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Chapter 6 

 
 

Predicting Human-Elephant Conflict (HEC) across Mozambique 

 

 

Introduction  

In the earlier chapters I identified explanatory variables of human elephant conflict in 

Mozambique. Conflict is prevalent in areas where human densities are below a threshold 

of 60 people per km2 and where landscapes are relatively intact (Chapter 4). The model 

that I developed in Chapter 5 to predict HEC is based on two case studies in southern 

Mozambique and Resource Selection Function modelling. The present chapter extend 

this model to predict HEC across Mozambique. Specifically, I used the explanatory 

potential of distance to settlement, distance to roads, forest fragmentation, forest cover, 

agricultural suitability index and soil type to predict HEC at a grid cell level (25km2) 

across Mozambique.  

 

 

Materials and Methods 

 

To predict HEC at a country level, I used Resource Selection Function (RSF) modelling 

procedures (Boyce & McDonald, 1999; Manly et al., 2002) described in Chapter 5. 

Explanatory variables included a water source distribution (ARA, 2007), road network 

(ANE, 2006), settlement and villages distribution (INE, 1999; TIA, 2002), soil type and 
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agricultural suitability (INIA, 1995), forest cover (UIF, 2007) and fragmentation index 

(Chapter 5) shapefiles for all of Mozambique.  

 I applied the best human and elephant distribution and HEC models from Chapter 

5 to each cell (5X5 km), excluding those cells previously covered in the Chapter 5. I 

assessed the likelihood of HEC in a given cell using the following model:  

 
Likelihood of HEC = exp [(116.72 - 0.209 x Distance to settlement 
   + 0.822 x Distance to roads 

-  0.366 x Forest fragmentation 
   -  0.473 x Forest cover 
   + 0.138 x Agricultural suitability index 
   -  0.090 x Soil type)] 

 

Finally, I generated maps of the likelihood of HEC using the ArcGIS routines as 

described in Chapter 5 (Zeiler, 2001).  

Models may fail to detect key predictor variables, and model calibration prior to 

their validation may reduce prediction errors (Brand et al., 2006). Thus, in addition to the 

landscape features described in Chapter 5, I included cultivation, vegetation clearance, 

logging, charcoal production (AGRECO, 2008) and the exposure of the cell to climate 

events (e.g. cell exposure to floods and drought events and erosion) (INGC, 2009) and to 

other land uses (MA, 2009). 

 I used the location dataset for elephants that were satellite tracked (see Harris et 

al., 2008 for tracking details) in the Nipepe-Marrupa area, Magude-Moamba area, 

Quirimbas National Park (CERU database) and data for Quiterajo kindly provided by 

Julie Gardner that operated under the auspices of the now defunct Maluana Ltd. 

Company. I also used census data for elephants in the Marromeu Complex (AWF, 2005; 
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2008) and from national aerial census (AGRECO, 2008), as well as settlement locations 

(AGRECO, 2008) and the 2006-2009 nation-wide HEC census dataset to calibrate the 

models. 

 I followed two steps to calibrate the models (e.g. Brand et al., 2006). Initially, I 

divided locations of settlement and incidences of HEC into two groups. I used the first 

group to train the human distribution and HEC models for calibration, and the second 

group to verify the predictive ability of each of the models. I used all elephant locations 

to calibrate the elephant distribution model. For all models, I first identified training 

locations fitted in the best fitting model. I then related these locations to the explaining 

variables at each cell by running a Generalised Linear Model (GLM) as described in 

Chapter 5. I subsequently mapped all new models using ArcGIS capabilities (Zeiler, 

2001). Finally, I used the second dataset to calculate k statistics (Landis & Koch, 1977) 

as a validation procedure. I also assessed the predictive ability of the HEC model by 

fitting an exponential growth model relating cell-specific likelihoods of HEC and the 

percentage of the HEC reported incidences.  

 

Results  

 

Figures 1 & 2 show the predicted distribution of people, elephant and HEC, and reported 

HEC incidences across Mozambique. Whilst presence of settlements, intensive 

cultivation and roads reduced the likelihood of elephant presence, the occurrence of water 

increased this likelihood. Fields and settlements located close to water were likely to 
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report HEC most often. People living or cropping close to protected areas were most 

likely predicted to report HEC (Fig. 2). 

The best models for human, elephant and HEC (Figs 1, 2 & 3) distribution 

suggest that HEC may be mitigated by considering the spatial needs of people and 

elephants. For instance, areas with alluvial soils with high suitability for agriculture and 

close to water sources and protected areas were sought after by both elephants and 

people. The likelihood of conflict in these areas was therefore relatively high.  

The relatively high k-values (0.9 & 0.92 for human and HEC distribution, 

respectively) suggest that predictor variables included in the models reflects well on the 

observed HEC incidences, but with some reservations and uncertainty.  

 

Discussion  

 

The Northern provinces (e.g. Niassa and Cabo Delgado) have lower human densities than 

provinces in southern Mozambique (e.g. Maputo, Gaza and Inhambane) (Chapter 4). As a 

result, the Niassa and Cabo Delgado provinces had little habitat degradation and low 

extent of cultivation compared to southern provinces. This may explain the predicted 

high probability for elephants to occur in these provinces. These results agree with those 

reported in Chapter 4 on the distribution of elephants in Mozambique as a function of 

human density, due to the expected low impact of humans on landscapes at the low 

human density (Parker & Graham, 1989; Hoare & du Toit, 1999). 

Most areas where human densities were low served as elephant refuges that are 

currently protected. Districts with protected areas were most likely to experience conflict, 
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as illustrated in Chapter 4 and the work of Newmark et al. (1994), Naughton-Treves 

(1997) and Twine & Magome (2008). 

My efforts to extend local models to predict HEC at a regional scale proved to 

have some limitations in some areas. These limitations may be due to the data available 

to me not being suitable for extrapolation. For example, increasing the extent of scale 

may influence some quality and quantity measurements and increases the range of values 

for landscape variables (Meentemeyer & Box, 1987), mostly due to aggregation effects 

(Wear & Bolstad, 1998; Evans & Kelly, 2004). My models were powerful for explaining 

the observed HEC incidences over the period of 2006 and 2009, but with some 

unquantifiable uncertainty. This may also support the notion that limitations imposed by 

scale may have been minimized by the application of the integrative approach (e.g. 

calibration) to improve the models performance (Machemer et al., 2006).  

 

Management implications 

 

The impact of human on the persistence of species across the landscape has been noted 

since the birth of human civilization (Johnson, 2002). Recently, Surovell et al. (2005) 

have discussed this topic on the context of proboscidean overkill hypothesis. Recent 

workers on conservation have recognized the importance of considering human needs 

when setting areas for conservation for species with a wide distribution (Sanderson et al., 

2002). 

Although half of the area of Mozambique comprise natural vegetation (Chapter 

4), the rural people living here rely on the extraction of natural resources (Chapter 3). As 
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elsewhere (e.g. Wu & Hobbs, 2002; Yin et al., 2010), socioeconomic processes appear to 

be the primary drivers for land use and land cover change. Therefore, some of the human 

activities assessed in Chapters 2, 4 & 5 are likely to continue to threaten the natural 

vegetation of the country and cause wildlife in general and elephants in particular to live 

in fragmented landscapes.  This is specifically true in Mozambique where some political, 

social and natural events may have influenced people’s distribution across the landscape 

(see Araújo, 1998; Coelho, 1998).  

Some human activities have negative impacts on elephants, and conservation 

must go beyond the limits of the protected area concept (Begntsson et al. 2003) and adopt 

a holistic landscape approach (Naveh, 2000) to secure land for people and for elephants, 

through landscape planning and zoning as I advocated here (Fig.1).  

Landscape planning and zoning should set areas for agriculture, wildlife refuge, 

natural resources use and human development and should also secure land as corridors 

for wildlife in a matrix of human dominated landscapes. As a rule, cropping will be done 

in areas with less accessibility to wildlife and corridors may link to common resources 

(e.g. water). Thus, landscape planning and zoning provide additional land for the spatial 

needs of elephants and people and restore elephant movement patterns through the 

landscape with minimum human and elephant interaction. 

Central to land use planning is a combination between regulations, community 

commitment and collaboration between stakeholders in designing and implementation of 

such an approach. Mozambique already adopted land use planning as an approach to 

harmonize different interests. This served as a motivation for the national wildlife census 

(AGRECO, 2008), national forest inventory (UIF, 2007), the elephant management plan 
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(MITUR, 2010), national conservation strategy (GM, 2009) and conservation act in 

preparation.  
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Fig. 1 Predicted distribution of people, elephant and HEC, and independent occurrence records 
for HEC across Mozambique. Both models were built with ArcGIS 3.2 by extrapolating RSF 
models designed for Lubombo and Great Limpopo TFCAs in southern Mozambique and 
calibrated with some additional variables describing climate and habitat throughout Mozambique. 
The independent HEC incidences records (the points) were collected between 2006 and 2009 by 
the government officials as part of a nationwide survey covering all districts. 
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Fig. 2 Evaluation of the HEC model in the HEC hotspots districts: (a) Palma, (b) Mecula, (c) 

Macomia, (d) Meluco, (e) Quissanga, (f) Nipepe, (g) Mágoè, (h) Funhalouro, (i)  Massingir and j) 

Matutuine. These districts, but Palma and Funhalouro harbours protected areas. 
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Fig. 3 Likelihood of elephant distribution in Mozambique, showing some probable 

relevant elephant refuges. 1, Selous- Niassa; 2, Quirimbas National Park; 3, Mágoè 

district; 4, Gilé National Reserve; 5, Gorongosa National Park and surroundings; 6, 

Marromeu; 7, Chimanimani National Reserve; 8, Limpopo National Park and 

surroundings; 9, Funhalouro district; 10, Moamba and Magude districts and 11, 

Matutuine district. 

 

 
 
 



209 

 

Chapter 7 

 

Conclusions 

 

Humans have been responsible for declines in elephant numbers (Ntumi et al., 2009) and 

their compression into protected areas (van Aarde & Jackson 2007). These effects 

challenge elephant conservation efforts in a milieu where socio-political efforts to reduce 

poverty are linked to increased availability of land for agriculture and human 

development. The land available for conservation may not meet the needs of expanding 

elephant populations and little secure habitat is available to maintain viable populations 

and elephant ranges.  

Decades of efforts to reduce conflict has failed and methods that are applied 

continue to be case specific and reactive (e.g. Dublin & Hoare, 2004). The effectiveness 

of mitigation is clearly scale-dependent and solutions require both reactive and 

preventive actions (Dublin & Hoare, 2004; Fernando et al., 2004; Jackson et al., 2008), 

especially in areas where people and elephants co-occur. This reality, calls for a 

landscape approach, which encapsulates a land use planning and zonation (Naveh, 2000; 

Fernando et al., 2004) aimed to balance elephant conservation goals with people 

livelihoods (DeFries et al., 2010).  

Elephants and humans are catholic in their habitat requirements. In 

Mozambique people do live in protected areas where elephants live. Increased occupation 

of these areas and the associated conversion of landscape will place pressure on elephant 

populations. Therefore, there is a need for additional land outside protected areas to 
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provide for the spatial needs of elephants and to restore their movement patterns, possibly 

through the zonation of land use options to restrict the expansion of human activities. 

This may reduce people-elephant encounters and mitigate HEC.  

In this thesis I examined some of the drivers of conflict along both temporal and 

spatial axes that may have implications on elephant conservation at landscape level. 

Particularly, landscape approaches caters for the needs of wildlife (e.g. elephants) and 

people, human threats to the persistence of other species and actions to reduce the 

conflict between people and wildlife (Treves & Naughton-Treves, 1999; Nelson et al., 

2003). In short, this option seeks land use planning and zoning to accommodate 

conservation and human development. The development of  ‘megaparks for 

metapopulations’ (van Aarde & Jackson, 2007) is one of several land use options that 

addresses the spatial needs of elephants and identify corridors that can link elephant 

populations. Spatial needs may induce local fluctuations in elephant numbers and reduce 

impact on other species and conflict (see Cheryl-Lesley et al., 2006; van Aarde & 

Jackson, 2007). 

Findings from my thesis may contribute to understand how people and elephant’s 

spatial needs and use may contribute to prevent HEC through a science based on 

landscape approach, which finally will allow populations to be spatially structured, 

possibly as metapopulations. By providing basis for spatial needs of people and elephants 

and identifying threats to the persistence of species both, landscape approach may be 

used to design actions to reduce HEC by preventing spatial overlap through the 

identification of conservation corridors and zonation. Particularly, on support for 

landscape approach functioning, three requirements were provided - threats to elephant 
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conservation, people and elephant spatial needs identification, actions to reduce HEC 

across the landscape (Sanderson et al., 2002; Fernando et al., 2004; DeFries et al., 2010). 

The elephant is an icon of conservation in Mozambique reflecting on successes as 

well as failures. Failures are mostly related to HEC, a topic that the government sees as a 

top priority to mitigate. A detailed toolkit, packaged within the national strategy to 

mitigate wildlife and human conflict exists, essentially centred on shooting a so called 

“problem animal”. My results provide an alternative and perhaps complementary 

approach. 

My assessment suggests that HEC in Mozambique was a reality and 

predominantly occurred in and around protected areas. Considering this, HEC areas made 

up a relatively small proportion of rural Mozambique and may affect relatively few 

people. Even so, HEC may present a threat to livelihoods of rural people. Thus, 

mitigating HEC by advocating and planning for co-existence of humans and elephants 

makes sense for social, economic, conservation and political reasons. There is a need for 

systemic approaches to reduce the conflict between people and elephants in particular, 

but wildlife in general. 

In this thesis, I showed that in Mozambique elephants mainly live in rural districts 

with protected areas and where densities were below 60 people/km2. People living and 

cropping in the vicinity of protected areas (e.g. in a buffer zone of some 8 km from the 

borders of these protected areas), have a high likelihood of experiencing conflict with 

elephants. However, people living both inside and beyond protected areas rely on 

subsistence agricultural and the extraction of a variety of natural resources from land.  
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Providing for the spatial needs of both elephants and people through active 

zonation of land use activities may further defuse conflict. From my modelling approach, 

I identified three types of land use units in the landscape of Mozambique: i) areas with 

high suitability for elephants; ii) areas with high potentiality for human subsistence 

activities (>60 people/km2) and iii) areas where both elephants and humans may co-exist. 

These observations may be important for conservation planning and may have 

implications for elephant conservation and management.  

A landscape approach seeks solutions that integrate needs of both people and 

elephants in the context of land use planning. Here, areas with high probability for 

elephants to persist (e.g. Selous-Niassa-Quirimbas NP and Maiaca and Mutumar 

elephant-year round area, Chituculo and Chiramba (Marromeu), Mueredzi sanctuary at 

the Gorongosa NP, Limpopo National Park and Maputo National Reserve and Futi 

Corridor could potentially be maintained for elephant populations. Areas with high 

probability for humans (e.g. coastal zones and many of suitable areas for agriculture and 

urbanized areas) are recommended to be considered for human activities (e.g. 

settlements, infrastructures, agriculture, grazing and natural resources exploitation) due to 

the fact that elephant population persistence in highly settled areas is problematic (Hoare 

& du Toit, 1999; Lee & Graham, 2006). Areas where both elephants and humans may co-

exist (e.g. Magoe, Magude and some areas of QNP) are recommended to be managed 

actively by involving local communities, the private sector and government (see Kube, 

2005). This will treat the landscape as a common property (Mwalyosi, 1991) with an 

economical value to be conserved and exploited. To mitigate HEC, settlements and other 

human land use types should be moved from elephant ranges. This could be problematic 
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in areas along the rivers where agriculture is the most common land use. In this case, 

some strong re-active actions directed at “transgressing elephants” should be established 

(for details see Sitati & Walpole, 2006). These different scenarios should be tested and 

validated as part of the land use planning process in the country. In the case that future 

environmental changes driven by climate changes and new socioeconomic endeavours 

cause certain areas to become conflict zones, then those areas may well necessitate a 

graded land-use planning approach.  

 

Future research 

 

Elephants and people in Mozambique share the land (Chapter 4), and the degree to which 

they conflict with each other is associated with some socioeconomic co-variates (Chapter 

3) and landscape features (Chapters 4 & 5). This poses a challenge for co-existence 

between elephants and people. 

Four main clusters of elephants may exist in Mozambique (Chapter 4), which may 

operate as source-sink metapopulations (Olivier et al., 2009). Understanding these 

dynamics under different vegetation structures (e.g. O’connor et al., 2007), water 

availability (Chamaillé-Jammes et al., 2007a&b; de Beer & van Aarde, 2008; Harris et 

al., 2008) and landscape characteristics (Grainger et al., 2005; Young et al., 2009a&b) 

will help to understand local and regional elephant populations’ demography, which is 

crucial in managing elephant sub-populations in each cluster, between different clusters 

or together with elephant populations in the neighbouring countries. 
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The way that people use space reflects on the importance of land to satisfy basic 

resource needs. I found evidence suggesting that the socioeconomic context of 

households should be considered when studying HEC (Chapter 3). Given the expected 

socioeconomic and ecological variability of the country, more in depth cases studies at 

appropriate scales (Strayer et al., 2003; de Knegt et al., 2011) are needed. These studies 

should be designed to cover both economic, conflict and demographic profiles of 

households, but also the economical value of losses incurred by wildlife. I acknowledge 

findings from others (e.g. Hill, 2004; Dickman, 2008) to include an attitudinal assessment 

due to that recognized human dimension in conservation today (Bath & Enck, 2003; 

Manfredo & Dayer, 2004; Naughton-Treves & Treves, 2005).  

Human-elephant conflict studies have yielded some discrepancies in results they 

reported (see Parker & Graham, 1989; Naughton-Treves, 1997; Hoare & du Toit, 1999; 

Hoare, 1999; Smith & Kasiki, 1999; Sitati et al., 2003; Graham et al., 2010; Twine & 

Magome, 2008 and Warner, 2008). Most of the contradicting conclusions result from the 

scale studies used and the specific aspects of HEC under investigation (see Graham et al., 

2009; Graham et al., 2010 for details). At the finer scale, most studies tend to yield 

biological and behavioural drivers of HEC incidences (Hoare & du Toit, 1999; Hoare, 

1999; Smith & Kasiki, 1999; Sitati et al., 2003) while at coarse scale some human 

socioeconomic drivers emerge (Parker & Graham, 1989; Naughton-Treves, 1997; 

Graham et al., 2010). Because of the permanent lack of political will to support HEC 

research at finer scales such as at the elephant behaviour level, there is a need to advocate 

multiple spatial and temporal scales that include elephant refuges and surroundings. A 

coarse scale may allow conservation ecologists to robustly identify key thresholds (du 
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Toit et al., 2004) under which elephants and humans can co-exist.  This will allow 

conservationists to formulate management strategies for implementation by police 

makers and local resource managers (for details, see du Toit et al., 2004).  

Management and conservation planning models, which take into account HEC 

spatial resolution and associated factors, as advocated in this thesis (see also Joshi & 

Singh, 2009), are needed. The impetus of the poverty alleviation and the Green 

Revolution advocated by the Mozambican government may increase the total amount of 

yield/hectare, but both with high costs on land degradation as observed elsewhere (e.g. 

Smith, 1992). Even under good management regimes, maintaining prime habitat for 

wildlife conservation in Mozambique may be difficult when people are permitted to 

occupy protected areas. This suggests that patterns of landscape use by both humans and 

elephants may bring them frequently in contact and place them at conflict. Managers 

should consider alternatives of land use planning scenarios which may accommodate 

people and elephant needs.  
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