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Abstract Unprecedented mineral and oil extraction is occurring in Africa, often in
important areas of conservation. This is especially true in the Murchison Falls Conservation Area (MFCA) in northwestern Uganda. We assessed land fragmentation and
conversion between 2002 and 2014 and quantified changes in human population
density in the districts surrounding MFCA between 1969 and 2014 to understand
landscape level impacts of oil development on the MFCA landscape. We found that
three districts with ongoing oil development have increased population more rapidly
(+ 69.3%) than districts without oil development (+ 27.6%), as well as the national
average of Uganda (+ 41.5%). These districts also had higher proportional increases in
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total developed land cover and fragmentation in natural land cover. This study provides
an increased understanding of how oil can shape human-environment interactions
outside of globally important protected areas.
Keywords Albertine Rift . Conservation . Migration . Oil development . Uganda

Introduction
Much of Africa is currently undergoing unprecedented international investment and
economic growth (African Development Bank 2014). Six of the 13 fastest growing
economies worldwide are found in Sub-Saharan Africa (Holodny 2015). Despite the
global perception of increased investment risk due to political, social, technical, and
environmental issues (Frynas and Paulo 2007), the continent’s importance in the global
oil and mineral market has been increasing faster than any other region of the world.
This increased importance has sparked attention and competition between foreign
investors and global petroleum companies, often leading to mineral extraction in and
around protected areas (PAs) (Annan 2012; Janneh and Ping 2012; Osei and Mubiru
2010).
Investment from the oil industry in Sub-Saharan Africa has the potential to help
influence extensive economic development and infrastructure upgrades. However,
resource rich countries in Sub-Saharan Africa are often plagued by the resource curse.
The resource curse occurs when foreign investment in natural resources leads to stunted
economic growth, increased poverty, and environmental degradation (Oxfam America
2001; Pegg 2006). Skilled labor jobs are filled by non-local workers, and local
communities surrounding mining projects are met with overwhelmingly negative
environmental, economic, and social outcomes (Pegg 2006).
Consideration of the social impacts of extraction is particularly important in areas of
high ecological importance since mining infrastructure fragments and degrades natural
habitat through the creation of roads and railways (Edwards et al. 2014) and in the most
extreme cases can result in PA downgrading, downsizing, and degazettement (PADDD)
(Durán et al. 2013; Edwards et al. 2014). Industrial extraction and development were
responsible for 37.5% of all PADDD events in Africa, Asia, Latin America, and the
Caribbean between 1900 and 2010 (Mascia et al. 2014). Increased road and rail
coverage due to mining can also threaten PAs due to increased access to biodiverse
regions (Laurance et al. 2009), causing drastic change to land cover due to large human
migration into areas with low human population density (Laurance et al. 2014; Wilkie
and Carpenter 1999; Wilkie et al. 2000). The surge in human population and the
expansion of the human footprint in these rural landscapes can lead to an increase in
illegal bush meat hunting and timber extraction (Thibault and Blaney 2003; Suarez
et al. 2009). New roads and increased access near PAs open up new markets of
economic activity, added land conversion for farms, and loss of biodiversity (Prinsloo
et al. 2011). Large influxes of migrant worker populations will have dramatic impacts
on land use, human livelihoods, and ecosystems, both within and outside of PAs.
Increased population pressure and land use intensification surrounding PAs threatens
PA sustainability (Cincotta et al. 2000), alters ecological function and biodiversity
within PAs (Hansen and DeFries 2007), and may compromise PA-neighbor relations
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because of crop raiding by PA-protected wildlife on adjacent farms (Mackenzie and
Ahabyona 2012; Ryan et al. 2015; Ryan and Hartter 2012).
Human population increase adds pressure on biodiversity and access to resources
within and outside of PAs. However, the reasons and evidence for population growth
surrounding PAs, along with the pace and scale of this growth, are debated (Hartter
et al. 2015; Joppa et al. 2008; Salerno et al. 2014; Wittemyer et al. 2008). Population
growth may be a combination of factors of family and social ties, rather than
influence from the PA serving as an economic engine (Zommers and MacDonald
2012). There are three general models of population growth surrounding PAs: the
attraction model, the incidental model, and the frontier engulfment model (Scholte
and De Groot 2010). The attraction model views the economic and social benefits
provided by PAs to be drivers of increased population growth at their boundaries
(Wittemyer et al. 2008). Benefits offered by PAs include employment, health related
infrastructure from revenue sharing programs, and access to resource pools. Under
the incidental model, populations surrounding PAs can grow for reasons including,
but not limited to, being forcibly evicted from within the PA and relocating to the
edges, or existing population centers expanding up to the PA boundaries (Joppa et al.
2008). In times of conflict, PAs may become incidental areas of refuge (Debroux
et al. 2007; Hanes 2006; Oglethorpe et al. 2007). Lastly, the frontier engulfment
model occurs when an isolated PA is developed by an extractive frontier and
subsequent agricultural frontier (Scholte and De Groot 2010). An extractive frontier
can include logging and/or mineral extraction, while an agricultural frontier includes
cattle and/or cropping. In this model, increased population is first due to an increase
in-migrant worker populations, which is subsequently followed by farmers who
settle on the newly cleared land. Real-world examples can involve multiple components of each of the three models.
The theoretical framework guiding this paper follows the frontier engulfment model
outlined in Scholte and De Groot (2010). Following this model, we hypothesize that the
benefits from MFCA itself are not the main attractor of population growth to the
surrounding districts as it would be in the attraction model (Wittemyer et al. 2008), but
rather new and improved roads reaching areas once difficult to access facilitating
population growth and an agricultural frontier that follows the extractive frontier.
Additionally, human migration is also stimulated by the extractive industry due to
employment and increased land prices in the area. Additionally, we will analyze the oil
industry’s local impacts to better understand if social and economic benefits are
accruing at a local scale in the communities impacted by oil development.

Study context
Uganda is an important exemplar of mineral extraction in Sub-Saharan Africa, with
potential for impacts on livelihoods and biodiversity. Until the discovery of oil, Uganda
had little large-scale mineral and oil extraction. The start of commercial oil production
in 2018 offers long-term prospects to diversity the country’s economy, which has
largely depended on commodities. The increased value of land, potential economic
growth, and prospect of employment have driven human migration to the hotspots of
oil in western Uganda (Uganda Land Alliance 2011). While oil exploration is relatively
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recent, it is located primarily in and near PAs. The proximity to PAs marks an increased
interaction between two competing land uses.
In particular, the oil activities are happening in and around the Murchison Falls
Conservation Area (MFCA) boundary (Fig. 1). Established in 1952, MFCA is located
within the Albertine Rift, a biodiversity hotspot highly threatened by high human
population growth and land conversion to agriculture (Fisher and Christopher 2007;
Salerno et al. 2017). MFCA includes four different PAs (Fig. 1), with varying levels of
protection status: (1) Murchison Falls National Park (MFNP, IUCN Category II,
3840 km2); (2) Bugungu Wildlife Reserve (BWR, IUCN Category III, 748 km2); (3)
Karuma Wildlife Reserve (KWR, IUCN Category III; 720 km2); and (4) Budongo Forest
Reserve (BFR, IUCN Category III, 825 km2). MFNP is one of seven Ugandan national
parks located within the Albertine Rift and not only is predominantly a savannahwoodland landscape but also includes wetland and tropical forest habitats. Its habitats
are considered highly irreplaceable (Hartley et al. 2007). It is home to 780 species of birds,
mammals, reptiles, amphibians, and plants (Plumptre et al. 2003) and is of great ecological
importance due to the presence of numerous globally and regionally threatened species
(NEMA 2009). The only remaining, naturally occurring population of the Rothschild’s
giraffe (Giraffa camelopardalis rothschildi), an endangered sub-species with fewer than
470 wild individuals left, is present within MFCA (Fennessy and Brenneman 2010).
Multiple ethnic groups live within the greater MFCA landscape. The ethnic groups
with the highest proportion of residents in each district are the Alur and Jonam in Nebbi
(Fig. 1), the Acholi in Nwoya, the Langi in Oyam and Kiryandongo Districts, and the
Bunyoro and Bagungu in both Bulisa and Masindi Districts. Between 1986 and 2006,
Nwoya District was caught in a long running civil war with the Lord’s Resistance Army
(LRA). During this time, many people moved into internal displaced person (IDP)
camps, sought refuge in major towns like Gulu, or relocated to other districts within the
country. The conflict greatly changed the human landscape, resulting in an estimated
66,000 child abductions (United States Department of State 2012), along with the disc
placement of an estimated 1,700,000 people between 1986 and 2007 (UNOCHA
2005). Since the LRA left the area in 2006, the area has experienced a regrowth of
the human population, as people formerly in IDP camps have returned to this area, and
people from outside districts have migrated to the area seeking available land and
economic opportunity. The three districts of Bulisa, Nebbi, and Nwoya have had oil
development occurring within their administrative boundaries.
Commercially viable oil reserves in Uganda and the Lake Albert Nile were discovered in 2006. Initial estimates placed the reserves at 2.5 billion barrels of oil within the
Ugandan Albertine Rift, with a projected daily yield of 2–3.5 thousand barrels per day.
This would make Uganda the fifth largest oil producer in Africa (Vokes 2012) and
would garner approximately $2 billion USD per year over more than 20 years
(Shepherd 2013). Recently, these estimates have been revised upward by 85% to 6.5
billion barrels, and Tullow Oil has estimated that Uganda could earn up to $50 billion
from the reserves (Biryabarema 2014). While an initial projected production date was
slated for 2016 or 2017 (Barkan et al. 2011), this has been pushed back until at least
2018 due to weakened global oil prices (Graeber 2015).
Local communities surrounding PAs in Uganda face complex challenges, including
human-wildlife conflict due to crop raiding. This human wildlife conflict could be
exacerbated by wildlife displacement caused by seismic and industrial oil development
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Fig. 1 The Murchison Falls Conservation Area (MFCA) landscape, consisting of four separate parks: 1
Murchison Falls National Park, 2 Bugungu Wildlife Reserve, 3 Budongo Forest Reserve, 4 Karuma Falls
Wildlife Reserve

activities. Crop-raiding in Uganda near PA boundaries is a widespread concern (Hartter
2009; Kagoro-Rugunda 2004; Mackenzie and Ahabyona 2012). This is a prominent issue
for conservation, due to the importance of support from the local human population to
make successful conservation possible. Frustrations due to human-wildlife conflict can
induce local people to kill the raiding species (Sitati and Walpole 2006). This is particularly germane at MFCA, as the elephant population is reportedly increasing (Rwetsiba and
Nuwamanya 2010), and elephants are a primary crop-raider in this area. There have been
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considerable reports of crop raiding from communities surrounding MFNP (Marais et al.
2013), which has been identified as one of the key factors contributing to illegal hunting
(MTWA 2012; Olupot et al. 2009). This situation is important to note, since oil development has the potential to shift elephant ranges to peripheral areas of PAs due to loud noise
and seismic activities (Borasin et al. 2002; Prinsloo et al. 2011; Rabanal et al. 2010). This
may help to explain recent reported increases in crop-raiding and migration of elephants to
peripheral areas of MFNP, particularly in areas with increased human population since oil
development began (Emorut 2014).
Oil has had a history of influencing and shaping relationships between ethnic groups
in Sub-Saharan Africa (Casertano 2012; Ejobowah 2000). Influence from oil often
leads to claims of ethnic groups grabbing land, attempting to gain unfair political
advantages, and feeling entitled to payments for oil and mineral extraction based on
historical rights to land. Oil in Uganda is projected to have impacts on ethnic identity
and inter-ethnic relationships across Uganda, as well as historical ethnic claims to land
and revenue (Olanya 2015). Squatters have moved to areas that are considered oil rich
in hopes of receiving payment from the government for being located on the valuable
lands or benefiting from employment (Kathman and Shannon 2011). The Bunyoro
have become concerned with squatters coming to their land. They fear that the
migration of squatters to the area will eventually lead to job loss and weakened political
influence for the tribe. Revenue sharing mitigation plans are often plagued with
paradox (Kathman and Shannon 2011). On one hand, if revenue sharing is increased
with the Bunyoro, more migrants could be influenced to move to their area through the
pull factor. Under this circumstance, land and inter-ethnic conflicts could increase. On
the other hand, equal revenue sharing among all Ugandans could lead to further
disapproval by government of the local tribes in the oil developed areas. Currently,
there is increasing tension between the Acholi Kingdom (Nwoya District) and Bunyoro
Kingdom as oil activities near the production phase due to the Acholi feeling that they
are unfairly receiving less benefits and infrastructure than Bunyoro.

Materials and methods
Historical gridded population change analysis
Tracking historical populations in Africa is complicated by a lack of high-quality
spatial data. Changes and adjustments to administrative boundaries and the creation
of new administrative zones inhibit the use of raw census data to compare or assess
changes in population density within an administrative unit through time (Gould 1995).
We created gridded population datasets to track spatio-temporal changes in human
population density for the districts surrounding MFCA between 1969 and 2014. We
used official Ugandan census data to create 1-km gridded rural population density data
for the census years (which occur at roughly decade long intervals) 1969, 1980, 1991,
2002, and 2014. We included only rural areas in this analysis due to precedent of
previous studies on migration to PA boundaries (Wittemyer et al. 2008; Joppa et al.
2008; Scholte and De Groot 2010; Zommers and MacDonald 2012; Salerno et al. 2014;
Hartter et al. 2015), along with the fact that our land cover analysis extended just 5 km
outside of the MFCA boundary, thus omitting the majority of urban areas.
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Administrative boundaries were georeferenced (WGS 84) for each year to the smallest
possible administrative unit below district level, using historical maps. The maps were
obtained from the National Archives, the Surveys and Mapping Department Headquarters, and Uganda Bureau of Statistics (UBOS). We compiled census population data in
a GIS attribute table for each of the administrative regions for each year. We then
adjusted population density data in three ways to achieve rural population density: (1)
waterbodies were removed, due to lack of human habitation; (2) PAs were removed,
since by law no one can settle within a PA (although there are some limited exceptions);
and (3) both population counts and land from urban areas were removed, since our
study focuses exclusively on rural areas. Population density (people/km2) was
calculated within ArcGIS 10.3 (ESRI 2015). We performed a vector-to-raster conversion, using the maximum area function (population density values that covered the
majority of an individual pixel was assigned), and resampled to 1-km pixels. The mean
population density value was then calculated for each 2014 district boundary for each
census year to analyze change in population by district through time. The proportion of
total population under 18 years of age was calculated in each administrative unit for
2002 and 2014 (the only 2 years with comparable available census information based
on age) and was averaged over the district level to view any drastic increase or decrease
in births over the two census periods. This helps to better understand if migration is the
cause of population increase.
Land cover fragmentation analysis
To illustrate the impact of oil development on the natural landscape, we created two land
cover maps using 30-m Landsat imagery. We classified a February 06 2002 Landsat 5 TM
scene to represent pre-oil development conditions, along with a January 14 2014 Landsat
8 scene to represent current conditions, both of which were cloud-free over the study area.
We then classified the atmospherically corrected Landsat scenes using object oriented
classification (Blaschke 2010) with the random forest classifier (Breiman 2001;
Rodriguez-Galiano et al. 2012) in the software package eCognition v8 (Trimble 2014).
We used the multispectral segmentation platform in eCognition to segment the image into
image objects using the scale (size), shape, compactness, and spectral characteristics of the
image objects. We assessed the accuracy of the classification maps using error matrices
(Story and Congalton 1986; Congalton 1991; Congalton and Green 2009). The resulting
classifications comprised seven classes described in Table 1.
This classification was recoded into a binary map of developed and natural land classes
for this paper. By reducing the number of classes in the map, it is easier to understand and
interpret the total increase in developed land and reduction of natural lands within the
study area. A conceptual diagram of the classification process can be found in Fig. 2.
These methods and resulting analyses are described more fully in Dowhaniuk (2016).
We then analyzed our land cover maps using Fragstats v4 (McGarigal et al. 2012),
so we could understand the changes in total land cover and fragmentation in the
developed and natural land cover classes within each district surrounding MFCA.
Fragstats uses spatial statistics to compute metrics of thematic land cover maps at the
landscape, class, and patch level. We calculated the following five metrics (one class
level and four patch level metrics) for each district for each imagery date to quantify
changes in patch size, shape, and isolation, with metric units in parentheses:
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Table 1 Land cover types and descriptions used in land cover classification map creation
Land cover

Description

Water

Open water (stream, rivers, lakes)

Savanna woodland

Tree cover of 50–100%, but with noticeable residence of grasses
and shrubs and no closed canopy

Forest

~ 100% tree cover with predominantly closed canopy

Wetland

Soil or substrate periodically saturated or covered with water
and predominate vegetation are hydrophilic

Savanna grassland

Tree cover of less than 50%, with landscape dominated by grasses.
Includes open shrubland areas

Agriculture

Greater than 50% cover by agriculture, including both industrial
agriculture and village-agriculture mosaics

Developed

Areas characterized by greater than 30% of constructed materials
(including buildings, concrete, and asphalt)

1. Class area (ha) and percentage of landscape (%): How much of the landscape is
comprised of a class.
2. Number of patches (n): Number of individual patches within a class type.
3. Mean patch size (ha): The average of the size of each patch within a class type.
4. Mean shape index (no units): The average shape of an individual patch within a
class type; equal to the patch perimeter divided by the square root of the patch area.
When the shape index equals 1, the patch is square. The higher the value above 1,
the more irregular a patch shape becomes.
5. Connectedness (no units): A measure of the spatial connectedness of each individual patch within a class type.
Object-Oriented Image Analysis
(Blaschke 2010) using eCognion
(Trimble 2014).

Corrected
Imagery

Binary
Classification

Seven Class
Classification

Water
(background
in analysis)

Agriculture/
Village
Mosaic

Image
Objects

Random Forest classiﬁer
(Breiman 2001; RodriguezGaliano et al. 2012)

Burned

Non-Burned

Developed

Developed

Savanna
Woodland

Forest

Wetland

Savanna
Grassland

Natural

Fig. 2 A conceptual model of the classification process. Object-oriented image analysis using the random
forest classifier in the program eCognition was used to classify the satellite imagery into seven land cover
classes: 1 water, 2 agriculture/village mosaic, 3 developed, 4 savanna woodland, 5 forest, 6 wetland, 7 savanna
grassland. The seven class land cover classification was recoded into a binary classification of developed and
natural land cover classes
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Group and key informant interviews
We used semi-structured group and key informant interviews to understand the context
and drivers of human population growth and land conversion in this area of Uganda
and what events have had the greatest perceived impact on land cover change. We used
key informant interviews due to the fact that community leaders could efficiently and
reliably answer questions regarding large demographic and social impacts of oil
development within their communities. Group interviews were used to supplement
the perspectives of our key informants with those of the general public. Interviews were
conducted between May to August 2014. Key informant interviews were conducted
with local government officials: Local council 1 (LC1, village) chairperson, local
council 2 (LC2, parish) chairperson, local council 3 (LC3, sub-county) chairperson,
local council 5 (LC5, district) chairperson, resident district commissioner (RDC), and
district security officer (DiSO). A local interpreter was hired to translate the questions
and subsequent responses between English and various local languages (e.g., Runyoro,
Luo, Swahili, Luganda) spoken among the community members. The interview questions covered topics of marriage, migration, armed conflict, potential push-pull factors
related to migration, and the perceived impacts of human population growth on local
communities and the landscape. Locations of the interviews were selected opportunistically, based on village and town proximity to MFCA boundary (≤ 5 km) and
availability of the government officials.
After we completed a key informant interview with the LC1 chairman, we requested
the LC1 chairman to recruit a group of ten village residents, half men and half women,
to participate in the group interview, which generally occurred the following day. Due
to restrictions in community access, we felt it necessary to rely on our key informants to
select community members since they have in-depth knowledge of the community
which we lacked as outsiders. Based on our reliance on a Bgate-keeper^ to select group
interview participants, there is potential bias within our group interview data collection.
As a result of the community-oriented nature within this region, we often had higher
participation within communities and a higher proportion of men than women participating in the interview. Transcripts of each interview were coded into a two-level
coding structure. After the transcripts were coded, thematic interpretations of the
interviews were created to provide a narrative of influences on land cover change
and population growth within and outside of MFCA.

Results
Population change analysis
Human population growth showed spatial variation (Fig. 3). Each district surrounding
MFCA exhibited unique changes in population density between each census years
(Fig. 4). Raw population density values for each district are given in Table 2 and
percent change in population density between census years (along with proportional
change in mean population of 18-year old and under population) in Table 3. There was
a large difference in population density growth between the oil-developed districts of
Bulisa, Nebbi, and Nwoya and the non-oil-developed districts of Kiryandongo, Oyam,
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and Masindi between 2002 and 2014. All districts, except for Nwoya and Oyam, had a
reduction in the mean proportion of under 18-year olds between 2002 and 2014.
The three oil-developed districts had different population trends between 1969 and
2002. However, all three had noticeably large increases in population density between
2002 and 2014, compared to historical trends. In Bulisa, there was smaller growth in
population density between census dates 1969 and 2002. For instance, between 1969
and 1980, population density in Bulisa increased by 56.5%. Then, between 1980 and
1991, population density decreased by 38.9% in Bulisa. Between 1991 and 2002,
population density increased by 31.6%. By 2014, population density had increased
another 65.2%. In Nebbi District, population density increased consistently. Between
1969 and 1980, the population density increased by 9.1%. By 1991, it had increased by
25.1%, and then by 2002, it increased another 30.1%. Between 2002 and 2014,
population density increased by 61.1%. Between 1969 and 1980, Nwoya District had
a 14.4% growth in population density. At the 1991 census, the population density had
decreased by 32.0%. In 2002, the population density started to rise again, with an
increase in population density of 8.1%. Finally, by 2014, the population density started
to grow at a very fast rate, increasing by 169.9% from 2002.
Non-oil developed districts exhibited slower growth during the most recent
census interval. Between 1969 and 2002, the population density in Kiryandongo
increased by 15.4%. By 1991, there was a 62.56% increase in population density.
Between 1991 and 2002, the population density of Kiryandongo increased
1969

1980

1991

2014

Population Density
(People per Sq. Km)

NWOYA
NEBBI

BULISA

Oyam

Kiryandongo
Masindi
0 10 20

2002

40 Miles

0-5

75 - 100

5 - 10

100 - 150

10 - 15

150 - 250

15 - 20

250 - 500

20 - 25

500 - 750

25 - 50

750 - 1000

50 - 75

> 1000
MFCA
Lake Albert

Fig. 3 Population density in the six districts surrounding Murchison Falls Conservation Area (MFCA),
between 1969 and 2014. Oil-developed districts denoted by all capital letter, while non-oil-developed districts
are denoted by lowercase names
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BULISA
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Fig. 4 Population density in the six districts surrounding Murchison Falls Conservation Area, between 1969
and 2014. Oil-developed districts (Bulisa, Nebbi, and Nwoya) denoted by all capital letter names, while nonoil-developed districts (Kiryandongo, Masindi, and Oyam) are denoted by lowercase names. The average
population of Uganda is denoted by the large, thick gray line on each plot, while individual districts are
denoted by dashes (–) lines

substantially by 124.4%, before the district experienced a decline in population
density between 2002 and 2014 of 5.7%. Between 1969 and 1980, Masindi’s
population density increased by 67.1%. This followed a muted growth between
1980 and 1991 of 11.1%, before there was a greater growth of 52.4% between
1991 and 2002. Between 2002 and 2014, there was a 38.5% increase in population
density within the district. Finally, Oyam experienced a 60.9% increase in population
density between 1969 and 1980. Between 1980 and 1991, the district’s growth rate
was 46.2%, before increasing 51.6% by 2002. Between 2002 and 2014, Oyam’s
population density increased by 41.5%.
Uganda’s country-wide percent population density growth rates between the 1969
and 1980 census years increased by 33.3%. Between the 1980 and 1991 census
Table 2 Population density (km2) values for each district surrounding Murchison Falls Conservation Area
and for all of Uganda for each census year between 1969 and 2014. Oil-developed districts denoted by all
capitalized and bolded names
Year

BULISA

Kiryandongo

Masindi

NEBBI

NWOYA

Oyam

Uganda

1969

43.0

25.2

32.3

67.3

17.9

34.7

48.0

1980

67.3

29.0

54.0

73.4

20.5

55.8

64.0

1991

93.4

47.2

48.0

91.8

13.9

81.6

85.0

2002

123.0

105.8

73.1

119.4

15.0

123.7

123.0

2014

203.2

111.9

101.3

192.3

40.5

172.9

174.0
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Table 3 Percent change in population density (people per square kilometer) for each district surrounding
Murchison Falls Conservation Area and all of Uganda for comparison for each census year between 1969 and
2014. Oil-developed districts denoted by all capitalized and bolded names. Change in the percentage of
population under 18 years old within each district between 2002 and 2014 is in the last row
Year

Bulisa

Kiryandongo Masindi Nebbi

Nwoya

Oyam OilNon-oil- Uganda
developed developed

1980

56.5%

15.4%

67.1%

9.1%

14.4%

60.9% 25.7%

50.5%

33.3%

1991

38.9%

62.6%

11.1%

25.1%

− 32.0% 46.2% 23.5%

27.4%

32.8%

2002

31.6%

124.4%

52.4%

30.1%

8.1%

51.6% 29.3%

71.2%

44.7%

2014

65.2%

5.7%

38.5%

61.1%

169.9%

39.8% 69.3%

27.5%

41.45%

Δ in % of
under
18 YO
(2002–2014)

− 0.6% − 1.1%

− 4.8%

− 1.8% 13.5%

0.9%

− 1.6%

− 3.4%

3.7%

dates, the country’s growth rate was 32.8%. Between the 1991 and 2002 census
dates, the population density increased by 44.7%. Between 2002 and 2014, the
population density of Uganda increased by 41.5%.
Land cover fragmentation analysis
The overall accuracy of the 2002 and 2014 classifications is 82.6 and 84.6%,
respectively. Land cover conversion and fragmentation varied considerably across
the districts surrounding MFCA (Fig. 5; Table 4), with oil-developed districts
suffering the greatest loss of natural land cover, along with the largest increases in
developed land cover. Additionally, all oil-developed districts had higher increases
in natural area patches compared to the non-oil-developed districts, representing
increased fragmentation.
Oil-developed districts
Nwoya District had the largest increase in developed land area out of all districts at
+ 1994%, with a decrease in natural area of 28%. Nwoya also had the highest change
in both developed and natural patches at + 345 and + 384%, respectively. Additionally, Nwoya had the largest decrease in mean patch size in both the natural and
developed classes at + 360 and − 85%, respectively. Mean shape increased by + 21%
in the developed class, while increasing only + 3% in the natural class. Contiguity
decreased by − 62% in the developed class and − 72% in the natural class. In Bulisa,
the increase in developed land was + 33%, while there was a decrease in natural land
of − 14%. Patch area increased by + 145% in the natural class and + 213% in the
developed class in Bulisa. The change in mean patch size in Bulisa decreased by
− 65% in the natural class and − 57% in the developed class. The mean shape in
Bulisa in the natural class increased by + 4%, while decreasing by − 17% in the
developed class. Contiguity decreased by − 40% in the natural class and decreased in
the developed class by − 34%. In Nebbi, there was a decrease in total area of the

Popul Environ (2018) 39:197–218

209
2000

20

25

300

300
10

1500

0

1000

0
200

200

−25

100

100
−10

−50

500

0

0

Percent.Change

−20
0
BU Ki Ma MF NE NW Oy

BU Ki Ma MF NE NW Oy

BU Ki Ma MF NE NW Oy

BU Ki Ma MF NE NW Oy

BU Ki Ma MF NE NW Oy

Developed

Developed

Developed

Developed

Developed

CON

MPA

MS

TA

TP

0

Landcover
Developed
Natural

400

0

0
15
300

−20

−20

−10
10
−40

200

−20

−40
5
−60

100

−30
−60
0
−80

0

−40
BU Ki Ma MF NE NW Oy

BU Ki Ma MF NE NW Oy

BU Ki Ma MF NE NW Oy

BU Ki Ma MF NE NW Oy

BU Ki Ma MF NE NW Oy

Natural

Natural

Natural

Natural

Natural

CON

MPA

MS

TA

TP

District

Fig. 5 Percent change in connectivity (CON; unitless), mean patch area (MPA; ha), mean shape (MS;
unitless), total class area (TA; ha), and total patches (TP; n) for each land cover type landcover type
(developed/natural) between 2002 and 2014 for all six districts surrounding Murchison Falls Conservation
Area. Oil-developed districts denoted by all capital letter name, while non-oil developed districts are denoted
by lower-case names

natural class by − 20% and an increase in developed area by + 26%. Change in patch
number increase by + 93% in the natural class and + 11% in the developed class. The
mean patch size in Nebbi decreased in the natural class by − 58%, while increasing
by + 14 in the developed class. Mean shape in Nebbi decreased by − 2% in the
natural class and − 6% in the developed class. Finally, contiguity decreased by − 33%
in the natural class and increased by + 5% in the developed class within Nebbi.
Non-oil-developed districts
In Masindi, there was an increase in developed land of + 29% and a decrease in
natural land of − 40%. Change in total patches in the natural and developed class was
+ 69 and − 44%, respectively. Additionally, there was a decrease in mean patch size
in the natural class of − 65% and an increase in the developed class of + 130%. Mean
shape increased by + 12% in the natural area and decreased by − 22% in the
developed class in Masindi. Connectivity in Masindi decreased by − 34% in the
natural area and increased by + 27% in the developed area. Kiryandongo had an
increase in natural class of + 2% and a decrease in the developed class of − 1%.
Kiryandongo also became increasingly fragmented, with an increase in total patches
in the natural and developed classes of + 47 and + 55%, respectively. Mean patch
size decreased for both the natural and developed classes at − 31 and − 36%,
respectively. Finally, Oyam had a decrease in natural area of − 14% and an increase
in developed area of + 8%. Total patches in Oyam increased in both the natural and
developed classes by + 2 and + 52%, respectively. Mean patch size decreased by
− 16% in the natural class and − 29% in the developed class.
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Table 4 Percent change in total area (TA; ha), total patches (TP; n), mean patch size (MPS; ha), mean shape
(MS; no units), and connectivity (CON; no units) for natural (N) and developed (D) landcover classes (LC) for
each district surrounding Murchison Falls Conservation Area between 2002 and 2014, separated by oil
developed and non-oil developed districts
Oil developed
Bulisa
Natural

Developed

2002

2014

TA

27,304.2

23,385.6

TP

215.0

526.0

Δ%

Δ%

2002

2014

− 14%

11,798.0

15,746.7

33%

145%

61.0

191.0

213%

MPA

127.0

44.5

− 65%

193.4

82.4

− 57%

MS

1.8

1.9

4%

2.3

1.9

− 17%

3.6

2.1

− 40%

4.8

3.2

− 34%

2002

2014

Δ%

2002

2014

Δ%

552,994.5

550,453.6

0%

1871.5

4313.4

130%
66%

CON

MFCA
Natural
TA

Developed

TP

127.0

273.0

115%

666.0

1106.0

MPA

4354.3

2016.3

− 54%

2.8

3.9

39%

MS

1.5

1.8

18%

1.6

1.9

18%

CON

5.0

2.5

− 50%

0.7

0.6

− 25%

2002

2014

Δ%

2002

2014

Δ%

TA

6467.3

5195.2

− 20%

4804.8

6067.8

26%

TP

54.0

104.0

93%

46.0

51.0

11%

MPA

119.8

50.0

− 58%

104.5

119.0

14%

Nebbi
Natural

Developed

MS

2.0

1.9

− 2%

2.2

2.1

− 6%

CON

10.3

6.9

− 33%

8.9

9.3

5%

2002

2014

Δ%

2002

2014

Δ%

59,323.0

42,639.4

− 28%

856.2

17,502.8

1944%

TP

103.0

499.0

384%

101.0

449.0

345%

MPA

576.0

85.4

− 85%

8.5

39.0

360%

Nwoya
Natural
TA

Developed

MS

1.7

1.8

3%

1.7

2.0

21%

CON

5.9

1.6

− 72%

4.0

1.5

− 62%

Non-oil developed
Kiryandongo
Natural
TA

Developed

2002

2014

Δ%

2002

2014

Δ%

10,191.4

10,386.6

2%

22,193.3

21,988.4

− 1%

TP

403.0

591.0

47%

60.0

93.0

55%

MPA

25.3

17.6

− 31%

369.9

236.4

− 36%
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Table 4 (continued)
Oil developed
Bulisa
Natural
2002

Developed
2014

Δ%

2002

2014

Δ%

MS

1.8

1.9

5%

2.5

2.2

− 12%

CON

2.3

2.0

− 11%

7.0

4.8

− 31%

2002

2014

Δ%

2002

2014

Δ%

TA

16,851.7

10,118.7

− 40%

22,615.7

29,260.4

29%

TP

498.0

843.0

69%

151.0

85.0

− 44%
130%

Masindi
Natural

Developed

MPA

33.8

12.0

− 65%

149.8

344.2

MS

1.7

1.9

12%

2.6

2.0

− 22%

CON

2.0

1.4

− 34%

3.2

4.1

27%

2002

2014

Δ%

2002

2014

Δ%

3252.6

2787.9

− 14%

5796.9

6267.3

8%
52%

Oyam
Natural
TA

Developed

TP

121.0

124.0

2%

21.0

32.0

MPA

26.9

22.5

− 16%

276.0

195.9

− 29%

MS

1.9

1.9

− 1%

2.5

2.1

− 16%

Group and key informant interviews
We conducted a total of 37 interviews across all districts surrounding MFCA,
including 13 group interviews, along with key informant interviews with 15 LC1,
one LC1 secretary, four LC3, one LC5, one district security officer, one NGO, and
one UWA official. Key informant interviews normally lasted 20 min, while group
interviews normally lasted 45 min. The total group interview participants included
171 men and 112 women, averaging 13 men and 9 women per group. The
percentage of women in the group interviews ranged from 21 to 66%. The
majority of respondents were identified as either farmers or fishermen. The
amount of discussion among group participants and government officials regarding oil development varied by district, and it was apparent from the interviews that
the oil activities were having large effects on Bulisa, Nebbi, and Nwoya Districts,
with minimal impacts on the districts of Kiryandongo, Masindi, and Oyam. There
were five prominent themes were common in oil-developed districts: migration
and land conflict due to oil development, inadequate compensation schemes, lack
of employment in the oil industry, increased prostitution and disease transmission
within oil-developed areas, and negative impacts to women’s education due to
teen pregnancy.
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Discussion
The MFCA landscape represents a complex and rapidly changing region. There are two
major reasons for the large changes in human migration and population growth within
this area during our study time period of 1969–2014. The first is the LRA occupation of
northern Uganda. This precipitated the departure and then return of populations of
refugees from northern Ugandan districts. Added to this are refugees from the conflicts
in the eastern Democratic Republic of the Congo (DRC). A large number of refugee
camps are located within the district of Kiryandongo (UNHCR 2015), which has led
Kiryandongo to have a unique growth in population density between the 1992 and
2002 census (124.4%), differing from the Uganda-wide average (44.7%). The large
spike in population density within Kiryandongo leveled off between the 2002 and 2014
census. The low growth in Kiryandongo between the 2002 and 2014 period is likely
due people returning to northern districts of Uganda (such as previously unstable
Nwoya). As security in the Eastern DRC has improved, Congolese refugees have
started to return home (UNHCR 2015). The rebel activity also explains the low
population growth rates in Nwoya District between 1982 and 2002, when the LRA
had its largest and most threatening presence in the area. The population in Nwoya has
rebounded since security returned to the area in 2006. The increase in the proportion of
under 18-year olds in Nwoya is likely due to conflict migration.
The second event that had a major demographic impact on this region (and most
pertinent to this paper) is the discovery of oil in 2006. While human population
growth in the non-oil developed districts followed the national average of Uganda
since 2002 (Fig. 4), average growth rates in oil-developed districts were much higher
(73%) than in non-oil developed districts (29%). Greater land cover change and
fragmentation also occurred in oil-developed districts, manifesting as greater increases in number of patches, a decrease in patch area, and increased isolation of
natural areas. Our developed land cover class included both agriculture and infrastructure (including roads), underscoring the mechanisms of increasing fragmentation due to increases in roads and growth in small-holder agriculture. While both
Kiryandongo and Oyam had much lower percentages of decrease in natural land than
oil developed districts, the non-oil-developed district of Masindi had a larger decrease in natural area compared to any other district. Masindi also had a much
smaller increase in total patches in both classes and an increase in patch size of the
developed class. The type of fragmentation exhibited in Masindi is much different
from all other districts in this study. Fragmentation seen in Masindi may illustrate the
impacts of commercial sugarcane agriculture within Masindi, or outgrowth from
Masindi Town Center (currently the fourth fastest growing municipality in Uganda
between 2002 and 2014, at 8.9% growth). Outgrowth of the large sugarcane plantations would likely show up as much less fragmented and more simple shape on
fragmentation metrics than subsistence agricultural growth (large areas of converted
swaths, rather than of smaller, fragmented fields).
Industrial and development activities often result in agricultural expansion through
increased road networks and access to locations that were previous difficult to reach
(Wilkie et al. 2000). In areas where population growth, agricultural potential, and
biodiversity are high, increased access to isolated areas can create regions where
development can be detrimental to important ecological areas (Laurance et al. 2014).
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Increased road networks due to agricultural expansion is exhibited within the results of
our study, as the oil-producing districts had the highest proportional increase in both
road network and conversion of natural land. Much of the areas with higher proportional conversion of natural lands straddled new roads often in areas that were likely
difficult to access prior to road expansion (highlighted in Fig. 6 inset A). This figure
illustrates a new road with development straddling it in 2014 that was absent in 2002.
Since much of this land conversion is occurring at PA boundaries, the roads from oil
development could further lead to the isolation of MFCA. This rapid growth of small
holder agriculture in the area mirrors the agricultural frontier expansion that follows the
extractive frontier in the frontier engulfment model (Scholte and De Groot 2010). While
the MFCA landscape was not an isolated frontier when oil development began, we
argue the agricultural frontier is expanding at a micro-scale, where the extractive
industry is influencing a new agricultural frontier in regions that were difficult to access
prior to new road development from the extractive industry.
PA isolation is an issue of road development, population growth, and agricultural
land cover conversion continent-wide (Newmark 2008). The high rates of natural
land conversion and human population growth within a 5-km radius outside of
MFCA in the oil-developed districts shows that the impact human activities are
having in further isolating MFCA. Isolation (also known as islandization) of PAs due
to land conversion in the areas surrounding PA boundaries reduces the ability of PAs
to maintain ecological processes and maintain species richness (DeFries et al. 2005).
Anthropogenic influences that extend from the surrounding landscape into a PA
boundary are known as edge effects (Woodroffe and Ginsberg 1998; Laurance
2000). Fuda et al. (2016) found as much as 40% of MFCA to be impacted by edge
effects, largely resulting in loss of productivity due to population growth. Therefore,
the potential of oil development to bring increased population pressure and land use
intensification on the land surrounding MFCA could result in a direct impact on
productivity within the PA.
It appears that the prospects of inflated land prices have been at least partially
driving migration to the oil-developed districts. Investors have exploited the communal
land tenure system in Bulisa District to gain land for cheap (Ssebuyira 2013). A 50m × 100-m plot in Bulisa Town Council has skyrocketed from 500,000 Ugandan
Shillings (UGX) to 3–5,000,000 UGX (exchange rate June 2016: 1 USD = 3400 UGX)
since the discovery of oil, (Ssekika 2011) as a result of high demand. Our interviews
found similar situations occurring within Nwoya and Nebbi Districts. One LC5 in an
oil developed district is worried about the impact of individuals selling plots due to the
oil prospecting, while also highlighting the fact that oil prospecting is causing people to
settle on land up to the MFCA border on the Nile River.
Oil has also affected us and the land. People think that oil is in the community,
but for now, oil is in the park. People were anticipating oil in the land, and had big
dreams of becoming rich. They would purchase land in hopes of royalties from
the oil companies finding oil on their land. This attracted people from other parts
of the country to buy land, and speculators have purchased small plots up to the
Nile … People are heading towards danger. They are selling their land very
cheaply because they want to get money. This will cause problems for the next
generation, because they will have nothing, nowhere to settle (LC 5, 6/27/14)
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Inset A

Reclaimed or Rested Land
No Difference
New Development

0

20

40 KM

Fig. 6 Raster difference of 2014 and 2002 developed and natural binary classification, showing reclaimed
land (green), new development (orange), and no change (gray). Inset a shows development surrounding roads
built between 2002 and 2014 (black lines)

Since much of the land ownership within this region is allocated through subsequent
generations of family (plots being split and given to children by their father), future
generations may not have rural land to settle.
It is important to keep in mind the limitations associated with this study. There are
potentially confounding influences on population change within the MFCA landscape.
The fact that the long running civil war with the LRA ended at the same time of oil
discovery points to this issue, and the sugarcane industry in Masindi District and the
potential pull of MFCA should not go unmentioned. Additionally, it is possible that
proximity to existing, dense population centers had an impact on higher historical
population growth rates in certain districts more than others (Mwesigye and Matsumoto
2016). Due to the delayed release of the full 2014 Ugandan Population Census, we
could not create gridded population data based on ethnicity and age. These are two
important variables in understanding how much growth is likely due to migration, and
how much is due to natural population growth. The complete census was initially due
to be released at in 2015. However, at the time of submission, it is still not available.
Other projected data sources on age and ethnicity of Uganda are not be appropriate for
this project, as they were created prior to the post-conflict regrowth and discovery of oil
in the MFCA landscape. Therefore, when the full 2014 census is finally released, we
will create additional gridded geospatial data to help analyze inter-regional migration
patterns and temporal age structures to the MFCA districts. Although these limitations
exist, we feel this article is important to facilitate a discussion on the impact of oil

Popul Environ (2018) 39:197–218

215

development on both the demographic and natural landscape surrounding a PA of high
ecological and economic importance such as MFCA.
At the time of submission of this article, oil development news has become
increasingly prominent. In August 2016, not only has the Ugandan Government
officially granted production licenses to total in the three oil blocks within the MFCA
landscape (outlined in gold in Fig. 1), they have also moved forward with plans of
granting six additional exploration licenses for blocks surrounding the Albertine
Graben to three Nigerian and one Australian oil company. One of the new exploration
blocks, BNgaji,^ is located on the border of the DRC and covers a portion of Queen
Elizabeth National Park and Lake Edward. A consortium of more than 60 tourism
operators, NGOs, and UNESCO had initially put pressure on the Ugandan government
and oil companies to not seek plans to drill within this block due to its location within
QENP and Lake Edward, which subsequently shares habitat with UNESCO World
Heritage Site, Virunga National Park (home to the famous Mountain Gorillas). While
oil companies were initially reluctant to pursue drilling in this area, they have now
proceeded, and more PAs within Uganda could experience the type of oil activities that
have occurred within MFCA.

Conclusions
This study highlights the differences in land cover and human population growth between
oil developed districts and non-oil-developed districts surrounding the PA. First, the land
cover in oil-developed districts is being converted and fragmented at a faster pace than
non-oil developed districts. Along with land cover, human population is also growing
faster in oil-developed districts than non-oil developed districts. Increased land cover
change and human population growth highlight both direct (oil infrastructure) and indirect
(migration and human population growth associated with oil being a pull factor) impacts
of oil development on the landscape level. New roads in oil-developed districts have
resulted in areas of agricultural growth in previously isolated areas, representing growth
that is conducive to the extractive frontier model outlined in Scholte and De Groot (2010).
Oil development is also bringing with it unique challenges to local communities. Increases
in the price of land and prospect owning oil rich land in oil-developed districts have
resulted increased land grabbing and conflict.
Oil and mineral development in PAs is not just confined to Uganda and east Africa;
it has a far greater global reach and potential impact. More than one quarter of
UNESCO World Heritage sites are under threat from mining and energy activities
(IUCN 2015; UNESCO 2009), with 27% of the world heritage sites under threat in
Sub-Saharan Africa (Osti et al. 2011). Elsewhere in the world, extractive activities and
development are coinciding and directly impacting conservation efforts. Oil and gas
concessions currently overlap 17% of the PAs in the Peruvian Amazon, while hydrocarbon activities cover 72% of the Peruvian Amazon (Finer and Orta-Martinez 2010).
Our article provides an example of how industrial oil development can impact a
conservation landscape. The better we understand these influences of population
change in the MFCA, the better we can understand and plan for the impacts of
industrial development, and the impacts it has on human livelihoods, in and around
important conservation areas.

216

Popul Environ (2018) 39:197–218

Acknowledgements To all of the individuals in the Uganda Wildlife Authority at MFCA, we extend our
sincere appreciation for all of your help and for allowing us to work within the park boundaries of the
protected area. We would also like to extend our sincere appreciation to our excellent field staff. Additionally,
thank you to Rebecca Fuda for her field support. Finally, we would like to thank the National Geographic
Society for their continued support of this project.

Funding information This work was supported by a National Science Foundation Coupled NaturalHuman Systems grant (#1114977), a Young Explorer Grant from the National Geographic Society’s
Committee for Research and Exploration (#9551-14), and a New Hampshire NASA Space Grant
Consortium Graduate Fellowship.

References
African Development Bank. (2014). Tracking Africa’s progress in figures. Tunis: African Development Bank.
Annan, K. (2012). Momentum rises to lift Africa’s resource curse. New York Times.
Barkan, J. D., Cooke, J. G., Downie, R. (2011). Uganda: assessing risks to stability: a report of the CSIS Africa
Program. Center for Strategic and International Studies.
Biryabarema, E. (2014). Uganda ups oil reserves estimate by 85 pct, finds natural gas. Reuters.
Blaschke, T. (2010). Object based image analysis for remote sensing. ISPRS Journal of Remote Sensing 65(1):
2–16.
Borasin, S., Foster, S., Jobarteh, S., Link, N., Miranda, J., Pomeranse, E., & Somaia, P. (2002). Oil: a life cycle
analysis of its health and environmental impacts. Boston: The Center for Health and the Global
Environment, Harvard Medical School.
Breiman, L. (2001). Random forests. Mach Learn, 45, 5–32.
Casertano, S. (2012). Our land, our oil!: natural resources, local nationalism, and violent secession. Springer
Science & Business Media.
Cincotta, R. P., Wisnewski, J., & Engelman, R. (2000). Human population in the biodiversity hotspots. Nature,
404(6781), 990–992.
Congalton, R. G. (1991). A review of assessing the accuracy of classification of remotely sensed data. Remote
Sens Environ, 37(1), 35–46.
Congalton, R. G., & Green, K. (2009). Assessing the accuracy of remotely sensed data: principles and
practices (2nd ed.). Boca Raton: CRC Press.
Debroux, L., Hart, T., Kaimowitz, D., Karsenty, A., Topa, G. (2007). Forests in post-conflict Democratic
Republic of Congo: analysis of a priority agenda. CIFOR, The World Bank, CIRAD, Bogor, Indonesia.
DeFries, R., Hansen, A., Newton, A. C., & Hansen, M. C. (2005). Increasing isolation of protected areas in
tropical forests over the past twenty years. Ecol Appl, 15(1), 19–26.
Dowhaniuk, N. (2016). Assessing the impact of industrial oil development, human population growth, and
post-conflict regrowth in an African biodiversity hotspot (thesis). Durham: University of New Hampshire.
Durán, A. P., Rauch, J., & Gaston, K. J. (2013). Global spatial coincidence between protected areas and metal
mining activities. Biol Conserv, 160, 272–278.
Edwards, D. P., Sloan, S., Weng, L., Dirks, P., Sayer, J., & Laurance, W. F. (2014). Mining and the African
environment. Conserv Lett, 7(3), 302–311.
Ejobowah, J. B. (2000). Who owns the oil?: the politics of ethnicity in the Niger Delta of Nigeria. Africa
Today, 47(1), 28–47.
Emorut, F. (2014). Three men killed by stray elephants. New vision.
ESRI. (2015). ArcGIS desktop (version release 10.3). Redlands: Environmental Systems Research Institute.
Fennessy, J., Brenneman, R. (2010). Giraffa camelopardalis ssp. rothschildi. Retrieved from www.iucnredlist.
org
Finer, M., & Orta-Martinez, M. (2010). A second hydrocarbon boom threatens the Peruvian Amazon: trends,
projections, and policy implications. Environ Res Lett, 5(1), 1–10.
Fisher, B., & Christopher, T. (2007). Poverty and biodiversity: measuring the overlap of human poverty and
the biodiversity hotspots. Ecol Econ, 62(1), 93–101.
Frynas, J. G., & Paulo, M. (2007). A new scramble for African oil? Historical, political, and business
perspectives. Afr Aff, 106(423), 229–251.
Fuda, R. K., Ryan, S. J., Cohen, J. B., & Hartter, J. (2016). Assessing impacts to primary productivity at the
park edge in Murchison Falls Conservation Area. Uganda Ecosphere, 7(10), e01486. https://doi.
org/10.1002/ecs2.1486.

Popul Environ (2018) 39:197–218

217

Gould, W. T. S. (1995). Migration and recent economic and environmental change in East Africa. The
Migration Experience in Africa, 122–145.
Graeber, D. J. (2015). Uganda not yet ready for oil prime time. United Press International.
Hanes, S. (2006). Loss of trees, loss of livelihood. Pulitzer Center on Crisis Reporting.
Hansen, A. J., & DeFries, R. (2007). Ecological mechanisms linking protected areas to surrounding lands.
Ecol Appl, 17(4), 974–988.
Hartley, A. J., Nelson, A., Mayaux, P., Grégoire, J.-M. (2007). The assessment of African protected areas: a
characterisation of biodiversity value, ecosystems and threats to inform the effective allocation of
conservation funding.
Hartter, J. (2009). Attitudes of rural communities toward wetlands and forest fragments around Kibale
National Park, Uganda. Hum Dimens Wildl, 14(6), 433–447.
Hartter, J., Ryan, S. J., MacKenzie, C. A., Goldman, A., Dowhaniuk, N., Palace, M., & Chapman, C. A.
(2015). Now there is no land: a story of ethnic migration in a protected area landscape in western Uganda.
Popul Environ, 36(4), 452–479.
Holodny, E. (2015). The 13 fastest-growing economies in the world. Business Insider.
IUCN (2015). Discussion paper: balancing the eploitation of mineral and hydrocarbon resources with
conservation of biodiversity.
Janneh, A., Ping, J. (2012). Africa as a pole of global growth. AU Conference of Ministers of Economy and
Finance and ECA Conference of African Ministers of Finance, Planning and Economic Development.
Joppa, L. N., Loarie, S. R., & Pimm, S. L. (2008). On the protection of Bprotected areas^. Proc Natl Acad Sci,
105(18), 6673–6678.
Kagoro-Rugunda, G. (2004). Crop raiding around Lake Mburo National Park, Uganda. Afr J Ecol, 42(1), 32–41.
Kathman, J., & Shannon, M. (2011). Oil extraction and the potential for domestic instability in Uganda.
African Studies Quarterly, 12(3), 23.
Laurance, W. F. (2000). Do edge effects occur over large spatial scales? Trends in Ecology and Evolution, 15,
134–135.
Laurance, W. F., Goosem, M., & Laurance, S. G. (2009). Impacts of roads and linear clearings on tropical
forests. Trends Ecol Evol, 24(12), 659–669.
Laurance, W. F., Clements, G. R., Sloan, S., O’Connell, C. S., Mueller, N. D., Goosem, M., et al. (2014). A
global strategy for road building. Nature, 513(7517), 229–232.
Mackenzie, C. A., & Ahabyona, P. (2012). Elephants in the garden: financial and social costs of crop raiding.
Ecol Econ, 75, 72–82.
Marais, A. J., Fennessy, S., & Fennessy, J. (2013). Country profile: a rapid assessment of the giraffe
conservation status in the Republic of Uganda. Giraffe Conservation Foundation.
Mascia, M. B., Pailler, S., Krithivasan, R., Roshchanka, V., Burns, D., Mlotha, M. J., & Peng, N. (2014).
Protected area downgrading, downsizing, and degazettement (PADDD) in Africa, Asia, and Latin
America and the Caribbean, 1900–2010. Biol Conserv, 169, 355–361.
McGarigal, K., Cushman, S. A., & Ene, E. (2012). Fragstats v4: spatial pattern analysis program for
categorical and continuous maps. Amherst: Computer software program produced by the authors at
the University of Massachusetts.
MTWA. (2012). Annual performance report FY 2011/12. Kampala: Ministry of Tourism, Wildlife and Antiquities.
Mwesigye, F., & Matsumoto, T. (2016). The effect of population pressure and internal migration on land
conflicts: implications for agricultural productivity in Uganda. World Dev, 79, 25–39.
NEMA. (2009). Environmental sensitivity atlas for the Albertine Graben. Kampala: National Environment
Management Authority.
Newmark, W. D. (2008). Isolation of African protected areas. Front Ecol Environ, 6(6), 321–328.
Oglethorpe, J., Ericson, J., Bilsborrow, R. E., Edmond, J. (2007). People on the move: Reducing the impacts
of human migration on biodiversity. World Wildlife Fund and Conservation International Foundation,
Washington, DC.
Olanya, D. R. (2015). Will Uganda succumb to the resource curse? Critical reflections. The Extractive
Industries and Society, 2(1), 46–55.
Olupot, W., McNeilage, A. J., Plumptre, A. J. (2009). An analysis of socioeconomics of bushmeat hunting at
major hunting sites in Uganda. Wildlife Conservation Society (WCS) Working Paper, 38.
Osei, B., & Mubiru, A. M. (2010). Chinese trade and investment activities in Africa. African Development
Bank’s Policy Brief, 1(4), 1–12.
Osti, M., Coad, L., Fisher, J. B., Bomhard, B., & Hutton, J. M. (2011). Oil and gas development in the World Heritage
and wider protected area network in sub-Saharan Africa. Biodiversity and Conservation, 20(9), 1863–1877.
Oxfam America (2001). Extractive sectors and the poor. Oxfam America.
Pegg, S. (2006). Mining and poverty reduction: transforming rhetoric into reality. J Clean Prod, 14, 376–387.

218

Popul Environ (2018) 39:197–218

Plumptre, A. J., Behangana, M., Davenport, T. R. B., Kahindo, C., Kityo, R., Ndomba, E., Eilu, G. (2003).
The biodiversity of the Albertine Rift. (Albertine Rift Technical Reports No. 3).
Prinsloo, S., Mulondo, P., Mugiru, G., Plumptre, A. J. (2011). Measuring responses of wildlife to oil operations in
Murchison Falls National Park. Wildlife Conservation Society and Uganda Wildlife Authority.
Rabanal, L. I., Kuehl, H. S., Mundry, R., Robbins, M. M., & Boesch, C. (2010). Oil prospecting and its impact
on large rainforest mammals in Loango National Park, Gabon. Biol Conserv, 143(4), 1017–1024.
https://doi.org/10.1016/j.biocon.2010.01.017.
Rodriguez-Galiano, V. F., Ghimire, B., Rogan, J., Chica-Olmo, M., & Rigol-Sanchez, J. P. (2012). An
assessment of the effectiveness of a random forest classifier for land-cover classification. ISPRS J
Photogramm Remote Sens, 67, 93–104.
Rwetsiba, A., & Nuwamanya, E. (2010). Aerial surveys of Murchison Falls Protected Area, Uganda,
March 2010. Pachyderm, 47, 118–123.
Ryan, S. J., & Hartter, J. (2012). Beyond ecological success of corridors: integrating land use history and
demographic change to provide a whole landscape perspective. Ecol Restor, 30(4), 320–328.
Ryan, S. J., Southworth, J., Hartter, J., Dowhaniuk, N., Fuda, R. K., & Diem, J. E. (2015). Household level
influences on fragmentation in an African park landscape. Appl Geogr, 58, 18–31. https://doi.org/10.1016
/j.apgeog.2015.01.005.
Salerno, J. D., Mulder, M. B., & Kefauver, S. C. (2014). Human migration, protected areas, and conservation
outreach in Tanzania. Conserv Biol, 28(3), 841–850. https://doi.org/10.1111/cobi.12237.
Salerno, J., Chapman, C. A., Diem, J. E., Dowhaniuk, N., Goldman, A., MacKenzie, C. A., Omeja, P. A.,
Palace, M. W., Reyna-Hurtado, R., Ryan, S. J., & Hartter, J. (2017). Park isolation in anthropogenic
landscapes: land change and livelihoods at park boundaries in the African Albertine Rift. Regional
Environmental Change. https://doi.org/10.1007/s10113-017-1250-1.
Scholte, P., & De Groot, W. T. (2010). From debate to insight: three models of immigration to protected areas.
Conserv Biol, 24(2), 630–632. https://doi.org/10.1111/j.1523-1739.2009.01314.x.
Shepherd, B. (2013). Oil in Uganda: international lessons for success. The Royal Institute of International Affairs.
Sitati, N. W., & Walpole, M. J. (2006). Assessing farm-based measures for mitigating human-elephant conflict
in Transmara District, Kenya. Oryx, 40(3), 279–286. https://doi.org/10.1017/S0030605306000834.
Ssebuyira, M. (2013). Banyoro form associations to fight for their land rights. New Vision.
Ssekika, E. (2011). Oil-rich land sparks off fresh conflicts in Buliisa. The Observer.
Story, M., & Congalton, R. G. (1986). Accuracy assessment: A user’s perspective. Photogramm Eng Remote
Sens, 52(3), 397–399.
Suarez, E., Morales, M., Cueva, R., Uteras, V., Zapata, G., Toral, E., Torres, J., Prado, W., & Vargas, J. (2009).
Oil industry, wild meat trade, and roads: indirect effects of oil extraction activities in a protected area in
north-eastern Ecuador. Anim Conserv, 12, 364–373.
Thibault, M., & Blaney, S. (2003). The oil industry as an underlying factor in the bushmeat crisis in central
Africa. Conserv Biol, 17(6), 1807–1813.
Trimble. (2014). eCognition Developer 9.0 user guide. Munich Germany: Trimble, Germany.
Uganda Land Alliance (2011). Land grabbing and its effects on the communities in the oil rich albertine region
of Uganda: the case of Hoima, Buliisa, and Amuru. Uganda Land Alliance.
UNESCO (2009). Analytical summary of the state of conservation of World Heritage Properties. Paris: United
Nations Educational Scientific and Cultural Organization.
UNHCR. (2015). Uganda: statistical snapshot. Kampala: United Nations High Commission for Refugees.
United States Department of State (2012). The Lord’s Resistance Army fact sheet. Office of the
Spokesperson.: United States Department of State.
UNOCHA (2005). Consolidated appeal for Uganda.
Vokes, R. (2012). The politics of oil in Uganda. Afr Aff, 111(443), 303–314. https://doi.org/10.1093
/afraf/ads017.
Wilkie, D. S., & Carpenter, J. F. (1999). Bushmeat hunting in the Congo Basin: an assessment of impacts and
options for mitigation. Biodivers Conserv, 8(7), 927–955. https://doi.org/10.1023/A:1008877309871.
Wilkie, D., Shaw, E., Rotberg, F., Morelli, G., & Auzel, P. (2000). Roads, development, and conservation in
the Congo Basin. Conserv Biol, 14(6), 1614–1622. https://doi.org/10.1111/j.1523-1739.2000.99102.x.
Wittemyer, G., Elsen, P., Bean, W. T., Burton, A. C. O., & Brashares, J. S. (2008). Accelerated human
population growth at protected area edges. Science, 321(5885), 123–126. https://doi.org/10.1126
/science.1158900.
Woodroffe, R., & Ginsberg, J. R. (1998). Edge effects and the extinction of populations inside protected areas.
Science, 280, 2126–2128.
Zommers, Z., & MacDonald, D. W. (2012). Protected areas as frontiers for human migration. Conserv Biol,
26(3), 547–556. https://doi.org/10.1111/j.1523-1739.2012.01846.x.

