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Abstract

Background: Currently in Ethiopia, Ecotourism is expanding around hot springs, and the increasing recognition of
the value of this smokeless industry suggests that there will be a rekindling of interest in thermal springs in the near
future. The objective of this study is to examine the relationship between bird diversity with physicochemical water
quality and habitat quality of hot springs in Easter Amhara Region.

Methods: A cross sectional study of physical, chemical and biological components of the hot springs was carried out
to assess their ecological status. Samples were collected from March to May 2013. Biological samples were collected
to provide a qualitative description of the community composition of bird species at each sampling site. Water sam-
ples were collected for analysis of selected physicochemical parameters following water quality assessment protocols.

Results: A total of 2484 birds belonging to 56 species were recorded at the 12 sampling sites. Black headed Oriole
(Oriolus larvatus), Spur Winged Lapwing (Vanellus spinosus), Spectacled Weaver (Places ocularis) and Yellow Wagtail
(Motacilla flava) where the most abundant bird species in the study area and accounts 35 % of the total species.
Human disturbance and habitant conditions varied considerably between sites in the study area.

Conclusion: Although human disturbance and water pollution are among the factors influencing ecological quality,
there are no strong correlations between physicochemical properties of hot springs and species diversity and this
suggests that birds are not the major ecological indicator in hot springs.
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Background
Thermal springs are the most under researched and
underutilized of all natural resources in Ethiopia. Cur-
rently in Ethiopia, Ecotourism is expanding around
hot springs, and the increasing recognition of the value
of this smokeless industry suggests that there will be
a rekindling of interest in thermal springs in the near
future. The development around this recourse should be
ecofriendly and take into accounts, its human and ani-
mal health impact. A number of hotels and lodges are
constructed on main hot springs, for instance, Sodere,
Wondo Genet and Filwuha.

Many Ethiopians believe that water from hot springs
can relieve from a number of diseases and is considered
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and indicate if changes were made.

to be the cleanest of all. The study conducted on seven
hot springs in Ethiopian revealed that, the high value of
chemical species, including bicarbonate, sodium, and
conductivity was reported. As a result, if the practice is
not hygienic, the water may cause acute infectious diar-
rhea, repeat or chronic diarrhea episodes, and other non
diarrheal disease, which can arise from the chemical spe-
cies (Haki and Gezmu 2012). Furthermore, several stud-
ies have found that geothermal water may contain toxic
elements such as arsenic and mercury (Oliver et al. 2011).

The ecological quality and safety of surface waters still
today suffer strong degradation because of anthropogenic
activities that directly impact the water body. Activity
related to agriculture, livestock, industry, and urban com-
plex could alter surface water and its surroundings too.
In addition, rivers continue to be used as recipients for all
kinds of waste materials, which leading to eutrophication,
organic pollution, acidification, and hydrological and
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hydromorphological alterations (Torrisi et al. 2010). A
study conducted on the Borkena River of Dessie Kombol-
cha that encompass many Eastern Amhara hot springs,
indicated that the concentration of both conservative and
non conservative chemicals increase downstream of the
river in both dry and wet seasons (Beyene et al. 2009).

Although water physicochemical analyses can pro-
vide a good indication of the pollution level in rivers and
streams, these analyses do not consider the state of bio-
logical communities. Therefore, end pipe testing cannot
properly reflect the condition of freshwater ecosystems.
In consequence, over the last decades, the use of biologi-
cal methods has been promoted and recommended as a
useful and complementary technique for the assessment
of freshwater pollution (Camargo et al. 2011). Using the
biological approaches to determine the ecological effects
of pollution have more advantages than determining
the pollution with just using physicochemical methods,
because physicochemical variables give information
about only the situation of water at the time of measuring
(Rosenberg and Resh 1993).

Assessment of river health using biological methods
is currently common place in most temperate countries.
Several of these methods have been standardized and
included in national and regional monitoring programs
(De Pauw et al. 2006; Hering et al. 2003) serving as a basis
for policy decisions concerning surface water manage-
ment. However, this is not the case in most tropical coun-
tries, where physical, chemical methods, some of which
require expensive laboratory analysis, are predominantly
used to assess surface water quality. Since most tropi-
cal regions consist of developing countries, their lim-
ited technical and financial resources for environmental
issues constrain the establishment of national monitoring
programs. Therefore, for these countries, including Ethi-
opia, cost effective monitoring programs are required.
After a process of adaptation, testing, and standardiza-
tion, biotic indices for biological entities can be reliable
systems for application in river management of tropical
regions (Dominguez Granda et al. 2011). Biological enti-
ties (e.g. bird) are species rich, responds to a broad range
of environmental conditions, and are relatively immobile
and live in close contact with water body, thereby having
the potential for exposure to stresses via both anthropo-
genic and natural pathways (Brazner et al. 2007).

To ensure environmental sustainability in Ethiopia
water resources, ecological indicator systems can support
surface water managers to analyze the status of water-
courses and to select critical restoration actions. In order
to use biological indicator, including bird species as water
quality monitoring and assessment tools, Ethiopia needs
data from reference as well as disturbed conditions of
surface water ecosystems (Ambelu et al. 2010).
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Moreover, the concentration of threatened avian spe-
cies is greater in the tropics than elsewhere. Of the 1029
threatened species, 884 occur in developing countries.
Thus, the burden of conserving threatened species lies
on the developing nations, where resources are scarce for
effective conservation measures (Aynalem et al. 2008).
The objective of this study is to examine the relationship
between biological parameters (bird diversity) with phys-
icochemical water quality, habitat quality and human dis-
turbance of Hot springs in Easter Amhara Region.

Methods

Study area

The study was conducted in three zones of the eastern
Ambhara region (Fig. 1) . The study area includes Shewa
Robit Aregawi hot springs in Kewet district, Shekla and
Borkena hot springs in Chefie Dolana district, and Harbu
hot springs in Kalu district. These areas located in rift
valley regions which are known for several hot springs.

Cheffa Wetland is located 300 km northeast of Addis
Ababa, the capital of Ethiopia in Oromia zone. The wet-
land is located within 10°32'-10°58’ and latitudes and
39 46'-39 56'E longitudes in the Borkena and Jara River
Basins. Its total area is estimated to be 82,000 ha (Lang-
ford et al. 2009; Tamene et al. 2000). The altitude of the
wetlands ranges from 1402 to 1520 m above sea level.
This wetland contains many hot springs, which are used
for local community as means of traditional healing and
as a source of drinking water for domestic purpose and
their cattle. Two main sites were selected, Shekla and
Borkena, based on their importance in this wetland.

Shekla wetland is located at the entry of the main
Cheffa wetland and Borkena site is located at the exit
of Cheffa wetland. The Shewarobit Aregawi wetland is
located 220 km away from Addis Ababa, the capital of
Ethiopia to Northeast direction in Kewet district, north
Shewa.

The Harbu hot spring sampling sites are located 370 km
away from the capital city of Ethiopia in the northeast
direction in the Kalu district of South Wollo.

Totally 12 sampling points were selected from the 4
main hot spring sites, i.e., three from each sampling site.
Namely Borkena hot spring (B1, B2 and B3), Shekla (S1,
S2 and S3), Harbu (H1, H2 and H3) and Shewarobit Are-
gawi (Al, A2 and A3) were selected based on distance
and the temperature gradient.

The Oromo ethnic group constitutes the major-
ity of the people living in the Cheffa Riverine plain and
Ambhara dominated the Shewarobit Aregawi and Harbu
areas in the Eastern Amhara region. Subsistence mixed
agriculture (crop production and livestock rearing) is the
mainstay of the permanent wetland population. The pop-
ulation of the nearby Woredas (districts) of Dewa Cheffa,
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Artuma Fursi, Kemise Town, Antsokiya Gemza, Efrata-
gidim and Kalu was 614,476 during the 2007 census. In
the absence of census data, we estimate that fewer than
10,000 people live in about two dozen villages in Cheffa
Wetland, 2000 in Harbu, and about 3000 in Shewarobit
Aregawi sites. These major wetlands which are home of
several hot springs are periphery with middle towns with
population size above 20,000 populations (Getachew
etal. 2012).

During the dry season, Afar, Oromo, Argoba, and
Ambhara pastoralists move with their herds to these Wet-
lands (MCKEE 2007; Getachew et al. 2012). In 2002, the
United Nations Emergencies Unit for Ethiopia reported
that about 50,000 pastoralists together with 200,000 live-
stock, mostly cattle, used the Cheffa Wetlands for water-
ing and grazing (Piguet 2002). The same scenario also
noticed during our survey time in Shewarobit and Harbu
hot spring sites. The Shewarobit wetland is converted to
farmland in alarming rates than any of the other sites in
our study. The site was used for harvesting of many vege-
tables, fruit, cereal crops, and tobacco plant. The site also
degraded by hundreds of cattle grazing, firing and con-
version of wetland to farm land. This site comprised two
churches, which being used as holy water sites. In daily
basis, hundreds of people were getting healing services in
these churches. These people practiced open defecation,
washing clothes with soap and no any means of waste
management practices. This situation was observed pre-
dominantly in Aregawei church that comprised four
main hot springs in the wetland. In addition, In Harbu
site, this scenario was experienced.

Sampling sites and sampling frequency

Bird species and water samples were collected at 12 sam-
pling sites. Sampling sites were selected based on crite-
ria of the distance between sampling points, difference
of water temperature, and the basis of factors such as:
ease of access, variety of habitats, proximity to a local
point source of pollution, e.g., a factory, a drainage canal
or Proximity to a non point source of pollution, e.g., a
farm (UN HABITAT 2005). The selected sites were rep-
resentative of the local catchment characteristics. Water
samples were taken simultaneously with the bird species
count. Samples were collected from February to April
2013 in mid and near the end of the dry season period
in the study area. At each site, 2 1 water sample was
taken (two replicates per site per sampling date) and were
analyzed for physicochemical parameters during the
sampling period. To obtain a visual record of sampling
sites, digital photographs of the water body, upstream
and downstream of the sampling locations were taken
during sampling periods. Furthermore, for integration
into a Geographic Information System (GIS) database,
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longitude and latitude, and elevation of each sampling
site were recorded using a global positioning system unit
(Magellan®, SporTrak Pro).

Study design

A cross sectional study of physical, chemical and bio-
logical components of the hot springs was carried out to
assess its ecological status.

Bird count and identification

The method of total count (direct counts) was employed
to census the bird population (USEPA 2002). In this
method, representative sites were identified and the birds
at these sites were counted using field binoculars. Obser-
vations were carried out for 5 h; 6:30 to 10:00 and 16:30
to 18:00 h, during these lapses, the activities of birds
became prominent. Birds were identified using physical
features with the help of field guides and reference books
on the bird fauna of East Africa (Perlo 2009). Photo-
graphs and videos were taken to justify the species type
for those species, which were difficult to identify. Some
inconspicuous bird species were also identified based on
their calls (Aynalem and Bekele 2008).

Water quality assessment

Two liters of water samples were collected for analysis
of nitrate nitrogen (NO3; N), Orto phosphate (POJ), and
total Nitrogen (TN), and chloride concentration in labo-
ratory. On the other hand, water temperature, pH, and
conductivity, dissolved oxygen (DO), and turbidity were
measured on site using a HACH multimeter handheld
probe, model HQ40D. The collected water samples were
transported to Jimma University, Environmental Health
Science and Technology Department Laboratory in an
insulated box containing ice packs. A spectrophotometer,
model HACH DR 5000, and a digester, model HACH
LT200, were used to determine total nitrogen. The kits
were used for determination of total nitrogen was LCK
138 following the procedures set for the parameter. Orto
phosphate concentration was determined by the stan-
nous chloride method and Nitrate N concentration was
measured by ultraviolet spectrophotometer screening
method as well Chloride concentrations was determined
by the argentometric method (APHA 1995).

Habitat quality assessment (HQA)

Physical habitat information was collected at each site
with visual estimate measurement technique. At each of
six evenly spaced channel cross sections, wetted width,
bank full width, bank full and incised heights, and bank
angles were estimated. Canopy cover was measured on
the left and right bank, and in four directions (upstream,
downstream, left, and right) in the center of the channel
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cross section as partly open, partly shaded or shaded.
Stream water depth was measured at five equally spaced
locations along each cross section. Substrate composi-
tion was determined by size tall, performed by plac-
ing a finger into the water and classifying the size of the
particle first touched as bedrock (>4000 mm), boulder
(250—4000 mm), cobble (64—250 mm), coarse gravel (16—
64 mm), fine gravel (2-16 mm), sand (0.06—2.00 mm),
fines (<0.06 mm), wood, hardpan (firm, consolidated
fines), or other. Embeddedness percentage was visu-
ally estimated from the area immediately surrounding
each sampled particle. Immediately following cross sec-
tion surveys, large wood (>6 in diameter) was tallied and
organic layer accumulation in depositional zones was
measured. Visual estimates or classifications were then
made of dominant bank material, percent stable bank,
percent undercut bank, dominant original bed material
and dominant depositional bed material, original habi-
tat embeddedness (%), and depositional habitat embed-
dedness. On each bank, the riparian zone buffer width
(defined for this study as the area within which natural
matures vegetative communities occurred) and the domi-
nant adjacent land uses outside the riparian buffer area
were recorded. The reach was also classified using the
Rosgen Level 2 stream morphology, classification sys-
tem (Rosgen 1996). This system classifies stream reaches
based on channel slope, dominant channel materials,
channel entrenchment, the width to depth ratio, and sin-
uosity. Streams were classified using this system to more
precisely characterize high and low gradient reaches in
relation to morphological features. The habitat condi-
tions of the hot springs were evaluated based on the
method developed by Barbour et al. (1999) and human
and animal impact assessment was made following the
methods of the Maine Department of Environmental
Protection (MDEP 2009).

Data analysis

The Shannon diversity index (Turkmen and Kazanci
2010), Simpson diversity index (Smith and Wilson 1996)
and Margallef diversity index (Gamito 2010) were used to
measure the diversity of bird which were recorded at the
12 sampling sites. Bray Curtis cluster analysis, Shannon,
Simpson and Margallef diversity index were calculated
from bird species of each site using Bio Diversity Pro 2.0
Professional freely available software. The physicochemi-
cal and bird species, as well as other environmental vari-
ables of hot water were analyzed by Past freely available
software to identify influencing parameters on birds of
the Eastern Amhara hot springs. Before running past,
the biological and environmental data were transformed
using square root and log (x + 1), respectively.
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Multiple regression analysis was performed to analyze
the existence of linear relationship between biological
data represented by Shannon diversity indexes, Simpson
diversity index and other biotic indices (bird community)
and the environmental variables by stepwise forward
selection method to select the best environmental pre-
dictors using STATISTICA® software package version
7.1. Prior to the analysis, the environmental data were
transformed to log (x + 1), where x is the value of an
environmental variable.

Result

Physicochemical characteristics of water samples

The values of the physicochemical examination of sam-
ples from the different sites are shown in Table 1. Values
vary considerably among the 12 sites. Water temperature
levels were particularly high at the B1, H1, S1, and the Al
sites where the hot springs emerged. The turbidity level
was ranging from 4.4 to 33.8 NTU in all sites except high
turbidity level at site S2 that was 185 NTU. The pH values
of all water samples were within the range of 7.09-8.63.
Dissolved oxygen was generally low at emerging sites of
hot springs even null at H1 and B1 sites. The electric con-
ductivity was high, particularly at the sites of S2, S1, and
A2. On the other hand, the EC is very low at Al and S3
sites where the water was submerged into sands before
the sampling sites. The rest sites were at similar pattern
in the EC value fallen in the range of 974-1398. Gener-
ally, the water depth of all sampling sites was shallow and
had a low flow rate. The nutrient values were distributed
in a similar pattern except other phosphorus and nitrate
nitrogen exceed in S2 and H3 sites than the rest sites. The
chloride concentration of H3 site was greater than the
other sites of hot springs (Table 1) (Fig. 1).

Principal component analysis of environmental variables

A bi plot of the sampling sites and environmental vari-
ables showed that there was a clear distinction between
sampling sites (Fig. 2). Conductivity, ortho phosphate,
altitude, Nitrate N and chloride were strongly negatively
correlated with H2, S2 and H3, whereas TN, discharge,
pH, velocity and DO were more correlated with A2, A3,
B3 and B2 sampling sites. Water depth solely was corre-
lated with A1l and sites of B1. H1 and S1 were not cor-
related with any of these environmental variables. S3 site
association was relayed at the x axis between component
1 and component 2.

Cluster analysis of environmental variables

The hierarchical cluster analysis of environmental vari-
ables (Fig. 3) showed that the sampling sites possibly
classified into three main categories. The first catego-
ries, samples from low electrical conductivity values; the
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second group with samples characterized by similar
turbidity and velocity parameters, and the last possible
group was established based on average pH and velocity
value.

Influence of water temperature on biotic indices

Water temperature has weak correlation with a Shannon
diversity of birds and it is correlated negatively (Fig. 4).
This may be due to the short distance within sampling
sites that enable birds to mobile, and it’s also because of
other confounding factors, including similar pattern of
habitat quality index and human disturbances scores in
all studied sites.

Human disturbance score and habitat quality index
Human disturbance score in the habitats studied var-
ied considerably among sites. 10 of the 12 sites had total
human disturbance scores greater than B2 and B3, which
had moderate disturbance class (Table 2).

Habitant quality index of A3, B2 and B3 were classified
as sub optimal and B1, H1 and S1 were categorized as
poor conditions and the rest six sites were categorized as
marginal condition class and none of the sites were char-
acterized by optimum conditions (Table 2).

Bird diversity

A total of 2484 birds belonging to 56 species were
recorded at the 12 sampling sites. Black headed Oriole
(Oriolus larvatus), Spur Winged Lapwing (Vanellus spi-
nosus), Spectacled Weaver (Places ocularis) and Yellow
Wagtail (Motacilla flava) where the most abundant bird
species in the study area, accounting 10.5, 8.75, 8.4 and
7.8 % of all species recorded, respectively. The largest
number of species (23) was recorded at the Shekla (S1,
S2 and S3) sites and the largest number of birds (441) was
observed at the B1 site.

Shannon diversity Index

The Shannon diversity index of birds was lower at six
sites (H1, H2, H3, B1, B2 and B3) showed the index
between 0.72 and 0.9. However, the index calculated
based on bird communities at six sites (S1, S2, S3, Al,
A2 and A3) showed above 1 and the range from 1.153 to
1.187 (Table 3).

Simpson diversity index

The Simpson diversity index of bird communities was
also significantly lower at all 12 sites where birds studied,
which was ranging from 0.08 to 0.319 as shown Table 3.
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Margaleff diversity index

The values of the Margaleft diversity index of bird were
between 20.798 and 25.015 (Table 3). The lowest value
was for Bl and the highest was for H1, H2 and H3
(Fig. 5). This index shows variation depending on num-
ber of species, so that the number of individuals is less
important for calculating.

Multivariate analyses of bird data

The hierarchical cluster analysis from bird (Fig. 6) indi-
cated that the sampling sites could be grouped into
three major classes. The first category (H3, H1 and H2)
included samples from stream sites without any wet-
lands. The second group (A3, Al, A2, S3, S1 and S2)
incorporated samples from both wetland and streams
and the third class (B2, B3 and B1) consists sample of
typically wetlands.

Discussion

The diversity of birds, habitant condition and water qual-
ity were heavily affected by anthropogenic activities,
which carried out on the water body as well as in the
surrounding area of hot springs in the Eastern Amhara
Region. The high turbidity and chloride concentration,

low dissolved oxygen values (Table 1) might be mainly
due to organic pollution from animal excrements and
sewage discharges from towns, villages, and hot springs
temporary residence tents, which practiced open defeca-
tion around the springs. Another study conducted in the
Borkena valley also found that the main cause of water
quality deterioration and biodiversity decline in wetlands
were activities associated with agriculture, overgrazing
and deforestation (Getachew et al. 2012). Another study
conducted in Kenya also revealed that, there were clear
effects of catchment on some physicochemical measures
like conductivity and turbidity, which were significantly
higher at sites with high disturbance and agriculture use
(Minaya et al. 2013).

All the hot spring sites had high electrical conductivity
value (Table 1) this may be due to the texture of mineral
soil and the degree of humification of organic soil. Simi-
lar finding was obtained in the same study area in the
Borkena valley for non hot spring sites (Getachew et al.
2012) as well in Kenya showed that electrical Conductiv-
ity was identified as an indicator of anthropogenic activi-
ties use (Minaya et al. 2013).

In all four upstream catchment areas, the water flow
was very low (Table 1) compared to downstream sites.
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As we witnessed during the survey all this upstream
sampling sites using for community as the holy water
sites, sources of drinking water and other domestic pur-
poses. Moreover, community constructed local reservoir,
installed piping system and conduit at the source of the

springs to distribute to their pilgrims in B1, Al and H1
sites. Another study conducted in South Africa revealed
that, extent of different land use and magnitude of impact
of each land use in reducing water quantity and quality
(Kotze et al. 2012).

Water temperature, dissolved oxygen (DO), total Nitro-
gen, and turbidity varied among sampling sites. Among
the physicochemical variables, pH remained within
acceptable ranges of surface water standards in each
site, but not the other variables (Table 1). The Shannon
diversity index (Fig. 7) revealed that, the bird communi-
ties had higher diversities at A2, A3, B3, and S2 than the
remaining eight sampling sites. Nevertheless, the diver-
sity of Shannon index was lower than the previous study
conducted for non hot spring areas sites (Getachew et al.
2012), in Cheffa wetland, North East Ethiopian.

Most value measured using the Shannon diversity
index (Turkmen and Kazanci 2010) range from 1.5 to
3.5, rarely exceeding 4.5. Values above 3.0 indicate that
habitat structure is stable and balanced and values below
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Table 2 Habitant and human impact score in 12 sampling
sites of hot springs in Eastern Amhara Region, Ethiopia,
2013

Sampling site Human impact Habitat condition

Score Class Score Class
Al 100 Severe 83 Marginal
A2 104 Severe 106 Marginal
A3 100 Severe 124 Sub-optimum
B1 105 Severe 34 Poor
B2 74 Moderate 142 Sub-optimum
B3 67 Moderate 146 Sub-optimum
H1 105 Severe 59 Poor
H2 87 Severe 91 Marginal
H3 93 Severe 79 Marginal
S1 105 Severe 50 Poor
S2 97 Severe 93 Marginal
S3 95 Severe 92 Marginal

Habitat condition score poor <60, marginal 60-109, sub-optimum 110-159 and
optimum 160-200 (Barbour, Gerritsen, Snyder, and Stribling, 1999), and low
disturbance <25, moderate disturbance >25-75 and sever disturbance >75-125
(MDEP 2009)

Table 3 The Shannon, Simpson and Margaleff diver-
sity index of bird community in 12 sampling sites of hot
springs in Eastern Amhara, Ethiopia, 2013

Site name H’ Hmax y D M

Al 1.153 1322 0.872 0.088 24.832
A2 1.153 1.322 0.872 0.088 24.832
A3 1.153 1322 0.872 0.088 24.832
B1 0.705 1.255 0.562 0.295 20.798
B2 0.72 0.954 0.754 0.269 24.185
B3 09 1.23 0.731 0.184 23.727
H1 0.729 1.146 0.636 0319 25.015
H2 0.729 1.146 0.636 0319 25.015
H3 0.729 1.146 0.636 0.319 25.015
S1 1.187 1.362 0.872 0.08 23.344
S2 1.187 1.362 0.872 0.08 23.344
S3 1.187 1.362 0.872 0.08 23.344

H’ = Shannon H’Log base 10, Hmax = Shannon Hmax L of Base 10,
J/ = Shannon J, D = Simpson diversity and M = Margaleff M Base 10

1.0 indicate the presence of pollution and degradation
of habitat structure. Based on these criteria, none of the
study sites of hot springs in the Eastern Amhara region
exceeded the 1.5 level of the Shannon diversity index, for
birds (Table 3). Especially, bird Shannon diversity index
was below 1 at 50 % of the sites studied. Similarly, the
Shannon diversity index for similar study conducted in
Cheffa Wetland for normal streams was below one, fur-
ther indicating the presence of elevated levels of pollution
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and degradation of habitat structure in the studied area
(Getachew et al. 2012).

According to Smith and Wilson (1996), values measur-
ing using the Simpson diversity index range between zero
and one. Zero represents minimum evenness and one for
the maximum. Based on this fact, all the sites fallen to
nearly zero and indicated the presence of severe pollution
in all sites of the hot springs (Figs. 6, 8).

Multivariate analysis of most environmental variables
with biotic indices were not significant except water tem-
perature. A linear relationship was found between water
temperature and Bird based biotic indices. The rest, envi-
ronmental variables did not show strong association with
biological indices of the bird community. In addition, the
bird diversity index was not showing strong correlation
with each other too. The Shannon diversity index and
family level biotic index calculated based on bird diver-
sity did not show strong association with water tempera-
ture (Fig. 4). This may be due to the short distance within
sampling sites that enable birds to mobile, and it’s also
because of other confounding factors, including similar
pattern of habitat quality index and human disturbances
scores in all studied sites.

The habitat classes of the Eastern Amhara region hot
springs could be generalized into three major class (mar-
ginal, sub optimal, and optimal) as shown from Table 2.
Moreover, the diversity of wetland birds was lower than
other studies conducted in Cheffa wetlands (Getachew
et al. 2012) and another studies in Lake Tana (Aynalem
and Bekele 2008). This might be linked to habitat destruc-
tion resulting from human activities. As we noticed
during data collection, farmers were firing and cut-
ting vegetation to convert to farmland and plowing the
wetland parts. And currently cultivation was practiced
in majority of Aregawi wetland. The study conducted
(Mekonnen and Aticho 2011) in Jimma, Ethiopia indi-
cated that, a shortage of agricultural land and decrease
of agricultural land productivity, the surrounding com-
munities forced to drain the wetland for crop cultivation,
in order to meet their needs. Generally, wetlands around
the hot springs, which used for the production of birds,
were severely deteriorated by human activities, including
over grazing, intensive farming, and open burning so as
to convert to farmlands as noticed during the survey.

These results indicated that, the water quality at all
12 sites has been degraded to varying degree because of
human activities (Table 2). The observed low diversity
of birds (Table 3) in the Wetlands feeding by hot springs
were in agreement with other studies in the same wetland
(Getachew et al. 2012) and the other study in Ethiopia
(Aynalem and Bekele 2008). Those studies revealed that,
in natural habitats where human interference is relatively
small, the diversity and abundance of species are greater



Derso et al. Environ Syst Res (2015) 4:19

Page 10 of 13

Margaleff diversity of bird
30
24.832 24.832 24.832 24.185 25.015 25.015 25.015

L5 ==223.727 23.344 23344 23344
a 20.798
=
> 20
=
(%]
o
s
5 15
[N
o
< 10
)
[
<
=

5

0

'z?&{\, o“i@ 'bse) z‘\’b\, ef\%b eféb {0& i"& (03) e‘,&\/ ?:{S{,‘v & &
RN . A S
SAMPLING SITES
Fig.5 Average Margaleff calculated from birds in 12 sampling sites of hot springs in East Amhara region, Ethiopia, 2013
.

than in fragmented habitats and where intensive farming

et al. 2010). Papyrus vegetation, indispensable for many

e
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Fig. 6 Cluster analysis (single link) based on bird data in 12 sampling sites of hot springs in Eastern Amhara Region, Ethiopia, 2013
.

is carried out. The changes in this bird diversity reflected
the hydrological modifications induced by agriculture at
the watershed scale, which have significant effects on the
relative representation of wetland habitats (Robledano

wetland bird species, was degraded because of its heavy
use by the local community, for contribution involves like
as local hunt building material, selling to nearby commu-
nity as source of income, serving as grazing). The loss of
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this vegetation also reduces the wetland’s anti pollution
services because of the effectiveness of this species in
reducing nitrogen and phosphorus levels in water (Abe
et al. 1999) considered vegetation based indicators to be
a promising tool for wetland nutrient conditions in areas
where landscape disturbance is slight to moderate.
According to Chiputwa, Morardet, and Mano
(Robledano et al. 2010) Water from the wetland was har-
nessed for a variety of purposes within the households,
which include drinking, washing, bathing, irrigation, and
building among others. Increasing drainage and cultiva-
tion of hot springs catchment and related wetlands when
the water level recedes after the rains, has greatly affected
the wetland ecosystem. Another study conducted in
Mediterranean also showed that, human activities in wet-
lands threatened the existence of many birds by destroy-
ing their habitat or directly affecting their survival and on

their reproductive success. This study further indicated
that, the most important family Alaudidae (and particu-
larly species like Melanocorypha Calandra) has lost due
to degradation of wetlands, which were ideal habitats for
roosting and thermoregulation (Robledano et al. 2010).
This situation prevails also in the studied hot springs’
wetland.

Conclusion

The study of hot springs in the Eastern Amhara region
provides a preliminary assessment of what happens to
be predominantly on temperature gradient, anthro-
pogenic impacts, physicochemical parameters and
other environmental variables on bird communities.
The generally low bird diversity indicates an over-
all high water temperature, water quality degradation
and vegetation disturbance effect throughout the hot
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springs, although variable correlations between water
temperature and species diversity suggest a tempera-
ture gradient affects the overall sites. Longitudinal
studies covering both wet and dry seasons are required
to examine the hydrological influence on bird species
and other similar biological communities by consider-
ing the origin, movement, soil profile, and minerals in
surface and groundwater, as well as soil degradation
and vegetation diversity, to better assess the relative
contribution of anthropogenic and natural impacts.
These studies can also validate and update the local
bird index of hot springs initiated by the investigators.
This broadly based biophysical information, together
with detailed land use studies of the agricultural, pas-
toralist and urban communities may form the basis for
a hot springs ecotourism framework that can inform
managers and other decision makers at the local and
state levels on taking integrated planning and preven-
tive measures for further protection and sustainable
use of the beauty of nature.
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