europe (Davis, 1995).  The concept of biological indicators of environmental condition 

originated with the now famous work of Kolkwitz and Marsson (1908, 1909) who developed the 
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idea of saprobity (the degree of pollution) in rivers as a measure of the degree of contamination 

by organic matter (primarily sewage) and the resulting decrease in dissolved oxygen.  

Observations of the relative restriction in occurrence of certain taxa by environmental conditions 

led to the development of lists of indicator organisms (Cairns and Pratt, 1993). 

 

The need to present information that is understandable to associated disciplines, to administrators 

and to the general public resulted in a search for numerical expressions in a form simpler to 

understand than long species lists and well-thought but lengthy technical explanations of the data 

(Davis 1995).  The development of a variety of indices including diversity indices and biotic 

indices is the result of this effort.  However, neither of these indices was successful in describing 

the overall “health” or condition of the aquatic ecosystem under a variety of conditions.  It was 

clear that a better tool was needed to more consistently and accurately characterize the aquatic 

communities.  Karr  

 

(1981) published the Index of Biotic Integrity (IBI) to provide a more accurate and consistent 

approach towards measuring the societal goal of “biological integrity".  The IBI is the first 

multimetric index- the aggregation of several numerical biological attributes for measuring 

biological integrity.  The IBI includes discrete measurements of 12 fish assemblage attributes or 

metrics based on species composition, trophic composition, abundance, and condition.  But it did 

not take long before multiple metric indices were developed for benthic macroinvertebrates and 

periphyton (Davis, 1995) such as the Rapid Bioassessment Protocols (RBPs) (See Cairns and 

Pratt, 1993 and Davis, 1995 for review of history of biomonitoring and bioassessment). 

 

However, through much of the 20th century efforts to track the health of water bodies have 

focused on the presence of chemical contaminants.  The assumption was that chemically clean 



 14

water was sufficient to protect river health.  This assumption proved wrong (Karr, 2003) because 

the cumulative impacts of human actions go well beyond chemical contamination (Karr, 1995).   

 

In the last two decades, there has been an upsurge of interest to use the biota as indicators of 

environmental quality in aquatic systems.  This has resulted partly from realization of the 

limitations associated with standard chemical monitoring schemes, improvements to and 

simplification of bioassessment methods and increased awareness of the benefits and relevance 

of biological data for assessing natural resource quality (Whiles et al. 2000).    Biological 

indicators for freshwater ecosystems can be chosen from a suite of animal or plant assemblages 

or combination of them (Joy and Death, 2003).  However, in selecting  

 

the aquatic assemblage appropriate for a particular biomonitoring situation, the advantages of 

using each assemblage must be considered along with objectives of the program (Barbour et al. 

1999). Benthic macroinvertebrates have been used in many biomonitoring and bioassessment 

programs (Bode and Novak, 1995; Barbour et al., 1996; Fore et al., 1996). Benthic 

macroinvertebrates refers to organisms that inhabit the bottom substrates (sediments, debris, 

logs, macrophytes, filamentous algae, etc) of freshwater habitats, for at least part of their life 

cycle and those retained by mesh sizes ≥200 to 500μm (Rosenberg and Resh, 1993) such as 

mayflies, caddisflies, oligochaetes, midges etc. According to Barbour et al (1999), using benthic 

macroinvertebrates for biological assessment and monitoring have the following advantages:  

 

1. Macroinvertebrate assemblages are good indicators of localized conditions.  Because 

many benthic macroinvertebrates have limited migration pattern or a sessile mode of 

life, they are particularly well suited for assessing site-specific impacts (upstream-

downstream studies). 
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2. Macroinvertebrates integrate the effects of short-term environmental variations. Most 

species have a complex life cycle of approximately one year or more.  Sensitive life 

stages will respond quickly to stress; the overall community will respond more slowly. 

3. Macroinvertebrates are relatively easy to identify to family, many “intolerant” taxa can 

be identified to lower taxonomic levels with ease. 

 

 

4. Benthic macroinvertebrate assemblages are made up of species that constitute a broad 

range of trophic levels and pollution tolerances thus providing strong information for 

interpreting cumulative effects. 

5. Sampling is relatively easy, requires few people and inexpensive gear and has minimal 

detrimental effect on the resident biota. 

6. Benthic macroinvertebrates are abundant in most streams. Many small streams (1st and 

2nd order), which naturally support a diverse macroinvertebrate fauna, only support a 

limited fish fauna. 

 

The combination of rapid population growth, industrialization and its associated urbanization has 

placed an ever-increasing pressure on the water resources of developing  

countries.  Although organic pollution is the major concern in these countries, rivers and streams 

in urban areas may be influenced by a complex array of pollutants.  In addition to organic 

wastes, domestic effluents will contain phosphates; and streams may also be influenced by road 

run-off and wastes from industry and commerce (Thorne and Williams, 1997).  In these countries 

assessment procedures are needed that provide reliable answers to river management questions, 
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that are rapid, inexpensive, repeatable and can easily be understood by environmental agencies, 

so that limited resources can be applied to numerous problems (Araujo et al., 2003). 

 

Because rapid assessment offers a cost-effective approach to water quality monitoring, the 

application of such an approach in developing or newly industrialized countries is as appealing 

(or even more appealing) than its use in developed and industrialized nations.   

 

Perhaps most importantly, the use of benthic macroinvertebrates and rapid assessment 

procedures can provide accurate information in surveys of pollution effects at a fraction of the 

cost and technical expertise than is required when using other assessment approaches (e.g., water 

chemistry) (Resh, 1995). 

 

The rapid assessment approach is the most recent trend in a century–old attempt to use biology in 

the assessment of water quality (Resh, 1995). According to Resh and Jackson (1993), rapid 

assessment involves sampling and analysis approaches that are designed to fulfil two objectives:  

1. Effort (and cost) is reduced in assessing environmental conditions at a site, relative to that 

needed in quantitative approaches.  This can be achieved in several  

ways: the number of habitat sampled and replicate sample units taken per habitat are 

reduced, only a fraction of the animals collected are considered, which means fewer have 

to be identified, specimens are identified to family or even higher  levels. 

2. Results of site survey are summarized in a way that can be understood by non-specialists 

such as managers, other decision makers and the concerned public.  This is done by using 

analysis measures that express results as single scores as well as by placing the scores 

obtained in categories of environmental quality based on regional background data. 
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Many rapid assessment techniques adopt a multi-metric approach using a suite of simple metrics 

to assess environmental degradation (Thorne and Williams, 1997).  A metric is a characteristic of 

the biota that changes in some predictable way with increased human influence.  To be useful, a 

metric must be ecologically relevant to the biological assemblage or community under study and 

to the specified program objectives.  Moreover, it should be sensitive to stressors and provides a 

response that can be discriminated from natural variation (Barbour et al., 1999). 

 

The strength of this approach lies in its ability to integrate information from the various features 

of a community to give an overall classification of degradation without losing the information 

provided by the individual metrics. Another pertinent advantage of many multimetric techniques 

is that in order to classify sites into categories of water quality they do not rely on empirical 

measures or limits but on comparisons with unimpaired reference sites (Thorne and Williams, 

1997). This reference site may be site specific or regional but must establish the unimpaired 

baseline for comparison (USEPA, 1990).  Although unimpaired water bodies may no longer 

exist, an estimate of expected biological integrity in surface waters based upon “least-impacted” 

conditions can be used to guide restoration and protection programs (Davis and Simon, 1995).  

The establishment of reference condition is based on identification of minimally disturbed sites 

that represent the best physical, chemical and biological condition attainable (Barbour et al., 

2000).  However best professional judgment is a critical factor for determining reference 

conditions (Hughes, 1995). Once reference sites are selected, the biological integrity of the site 

must be evaluated using carefully chosen biological  
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surveys (USEPA, 1990).  Biological survey is the process of collecting, processing and analysing 

representative portions of a resident aquatic assemblage to determine assemblage structure and 

function (USEPA, 1998).  To apply biological criteria, impacted surface waters with comparable 

habitat characteristics are evaluated using the same procedures as those used to establish the 

criteria.  The biological survey must support standardized sampling methods and statistical 

protocols that are sensitive enough to identify biologically relevant differences between 

established criteria and the community under evaluation.  Resulting data are compared through 

hypothesis testing to determine impairment (USEPA, 1990). 

 

Benthic metrics have undergone evolutionary developments and are documented in the 

Invertebrate community Index (ICI) (Deshon, 1995), RBPs (Plafkin et al., 1989; Barbour et al. 

1996) and Benthic IBI (Kerans and Karr 1994; Fore et al., 1996) (Barbour et al., 1999).  Metrics 

used in these indices evaluate aspects of both elements and processes with in the 

macroinvertebrate assemblage.  Although these indices have been regionally developed, they are 

typically appropriate over wide geographic areas with minor modification (Barbour et al., 1995). 

The metrics can be categorized within the following classes: 

Taxa richness or the number of distinct taxa represents the diversity within a sample.  Use of 

taxa richness as key metric in a multimetric index includes the ICI (Deshon, 1995), the benthic 

IBI (Kerans et al., 1992; Kerans and Karr, 1994) and RBPs (Plafkin et al., 1989; Barbour et al., 

1996).  Taxa richness usually consists of species level identifications but can also be evaluated as 

designated groupings of taxa often as higher  

 

taxonomic groups (i.e. genera, families, orders etc) in assessments of invertebrate assemblage 

(Barbour et al., 1995). 
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Composition measures can be characterized by several classes of information, i.e., the identity, 

key taxa and relative abundance.  Identity is the knowledge of individual taxa and associated 

ecological patterns and environmental requirements (Barbour et al., 1995).  Measures of 

composition (or relative abundance) provide information on the make-up of the assemblage and 

the relative contribution of the populations to the total taxa.  The premise is that a healthy and 

stable assemblage will be relatively consistent in its proportional representation, though 

individual abundances may vary in magnitude (Barbour et al., 1999).  

Tolerance /Intolerance measures are intended to be representative of relative sensitivity to 

perturbation and may include numbers of pollution tolerant and intolerant taxa or percent 

composition (Barbour et al., 1995). Hilsenhoff family-level index for organic pollution 

(Hilsenhoff, 1988) has been used in many regions (Resh and Jackson, 1993). However, the utility 

of transferring tolerance values between continents and climates has been questioned by some 

authors (Resh, 1995; Thorne and Williams, 1997). 

Feeding measures or trophic dynamics encompass functional feeding groups and provide 

information on the balance of feeding strategies (food acquisition and morphology) in the 

benthic assemblage.  Based on their feeding strategies Merrit et al. (2002) assigned invertebrates 

to the following functional feeding groups. 

1) Shredders that feed on coarse particulate organic material (CPOM) (>1mm diameter, 

either live aquatic macropyhte tissue or coarse terrestrial plant litter); 

 

 

2) Scrapers that harvest periphyton and associated particulate material from substrate 

surfaces, primarily live plant stems;  

3) Filtering and gathering collectors of fine particulate organic mater (FPOM) (<1mm 

diameter); 
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4) Plant piercers that imbibe cell fluids from filamentous macroalgae and vascular 

hydrophytes; and  

5) Predators that capture live prey. 

 

Habit measures are those that denote the mode of existence among the benthic 

macroinvertebrates. Habit categories include movement and positioning mechanisms such as 

skaters, planktonic, divers, swimmers, clingers, sprawlers, climbers, burrowers (Barbour et al., 

1999). 

Individual Condition metrics focus on chronic exposure to chemical contamination. A metric of 

individual condition is used for fish in the IBI as "percent diseased individuals". Possibilities 

exist for benthic macroinvertebrates, such as insect larvae head capsule abnormalities or aberrant 

net-spinning activities of certain caddisflies, but these metrics are currently cost-prohibitive 

(Barbour et al., 1995). 

 

Scope of the study 

The fast population growth, uncontrolled urbanization and industrialization, poor sanitation, 

uncontrolled waste disposal etc. causes serious quality degradation of both surface and 

groundwater in Addis Ababa and its environs.  Currently water quality  

 

degradation in Addis Ababa has become a main threat to the health of the population especially 

for those living downstream of the recharge areas and along the main rivers draining through the 

city (Tamiru Alemayehu et al., 2005). 

 

Great Akaki River passes through predominantly residential and commercial areas of Addis 

Ababa.  It is exposed to industrial effluents in its lower catchments when it crosses through the 
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largest industrial town, Akaki (AAEPA, 2005) where some of the industries are located namely, 

the textile factory and Adwa flour factory.  The lower stream of the Great Akaki River flows to 

rural areas and is used by the local people for irrigation, domestic use and so on (EPA, 2002).  

There has been some effort to assess the quality of water in Great Akaki River based on chemical 

criteria (Komolrit and Firdu, 1974; EPA, 1997; EPA, 2002; AAEPA, 2005; Tamiru Alemayehu 

et al., 2005).  However, studies to assess the biological integrity of the Great Akaki River using 

bioassessment techniques (Rapid macroinvertebrate bioassesment protocols) are lacking. The 

Rapid Bioassessment Protocols (RBPs) are essentially a synthesis of protocols for three aquatic 

assemblages (i.e., periphyton, benthic macroinvertebrates, fish) and habitat assessment (Barbour 

et al., 1999).  

 

 Conservation of streams in urbanizing areas and restoration of streams in existing urban areas 

require identification of the dominant degrading factors associated with urbanization (Walsh et 

al., 2001).  A key to successful restoration and conservation efforts is having an objective way to 

measure the biological condition of sites and to compare those sites to an objectively defined 

benchmark condition (Karr, 2005).  

 

Integrative multimetric biological indices can also be used to evaluate the success of 

management decisions.  Moreover, because most restoration efforts aim at explicit biological 

goals (e.g. return of fish), biological endpoints can provide both a guide and a goal for ecological 

restoration (Karr, 1999).  This calls for a shift from a mere chemical analysis to a more 

integrated approach. The overall goal of this study is to assess the biological integrity of the 

Great Akaki River with the intention of protecting and restoring the ecosystem so that the 

sustainability of the goods and services that the society gets from the river is ensured. 
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Objectives  

The general objective of the study is to assess the biological integrity of the Great Akaki River 

using the rapid macroinvertebrate protocols. 

 

Specific Objectives include:  

1. To assess the degree of impairment in Great Akaki River using benthic macroinvertebrate 

assemblages;   

2. To relate differences in biological condition among sampling sites to point and non-point 

source impacts;  

3. To relate macroinvertebrate metrics to physicochemical parameters; and  

4. To test the effectiveness of the rapid macroinvertebrates protocols to discriminate among 

differentially impacted sites in Great Akaki River. 

 

Hypothesis  

1.  The structural and functional changes of the macroinvertebrate assemblages are linked to 

the human activities around the Great Akaki River.  

2. The Rapid Bioassessment Protocols for macroinvertebrates are effective in discriminating 

among differentially impacted sites. 

 

Methods  

Study Area 

The catchment's area of the Akaki River basin that totally includes Addis Ababa is divided into 

two sub-catchments by approximately a North-South surface water divide. These are the Great 

Akaki River (Eastern) sub-catchment and the Little Akaki River (Western) Sub-catchment 
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(Tamiru Alemayehu et al., 2005).  The Great Akaki River is a headwater stream and begins at an 

elevation of about 3000m a.s.l from the Entoto Mountain.  It flows southwards across the city 

towards Lake Aba Samuel, an artificial reservoir, 30 Km south of Addis Ababa.  The river 

crosses a predominantly residential and commercial centre of the city and along the way, it is 

exposed to a variety of human disturbances. In its southern section, the river is exposed to 

industrial effluents.  The study area covered an area lying between 2549 m a.s.l. at Tinses (GA1) 

to 2057 m a.s.l at Mekana (GA8) (Fig 1.). The instream habitat of the river is dominated by 

cobble /riffle except the lower part which is characterized by sediment. The study area is 

characterized by bimodal rainfall regime. The summer season which occurs from mid June to 

end of September is responsible for 70% of the annual average rainfall of 1400 mm and the  

 

 

spring season covers the period from February to April.  The remaining months of the year are 

generally characterized by having little or no rainfall. Annual average temperature varies from 

9.9 to 24.60C (EPA, 2002).  The mean annual discharge of the Great Akaki River is 8.86 m3/s 

(Tamiru Alemayehu et al., 2005). 

 

The study was conducted from December 2005 to April 2006. Eight sampling stations 50m in 

length were established on the Great Akaki River for water chemistry monitoring and benthic 

macroinvertebrate bioassessment (Table 1). Elevation and location (coordinates) of the study 

reaches was determined using a hand held GPS (GARMIN, Taiwan). Sites GA1 and GA2 were 

selected as reference sites to be used as benchmark to compare changes in other sites.  Reference 

site selection was based on minimally  degraded physical habitat and best professional judgment.  

The other six sites (GA3 to GA8) were selected on the basis of the prominent land use in the 

stream catchment’s, discharge of point and non-point pollutants.  Sites GA 1 and GA2 are 
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located in the upper part of the stream where the riparian vegetation is dominated by eucalyptus 

tree.  These sites are located in relatively unpopulated area. Here people use the water for 

washing their clothes and for bathing purpose. GA3 is located around the German Embassy 

where there is extensive habitation.  Here, the water is dark in colour and has obnoxious odour 

and the riparian vegetation is limited to bushes and grasses. GA4, GA5 and GA6 are found in 

central and southern parts of the city where there is extensive human settlement and commercial 

activity.  
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Fig 1. Map of Great Akaki River showing study sites. 
 

The water at GA4 is relatively clear and is characterized by algal and moss growth.  At GA5, the 

water is dark in colour and has offensive odour but it is used for irrigating a vegetable farm.  

There is a sparse riparian vegetation of eucalyptus trees. GA6 is also characterized by having 

polluted water but on both sides of the river there is vegetation  

 

 

dominated by eucalyptus trees.  GA7 and GA8 are found in Akaki town where there is high 

industrial activity. Here the water is not dark and is not as offensive as the other sites  

(GA 3,4 5 and 6). GA7 receives effluents from Akaki Textile factory and KK blanket factory.  

The water is used for irrigating vegetable farm and bathing. At the left side, there is a riparian 

vegetation of eucalyptus trees. GA8 is used extensively for irrigation purpose.  The water is 

withdrawn using pumps to irrigate vegetable farms.  Here riparian vegetation is limited to 

grasses and bushes.          

 

Table 1 Sampling sites, local names, location and altitude 

Code Site Name Location 
Altitude 
(m a.s.l.) 

GA1 Tinses 380:47’: 48.84”N    90:02’: 51.17”E 2549 

GA2 Italian Embassy 380:47’:04.57”N     90:02’: 51.17”E 2465 

GA3 German Embassy 380:46’: 38.1”N      90:02’: 14.69”E 2400 

GA4 Agoza Gebeya 380:46’: 36.16”N    90:00’: 36.67”E 2339 

GA5 Peacock Park 380:46’: 32.07”N    80:59’: 32.75”E 2315 
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GA6 Abo Saris 380:46’: 21.41”N    80:56’: 32.61”E 2145 

GA7 Adwa Flour Factory  380:46’: 52.04”N    80:52’: 21.38”E 2059 

GA8 Mekana 380:46’: 31.83”N    80:51’: 43.70”E 2057 

 

 

 

 

 

Sampling  

Physicochemical Analysis  

Beginning February 2006 to April 2006, bimonthly (i.e., twice a month) samples were collected 

at all study reaches.  Samples were collected in 1L polyethylene bottles and were taken to the 

Applied Microbiology lab, AAU and AAEPA water and waste water lab, where they were 

analysed for Total Nitrogen, Nitrate, Ammonia, Total Phosphorus, Orthophosphate, Sulphide, 

COD, BOD5 and TSS.  Total Nitrogen, Nitrate, Ammonia, Total Phosphorus, Orthophosphate, 

Sulphide and COD were determined using spectrophotometer (HACH DR/2010, USA) 

according to HACH instructions. BOD5 and TSS were determined using methods outlined in 

standard methods for examination of wastewater manual (APHA, 1998). Temperature was 

measured using a handheld thermometer.  A portable pH meter (Model HI 9024 HANNA) was 

used to determine pH. 

 

Macroinvertebrates  

Macroinvertebrate sampling was conducted bimonthly together with water sampling based on 

the Rapid Bioassessment Protocols for use in streams and wadeable rivers (Barbour et al., 1999).  
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Invertebrate samples were collected using Surber sampler (Mesh size = 500 μm, Sampling area = 

0.9 m2) at riffle by disturbing riffle substrate.  Scoop net was used to collect invertebrates in 

pools. Samples from riffles and pools were composited on site and were preserved in 95% 

ethanol for later sorting and identification.  In the laboratory, each sample was washed through a 

500 μm sieve.  Invertebrates were sorted in white trays, identified and counted using dissecting 

microscope.  Taxonomic  

 

identification was made to family level using standard keys (Macan, 1979; Edington and 

Hildrew, 1981; Bouchard, 2004). 

 

Metric Selection and Index development  

Thirteen metrics representing richness, composition and tolerance/intolerance measures were 

considered for the index development (Table 2). Trophic measures (feeding guilds) were not 

included in index development since different functional feeding groups within the same family 

might be present. To be used in the final index, a given metric needed to satisfy the following 

criteria: (1) show potential for change associated with habitat degradation, (2) provide unique 

information (i.e. not be linearly correlated with another metric or metrics) and (3) have 

measurably different values in known reference sites versus known impaired sites (Royer et al., 

2001). 

 

Metrics with too many low values at reference sites were rejected because they are unable to 

reveal changed conditions.  Those metrics that satisfied the first criterion were analysed next by 

Pearson correlation to see if they provide unique information.  Metrics with strong correlation (r 

> 0.9) are considered redundant metrics and do not contribute new information, but those with 

scatter in the correlation or those that are nonlinear would still contribute useful information 
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despite strong correlations (Karr et al., 1986; Karr, 1991).  Bivariate scatter plots of correlated 

metrics were examined for linear relationship. Correlated metrics that show an apparent 

nonlinear or curved relationship were both retained whereas from the correlated metrics that 

showed linear relationship, only one of the metrics was retained for index development.  

Boxplots were then used to  

 

determine the ability of the remaining metrics to distinguish between reference and test sites.  

This was determined by the amount of overlap in the interquartile ranges. Metrics that displayed 

no overlap of interquartile ranges were considered to have good discriminatory power.  Metrics 

with moderate overlap of interquartile range but at least one median outside the interquartile 

range overlap were considered to have moderate discriminatory power while metrics with 

extensive overlap of interquartile range or both medians within the overlap were considered to 

have no discriminatory power to distinguish between reference and test sites (Barbour et al., 

1996).  Metrics with good and moderate discriminatory power were considered in the final index 

development while those with extensive interquartile overlap were rejected. 

 

Metric Scoring was based on the continuous scoring method outlined in Klemm et al. (2003) and 

Blocksom (2003). Each metric was scored on a continuous scale from 0 (poor) to 10 (good) 

using the upper and lower threshold of their distribution in the reference and test sites.   

Metric scores were calculated using the following formula: 

 

 

aLower treshold for metrics that decrease (increase) with perturbation is 25th (75th )   

   percentile of impaired. 

b upper threshold for metrics that decrease (increase) with perturbation is 75th (25th )    

Metric score = (observed – lower thresholda) * 10 
                             Upperb – lower thresholda 
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    percentile of the reference. 

Source: Blocksom  (2003) 

 

 

For positive metrics (i.e., those that increased with improving conditions), the upper expectation 

(ceiling) was the 75th percentile of the distribution of reference reaches, while the lower 

expectation (floor) was the 25th percentile of the distribution of impaired reaches.   

 

 

 

Category 

Metrics Definition 

Expected 
response to 
increasing 

perturbation 
 
No.  taxa 

Measures the overall variety of the 
macroinvertebrate assemblages 

 
Decrease 

No.  
Ephemeroptera 
taxa 

 
Number of mayfly taxa 

 
Decrease 

No. Trichoptera 
taxa 

 
Number of caddisfly taxa 

 
Decrease 

No. Diptera taxa Number of "true" fly taxa, which 
includes midges 

 
Decrease 

No. Chironomidae 
taxa 

Number of taxa of chironomid 
(midge) larvae 

 
Decrease 

Richness 
measures 

No. Coleoptera 
taxa 

Number of beetle taxa (adult or 
larva) 

Decrease 

% Ephemeroptera Percent of mayfly nymphs Decrease 
% Trichoptera Percent of caddisfly larvae Decrease 
% Diptera Percent of dipterans Increase 
% Chironomidae Percent of midge larvae Increase 
% Oligochaeta Percent of aquatic worms Increase 

Composition 
Metrics 

% Coleoptera Percent of beetle larvae and aquatic 
adults 

Decrease 

Tolerance/ 
Intolerance 
Measures 

 
 
% Dominant taxon

 
Measures the dominance of the 
single most abundant taxon 

 
 
Increase 

Table 2. Definitions of candidate metrics and expected direction of metric response to
increasing perturbation for Great Akaki River. 
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Metrics with a value above the ceiling received a score of 10, while those below the floor scored 

0.  All other values were linearly scaled along the range between the high and the low. 

 

For negative metrics, those that decreased with improving condition, the ceiling was the 75th 

percentile of the distribution of impaired reaches and the floor was the 25th percentile of the 

distribution of reference reaches.  Negative metrics with a value above the ceiling scored a 0, 

while those below the floor scored 10.  All other values were linearly scaled along the range 

between the low and high as for positive metric. To calculate the Index, hereafter referred to as 

the Great Akaki Macroinvertebrate Index (GAMI), metric scores were added together, multiplied 

by 10 and divided by the number of metrics scored to produce a range of 0-100.  

 

Statistical Analysis  

Spearman bivariate correlation analysis was used to relate benthic macroinvertebrate metrics to 

physicochemical parameters. All statistical analysis was performed using the SPSS statistical 

software (Version 12; SPSS Inc, 2003). 

 

 

 

 

 

 

Results and Discussion 

Physicochemical parameters 
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The average results for the nine physicochemical parameters are given in Table 3. 

 

Macroinvertebrates  

A total of 6618 macroinvertebrates representing 27 families were collected from all 

representative study areas (Appendix 1). 

 

Development of GAMI  

Three of the initial 13 metrics thought to be applicable to the Great Akaki River were rejected 

because they had low values in the reference sites (Table 4). Organisms that are rare in 

undisturbed conditions, and that become even rarer under disturbed conditions are impractical 

indicators.  Similarly, metrics with low values within the reference conditions are not useful 

(Barbour et al., 1996).  The metrics included: Percent Trichoptera, Percent Coleoptera and 

Percent Oligochaeta.  A correlation analysis performed on the rest of the candidate metrics 

showed that a strong correlation (r> 0.9) existed between a number of metrics (Table 5).  

However, before the metrics were rejected, a bivariate scatterplot was  

examined.  The scatterplot (Fig. 2) showed that number of Ephemeroptera has a linear 

relationship with number of Trichoptera, number of Coleoptera and percent Ephemeroptera. A 

linear relation was also observed between number of Coleoptera and percent Ephemeroptera; 

number of Coleoptera and number of Trichoptera; number of  Chironomidae and number of  

Diptera; percent Chironomidae and percent Diptera and  

 

 

 

 

Table 3. Average physicochemical values (Mean± SE) in mgl- except pH and temperature 

for Great Akaki River during February –April 2006. n= 4 
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between dominant taxon and percent Chironomidae.  The scaterplot also showed that percent 

dominant taxon had a non-linear relationship with percent Chironomidae and percent Diptera. 

Based on the results of the Pearson correlation matrix and the bivariate scatterplot, number of 

Ephemeroptera, number of Coleoptera, number of Chironomidae and percent  Chironomidae 

were rejected.   

 

Number of Diptera and percent Diptera, which had strong correlation and linear relationship with 

number of Chironomidae and percent Chironomidae, respectively, were retained because they 

were thought to provide better information than the individual Chironomidae family. 

 

The remaining six metrics, which showed non-linear relationship, were evaluated for their 

discriminatory power using boxplots. Evaluation of the boxplots (Fig. 3) revealed that the five 

metrics, i.e. number of taxa, number of Trichoptera, number of Diptera, percent Ephemeroptera 

and percent dominant taxon had good discriminatory power  

 

between the reference and test sites. Hence, they were considered for the final index 

development. Percent Diptera was rejected because it shows extensive overlap in the 

interquartile range.  

 

 

                                                                                        Sites Parameter 
GA1 GA2 GA3 GA4 GA5 GA6 GA7 GA8 

To 18.25±0.96 18±2.83 17.25±1.26 16.25±1.26 16±0.82 19.75±1.71 21±1.41 19.25±2.06 
PH 7.57±0.25 7.56±0.05 7.34±0.26 7.13±0.36 7.17±0.29 7.58±0.42 7.58±0.02 7.09±0.55 
NH3-N 0.15±0.19 0.14±0.08 16.48±2.39 14.8±1.75 21.35±2.97 27.5±1.27 10.95±1.57 12.05±1.64 
NO3-N 0.88±1.08 22.5±17.92 36.75±3.40 25±19.9 34.5±9.15 32±4.32 32.25±2.06 35.5±5.51 
PO4

3- 1.16±1.04 1.18±0.90 4.27±1.05 6.78±0.91 9.67±0.63 9.14±1.44 4.16±1.67 2.22±1.54 
S2

2- 0.03±0.01 0.05±0.06 0.04±0.03 0.03±0.04 0.08±0.05 0.02±0.07 0.02±0.01 0.05±0.04 
COD 73.75±17.17 49.75±8.38 51.5±16.11 106.25±15.76 137.25±46.7 180.75±6.55 190±6.0 59.75±19.91 
BOD 2.67±2.12 4.1±2.77 13.75±4.99 13.25±4.99 36.52±11.09 50±18.26 10.7±1.54 4.93±3.62 
TSS 182.83±61.22 187.45±68.46 197.5±97.37 188.83±63.58 178.88±46.67 220.7±48.72 225±82.24 214±65.49 

Table 4. Summary statistics (interquartile values) from reference sites for each of the 
initial 13 candidate metrics proposed for the Great Akaki Rivera 
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Metric 
25th 

percentile Median 75th 
percentile 

Reason for 
rejection 

Number of distinct taxa 16 19 22  
Number of Ephemeroptera taxa 283 666.5 1050  
Number of Trichoptera taxa 9 48 87  
Number of Diptera taxa 457 632.5 808  
Number of Chironomid(midge) larvae 408 576 744  
Number of Coleoptera taxa 17 39.5 62  
Percent of Ephemeroptera 34 41 48  
Percent of Trichoptera larvae 1 2.5 4 values low 
Percent of Dipterans 37 47 57  
Percent of Chironoidae larvae 34 40.5 47  
Percent of Coleoptera 0 2 4 values low 
Percent of Oligochaeta 2 2.5 3 values low 
Percent dominant taxon 47 47.5 48  

 

aMetrics in bold were considered further for inclusion in the final index, the others were rejected 

for the reasons given. 

 

The observed values of the five metrics for each measurement site are given in Table 6. From 

these values, the percentiles (upper and lower threshold values) of each metric in the reference 

and test sites were calculated (Table 7). The observed values for all the metrics initially thought 

to be applicable to the Great Akaki River are given in    Appendix 2.   

 

 

 

The five metrics were scored on a continuous scale from 0 (poor) to 10 (good) based on the 

upper and lower threshold value of the metrics in the reference and test sites       (Table 7).  

Percentile of the metrics in the reference and test sites showed that number of  Trichoptera had 

no value in the test sites. So it was rejected.  GAMI was developed based on the remaining four 

core metrics.  These are: number of taxa, number of Diptera, percent Ephemeroptera and percent 

dominant taxon.  
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 No. taxa No. 
Ephem
. 

No. 
Tricho. 

No. 
Dipter
a 

No. 
Chiron
. 

No. 
Coleo
. 

% 
Ephem
. 

% 
Dipter
a 

% 
Chiro
n 

% 
Domi
n. 
Taxo
n 

No. 
Taxa 

          

No. 
Ephem
. 

 
0.845 

         

No. 
Tricho
. 

 
0.785 

 
0.987 

        

No. 
Dipter
a 

 
0.651 

 
0.313 

 
0.301 

       

No. 
Chiron 

 
0.673 

 
0.369 

 
0.359 

 
0.992 

      

No. 
Coleo. 

 
0.834 

 
0.993 

 
0.983 

 
0.348 

 
0.412 

     

% 
Ephem
. 

 
0.877 

 
0.923 

 
0.899 

 
0.272 

 
0.320 

 
0.911 

    

% 
Dipter
a 

 
- 0.420 

 
- 0.453 

 
- 0.431 

 
0.215 

 
0.087 

 
- 
0.422 

 
- 0.467 

 
 

  

% 
Chiron
. 

 
- 0.490 

 
- 0.426 

 
-0.394 

 
- 0.006 

 
- 0.023 

 
- 
0.382 

 
- 0.459 

 
 0.970 

  

% 
Domin
. 
Taxon 

 
 
- 0.575 

 
 
- 0.426 

 
 
- 0.365 

 
 
- 0.099 

 
 
- 0.110 

 
 
- 
0.380 

 
 
- 0.525 

 
 
 0.917 

 
 
0.976 

 

Table 5. Pearson Correlation matrix of benthic metrics, all data combined 
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Fig 2. Bivariate scatter plot of all sites illustrating the relationship between correlated metrics    
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The score for each core metric and the final index score for each site is presented in  

Table 8.  The GAMI ranges from 0 at GA8 to 99.3 at GA1.  A boxplot of GAMI (Fig. 4)  

depicted the discriminatory power of the index to distinguish between differentially 

impacted sites.  

 

Quadrasection of the GAMI resulted in four integrity classes.  Sixty percent of the 

maximum value observed was taken to be the mark between good and poor sites.  In this 

study, 99.3 was the maximum observed value. The range above the 60% mark was 

subdivided into two with a range between 60% and 75% classified as good and above 

75% as very good. The range below 60% was also subdivided into two with a score 

between 50% and 60% classified as poor and below 50% as very poor.  For the GAMI 

score that ranges from 0 to 99.3, greater than 74.5 was very good, 59.6-74.5 was good, 

49.7-59.6 was poor and less than 49.7 was very poor.  Based on the quadrasection of the 

GAMI range, the reference sites GA1 (GAMI score = 99.3) and GA2 (GAMI Score = 

70.3) were classified as very good and good, respectively.  Site GA3 with a GAMI score 

of 53.3 was deemed poor while GA4, GA5, GA6, GA7 and GA8 with a GAMI score of 

30, 29, 2.3, 20 and 0, respectively, were considered as sites with very poor integrity.  

 

From the index score and the boxplot (Fig. 4), it becomes apparent that the reference sites 

in the upper part of the Great Akaki River are in good condition whereas sites in the 

lower stream are in a state of impairment. 
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An index can be subdivided into any number of categories corresponding to various 

levels of impairment.  Because the metrics are normalized to reference conditions and 

expectations for stream classes, any decision on subdivision should reflect the 

distribution of the scores in the reference sites (Barbour et al., 1999).  

 

Ganasan and Hughes (1998), For example, used 60% of the maximum IBI score as a 

threshold for differentiating between impaired and unimpaired sites.  They argued that as 

the highest metrics values on which they based their scoring criteria did not represent 

minimally disturbed conditions, IBI scores less than 60% of the maximum were 

unacceptable.  This approach was adopted in this study because it was felt that the 

reference sites are to a certain degree under human influence.  The limited number of 

shredders in both reference sites was the basis for the decision. Shredding 

macroinvertebrates represent an important component of the biological processing of 

coarse particulate organic matter. Shredders are typically most abundant where there is a 

strong interaction between the riparian zone and the stream (Vannote et al., 1980), which 

is typical of undisturbed headwaters. 
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Fig 3. Box and whisker plots of the candidate metrics in the reference and test sites. The centre horizontal line represents the median 

value, the outer horizontal lines are the interquartile values, and the range bars show maximum and minimum of non-outliers.  
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Asterisks show values outside the minimum and maximum. Open circles show extreme values. Sample sizes are 2 and 6 for the 

reference and test categories, respectively
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Table 6. Observed metric values for each site 

 Site 

 Metric  GA1 GA2 GA3 GA4 GA5 GA6 GA7 GA8 

No. taxa  22 16 15 8 8 5 7 6 

No. Trichoptera 87 9 0 0 0 0 0 0 

No.  Diptera  808 457 1362 148 190 173 628 74 

 %      Ephemeropetra 48 34 2 3 0 0 0 0 

 %   Domin. Taxon  48 47 65 44 48 83 85 90 

 

 

Response of core metrics 

The four core metrics used in the development of GAMI were found to be useful for assessing 

biological impairment to the Great Akaki River.  They measure different aspects of the 

macroinvertebrate assemblage (Table 2) except trophic measures.  

 

 High richness has been equated with high water quality. That is, number of taxa decreases with 

decreasing water quality (Resh and Jackson, 1993).  In Great Akaki River, the number of taxa is 

relatively high in the reference sites, especially at GA1 (Appendix1).  This is consistent with the 

expectation as the sites are found in areas where  

human influence is limited and the vegetation cover is good.  The number of taxa at GA3 is 

somewhat comparable to the reference site GA2.  Abundance of individuals is also high 

(Appendix 1).  
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This may be explained by the Intermediate Disturbance Hypothesis (Connell, 1978) and has been 

observed in other studies (Pinder and Farr, 1987; Ndaruga et al., 2004).  According to 

Intermediate Disturbance Hypothesis, high species diversity in moderately disturbed ecosystems 

are attributed to co-existence of pioneer, stress-tolerant and ruderal species (Connell, 1978).  In 

the remaining sites, the number of taxa showed a dramatic decrease and the lower stretch is 

characterized by few taxa.  Similar trends have been observed in other areas (Thorne and 

Williams, 1997; Ndaruga et al., 2004). 

 

Table 7. Percentile of the candidate metrics in the reference and test sites 

Percentiles 

  Measurement  site 
 

 
25 

 
50 

 
75 

 
reference site 

 
16 

 
19 

 
22 

 
No. taxa 
   

test site 
 
6 

 
7.5 

 
8 

 
No. Trichoptera 

 
reference site 

 
9 

 
48 

 
87 

 
reference site 

 
457 

 
632.5 

 
808 

 
No. Diptera 
   

test site 
 

148 
 

181.5 
 

628 
 
reference site 

 
34 

 
41 

 
48 

% Ephemeroptera 
  

 
test site 

 
0 

 
0.5 

 
2 

 
reference site 

 
47 

 
47.5 

 
48 

% dominant taxon 
  

 
test site 

 
48 

 
74 

 
85 

 

The number of Diptera in Great Akaki River decreased downstream but not in a consistent 

manner.  It shows a considerable increase at GA3, then some ups and downs  
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before it finally decreases.  The Chironomidae especially the blood red midge makes a 

significant portion of the Order Diptera. 

 

Ephemeropterans are among the intolerant (sensitive) taxa and are indicators of good water 

quality (Bouchard, 2004).   Proportion of Ephemeropterans relative to the other taxa (percent 

Ephemeroptera) is expected to decrease as the water quality declines. In Great Akaki River, they 

are restricted to the reference sites and two test sites (GA3 and GA4) and disappeared altogether 

downstream.  The low dissolved oxygen indicated by high BOD5 level (Table 3) may be a 

possible explanation for their disappearance in the lower reaches. The mean BOD5 range for 

GA1-GA4 was 2.67±2.12 to 13.75± 4.99 whereas for sites GA5-GA8, it was 4.93 ± 3.62 to 50 ± 

18.26. 

 

Table 8. Score for each core metric and the final index score for each measurement site 

Measurement sites 
Core Metrics GA1 GA2 GA3 GA4 GA5 GA6 GA7 GA8 

No.taxa 10 6.3 5.6 1.3 1.3 0 0.6 0 
No.Diptera 10 4.7 10 0 0.6 0.4 7.3 0 
%Ephemeroptera 10 7.1 0.4 0.6 0 0 0 0 
% Domin.Taxon 9.7 10 5.3 10 9.7 0.5 0 0 
Total 39.7 28.1 21.3 11.9 11.6 0.9 7.9 0 
GAMI Score 99.3 70.3 53.3 30 29 2.3 20 0 
 

 

The dominance of few taxa such as chironomidae increased down stream in the study reach. It 

seems that the availability of fine particulate organic matter and low dissolved oxygen favoured 

the dominance of the tolerant species.  
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Fig 4. Box plot comparing the GAMI score between reference and test sites. 

 

GAMI scores  

The Great Akaki Macroinvertebrate Index (GAMI) developed using the four core metrics had 

successfully classified the differentially impacted sites into different integrity classes.  As 

expected, the reference sites were rated as very good and good.  GA2 scored less than GA1.  It 

appears that the less number of taxa, percent Ephemeropterans and the relatively high number of 

Dipterans contributed to the low score.  

 

Irrespective of the high diversity and abundance, GA3 was rated as poor.  This can be attributed 

to the dominance of tolerant species in the area. 
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Sites GA4, GA5, GA6, GA7 and GA8 were all rated as sites with very poor integrity.  These 

sites are found in the central and southern parts of the city where there is extensive human 

settlement and commercial activity.  Therefore, the proportion of impervious surface (roads, 

roofs etc) is expected to be high.  Increased impervious surface associated  

with urbanization is known to cause increased surface runoff, leading to increased channel 

erosion, altered channel morphology and increased concentrations of sediment, nutrients, 

particulate organics and potentially toxins in streams (Roy et al., 2003).  A study that compared 

the macroinvertebrate communities in metropolitan areas with urban areas of the hinterland 

(Melbourne, Australia) showed that metropolitan communities (imperviousness 1-51%) were all 

severely degraded with high abundances of a few tolerant taxa (Walsh et al., 2001).   Addis 

Ababa  is served by a poor drainage system.  So, most of the storm water from the city ends up in 

the rivers.  This carries all sorts of wastes including solid organic waste, sediments and nutrients 

with detrimental effect on the aquatic biota. 

 

Organic pollution is pervasive in these sites as can be seen from the physicochemical analysis 

(Table 3). The mean BOD5 range for these sites was 4.93 ± 3.62 to 50 ± 18.26 while COD 

ranged from 59. 75 ± 19.91 to 190 ± 6.0.  In addition to the runoff from impervious areas, 

sewage from households contributed to the elevated level of nutrients and BOD5.  This is 

particularly apparent along the river corridors where the riparian communities have no sanitary 

facilities or the sanitary facilities empty directly into the rivers. After a torrential rain, it is 

common to see raw sewage from toilets released into  

 

 

the rivers (e.g. Ginfle River) (personal observation).  Moreover, it is a common practice in the 

city to dump solid wastes from households and sediment from construction sites into the river 
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banks. This increases the sediment and organic input in the streams. The biological effects of 

fine sediment are well documented (Welch, 1992; Wood and Armitage, 1997). Excess amounts 

of sediment deposited in the stream can reduce food resources and habitat for invertebrates by 

covering hard substrates and filling interstitial spaces (Nerbonne and Vondracek, 2001). 

Adequate interstitial space is essential for the movement and feeding of many aquatic 

invertebrates. Further, many fishes and some invertebrates require places of concealment (cover) 

as feeding locales or as places to escape predation (Karr and Dudley, 1981). Invertebrates that 

scrape algae from hard substrates for food are expected to decline. In contrast, invertebrates that 

filter food from the water column will increase (Nerbonne and Vondracek, 2001).  

 

Most of the study reaches in the central and southern parts of the city are also characterized by 

habitat degradation. The riparian habitat could be degraded through deforestation of riparian 

vegetation, development activities and agriculture along the river corridors etc. According to 

Sullivan et al. (2004), reaches with limited or no buffer zone would be expected to decrease 

integrity possibly because of decreased shading, reduced inputs of vegetation material, and 

increased erosion resulting from lack of cohesive root mats. 

                     

The role of riparian vegetation is well established. It regulates light and temperature regimes, 

provides nourishment to aquatic as well as terrestrial biota, acts as source of  

 

large woody debris (which significantly influences sediment routing, channel morphology and 

in-stream habitat), maintains biodiversity by providing an unusually diverse array of habitat and 

ecological services and regulates the flow of water and nutrients from uplands to the stream 

(Naiman and Decamps, 1990). Miltner and Rankin (1998), for example, reported low total 

phosphorus in streams with intact physical habitat than the degraded habitats in Ohio. 
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Therefore, runoff from impervious areas, release of untreated domestic sewage, dumping of solid 

wastes and habitat degradation could be possible explanations for the low scores (low biological 

integrity) in these sites.  

 

Some studies (Naiman et al., 1993; Lammert and Allan, 1999) emphasized the role of local 

riparian vegetation as predictors of biotic integrity and maintenance of biodiversity while others 

(Allan et al., 1997; Mykra et al., 2004) maintained that catchment (regional) land use influence 

stream integrity. Morley (2000) reported high B-IBI scores at sites located in the headwater 

reaches of intact riparian corridor. Further downstream, B-IBI decreased dramatically as the local 

riparian vegetation was replaced by roads, houses, and commercial centres. Then B-IBI 

increased significantly through a local reach of forested corridor, although the increase was 

temporary and not as high as in the headwaters. In some of the most urban basins, B-IBI was still 

very poor even in reaches with some degree of forested corridor. Based on these observations, 

Morley (2000) concluded that the effectiveness of localized patches of riparian corridor in 

maintaining biological integrity varies as a function of basin-wide urbanization. The author’s 

conclusion is in  

 

agreement with the assertion of Wright and Li (2002). According to Wright and Li (2002), 

community structure, the distribution and abundance of various species in a particular place and 

time, is a function of multiple biotic and abiotic gradients ranging from landscape to local scales.  

 

Changes in the structural and functional organization of macroinvertebrates 



 11

The discussion on the response of the core metrics and the GAMI scores clearly showed that the 

structural changes of macroinvertebrates in the Great Akaki River are results of human activities 

in the catchments.  

 

The spatial variation in the functional organization of macroinvertebrate communities is thought 

to reflect the alterations of physicochemical characteristics such as low dissolved oxygen 

concentration and food source availability in the stream ecosystem (Shieh et al., 1999; Dura, 

2005). Specialized feeders such as scrapers, piercers and shredders, are the more sensitive 

organisms and are thought to be well represented in healthy streams where as generalists such as 

collectors and filterers are more tolerant to pollution that might alter availability of certain food 

(Barbour et al., 1996). Shieh et al. (1999) reported that collectors-gatherers formed the dominant 

group at sites, which were impacted by the effluents from wastewater treatment facilities. They 

also observed that the densities of scrapers and shredders were much reduced at these sites. The 

dominance of collectors-gatherers in Great Akaki River, especially in the lower reaches, 

confirms the generalization and the observations. 

 

 

Correlation between physicochemical parameters and macroinvertebrate metrics  

The results from the Spearman correlation analysis (Table 9) showed that at α =0.05, metrics 

expected to decrease with perturbation had a strong negative relationship with ammonia, nitrate, 

orthophosphate, COD and BOD5. The metrics include: total number of taxa, number of 

Ephemeroptera, number of Trichoptera, percent Ephemeroptera etc. On the other hand, metrics 

expected to increase with disturbance such as percent Diptera and  

percent dominant taxon had a strong positive relationship with nitrate and temperature. percent 

Diptera, for example, showed a strong correlation with nitrate (r= 0.375). Miltner and Rankin 
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(1998) noted that, in wadeable streams the number of EPT taxa (belonging to Ephemeroptera, 

Plecoptera and Trichoptera) and the relative abundance of Tanytarsini midges decreased relative 

to increasing nutrient concentration while other dipterans and non-insects were positively 

associated with increasing nutrient concentration.        

 

From the result, it appears that nutrient enrichment and organic loading are important in shaping 

community structure in Great Akaki River.  In several studies (Cosser, 1988; Thorne and 

Williams, 1997), the distribution of macroinvertebrates in general and the disappearance of some 

sensitive taxa in particular, have been associated with ammonia toxicity, depletion of dissolved 

oxygen and availability of food.   

 

This analysis also showed that, among the nutrients, ammonia had a strong negative relation with 

most of the metrics. For example, total number of taxa (r = - 0.727), number of Ephemeroptera 

(r= -0.665), percent Trichoptera (r= -0.747) etc. Miltner and Rankin (1998) also reported that 

ammonia-nitrogen accounted for a significant portion of the  

 

variation in IBI and ICI scores in the headwaters and to a lesser extent, in wadeable streams in 

Ohio.  Mean IBI or ICI scores at sites having concentration of NH3-N≥ 1.0 mgL-1 were usually 

significantly lower than all other categories across stream size. In Great Akaki River, the mean 

value of ammonia for the reference sites GA1 and GA2 was 0.15± 0.19 and 0.14±0.08, 

respectively, where as mean value of ammonia for sites GA3 to GA8 ranges from 10.95 ± 1.57 to 

27.5 ± 1.27. Another study (USGS, 2002) showed that, at sites with a history of ammonia build 

up, the number of taxa increased following a decline in ammonia concentration.   
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The ecological impact of ammonia in aquatic ecosystems is likely to occur through chronic 

toxicity of fish and benthic invertebrate populations because of reduced reproductive capacity 

and reduced growth of young (Environment Canada, 2001). 

 

The increase in nutrients such as nitrates and orthophosphate and organic matter leading to low 

dissolved oxygen concentration can be restrictive for some macroinvertebrates. Nutrient 

enrichment decreases macroinvertebrate richness by elimination of sensitive taxa mostly 

represented by the insect orders Ephemeroptera, Plecoptera and Trichoptera (Dura, 2005).  The 

restriction of Ephemeroptera and Trichoptera to the reference sites and two test sites in great 

Akaki River confirms this. 

 

In the grossly polluted sites characterized by high nutrient enrichment and organic loading, only 

organisms with special physiological and morphological adaptations can be found.   

Table 9. Significant associations (tested at the α=0.05 level) between macroinvertebrate metrics 

and physicochemical parameters 

Metrics Physicochemical parameters                r 
Ammonia -0.727 
Orthophosphate -0.638 
COD -0.443 

Total No. taxa 

BOD -0.570 
Ammonia -0.665 
Nitrate -0.418 
Orthophosphate -0.552 
COD -0.431 

No. Ephemeroptera 

BOD -0.531 
Ammonia -0.747 
Nitrate -0.501 
Orthophosphate -0.690 
COD -0.423 

No. Trichoptera 

BOD -0.648 
Ammonia -0.387 No. Chironomidae Orthophosphate -0.453 
Ammonia -0.864 No. Coleoptera 
Nitrate -0.389 
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Orthophosphate -0.781 
COD -0.399 

 

BOD -0.726 
Ammonia -0.736 
Nitrate -0.478 
Orthophosphate -0.610 
COD -0.367 

% Ephemeroptera 

BOD -0.607 
Ammonia -0.747 
Nitrate -0.501 
Orthophosphate -0.690 
COD -0.423 

% Trichoptera 

BOD -0.648 
To 0.532 % Diptera Nitrate 0.375 

% Chironomidae To 0.663 
Ammonia -0.902 
Nitrate -0.397 
Orthophosphate -0.844 % Coleoptera 

BOD -0.821 
To 0.486 % Oligochaeta Orthophosphate 0.445 

% Dominant taxon To 0.596 
 

 

 

 

 

 

For example, some tubificid worms and chironomid midges have haemoglobin, which can 

increase in oxygen-poor conditions (Welch, 1992).  The rat tailed maggots of the Syrphidae 

family and Ephydridae have respiratory tube that allows them to exist in water with low levels of 

dissolved oxygen by giving them direct access to atmospheric oxygen (Bouchard, 2004). 

 

In this study, contrary to expectations, total suspended solids show moderate negative correlation 

with most metrics.  It may be that the effect of total suspended solids is overshadowed by 



 15

nutrient enrichment and organic loading.  pH and Sulphide did not show significant relationship 

with any of the metrics. This may be due to their moderate and low values, respectively in all the 

study reaches. The mean pH Value for all sites was ranging from 7.09 ± 0.55 to 7.58 ± 0.002 and 

the range for mean sulphide was from 0.02 ± 0.001 to 0.08 ± 0.05. Many Diptera and 

Ephemeropterans, for example are affected at pH <5 (Johnson et al., 1993).  

 

According to Welch (1992) the critical temperature for most macroinvertebrates is 30oC. The 

temperature measurement for all study reaches in Great Akaki River is below this threshold 

level.  The range was 16 ± 0.82 at GA5 to 21 ± 1.41 at GA7. The slight increase in temperature 

downstream may have resulted in a strong positive association with the metrics that increase with 

perturbation; percent Chironomidae (r= 0.663) and percent dominant taxon (r=0.596).   

 

 

 

The scope of this study was limited to development of macroinvertebrates index, 

physicochemical analysis and habitat observation. So, it may not explain all the variations 

and the few exceptions observed in the study area. An integrated study that involves 

development of indexes for other assemblages like Macrophytes, Periphyton and a thorough 

habitat assessment (habitat scoring) could give a complete picture of the factors affecting the 

Great Akaki River.   
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Conclusion and recommendations 

The results from this study revealed that number of taxa, number of Diptera, percent 

Ephemeroptera and percent dominant taxon were useful to measure the biological integrity of the 

Great Akaki River. The Great Akaki Macroinvertebrate index (GAMI) developed from these 

metrics successfully classified differentially impacted sites into different integrity classes. From 

the index, it appears that except the reference sites the other sites are degraded. This is evident 

from the dominance of few tolerant taxa in the middle and lower reaches. The degraded sites 

were also dominated by generalists such as collectors/gatherers. Disappearance of sensitive taxa 

downstream was attributed to ammonia toxicity, low dissolved oxygen and availability of food. 

The study revealed that the structural and functional changes in macroinvertebrates are caused by 

nutrient enrichment, organic loading and availability of food. Raw sewage from households, 
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runoff from impervious surfaces and riparian habitat degradation have been identified as the 

major sources of these stressors. The study also revealed that human activities within the 

catchments were responsible for the changes in macroinvertebrates and the consequent 

impairment in Great Akaki River. 

 

Overall, the study showed the effectiveness of the benthic macroinvertebrate protocol in 

assessing the integrity of the Great Akaki River. Therefore, environmental agencies with the 

objective of assessing and monitoring the Great Akaki River should think of incorporating 

bioassessment methods into their assessment and monitoring programs. 

 

 

From the results of the study, it is clear that the factors affecting the Great Akaki River are many 

and at times confounding. So projects aiming at protecting or restoring the river should give due 

consideration to the following points: 

• Provision of sanitary facilities to riparian communities, 

• Provision of sewerage system and wastewater treatment facilities, 

• Improvement of drainage system, 

• Riparian habitat management and 

• Solid waste management. 

 

Finally, an integrated study that involves index development for different assemblages, 

physicochemical analysis, thorough habitat assessment should be considered, as this will give a 

complete picture of the factors affecting the Great Akaki River. 
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