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Abstract  

Rapid bioassessment protocols have been developed as inexpensive monitoring tools to assess 

the health of streams, rivers and lakes. The present study was conducted to adapt 

macroinvertebrate-based field protocol for assessing the ecological health of streams and rivers 

in the central and south-eastern highlands of Ethiopia. Abiotic and biotic data were collected 

from 154 sites distributed in the upper section of four major basins, namely Awash and Rift-

Valleyin the centeral highlands, and Wabi-Shebele and Genale. The field-based assessment 

protocol was adapted based on the rapid field protocol developed for assessing highland 

streams in the Hindu-Kush-Himalayan regions in 2010. The decision support table of the 

protocol includes both abiotic and biota components that can be identified in the field, with a 

special focus on benthic macro-invertebrates as bioindicator. The sensitivity of a specific benthic 

invertebrate (BMI) taxon to different level of degradation was based on biotic score (ETHbios) 

developed for assessing Ethiopian highland streams and rivers in 2015. To ensure simplicity of 

the protocol, only 15 BMI taxa with clear ecological quality preference are included. The 

sensitivity ranges from less tolerant taxa such as Perlidae, Scirtidae and Lepidostomatidae to 

tolerant taxa such as Psychodidae, Chironomidae and Syrphidae.  The protocol is manually 

calculated in the field and used to categorize streams and rivers into five ecological water 

quality classes namely high (I), good (II), moderate (III), poor (IV) and bad (V). This 

categorization serves as an ‘early warning’ method to identify areas that require urgent 

attention for intervention measures or detailed investigation in the future studies. The method 

can be considered as rapid, inexpensive but scientifically sound monitoring method to evaluate 

the ecological conditions of running waters in the highlands of Ethiopia. 
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Introduction 

Rapid bioassessment protocols have 
been developed as inexpensive 
monitoring tools to assess the health of 
streams, rivers and lakes (Resh, 1995). 
The need of rapid assessment protocol was 

realized in the mid 1980’s with the 
objective to reduce monitoring cost and 
cover extensive areas of un-assessed 
streams (Resh, 1995, Barbour et al., 
1999). Rapid bioassessment can be used 
by any national, multi-national or regional 
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entity; who wishes a quick, cost effective, 
and scientifically valid method to assess 
the biologic integrity of wadable water 
bodies in different climatic and 
geographic regions. In Europe, North 
America, Australia and South Africa, 
rapid assessment procedures have been 
devised and some have been regularized 
for monitoring of surface water bodies. 
For example in Austria, the rapid field 
assessment of the biological quality of 
rivers (Moog et al., 1999) has been an 
obligatory part of any biological water 
quality evaluation. Many biologists agree 
that rapid bioassessment protocols could 
be used as preliminary monitoring tools to 
detect initial impairment and rank sites 
according to the need for further study 
(Hannaford and Resh, 1995). According 
to Resh (1995), rapid bioassessment 
methods are appropriate for use in 
developing countries because neither 
sophisticated nor expensive equipment is 
required. In particular, rapid monitoring 
methodologies are intended to be simple 
and cost-effective. 

A wide range of bio-indicators are 
employed to assess the health of streams 
and rivers. Among these biological 
communities, benthic macroinvertebrate 
(BMI) have proven to be useful indicators 
to determine the status of running water, 
since differences in environmental 
requirements among taxa produce 
community characteristics that reflect 
ecological conditions (Barbour et al., 
1999). BMI usually occur in sufficiently 
high abundances, inhabit a large diversity 
of aquatic habitats, have different life 
spans, and differ in their tolerances to 
diverse anthropogenic perturbations. In 
many developed countries, the application 
of benthic macroinvertebrate for bio-
monitoring is a well-established research 

practice (Rosenberg and Resh, 1993; 
Barbour et al., 1999). 

This study was aimed to adapt a field 
protocol for quick overview of river 
quality status in Ethiopian highlands. A 
rapid field screening methodology 
developed for monitoring Austrian 
streams (Moog et al., 1999) and later 
adapted to assess Hindu-Kush-Himalayan 
regions (Hartmann et al., 2010) was used 
as a benchmark for Ethiopian highland 
streams.  

The major considerations to choose this 
methodology are: a) the methodology 
initially developed for assessment of 
highland stream of Austria, and thus 
assumed to be effective for Ethiopian 
highland streams. b) It is successfully 
adapted to Hindu Kush-Himalayan 
regions for assessment of streams in the 
mountains (Hartmann et al., 2010), and 
thus the methodology was proved for 
tropical streams. 3) It was tested in 
highland streams of Ethiopia (Aschalew, 
2014) and Uganda (Obubu, 2010), and 
sufficiently distinguished different 
degradation gradients. The major 
advantages of using this protocol include: 
a) it has holistic nature of applications that 
the methodology considers not only the 
sensitivity of benthic macroinvertebrate 
but also other biota and abiotic features. b) 
It is scientific, reliable and quick to apply. 
c) It is easily applicable method by 
individuals working in rural offices with 
farmers after short training. Moreover, the 
protocol provides a field-based decision 
table for the user to estimate the ecological 
status of the streams condition by using 
simple arithmetic calculations for streams 
flowing in the highlands (greater than 
1500 meters above sea level) of Ethiopia 
(Aschalew and Moog, 2016).  
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Study Area 
This study was conducted in the 

headwaters of four river basins of Ethiopia 
namely Awash, Wabe-shebele, Genale 
and Rift Valley basins, lying between 
latitude 6o57’N and 9o05’N and longitudes 
38o07’E and 40o06’E (Figure 1). Of 154 
sampling sites selected for adaptation of 
the protocol, 135 sites were located in the 
Ethiopian montane grassland–woodlands 
ecoregion with altitude ranging from 
1,900 to 2,500 m a.s.l, while the remaining 
19 sites were distributed between 2,600 
and 3,200 m a.s.l. in afro-alpine ecoregion 
of Bale mountains. Most of the study sites 
are characterized by scarce coverage of 
natural vegetation. However, Chilimo and 
Suba Forest in the upper Awash and 
Wondogenet forest in the central Rift 
Valley are covered by indigenous natural 
forest such as Juniperus procera, 

Podocarpus falcatus, Prunus africanum, 

Olea europaea and Hagenia abyssinica. 
Moreover, the head waters of Genale and 
Wabe-shebele basins are dominated by 

Erica aroborea, Erica trimera, Alchemilla 

haumannii and Alchemilla ellenbeckii at 
higher altitudes, and Juniperus procera, 

Hagenia abyssinica and different grass 
species in the protected escarpments (e.g. 
Bale National Park and Adaba forest). In 
unprotected areas of all basins, the natural 
vegetation was cleared and replaced by 
farmland, grazing land, Eucalyptus 
plantation and urban settlement. 

Sampling sites were distributed 
strategically in the national park, protected 
forest, rural –agricultural and urban-
industrial areas to insure different stress 
gradient and represent wider geographic 
area. The major threats in rural areas are 
removal of riparian vegetation, nutrient 
loading from farmlands, flushing of 
reservoirs with a consecutive siltation of 
the river bed, sand excavation, intensive 
livestock grazing, cattle watering and 
various human in-stream activities. In 
urban areas the major pollutants comprise 
diffuse and punctual loads of untreated 
domestic and industrial wastes.  
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Fig. 1: Spatial distribution of sampling sites in four drainage basins of Ethiopia 
 
Materials and Methods 

Sample Collection 
Macroinvertebrates were collected 

using standard hand net with frame width 
of 25 cm and mesh size 500µm following 
multi-habitat sampling approach (Barbour 
et al., 1999; Aschalew and Moog, 2015a). 
In the laboratory, a complete sample was 
passed through a set of sieves in order to 
clean formalin and to separate size class of 
macroinvertebrate groups under tap water. 

Benthic macroinvertebrates were 
identified to family-genus level based on 
the available literature.  
Adaptation of Field Protocol 

Abiotic features that can be easily 
identified in the field such as non-natural 
turbidity, non-natural color, foam, odor 
and waste dumping were considered in the 
protocol. The biological features were 
categorized into two: biological elements 
that reflect high oxygen depletion and/or 
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nutrient load (e.g., sewage fungi and 
filamentous green algae) and benthic 
macroinvertebrates. Nutrient loading has 
already been identified as a serious 
problem in recent times in rivers and 
streams (Smith, 2003). The rate and 
pattern of nutrient loading in streams and 
rivers vary widely and some rivers 
exhibits acute decomposition process that 
creates anaerobic condition in the water 
column and other nutrient rich rivers 
shows enhanced algal production (Cloern, 
1999). Benthic macroinvertebrates are the 
major focus as the diversity and sensitivity 
varies based on several factors including 
geographical location, habitat and food 
availability, and water quality. 
Adaptation Procedure 

Sensory features did not require 
adaptation to regional conditions. 
However, it is important to identify 
whether the proposed criteria are relevant 
for that specific region or not. For 
example, odor, sewage bacteria and fungi 
visible to naked eyes are common 
phenomena in streams flowing through 
the capital Addis Ababa. The effect of 
nutrient enrichment is clearly observed in 
rural streams through increased 
periphyton growth and filamentous green 
algae. Therefore, criteria related to 
sensory features and algae are similarly 
considered as in HKH region (Hartmann 
et al., 2010). 

Benthic macroinvertebrates were 
carefully analyzed because their 
distribution and abundance can be 
affected by range of factors including 
geographical location and habitat types. 
For adaptation purpose, benthic 
macroinvertebrate data were analyzed and 
the distribution of each taxon across river 
quality classes was graphically visualized 
according to Aschalew and Moog (2015a). 

The main instrument used in the field 
protocol is a decision table that visualizes 
the personal impression of a river section. 
It is based on an assessment of the 
observable features and benthic 
macroinvertebrates that can be identified 
in the field without doubt. This table is 
designed by expert’s consensus 
characterizing features at different water 
quality levels (Moog et al., 1999; Sharma 
and Moog, 2005, Hartmann et al., 2010).  

Any criterion that is observed in the 
field without doubt is estimated and filled 
in the table according to Hartmann et al. 
(2010): ‘+’ or ‘–‘ accounts for 1 score; ‘+’ 
means criterion was observed and ‘–‘ 
means criterion was not observed; ‘++’ 
accounts for 2 scores, ‘+++’ accounts for 
3 scores; words (e.g. high, few, many) 
including verbal double indications (e.g. 
few/medium) or percentages (e.g. 25%) 
scored as 2. If ‘+’ or ‘-’ occur in a row, all 
‘+’ or ‘-’ within the row have to be scored 
adequately. If ‘words’ or ‘percentages’ 
occur in a row only those words or figures 
that meet the observation (e.g. ‘none to 
few’) were scored in that row. For the 
classification of river quality classes the 
entries of each column were summed up. 
The highest point per column is decisive 
for the estimation of the river quality class 
under study. 

 
Results 

For the distribution of scores in the 
field-based assessment protocol, the range 
and distribution pattern of each 
macroinvertebrate indicator taxon among 
water quality classes was examined. Some 
examples are given to illustrate the 
procedure and show the result across the 
water quality classes in Figure 2. Indicator 
benthic macroinvertebrate taxa for High 
(I) and Good (II) river quality classes are 
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organisms that are very sensitive to 
oxygen deficiencies and various in-stream 
activities. For instance, the distribution 
pattern of the family of Perlidae (Insecta: 
Plecoptera) in Figure 2 shows, this this 
taxa live under larger stones in cool 
streams with mostly high oxygen content 
and high current velocity (Graf et al., 
2009). The family of Lepidostomatidae 
(Insecta: Trichoptera) distribution across 
river quality class I and II shows this taxon 
are usually found grazing on algae from 
rock surfaces in moderate to fast currents 
with good oxygen availability (Graf et al., 
2009). The range of indicator taxa in 
middle river quality classes (II and III) is 
quite high. Thus, representative taxa were 
selected in consideration of their clear 
perceptibility in the field and a strong 
sensitivity to the respective river quality 
class. For example, family Baetidae 
occurs in a wide variety of habitats, 
including standing water and it is quite 
tolerant to organic pollution (Dudgeon, 
1990). Moreover, Baetidae and 
Hydropsychidae were the most diverse 
and abundant taxa in the Ethiopian 
highland region (Harrison and Hynes, 
1988; Malicky and Graf, 2012) and cover 
wide pollution gradients (Hur et al., 2000; 
Beketov, 2004). Thus, a flexible scoring 

approach was implemented in ETHbios to 
increase the discrimination efficiency of 
both taxa among river quality classes 
(Aschalew and Moog, 2015b). Similarly 
in the field assessment protocol, both 
Baetidae and Hydropschidae taxa groups 
were scored based on the species richness 
and distribution pattern across water 
quality classes as indicated in figure 2 for 
Baetidae 2sp. Benthic macroinvertebrate 
that are less sensitive to oxygen 
concentration in the water are useful 
indicators of poor/bad ecological water 
quality (Moog et al., 1999). For example, 
Chironomidae is represented both in 
heavily polluted and unpolluted sampling 
sites but the red chironomids clearly 
dominated bad water quality class (Figure 
2). Physidae is pollution-tolerant mollusc 
common in unpolluted as well as polluted 
waters (Nesemann et al., 2007) showed 
clear preference of poor river quality 
class. Some macroinvertebrates like rattail 
maggot (Syrphidae) are not dependent on 
the water’s oxygen content due to the 
presence of respiratory tubes that allow 
the organism to live in oxygen 
scarce/absent and heavily polluted water 
habitat (Dudgeon, 1999). Thus, Syrphidae 
was considered as a strong indicators of 
bad river quality class (Class V).  
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Fig. 2: Examples showing the distribution pattern of selected taxa groups amongst 
multimetric based river quality classes (Aschalew and Moog, 2015a) 
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Table 1: Proposed field-based rapid assessment protocol for central and south-eastern 
highland streams and rivers of Ethiopia 

 River Quality Classes 

Multiple choices possible I II III IV V 

Sensory features To be ticked/counted 

 Non-natural turbidity, Suspended solids   + + ++ 
 Non natural color  + + + ++ 
 Foam  + + + + 
 Odor (water)  + ++ ++ ++ 
 Waste dumping  + + + + 
Bacteria, fungi, periphyton      
Sewage fungi and bacteria (visible to the naked eyes) (-) (-) few medium many +++ 
Sulphur bacteria (visible to the naked eyes) (-) (-) (-) + +++ 
Stones with algal vegetation (periphyton) in thin 
layers 

++ ++    

% of thick, significant layers of algae < 25 % 25-75 % 75-100 % 75-100 % few 
Filamentous green algae none to 

few 
filaments, 
tufts 

large tufts (large) 
tufts 

+ 

Benthic macro-invertebrates      
Dominance of very sensitive organisms (9 to 10)*)  +++     
Dominance of sensitive organisms (6 to 8)*) + +++ +   
Dominance of medium tolerant organisms (4 to 6)*)    +++ +  
Dominance of tolerant organisms (3 to 4)*)   + +++ + 
Dominance of extremely tolerant organisms (1 to 
2)*) 

    +++ 

Philopotamidae +++     
Scirtidae +++     
Perlidae +++ +    
Heptageniidae +++ ++    
Lepidostomatidae +++ ++    
Psephenidae ++ ++    
Hydropsychidae more than 2 species ++ +++ +   
Baetidae more than 2 species   ++ +++ +   
Hydraenidae + ++ +   
Potamidae ++ ++ +   
Hydropsychidae 2 species  +++ ++   
Baetidae 2 species  +++ ++   
Hydropsychidae 1 species  + +++ +  
Baetidae 1 species  + +++ +  
Physidae.   + ++ + 
Chironomids with red blood pigments (many or 
masses) 

   ++ +++ 

Ephydridae    ++ +++ 
Psychodidae     + +++ 
Rat-tail maggots      +++ 
Sum of columns      

*use scores in the ETHbios table (Aschalew and Moog, 2015b) for dominant taxa 
 

Discussion 

The field-based assessment protocol 
adapted for Ethiopian highland streams 

includes abiotic and biotic components 
that can be identified in the field. Sensory 
features and biota other than 
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macroinvertebrates were considered 
similar as tropical developing countries 
(Hartmann et al., 2010) assuming the 
causes for their occurrence is nearly the 
same. For example, non-natural turbidity 
in rural streams and non- natural color in 
urban areas were common because of 
sediment transport through erosion and 
poor waste disposal system respectively. 
Agricultural inputs such as fertilizers and 
manures washed from farmlands caused 
algal blooming especially in dry months of 
the year. However, benthic 
macroinvertebrate community structure 
requires prior adaptation to the local 
environmental conditions (Mustow, 2002; 
Ofenboeck et al., 2010; Ferreira et al., 
2011). In present study benthic 
macroinvertebrate taxa representative for 
the region were selected and among others 
taxa which showed a clear pattern of 
response to different disturbance levels 
were used for the development of the 
protocol.  

In Ethiopia, the fundamental problem 
to identify benthic invertebrates is the lack 
taxonomic keys. Although, the use of 
benthic macroinvertebrates in river 
quality assessment is reported ineffective 
at lower taxonomic resolution (e.g., Resh 
and Unzicker, 1975; Moog and Chovanec, 
2000; Resh, 2007), Bonada et al. (2006) 
stated that, in a field-based assessment, 
macro-invertebrates are typically 
identified at the family level. Some other 
studies also showed that family-level data 
may show patterns of community 
distribution that are similar to patterns 
based on genus or species-level data 
(Furse et al., 1984; Rutt et al., 1993; 
Marchant et al., 1995; Bowman and 
Bailey, 1997; Nielsen et al., 1998). 
Accordingly, most biotic indices apply a 
family-level taxonomic resolution due to 

its simplicity and cost effectiveness 
(Armitageet al., 1983; Hilsenhoff, 1988; 
Sharma, 1996; Dallas, 1997; Dickens and 
Graham, 2002; Aschalew and Moog, 
2015b). In this protocol, 15 
macroinvertebrates taxa which are mostly 
identified at a family level were used. 
These taxa groups can be easily identified 
by biologists, environmentalists, students, 
local experts and trained community 
leaders to undertake quick river health 
assessment. 

With the help of this protocol, the time 
required for data collection, processing 
and interpretation to river quality class is 
very short (about 2 hours per site) and the 
whole process can be accomplished by 
two trained individuals in the field. 
Therefore, in addition to its cost 
effectiveness, the protocol allows 
investigation of a large number of sites 
within a short period of time. Since 
benthic invertebrates are returned into the 
water after recording important 
information, the protocol is environmental 
friendly and non-distractive. The protocol 
serves as an ‘early warning’ method to 
identify areas that require urgent attention 
or to set priorities for detailed 
investigation.  

Even though the protocol is simple in 
terms of taxonomical complexity; it still 
requires knowledge of invertebrate 
taxonomy and river ecology because the 
user has to compare results of his 
investigation site with local reference 
conditions. Therefore, adequate training is 
required for concerned community 
groups, institutions and implementing 
agencies. Considering the need for simple 
method to assess a large number of 
streams in short time, the protocol 
developed is a useful tool. Furthermore, 
careful selection of representative 
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sampling reach is important when using 
such protocol to minimize errors 
associated with taxon habitat preference 
and to avoid re-sampling additional reach 
along stream segment. 

In conclusion, the proposed field 
protocol was constructed from indicative 
macroinvertebrates, abiotic (e.g., sensory 
features) and other biotic elements (e.g., 
algae, fungi) sampled from 154 sampling 
localities in four representative basins of 
Ethiopia. The protocol can be used to 
detect organic pollution at large and other 
kinds of disturbances emerging from 
development activities such as land use 
change and industrialization in Ethiopian 
highlands. 
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