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ABSTRACT. The geographic information systems were used to analyze the spatial context of hidden impacts in the Bunda District,
which is a Tanzanian community with high annual incidents of human-elephant interactions, to understand their location, distribution,
density, and relationships relative to Grumeti Game Reserve and the Serengeti National Park. These are indirect impacts and largely unreported adverse effects resulting from human and elephant interactions. Hidden impacts usually go unnoticed and unreported due to the
lack of visible damage. Spatial studies on human-elephant interactions have focused on environmental to socio-economic perspectives
rather than spatial aspects of hidden patterns. This study analyzed the distribution, proximity to protected areas, kernel density and hotspots analysis of hidden impacts. It identified 327 hidden impacts, categorized into the abandonment of farms, marriage problems, delayed school attendances and restriction on movement. It ascertained the highest number of incidents (18.35%) from Kihumbu village
and the lowest from Nyangere village (0.01%). Abandonment of farms constituted the largest number (77.4%) while marriage problems
formed the lowest number (0.6%) of hidden impacts. The most hidden impacts occurred between 0 and 2,000 meters from the boundaries
of protected areas. There was higher concentration of hidden impacts in villages bordering Grumeti Game Reserve than Serengeti National Park. The significant statistical level of adverse hidden impacts occurred in Kihumbu village. Imprecisely execution of tourist hunting
operations could presumably be the causing factor for the high concentration of hidden effects nearby Grumeti Game Reserve. The conceptual and graphical presentations of the hidden impacts, in this study, provide conservation stakeholders with insights into the existence, severity and distribution of the impacts relative to protected areas. However, researchers recommend for a comprehensive study
to understand the spatial characteristics of other types of hidden impacts adjacent to protected areas.
Keywords: Bunda district, coldspots, Geographic Information Systems, Grumeti Game Reserve, human-elephant conflicts, hidden impacts, hotspots, Kernel density, Serengeti National Park, trophy hunting

1. Introduction
Human-elephant interactions (HEI) are a major conservation challenge (Parker et al., 2007), causing injuries and deaths
to humans, livestock and African elephants (Loxodonta africana), as well as destruction of elephant habitat, and human
property (Mduma et al., 2010; Rahman et al., 2010). In addition
to these more obvious impacts, there are hidden impacts of HEI
(Madden, 2004). Such adverse effects usually go unnoticed and
unreported due to a lack of visible or obvious damage or interactions (Barua et al., 2013). The impacts include fear of injury
or death, restrictions on people’s movement (particularly at night),
competition for water resources, poor health, and nutrition status,
and competition for livestock grazing fields. Elephants reduce
school attendance for children due to fear, disrupt families, interrupt sleep and affect the ability to collect firewood and fruit.
Guarding of crops or properties at night increases the possibilCorresponding author. Tel.: + 255-763-688765; fax: + 255-28-2550-167.
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ity of suffering from diseases, such as malaria (Hoare, 1999;
Parker et al., 2007; Barua et al., 2013). These hidden impacts
often outweigh the more obvious interactions, particularly in
the number of people affected, and have a significant influence
on perceptions of local residents towards elephant conservation
(Messmer, 2000). However, the quantification of hidden impacts or secondary impacts of HEI into understandable economic
context is particularly challenging (Lamarque et al., 2009).
Under certain circumstances, hidden impacts may destabilize local community initiatives and commitment towards sustainable rural development (Parker et al., 2007), especially by
undermining efforts dedicated and directed towards poverty reduction (Messmer, 2000). Incidents, such as restrictions on people’s
movements, marriage problems, psychological problems, malnutrition and inability to collect non-timber forest products
(NTFPs) may significantly affect residents. The hidden impacts
complicate community capability, material resources, social resources and typical daily activities (Madden, 2004). The extent
and severity of hidden impacts depend on various factors (Lamarque et al., 2009). One of the most significant factors is the
ability of people to cope with, recover from the stress, and shock
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resulting from these impacts (Cooper, 1998; Dimsdale, 2008).
Khumalo and Yung (2015) have described the consequences of
both stress and shock to people's livelihood and food security.
Besides emotional tension and shock, hidden impacts reduce
the willingness of people to coexist with elephants (Osborn,
2004), which causes impediments to sustainable conservation
through community-based conservation regimes.
Moreover, the stress and shock of hidden impacts create
adverse effects on community wellbeing, ability to work, and
relationships (Dimsdale, 2008). Ongoing stress causes undesirable health impacts on communities when agencies mismanage
elephant-related conflicts (Messmer, 2000). Continuous exposure to stressful events may gradually shift humans into a chronic stress state. Consequently, people may experience permanent
changes in emotions, physiology, and behavior (Khumalo and
Yung, 2015). Physiological stress complicates their natural immuneity and makes them more susceptible to diseases and death
(Dimsdale, 2008). African elephants are not the only perpetrators of hidden impacts in Tanzania. Many wild species, such as
lions, spotted hyenas, bears and jackals, cause adverse hidden
effects to humans in the forms of fear and restricted human movements (Baldus, 2004; Woodroffe et al., 2005; Treves, 2007).
People usually become intolerant and unsupportive of elephant management when interaction costs are higher than benefits (Treves et al., 2007). Unknown consequences resulting from
interactions between humans and elephants are well understood,
but a good understanding of their spatial patterns and configurations are lacking. Geographic and scientific components of hidden impacts are crucial in understanding their distribution, concentration, and proximity to environmental features because
most of the management decisions humans make have a spatial
context. In this study, geographic information systems (GIS)
were used to analyze the spatial context of hidden impacts in
Tanzania’s Bunda District to understand their location, distribution, density, and relationships relative to Grumeti Game Reserve (GGR) and the Serengeti National Park (SENAPA).

The understanding of the distribution, location, and concentration of hidden impacts may help relevant authorities and
stakeholders acquire a geographical outlook of HEI. A concise
spatial knowledge of the problem may facilitate a timely and accurate decision-making process in mitigating the adverse impacts
because GIS unveils graphical and conceptual geographical information of hidden impacts required during planning, policy devising and decision making. The spatial information provides a
deep understanding of causal mechanisms and processes of geographically referenced patterns of hidden impacts (Vanleeuwe,
2010). The majority of geospatial studies on HEI have only focused on spatial analysis of direct impacts, particularly elephant deaths and injuries, crop damage and human deaths and
injuries, this study has exceptionally deployed GIS to identify,
sketch and verify the geographical configuration of the hidden
or direct impacts to examine the effects of spatially explicit factors on the distribution of HEI. The selection of a study area
based on the high frequency of elephant damage and the proximity of this area to protected areas. Bunda district has the highest incidence (approximately 500 annual events) of human-elephant interactions in Tanzania (Mduma et al., 2010). The district borders Serengeti National Park and Grumeti Game Reserve. The two protected areas form part of the Serengeti ecosystem, one of the few ecosystems in Tanzania with relatively
stable elephant populations (TAWIRI and KWS, 2014).

2. Materials and Methods
2.1. Description of the Study Area
Bunda is the home of more than 25 ethnic groups. The most
dominant and common tribes in the area are Kurya, Ikoma, Jita,
Sukuma, Ikizu, Natta, Isenye, Zanaki, Zizaki, Ngoreme and Taturu.
The main economic activity within the region is subsistence agriculture, which accounts for about 80% of the people’s annual
income (Kideghesho and Mtoni, 2008). Farmers normally grow
maize, millet, cassava, and sorghum as food crops and cotton

Figure 1. The Bunda District, Serengeti National Park, and Grumeti Game Reserve.
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as cash crops. Furthermore, people keep sheep, goats, and cattle
(Walpole et al., 2004). The majority of inhabitants are peasants,
fisherman, livestock keepers, and small-scale traders. The Bunda
District had the highest human population density in Tanzania
of about 200 people per km2, and annual population growth of
about 3.0% (URT, 2013). The District is in the western part of
the Serengeti ecosystem lying between latitude 1°30′ and 2°45′
S, and longitude 33°39′ and 34°05′ E. It is about 3,088 km2.
The district has contributed a large part of its land surface to
wildlife conservation. Lake Victoria occupies about 200 km2 of
the area, and the Serengeti National Park occupies 480 km2. In
that case, the Serengeti ecosystem makes up about 40% of the
district’s surface area (see Figure 1).
2.2. Data Collection
The data were collected from Bukore, Balili, Mcharo,
Mihale, Hunyari, Kihumbu, Kunzugu, Kyandege, Mariwanda,
Mugeta, Nyamatoke, and Nyangere villages. In Tanzania, a village is a small community in a rural area made up by inhabitants, infrastructure, forests, farms and geographical features,
governed by a legally established local authority (URT, 1982).
Proximity to protected areas and the high number of incidents
of crop damage were the main criteria for the selection of the
villages (Mduma et al., 2010). In this study, hidden impacts refer
to indirect impacts, the impacts that are indirectly caused by
elephants but because they are unseen. Scientists hardly study
indirect impacts and local people barely regard them as impacts
from elephants. The impacts are regarded hidden because neither conservationists nor villagers talk about them, their mitigation measures and means of assessment. Hidden impacts include declining health or nutrition status, and children with reduced school attendance. People affected by hidden impacts included those who were highly indebted (as a result of elephant
damage), with disrupted family bonds, individuals with interrupted sleep, people who could not collect firewood and fruit,
those who suffered diseases while guarding crops or property
at night and people who abandoned farming activities because
of elephants (Parker et al., 2007; Lamarque et al., 2009; Barua
et al., 2013). A study adopted the purposive sampling technique
to identify and record households and farms with hidden impacts
(Singh, 2014). Researchers conducted a participatory survey to
assess the households and farms with hidden impacts. Researchers convened village meetings to identify the household representative whose family and farms were affected by hidden impacts. Through community meetings, it was possible to descrybe the types and characteristics of hidden impacts at length to
villagers.
Villagers, particularly village leaders, participated in identification and description of hidden impacts in their village. Due
to complexity and nature of hidden impacts, third party experts
(wildlife officers, agricultural officers, medical personnel, village leaders, and community development officers) clarified and
confirmed a nature of these impacts. The study identified and
collected both historical and current patterns of hidden impacts
for six months. The study was only interested in identification
of the actual location of each incident not in the extent of impacts. A handheld Garmin GPS receiver recorded the locations

42

(X, Y coordinate) of verified current and previous signs (within
one year) of a pattern of hidden impact. The data were collected
for six months. From the collected information, it was possible
to create a hidden impact GIS layer in ArcGIS 10.5. All incidents were reviewed and confirmed before entering them into
a database. Spatial data concerning the locations and types of
hidden impact were recorded using a handheld GPS receiver.
Impacts related to households were spatially recorded at each
respective household, while agricultural patterns were recorded
in farms and grazing areas. It is safe to acknowledge that the
quality of geospatial data is representative, as the survey and informal interview were conducted in the language, the species
and areas best understood by the participants. The participants
were well informed on the aim and objective of the study before
participating in the survey. This avoided exaggerations of the responses as they were also informed that the study was not for compensation of property and life loss resulted from HEI. Moreover, the principal researchers also participated in the identifycation and collection of the patterns of hidden impacts. This
made it possible to relate what is in the survey and the reality
of the study area. However, low levels of participation, perception and attitudes, communication barriers and resistant leaders
were some of the obstacles hindered local people participation
in the research. A few local people offered inadequate participation because they were involved in the similar projects in the
past, which were unsuccessful.
2.3. Data Analysis
A shapefile of the Serengeti National Park (SENAPA),
Grumeti Game Reserve (GGR) boundaries and villages were
obtained from the headquarters of Serengeti National Park and
the Lincoln University GIS server. Four types of hidden impacts
were recorded: “no farming” (NF), “no school attendance” (NS),
“restricted movements of adults” (NM) and “marriage problems”
(MP). In this study, “no farming” refers to farms or households
abandoned by local people after several incidents of elephant
damage. In the same way, “no school attendance” means the
decision of parents and students to not attend school for fear of
possible elephant attacks as they go to school. “Restricted movements of adults”, means the decision of adults to reduce their
movements away from their households for fear of elephant encounters. “Marriage problems” meant pair bond and family-related problems emanating from HEI, such as the breakup of
family relationships after a prolonged absence due to farm
guarding. ArcGIS 10.5 was used to perform geospatial analysis
of hidden impacts (Gibin et al., 2008). Kernel Density Analysis
was used to identify areas with a concentration of hidden impacts
in the study area. For accurate distance measurement between
hidden impacts and the edge of the protected areas, all shapefiles were projected into the Arc_1960 UTM Zone 37S coordinate system. A 5,000 m buffer width was used around park boundaries because it conformed to the size of currently recommended buffer zones (conservation corridor as used in this study) for
SENAPA and GGR. A proximity analytical tool was used to determine the distance of each hidden impact incident to either
SENAPA or GGR. After projection, the Near Tool computed
the distance for each pattern of hidden impact to the edge of
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Figure 2. Hidden impacts incidents per square kilometer.
SENAPA and GGR (protected areas). Hotspot analysis was
carried out using the Gedis-Ord G* algorithm for each hidden impact pattern (Getis, 1992). The resulting z-scores and p-values
associated with the hotspots provided the probability of clustering of hidden impacts. The hotspot analysis tool assessed each
hidden impact in the context of the clustering of that impact.
The hotspot analysis used the village shapefile to identify the
locations of statistically significant hot spots and cold spots.
The analysis used Z scores and P values to identify villages with
statistically significant hotspots hidden impacts. The village polygon features, including each village with its surrounding farms
and wilderness (12 villages) were combined with incident points
using the spatial join tool in ArcMap. The resultant polygons
contained a new field with the number of hidden impacts for
each village.

3. Results
3.1. Impacts of Protected Areas on Hidden Impacts
A study recorded 327 hidden impact from 12 villages over
six months. The highest number of incidents (77 (23.53%))
were recorded in Kihumbu village, and the lowest number of
incidents (four (0.01%)) were recorded in Nyangere village.
“Abandonment of agricultural farms and housed” had the highest incidence (77.4%), while Marriage Problems (MP) had the
lowest 2 (0.6%) incidents. In the case of proximity, spatial analysis revealed that the majority (40.3%) of hidden impacts occurred between 0 and 2,000 m from the boundary of Serengeti
National Park and Grumeti Game Reserve. Most of the incidents occurred within 5,000 m of the buffer zone. In the case
of the type of hidden impacts, the identification and recording
of “no farming”, and “no walking in the village” impacts peaked
in areas between 0 and 2,000 m from the boundary of protected
areas and declined along with increased distance from the areas. However, “no school attendance” peaked between 4,000

and 6,000 m from the protected areas. Researchers identified
and recorded “marriage problems” between 0 and 2,000 m from
the edge of protected areas, though there were no “marriage
problems” in the areas beyond 2,000 m from the boundary of Serengeti National Park and Grumeti Game Reserve.
3.2. Kernel Density Analysis
Kernel Density Analysis is a technique for generalizing
the location of incidents to entire areas (Gibin et al., 2008). It
measured the density of the hidden impacts in the district.
Kernel Density Analysis identified five major concentrations
of hidden impacts in Mugeta, Balili, Hunyari, Mihale, Mariwanda and Kihumbu villages (Gibin et al., 2008). The largest
concentrations were in Hunyari, Kihumbu, Mugeta and Balili
villages (see Figure 2).
3.3. Hotspot Analysis
The hotspot analysis identified the statistically significant
hotspots and coldspots of hidden impacts in the study area. The
statistically significant hotspots of the hidden impacts were identified in Kihumbu and Hunyari villages and statistically significant coldspots in Balili, Kunzugu, Bukore and Mcharo villages. According to the hotspot analysis tool, the significant hotspots of hidden impacts were near Grumeti Game Reserves and
coldspots near the Serengeti National Park (see Figure 3).

4. Discussion
Hidden impacts are complex and require social, economic,
medical, environmental and economic knowledge to understand
and mitigate them. In this study, researchers were able to identify and record four types of hidden impacts: delayed school attendance, restricted movement of adults, marriage problems and
reduced or abandonment of farming activities. Limited know-
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Figure 3. Statistical test results of hotspots (reds) and coldspots (blue) in the study area.
ledge, time and resources restricted our abilities to identify and
record other types of hidden impacts such as psychological impacts and suffering from diseases. Reduction or abandonment
of agricultural activities ranked as the most noticeable hidden
impact in the district. According to the villagers, people abandoned both their farms and houses to avoid routine agricultural
loss from elephants. The majority moved to near villages and
communities, while some people moved to other villages with
low elephants’ incidents in the same community to establish new
households. In the same way, some people shifted from agriculture to other socio-economic activities, including charcoal
burning, fishing, mining, and small businesses. However, it is
important to understand that farmers may also abandon their
farms because of lack of market skills and information, high
transaction costs, poor production, poor transport to the market,
uncontrollable diseases and poor farming skills (Khapayi and
Celliers, 2016).
In the Bunda District, many communities have one only
public primary school (Hartwig and James, 2010). Consequently, children have to walk for several hours to and from schools.
With elephants around, schoolchildren’s safety is at risk. In
those situations, parents restrict children’s school attendance to
avoid possible attacks from elephants. Delayed school attendance by children affects their academic performance and mental development (Hancock et al., 2013). Despite the geographical and technological challenge, if unreported in advance to
school administration, no “school attendance” means an unauthorized absence. Analyzing the impacts of elephants on school
attendance and academic performance is beyond this study.
However, it is important to understand that elephant disturbance is not the only factor influencing delayed school attendance in the district. Hancock et al. (2013) found that highly mobile students and pupils, students whose families have low education levels, whose parents have a low-income level and students with low socio-economic index, all had low school attendance level and poor academic achievements.
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Elephants also restrict adult movement. With elephants
present, it is often difficult for social and economic gatherings
to be held. Elephants limit local access to fetching water, firewood, fruits, medicinal plants, vegetable, and mushrooms. Elephants restrict community movements to some locations during
different hours of the day. During the night, humans do not
leave their houses for fear of elephant attacks. It is not because
elephants are more likely to attack at night than a day but it is
difficult to avoid elephant encounters at night due to darkness.
Restricted movement, generally, for prolonged periods, has
physical, psychological and socio-economic impacts on people. Restricted movements caused by elephants may affect an
entire household’s health by confining them to their home and
affecting their physical, mental and social well-being (Boruchovitch and Mednick, 2002). When elephants enter the village
area, the collection and preparation of basic human needs become difficult. The absence of indoor plumbing facilities
makes the situation more dangerous. Many households have
outdoor plumbing services, requiring family members to leave
the main dwelling for hygienic issues during night and day. For
adults with adequate knowledge of elephant encounters, accessing outdoor plumbing facilities during the night will be the
last option due to the maximized possibility of encountering
elephants near the house.
Elephants may cause marriage problems to farmers. Villagers
reported two cases in Bukore village when men complained
about unfaithful wives, which occurred when the men spent
time away from homes guarding their cereal farms against elephant damage. Due to numerous elephant incidents in the district, men usually spent most of their time protecting their agricultural fields against elephant invasion. Therefore, husbands
and wives experience significant damage to self-image, personal confidence, feelings of abandonment, betrayal of trust and
disruption of relationships among family members (Charny and
Parnass, 1995). In the case of family support, a husband gradually loses his routine family attention and responsibilities due to
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extended periods away from home. No cases of wives complaining of the infidelity of husbands while supposedly guarding their crops were recorded, although women only made up
a small proportion of respondents.
Hidden impacts mainly affect people residing near protected areas, notably, the majority of individuals residing between
0 and 3,000 m from the boundaries of the Serengeti National
Park and Grumeti Game Reserve. The proximity of human occupations to protected areas intensifies the frequency and magnitude of hidden impacts (Okello et al., 2014). Many human
settlements and activities in the district occur within the buffer
zone of the protected areas. These are ecological zones designed purposely for minimizing the negative impacts on neighboring communities and protected wildlife populations (Ebregt
and Greve, 2000). Increasing the distance of human settlements
from the buffer zone may largely reduce hidden impacts incidents because the increased interface between agricultural areas
and elephant habitat magnifies the occurrences of hidden impacts (Desai and Riddle, 2015). Customary and government laws
prohibit human occupations and destructive human activities in
the buffer zones. Buffer areas usually extend 5,000 m from the
boundary of protected areas. In the study area, the majority of
farms and human residents are within these buffer zones (Desai
and Riddle, 2015). Therefore, the reduction or eradication of
hidden impacts can be difficult due to the presence of people
and anthropogenic activities proximity to protected areas and
within conservation corridors. The findings show a significant
decrease in the patterns of the adverse effects outside the buffer
zone, which supports the need for enforcing the buffer zone for
the substantial reduction of the impacts.
Communities neighboring Grumeti Game Reserve experienced significant hotspots of hidden impacts. Residents bordering Serengeti National Park experienced significant coldspots of hidden impacts. The analysis revealed significant hotspots in Hunyari and Kihumbu villages. Grumeti Game Reserve
and Serengeti National Parks vary concerning their management
authorities and conservation policies. As an example, Grumeti
Game Reserve allows tourist hunting while Serengeti National
Parks strictly prohibits hunting of any description. Hunting operations in Grumeti Game Reserve are presumably a contributing factor for the significant hotspot in Kihumbu and Hunyari
villages because uncontrolled trophy hunting degrades wildlife
habitats (Leisanyane et al., 2013). As it reduces direct and indirect the types and number of keystone species whose importance to the ecosystem’s structure, composition and function
are disproportionately large relative to their abundance (Nuñez
and Dimarco, 2012). Habitat degradation affects the availability of environmental resources for elephants. When habitat loss
significantly reduces the quality and size of habitat within their
home range, elephants will raid crops and ultimately become
habitual crop raiders (Desai and Riddle, 2015).
In this study, a data collected from local villagers and a
GIS approach enabled a better understanding of the hidden impacts in a geographic context by recording where the patterns
occur, measuring the proximity of hidden impacts to protected
areas, measuring their geographic distributions in the study area
and understanding the extent of their concentrations. If proper-

ly used, the attained geographical knowledge about hidden impacts may change the way people understand and manage the
HEI in the Bunda District. In a similar way, such knowledge is
essential for landscape and regional planning towards sustainable conservation. Using local people to identify the types and
collect the locations of hidden impacts was crucial because local
people understand the severity of hidden impacts better than researchers do.

5. Conclusion
GIS provided geographical knowledge about location, distribution and concentration of hidden impacts in the Bunda District. A study ascertained four types of hidden impacts. Abandonment of agricultural farms and houses was the major hidden
impact in the district. Most of the hidden impacts occurred within buffer zones, where conservation laws promote environmentally friendly activities, especially in the areas that bordered
Grumeti Game Reserve. There was a lower level of hidden impacts in communities bordering the Serengeti National Park than
Grumeti Game Reserve, possibly due to tourist hunting, as poorly executed trophy hunting activities usually affect the quality
and quantity of the environmental resource (Burke et al., 2008).
The conceptual and graphical presentations of the of hidden impacts, in this study, provides the conservation stakeholders insights into the existence, severity and distribution of the impacts relative to the Grumeti Game Reserve and the Serengeti
National Park.
However, it is safe to point out that, like many spatial studies, data quality, quantity and geographical errors influenced
this study. The collection and analysis of spatial data occurred
in 12 administrative villages. The selection of participating villages based on their proximity to SENAPA and GGR not on
either frequency or magnitude of hidden impacts. Such selection introduced some geographical issues as the government of
united republic of Tanzania defines village boundaries for administrative not conservation purposes. In that case, it was essential to consider both geographical location and the magnitude of elephant crop damage for each participating village. In
addition, time constraints, the willingness of participants to participate in the study, expertise on identifying hidden impacts
and geographical challenges of the study area may have affected the quality and quantity of the geospatial data used for conclusion. Moreover, some villagers needed incentives to participate
in the surveys. Such challenges hindered the availability of reliable data used for spatial analysis.
It would be useful to further identify and explore other
types of HEI hidden impacts, especially regarding the socioeconomic impact on the district. Such studies would require a
long-term investment in time, expertise and financial resources.
Conducting research on hidden impacts is complicated because
it requires a multidisciplinary research team, including medical
experts, conservationists, financial experts, community development experts, economists, veterinarians, psychologists and valuers, and adequate time to cover all types of the impacts occurring in the district. It would also be useful for a research team
to conduct a similar study in another district with similar HEI
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incidents for comparative reasons. It is equally important for
the study to investigate the type and extent of the hidden impacts that affect elephants and other wildlife species. The study
ascertained many hotspots of both hidden impacts and elephant
crop damage in the communities neighboring the game reserve. However, the study failed to record the distribution and configuration of the incidents as the location where the hidden impacts are recorded may be different from where the hidden impacts occurred. For example, a human might encounter an elephant and manifest hidden impacts at their home rather than where
the encounter occurred.
Acknowledgements. The government of New Zealand provided financial and logistical support. We wholeheartedly appreciate Saint
Augustine University of Tanzania (SAUT), Lincoln University (LU),
Tanzania National Parks (TANAPA), Tanzania Wildlife Authority
(TAWA), Bunda District Council, Village committees, the Ministry of
Natural Resources and Tourism of Tanzania for making this study technically possible.

References
Bandara, R. and Tisdell, C. (2002). Comparison of rural and urban
attitudes to the conservation of Asian elephants in Sri Lanka:
empirical evidence. Biological Conservation, 110 (2003), 327-342.
https://doi.org/10.1016/S0006-3207(02)00241-0.
Baldus, R.D. (2004). Lion conservation in Tanzania leads to serious
human - lion Conflicts: with a case study of a man-eating lion killing
35 people. GTZ Programme, Dar es Salaam, Tanzania.
Boruchovitch, E, and Mednick, B.R. (2002). The meaning of health
and illness: some considerations for health psychology. Psico-USF,
7(2), 175-183. https://doi.org/10.1590/S1413-82712002000200006.
Bandara, R., and Tisdell, C. (2005). Changing abundance of elephants
and willingness to pay for their conservation. Journal of Environmental Management, 76(2005), 47-59. https://doi.org/10.1016/j.jenvman.2005.01.007.
Barua, M., Bhagwat, S.A., and Jadhav, S. (2013). Hidden dimensions
of human-wildlife conflict: Health impacts, opportunity and transaction costs. Biological Conservation, 157 (2013), 309-316. https://doi.org/10.1016/j.biocon.2012.07.014.
Desai, A.A. and Riddle, H.S. (2015). Human-elephant conflict in Asia.
U.S. Fish and Wildlife Service Asian Elephant Support, Indonesia,
2015.
Gough, K.F. and Graham, I.H.K. (2006). Demography and population
dynamics in the elephants Loxodonta africana of Addo Elephant
National Park, South Africa: is there evidence of density dependent
regulation? Oryx, 40(4), 434 - 431. https://doi.org/10.1017/S00306
05306001189
Graham, M.D., Notter, B., Adams, W.M., Lee, P.C., and Ochieng, T.N.
(2010). Patterns of crop-raiding by elephants, Loxodonta africana,
in Laikipia, Kenya, and the management of human-elephant conflict.
Systematics and Biodiversity, 8(4), 435-445.https://doi.org/10.108
0/14772000.2010.533716.
Hill, C.M. (2004). Farmers' perspectives of conflict at the wildlifeagriculture boundary: Some lessons learned from African subsistence farmers. Human Dimensions of Wildlife, 9(4), 279-286. https://doi.org/10.1080/10871200490505710.
Hoare, R.E. (1999). Determinates of Human elephant conflicts in landuse mosaic. Journal of Applied Ecology, 36(5), 689-700. https://doi.
org/10.1046/j.1365-2664.1999.00437.x
Hoare, R. E. (1999). Data collection and analysis protocol for human–
elephant conflict situations in Africa. Document prepared for the
IUCN African Elephant Specialist Group’s Human-Elephant Con-

46

flict Working Group, Nairobi.
Kioko, J., Zink, E., Sawdy, M., and Kiffner, C. (2013). Elephant (Loxodonta africana) demography and behavior in the Tarangire-Manyara Ecosystem, Tanzania. South African Journal of Wildlife Research, 43(1), 44-51. https://doi.org/10.3957/056.043.0109
Ladan, S.I. (2014). Examining human wildlife conflict in Africa, the
meeting of the International Conference on Biological, Civil and
Environmental Engineering, Dubai, 2014. http://doi.org/10.15242
/IICBE.C0314043.
Lamarque, F., Anderson, J., Fergusson, R., Lagrange, M., Osei-Owusu,
Y., and Bakker, L. (2009). Human-Wildlife Conflict in Africa: Causes, Consequences and Strategies (Vol. 157), Food and Agriculture
Organization, Rome, Italy.
Le Bell, S., Murwira, M., Mukamuri, B., Czudek, R., Taylor, R., and
La Grange, M. (2011). Human-wildlife conflict in Southern Africa:
Riding the whirl wind in Zimbabwe and in Mozambique, The
importance of Biological Interactions in the Study of Biodiversity,
InTech, China, 2011. https://doi.org/10.5772/23682
Leel, P.D., Graham, M.D., Douglass-Hamilton, and Adams, W.M.
(2009). The movement of African elephants in human-dominated
land-use mosaic. Animal Conservation, 12, 445-455. https://doi.org/
10.1111/j.1469-1795.2009.00272.x
Lenin, J. and Sukumar, R. (2011). Action plan for the mitigation of
elephant-human conflict in India. Innovation Centre, Indian Institute of Science, Bangalore, India, 2011.
Mduma, S.R., Lobora, A.L., Foley, C., and Jones, T. (2010). Tanzania
Elephant Management Plan 2010 - 2015. TAWIRI, Arusha.
MNRT. (2015). Ruaha-Rungwa Ecosystem Elephant Census Results
2015, Ministry of Natural Resources and Tourism, Dar Es Salaam,
Tanzania, 2015.
Muruthi, P. (2005). Human Wildlife Conflict: Lesson learnt from
AWF's African heartlands, African Wildlife Foundation, Arusha,
Tanzania, 2005.
Nelson, A., Bidwell, P., & Sillero-Zubiri, C. (2003). A review of human-elephant conflict management strategies. People & Wildlife, A
Wildlife Conservation Research Unit, Born Free Foundation Partnership.
Charny, I.W. and Parnass, S. (1995). The impact of extramarital relationships on the continuation of marriages. Journal of Sex & Marital
Therapy, 21(2), 100-115. https://doi.org/10.1080/00926239508404389
Cooper, L.C. (1998). Theories of Organizational Stress. Oxford University Press, Manchester, UK.
Dimsdale, J.E. (2008). Psychological stress and cardiovascular disease.
Journal of American College of Cardiology, 51(13), 1237-1246.
https://doi.org/10.1016/j.jacc.2007.12.024.
Ebregt, A. and Greve, P. (2000). Buffer zones and their managements:
policy and best practices for terrestrial practices in developing
countries, National Reference Centre for Nature Management, Wageningen, Netherlands, 2000.
Getis, A. (1992). The analysis of spatial association by use of distance
statistics. Geographical Analysis, 24(3), 190-206. https://doi.org/
10.1111/j.1538-4632.1992.tb00261.x
Gibin, M., Longley, P., and Atkinson, P. (2008). Kernel density estimation and percent volume contours in general practice catchment
area analysis in urban Areas. University College London, London,
UK.
Hancock, K.J., Shepherd, C.C. J., Lawrence, D., and Zubrick, S.R.
(2013). Student attendance and educational outcomes: every day
counts. Department of Education. The University of Western Australia, Canberra, Australia.
Hartwig, K. and James, S. (2010). Village reports for Kabasa, Nyatwali, and Serengeti in Bunda district, Savannas Tanzania. Arusha,
Tanzania.
Khumalo, K.E. and Yung, L.A. (2015). Women, human-wildlife
conflict, and CBNRM: hidden impacts and vulnerabilities in Kwan-

A. A. Mamboleo et al. / Journal of Environmental Informatics Letters 2(1) 40-47 (2019)

du Conservancy, Namibia. Conservation and Society, 13(3), 232243. https://doi.org/10.4103/0972-4923.170395
Nuñez, M.A. and Dimarco, R.D. (2012). The Berkshire Encyclopedia
of Sustainability: Ecosystem Management and Sustainability. Berkshire Publishing Group, Tennessee, US.
Leisanyane, M., Malabeja, M., and Cheyo, C. (2013). Impact of tourism on wildlife conservation. INTOSAI Working Group on Environmental Auditing. Dar es Salaam, Tanzania.
Madden, F. (2004). Creating coexistence between humans and wildlife:
global perspectives on local efforts to address human-wildlife
conflict. Human Dimensions of Wildlife, 9, 247-257. https://doi.org/
10.1080/10871200490505675
Messmer, T. A. (2000). The emergence of human-wildlife conflict
management: turning challenges into opportunities. International
Biodeterioration & Biodegradation, 45, 97-102. https://doi.org/10.
1016/S0964-8305(00)00045-7
Nyirenda, V.R., Myburgh, W.J., and Reilly, B. K. (2012). Predicting
environmental factors influencing crop raiding by African elephants
(Loxodonta africana) in the Luangwa Valley, eastern Zambia.
African Journal of Environmental Science and Technology, 6(10),
391-400. https://doi.org/10.5897/AJEST11.180
Okello, M.M., Njumbi, S.J., Kiringe, J.W., and Isiiche, J. (2014).
Prevalence and severity of current human-elephant conflicts in
Amboseli Ecosystem, Kenya: Insights from the Field and Key
Informants. Natural Resources, 5, 462-477. https://doi.org/10.4236/
nr.2014.59043
Parker, G.E., Osborn, F.V., Hoare, R.E., and Niskanen, L.S. (2007).
Human-elephant conflict mitigation: a training course for community-based approaches in Africa (participants' manual), IUCN,
Nairobi, Kenya, 2007.
Osborn, F.V. (2004). Seasonal variation of feeding patterns and food

selection by crop-raiding elephants in Zimbabwe. African Journal
of Ecology, 42(2004), 322-327. https://doi.org/10.1111/j.1365-20
28.2004.00531.x.
Sitati, N.W., Walpole, M.J., and Lwaderi-Williams, N. (2005). Factors
affecting susceptibility of farms to crop raiding by African
elephants: using a predictive model to mitigate conflict. Journal of
Applied Ecology, 42(2005), 1175-1182. https://doi.org/10.1111/j.13
65266-4.2005.01091.x
TAWIRI and KWS. (2014). Aerial Total Count of Elephants and Buffaloes in the Serengeti-Mara Ecosystem, TAWIRI and KWS, Nairobi,
Kenya, 2005.
Treves, A. (2007). Balancing the needs of people and wildlife: When
Wildlife Damage Crops and Prey on Livestock. University of Wisconsin-Madison. US.
URT (1982). The Local Government (District Authorities) Act, (1982).
Government Printer, Dar es Salaam, Tanzania.
URT. (2013). 2012 Population and Housing Census, National Bureau
of Statistics, Dar es Salaam, Tanzania.
Vanleeuwe, H. (2010). Predictive mapping of season distributions of
large mammals using GIS: an application to elephants on Mount
Kenya. Methods in Ecology and Evolution, 1(2), 212-220. https:/
/doi.org/10.1111/j.2041-210X.2010.00024.x
Walpole, M., Ndoinyo, Y., Kibasa, R., Masanja, C., Somba, M., and
Sungura, B. (2004). An Assessment of Human-Elephant Conflict in
the Western Serengeti, Frankfurt Zoological Society, Tanzania National Parks, and Wildlife Division of Tanzania, Arusha, Tanzania:
Woodroffe, S., Thirgood, F., and Robinowitz, A. (2005). People and
Wildife: Conflict or Coexistance. Cambridge University Press, New
York, US. https://doi.org/10.1017/CBO9780511614774.
Yegnanarayana, B. (2009). Artificial neural networks. PHI Learning
Pvt. Ltd.

47

