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Abstract

This research was carried out from October 2013 to May 2014. Hippopotamus amphibious is a mammalian species
distributed in different lakes and rivers where ecological requirements are fulfilled for its survival. Lake Tana and its
environs are home to Hippopotamus amphibious. The species is identified as vulnerable worldwide due to habitat
loss and poaching. However, despite its vulnerability, there is no research conducted regarding the species, and its
environmental requirements in Ethiopia. Therefore, the main objective of this study was to carryout habitat suitability
analysis and find out suitable habitat sites of hippopotamus within the Lake Tana and its environs using the integra-
tion of GIS and remote sensing techniques. The softwares such as, Arc GIS10.2, ERDAS IMAGINE2010, and Virtual satel-
lite image downloader were used in this research. The data used were SPOT image of 2012 of the study area, bathym-
etric data of Lake Tana, DEM, Google Earth data and GCP. Running a suitability model requires estimation of weights
by expertise for each individual criterion on GIS software. Thus, the habitats in Lake Tana and its environs ranging from
most suitable to not suitable for hippopotamus were identified. It was shown that 50.88% of the areas under study
was highly disturbed and became unsuitable to hippopotamus, 42.29% of the areas were moderately disturbed, and
only 1.81% of the areas were revealed to be undisturbed. As the study result showed that in and around Lake Tana, a
human factor was considered to be outweighing the physical factors to minimize the habitat for the aforementioned
animal. The results revealed that only 22.54% of the study areas were identified as most suitable for the animal under
study of which the large portions of the areas are located at the backside of settlements which are not easily acces-
sible by the species, while 40.5% of the areas were found to be moderately suitable, and 36.96% were unsuitable habi-
tats for hippopotamus. Based on the findings of the present study it was concluded that there was high interference
of human being in the habitats of hippopotamus especially at the shores of the lake since the land were looked-for
agricultural activities. Therefore, too much proximity of human activities in identified hippopotamus habitats have to
be protected and conservation buffer surrounding the Lake has to be developed.
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Background species was widely distributed in sub-Saharan Africa.
Hippopotamus (H. amphibious) is a mammalian species However, study by International Union for Conserva-
distributed in different lakes and rivers where ecologi- tion of Nature and Natural Resources (IUCN 2005a, b)
cal requirements are fulfilled for its survival. According showed that the population had declining from time to
to (Eltringham 1993), Lewison and Carter (2004) the time as a result of exploitation and habitat loss. So that
hippopotamus specialist group reevaluated its status
to vulnerable category on the International Red List of
“Correspondence: fentah2007@yahoo.com . . threatened species in 2006 (Lewison 2007; Lewison and
Department of Geography and Environmental Studies, Bahir Dar
University, Main Campus, PO. Box. 79, Bahir Dar, Ethiopia Oliver 2008). The study conducted by G/kidan and Teka
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2006 cited in Funny (2012) point out that hippopotamus
are mainly restricted to pocket habitats of Lake Tana, in
spite of their widespread in former times. The other study
UNEP-WCMC (2010) indicated that there is no adequate
countrywide information on population size of hippopot-
amus in Ethiopia. However, the study confirms the pres-
ence of some populations of this species in Lake Tana,
and also other rivers and lakes of the country. Moreover,
strategic environmental assessment report of Lake Tana
and its environ (2012) elucidate the hippopotamus failed
under critical conservation issues due to threats of habi-
tats fragmentation, overgrazing, farmland, settlement,
hunting and deforestation. All these problems coupled
with its’ ecological and economic importance requires
mapping suitable habitat site in Lake Tana and its envi-
rons using GIS and remote sensing techniques.

Objectives

The objectives of this study were to carryout habitat suit-
ability analysis and find out suitable sites of hippopota-
mus in Lake Tana and its environs using the integration
of GIS and remote sensing techniques with MCDM.

Description of the study area

The study area is located in North Western part of Ethi-
opia between 11.506° to 12.394° latitudes and 36.903°
to 37.717° longitudes (Amhara Design and Supervision
Works Enterprise (ADSWE) 2011). The lake is a natural
type which covers 309,132.12 ha area at an average eleva-
tion of 1800 m asl and with a maximum depth of 15 m
(Matthew et al. 2010; Amhara Design and Supervision
Works Enterprise (ADSWE) 2011). It is the largest lake in
Ethiopia and the third largest in the Nile Basin. The lake
is main source of the Blue Nile River which is the only
surface outflow from it. The mean maximum and mini-
mum temperature of Lake Tana are 29.20 and 10.90 °C,
respectively (Amare and Rao 2011) (Fig. 1).

Methods

To determine the data type, sample size, collection tools,
and analysis methods, identification of factors that can
affect habitats of the spices understudy was priority.
Hence based on literatures slope (Holmes (1996), cited
in Dietz et al. 2000), elevation (Eltringham (2003), cited
in UNEP-WCMC 2010), land use and land cover (Mackie
1976; Lock 1972 cited in Kanga et al. 2011; Pienaar et al.
1966; IUCN 1993; Eltringham 1999), forage proxim-
ity to the Lake (Tracy 1996), distance from settlement
(Wengstrom 2009) and water depth (Tracy 1996) were
identified variables. For this study mixed approaches
were employed. The data used were GPS readings, SPOT
image of 2012, DEM (digital elevation model), Google
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Earth images and pictures. In addition bathymetric data
of the Lake and thorough filed observation were very
helpful for the completion of the work (Table 1).

Since Lake Tana is very large; it was very difficult to
cover all the area. As a result five sample areas/sites were
selected by considering accessibility by road transport.
The sample sites for field survey were the outlet of Nile
River (at Debere Mariam), Gelda, Tana Chirkos (at the
inflow of Gumara River to the Lake Tana), Korata and
Robit. To classify three band SPOT images into 6 land
use/land cover classes 180 GCPs were collected by fol-
lowing the rule of thumb which states that if each meas-
urement vector has N features, then select N + 1points
per class and the practical minimum is 10*N per class
(Anji Reddy 2008). In addition by using Microsoft Virtual
Earth Satellite Downloader, 544 polygons of settlement
were generated. The major Software used was ERDAS
IMAGIN2010 to classify land use/land cover and Arc GIS
10.2 to produce thematic maps based on their particular
criteria. All the GIS and RS processes performed in this
study were summarized diagrammatically in Fig. 2.

Data analysis methods

In order to map suitable habitat site for hippopotamus
in Lake Tana and its environs, thematic maps were pro-
duced. The thematic layers have varied (qualitative and
quantitative) values. Thus the data classes need conver-
sion in uniform suitability measures to make the combi-
nation compatible. Each layer was reclassified into three
suitability classes: highly suitable (3), moderately suitable
(2), Not suitable (1) based on the literature evidences and
field observation (Table 2).

Multi criteria decision making

Model factors used were: slope, grazing proximity to
resting water, and proximity to settlement/human dis-
turbance, elevation and land use/land cover. Before the
layers were merged into the weighted overlay analysis,
the inputs were first converted into a raster data model
and segregated into common scale to make combina-
tion possible. Multi criteria decision making (MCDM)
problems typically involve criteria of varying importance
to decision makers. According to Eastma et al. (1995) a
criterion is some basis for a decision that can be meas-
ured and evaluated. Accordingly, 1-3 class scales (most
suitable-3, moderately suitable-2 and not suitable-1) were
assigned for each criteria/factor. Each criterion’s rela-
tive influence on suitability of habitat for selected animal
was assigned or ranked by expertise decision. Then given
ranks were converted in percentages on GIS software to
integrate the value with its respective raster data. The
criteria were ranked on the basis of their influence from
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LAKE TANA AND SUROUNDING ENVIRONS
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Table 1 Major Data types and their sources
Data type Data sources Resolution Access date
Satellite image (SPOT) Amhara Design Supervision and Works 5m February/2006E.C
Enterprise

Digital elevation model (DEM) of Lake Ethiopian Mapping Agency (EMA) (2012)  Resampled into 20 m  04/2006E.C

Tana and its environs

Field survey data Ground survey with global positioning

system (GPS)

Bathymetric data Ambhara National Regional State, Bureau
of Industry and Urban Development

(ANRS BolUD) 2012

42 m error

October 15-18/2006E.C, Novem-
ber 30-Dec 15/2006E.C, February
1-5/2006E.C, and March 10-14/2006
EC

January, 2006E.C

most influential to least influential based on the following
formula:

n—rj+1 3o

Wj = Sn—rk+1)

where: wj is normalized weight for the jth criterion, »
is the number of criteria under consideration (k = 1, 2,
n). rj is the rank position of the criterion.
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Each criterion is weighted (# — rj + 1) and then nor-
malized by the sum of all weights, that is X (n — rk + 1)
(Malczewski 1999; Drobne and Lisec 2009).

Using this straight ranking method, each rank was con-
verted to a weight; the higher the weight the more the
important the criterion. Then the weights were summed.
The sum of the criteria is 1.

Weighted linear combination

Weighted linear combination is based on the concept of a
weighted average in which continuous criteria are stand-
ardized to a common numeric range, and then combined
by means of a weighted average. The total score for each
factor is obtained by multiplying the weight assigned to
each attribute by the scaled value given for that attrib-
ute and then summing the products over all attributes
(Drobne and Lisec 2009). According to Drobne and Lisec
(2009) with the weighted linear combination, factors are
combined by applying a weight to each followed by a
summation of the results to yield a suitability map:

= > wix

where, S is suitability, w; is weight of factor i, and ; is the
criterion score of factor I (Drobne and Lisec 2009).

Results and discussion

Water depth suitability

By using GIS software, the bathymetric data was reclas-
sified into three suitability classes based on the literature
evidences. From Fig. 3 much of the lake are not suitable
for hippopotamus due to its depth. The animal prefers
to live in the gently sloping shallow water which is with
grazing grass at the shore. This is because of the fact that
Hippopotamus requires aquatic ecosystems known as
their “daily living space” where they spend most of their
time, and forage pasture ashore (Eltringham 1999). Most
of the time, they occupy the periphery of the Lake. As a
result, 71.3% of the lake areas are not suitable while only
22.34 and 6.36% of the lake area are highly suitable and
moderately suitable respectively.

Elevation suitability

The digital elevation model shows an elevation rang-
ing from very low altitude of 1646 to 2394 m above sea
level. The study conducted by Eltringham (2003) cited in
UNEP-WCMC (2010) showed this species is abundant
between altitudes of 200 and 2000 m in Ethiopia. As the
other literature evidence and the researcher’s estimation
from field observation, the upper altitude limit was to be
approximately 2000 m (Rebecca 2008). So that based on
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these evidences the elevation classes between 1646 and
1900 m; 1900.1 m and 2000 m and more than 2000 m
above mean sea level were identified as more suitable,
moderately suitable and not suitable respectively. Thus

by using raster reclass tool, the reclassification analysis
was computed for elevation suitability classes. The GIS
spatial analysis result shows that, most of the study area’s
elevation was fall under the suitable class for the species



Buruso Environ Syst Res (2017) 6:6 Page 7 of 15

understudy. As can be seen from Fig. 4, 81.85% of the Lake shore slope suitability
lakeshore was under suitable elevation classes for this  The slope class which help hippopotamus movement
mammal, only 11.9% of the area and the unsuitable eleva-  to the land was identified based on literature and field

tion class covers the least (6.2%). observation. As a result the lakeshore gradient less than
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7° was identified suitable grazing ground for this ani-
mal. According to Holmes (1996), cited in Dietz et al.
(2000) sites with a high slope can cause inaccessibil-
ity problems due to morphology and body size of the
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specious understudy. However, very shallow and gentle
Lake Shore is frequently disturbed by domestic animals
and human activities like irrigation and rice cultivation
in the study area. The suitable slope values were those
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that represent conducive travel for the species, since it
could not raise high gradients due to its body size and
structure.
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Figure 5 depicted the slope suitability classes of the
lakeshore. By slope criteria all the Lake area became suit-
able. However, when the terrestrial environs accessibility
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within estimated buffer zone was considered, the suit-
able area was very low. Thus the figure shows from the
Lake shore only 6.97% as highly suitable, moderately
suitable 47.2% while the remaining 45.83% is not suit-
able (the slope classes that could not be climbed by the
hippopotamus).
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Land use/land cover suitability

In order to generate the present land use/land covers sta-
tus, SPOT image with spatial resolution of 5 m pixel size
was processed using ERDAS Imagine version 2010 soft-
ware. By using ground control points (GCP) collected
by GPS in the field, land use/land covers classification
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was performed. Supervised classification was done using
the maximum likelihood algorithm for 3 spectral bands
corresponding to green, red and near infrared. During
field visit settlements and cultivation were found highly
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mixed, while image classification was conducted, they
were merged together. The land use/land covers map of
the Lakeshore was reclassified on the basis of suitabil-
ity/compatibility to hippopotamus living and feeding

s iy s srew s S s g

g ] LS
g H
y s
= 4
=1 B
5 5
= z
=1 s
= =
T n
= 4
S 1 -8
4 %
o o
8 L=
= =

Legend

Grazing Ground Proximity to the Lake

[ 2=Moderately Suitability

I 3= Highly Suitable
g 4 Hl wxe_mna -g
) b Coganae Sysem Agncan UTM Zome SN g

[ ! El
0 5 10 20 30 40 Fqasion Trasvarse Marser
QeumAshoan
e Soe TR
o - smoy stowe 2w ssmw A -
Fig. 8 Hippopotamus grazing ground proximity classes to the lake




Buruso Environ Syst Res (2017) 6:6

ground. As a result, human development (cultivated
and settlement) and forested banks were identified to be
unsuitable (IUCN 1993), while wetlands and grasslands
were classed as suitable. The classification for land use/
land covers indicated that the area occupied with human
action accounts about 45.26% of the total area within the
study area. And is followed by bushland (27.42%) which
is unsuitable for hippopotamus grazing which might
be most probably converted by human over utilization
of the land for long years. The remaining land use/land
covers grassland, wetland and forests account about
20.77, 3.73 and 2.84% respectively. Most of grasslands
near the Lake were dominantly communal (domestic
animal grazing) grounds which were frequently grazed
and highly disturbed due to competition over limited
resources.

To evaluate habitat suitability based on land use/land
covers criteria; the Lake was seen as restriction. This was
because not all parts of the lake were suitable and also it
was difficult to have the common criteria for aquatic and
terrestrial environment. From the total estimated area
of hippopotamus habitat including the Lake Tana, only
21.23% was identified as highly suitable. More over the
areas depicted as suitable are not easily accessible due to
their location. Most of the suitable areas from Fig. 6 were
located behind settlements. On the other hand 78.77% of
the lakeshore was not suitable for hippopotamus grazing
due to either human interferences or natural barriers.

Settlements Proximity to hippopotamus resting

and grazing area

In addition to cultivation of hippopotamus grazing land
and competition with domestic animals on the same
area, permanent settlements have a great disturbance
on its habitat. As the field visit confirm that, people liv-
ing very close to the Lake made different types of barriers
to prevent the passing of these animals to their gardens.
Manmade obstacles that threaten this animal’s life were
the holes dug for this purpose and stone hedge. Peo-
ple knew that due to its body size and short leg it could
not pass such barriers. From settlements multiple rings

Table 3 Weight assignments for thematic maps
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buffering at specified distance around the input feature
was computed as follows:

Figure 7 depicted the presence of high human and live-
stock disturbance on hippopotamus habitat in Lake Tana
Environs. From the estimated terrestrial habitat only
1.81% of the land area was safe from human interference
whereas 50.88% of the land was highly disturbed for hip-
popotamus survival in the study area. On the other hand
47.29% of the area was moderately disturbed.

Grazing ground proximity to the lake

In search of food individual hippopotamus is estimated
to commute every night from 2 to 7 km from the river or
lake in which they spent the day. However, during condi-
tion when food is not easily obtained the distance they
move may increase up to 10 km (Eltringham 1999; Muller
and Erasmus 1992; Tracy 1996). Hence grazing ground
suitability on the basis of proximity to resting water was
classified and reclassified using multiple rings buffer
analysis on Arc GIS 10.2.

As the multiple rings buffer analysis depicted (Fig. 8)
that the most suitable area for nocturnal grazing for
hippopotamus is preferred to be close to resting water.
Therefore, by keeping other factors constant and tak-
ing the capability of hippopotamus to move and forage,
only 22% of estimated area was classed as highly suitable
and 78% area was moderately suitable. Beyond the maxi-
mum distance that hippopotamus cannot move was not
included in suitability classification.

Weight assignment for thematic maps

In multi criteria evaluation of various factors for habitat
suitability, estimating weights by ranking method was
taken into consideration to find optimal location for hip-
popotamus in the Lake Tana and its environs. The cri-
terion was first ranked based on the influence of each
factor relative to other factors (Table 3).

From the above table, weightage indicates the most
influential factor that threatens the existence of the spe-
cies understudy by reducing its habitat. Accordingly the
higher the weightage the higher its relative influence

Thematic maps/criteria Measure Straightrank Weight (n-rj + 1) Normalized weight Percentage influence %
Land use/land cove Types of LU/LC 1 5 0333 333

Slope Degree of slope 2 4 0.266 26.7

Settlement disturbance Proximity in km 3 3 0.20 20

Grazing distance from resting water ~ Proximity to the lake in km 4 2 0.133 133

Elevation From mean sea level (m) 5 1 0.067 6.7

Expert’s and Researcher judgment (2014)
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than others. Among the overlay method Weighted Sum
tool was chosen for suitability modeling due to the fact
that it provides the ability to weight and combine multi-
ple inputs to create an integrated analysis on Arc GIS 10

soft ware. The resulting cell values were added to produce
the final raster model output. To this end, higher values
generally indicate that a location is more suitable whereas
lower values imply least suitable location.
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Weighted overlay analysis

Reclassification and weighting the factors were followed
by running the overlay analysis/weighted sum for terres-
trial factors. By this spatial analysis, suitable sites for hip-
popotamus were identified in Lake Tana environs. On the
other hand the aquatic habitat was analyzed separately
because of the terrestrial and aquatic environments are
adjacent each other. The animal prefer the aquatic envi-
ronment which has grazing ground adjacent to resting
water to reduce long distance travel.

As we can see from the Fig. 9, it seems there was large
area suitable for hippopotamus habitat. For instance
22.54% of the study area was suitable based on used
variables analyses. However, the animals could not cross
settlement areas. As a result much of the areas were inac-
cessible. Whereas 40.5% of the study area was moder-
ately suitable that can made more suitable if conservation
strategy is designed by the government and the commu-
nity. On the other hand the analysis result showed that
36.96% of the Lake Tana environs were not suitable for
hippopotamus habitat.

Conclusion

This study attempted to find out suitable sites for hip-
popotamus in Lake Tana and its environs by integrating
MCDM with GIS and RS techniques. The analysis of each
factor based on suitability class shows varied outputs and
varied land size. In the study area high interferences of
human activity in hippopotamus habitats takes the lion’s
share in making the areas unsuitable.

To this end the land use/land cover classification indi-
cated that the area occupied with human action (settle-
ment, cultivation) accounts about 45.26% of the total
area within the study area. However, as the analysis out-
put ilustrated the sphere of influence of settlement was
beyond the area occupied by it and was followed by
bushland (27.42%) which was unsuitable for hippopota-
mus grazing. Due to too much proximity, these animals
may begin to make threats on human life and crops as
its territories are disturbed continually. Therefore, too
much proximity of human settlements to such mammal’s
habitat has to be protected by local planning and rational
management of the population is desirable. The remain-
ing area (20.77, 3.73 and 2.84%) of the Lakeshore is cov-
ered by grassland, wetland and forests respectively. Like
that of bushes, forest would not be included in the diets
of hippopotamus.

In general, settlement with livestock disturbance alone
has made 50.88% of the areas under study highly unsuit-
able, 47.290% of the area fairly/moderately suitable and
only 1.81% of the areas were with no disturbance/suit-
able. During habitat suitability modeling, physical and
human factors were considered based on literature
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evidences and field observation. The overlay analysis/
model results reveal that only 22.54.59% of the land areas
under study were identified as most suitable for the spe-
cies. From the model output, among the suitable areas,
large portion were located at the backside of settlements
which were not easily accessible by the species, while
40.5% were found to be moderately suitable for hippopot-
amus habitat and 36.96% were unsuitable lands.

As the study shows the habitat of hippopotamus in
Lake Tana and its environs were highly reduced due to
mainly human factors; much more emphasis should be
placed on preserving of this vulnerable species in the
study area. Moreover, there should be legal enforcements
to protect hippopotamus habitats in the study area to
insure its sustainable conservation.

Acknowledgements

Foremost, | would like to express my sincere gratitude to my advisors Dr.Abate
Shiferaw from Geography and Environmental Studies and Dr. Dessalegn Ejigu
from Biology Department for their continuous support of my MSc research, for
their patience, motivation, enthusiasm, and immense knowledge. Their guid-
ance helped me in all the time of research and writing of this thesis.

| would like to thank my collogues in Department of Geography and Envi-
ronmental Studies of Bahir Dar University for their encouragement, insightful
comments, and cooperation while | conduct this research.

My special appreciation goes to Dawit Tekabe who provided me support
and encouragement during field work. He was with me in all field visits by
walking more than 5 and 6 h per day on foot.

| am also thankful to Yirga Kebede one of the environmentalist in Amhara
National Regional State Department of Tana Sub Basin and W/Gebreal from
Environmental Protection Bureau for their invaluable expertise comment and
support throughout the paper work.

| am grateful to all organizations and all individuals that contributed in my
study. To begin with, my thanks go to Tana Sub Basin department in Amahara
National Regional State, Tana Water Transport Enterprise, Amhara Design
Supervision and Works Enterprise, Amahara National Regional State Land
Administration and Environmental Protection, for genuinely offering their
noble service in providing me data for this research.

Last but not the least; | would like to thank my family, Metimiku Yohannes,
Selamawit Yohannes and Yeshitu Asfaw for their support and taking the
household responsibility while | left home for field work.

Competing interests

The author declares that this thesis is my original work and no anybody could
claim for competing interest. In addition, all the sources of materials used for
the thesis have been duly acknowledged.

Funding
To conduct this research, the author did not get any financial support from
any source of funding.

Received: 14 June 2016 Accepted: 2 January 2017
Published online: 18 January 2017

References

Amare S, Rao KK (2011) Hydrological dynamics and human impact on ecosys-
tems of lake Tana, Northwestern Ethiopia. Ethiop J Environ Stud Manag
4:2011

Ambhara Design and Supervision Works Enterprise (ADSWE) (2011) Lake Tana
bathymetry survey project. Final study report

Anji Reddy M (2008) Textbook of remote sensing and geographical informa-
tion systems. BS Publication, Hyderabad



Buruso Environ Syst Res (2017) 6:6

Dietz AJ, Mohamed MA, Okeyo-Owuor JB (2000). The hippopotamus: nothing
but a nuisance? Hippo-human conflicts in Lake Victoria area, Kenya.
Thesis Environmental Geography Aenne W.C.H.M. Post, University of
Amsterdam

Drobne S, Lisec A (2009) Multi-attribute decision analysis in GIS: weighted
linear combination and ordered weighted averaging. Informatica
33:459-474

Eastman JR, Jin W, Kyem W, Toledano P (1995) Raster procedures for multi-
criteria? Multi-objective decisions. Photogramm Eng Remote Sens
61(5):539-547

Eltringham SK (1993) The common hippopotamus, Hippopotamus amphibius!
http://www.iucn.org/themes/ssc/sgs/pphsg/Apchap3-2.htm. Accessed
20 Dec 2005

Eltringham SK (1999) The Hippos: Natural History and Conservation. Cam-
bridge University Press, Cambridge

Funny M (2012) Wetlands around Lake Tana: a landscape and avifaunistic
study, diploma Thesis within the study programme landscape ecology
and nature conservation, institute of botany and landscape ecology

IUCN (1993) Pigs, peccaries, and hippos; status survey and conservation action
plan. In Oliver WLR (ed)

IUCN (2005) Hippo facts. What is a hippo?

IUCN (2005) Hippo Conservation and the World Conservation Union

Kanga EM, Ogutu JO, OIff H, Santema P (2011) Population trend and distribu-
tion of the vulnerable common hippopotamus Hippopotamus amphibius
in the mara region of Kenya. Fauna & Flora International, Oryx

Lewison R (2007) Population responses to natural and human—mediated
disturbances: assessing the vulnerability of the common hippopotamus
(Hippopotamus amphibius). Afr J Ecol 45:407-415

Lewison RL, Carter J (2004) Exploring behavior of an unusual megaherbivore:
a spatially explicit foraging model of the hippopotamus. Ecol Model
171:127-138

Lewison R, Oliver W (2008). Hippopotamus amphibius

Page 15 of 15

Lock JM (1972) The effects of hippopotamus grazing on grasslands. J Ecol
60:445-467

Mackie CS (1976) Interactions between the hippopotamus (Hippopotamus
amphibius) and its environment on the Lundi River. Certificate in field
ecology, University of Rhodesia, Salisbury

Malczewski J (1999) GIS and multicriteria decision analysis. Wiley, New York

Pienaar UDV, van Wyk P, Fairall N (1966) An experimental cropping scheme
of hippopotami in the Letaba river of the Kruger National Park. Koedoe
9:1-33

Rebecca J (2008) Husbandry guidelines for the common hippopotamus.
Hippopotamus amphibius Mammalia: Hippopotamidae, Western Sydney
Institute of TAFE

Tracy RE (1996) Social grouping behaviors of captive female Hippopotamus
amphibious. Northwest Missouri State University, B.S

UNEP-WCMC (2010) Review of significant trade: species selected by the
CITES animals Committee following CoP14 CITES Project No. S-346
AC25 Doc. 94 Annex. http://www.uva.nl/binaries/content/documents/
personalpages/d/i/a.../asset. Accessed 15 Nov 2013

Wengstrom A (2009) How Maasai settlements affect the grazing habits of the
Common Hippopotamus (Hippopotamus amphibius) in the Maasai Mara
National Reserve, Kenya

Websites

http://www.wpazambia.com/Download/WildlifeHandbook.pdf

http://www.cseewvu.edu/../Reading%20Assignment%204%20-%20Hagan%?2.
Accessed 10 Nov 2013

http://www.cites.org/eng/cop/09/prop/E09-Prop-18_Hippopotamus.PDF.
Accessed 15 Oct 2013

http://www.geo.arizona.edu/geo5xx/geos544/pdfs/fluvial/makaske.PD.
Accessed 10 Oct 2013

http://www.cites.org/eng/cop/09/prop/E09-Prop-18_Hippopotamus.PDF.
Accessed 9 Nov 2013

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Immediate publication on acceptance

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



http://www.iucn.org/themes/ssc/sgs/pphsg/Apchap3-2.htm
http://www.uva.nl/binaries/content/documents/personalpages/d/i/a%e2%80%a6/asset
http://www.uva.nl/binaries/content/documents/personalpages/d/i/a%e2%80%a6/asset
http://www.wpazambia.com/Download/WildlifeHandbook.pdf
http://www.cites.org/eng/cop/09/prop/E09-Prop-18_Hippopotamus.PDF
http://www.geo.arizona.edu/geo5xx/geos544/pdfs/fluvial/makaske.PD
http://www.cites.org/eng/cop/09/prop/E09-Prop-18_Hippopotamus.PDF

	Habitat suitability analysis for hippopotamus (H. amphibious) using GIS and remote sensing in Lake Tana and its environs, Ethiopia
	Abstract 
	Background
	Objectives
	Description of the study area

	Methods
	Data analysis methods
	Multi criteria decision making
	Weighted linear combination

	Results and discussion
	Water depth suitability
	Elevation suitability
	Lake shore slope suitability
	Land useland cover suitability
	Settlements Proximity to hippopotamus resting and grazing area
	Grazing ground proximity to the lake
	Weight assignment for thematic maps
	Weighted overlay analysis

	Conclusion
	Acknowledgements
	References




