
Illegal settlement in the Babile Elephant Sanctuary
is threatening the resident elephant population

EM I L Y N E I L and E L I Z A B E T H G R E E N G R A S S

Abstract The Babile Elephant Sanctuary in Ethiopia was
established in  specifically to protect its elephants
Loxodonta africana. They were once part of a larger popu-
lation that ranged in eastern Ethiopia and northern Somalia
but that was largely extirpated during the th century.
Since its establishment, the Sanctuary has experienced se-
vere anthropogenic pressure, inadequate government sup-
port, and civil conflict. Mapping was undertaken to ana-
lyse the rate of human immigration into the Sanctuary in
,  and , as part of an assessment of the
Sanctuary’s effectiveness in protecting its resident elephant
population and in mitigating anthropogenic pressures.
From  to  the number of illegal houses in the
Sanctuary increased from , to . ,, of which
. , were in the area in which elephants range. This
settlement, coupled with high demand for natural resources,
has resulted in significant habitat destruction and could also
have exacerbated human–elephant conflict. Elephant con-
servation and monitoring by the Born Free Foundation
were challenging because of ethnic conflict; rural and polit-
ical stability is required if efforts to protect wildlife are to be
successful. Unless these issues are resolved and the integrity
of the Sanctuary is restored, this elephant population will be
extirpated in the near future.
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Introduction

The establishment of protected areas is a key strategy for
the conservation of habitats and species, and the global

loss of biodiversity would likely be even greater in their
absence (Geldmann et al., ; Gray et al., ). Function-
ing ecosystems within protected areas can also play a part
in poverty alleviation and economic development for
surrounding communities (Naughton-Treves et al., ).
However, protected areas vary greatly in their effectiveness

and many are so-called paper parks, offering little to no pro-
tection. One third of the world’s protected areas are under
intense pressure from people (Jones et al., ), and with-
out adequate funding and resources many are ill-equipped
to manage the threats to biodiversity (Leverington et al.,
; Coad et al., ).

In Africa, protected areas experienced a continent-wide
halving in the abundance of large mammals between 

and  (Craigie et al., ), and many populations are
continuing to decline, largely because of the anthropogenic
threats of overhunting, habitat conversion and resource
competition with livestock (Ripple et al., ). This situ-
ation has probably been exacerbated by conflict, with the
frequency of armed conflict the strongest predictor of wild-
life declines in African protected areas (Daskin & Pringle,
).

In Ethiopia, the integrity and effectiveness of many
protected areas are being compromised by increasing
anthropogenic pressures, inadequate government support,
and civil conflict (Stephens et al., ; Yihune et al.,
; Datiko & Bekele, ; EWCA, ). With a growing
human population of. million, there is a chronic short-
age of land and a high demand for natural resources. These
factors have contributed to the ongoing declines and ex-
tirpations of many large mammal species, such as the east-
ern black rhinoceros Diceros bicornis michaeli (Largen &
Yalden, ).

Elephants Loxodonta africanawere once widespread and
relatively abundant in Ethiopia, but they have suffered con-
siderable declines since the beginning of the th century
(Largen & Yalden, ; Dejene, ). The national popu-
lation now consists of c. , individuals (Blanc et al.,
). Poaching for the ivory trade, human population
growth, associated destruction of natural habitat, and result-
ing human–elephant conflict are the most severe threats to
their survival (Largen & Yalden, ). Currently, there are
only six recognized populations in Ethiopia, including one
in the c. , km Babile Elephant Sanctuary (Largen &
Yalden, ; EWCA, ; Dejene, ), one of the largest
protected areas in the country, in the Oromia and Somali
regions (Fig. ; Demeke, ).

In the s, elephants migrated seasonally out of the
Sanctuary, north of the Harar–Jigjiga road to the foothills
of Gara Guracha and Gara Abdula, and far south and west
of the Sanctuary (Demeke et al., ). Two subpopulations
were documented: the larger ranged on the eastern side in
the Dakata and Fafum valleys, and the smaller ranged on
the western side, in the Erer valley. Since then, however,
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the elephant population has been threatened by agricultural
expansion, settlement and commercial poaching (Demeke
et al., ). In , large government farms were estab-
lished in the upper Fafum and upper Dakata valleys, outside
the Sanctuary. Elephants came to these farms in search of
water during the dry season, possibly because irrigation
for agriculture led to shortages elsewhere. This exacerbated
human–elephant conflict and retaliatory killing of elephants
(Demeke, ). After  these farms were taken over by
local communities and cultivation spread southwards, oc-
cupying elephant habitat and watering points inside the
Sanctuary (Demeke, ).

Regional boundaries in Ethiopia are established along
ethnic lines, and ethnic conflict is common. The Oromo
and Somali ethnic groups have a long history of conflict.
In the border area of the Oromia and Somali regions, in-
security and the increased availability of guns during the
Ethiopian–Somali war of – led to an increase in
poaching and the establishment of refugee settlements
within the elephant range, reportedly causing elephants
to move from the eastern to the western side of the
Sanctuary (Demeke et al., ). However, this explanation
for the loss of elephants on the eastern side of the Sanctuary
is speculative and an alternative explanation is extirpation,
driven by conflict and poaching as a result of settlement and
cultivation. In the s, the government established  vil-
lages inside the Sanctuary and by  the number had
risen to  (Demeke, ).

Data collected during – indicated a population
of  elephants in the Babile Elephant Sanctuary (Demeke
et al., ). Elephants were only observed in the Erer and
Gobele valleys on the western side of the Sanctuary, and
seasonally in Dakata on the eastern side. Elephants no long-
er seemed to be undertaking long-distance migrations, with

the southernmost limit of their range at the confluence of
the Erer and Gobele valleys, within the Sanctuary. The ele-
phants had lost % of their former range and only occupied
% of the Sanctuary (Demeke et al., ). An increasing
number of people shifted from pastoralism to agriculture
at the beginning of the st century (Demeke et al., ),
with farming in the upper Erer and Gobele valleys and be-
side an unsurfaced road that ran south to Fiq, a town in the
Somali region, beyond the Sanctuary’s southern boundary
(Demeke, ).

In , the Midhega valley, located between Gobele and
Erer, was degazetted by the federal government, possibly to
facilitate commercial development of the Flora Eco-Power
biofuel project, which was established illegally inside the
Sanctuary in  and employed  skilled workers,
, unskilled workers and , farmers who grew agri-
cultural products on their own farms for sale to the
company (Gebremeskel & Tesfaye, ). Alternatively, it
may have been an indirect response to the densely settled
human population, which may have migrated into the
area looking for work with the company. In , an aerial
survey by the Great Elephant Census described the Babile
Elephant Sanctuary as ‘an ocean of agriculture: % of the
sanctuary is settled by people’ (Chase et al., ).

Approximately  elephant carcasses were counted in-
side the sanctuary during –, and by  the pop-
ulation had fallen to c.  individuals (A. Belayneh, pers.
comm., ; Thouless et al., ). In , the Born Free
Foundation established an autonomous field project in the
Sanctuary, to reduce elephant mortality caused by poaching
and human–wildlife conflict. Born Free and the Ethiopian
Wildlife Conservation Authority had a Memorandum of
Understanding to co-manage activities in the Sanctuary,
with Born Free mandated to take the lead in project delivery

FIG. 1 The Babile Elephant Sanctuary,
Ethiopia, and the Midhega valley, which
was degazetted from the Sanctuary in
. The actual boundaries between the
Oromia and Somali regions now differ
significantly from the formal boundaries
shown here; at the start of , the whole
area east of the Erer valley was considered
to be within the Somali region.
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and to build the EthiopianWildlife Conservation Authority’s
capacity at the site. Mobilization of Ethiopian Wildlife
Conservation Authority rangers meant that the elephants
were monitored daily, with data on their ranging and herd
size recorded. This demonstrated that the elephant range
was limited to the Erer and Gobele valleys, and human–
elephant conflict was severe and a significant cause of ele-
phant mortality in addition to poaching (Born Free, unpubl.
data, –). In , the project piloted chilli-fencing as
a mitigation measure on a farm and was successful in pro-
tecting crops from elephants.

Throughout the latter half of  until , chronic eth-
nic conflict between the Oromo and Somali ethnic groups,
although sporadic, was a characteristic around which the
Born Free project had to work. At times, it hampered project
operations and the monitoring and safe guarding of the ele-
phant population, in part because the areas in which rangers
could safely patrol were limited. To assess the overall effec-
tiveness of the protected area in mitigating anthropogenic
pressures, mapping was undertaken in  to measure
the rate of human immigration into the Sanctuary.

Methods

To assess the rate of immigration over time, we counted the
number of houses in the Babile Elephant Sanctuary using
satellite imagery from ,  and . At the time of
analysis these were the years for which satellite images
with a sufficiently high resolution to facilitate the counting
of individual houses were freely available. When we began
this research in , the most recent satellite imagery of
the Sanctuary available was for , from Google Earth
(Google, Mountain View, USA), which provides a mosaic
of satellite images; the region analysed primarily comprised
images from Maxar (Maxar Technologies, Westminster,
USA; spatial resolution .m). Satellite imagery of the sanc-
tuary for  later became freely available on the World
Imagery Wayback platform (Esri, Redlands, USA), which
also uses compilations of satellite images, primarily from
Maxar. We accessed satellite images for  from the
World Imagery Wayback platform; these primarily com-
prised images from CNES/Airbus DS (CNES, Paris,
France, and Airbus, Leiden, The Netherlands; spatial reso-
lution: . m). Although the Midhega valley was not dega-
zetted from the Sanctuary until , the region was
excluded from the  analysis to ensure the study
area remained consistent across the three years.

A limitation of using the freely available satellite imagery
is that it comprises many images blended together, from
different sources and different years. For example, the
 satellite imagery included some imagery from ,
from DigitalGlobe (DigitalGlobe, Westminster, USA; reso-
lution: . m), and from , from GeoEye (GeoEye,
Herndon, USA; Ikonos, resolution:  m), and it was not

possible to determine the exact proportion of the image
that came from different years, although the greatest pro-
portion was from . The number of housing structures
can therefore only be considered a proxy for the number of
houses in a particular year.

We analysed satellite images using ArcGIS .. (Esri,
Redlands, USA), counting houses by eye in  ×  km grid
cells. Permanent housing was classified as any structure
.  m in length or width, with roofs of grass or corrugated
metal sheet. Temporary houses were circular structures
,  m in diameter; our observations in the Sanctuary sug-
gest these were made from tarpaulin on a wooden frame,
or mud. Because of their size, permanent mud and metal-
roofed houses were readily identifiable whereas temporary
housing was more difficult to identify unless located in
clearings and farmland. If it was unclear whether a shape
was a housing structure or a natural feature of a similar
size (e.g. boulder), it was not counted; the number of tem-
porary houses may therefore be an underestimate. Given the
size of the area, the extent of settlement and the fact that
houses were counted manually, we may have not counted
all houses. Change in the number of metal-roofed houses
is probably the most reliable indicator of settlement rates
as these were readily visible and therefore less likely to be
undercounted.

Firstly, we counted houses within the area of the
Sanctuary occupied by elephants, which lies on the west-
ern side of the Sanctuary and was defined by the location
of elephant herds observed by ranger patrols during –
. Secondly, we counted the number of houses outside
this elephant range, and then calculated the rate of
change in settlement within and outside the elephant
range, and overall.

The kernel density estimation (Silverman, ) tool in
ArcGIS was used to analyse the density of settlements in
the Sanctuary in ,  and . This method is widely
used to analyse spatial patterns and has been applied in a
variety of fields, including housing growth (Delmelle et al.,
), road accidents (Prasannakumar et al., ) and crime
analysis (Rey et al., ). Kernel density estimation shows
the number of events (e.g. settlements) per unit area and
is therefore useful in detecting hotspots of events.

Results

In , there were c. , permanent and temporary
houses or similar structures in the Babile Elephant
Sanctuary (excluding the Midhega valley). By , this
had more than doubled to almost , (Table ), and
by  this had increased by a further % to c. ,.
The mean annual increase in the number of houses was
similar from  to  (,) and from  to 

(,). In general, the density of settlements decreased
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from north to south, indicating immigration from the areas
north of the Sanctuary.

Within the area of the Sanctuary where elephants current-
ly range, there was an almost four-fold increase in the number
of houses from  to  (Table , Fig. ), with a higher rate
of increase from  to  (mean annual increase of ,
houses) than from  to  (mean annual increase of
,). Permanent housing with corrugated metal roofing
increased almost nine-fold over the -year period, with an
eight-fold increase within the elephant range.

In ,  and  there were hotspots of settlement
along the road that runs north–south through the Sanctuary
(Fig ). This road passes through the Somali region to the
town of Fiq, south of the Sanctuary, and was being upgraded
and surfaced when we visited at the start of . By 

most of the densely settled regions were along this road,
to a lesser extent in the upper Erer and Gobele valleys,
and along an unpaved road in the east of the Sanctuary in
Fafum valley, which in  was also reportedly being up-
graded in some way. Figures  and  suggest that the road
to Fiq is facilitating settlement. Housing hotspots had ex-
panded along this road by , encompassing the majority
of the elephants’ range.

Discussion

Uncontrolled settlement inside the Babile Elephant
Sanctuary has been ongoing since the s (Demeke,
), but the current rate is unprecedented. One conse-
quence of this is that the boundary between the Oromia
and Somali regions no longer resembles the formal bound-
ary shown in Fig. . At the start of , the whole area east
of the Erer valley was considered to be within the Somali
region (Born Free, pers. comm., ). There has also been
an associated expansion of forest conversion and cultiva-
tion. A study conducted in  showed that agricultural
land, settlements, and bare land increased during –
, and riparian forest, woodland and bushland, habitats
used by elephants, declined (Sintayehu & Kassaw, ).
Agriculture is particularly prevalent in that part of the
Sanctuary within the Oromia region but overgrazing by live-
stock is also a potential problem (EG, pers. obs., ).

Water tankers from Harar regularly deliver water to vil-
lages bordering the Sanctuary (authors, pers. obs., ),
suggesting that natural water sources are insufficient to
meet the needs of local communities. In an already water-
scarce region, the expansion of cash crop farming in and

TABLE 1 Number of houses, counted from satellite imagery, within and outside elephant Loxodonta africana range in the Babile Elephant
Sanctuary, Ethiopia, in ,  and .

Within elephant range Outside elephant range Total

2006 2014 2017 2006 2014 2017 2006 2014 2017

Permanent, metal-roofed 300 1,591 2,371 105 870 1,104 405 2,461 3,475
Permanent, mud 692 1,502 1,986 332 356 451 1,024 1,858 2,437
Temporary 8,239 25,501 28,445 8,256 10,078 15,709 16,495 35,579 44,154
Total 9,231 28,594 32,802 8,693 11,304 17,264 17,924 39,898 50,066

FIG. 2 Houses and other building
structures within the Babile Elephant
Sanctuary in , identified from satellite
imagery, and elephant ranging data
from the Born Free Foundation’s
– patrol data.
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around the Sanctuary may also be contributing to water
shortages through irrigation. Khat, which is a widely-used
mild stimulant and a high-value cash crop grown extensive-
ly in the region, requires substantial amounts of water
(Gebissa, ). The Gobele River, which was permanent
in the s (Stephenson, ) no longer flows year-round,
and the Erer River, which is normally permanent, was dry at
the start of the  wet season, with people observed dig-
ging the riverbed by hand to extract water (authors, pers.
obs., ).

Water availability is a key determinant of habitat use,
movement and distribution of elephants, as they need to
drink every – days (Redfern et al., ; Chamaillé-
Jammes et al., ; Loarie et al., ). Elephant range in
the Sanctuary is confined to the Erer and Gobele valleys
(Fig. ), probably reflecting the dependence of elephants

on the Erer River. Anthropogenic activities may be affecting
this water source (authors, pers. obs., ) and exacerbating
impacts caused by climate change. Our finding of a high rate
of settlement in the area is indicative of high rates of natural
resource exploitation. Periods of drought can significantly
increase elephant mortality (Dudley et al., ; Foley
et al., ), reduce female reproductive capacity (Sinclair,
; Wittemyer et al., ), and deplete local forage, lead-
ing to starvation (Wato et al., ) and potentially to
an increase in human–elephant conflict by forcing people,
livestock and elephants to share the few sparsely distributed
water sources.

During – almost a third of all incidents of
human–elephant conflict within and around the Sanctuary
occurred within it, highlighting the extent to which the
Sanctuary is being used by local communities (Born Free,
unpubl. data, –). Where there is conflict, poaching
may be more tolerated and human deaths and injuries from
elephants, retaliatory killings of elephants, livestock deaths
and injuries, crop foraging, and conflict at water points, are
all commonly recorded (Born Free, unpubl. data, –
). Loss of many of the preferred food species of the ele-
phants (Belayneh & Demissew, ) could be exacerbating
crop foraging. When they overlap spatially with humans, ele-
phants avoid roads, villages and infrastructure (Barnes et al.,
; Roever et al., ; Songhurst et al., ), or alter the
speed or timing of their movements, in areas where people
are perceived as hostile (Graham et al., ; Ihwagi et al.,
). Current levels of human settlement and human–
elephant conflict in the Babile Elephant Sanctuary suggest
that elephants may be finding it difficult to locate the resources
they need and to avoid areas with high human presence.

The factors promoting immigration into the Sanctuary
are not well understood and social surveys were not under-
taken while the project was active. However, our observa-
tions suggest that within the context of a burgeoning rural
human population dependent on scarce natural resources,
a shortage of land, and a disempowered, under-resourced
protected area management system, infrastructure develop-
ment has exacerbated the situation. In the latter half of 
the Ethiopian Prime Minister declared the first National
State of Emergency, which authorized the military to en-
force security nationwide and imposed restrictions on free-
dom of speech and access to information in response to
protests against the government. Since then, there has
been a perception amongst Sanctuary and Born Free project
personnel that local communities were taking advantage of
weakened law and order to claim land, although the rates of
settlement were similar during the two time periods we ana-
lysed and thus we do not have evidence to support this.

A survey during – found that the majority of
people encroaching in the Babile Elephant Sanctuary came
from villages located just outside the Sanctuary, and already
had land elsewhere (Demeke, ). Although widespread

FIG. 3 Hotspots of settlement in the Babile Elephant Sanctuary
in ,  and , identified using the kernel density
estimation tool in ArcGIS. Settlements are concentrated in
the north-central region of the Sanctuary, in the area in
which elephants range (Fig. ).
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land shortage is a major issue in Ethiopia, this suggests that
other issues may be driving or contributing to immigration,
such as the lack of management deterrents and ineffective
law enforcement. Ethnic conflict, on the other hand, did
not appear to be a direct driver of immigration. During a
visit in , the majority of internally displaced people
were being housed in camps outside the Sanctuary, before
eventually returning to their town and villages, although a
few had settled inside the Sanctuary (EG, pers. obs., ).
However, ethnic conflict appeared to be a contributing factor:
it weakened the law enforcement capabilities of rangers at the
Sanctuary, as the ethnicity of the rangers determined which
areas they could patrol safely (EG, pers. obs., ).

Our findings suggest that the upgrading of the road to
Fiq has been a catalyst for settlement, as noted elsewhere
along linear developments such as roads, railway and
power lines (Laurance et al., ). As Ethiopia is a federal
state, much of the power outside Addis Ababa is devolved to
regional governments. The road to Fiq was commissioned
by the Somali regional government, but we do not know
whether consent was granted from the federal government;
a breakdown of law and order, coupled with the division of
regions along ethnic lines since , has, we understand,
created a degree of regional autonomy. We were also unable
to confirm whether an environmental and social impact
assessment had been prepared for the upgrading of the
road (EG, pers. obs., ). Although the road, which was
commissioned by a regional government, is within a federal
protected area, no federal government agency has been
tasked with addressing the negative impacts of road devel-
opment on the protected area.

Local pressures on land, including industrial agriculture,
subsistence and human habitation are some of the most
common drivers of the downgrading, downsizing and dega-
zettement of protected areas (Mascia et al., ; Pack et al.,
). Downgrading, downsizing and degazettement can
lead to increased pressures and result in negative ecological
effects such as habitat loss and fragmentation (Forrest et al.,
; Kroner et al., ), and may be an additional driver
of settlement in the Babile Elephant Sanctuary. The federal
government’s demarcation of the boundary of the Sanctu-
ary, begun in , has not been completed (Demeke &
Aklilu, ) yet there has already been degazettement of
a large section of the Sanctuary, in the Midhega valley,
which supported high densities of people and elephants.
In , there were unconfirmed reports that the Somali
region of the Sanctuary, which at that time represented
the greatest proportion, would be degazetted. Within a con-
text of chronic civil instability, poverty and food insecurity,
the government may be reticent to take decisions that may
be perceived as disadvantageous to local communities. We
believe, however, that environmental and poverty challenges
in the Sanctuary need to be addressed jointly. The depen-
dence of local communities on subsistence use of natural

resources, and trade of resources such as charcoal, from
the Sanctuary (EG, pers. obs., ) are exacerbating environ-
mental degradation and, we believe, the well-being and
prosperity of these communities (Scherr, ; Kassa et al.,
).

When managed well, protected areas can conserve bio-
diversity effectively (Watson et al., ). However, uncon-
trolled immigration and settlement threaten the Babile
Elephant Sanctuary, compromising its integrity and ele-
phant conservation efforts within a complex socio-political
context of a weak state and ethnic conflict. We believe that
unless the integrity of the Sanctuary can be restored, and
security and poverty issues resolved, the elephants of the
Babile Elephant Sanctuary will be extirpated within a
short time, marking a significant failure on the part of all
stakeholders.
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