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abundance 94 (86.2%) was registered in Gergedi than 
any other thermal spring sites. The macroinvertebrate 
abundance was 9 (8.3%) and 6 (5.5%) for the Gara 
and Sodere thermal springs. No macroinvertebrate 
communities were observed in all sites of Halaba 
thermal spring. From all macroinvertebrate groups, 
82 (75.2%) were dipterans, 20 (18.4%) Oligochaeta, 
5 (4.6%) Gastropoda, and the rest Hemipterans and 
Coleopterans, which comprises 2 (1.8%) individuals. 
Chironomidae was the dominant invertebrate taxa 
at all sites, and when the water temperature exceeds 
42°C, it becomes the only taxon in the thermal 
springs. Macroinvertebrates were absent in thermal 
springs where the water temperature is 52°C or 
higher. Other diversity measures were not sensitive 
enough to discriminate sampling sites regardless of 
physicochemical variabilities except the richness 
and abundance. Water temperature, chloride, pH, 
and phosphate were identified as major determinants 
of macroinvertebrate richness in the Ethiopian Rift 
Valley region.
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Introduction

Ethiopia has thermal springs scattered in different 
parts of the country. They are used for different 

Abstract  Ecological assessment was performed 
in different thermal springs located in the Ethiopian 
Rift Valley area: Gergedi, Sodere, Halaba, and Gara. 
We assessed the habitat conditions, physicochemical 
characteristics, and macroinvertebrate composition 
at 12 sampling sites in four thermal spring systems. 
The physicochemical properties of the water 
samples varied among the sampling stations. 
Temperature ranged from 38.5 to 90°C among the 
12 sites. Dissolved oxygen, which is essential to 
aquatic ecosystem normal functioning, was not 
detected at three sampling sites. An average of 109 
macroinvertebrates were identified in three sampling 
campaigns. Relatively higher macroinvertebrate 
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purposes. Thermal springs and thermal pools are 
generally used for swimming, bathing, cooking, and 
healing the body and soul (Mazibuko & Mwendera, 
2006). However, they have been significantly 
impacted by different social and development 
activities, attracting numerous human visitors who are 
frequently interested in bathing in thermal springs. 
Various anthropogenic activities around thermal 
spring areas cause species reduction, extinction, and 
habitat loss (Holt, 2007). Thermal spring ecosystems 
are very susceptible to anthropogenic activities 
because they provide specific services and are easily 
altered since they are small and isolated. In Ethiopia, 
many people believe that water from thermal springs 
can relieve several diseases and is considered the 
cleanest and economical to treat a disease (authors’ 
observation). The water is thus consumed in excess 
and used as a thermal bath. However, the water may 
cause acute infectious diarrhea and chronic diarrhea, 
which can arise from the excess mineral concentration 
found in the thermal spring water (Haki & Gezmu, 
2012).

Thermal gradients in aquatic ecosystems can be 
formed either by natural processes, such as geothermal 
activity, or by human activities, for instance, the release 
of heat wastewater from electric power–generating 
plants or climate change (Lamberti & Resh, 1985; 
Burgmer et  al., 2006). Generally, thermal springs 
are defined as springs where water temperature 
lies significantly above the mean of the annual air 
temperature of that region (Thompson, 2003). Water 
becomes heated when it percolates down through 
rocks in the earth’s crust or volcanic areas when the 
water encounters thermal volcanic magma. Thermal 
springs are a habitat for very simple and unique 
species (Holt, 2007). Hence, they can be considered as 
unique ecosystems that harbor different aquatic biota, 
including macroinvertebrates. Macroinvertebrates are 
found in almost every type of aquatic habitat, such as 
thermal spring, stream, river, and other stagnant water 
bodies. They are an important indicator of the system’s 
water quality and habitat condition as they respond to 
anthropogenic and natural environmental variabilities. 
Aquatic temperature was reported among the variables 
that govern macroinvertebrates communities; an 
elevated aquatic temperature increases metabolic costs 
(Glazier, 2012), resulting in reduced diversity and 
abundance.

A study done by Lamberti and Resh (1985) indi-
cated that thermal springs with a water temperature 
above 45°C did harbor macroinvertebrate communi-
ties. In contrast, macroinvertebrates were found in 
thermal springs with temperatures between 52 and 
58°C (De Jong et al., 2005).

Water quality can be described in terms of phys-
icochemical properties and biological characteris-
tics, such as the use of macroinvertebrate indicators 
(United Nations and World Health Organization, 
1996). Physicochemical factors of the ecosystem 
are among the strongest determinants of the com-
munity structure of benthic macroinvertebrates at 
different locations (Buss & Borges, 2008). More-
over, aquatic organisms are sensitive in varying 
degrees to the physical and chemical character-
istics of their aquatic environment, such as water 
conductivity, temperature, dissolved oxygen con-
centration, turbidity, pH, nutrient, and chemical 
composition (Mochan & Mrazik 2000; Graça et al., 
2004a; Holt, 2007; Masese et  al., 2009; Getachew 
et  al., 2012; Klerk & Wepener, 2013). By meas-
uring those parameters, it is possible to discover 
sites that reduce, stress, and control the aquatic life 
(Mochan & Maraazki, 2000). Most aquatic organ-
isms’ diversity depends on a specific range of tem-
perature to maintain optimal health (Brock, 1967). 
Hence, measuring species diversity in different 
habitat is a valuable tool for assessing ecosystem 
health (Resh, 1979). Macroinvertebrate communi-
ties and their diversity are an indicator of habitat 
condition, and they are highly investigated in lakes, 
rivers, and different marshlands in many parts of 
the world. Still, they are rarely used in the assess-
ment of thermal spring water quality and habitat 
conditions.

Biomonitoring with macroinvertebrates among 
different aquatic ecosystems has advanced in 
Ethiopia (Ambelu, 2009; Ambelu et  al., 2010; 
Mereta et al., 2012; Ambelu et al., 2013). However, 
the ecological status of thermal springs in Ethiopia, 
except recently assessed few thermal springs 
in Ethiopia’s highlands (Derso et  al., 2015), or 
somewhere else in Africa is not investigated. 
Overall, studies focused on thermal springs are rare 
and there is no information about macroinvertebrate 
assemblages in the thermal springs of Ethiopian 
Rift Valley regions. Therefore, to determine the 
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macroinvertebrate assemblages of the thermal 
springs with an emphasis on the relationship 
between their diversity and the physicochemical 
characteristics of the water, this study investigated 
four thermal springs in the Ethiopian Rift Valley 
region.

Materials and methods

Study area

The study was conducted in thermal springs of 
the Ethiopian Rift Valley region (Fig.  1). The rift 
system is known for many thermal springs used for 
recreational and therapeutic purposes (Haki & Gezmu, 
2012). This study assessed four thermal springs: 
Gergedi, Sodere, Halaba, and Gara. Most of these hot 
springs are considered holy waters and are believed 
to alleviate different Ethiopian communities’ health 
problems. These thermal springs are prone to various 
anthropogenic activities on which the most common 
ones are bathing, swimming, and washing clothes.

Sodere thermal spring is located in the central part 
of the Ethiopian rift system and 125 km to the East 
of Addis Ababa. This thermal spring is located at 8° 
24′ 9″ North and 39° 23′ 35″ East at an altitude of 
1359 m above sea level (m a.s.l.). Grasses and shrubs 
surround the spring. As a result, grazing activities 
are common. The spring is the major water source 
for Sodere resort, and there is a mixing of water from 

the swimming pool and bathing areas to downstream 
of the thermal spring. The thermal spring joins river 
Awash at about 500 m downstream from the spring’s 
point of discharge. Coarse sand and bedrock are the 
dominant substrate materials of Sodere thermal 
spring.

Halaba thermal spring is located in the south part 
of Ethiopian rift system at 317 km south of Addis 
Ababa. It is located at 06° 59′ 36″ North and 38° 31′ 
14″ East at an altitude of 1781 m a.s.l. This spring 
is artesian, spraying thermally heated subsurface 
water into the air at 3-min intervals. Every time we 
visited the spring for sampling purposes, people from 
the surrounding area were observed taking a natural 
steam bath that most mentioned to get relieved from 
their ailment. At about 520 m downstream from the 
point of discharge, the water enters into a locally 
protected marshland. Agricultural and grazing 
activities are other common anthropogenic activities 
observed around the spring. Meanwhile, bedrock 
bottom, firm, and fine sand are the dominant substrate 
materials of Halaba thermal spring.

Gergedi thermal spring is located in the central 
part of the Ethiopian Rift System which is 120 km far 
from Addis Ababa. The spring is located at 39° 23′ 
23″ East and 8° 24′ 9″ North at an altitude of 1702 
m a.s.l. It is characterized by mixtures of two main 
substrate materials, with medium cobble-sized and 
gravel substrate. The spring flows for about 600 m 
downstream and joins river Awash. Agriculture is the 
most common activity near the spring area.

Fig. 1   Rift Valley area and 
location of sampling sites. 
Hawasa group = Gara
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Gara thermal spring is located in the south part of 
the Ethiopian rift system, 286 km far from the south 
of Addis Ababa. The spring is located within 38° 01′ 
14″ East and 7° 17′ 47″ North at an altitude of 1776 
m a.s.l. Gara thermal spring substrate materials are 
dominated by firm and fine sand and little submerged 
vegetation. The thermal spring is highly covered with 
vegetation located downhill of the nearby Gara hill. 
The spring extends up to 500 m from the spot and 
enters the nearby forest, and it becomes inaccessible 
for macroinvertebrates sampling.

Data collection

A total of 36 triplicate samples were collected from the 
12 study sites in three sampling campaigns. Samples 
were taken at 2-month intervals during the dry season. 
The study sites were selected a priori based on the crite-
ria of accessibility, geographical distribution, and exist-
ing variations of natural and anthropogenic activities. 
The collected data were categorized into three parts: (a) 
physicochemical data, (b) macroinvertebrate data, and 
(c) physical habitat (physiographic and visual rabid bio-
assessment protocol (RBP)) data (e.g., water depth, water 
width, spring bed type, vegetation cover).

Physicochemical and habitat data

Physicochemical parameters like temperature, electri-
cal conductivity, pH, and dissolved oxygen concentra-
tion were measured onsite at each sampling location 
using standard HACH® Multi meter hand-held probe 
(model HQ40D). Water samples collected from all 
sampling sites were analyzed for fluoride, chloride, sul-
fate, phosphate, and nitrate in the laboratory according 
to standard methods (American Public Health Associa-
tion et al., 2005).

The water width, water depth, and flow velocity were 
assessed according to Ambelu (2009). The riparian veg-
etation, sinuosity, spring bank status, and embeddedness 
were estimated using the US-EPA habitat assessment pro-
tocol (Barbour et  al., 1999). Human impact assessment 
was made following the Maine Department of Environ-
mental Protection method (MDEP, 2008).

Macroinvertebrate data

Macroinvertebrates were collected using the kick-
sampling technique, consisting of a D-frame net having  

a mesh size of 300-µm diameter (Ambelu et al., 2010). 
Kick sampling was performed along a 10-m stretch of 
the spring for 5 min, including all the microhabitats 
within the sampling reach (IBN, 1984). During 
sampling, the riverbed (spring bed) was thoroughly 
disturbed by kicking with the feet to dislodge the 
macroinvertebrates from the substrate. All substrates 
in the sampling reach were thoroughly checked 
to capture organisms. Within the 5 min of kick 
sampling, all areas of pool, riffle, edge, and center 
were sampled. After sampling, macroinvertebrates 
were sorted alive onsite and preserved in 70% ethanol. 
The benthic macroinvertebrates were identified 
up to their family level at the Jimma University 
Department of Environmental Health Sciences & 
Technology laboratory unit using standard systematic 
keys (McCafferty, 1983; Bouchard, 2004; Oscoz 
et  al., 2011). Another expert cross-checked the 
identification process to maintain the quality of the 
data set.

Statistical analysis

Physicochemical and macroinvertebrate data were log 
(x+1) and chi-square transformed for statistical analy-
ses to meet the assumption of normality. Spearman’s 
rank-order correlation test was performed between 
the macroinvertebrate indices and physicochemical 
parameters.

Different diversity and biotic indices were calcu-
lated to identify the sensitive index suitable to charac-
terize anthropogenic alteration of thermal springs in 
the Rift Valley region. The Simpson diversity index 
(1−D), Shannon diversity index (H′), Shannon even-
ness (J′), and abundance were calculated (Magurran, 
2013). Margalef index of richness (d) and family-level 
taxa richness (in terms of the number of families) 
were also calculated (Gamito, 2010). Among biotic 
indices, Hilsenhoff family-level biotic index (FBI) 
(Hilsenhoff, 1988), biological monitoring working 
party (BMWP) score (Bartram & Balance, 1996), and 
South African scoring system (SASS) (Dallas, 2007) 
were computed.

Hierarchical cluster analysis using Wards algo-
rithms was performed in PAST software version 2. 
Multiple regression analysis was conducted using 
Statistica (STATSOFT, 2007) to identify variables 
affecting macroinvertebrate communities’ diversity. 
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A stepwise forward selection method was performed 
to select the best environmental predictors for family-
level richness. The Statistica automatically calculated 
the standard errors for the regression coefficients, and 
it uses traditional multiple leaner regression method 
based on error mean square and variance covariance 
matrix of the predictors.

Results

Physicochemical characteristics

Physicochemical characteristics of the springs varied 
widely among sampling sites (Table  1). Minimum 
water temperature was recorded at Gergedi3, 38.5°C, 
while the maximum was at Halaba1, which was 90°C. 
Dissolved oxygen ranged from 0 to 6.28 mg/L. The 
highest electrical conductivity (EC) was measured 
at Sodere1, which is 3060 µS/cm. Relatively, water 
samples from Geregedi had the lowest EC value, 
which is about 933 µS/cm. The pH ranged from 5.0 
to 8.5. However, most of the thermal springs had pH 
value in the acidic range.

Based on the habitat assessment, all sampling sites 
had marginal habitat conditions, except for Halaba2 and 
Halaba3 sites with poor habitat. All sampling reaches 
in the thermal springs are under the moderate human 
impact. The habitat condition and human impact scores 
corresponding to each sampling site are given in Table 2.

Macroinvertebrate composition 
and environmental condition

A total of 109 macroinvertebrates were identified 
from the thermal springs. Collected macroinverte-
brates belonged to five orders and six families. Dip-
terans were the most dominant macroinvertebrate 
communities, constituting 82 individuals (75.2%), 
followed by Oligochaeta (18.4%). The Gastrop-
oda were represented by five individuals (4.6%). 
Hemipteran and Coleopteran groups were the least 
among the total macroinvertebrate communities 
that constituted only 0.92%. The highest abundance 
of macroinvertebrate communities recorded at Ger-
gedi thermal spring (94[86.2%]) compared with 
Gara (9 [8.3%]) and Sodere (6[5.5%]). On the con-
trary, macroinvertebrates were absent at all sites of 
Halaba and Sodere1.

Among the macroinvertebrate families, chirono-
mids were the most abundant dipteran group, which 
were about 81 (74.3%) individuals, followed by Oli-
gochaeta with 20 (18.4%) and Physidae 5 (4.6%) 
individuals. Other macroinvertebrate groups such as 
Dytisidae, Coroxidae, and Tipulidae represented 1 
(0.92%) individuals. Chironomids were recorded in 
all sampling sites except at Halaba and Sodere sites, 
where the water temperature is elevated. The other 
very common macroinvertebrate group in this study 
was Oligochaeta, found in four different sampling 
sites (Gergedi1–3 and Gara2).

The macroinvertebrate distribution at each site 
was largely dictated by water temperature (Fig. 2). 
However, the macroinvertebrate diversity at the two 
sites (Gergedi 2 and 3) which have relatively lower 
water temperature (<40.5°C; Table  1), was mainly 
affected by anthropogenic activities such as mini-
mal vegetation covers where only two taxa colo-
nized them. Only one thermal spring site (Gergedi 
1) had the maximum number of taxa. The number 
of taxa (richness) and the number of individuals 
(abundance) fall below 3 and 15, respectively, at 
sites where the temperature exceeds 40.5°C. Chi-
ronomidae dominates sampling sites with a water 
temperature greater than 42°C.

We calculated different diversity indices for 
each site and Gergedi1 scored the highest (1.375) 
Shannon index. On the contrary, Sodere2, Gara1, 
and Gara3 had zero value of this index. Diversity and 
biotic indices were not calculated for Sodere1 and 
Halaba1–3 sites as there were no macroinvertebrate 
communities. A higher Simpson index of diversity 
(1.0) was calculated for Sodere2, followed by 
Gergedi1 (0.758) and Gara2 (0.667). Relatively, 
Geregedi1 had the highest biotic index value than all 
sampling sites. Most study sites (Sodere2, Gergedi2, 
3, Gara1, 2, and 3) have a similar FBI score of 8 
(Table 3). Comparatively, Geregdi sampling sites had 
the highest value for most biotic indices, while Gara 
thermal spring had the lowest. Spearman correlation 
test indicated that temperature was negatively 
correlated with all indices, while dissolved oxygen 
and habitat condition score (HCS) were positively 
correlated (Table 4).

Among the significant multiple regression pre-
dictors (p-value < 0.05), temperature and phosphate 
showed a negative correlation, while pH, chloride, 
and altitude have a positive relationship to taxa 
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richness. In addition, EC showed negative correlation 
with macroinvertebrates abundance (r = −0.70, p < 
0.05) and richness (r = −0.63, p < 0.05) (Table 5). 
The predicted and observed values of the regression 
model showed a strong significant correlation (R2 = 

0.936, p-value < 0.00109), and only a few data points 
deviated from the 95% confidence interval (Fig. 3).

Temperature, pH, chloride, phosphate, and altitude 
were selected as the best environmental predictors for 
family-level richness

Diversity and biotic indices were not calculated 
for Sodere1 and Halaba1-3 sites as there were no 
macroinvertebrate communities.

Discussion

This study has highlighted the ecological status of 
thermal springs in Ethiopia’s Rift Valley region 
which could help to indicate the major ecological 
threats in such unique ecosystems. The response of 
macroinvertebrate communities reflected the different 
environmental variabilities in the Rift Valley thermal 
springs. Our study found that macroinvertebrates in 
the Rift Valley thermal springs could live in water 
with a ≤ 51.9°C temperature. This is in disagreement 
with Lamberti and Resh (1985) findings and 
Herbst and Sada (2001). They have concluded that 
macroinvertebrates cannot survive in a water body 
with a temperature of greater than 45°C. However, 
it is in agreement with the findings of De Jong 
et  al. (2005) and Glazier (2012), which indicated 
macroinvertebrates in a water body with elevated 
temperature even above 52°C. The parallel study 
done in Ethiopia’s highland thermal springs (Derso 

Table 2   Habitat index value (human impact and habitat con-
dition score) of the thermal springs and the respective habitat 
assessment

Habitat score and human impact classification criteria: habitat 
condition score (<60 poor, 60–109 marginal, 110–159 sub-
optimal, 160–200 optimal) (Barbour, J, Snyder & Stribling, 
1999). Human impact score (<25 low, 25–75 medium, >75–
125 severe (MDEP, 2008)

Sampling 
sites

Abbrevia-
tion

Human impact Habitat condi-
tion

Score Class Score Class

Gergedi1 Ger1 60 Moderate 89 Marginal
Gergedi2 Ger2 60 Moderate 83 Marginal
Gergedi3 Ger3 65 Moderate 86 Marginal
Sodere1 Sod1 65 Moderate 80 Marginal
Sodere2 Sod2 70 Moderate 83 Marginal
Sodere3 Sod3 70 Moderate 90 Marginal
Gara1 Gar1 50 Moderate 82 Marginal
Gara2 Gar2 55 Moderate 82 Marginal
Gara3 Gar3 65 Moderate 88 Marginal
Halaba1 Hal1 55 Moderate 58 Marginal
Halaba2 Hal2 65 Moderate 54 Poor
Halaba3 Hal3 70 Moderate 55 Poor

Fig. 2   Richness, abun-
dance, and distribution of 
dominant taxon (Chirono-
midae) along with different 
temperature gradients in 
thermal springs of Rift 
Valley region, Southern 
Ethiopia
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et  al., 2015) also indicated that macroinvertebrate 
communities could exist having water temperature up 
to 52°C.

The Ethiopian Rift Valley region’s thermal springs 
have no sensitive taxa group such as Ephemeroptera, 
Plecoptera, and Trichoptera (EPT); instead, they 
were dominated by the dipterans and coleopteran 
groups. Similar findings were reported from a study 
done on the geothermal streams of New Zealand 
(Duggan et  al., 2007). Research done in the Eastern 
Amhara region of Ethiopia’s thermal springs also 
indicates that dipterans were the most dominant 
macroinvertebrate communities (Derso et  al., 2015). 
In our study, Chironomidae was found to be living in 

all sampling sites except Sodere1 and 2 and all sites 
in Halaba thermal spring where the environmental 
condition is harsher than the rest of the sites, which 
is most likely due to the elevated water temperature. 
This indicates that even tolerant macroinvertebrate 
taxa such as Chironomidae could be difficult to 
find in the aquatic environment where there are 
harsh environmental stressors such as a water 
temperature that exceeds 51°C. In a similar study, 
Chironomidae were absent in thermal springs with 
water temperature above 41°C (James, 1985). Hence, 
water temperature is a vital environmental parameter 
that determines the macroinvertebrate richness in the 
thermal spring discharges of the Rift Valley region 

Table 3   FBI, BMWP, ASPT-BMWP, SASS, ASPT-SASS scores, and their respective water quality category of the thermal springs 
(sampling sites), thermal springs of the Ethiopian Rift Valley region

Diversity and biotic indices were not calculated for Sodere1 and Halaba1-3 sites as there were no macroinvertebrate communities
WQC water quality category, HD highly degraded, X no score value

Sampling sites FBI score WQC BMWP score WQC ASPT-BMWP WQC SASS score ASPT-SASS Class

Ger1 7.8 Very poor 16 Poor 3.2 Poor 14 2.8 HD
Ger2 8 Very poor 3 Very poor 1.5 Poor 3 1.5 HD
Ger3 8 Very poor 3 Very poor 1.5 Poor 3 1.5 HD
Sod1 X ---- X ---- X ---- X X ----
Sod2 8 Very poor 2 Very poor 2 Poor 2 2 HD
Sod3 7 Poor 7 Very poor 3.5 Poor 7 3.5 HD
Gar1 8 Very poor 2 Very poor 2 Poor 2 2 HD
Gar2 8 Very poor 3 Very poor 1.5 Poor 3 1.5 HD
Gar3 8 Very poor 2 Very poor 2 Poor 2 2 HD
Hal1 X ---- X ---- X ---- X X ----
Hal2 X ---- X ---- X ---- X X ----
Hal3 X ---- X ---- X ---- X X ----

Table 4   Spearman’s rank-order correlation between environmental variables and different indices

HDS human disturbance score, HCS habitat condition score, EC conductivity, Temp water temperature, Vel flow velocity, Disch flow 
rate
Correlation is significant at the 0.05 level (2-tailed)*; correlation is significant at the 0.01 level (2-tailed)**

HDS HCS Temp DO pH EC Vel Disch F- Cl- NO3 SO4
2- PO4

3-

BMWP −0.10 0.86** −0.85** 0.75** 0.41 −0.55 −0.30 0.67* −0.31 −0.24 −0.20 −0.18 −0.33
FBI −0.24 0.55 −0.62* 0.46 0.10 −0.51 −0.36 0.72** −0.41 −0.05 −0.43 −0.10 0.16
Abundance −0.10 0.83** −0.97** 0.87** 0.51 −0.70* −0.28 0.79** −0.21 −0.42 −0.12 −0.36 −0.37
Richness −0.17 0.81** −0.87** 0.75** 0.42 −0.63* −0.33 0.75** −0.25 −0.30 −0.20 −0.27 −0.34
Shannon −0.19 0.60* −0.71** 0.64* 0.38 −0.49 −0.27 0.54 −0.06 −0.30 −0.06 −0.23 −0.41
Simpson 0.13 0.59* −0.46 0.39 0.36 −0.16 0.11 0.54 −0.33 0.02 −0.16 0.02 −0.32
Margalef −0.53 0.47 −0.59* 0.46 0.17 −0.59* −0.56 0.44 −0.21 −0.23 −0.22 −0.24 −0.13
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of Ethiopia. It limits the diversity of aquatic species 
due to high temperature, deteriorated water quality, 
and loss of energy due to increased metabolic demand 
(Glazier, 2012).

Dissolved oxygen was not detected at three 
sampling sites (Sodere1 and Halaba1 and 2), which 
may be most probably due to the elevated water 
temperature (>55°C) and high EC (>1400 µS/cm) 
that could enhance the liberations of oxygen (Bunn & 
Davies, 1992; Homma & Tsukahara, 2008).

The highest EC (3060 µS/cm) was recorded at 
the first sampling sites of Sodere, which might be 

due to the elevated water temperature that increases 
the solubility of minerals from the surrounding earth 
material (Haki & Gezmu, 2012) and the presence 
of active magma around the springs. In addition 
to the water temperature, elevated EC value in the 
present study might be one of the major stressors 
to macroinvertebrate communities (Heishman & 
Mcluky, 2011). Further, Heishman and Mcluky 
(2011) showed a strong positive correlation 
between very high EC and the absence of aquatic 
macroinvertebrate community. Meanwhile, the 
highest discharge (1.38–1.74 m3/s) were recorded at 

Table 5   Regression 
summary of richness 
prediction using 
environmental predictors 
in thermal springs in the 
Ethiopian Rift Valley area

N=12 Beta Std. error beta B Std. error B t(5) p-value

Intercept −97.0000 31.58307 −3.07121 0.027744
Temperature −0.88115 0.193512 −6.3183 1.38758 −4.55346 0.006093
pH 0.54557 0.186256 6.2370 2.12932 2.92912 0.032666
Chloride 2.18322 0.590913 6.4655 1.74997 3.69465 0.014077
Phosphate −1.27726 0.320063 −10.3216 2.58643 −3.99066 0.010420
Altitude 1.85622 0.592737 28.7655 9.18554 3.13161 0.025910

Fig. 3   Predicted versus observed values of richness using 
log(x+1) transformed values of physicochemical parameters of 
thermal springs of the Ethiopian Rift Valley region. Regression 

summary: adjusted R2 = 0.93601523, F(6, 5) = 27.819, std. 
error of estimate = 0.18855
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Gergedi sampling sites (Table  1). These sampling 
sites were responsible for the 86.2% abundance of 
macroinvertebrate communities in the present study, 
which indicates the significant role of discharges in 
the macroinvertebrate assemblages in the thermal 
springs. This was further confirmed by the significant 
and positive correlations between discharge and 
different indices (Table 4).

Biotic indices such as FBI, BMWP, SASS, 
and ASPT could not discriminate the sites. Only 
one site was categorized differently by FBI and 
BMWP; otherwise, all sites were classified as 
similar. This might be due to the absence of diverse 
invertebrate organisms found at each site. This 
suggests that monitoring the ecological status using 
macroinvertebrate in a harsher environment (like 
thermal springs in the Rift Valley region) may not 
be appropriate. However, genus- or species-level 
biotic indices might be appropriate and should be 
tested in future studies. In a study conducted in a 
third-order stream, O’Leary et al. (2004) reported the 
association between the genus-level and family-level 
metrics of the same macroinvertebrate samples. In 
the comparisons, the genus-level taxonomy analysis 
showed more tolerant of pollution than the family-
level analysis. In addition, the index of biological 
integrity (IBI) was more sensitive for the change in 
metrics at the genus level compared with the family 
level of taxonomical analysis.

In the present study, Simpson and Shannon diver-
sity indices were not significantly linked with the 
water quality parameters such as the water tem-
perature and dissolved oxygen. A Shannon diver-
sity index below 1 could indicates the unsuitability 
of the habitat for biota, resulting in less diversity. 

Generally, values greater than 3 may indicate the 
suitability of the macroinvertebrate habitat and ena-
bles them to be divers. Based on this criterion, only 
the first sampling site of Gergedi exceeds 1.5 of 
Shannon diversity index value. All remaining sites 
were below 1.0 (Table 6).

Overall, the diversity indices like Shannon and 
Simpson indices may not be appropriate due to 
depauperate macroinvertebrate communities (De 
Jong et al., 2005). Among the water quality variables, 
a higher concentration (0.89 mg/L) of phosphate 
was recorded at Gara3, which is above the guideline 
(0.05 mg/L) set by Australian and New Zealand for 
fresh water quality (ANZECC, 2000). Except the 
Gergedi1 sampling site, the rest sites had a phosphate 
concentration above the guideline value. The elevated 
phosphate concentration in the study area might be 
related to agricultural activities mainly from fertilizer 
usage on farmlands near the thermal spring. In 
addition, the usage of detergents and soap for bathing 
and washing clothes in the thermal spring could also 
be the reason for elevated phosphate levels. Further, 
the higher phosphate concentration indicates the 
presence of high anthropogenic inputs to the springs 
because naturally phosphate concentration should not 
exceed 0.05 mg/L.

Moreover, the present study showed a very high 
concentration of fluoride in all sampling points. The 
maximum concentration (22.2 mg/L) was found at 
Halaba1, and the minimum (4.03 mg/L) at Soder3; 
both of them are above the guideline value of 1.5 
mg/L set by (WHO, 2008). The fluoride content of 
most sampling sites could have health risks, including 
skeletal and dental fluorosis, to those who had 
prolonged exposure to such level of fluoride (Kloos 

Table 6   Diversity indices 
in the eight sites of thermal 
springs

Gerge1 Gerge2 Gerged3 Sodere2 Sodere3 Gara1 Gara2 Gara3

Richness (S) 5.0 2.0 2.0 1.0 2.0 1.0 2.0 1.0
Abundance (N) 20 36 38 1.0 5.0 2.0 3.0 4.0
Shannon 1.38 0.49 0.44 0.0 0.50 0.0 0.64 0.0
Evenness 0.79 0.82 0.77 1.0 0.82 1.0 0.94 1.0
Brillouin 1.12 0.44 0.39 0.0 0.32 0.0 0.37 0.0
Menhinick 1.12 0.33 0.32 1.0 0.89 0.71 1.16 0.5
Margalef 1.34 0.28 0.27 0.0 0.62 0.0 0.91 0.0
Alpha 2.14 0.46 0.45 0.0 1.24 0.80 2.62 0.43
Berger-Parker 0.35 0.81 0.84 1.0 0.80 1.0 0.67 1.0
Chao-1 6.0 2.0 2.0 1.0 2.0 1.0 2.0 1.0
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& Haimanot, 1999). A possible reason for higher 
fluoride of the studied site might be associated with 
soil texture, underground water source, and direct 
contact of water with the nearby rock (Kundu et al., 
2001). However, a relationship between fluoride 
concentration gradient and macroinvertebrates 
assemblage was not observed.

In general, the thermal spring in the Rift Valley 
area could be grouped into three based on the water 
quality and macroinvertebrates diversity. Hierarchical 
cluster analyses made using physicochemical, and 
macroinvertebrate communities (Fig.  4) of the 
different sampling sites showed that sites were 
grouped into three major clusters. The first cluster 
consists of the three sites from Gergedi, which is 
characterized by relatively low water temperature 
(<42°C), better water quality, and invertebrates 
richness and abundance. In comparison, the second 
cluster consisted of four sites (Sodere1 and Halaba 
1–3) characterized by elevated temperature, which 
most probably has liberated the DO followed by the 
absence of macroinvertebrate communities. The 
third cluster consists of five sites (Sodere2, Sodere3, 
Gara1, Gara2, and Gara3) with water temperature 
ranging from 42 to 45°C, characterized by low DO 
level and low macroinvertebrate abundance. In all 
three groups, temperature is the major stressor that 

affects water quality and macroinvertebrate diversity 
in the region. In fact, Graça et al. (2004b) found that 
water temperature was one of the most determinant 
factors in determining the richness and abundance of 
macroinvertebrates.

Conclusion

Macroinvertebrates that can withstand elevated 
temperature such as Chironomidae were the most 
abundant invertebrate group found in the thermal 
springs with elevated water temperature reaching 
nearly 52°C. Biotic indices (BMWP, ASPT, and FBI) 
were relatively better in discriminating sampling sites 
than the diversity measures. Among diversity indices, 
richness and abundance were relatively sensitive to 
differentiate the sites having varying water quality. 
Macroinvertebrates with lowest taxonomic level 
(genus and species) could be more convenient to be 
used as a biomonitoring tool for ecosystems under 
harsh environmental conditions as sometimes, one 
family could be found. Therefore, to elucidate more 
on the ecology of studied thermal springs, studies 
based on lowest taxonomic resolutions should be 
promoted. Overall, this study provides important 
insight into the relevance of macroinvertebrate 

Fig. 4   Dendrogram of 
sampling sites based on 
physicochemical and mac-
roinvertebrate communities 
(Ward clustering method 
using Euclidian distance). 
Full names of abbreviated 
sampling sites are given in 
Table 2
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communities as a water quality monitoring tool in 
thermal springs and suggests further investigations on 
this unique ecosystem.
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