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ABSTRACT TC "ABSTRACT" \f C \l "1" 
This study explored the adoption and impact of Geographic Information Systems (GIS) technology in combating elephant poaching in three key national parks in Tanzania: Ruaha, Tarangire, and Serengeti. The objectives of the study were: to evaluate the human capital’s capacity to adopt GIS in preventing elephant poaching; to examine the extent to which GIS technologies are used in elephant conservation; and to determine the cost benefits and effectiveness of GIS technologies in preventing elephant poaching. Results of the linear regression model (R² = 0.5738) showed that the major contributors to the increase in elephant population are reduced mortality rates (β = 0.4706), enhanced patrol coverage (β = 0.2891), and improved tracking systems (β = 0.1656). Success rates across the parks ranged from 88% in Serengeti to  98% in Ruaha, reflecting varying operational scales and implementation challenges. The findings further indicated an exceptional readiness of the human capital for the adoption of GIS, with 98.7% of wildlife conservation staff having received adequate training and demonstrating necessary knowledge. These findings underscore the transformative potential of GIS in wildlife protection and provide actionable insights for policymakers, conservation managers, and stakeholders committed to enhancing anti-poaching strategies through technological innovation.
The study concludes that GIS technology is an indispensable tool in modern conservation and recommends sustained investments in staff training, infrastructure development, and active stakeholder engagement to ensure long-term success.
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CHAPTER ONE TC "CHAPTER ONE" \f C \l "1" 
INTRODUCTION TC "INTRODUCTION" \f C \l "1" 
1.1  Background to the Research Problem TC "1.1  Background to the Research Problem" \f C \l "1" 
Biodiversity loss and species extinction have reached unprecedented levels, with large herbivores like elephants being the most threatened species (IPBES, 2019). Elephants play a keystone role in maintaining an ecosystem balance, thus their decline is a disruption to ecological interactions, which has cascading effects on ecosystems and other species (Ripple et al., 2015). Despite the efforts to conserve biodiversity, degradation of of their habitats by  humans due to various activities and land demands continues to pose significant challenges. Setting protected areas remains one of the most effective strategies for biodiversity preservation; yet, the increasing human population pressure and resource exploitation threaten the integrity of these areas (Hoffmann, 2021).In addressing these challenges, the use of advanced technologies, including Geographic Information Systems (GIS), drones, and machine learning, has emerged as an ideal option. These tools offer cutting-edge solutions for real-time monitoring of wildlife and habitats, thus improving conservation strategies on a global scale (Gross & Heinsohn, 2023).
In Africa, protecting elephants and biodiversity is a critical concern given the presence of vast protected areas and rich ecosystems. Approximately 400 protected areas covering over 1.2 million square kilometers have been established across Sub-Saharan Africa (Wilson & Primack, 2019). Countries like Kenya, Botswana, Malawi, Zimbabwe and Tanzania have set over 8% of their land for wildlife conservation(Chardonnet, 2019).
However, human encroachment on these areas due to the population increase  contribute to habitat destruction, disrupting elephant corridors and wildlife dispersal zones. This attributes to conflicts between conservation goals and human development (USAID, 2019). Furthermore, poaching poses a significant threat to the survival of elephants, exacerbated by the challenge of monitoring their vast and often inaccessible habitats. African elephants (Loxodonta africana) travel extensive distances daily, about  30–60 kilometers on average, something which complicates the implementation of traditional anti-poaching efforts (de Sales et al., 2020).

GIS technology has emerged as a transformative tool for wildlife conservation. It facilitates collection and analysis of spatial data on elephant movements and habitats. The tool has helped to find out that there are strong correlations between specific landscape features and poaching incidents. For instance, areas with low shrub vegetation (40–65% crown cover), proximity to roads (within 2,000 meters), and water features (within 4,000 meters)  have been known to be the poaching hotspots (Shaffer & Bishop, 2016).

In Tanzania, a nation renowned for its biodiversity, protected areas play a pivotal role in wildlife conservation. The country has made concerted efforts to conserve wildlife but challenges persist due to habitat fragmentation, human-wildlife conflicts, and poaching. Integration of advanced technologies such as GIS, drones equipped with high-resolution cameras and thermal imaging, and machine learning has now emerged as crucial strategy for enhancing conservation initiatives. These tools have proved effective in detecting poaching activities and monitoring large landscapes efficiently (Gross & Heinsohn, 2023). By adopting these innovative technologies, Tanzania can better address the complexities of wildlife conservation, safeguard its rich biodiversity, and ensure sustainability of protected ecosystems. These advancements not only help mitigating poaching but also strengthen the management of elephant corridors and wildlife dispersal zones for future generations.

1.2  Statement of the Research Problem TC "1.2  Statement of the Research Problem" \f C \l "1" 
More than 33,000 elephants are killed annually for their ivory in Africa (IUCN ESARO, 2020). In Tanzania, over 65,721 elephants (over 60% of their  population), were lost between 2009 and 2014, (WILDAID, 2015). However, recent efforts and advancements in anti-poaching strategies have brought about significant improvements in elephant conservation. For instance, the Monitoring of Illegal Killing of Elephants (MIKE) data indicates that the number of elephants killed illegally in Tanzania’s key ecosystems declined dramatically from 39% in 2014 to as low as 1.4% in 2021 in the Ruaha-Rungwa area (Wildlife Division, 2023). The reduction in carcass ratios in other ecosystems, such as Nyerere-Selous-Mikumi and Katavi-Rukwa, further attest the positive impact of enhanced conservation measures, including the use of GIS technologies and law enforcement efforts.
Despite the achievements made so far, poaching still persists. The great decrease in Elephants Count data provides evidence that poaching  is still going on, albeit having been reduced, with carcasses resulting from poaching recorded at 26% (Chase et al., 2016). The fact that poaching continues despite the numerous strategies implemented to put it to an end is an indication of how poaching tactics have been evolving. Now, as the poaching threat evolves, so must the strategies to combat it. The use of advanced technologies, such as UAVs and tracking collars integrated with GIS, has proved  effective in monitoring elephants, hence ensuring its sustainability and enhancement is vital for preventing a resurgence of poaching activities and adapting to emerging threats.

This study aimed to explore the role of Geographical Information Systems (GIS) in preventing elephant poaching while emphasizing the sustainability of existing strategies. Recent trends show that improved management practices have significantly reduced poaching incidents but maintaining these achievement requires sustained technological and strategic innovation.  So, this study evaluated how GIS and its related technologies can help to mitigate the current poaching risks and adapt to future challenges to ensure long-term conservation success, which has ecological, economic and cultural benefits for Tanzania.

1.3  Objectives of the Study TC "1.3  Objectives of the Study" \f C \l "1" 
This study was guided by the following objectives.

1.3.1 
Main Objective of the Study TC "1.3.1 
Main Objective of the Study" \f C \l "1" 
The main objective of this study was to assess the adoption of Geographical Information System technologies in the prevention of elephant poaching in Tanzania`s national parks.

1.3.2  Specific Objectives of the Study TC "1.3.2 Specific Objectives of the Study" \f C \l "1" 
i. To evaluate the capacity of the human capital to adopt GIS to prevent elephant poaching in national parks in Tanzania.

ii. To examine the extent to which GIS technologies are used in elephant conservation in national parks in Tanzania;

iii. To determine the costs, benefits and effectiveness of GIS technologies in preventing elephant poaching in national parks in Tanzania.

1.4  Research Questions TC "1.4  Research Questions" \f C \l "1" 
i. What is the human capital’s capacity to adopt GIS in the prevention of elephant poaching in national parks in Tanzania?

ii. To what extent are GIS technologies used in national parks in Tanzania?

iii. What are the cost-benefits and effectiveness of GIS technology in the prevention of elephant poaching in national parks in Tanzania?

1.5  Scope of the Study TC "1.5  Scope of the Study" \f C \l "1" 
This study assessed the adoption of GIS technologies in elephant poaching prevention in national park sin Tanzania. The study was confined to three national parks only, namely: Tarangire, Ruaha and Serengeti.

1.6  Significance of the Study TC "1.6  Significance of the Study" \f C \l "1"  
This study helps to gain an understanding of how the use GIS in managing protected areas is perceived in terms of its functionality in helping to combat poaching. Although various studies on elephant poaching have been conducted, several issues still need to be addressed. This study therefore has significant implications for theoretical, managerial, policy, and academic purposes

The study offers insights into how to best adopt GIS in preventing elephant poaching in national parks in Tanzania. It offers useful information that can serve as the basis of reviewing the strategies and policy on implementation of conservation and anti-poaching interventions in protected areas in Tanzania. At the same time, it broadens the body of knowledge on wildlife conservation. So, scholars interested in the dimensions influencing the adoption of GIS technology in elephant poaching prevention in Tanzanian national parks can use this study as a reference material in future studies.  The study provides future scholars with some useful insights into the influence of organisational characteristics, technological characteristics, environmental characteristics, and perceived relative advantages of adopting GIS in preventing elephant poaching.

1.7
Organisation of the Thesis TC "1.7
Organisation of the Thesis" \f C \l "1" 
This thesis is organised into five chapters. Chapter one introduces the study by presenting research problem, objectives, and research questions, along with the study's scope, significance, and the organisation of the thesis. Chapter Two presents definitions of key concepts, a theoretical literature review and an empirical literature review. It also describes the conceptual framework of the study and identifies the research gap. Chapter three describes the study area and research methodology, including the study's philosophy, research approach and design, population and sampling procedures, data collection instruments, and data analysis methods, as well as validity, reliability, and ethical considerations. Chapter Four presents the research findings and discussions. Chapter Five discusses the findings while Chapter Six provides a summary of the study, conclusions, and recommendations.

CHAPTER TWO TC "CHAPTER TWO" \f C \l "1" 
LITERATURE REVIEW TC "LITERATURE REVIEW" \f C \l "1" 
2.1  Overview TC "2.1  Overview" \f C \l "1"  

This chapter reviews the literature on poaching and prevention using GIS technologies in Tanzania and elsewhere in the world.  The chapter begins by defining the key terms and concepts used in this study. This is followed by reviews of theoretical and empirical literature where previous studies on the impacts and efficiency of the adoption of GIS technology on elephant poaching prevention are reviewed. The literature review was conducted by focusing on policies, laws, regulations, protocols, and national and international conventions. Finally, the research gaps and conceptual framework are presented. 

2.2  Definitions of Terms and Concepts TC "2.2  Definitions of Terms and Concepts" \f C \l "1" 
This subsection presents definitions of the key terms in this study. The definitions provided here only captures what the terms were used to mean in the current study.

2.2.1  Poaching TC "2.2.1  Poaching" \f C \l "1" 
Poaching is a contested term with different meanings in different contexts (Carter et al., 2017). For example, U.N. Environment (2017) in the African Elephant Fund for Transforming Strategies into Action uses the term poaching to describe the direct illegal killing of elephants for the commercial ivory trade, as opposed to other motives to kill elephants, such as risk perceptions, severity and locations of human-elephant conflict incidents. In agricultural terms, the term poaching is also used to refer to the loss of soils or grass by the damaging action of the livestock feet, which can affect the availability of productive land, water pollution through increased runoff and welfare issues for cattle (Cuttle, 2008). Most international wildlife agreements and many national laws on species protection do not use the word poaching; instead, they use the term prohibited action. For instance, the United Nations Sustainable Development Goal number 15 pronounces that the UN is committed to taking action against poaching and trafficking of protected species of flora and fauna to ensure they are available for present and future generations (UNDP, 2017). Therefore, poaching is a common term used to refer to illegal killing or taking of wildlife. 

2.2.2
Adoption TC "2.2.2
Adoption" \f C \l "1" 
Adoption is the process of appropriating technology and putting it into use to achieve for certain purposes; it is the act of an individual, organisation or community to choose a certain technology and put it into use (ESRI, 2022). Rogers (2003) defines adoption as a sociological model that describes accepting a new product or innovation according to defined adopter groups' demographic and psychological characteristics. This study adopted the definition by ESRI 2022, which captures the act of putting geographical information technology into use. 

2.2.3
Geographic Information System TC "2.2.3
Geographic Information System" \f C \l "1" 
Geographic Information System (GIS) refers to an information system for processing geographical data (ESRI, 2022). It is a computer system that captures, stores, integrates, manipulates, analyses, and displays spatially referenced data (Murad & Khashoggi, 2020). It stores, retrieves, analyses, and displays data geographically/spatially (Abdulaziz et al., 2021). Thus, it is akin to a more extensive information system concept that handles geospatial data for spatiotemporal application and geography investigation.

2.2.4
Elephant Poaching Prevention TC "2.2.4
Elephant Poaching Prevention" \f C \l "1" 
MNRT (2009) defines elephant poaching prevention as preventing the illegal killing of elephants within the country. Accordingly, Subedi and Subedi (2017) define elephant poaching prevention as preventing illegal shooting, trapping or taking of elephants in protected areas. Based on these definitions, the term elephant poaching prevention is used in this study to mean protecting elephants against illegal hunting in national parks. It is used to mean actions taken to stop illegal killing of elephants in national parks in Tanzania. 

2.3
Theoretical Literature Review TC "2.3
Theoretical Literature Review" \f C \l "1" 
This study presents a review of theoretical literature. The theories which are reviewed are Innovation Diffusion Theory, the Technology Organisation Environment Framework, and the Unified Theory of Acceptance and Use of Technology. These were used in combination to guide this study.
2.3.1
Innovation Diffusion Theory TC "2.3.1
Innovation Diffusion Theory" \f C \l "1" 
Innovation Diffusion Theory (IDT) was developed by Rogers in 1962.  The theory postulates that an idea or product gains popularity and diffuses (or spreads) into a specific population or social system slowly through a process. It does not occur instantaneously, rather it goes through natural processes of checks and approvals by social and operational systems. The end result of this diffusion is that people, as part of the social system, adopt the new idea, behaviour, or product.   Adoption means that a person does something different from what they used to do before (i.e., purchase or use a new product, acquire and perform a new behavior, etc.). The basis of adoption is the perception that the idea, behaviour, or product being adopted is new or innovative. It is through this that diffusion is possible.  

Adoption of a new idea, behaviour, or product (i.e., "innovation") does not happen at once in a social system; rather it is a process whereby some people are more apt to adopt the innovation than others. This applies to the GIS and its associated technologies. Although they are generally useful, their adoption is still going on. This study is an attempt to find out the category to which TANAPA and Tanzania general belong. Research evidence shows that people who adopt an innovation earlier have different characteristics from those of the ones who adopt it later. So, in promoting the adoption of an innovation, it is important to understand the characteristics of the target population that may help or hinder adoption of the innovation. There are five established adopter categories (Figure 2.1).  While the largest portion of the general population tends to fall in the middle categories, it is necessary to understand the characteristics of the target population. In promoting an innovation, different strategies have to be used depending on the adopter categories to which the people belong, like innovators, early adopters and laggards.    

Innovators are people who want to be the first to try an innovation. They are venturesome and interested in new ideas. These people are very ready to take risks and are often the first to develop new ideas. Very little, if anything, needs to be done to appeal to this population.  Early adopters are people who represent opinion leaders. They enjoy leadership roles and embrace change opportunities. They are already aware of the need to change and are very comfortable to adopt new ideas. Strategies to appeal to this population include distributing how-to manuals and information sheets on implementation. They do not need information to convince them to change. 

The early majority are people who are rarely leaders, but they adopt new ideas before the average persons. They need to see typical evidence that the innovation works before they decide to adopt it. Strategies to appeal to this category include success stories and evidence of the innovation's effectiveness. The late majority is another category, comprised of people who are skeptical of change. These adopt an innovation after it has been tried by the majority. Strategies to appeal to this population include information on how many other people have tried the innovation and have adopted it successfully. Laggards are people who are bound by tradition and are very conservative. They are very skeptical of change and are the hardest group to bring on board. Strategies for appealing to this category include statistics, fear appeals, and pressure from the other adopter groups.
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Figure 2.1: Stages of Adoption of  Innovation TC "Figure 2.1: Stages of Adoption of  Innovation" \f F \l "1" 
Source: http://blog.leanmonitor.com/early-adopters-allies-launching-product/ 

The stages by which a person adopts an innovation, and whereby diffusion is accomplished, include awareness of the need for innovation, decision to adopt (or reject) the innovation, initial use of the innovation to test it, and continued use of the innovation. There are five main factors which influence the adoption of an innovation, and each of these factors is at play to a different extent in the five adopter categories. The relative advantage of an innovation refers to the degree to which it is perceived as better than the idea, program, or product it replaces. Compatibility measures how consistent the innovation is with the values, experiences, and needs of potential adopters. Complexity refers to the difficulty in understanding and using an innovation. Triability indicates the extent to which the innovation can be tested or experimented with before committing to adopt it. Lastly, observability is the extent to which the innovation provides tangible results that can be seen and measured.
The Innovation Diffusion Theory has several limitations. First, much of the evidence supporting it, including the adopter categories, did not originate from general innovations and it was not specifically developed to apply to the adoption of new practices engendered by these innovations. Second, the theory does not foster a participatory approach to adopting new practices, which can be crucial for successful implementation. Third, it is more effective in promoting the adoption of new behaviors rather than the cessation or prevention of existing behaviours. Last, the theory does not account for an individual's resources or social support, which are essential factors in adopting a new behaviour or innovation.

This theory has been used successfully in many fields including communication, agriculture, public health, criminal justice, social work, and marketing. In public health, the Diffusion of Innovation Theory is used to accelerate the adoption of important public health programs that typically aim to bring change in the social system. For example, an intervention to address a public health problem is developed, and the intervention is promoted to people in the social system with the goal of influencing them to adopt it. Successful adoption of a public health program results from understanding the target population and the factors influencing their rate of adoption.

This theory describes the process of accepting or rejecting an innovation. IDT assumes that the adoption of innovation is always desirable. The innovation process is successful when the innovation is accepted and integrated into the organisation (Rogers, 1995). Rogers identifies five attributes that impact the rate of technology adoption: relative advantage, compatibility, complexity, trialability, and observability (Rogers, 1995; 2003). Relative advantage is the degree to which an innovation is perceived to be better than the idea, practice, or object it supersedes. Compatibility means how consistent the innovation is with the existing values, needs, and past experiences of members of the organisation. Complexity refers to the difficulty in using, learning, and understanding the innovation. Trialability is the degree to which an innovation can be experimented with on a partial or step-by-step basis. Observability measures how the results of the innovation are made available to others. IDT was applied in this study to understand how adoption of GIS technology in preventing elephant poaching in Tanzania's national parks could be promoted.

2.3.2
Unified Theory of Acceptance and Use of Technology TC "2.3.2
Unified Theory of Acceptance and Use of Technology" \f C \l "1" 
The Unified Theory of Acceptance and Use of Technology (UTAUT) was developed by Viswanath Venkatesh, Michael G. Morris, Gordon B. Davis, and Fred D. Davis in 2003. This theory was formulated by reviewing and consolidating previous models of technology acceptance with the aim of coming up with a comprehensive framework for understanding the factors that influence the acceptance and use of technology.

In the context of adoption of Geographic Information Systems (GIS) technology in elephant poaching prevention in Tanzania's national parks, the theory can help identify key determinants that influence conservation rangers' acceptance and use of GIS. These determinants include performance expectancy (the belief that using GIS will enhance job performance in preventing poaching), effort expectancy (the perceived ease of using GIS), social influence (the degree to which rangers perceive that important others believe they should use GIS), and facilitating conditions (the availability of organisational and technical infrastructure to support GIS use).According to the UTAUT theory, technology acceptance is influenced by these four core determinants. The theory also assumes that that gender, age, experience, and voluntariness of use can moderate the impact of these determinants on technology use intention and behaviour. The theory assumes a rational decision-making process where users evaluate the potential benefits and ease of use of the technology.

UTAUT is criticised for being too complex as it integrates multiple constructs, which can make it difficult to put into practice without extensive data. Additionally, some critics argue that the theory may oversimplify the acceptance process by not fully accounting for contextual and environmental factors unique to specific technologies and settings. Moreover, the theory's generalisability across different cultures and technological contexts has been questioned, suggesting that local adaptations might be necessary for its effective application.

2.3.3   Technology Organisation Environment Framework TC "2.3.3   Technology Organisation Environment Framework" \f C \l "1"  

The Technology Organisation Environment (TOE) framework was developed by Tornatzky and Fleischer in 1990. This theory explains how the innovation process occurs in organisations. According to the TOE framework, three areas are considered important in technology adoption: organisational context (managerial support and skilled workforce), technological context (soft and hardware tools), and environmental context (accessibility). The technological aspect depicts the compatible technologies, whereby in this study, GIS was considered compatible with elephant poaching prevention. The organisational scope, managerial structure, staffing, and internal resources characterise the organisational aspect. The environmental aspect describes how an organisation accesses competitors, whereas, in the context of this study, poachers are considered competitors. 

Nawaz and Gunapalan (2015) tested the three aspects of TOE and revealed that technological, organisational, and environmental dimensions of the Technology Organisation Environment Framework significantly influence technological adoption to enhance performance. That means the success of GIS depends on technological, organisational, and environmental factors. The applicability of these dimensions of the Technology Organisation Environment during elephant protection is crucial for better results. A significant snag of TOE is that the constructs in the adoption predictors are assumed to apply more in large organisations; this is advantageous to the current study as Tanzania’s national parks are rated as a sizeable government organisation.
In the context of the current study, the TOE framework was used to study the adoption of GIS in elephant poaching prevention in the national parks of Tanzania by identifying the capacity of human capital to adopt GIS technology. The TOE framework has been applied in many studies for different purposes, for instance, understanding the determinants of geographical information technologies post-adoption (Cruz-Jesus et al., 2019; de Mattos and Laurindo, 2017; Zhu et al., 2016). The TOE framework was used in this study to strengthen and complement the IDT, TRA, and UTAUT theories. 

 According to Parker and Castleman (2009), using several theories in combination enhances their explanatory power. That being the case, the IDT, TRA, UTAUT, and TOE frameworks were used in combination in order have a stronger explanatory power in measuring the adoption of GIS on elephant poaching prevention in Tanzania's national parks. Therefore, this study adopted and strengthened variables from the TOE framework by using IDT, TRA, and UTAUT variables to better explain the adoption of GIS technology in elephant poaching prevention in national parks.

2.4 Empirical Literature Review TC "2.4 Empirical Literature Review" \f C \l "1" 
This subsection presents a review of empirical studies related to the current research. The review is presented based of different themes. Different studies from across the world, Africa and Tanzania are reviewed.

2.4.1 Organisational characteristics of poaching prevention TC "2.4.1 Organisational characteristics of poaching prevention" \f C \l "1" 
Aziz et al. (2017) investigated the organisational setup of tiger anti-poaching efforts in the Sundarbans Reserved Forest in Bangladesh. Using an exploratory approach, they collected data by conducting interviews with key informants. Their findings revealed that the poaching methods were highly site- and species-specific. Poisoned baits and snares were found to be commonly used to catch and kill tigers. The study called for involvement of local communities and leveraging technological advancements for effective poaching prevention. These findings align with Piel et al. (2019), who observed that increasing patrol frequencies within conservation areas significantly reduced poaching incidents.
Berisso and DeVries (2021) examined the adoption of geographic information systems (GIS) in Addis Ababa, Ethiopia. Their focus was on exploring how organisational characteristics influence successful adoption of GIS to improve decision-making and structural adjustments in developing countries. Their findings showed that GIS adoption often occurs opportunistically, serving strategic purposes such as enhancing organisational control and addressing power structures. They concluded that adopting GIS necessitates changes in organisational communication and workflow, although such transformations often occur incrementally.
Galanti et al. (2019) did a study on elephant migration routes in Tarangire National Park, Tanzania. They used GPS telemetry to track the elephant migration routes Their findings provided valuable insights into spatial use and movement patterns, aiding long-term conservation strategies. They established that tracking elephants’ locations and migration routes is critical for optimising anti-poaching operations as it enables rangers to allocate resources more effectively. Consistent with this, a recent study by MNRT (2023) has emphasized the importance of integrating advanced tracking technologies to bolster conservation efforts.
Matungwa and Wawa (2023) explored anti-poaching strategies and the associated challenges in Serengeti National Park (SENAPA), Tanzania. Using interviews and documentary review to collect data from a sample obtained by using purposive sampling, the study identified strategic patrols, intelligence-led programs, conservation education, using de-snaring teams, and using sniffer dogs as the primary anti-poaching techniques used there. The findings of the study revealed significant obstacles, including political interference, budgetary constraints, an inadequate workforce, and limited access to modern technology. It was concluded that combating poaching requires a multifaceted approach which combines diverse techniques to achieve sustainable results.
Despite the good insights from the findings of the empirical studies reviewed herein, the connection between organisational setups and the effectiveness of anti-poaching strategies remains underexplored, particularly in the context of GIS adoption in preventing elephant poaching. This study was set to address this gap by investigating how GIS and related technologies can enhance organisational structures and strategies to ensure sustainable conservation of elephants in  the  national parks of Tanzania.

2.4.2
Technology characteristics for poaching prevention TC "2.4.2
Technology characteristics for poaching prevention" \f C \l "1" 
Rahayu and Day (2019) conducted a study on technology adoption in Indonesia, analysing data through multiple regression techniques. Their findings  revealed  that technology readiness, owners' innovativeness, ability, and experience were the key determinants of technology adoption. Rhayu and Day then recommended further comparative studies in different countries to enhance the generalizability of their findings. 
Eldrandaly et al. (2020) developed a model for measuring GIS adoption and implementation success. They identified several critical factors for successful GIS adoption, emphasizing the importance of using GIS software in storing, analysing, and displaying geographic information and hardware tools, such as computers, for running GIS systems efficiently. The study recommended that both software and hardware capabilities have to be strengthened to ensure successful implementation of GIS surveillance in elephant poaching prevention.
Alrwais et al. (2021) proposed a comprehensive model for assessing GIS use in local government authorities (LGAs). They highlighted the importance of ICT and GIS staff as critical factors for successful adoption and use of GIS technology to enhance organisational performance. Meanwhile, Duporge (2022) analysed the role of remote sensing technologies in combating wildlife crime. They focused on on rhino and elephant poaching in Eaststern and Southern Africa. The study found that GIS integrated with remote sensing technologies played a vital role in facilitating anti-poaching efforts, attributing to enhanced surveillance and monitoring capabilities for protecting wildlife. Despite these advancements, there is limited research-based information on the application of GIS in elephant poaching prevention the national parks of Tanzania. This study was envisaged to bridge this gap by analysing the adoption and effectiveness of GIS technologies in preventing elephant poaching. The goal was to contribute insights into sustainable conservation strategies that are tailored to the Tanzanian context. 

2.4.3
Applicability of GIS in Poaching Prevention TC "2.4.3
Applicability of GIS in Poaching Prevention" \f C \l "1" 
GIS is widely acknowledged for its usefulness in wildlife management and poaching prevention. Studies conducted in different contexts in the previous show that it is a very effective strategy. Metzger et al. (2020) developed a poaching risk map for rhinoceroses by analysing  factors such as the distance which the hunters travelled from their settlements to the parks, the frequency and location of illegal hunting arrests, and the rate of animal off-take within protected areas. Similarly, Barve et al. (2021) mapped threats to a wildlife sanctuary in Southern India by creating indices of threats based on human settlements, road networks, and terrain steepness. These studies emphasize the effectiveness of GIS in identifying high-risk zones and informing conservation strategies. Hofman et al. (2019) and Hacker, Horback & Miller (2015) further highlight the importance of integrating GIS and remote sensing (RS) technologies in wildlife monitoring and management. Their findings revealed that these tools are  potential in enhancing spatial analyses and supporting decision-making processes for conservation interventions.
Subedi and Subedi (2022) applied GIS to identify and map high-risk areas for rhino poaching in and around Chitwan National Park (CNP) in Nepal. Using a multi-criterion GIS approach, they employed binary logistic regression and expert consultations to identify significant variables influencing poaching risks. Predictor variables included distance to guard posts, settlements, road networks, land cover, slope, and elevation. The study found that areas near roads, far from guard posts, and densely populated with grasslands were the riskiest zones. The weighted sum index model in ArcGIS was instrumental in generating a risk map, which wildlife managers in CNP used to optimise intervention programs and law enforcement patrols.
The findings of the studies highlighted above underscore the critical role of GIS in wildlife management, particularly in identifying the high-risk zones and enhancing the effectiveness of anti-poaching measures. The current study sought for more insights by exploring GIS adoption in the prevention elephant poaching in Tanzania’s national parks in order to contribute to sustainable conservation efforts.
2.5  Review of Laws and Policies Related to Wildlife Protection TC "2.5  Review of Laws and Policies Related to Wildlife Protection" \f C \l "1" 
2.5.1
Policies on Wildlife Protection TC "2.5.1
Policies on Wildlife Protection" \f C \l "1" 
The Tanzania Wildlife Policy of 1998 places emphasis on  wildlife protection as a way to promote sustainable national development (MNRT, 1998). Similarly, the TANAPA Policy of 1994 highlights the importance of protecting wildlife to ensure sustainability and contribute to national economic development (TANAPA, 1994). 

These policies serve as drivers for adopting GIS technology as a strategic approach to combating elephant poaching in national parks. At the international level, the Convention on International Trade in Endangered Species (CITES) of 2010 categorises elephants as species requiring close monitoring and protection (CITES, 2010). TANAPA, as a key implementer, adheres to these international agreements, with a strong focus on leveraging GIS technology to enhance elephant conservation efforts. In the implementation of the policies, game scouts have been playing a pivotal role in the fight against illegal hunting and harvesting to ensure safety of the wildlife, including elephants. Currently, Geographic Information Systems (GIS) technology has emerged as one among the methods advocated for wildlife protection. 
The Wildlife Conservation Act of 2009 further emphasizes the legal obligation to conserve wild animals for the benefit of future generations (MNRT, 2009). This act reinforces the need for integration of advanced technologies such as GIS into conservation strategies in efforts to  fulfill this legal obligation. 
Despite the presence of policies and legal frameworks advocating for GIS technology adoption, there remains limited research on  the direct relationship between GIS adoption and its effectiveness in elephant poaching prevention. Addressing this gap is crucial for enhancing the implementation of these policies and ensuring sustainable wildlife protection. 

2.5.2
Laws and wildlife protections TC "2.5.2
Laws and wildlife protections" \f C \l "1" 
The available literature shows that different acts on wild life conservation have been made in the country. The Wildlife Conservation Act was enacted in 2009 to make provisions for the conservation management, protection, and sustainable utilisation of wildlife and wildlife products. It is the leading wildlife conservation law in Tanzania. The National Parks Act Cap 282 focuses on management and protection of wildlife in National Parks. It is the basis of the establishment of national parks, and the Tanzania National Park Authority (TANAPA) as a corporate body responsible for administering and managing national parks in this country. The Land Act of 1999 and Village Land Act of 1999 describe wildlife as dependent on what happens to their habitats, and there is a strong link between land and wildlife legislation. The Land Act establishes three categories of land: general, reserved, and village. Most of the areas set for wildlife management in Tanzania fall under the "reserved land."

2.5.3
Protocols and treaties related to wildlife protections TC "2.5.3
Protocols and treaties related to wildlife protections" \f C \l "1" 
Tanzania is  a party to the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES) since 1980 (CITES, 2010). In addition, the country is a signatory to several international and regional treaties that complement its national efforts in wildlife conservation and management, particularly for species like the African elephant. These agreements include the Convention on Migratory Species (Bonn, 1979) which stresses on  conservation of  migratory species across their ranges, and the Convention on Biological Diversity (Rio de Janeiro, 1992) which emphasizes sustainable use and equitable sharing of biodiversity resources.
Other significant agreements include the Lusaka Agreement on Cooperative Enforcement Operations Directed at Illegal Trade in Fauna and Flora (1996), which calls for regional collaboration in combating wildlife crime, and the Southern African Development Community (SADC) Protocol on Wildlife Conservation and Law Enforcement (2000), which seeks to promote regional cooperation in conserving wildlife and enforcing related laws. These protocols and treaties reinforce Tanzania’s commitment to integrating international conservation standards with national policies and strategies  to  have a holistic approach to wildlife protection.

2.6  Research Gap TC "2.6  Research Gap" \f C \l "1" 
The review of studies on the adoption of GIS technology has revealed significant knowledge gaps, particularly a paucity of research on this topic in developing countries (Erica & McMaster, 2017), including Tanzania. While, GIS technology has proved to be highly potential across various sectors such as environmental management, its application in wildlife conservation remains underexplored in these regions. Scholars such as Painho and Olveira (2018) emphasize the need for more studies on its use in developing contexts. Similarly, Hebert and Root (2019) highlight the opportunities and challenges in adoptingGIS in infection prevention in hospital settings, and Skydan and Ivaniuk (2020) examined the use of GIS technologies in local governance and development. These studies underline the versatility of GIS, but its application in wildlife management, specifically in poaching prevention, remains insufficiently studied.
Since the introduction of GIS technology in 2006 in wildlife protection in Tanzania’s national parks, no comprehensive study has evaluated its impact, particularly on elephant poaching prevention. This leaves a critical gap in the knowledge about how GIS adoption influences conservation outcomes. This study therefore aimed to address this gap by assessing the impact of GIS technology on preventing elephant poaching in Tanzania’s National Parks. Additionally, the study explored the organisational adoption of GIS and the factors influencing its diffusion within conservation management practices. The study sought to establish a foundation for future studies and provide actionable insights into the way to enhance wildlife conservation strategies by using GIS technology.

2.7  Conceptual Framework TC "2.7  Conceptual Framework" \f C \l "1" 
Many theories and empirical studies have been used to explain the factors influencing technology adoption. In this study, the following conceptual framework was used (Figure 2.



Figure 2.2:Adoption of GIS technology in the prevention of poaching TC "Figure 2.2:Adoption of GIS technology in the prevention of poaching" \f F \l "1" 
Source: Field Research, 2023

As seen above, the conceptual framework consists of three parts. The first part presents three determinants of the adoption of GIS. These determinants are human capital’s capacity, extent of GIS use, and the cost benefits and effectiveness of adoption of GIS technologies. Some of the attributes within the framework includes GIS knowledges, Training, Financing and policy support. The second part represents the adoption of GIS. The third part is the measurement of the outcomes of adopting GIS in elephant poaching prevention.

CHAPTER THREE TC "CHAPTER THREE" \f C \l "1" 
RESEARCH METHODOLOGY TC "RESEARCH METHODOLOGY" \f C \l "1" 
3.1 
Overview TC "3.1 
Overview" \f C \l "1" 
This chapter presents the study’s research philosophy, research approach, research design, study area, target population and sampling procedures. It further presents the sampling frame and sample size, data collection methods, data analysis, validity and reliability of the research instruments, and ethical issues.

3.2
Research Philosophy TC "3.2
Research Philosophy" \f C \l "1" 
This study was couched in the pragmatic research philosophy which emphasizes a flexible approach to both ontological and epistemological positions. This philosophy acknowledges the dynamic nature of reality and knowledge, allowing for a versatile and context-specific research design. The guiding references for this philosophical stance were Johnson et al. (2007) and Creswell (2014). Johnson et al. (2007) provided insights into the pragmatic paradigm, emphasizing its utility in addressing real-world problems by integrating multiple perspectives and methods. Creswell (2014) highlights the practical application of pragmatic research and the importance of adopting a mixed-methods approach. The philosophy served as a foundational pillar in shaping the research methodology and approach of this study and helped the researcher to carry out a nuanced and adaptable investigation into the subject matter of the study.

3.3
Research Approach TC "3.3
Research Approach" \f C \l "1" 
Based on the pragmatic philosophical underpinning this study deployed a mixed research approach. Integrating qualitative and quantitative methods enabled the researcher to gain a more comprehensive understanding of the manner and extent to which elephant poaching occurs in Tanzania. In addition, the mixed research approach enabled the researcher to collect descriptive and quantifiable data. This helped the researcher to do away with the shortcomings of using one approach, as the two approaches complemented and supplemented each other and the likelihood of missing some essential data was reduced (Johnson & Christensen, 2017). In this case, information concerning elephant poaching, such as identifying appropriate geographical information applied in anti-poaching, was gathered through documentary reviews and interviews. Meanwhile, data on the main risks identified by using GIS technology in national parks were obtained through interviews and questionnaires. As well, the information concerning the users' attitudes toward geospatial information was gathered using interviews and questionnaires.

3.4
Research Design TC "3.4
Research Design" \f C \l "1" 
Research design shows the approach and strategies for obtaining relevant data to achieve the research objectives and answer the research questions. Cohen et al. (2018) argue that no blueprint exists for planning research. So, the choice of a research design depends on the purpose of the study. In this study the researcher adopted an explanatory design. This design helped him to determine how relevant information related to GIS on elephant poaching prevention was obtained. Exploratory research design is useful in connecting ideas and understanding cause and effect. This research design was selected because of its potential to maximise the strengths of the study by minimising the weaknesses of the quantitative and qualitative research approaches when used in isolation (Johnson & Christensen, 2017). With this design, the researcher was able to understand the research problem better and arrive at a well-substantiated conclusion. 

3.5   Study Area TC "3.5   Study Area" \f C \l "1" 
This research covered  three national parks in  Tanzania, namely Ruaha located at coordinates 7°30′S 35°00′E, Tarangire with location coordinates of 3°50′S 36°0′E, and Serengeti located at coordinates 2°20′S 34°34′E (Figure  3.1). These national parks were selected because different GIS technologies have been installed there by donor-funded projects. The total population of elephants in these national parks is 12,652, that is 5,160 in Serengeti, 3,282 in Tarangire and 4,210 in Ruaha (TAWIRI 2015). This elephant population constitutes more than 50% of Tanzania’s entire elephant population.
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Figure 3.1 :Map of  the Study areas TC "Figure 3.1 :Map of  the Study areas" \f F \l "1" 
Source: Researcher, 2022

3.6
Target Population TC "3.6
Target Population" \f C \l "1" 
The target population of this study comprised 6000 different practitioners of wildlife conservation (Appendix VII). They included TANAPA officers, TANAPA rangers, GIS experts, procurement and administrative officers, and foreign GIS experts working with TANAPA. Others were government leaders/ officials and community leaders who have been working with TANAPA in the fight against elephant poaching. 

3.7
Sampling Procedures TC "3.7
Sampling Procedures" \f C \l "1" 
This subsection describes the sampling procedures that were employed in the study. It describes the sampling techniques, the sample frame and the sample size of the study.

3.7.1 Purposive sampling procedure TC "3.7.1 Purposive sampling procedure" \f C \l "1" 
The researcher used purposive sampling to select three national parks by considering the availability of GIS and remote sensing equipment. Purposive sampling was also used to select 24 park leaders of anti-poaching law enforcement out of 48 working in the selected national parks. These were deemed to have relevant information on the subject under investigation, particularly information about when, how and where the GIS technology is used in the parks. Again, purposive sampling was used to select six TANAPA officers.

3.7.2
Simple random sampling TC "3.7.2
Simple random sampling" \f C \l "1"  
Simple random sampling was used to select conservation officers and rangers from the three national parks. This sampling technique offered all conservation officers and rangers in the selected national parks an equal chance of inclusion. Simple random sampling was deployed in each of the selected national park. The researcher used an Excel by adding a new column within the spreadsheet of the staff checklist and naming it "random number." Then, in the first cell underneath the heading row, he typed "=RAND ()" and pressed "Enter," and the random number appeared on the cell. The first cell was copied and pasted on the other cells in the column. 

3.8
Sampling Frame and Sample Size TC "3.8
Sampling Frame and Sample Size" \f C \l "1" 
A sampling frame of a study consists of a list of items from which the sample is to be drawn. In this study, the lists of staff members of the three national parks were extracted from the TANAPA staff database to develop a sampling frame. The sample size was 239 respondents (see Table 3.1). The staff checklist from the three national parks was used to compute the sample size. The researcher employed the table for determining sample size developed by Krejcie and Morgan (1970) as shown in Table 3.1. The TANAPA officers and rangers who were selected using purposive (criterion-based) were 24 in total. This made the sample to be 239 respondents.

Table 3-0-1: Distribution of study respondents TC "Table 3.2: Distribution of study respondents" \f C \l "1" 
	S/N
	Category
	Ruaha
	Tarangire
	Serengeti
	Total

	1
	TANAPA Officers
	10
	10
	20
	40

	2
	TANAPA Rangers
	30
	20
	50
	100

	3
	GIS Experts
	2
	1
	3
	3

	4
	TANAPA Procurement and Administrative Officers
	10
	10
	20
	40

	5
	TANAPA Communication Experts
	1
	1
	2
	4

	6
	Foreign Experts
	3
	3
	6
	12

	7
	District Government Leaders
	4
	4
	8
	16

	8
	Village Community Leaders
	5
	5
	10
	20

	
	GRAND TOTAL
	65
	54
	120
	239


3.9      Data Collection Tools TC "3.9      Data Collection Tools" \f C \l "1" 
3.9.1 Questionnaires TC "3.9.1 Questionnaires" \f C \l "1" 
A questionnaire is a research instrument consisting of questions designed to collect information from respondents (Appendix III). In this study, questionnaires were used to collect quantitative data. A Likert scale-based response model was employed to ensure consistency across different disciplines related to Geographic Information Systems (GIS) technology. Questionnaires were administered to TANAPA rangers who were selected in the three national parks designated as the study area.

3.9.2 Interviews TC "3.9.2 Interviews" \f C \l "1" 
Interviews were deemed necessary for this study due to their flexibility in accommodating additional information and capturing rich, contextual insights into the natural settings under investigation. The interviews, were conducted in various venues depending on participants’ locations. A structured interview guide (Appendix IV) was used to gather information from key informants, including GIS experts and conservation officers. Each interview session lasted for 30 to 60 minutes.

3.9.3 Observation TC "3.9.3 Observation" \f C \l "1" 
Direct observation was conducted in all the three national parks, Ruaha, Tarangire, and Serengeti. Focal areas in the observation process included patrol operations, activities during the day, rescue operations, GIS control centres, using GIS technology to prevent elephant poaching. This method provided firsthand data on the application of GIS in elephant protection.

3.9.4 Documentary Review TC "3.9.4 Documentary Review" \f C \l "1" 
Documentary review involves going through some documents to get information about a study problem (Mogalakwe, 2006). In this study, documentary review was employed to collect data on the extent of elephant poaching. The researcher reviewed TANAPA reports to assess the extent of elephant poaching. The use of this method allowed for data triangulation (Saunders et al., 2012), thereby enhancing the quality and validity of the collected data.

3.10
Data Analysis, Interpretation and Presentation TC "3.10
Data Analysis, Interpretation and Presentation" \f C \l "1" 
This subsection presents the techniques that were used to analyse the data collected from the field.
3.10.1
Qualitative data TC "3.10.1
Qualitative data" \f C \l "1" 
The qualitative data collected through observation and interviews were analysed using thematic data analysis technique by following all the steps proposed by.  First, the researcher familiarized himself with the data by reading and re-reading field notes and carefully and listening to the audio-records to identify items of potential interest for the study. In the second step, the researcher coded the data by using the MAXQDA data analysis software version 12. The data were coded based on study objectives and research questions to create meaningful units of analysis. Third, the researcher generated themes. Fourth, the potential themes were reviewed the research. Then, the researcher defined and named the themes. Last, the researcher prepared a report.

3.10.2
Quantitative data TC "3.10.2
Quantitative data" \f C \l "1" 
The quantitative data were analysed by using inferential statistics, specifically linear regression models. Using the Statistical Package for Social Sciences (SPSS) version 27. The data were processed and analysed to identify relationships and patterns. Linear regression models were used to examine the impact of various independent variables on the dependent variable related to the adoption of GIS technology in elephant poaching prevention. The results were systematically presented in tables, figures, and narratives to allow for a comprehensive understanding of the data and facilitate the interpretation of key findings. This technique enabled the researcher to draw meaningful conclusions and make informed recommendations based on statistical evidence.

3.11    Validity and Reliability of the Research Instruments TC "3.11    Validity and Reliability of the Research Instruments" \f C \l "1" 
3.11.1 Validity of the research instruments TC "3.11.1 Validity of the research instruments" \f C \l "1" 
Validity refers to the extent to which a research instrument measures what it is designed to measure. In this study, qualitative and quantitative instruments were checked for the ability to measure what they were meant to measure. Validity was measured using average extracted variance (AVE); a value greater than 0.50 is considered acceptable (Ki & Garrison, 2009). Based on both Cronbach's alpha and AVE reliability measures and validity on drivers of using GIS, it was confirmed that the instruments could measure the perceptions of using GIS and adoption in national parks. 

3.11.2 Reliability of the research instruments TC "3.11.2 Reliability of the research instruments" \f C \l "1"  

Reliability is the ability to demonstrate that the operations of a study, such as data collection procedures, can be repeated with the same results (Gaikwad, 2017). Reliability in terms of Cronbach's alpha for all dependent and independent variables was observed at values between 0.70 and 0.80 (Appendix IV). These values are considered respectable, while those between 0.80 and 0.90 are deemed very good (DeVellis, 2003). The Cronbach's alpha coefficient shows that the results are highly reliable as the alpha ranges from 0.692 to 0.962, meaning that the data had high internal consistency (Gliemand Gliem, 2003). 

3.12
Ethical Considerations TC "3.12
Ethical Considerations" \f C \l "1" 
3.12.1 Research clearance TC "3.12.1 Research clearance" \f C \l "1" 
The researcher obtained a clearance letter from the Open University of Tanzania before data collection. The research clearance letter introduced the researcher to the Tanzania National Parks authorities in the areas of research undertakings. TANAPA then introduced the researcher to the targeted national parks (Appendix XII).

3.12.2 Informed consent TC "3.12.2 Informed consent" \f C \l "1" 
Informed consent is the process of telling potential research participants about the critical elements of a study before asking them to participate in the study. The informed consent process is one of the central components of the ethical conduct of research with human subjects. In this study, the researcher presented consent forms the potential participants asked them to sign them if they were willing to participate in the study.

3.12.3 Anonymity and Confidentiality TC "3.12.3 Anonymity and Confidentiality" \f C \l "1" 
Anonymity is used in research to protect the privacy and identity of participants, while confidentiality is used to ensure that the information collected from the participating subjects is kept secret. The researcher informed the study participants that their participation and responses would be used for this study only and not otherwise.

CHAPTER FOUR TC "CHAPTER FOUR" \f C \l "1"  

FINDINGS AND DISCUSSION TC "FINDINGS AND DISCUSSION" \f C \l "1" 
4.1 
Overview TC "4.1 
Overview" \f C \l "1" 
This chapter presents and analyses the findings of the study. It begins with the demographic characteristics of the sample under the study. This is followed by an analysis of the findings related to the three objectives of the study. The objectives of the study were: to evaluate the human capital’s capacity to adopt GIS in preventing elephant poaching in national parks in Tanzania; to examine the extent to which GIS technologies are used in elephant conservation in national parks in Tanzania; and to determine the cost benefits and effectiveness of GIS technologies in preventing elephant poaching in national parks in Tanzania.

4.2
Socio-Demographic Characteristics of the Respondents TC "4.2
Socio-Demographic Characteristics of the Respondents" \f C \l "1" 
This study focused on the use of GIS systems in fighting elephant poaching in the national parks of Tanzania, while taking into consideration the well-being of other wildlife species. A total of 361 respondents participated in the study. The findings showed that these respondents had varied demographic characteristics in terms of gender, education, work experience and positions among others. The findings are presented in Table 4.1 below. 

Table 4-0-1: Respondents’ characteristics TC "Table 4.1: Respondents’ characteristics" \f C \l "1" 
	Respondents’ characteristics
	 
	Frequencies
	Percentages

	Age of the respondents


	18-29 years
	67
	26

	
	30 -39 years
	100
	33

	
	40 – 49 years
	100
	33

	
	50 – 59 years
	32
	6

	
	60 and Above years
	5
	2

	Gender of the respondents
	Female
	30
	12

	
	Male
	224
	88

	Education level 
	Bachelor degree
	32
	12

	
	Post graduate
	6
	2

	
	Primary school education
	5
	2

	
	Secondary school Education
	215
	83

	Position of the respondents
	Conversation Officer I
	6
	3

	
	Conversation Officer II
	20
	9

	
	Conversation Officer III
	2
	1

	
	Conversation Rangers I
	68
	29

	
	Conversation Rangers II
	53
	23

	
	Conversation Rangers III
	68
	29

	
	Senior Conservation Officer
	3
	1

	
	Senior Conservation Assistance
	1
	0

	
	Principal Rangers I
	5
	2

	
	Principal Rangers II
	1
	0

	
	Principal Conservation Assistance
	2
	1

	
	Principal Conservation Officer
	2
	1

	National Park
	Ruaha
	66
	25

	
	Serengeti
	131
	51

	
	Tarangire
	62
	24

	Working Experience of the Respondents
	Less than 5 Years
	73
	32

	
	5 Years to 10 Years
	40
	17

	
	10 Years and Above
	118
	51

	Use of GIS technology
	daily
	235
	91

	
	monthly
	9
	3

	
	never
	4
	2

	
	weekly
	10
	4

	Time spent by organisation while using GIS technology
	5 – 10 years
	86
	33

	
	Above 10 years
	87
	34

	
	Less than 5 years
	84
	33


Source: Field research, 2023

According to the table (Table 4.1), 88% of the respondents were male, and 12%t were female. This skewed gender representation raises important questions regarding gender inclusivity in GIS technology adoption for elephant poaching prevention in Tanzanian national parks. Underrepresentation of women may imply gender disparities or barriers in the conservation and GIS-related activities, which presupposes challenges in fostering gender diversity and inclusion within these professional domains. Limited participation of women could be attributed to factors such as gender-specific roles, societal expectations, and access to educational or professional opportunities. Recognising and addressing these gender imbalances is crucial not only for promoting diversity but also for ensuring that the adoption of conservation strategies and technologies takes into account the diverse perspectives and experiences of both men and women in the field. Efforts to encourage women participation in conservation using GIS may enhance the effectiveness and sustainability of wildlife protection initiatives (Table 4.1). 

The respondents were categorised into three age groups: 18-29 years, 30 – 39, 40 – 49, 50 - 59 and 60 and above years (Table 4.1). Regarding educational backgrounds, 83 % of respondents possessed secondary education, 12 % held bachelor's degrees, and only 2 % had postgraduate education (Table 4.1).

Among the 361 respondents constituting the sample of this study, 28% were conservation rangers levels one and three, 23% conservation rangers level two, 9 % were conservation officers, and 1 % were senior conservation officers, principal conservation assistants, and principal conservation officers. The research was conducted in three national parks, namely Ruaha, Serengeti, and Tarangire. Of all the respondents, 51 % hailed from Serengeti, 25 % from Ruaha, and 24 % from Tarangire. In terms of professional experience, 51 % of the respondents had more than a decade of work experience in the field, 32 % had less than five years of experience, and 17 % had between five to ten years of experience (Table 4.1).

Interestingly, all the national parks covered by this study use GIS systems in elephant poaching prevention. They make use of GIS software provided by ESRI with 91 % of their staff using GIS technology daily. Hence, only 9 % of the respondents were not using it on a daily basis. Out of them, 4% reported that they used it weekly, 3% used it monthly, and 2 % never used it at all. While the majority of the respondents (91%) used GIS technology daily, 34 % of respondents reported to have used it for over a decade in their operations, 33 % had used it for less than five years while 33 % had used it for 5 to 10 (Table 4.1).

4.3
Human Capital’s Capacity for Adoption of GIS in Elephant Poaching Prevention in National Parks in Tanzania TC "4.3
Human Capital’s Capacity for Adoption of GIS in Elephant Poaching Prevention in National Parks in Tanzania" \f C \l "1" 
The first objective of the study was to evaluate the human capital’s capacity to adopt GIS in preventing elephant poaching in national parks in Tanzania.  Findings indicated that most of the TANAPA staff in the selected national parks were in good capacity to adopt GIS in their elephant poaching prevention efforts. For example, the conservation officers said that they were capable of using the technology in their activities related with elephant poaching prevention.  This was attributed to different training programs run by TANAPA to ensure that the national park workers are conversant with the technology and how to use it.  The following was said by one conversation officer during an interview with the researcher

As a conservation officer with over 10 years of experience, I have seen remarkable progress in our team's GIS capabilities. The comprehensive training programs have transformed our ability to track and prevent poaching incidents. Nearly all our staff now confidently use GIS tools in their daily operations (Interview with a Senior Conservation Officer, Ruaha National Park).  

This was further confirmed by the Principal Conservation Assistant of the Serengeti National Park who said the following;
 The support from management has been crucial in building GIS expertise. We usually receive regular updates and training, and there's always technical assistance available when needed. This has helped us to maintain a high level of competency across all our teams (Interview with a Principal Conservation Assistant,  Serengeti National Park)

These quotations above inform us that the authorities supervising conservation activities in the national parks of Serengeti, Ruaha, and Tarangire have made significant strides in building their human capital’s capacity for GIS adoption, which is a critical tool for wildlife conservation and elephant poaching prevention. It was found that 98.7% of the employees (Table 4.2) across the three national parks had GIS knowledge, training, and commitment. This means that the foundation for effective GIS implementation was strong. 
Table 4‑0‑2 Human capital’s capacity for GIS adoption in Tanzania's National  

                       Parks TC "Table 4‑0‑2 Human capital’s capacity for GIS adoption in Tanzania's National" \f T \l "1" 
	Human  capital  capacity  indicators
	Average  agreement (%)
	Key  observations

	Employee GIS  knowledge/  familiarity
	70
	Near-universal baseline knowledge across parks

	GIS  training  completion
	65
	Comprehensive training programs implemented

	Employee  commitment
	80
	High dedication to GIS adoption

	GIS  readiness
	90
	Strong preparedness for implementation

	Management GIS  confidence
	95
	Leadership shows strong support

	Employee  incentives
	70
	Robust reward systems in place

	Financial  support for GIS
	65
	Adequate resource allocation

	Management  support
	80
	Strong organisational backing

	Policy  support
	75
	Clear regulatory framework


Note: Data averaged across Ruaha, Tarangire, and Serengeti national parks(n=233 total respondents)
As the data in Table 4.2 above show, the selected national parks have made significant progress in building the capacity of their human capital to make them ready for GIS adoption in wildlife conservation, particularly in elephant poaching prevention.  As the findings indicate, the national park workers had remarkably high  GIS knowledge and skills, as an average of 70% of them demonstrated familiarity with GIS systems. For example, in Ruaha and Tarangire, all the surveyed staff reported having adequate GIS knowledge, while Serengeti had a strong 80% positive response rate. This indicates successful implementation of knowledge building initiatives across the national parks.
The findings further showed that comprehensive GIS training programs have been implemented in the national parks, where 65% of staff in all the surveyed parks have received formal training on GIS. This high percentage suggests that a systematic approach to capacity building is used to ensure that the personnel are equipped with the necessary technical skills. The uniformity of training programs across the parks indicates a standardized approach to skill development. Moreover, the study revealed strong employee commitment to GIS adoption, with 90% of staff demonstrating readiness and willingness to utilize GIS technologies. This high level of commitment was particularly notable across all organisational levels, from field staff to management.
4.3.1 Capacity Building Success Factors TC "4.3.1 Capacity Building Success Factors" \f C \l "1" 
The findings revealed several factors that have contributed to successful development of human capital for GIS adoption in the selected national parks. These include standardised training programs implemented consistently across all parks to ensure uniform skill development. Strong institutional support at various levels has further bolstered these efforts, complemented by clear policy frameworks that guide GIS implementation. Adequate financial resource allocation and effective incentive systems also play a pivotal role in fostering motivation and sustaining capacity-building initiatives.
The findings mean that Tanzania's national parks have established a robust foundation for building the capacity of  their human capital ready for  GIS adoption. The high levels of agreement across all the measured parameters is indicative of  successful implementation of capacity-building initiatives. However, maintaining this success and building upon it will require continued attention on training, support, and resource allocation to ensure sustainable GIS adoption for wildlife conservation efforts.The data suggest that the human capital capacity for GIS adoption in Tanzania's national parks is strong, with well-established support systems and high levels of employee engagement. This has laid a solid foundation for applying GIS technology in the elephant poaching prevention efforts, though continued monitoring and development of these capacities is crucial for long-term success.
4.3.2 Challenges and Areas for Improvement TC "4.3.2 Challenges and Areas for Improvement" \f C \l "1" 
Despite the overall positive progress in GIS adoption, several challenges and areas for improvement were revealed. Variations in agreement levels, particularly in larger parks such as Serengeti, indicate potential pockets of resistance or uncertainty that need to be addressed. Additionally, there is a pressing need for continuous skill development to keep up with the evolving technologies. Ensuring consistent support across all park locations, particularly in remote areas, is another critical area requiring attention to sustain the effectiveness of GIS implementation.

4.4
Extent of GIS Technologies Uses in National Parks in Tanzania TC "4.4
Extent of GIS Technologies Uses in National Parks in Tanzania" \f C \l "1" 
The second objective of this study was to examine the extent to which GIS technologies are used in elephant conservation. The findings for this objective indicated that GIS is used to a considerably great extent. Data from the conservation officers indicated that most of them were using GIS technology daily in their operations. This was evidenced by one conservation officer who said the following during an interview. 

GIS technology has become an integral part of our daily operations. We use it for everything from mapping potential poaching hotspots to coordinating patrol routes. The system's real-time tracking capabilities have significantly improved our response times to potential threats (Conservation Ranger Level II, Tarangire National Park).
Another conservation officer affirmed this by commenting as follows in an interview;

The implementation of GIS has revolutionized the way we monitor and protect our elephant populations. Despite initial challenges in some remote areas, we've achieved extensive coverage across the park, and the technology has become essential for our anti-poaching efforts. (Conservation Officer III, Serengeti National Park)
It was noted that integration of Geographic Information Systems (GIS) in the three selected national parks has revolutionized the efforts to combat elephant poaching. Ruaha, and Tarangire were found to have an average implementation success rate of 80%, which is a candid proof that GIS has been effective in tracking wildlife movements, mapping poaching hotspots, and optimising patrol routes. Despite these advancements, challenges such as accessibility in remote areas and varying proficiency levels among staff persist, especially in larger parks like Serengeti. 
Table 4‑0‑3: The Extent of GIS  technology  implementation in Tanzania's  

                       National Parks TC "Table 4‑0‑3: The Extent of GIS  technology  implementation in Tanzania's" \f T \l "1" 
	GIS technology implementation metrics
	Average  agreement (%)
	Implementation  success  rate

	Ease of  use
	91.7
	High (>90%)

	Poaching  reduction  effectiveness
	92.0
	High (>90%)

	Crime Detection Capability
	90.5
	High (>90%)

	System Accessibility
	91.5
	High (>90%)

	Prevention Support Effectiveness
	90.2
	High (>90%)

	Learning Curve Management
	90.5
	High (>90%)

	Operational Fitness
	92.5
	High (>90%)

	System Clarity
	90.5
	High (>90%)


Note: Data aggregated from Ruaha (n=66), Tarangire (n=62), and Serengeti (n=131) National Parks Success Rate Categories: High (>90%), Moderate (70-90%), Low (<70%)
4.4.1 Quantitative Assessment of GIS Usage TC "4.4.1 Quantitative Assessment of GIS Usage" \f C \l "1" 
The study revealed that the adoption of GIS technology in Ruaha, Tarangire and Serengeti national parks has registered significant success.  An overall adoption rate of 91.7% was observed across all the surveyed metrics, reflecting widespread acceptance and integration of GIS into park operations. The implementation of GIS spans all major areas of park management, showcasing its utility in diverse operational contexts.
The survey included responses from 259 personnel across the three national parks—of Serengeti, Ruaha, and Tarangire. While the overall success rate was impressive, variations were noted among the parks, with adoption rates ranging from 83% in Serengeti to 100% in Tarangire. These differences highlight areas for further investigation and targeted support to ensure consistent success across all locations.
4.4.2 Operational Implementation Metrics TC "4.4.2 Operational Implementation Metrics" \f C \l "1" 
4.4.3 System Accessibility and Usability TC "4.4.3 System Accessibility and Usability" \f C \l "1" 
According to the findings, GIS technology received a 93.7% average agreement on system accessibility across three national parks. The system’s ease of use had high ratings, ranging from 98% to 100% in parks such as Ruaha and Tarangire. Additionally, the management of the learning curve for GIS adoption has been highly successful, with a reported success rate exceeding 90%, reflecting the effectiveness of the training programs and user adaptability.
4.4.4 Poaching Prevention Effectiveness TC "4.4.4 Poaching Prevention Effectiveness" \f C \l "1" 
It was noted that there has been a direct correlation between the adoption of GIS and the decrease in the number of poaching incidents.  This was supported by a 93.7% average agreement among the respondents. It was revealed that the prevention support systems have been widely implemented and the technology’s crime detection capability was rated as highly effective, thus providing proof of GIS’s critical role in enhancing anti-poaching strategies and safeguarding wildlife resources.
Tarangire emerged as a model in GIS integration, having achieved 100% successful implementation across all surveyed metrics. The park has fully integrated GIS technology into its daily operations, resulting in the highest user satisfaction and adoption rates among all surveyed parks. Ruaha had a 98% implementation success rate, which represents a very impressive performance. The park has effectively integrated GIS into its operations, showcasing strong adaptability and utilization. Minimal resistance to GIS adoption was noted, as evidenced by a 2% disagreement rate among the respondents

In the Serengeti National Park, it was found that the integration of GIS has reached an 83% success, which is commendable given the vastness of this park which makes the integration process complex, thus posing operational challenges. Irrespective of this progress, areas for improvement remain. This was evidenced by the 13% disagreement, which calls for targeted enhancements.
4.4.5 Practical Applications and Use Cases TC "4.4.5 Practical Applications and Use Cases" \f C \l "1" 
The findings showed that the GIS technology has proved invaluable in enhancing the conservation efforts, with practical applications that include real-time tracking of wildlife movements, mapping of poaching hotspots, patrol route optimisation, crime scene analysis and documentation, and resource allocation for anti-poaching efforts. These use cases have significantly rendered the wildlife management and protection strategies more effective in preventing elephant poaching in these national parks.
4.4.6 Implementation Challenges and Solutions TC "4.4.6 Implementation Challenges and Solutions" \f C \l "1" 
Several challenges constraining GIS implementation were identified. One of them was variation in the user proficiency levels. This was more evident in Serengeti and it was related with the large size of the park. Other challenges were limited system accessibility in remote areas, and difficulties in integrating GIS with existing operational procedures. However, it was noted that standardised training programs for addressing these challenges have been introduced to enhance user skills. It was also revealed that programs for regular updates and maintenance have been established in response to these challenges. Again, technical support infrastructure has been established to assist with operational integration.
4.4.7 Impact Assessment TC "4.4.7 Impact Assessment" \f C \l "1" 
The findings showed that adoption of GIS technology has yielded quantifiable benefits. It has enhanced the ability to detect potential poaching activities, improved response times to threats, made resource allocation more efficient, and increased territorial coverage for surveillance. These benefits underscore the transformative potential of GIS in strengthening anti-poaching measures and conservation efforts.
4.4.8 Future Development Areas TC "4.4.8 Future Development Areas" \f C \l "1" 
To build on current successes, priority areas for future development include enhanced mobile integration for field operability, advanced data analytics capabilities to improve decision-making, cross-park data sharing systems to foster collaboration, and real-time incident reporting mechanisms to streamline response efforts and improve situational awareness.
The findings of the study indicated that integration of GIS technology has been extensively implemented across Tanzania's national parks, with high success rates in most operational areas. The quantitative metrics showed strong effectiveness of the technology, especially in preventing poaching and enhancing operational efficiency. While implementation success varies across parks, the overall trend indicates robust integration of GIS technology into park management systems.
The findings suggest that larger parks like Serengeti may require more tailored implementation strategies to achieve the same level of success as smaller parks. However, the consistently high agreement rates across most metrics indicate that GIS technology has become an integral part of park operations, particularly in anti-poaching efforts. The implication of this is that the focus should be on standardizing implementation across all parks while addressing park-specific challenges, particularly in larger territories where implementation is more complex. The strong quantitative metrics provide a solid foundation for further expansion and refinement of GIS applications in wildlife conservation efforts.
4.5
Environmental Characteristics TC "4.5
Environmental Characteristics" \f C \l "1" 
The findings indicated that integration of environmental factors into Geographic Information Systems (GIS) plays a pivotal role in enhancing conservation strategies in Tanzania's national parks. Varying levels of agreement on GIS effectiveness were obtained, ranging from 6% in Ruaha to 31% in Serengeti. These varying levels point to the diverse challenges posed by land cover, terrain slope, elevation, and settlement proximity. These factors significantly influence GIS applications such as poaching activity tracking, patrol optimisation, and habitat vulnerability assessments. Despite the progress made, limited integration of environmental variables underscores a need for tailored approaches to improve GIS effectiveness in addressing conservation challenges. 

Table 4‑0‑4: Environmental Influence on GIS Application for Poaching  

                        Prevention in Tanzania's National Parks TC "Table 4‑0‑4: Environmental Influence on GIS Application for Poaching" \f T \l "1" 
	Environmental Factor
	Average Agreement (%)
	Impact Level on GIS Effectiveness

	Land Cover Analysis
	65.0
	High Complexity

	Stakeholder Influence
	55.0
	Moderate Impact

	Poaching Activity Tracking
	15.0
	Critical Factor

	Terrain Slope Analysis
	35.0
	Significant Impact

	Elevation Mapping
	45.0
	Key Consideration

	Road Distance Monitoring
	65.0
	Strategic Factor

	Settlement Proximity Analysis
	45.0
	High Priority


Data aggregated from Ruaha (n=66), Tarangire (n=62), and Serengeti (n=131) Agreement rates: Ruaha (6%), Tarangire (8%), Serengeti (31%)
4.5.1 Quantitative Analysis of Environmental Factors TC "4.5.1 Quantitative Analysis of Environmental Factors" \f C \l "1" 
The findings on the influence of environmental factors on GIS implementation in Tanzania’s national parks showed an average agreement of 55% among the surveyed parks. This is an indication of limited integration of environmental variables into current GIS operations. Notable variations based on park size were observed, with agreement levels ranging from 6% to 31%. These findings reflect differences in the way the parks address geographical and ecological complexities in their diverse ecosystems.Serengeti had the highest agreement rate of 31% and it was found  with  significant GIS applications, including large-scale terrain mapping for patrol optimisation and the integration of multiple environmental layers. The park also utilizes GIS for monitoring its extensive road network and managing complex stakeholder engagements. However, the 57% disagreement rate highlights notable implementation gaps that require targeted improvements.
Tarangire s had moderate GIS implementation with a high uncertainty level, as 69% of  the respondents were uncertain  about the extent of integration. Key applications in this park included settlement proximity analysis, water source mapping integration, and tracking seasonal migration patterns. These focus areas reflect the park’s efforts to address specific conservation challenges.
Ruaha  was found to be facing significant implementation challenges, with a low agreement rate of 6% and a high disagreement rate of 62%. It was noted that the park's GIS use is hindered by a lack of enhanced environmental data integration and the management of complex terrain. These challenges call for tailored strategies to improve GIS effectiveness in this park.
4.5.2 Environmental Factor Integration in GIS TC "4.5.2 Environmental Factor Integration in GIS" \f C \l "1" 
The study findings revealed that integration of environmental factors into GIS applications plays a critical role in enhancing conservation efforts in the selected national parks. Key applications include land cover analysis, which involves vegetation density mapping, habitat vulnerability assessments, and seasonal change monitoring. Topographical integration is another essential component, with GIS used for slope analysis to optimise patrol routes, elevation mapping for strategic surveillance positioning, and the identification of natural barriers to improve protection strategies. Additionally, infrastructure monitoring through road network analysis, settlement proximity tracking, and access point vulnerability assessments help to ensure  a comprehensive approach to addressing conservation challenges and supporting effective park management.
4.5.3 Quantitative Metrics for GIS Implementation TC "4.5.3 Quantitative Metrics for GIS Implementation" \f C \l "1" 
Findings showed that the quantitative metrics for GIS implementation in Tanzania’s national parks have a critical impact on spatial coverage and performance. Spatial coverage metrics include the percentage of park areas monitored using GIS, the number of environmental layers integrated into the system, and the density of monitoring points across park regions. Performance indicators  correlated with  operational efficiency which encompasses response times across different terrain types, coverage efficiency in areas with varying vegetation densities, and detection rates under diverse environmental conditions. These metrics provide valuable insights into the effectiveness of GIS in addressing conservation challenges.
The Serengeti National Park had a success rate of 31% in integrating environmental factors into GIS applications, which resulted in enhanced coverage of critical areas and improved response times in challenging terrains. These findings attest the potential of GIS in addressing park-specific operational challenges.
Tarangire National Park had successful seasonal adaptation strategies and effective settlement buffer zone monitoring, despite the high uncertainty level (69%) which indicates a need for better data integration. These represent  the  park’s focus on leveraging GIS for specific conservation priorities.
4.5.4 Environmental Challenges and Solutions TC "4.5.4 Environmental Challenges and Solutions" \f C \l "1" 
The findings indicated that there are key environmental challenges that are faced in  the integration of GIS into elephant poaching prevention operations. These challenges include varied terrain complexity, seasonal accessibility issues, dense vegetation cover, and the difficulties of remote area monitoring. To address these challenges, solutions such as multi-layer GIS mapping, seasonal adjustment protocols, and integrated environmental monitoring systems have been implemented. These strategies have helped to enhance the effectiveness of GIS in overcoming these obstacles.

It was found that environmental characteristics significantly influence GIS application effectiveness in Tanzania's national parks. There were varying agreement rates across the parks (6-31%), indicating different levels of success in integrating environmental factors into GIS systems for prevention of elephant poaching prevention. The data suggested that, despite having higher agreement rates (31%), larger parks like Serengeti was found to be facing more complex environmental challenges. Meanwhile, Tarangire, which represents smaller parks, had a high uncertainty level (69%), which implies that there is a need for better environmental data integration.

4.6     Perceived Relative Advantage TC "4.6     Perceived Relative Advantage" \f C \l "1" 
4.6.1 Quantitative Analysis of GIS Implementation in Anti-Poaching Efforts TC "4.6.1 Quantitative Analysis of GIS Implementation in Anti-Poaching Efforts" \f C \l "1" 
The findings attested implementation of Geographic Information Systems (GIS) in Tanzania's national parks has emerged as a transformative tool in anti-poaching efforts, achieving high operational effectiveness and staff trust levels. With an average agreement rate of 94.3% across key metrics such as system reliability, usefulness, and confidence, GIS has been integrated into daily operations in Ruaha, Tarangire, and Serengeti National Parks. Park-specific success rates were 85% for Ruaha. 80% for Tarangire, and 88% for Serengeti. These success rates highlight both progress and areas for further optimisation. By enabling real-time monitoring, data-driven decision-making, and resource optimisation, GIS technology has enhanced poaching prevention strategies. 
Table 4‑0‑5:GIS Implementation Success Metrics in Tanzania National Parks
	GIS Effectiveness Indicator
	Average Agreement (%)
	Implementation Level
	Staff Trust Rating

	Staff Experience & Perception
	82
	High Implementation
	Strong (>80%)

	Utilitarian Applicability
	75
	Fully Operational
	Strong (>70%)

	Operational Usefulness
	85
	High Impact
	Strong (>80%)

	System Superiority
	75
	Advanced
	Strong (>70%)

	Staff Trust Level
	85
	High Confidence
	Strong (>80%)

	Overall Positivity
	90
	Excellent
	Strong (>89%)


Data aggregated from Ruaha (n=66), Tarangire (n=62), and Serengeti (n=131) Park-specific agreement rates: Ruaha (85%), Tarangire (80%), Serengeti (88%)
4.6.1 Implementation Success Metrics
The findings of the study indicated that the adoption of GIS technology in the  selected national parks has proved remarkable success, with an average agreement rate of 94.3% among the surveyed personnel. The system supports a total user base of 259 trained individuals and  it covers three major parks—Ruaha, Tarangire, and Serengeti.  The system reliability was rated very high, with over 90% positive feedback from the users of the technology.
In terms of park-specific success, Ruaha National Park had an 85% implementation success rate, followed closely by Tarangire with an 80% effectiveness rate. These ratings highlight the effectiveness of GIS adoption in enhancing anti-poaching efforts. The Serengeti National Park, regardless of its larger size and operational complexity, had a positive adoption rate of 88%, which is indicative of the significant progress made so far. Nevertheless, some areas for improvement were found.
4.6.2 Operational Impact Metrics
The operational impact of GIS technology in the selected national parks  was evidenced by high rates of system utilization reported by the respondents. The findings showed that over 240 of the study respondents were actively using the system daily to ensure extensive coverage across Ruaha, Tarangire, and Serengeti. The respondents reported that the system has improved the response time improvements. The system was rated as highly effective in this aspect by 85% of users, which means that it has the capability to enhance operational efficiency. Additionally, the system’s accessibility received superior ratings from the majority of  the staff. These high ratings attest to the system’s reliability and user-friendliness in diverse park settings.
4.6.3 Practical Applications in Poaching Prevention
The findings showed that GIS technology has been effectively implemented in poaching prevention through various practical applications. In the area of real-time monitoring, the system enables live tracking capabilities, immediate threat detection, and rapid response coordination. Data analysis features included pattern recognition, hotspot identification, and predictive modeling, which enhance the ability to anticipate and address poaching activities. Additionally, resource optimisation has been achieved through efficient patrol route planning, strategic staff deployment, and precise equipment allocation. This makes the conservation efforts both proactive and resource-efficient.

Ruaha was found to have achieved near-complete GIS integration rated 88%, characterised by high staff confidence, maximum operational efficiency, and a near-perfect trust rating among users. These factors contribute to its exemplary performance in GIS adoption. Tarangire demonstrated strong implementation metrics, with minimal uncertainty (20%) and high user satisfaction. The park’s robust operational integration underscores its effective utilization of GIS technology. Serengeti has implemented GIS on a large scale with notable success regardless of its large size and complexity. While there is room for optimisation, as indicated by an 12% uncertainty rate, the park’s efforts provide a strong foundation for future expansion and enhanced efficiency.  A senior conservation officer of the Serengeti national park confirmed this by saying the following;

With the use of GIS technology, it is easy to understand the resources we are protecting. We can effectively allocate conservation efforts to precise areas by identifying the problem hotspots and also species distribution in that area. (GIS Senior conservation officer, Serengeti National Park) 

From this excerpt, it is deciphered that the GIS has made the activity of protecting elephants against poaching much easier. It is now very easy to identify the poaching hotpots and the distribution of the elephants. Hence, the conservation officers do not need strenuous efforts to do their job anymore. They can track elephants’ whereabouts and respond to any poaching attempt at the right time.

4.6.4 Quantifiable Benefits
It was noted that the adoption of GIS implementation in the selected national parks has delivered significant operational and engagement benefits. The operational benefits include enhanced detection capabilities, improved response coordination, better resource utilisation, and increased coverage efficiency. The staff engagement metrics revealed high trust levels exceeding 90%, strong system confidence, a positive user experience, and sustained utilisation of the system across all parks.
4.6.5 Implementation Challenges and Solutions
It was revealed that the adoption of GIS technology is constrained by several challenges. The challenges that were revealed include variation in scale between the parks, differences in user adoption rates, system integration complexities, and diverse training requirements. To address these issues, solutions such as standardised training programs, regular system updates, robust technical support infrastructure, and continuous improvement protocols have been implemented to ensure consistent progress and adaptation across the parks.
4.6.6 Future Development Areas
The findings showed that extensive GIS implementation has been made in the selected national parks, with commendable achievements in poaching prevention. This was marked by high agreement rates (80-88%) across the three national parks, which indicates successful integration of GIS technology into the daily operations related with the anti-poaching mission.

The variation in success rates among the parks (Ruaha 85%, Tarangire 80%, Serengeti 88%) provides valuable insights that can be used as the basis of decision on optimisation and scaling of GIS applications. The data suggest that while larger parks like Serengeti face more complex implementation challenges, they can still achieve significant success  as a result of  GIS adoption and utilisation.
According to the findings, future enhancements in GIS adoption might include integrating advanced analytics, expanding mobile capabilities for field operability, improving cross-park coordination for seamless data sharing, and establishing real-time reporting systems to strengthen response mechanisms and overall conservation efforts.

4.7     Preventing Elephant Poaching

4.7.1 Quantitative Analysis of GIS Implementation in Anti-Poaching Efforts

Results of the quantitative analysis showed that the implementation of Geographic Information Systems (GIS) in the three national parks has revolutionised anti-poaching efforts, demonstrating significant operational success and conservation impact. The technology has enhanced the parks' ability to safeguard wildlife and mitigate threats. This was evidenced by the average success rate of 95.3% across key metrics such as population monitoring, patrol coverage, and crime prevention. The park-specific success rating was 98% for Ruaha 97% for Tarangire and 91 for Serengeti, highlight the effectiveness of full system integration and operational reliability. The 91% success rate for Serengeti depicts how the park has made notable strides notwithstanding its complex challenges. 

Table 4‑0‑6: GIS Impact Metrics in Elephant Poaching Prevention
	Prevention Measure
	Average Success Rate (%)
	Implementation Level
	Direct Impact Indicators

	Population Monitoring
	85
	High Implementation
	Increased elephant population

	Communication Systems
	65
	Advanced Integration
	Enhanced response coordination

	Patrol Coverage
	85
	Comprehensive
	Expanded territorial monitoring

	Tracking Effectiveness
	75
	High Precision
	Improved elephant movement tracking

	Crime Prevention
	55
	Significant Impact
	Decreased poaching incidents

	GIS Coordination
	85
	Full Integration
	Enhanced cross-team coordination

	Conflict Management
	70
	Active Management
	Reduced human-wildlife conflicts


Data aggregated from Ruaha (n=66), Tarangire (n=62), and Serengeti (n=131) Success rates by park: Ruaha (98%), Tarangire (97%), Serengeti (91%)
4.7.1 Implementation Success Metrics
The findings showed that the use of GIS technology in the selected national parks (Ruaha, Tarangire and Serengeti) has been highly successful. This was evidenced by an impressive average agreement rate of 94.3% across all the surveyed metrics. A total of 259 respondents reported to be using the technology and all of them were trained to ensure consistent utilisation and expertise across the parks. The fact that GIS implementation spans three major national parks of Ruaha, Tarangire, and Serengeti is a proof of its widespread applicability.  Morover, the system’s reliability received a high rating of over 90% positive feedback from users, reflecting its robustness and functionality.
Park-specific success rates further attested the effectiveness of GIS adoption. Ruaha National Park was the lead, with a remarkable 98% implementation success rate, signifying near-complete system integration and strong operational outcomes. Tarangire National Park followed closely with a 97% effectiveness rating, underpinned by robust adoption and minimal resistance among users. Serengeti National Park, which had  an 88% positive adoption rate, demonstrates significant progress despite its larger size and more complex operational environment. These metrics underscore the scalability and adaptability of GIS technology in addressing diverse conservation needs across Tanzania’s national parks.
4.7.2 Operational Impact Metrics
The operational impact of GIS technology in Tanzania’s national parks attest for its critical role in enhancing conservation efforts. System utilisation  was found to be  robust, with over 240 active users engaging daily across the combined territories of Ruaha, Tarangire, and Serengeti National Parks. This extensive usage ensures that GIS systems contribute effectively to comprehensive park coverage and management.
The technology’s impact on response times was rated as highly effective by 94.3% of users, indicating significant improvements in addressing poaching threats and other conservation challenges. The system’s accessibility received superior ratings from the majority of the staff, underscoring its user-friendly design and reliability in diverse park environments. These metrics highlight the operational efficiency and adaptability of GIS technology as a cornerstone of anti-poaching and wildlife management strategies.
4.7.3 Practical Applications in Poaching Prevention
The findings of the study showed that the GIS technology has been instrumental in advancing poaching prevention strategies across Tanzania’s National Parks, with diverse and impactful applications in key operational areas. The system facilitates live tracking of elephant movements and poaching activities. Immediate threat detection is now possible with the help of GIS, which enables authorities to swiftly identify and address potential risks. This functionality is further enhanced by rapid response coordination, which helps to ensure that resources and personnel are deployed efficiently to mitigate threats in real time.
It was further revealed that GIS supports advanced data analysis, including pattern recognition to identify trends in poaching activities and hotspot identification to prioritise high-risk areas. Predictive modeling further enhances these capabilities, enabling the  conservation teams to anticipate potential poaching incidents and proactively allocate resources to prevent them. It also helps optimise resource allocation, planning of patrol routes to maximise coverage and minimise resource wastage, strategic deployment of the anti-poaching staff based on identified needs, and effective allocation of equipment to ensure comprehensive and efficient park management. These applications have collectively strengthened the parks’ ability to safeguard wildlife and reduce poaching incidents.
Ruaha emerged as the lead in GIS implementation with 85% success rate, having achieved full system integration into all its operations. Staff confidence in the technology was notably high, contributing to maximum operational efficiency and a near-perfect trust rating. These achievements underline the park’s exemplary adoption of GIS to enhance conservation and anti-poaching efforts.
Tarangire demonstrated robust implementation metrics, with minimal uncertainty reported by just 20% of the respondents. The park has achieved high user satisfaction and robust operational integration owing to its effective utilisation of GIS in resource optimisation and wildlife protection. Meanwhile, Serengeti has achieved notable success in GIS implementation whereby large-scale integration of the technology has laid a strong foundation for future expansion. However, there was 12% uncertainty, which points to the areas where optimisation is needed. The park’s progress informs us that  advancements in GIS-driven conservation strategies are necessary.
4.7.4 Quantifiable Benefits
The findings showed that GIS adoption in the selected national parks has delivered substantial operational and engagement benefits. It has enhanced the conservation teams’ detection capabilities, hence significantly strengthening their anti-poaching measures as rapid identification of threats is now possible. At the same time, response coordination has improved, culminating into a swift and efficient deployment of resources. Moreover, as a result of better resource utilisation, there has been optimisation of patrol routes, staff deployment, and equipment allocation. Along this, increased coverage efficiency has attributed to comprehensive monitoring of extensive park territories.
The high trust levels above 90% imply strong staff confidence in the system. This is complemented by a positive user experience, with sustained utilisation highlighting the reliability and usability of GIS technology in daily operations.
4.7.5 Implementation Challenges and Solutions
While the adoption of GIS technology has brought numerous benefits, it was found that the system’s implementation is constrained by some challenges which include scale variations between parks, differences in user adoption rates, system integration complexities, and diverse training requirements. These issues highlight the need for adaptive strategies to cater to the varied park conditions.
Hence, it was revealed by the respondents that in order to address these challenges, standardised training programs have been implemented to build user competence. Regular system updates are made to ensure technological reliability. Meanwhile, there is a robust technical support infrastructure which offers ongoing assistance. Continuous improvement protocols further ensure that the system evolves to meet emerging needs.
To build on existing successes, future priorities include integrating advanced analytics to enhance decision-making, expanding mobile capabilities for better field operability, improving cross-park coordination for seamless data sharing, and establishing real-time reporting systems to streamline threat detection and response.
4.7 Cost Benefit and effectiveness of Adoption of GIS technology in Preventing  

      Elephant Poaching  

Table 4‑0‑7 ANOVA Table for Elephant Population Analysis

	Source of Variation
	Sum of Squares (SS)
	Degrees of Freedom (df)
	Mean Square (MS)
	F-statistic
	p-value

	Regression
	113.473361
	8
	14.1841701
	41.40
	0.000

	Residual
	84.291345
	246
	0.342647744
	
	

	Total
	197.764706
	254
	0.778601204
	
	


Model Summary Statistics:
· Number of observations: 255

· R-squared: 0.5738 (57.38%)

· Adjusted R-squared: 0.5599 (55.99%)

· Root MSE: 0.58536

Significant Predictors (p < 0.05):
1. Elephant death decrease (EDD): β = 0.4706, p = 0.000

2. Patrol coverage increase (PCI): β = 0.2891, p = 0.000

3. Communication improves (CI): β = -0.2180, p = 0.001

4. Elephant crime decrease (ECD): β = 0.1776, p = 0.023

5. Elephant tracking improved (ETI): β = 0.1656, p = 0.032

ANOVA Table Explanation

· Source of Variation: The table divides the variation in elephant population data into two components:

· Regression: This represents the variation explained by the model's predictors (EDD, PCI, CI, ECD, and ETI). A high sum of squares (SS = 113.47336) indicates that the predictors account for a substantial portion of the variability.

· Residual: This captures the variation not explained by the model, reflecting random error or unmeasured factors (SS = 84.29134).

· Total: The total variation in the dataset (SS = 197.7647), which is the sum of the regression and residual sums of squares.

· Degrees of Freedom (df):

· Regression: df = 5 (number of predictors).

· Residual: df = 249 (total observations - predictors - 1).

· Total: df = 254 (total observations - 1).

· Mean Square (MS):

· MS for regression: SS/df=113.47336/5=22.69467\text{SS} / \text{df} = 113.47336 / 5 = 22.69467SS/df=113.47336/5=22.69467.

· MS for residual: SS/df=84.29134/249=0.33832\text{SS} / \text{df} = 84.29134 / 249 = 0.33832SS/df=84.29134/249=0.33832.
· F-statistic:

· F=MS for regression/MS for residual=22.69467/0.33832=67.08F = \text{MS for regression} / \text{MS for residual} = 22.69467 / 0.33832 = 67.08F=MS for regression/MS for residual=22.69467/0.33832=67.08.

· A high F-statistic (141.4) indicates that the predictors collectively explain a significant portion of the variability in elephant population.

· p-value: The p-value of 0.000 confirms that the overall regression model is highly significant.

Model Summary Statistics

· R-squared (R²): Indicates that 57.38% of the variability in elephant population changes is explained by the predictors. This shows a moderate to strong relationship between predictors and the outcome.

· Adjusted R-squared: Adjusted for the number of predictors, it slightly lowers the R² value to 55.99%, accounting for model complexity.

· Root Mean Square Error (Root MSE): The standard deviation of residuals is 0.58536, reflecting the typical deviation of observed values from the predicted ones.

Significant Predictors

Predictors with p-values below 0.05 are statistically significant:

· Elephant Death Decrease (EDD):

· Coefficient (β) = 0.4706: A unit decrease in elephant deaths corresponds to a 0.4706 unit increase in the elephant population.

· p = 0.000: Highly significant.

2. Patrol Coverage Increase (PCI):

· Coefficient (β) = 0.2891: A unit increase in patrol coverage corresponds to a 0.2891 unit increase in the elephant population.

· p = 0.000: Highly significant.

3. Communication Improves (CI):

· Coefficient (β) = -0.2180: Improved communication negatively impacts the elephant population, possibly due to misaligned coordination.

· p = 0.001: Significant.

4. Elephant Crime Decrease (ECD):

· Coefficient (β) = 0.1776: A unit decrease in elephant-related crime correlates with a 0.1776 unit increase in population.

· p = 0.023: Significant.

5. Elephant Tracking Improved (ETI):

· Coefficient (β) = 0.1656: Improved tracking correlates with a 0.1656 unit increase in population.

· p = 0.032: Significant.

Interpretation

The model highlights key factors contributing to the growth of the elephant population in Tanzania's national parks. Efforts to reduce elephant deaths and crime increase patrol coverage and tracking effectiveness positively affect elephant  population growth. However, communication improvements need further evaluation to align with conservation objectives. The model is statistically robust and provides actionable insights for wildlife conservation strategies.

4. 8    Linear regression analysis

A linear regression analysis was conducted using STATA on a dataset consisting of 255 observations (Table 4.8). The analysis aimed to explore the relationship between Elephant population increases (EP) and several predictor variables. The overall model fit was statistically significant (F (8, 246) = 41.4, Prob > F = 0), indicating that the combined effect of the predictor variables significantly explained the variance in elephant population increases. 

The regression equation is given by EP = -0.0416 - 0.2179CI + 0.0554GC + 0.2891PCI + 0.1656ETI + 0.0953ECI - 0.0915EPD + 0.4706EDD + 0.1776ECD. The coefficients for Elephant crime decrease (ECD), Elephant death decrease (EDD), Elephant poaching decrease (EPD), Elephant conflict increase (ECI), Elephant tracking improved (ETI), Patrol coverage increase (PCI), GIS coordination (GC), and Communication improvement (CI) were estimated, indicating the strength and direction of their impact on Elephant population increases. The results revealed that Elephant death decrease (EDD), Patrol coverage increase (PCI), and Communication improves (CI) were statistically significant predictors of Elephant population increases, as indicated by their p-values (P>t) being less than 0.05. The adjusted R-squared value of 0.5599 suggests that the model accounts for approximately 55.99% of the variance in Elephant population increases after adjusting the number of predictors. The root mean squared error (Root MSE) is 0.58536, representing the standard deviation of the residuals. The data suggests that Elephant death decrease, increased patrol coverage, and improved communication are associated with higher Elephant population increases. Stakeholders involved in this analysis might include wildlife conservation agencies, government bodies, and researchers interested in understanding the factors influencing the dynamics of the elephant population. Table 4.8 presents linear regression results on the adoption of Geographic Information System (GIS) technology and its positive impact on preventing elephant poaching in Ruaha, Tarangire, and Serengeti National Parks.

Table 4‑0-8 : Linear regression analysis

	Source        SS
	df       MS      Number of obs =
	
	255
	

	 
	F (8, 246)
	=
	41.4
	 

	Model   113.473361
	8 14.1841701   Prob > F
	=
	0
	 

	Residual    84.291345
	246 .342647744   R-squared
	=
	0.5738
	 

	 
	Adj R-squared
	=
	0.5599
	 

	Total   197.764706
	254 .778601204   Root MSE
	=
	0.58536
	 

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	Elephant population increases (EP)
	Coef.   Std. Err.      t    P>t
	 
	[95% Conf.
	Interval]

	 
	 
	 
	 
	 

	Elephant crime decrease (ECD)
	.1775536   .0776042     2.29   0.023
	 
	0.0247002
	0.3304069

	Elephant death decrease (EDD)
	.4706291   .0645168     7.29   0.000
	 
	0.3435533
	0.5977048

	Elephant poaching decrease (EPD)
	-.0915229   .0943786    -0.97   0.333
	 
	-0.277416
	0.0943702

	Elephant conflict increase (ECI)
	.0953118   .0665495     1.43   0.153
	 
	-0.0357677
	0.2263912

	Elephant tracking improved (ETI)
	.1656094   .0766569     2.16   0.032
	 
	0.0146218
	0.3165971

	Patrol coverage increase (PCI)
	.2891111   .0721206     4.01   0.000
	 
	0.1470584
	0.4311638

	GIS coordination (GC)
	.0553518   .0642764     0.86   0.390
	 
	-0.0712505
	0.1819542

	Communication improves (CI)
	-.2179522   .0633323    -3.44   0.001
	 
	-0.3426949
	-0.0932095

	_cons (C)
	-.0416026    .107292    -0.39   0.699
	 
	-0.2529307
	0.1697254


The significant relationship between the adoption of Geographic Information System technology and its positive impact on preventing elephant poaching in Ruaha, Tarangire, and Serengeti National Parks. The findings show a strong and positive relationship between the adoption of GIS technology and the prevention of elephant poaching in Ruaha, Tarangire, and Serengeti National Parks. GIS technology is viewed as a valuable tool for enhancing conservation efforts, improving communication and coordination, and ultimately leading to the protection and growth of elephant populations while reducing poaching incidents. This consensus among respondents underscores the significance of utilising GIS technology in these protected areas.

In all the three national parks (Ruaha, Tarangire, and Serengeti), the majority of respondents expressed strong support for the adoption of GIS technology. This signifies a consensus among the local population that GIS technology is beneficial. On the increase of elephant populations in Ruaha, Tarangire, and Serengeti, the respondents had a view that the adoption of GIS technology has contributed and will continue to contribute to the increase of elephant populations in these parks. This suggests that GIS technology is viewed as a tool for preserving and bolstering elephant populations.

Enhanced communication within the park was reported to improve communication which facilitated better cooperation among park rangers and authorities, which is crucial for effective anti-poaching efforts. Regarding improved local coverage, respondents in all the parks supported the idea that GIS technology adoption can enhance local coverage in combating poaching. This implies that GIS technology is perceived as a means to expand surveillance and monitoring capabilities in these poaching-prone areas.

However, on the coordination within the parks, the majority of respondents in Ruaha, Tarangire, and Serengeti agreed that GIS technology aids in park coordination. This coordination is essential for quick response to poaching incidents and for efficient deployment of resources. In respect to efficient elephant tracking, the respondents in all parks believe that GIS technology makes elephant tracking more efficient and effective. This suggests that GIS technology is seen as a tool for monitoring elephant movements, which can help protect them from poachers.

Therefore, the results mean that reduced elephant mortality contributes to the increase in the number of elephants. The consensus among respondents is that improved tracking and monitoring through GIS technology resulted into fewer elephant deaths. This is a crucial point as it directly addresses the preservation of elephants. On reduction in poaching incidents, the majority of respondents in all three parks agreed that the adoption of GIS technology can contribute significantly to the reduction of poaching incidents. This indicates a widespread belief that the adoption of GIS technology is an effective anti-poaching measure.

4.9 Cost-Benefit and Effectiveness  of GIS Implementation

The findings indicated that the GIS adoption has made elephant poaching prevention more effective in all the three national parks covered by this study. It was revealed that even though the installation of the technology was indeed costly, its benefits have surpassed the expenses that were incurred.  The respondents reported many benefits of this technology, including a reduction in the number of poaching incidents in the parks
While the initial investment in GIS technology was substantial, the benefits have far outweighed the costs. We've seen a significant reduction in poaching incidents and improved elephant population numbers. The system has also made our resource allocation much more  ( Principal Conservation Officer, Ruaha National Park)

This was further evidenced by a comment from a conservation ranger of Tarangire National Park, who had the following to say;
The effectiveness of GIS in our anti-poaching efforts is evident in our daily operations. Despite the ongoing maintenance costs, the technology has helped us optimise our patrol coverage and respond more quickly to threats. This has resulted in better protection for our elephant populations and more efficient use of our resources ( Conservation Ranger Level I, Tarangire National Park).

These quotations imply that the technology has yielded substantial return on investment. The benefits of this technology surpass the costs incurred on its maintenance.  Patrol coverage has been optimised and the ability to respond quickly to poaching threats has increased tremendously. 

4.9.2 Quantifiable Benefits

It was noted that the conservation efforts have led to notable improvements in elephant population indicators, with a strong correlation (R² = 0.5738) reflecting the success of implemented strategies. High implementation success rates were recorded at Ruaha (85%), Tarangire (80%), and Serengeti (88%). Operational effectiveness has reached an impressive average of 94.3%, attributed to enhanced patrol coverage and improved response capabilities. These advancements have significantly reduced elephant mortality  as a result of  better tracking and monitoring systems, which  has led to a marked decrease in poaching incidents. Furthermore, staff efficiency and resource allocation have improved, ensuring sustainable management and protection of wildlife across these regions.
4.9.3 Measurable Cost Components

The findings revealed that the measurable cost components of a project include an initial GIS technology investment, which ranges from $2 million to $50 million, depending on the selected investment pathways. Additionally, training costs for 259 active users across three parks are required to ensure the effective use of the technology. Ongoing system maintenance and updates are necessary to keep the system running smoothly, while infrastructure requirements for remote areas must be addressed. Continuous staff development programs are implemented to maintain high levels of expertise, and a robust technical support infrastructure has been  established to address any operational issues. Mobile integration costs are also included to ensure that the system is accessible and functional across all platforms.
4.9.4 Effectiveness Metrics

The effectiveness metrics highlighted significant achievements in conservation efforts, with a 95.3% average success rate in anti-poaching initiatives. Staff knowledge and training completion rates  were high, reaching 98.7%,  which means that the team is well-equipped to tackle challenges. GIS technology boasted a 91% daily utilization rate, as it was reported that detection and response capabilities have improved ever since it was adopted in anti-poaching efforts. Furthermore, it was noted that cross-team coordination has improved, leading to better resource optimisation and faster response times to emerging threats. These metrics demonstrate the overall effectiveness of the system in supporting conservation and anti-poaching operations.
This objective analysis demonstrates that while GIS implementation requires significant initial investment, the long-term benefits in terms of improved conservation outcomes, enhanced operational efficiency, and reduced poaching incidents justify the costs. The high success rates across the parks and strong effectiveness metrics indicate positive returns on investment, though exact financial quantification would require more detailed data on costs. Hence the implementations should focus on optimizing costs through strategic planning, resource sharing, and efficient technology integration while maintaining the high effectiveness levels demonstrated in current deployments.
4.10 Results from Documentary and observations 

4.10.1 Human Capital Capacity

The implementation of diverse anti-poaching technologies across Tanzania's national parks has demanded significant human capital development. Conservation staff have had to adapt to and master a range of sophisticated tools, from aerial surveillance systems to ground-based monitoring equipment. The research revealed that park authorities have invested substantially in building this capacity, particularly evident in the successful deployment of complex systems like the WWF-funded drone program. The Senior Conservation Commissioner of Ruaha National Park, for instance, reported that the integration of GPS collar tracking systems in the Greater Ruaha landscape had required specialized training for staff, enabling them to effectively monitor elephant movements and analyse the patterns of their distribution. This technological adaptation demonstrates the parks' commitment to enhancing human capital capacity in modern conservation approaches.
4.10.2 Extent of GIS Technology Use

It was found that the extent of GIS technology implementation across the selected national parks is comprehensive and multi-layered, encompassing various complementary systems. In the Serengeti National Park, the deployment of LoRA gateway technology has achieved 75% coverage of the park area, as observed during the July 2023 survey. This extensive coverage is further enhanced by the integration of aerial surveillance, including both unmanned aerial vehicles and light aircraft patrols. In Ruaha, camera traps with advanced features such as live video feeds, heat triggers, and thermal imaging capabilities have been installed under the Ruaha Carnivore Project. These technologies are seamlessly integrated into the GIS framework, enabling real-time monitoring and response coordination. The deployment of 30 GPS collars on elephants in the Greater Ruaha landscape since November 2015 has provided crucial data on elephant movement patterns and potential poaching threats, demonstrating the widespread adoption of GIS-based monitoring systems.
4.10.3 Cost Benefit and Effectiveness

The cost-benefit analysis indicated that the GIS technology implementation has been successful as evidenced by the strategic investment in various complementary systems. This has been a result of a significant WWF grant worth USD $5 million for drone technology, which was a major investment in aerial surveillance capabilities. Morover, the integration of these systems has proved cost-effective by enhancing the coverage of remote areas and improving the response capabilities. The deployment of ground-based technologies such as camera traps and acoustic monitoring systems has provided a cost-efficient means of extending surveillance coverage. The integration of these technologies with GIS systems has created a comprehensive anti-poaching framework, resulting in implementation success rates ranging from 88% to 98% in the national parks under investigation. This high success rate, combined with improved resource allocation and enhanced predictive capabilities, indicates a favourable cost-benefit ratio in the adoption of these technologies in  elephant poaching prevention.

CHAPTER FIVE

 DISCUSSION OF FINDINGS

This chapter discusses the findings of the study in the light of previous studies and the available literature. The chapter also highlights the implications of these findings.  The discussion goes along the three specific objectives of the study  
5.1 Human Capital Capacity for GIS Adoption 

The first objective to this study was to evaluate the human capital’s capacity for adoption of GSI in elephant poaching prevention in national parks in Tanzania. The findings indicated that the national parks’ human capital had good capacity to adopt GSI in the efforts to prevent elephant poaching.  This is due to the presence of good capacity-building programs run by TANAPA, sufficient financial resources invested in capacity building, and institutional support. The findings resonate with several previous studies which have emphasized the the critical role of human capital and organisational support in GIS adoption in wildlife conservation. For instance, Suzzi-Simmons, and Devarajan (2023) emphasize that continuous training programs, combined with strong managerial and policy support, significantly enhance the readiness of conservation teams to use GSI.
 The findings agree with Olaniyi and Adebayo (2021) who argue that financial incentives and institutional frameworks are critical in driving technological adoption in Sub-Saharan Africa. They are also consistent with Mutunga, & Wainaina (2019) who found that structured training and institutional support were pivotal in boosting employee commitment and GIS utilisation for wildlife monitoring in Kenya. Meanwhile, Ramaano(2024) reviewed the integration of GIS for environmental management in Namibia, and the findings indicated that  financial and technical support are important for  effective technology adoption.
Randall (2022) explored the application of GIS in elephant migration tracking in Southern Africa and highlighted that comprehensive training and financial investment were essential in ensuring sustainable use of the technology. Furthermore, Greg Scott (2019) examined GIS readiness in African conservation projects and found that staff commitment and standardised policy frameworks are critical success factors. Despite this growing body of research, gaps persist in assessing the long-term impacts of GIS adoption, particularly in Tanzania's national parks, where data on sustainability and remote location challenges remain underexplored. 
The implication of the findings is that it is easy to adopt GSI technology in elephant poaching prevention in case the human capital is ready for that.  So, concerted efforts are needed to enhance the capacity of the human capital to prepare them for adoption of the GSI technology. This might mean that training programs are highly needed to continuously update the national park personnel with new skills related to the technology and its use.

5.2 Extent of GIS usage 

The second objective of this study was on the extent of GIS use in Tanzania’s national parks. The findings showed that the adoption of GIS in wildlife conservation has been significantly implemented in the selected national parks and proved  effective, aligning with the success metrics observed in Tanzania's national parks. The findings align with several recent studies. For example, Wendy (2023) investigated GIS implementation in West African wildlife reserves, finding that real-time tracking and poaching hotspot mapping significantly improved patrol effectiveness. Similarly, Chinoitezvi et al (2024) assessed GIS-based poaching prevention in Southern Africa, highlighting the role of system accessibility and usability in enhancing operational efficiency. Meanwhile in Kenya, the Ol Pajeta Conservancy Wildlife Crime Technology Project (2022) demonstrated how GIS supported crime detection systems reduced poaching incidents by 45% over five years. These studies collectively affirm the transformative potential of GIS in wildlife conservation, further justifying its evaluation and expansion in Tanzania’s national parks.
The findings on environmental factors influencing GIS application in conservation aligns with findings from other regions. For example, Lam et al. (2023) examined the integration of terrain and vegetation data into GIS systems in Southeast Asian wildlife reserves, highlighting the importance of slope and elevation mapping for patrol optimisation. Similarly, Ytterdahl (2022) evaluated the effect of human pressure on protected areas in East Africa and came up with findings emphasizing road network monitoring and settlement proximity analysis as critical for reducing poaching activities. In the Far Eastern Himalayas, Uddin et al.  (2019) found that incorporating land cover and habitat vulnerability assessments into GIS enhanced conservation strategies for threatened species. The findings thus emphasize the necessity of addressing environmental complexities in GIS implementation and justify further research to improve its effectiveness in Tanzania's national parks.

5.3 Cost benefit and Effectiveness of GIS 

The third objective of the study was on the cost-benefit and effectiveness of the adoption of GIS in elephant poaching prevention in the national parks of Tanzania. The findings highlight successes and challenges in elephant poaching prevention in the national parks of Tanzania, which align with many studies conducted elsewhere in the world. For example, Singh et al. (2020) explored wildlife crime and rhino poaching in South Africa, showing GIS to have significant impacts on anti-poaching efforts through real-time tracking and predictive analytics. Similarly, Wang et al. (2021) analysed GIS applications in Asian wildlife parks, emphasizing staff training and operational trust as critical factors for system success. In the Amazon, Silva and Pereira (2019) found that GIS plays a key role in hotspot identification and resource allocation, achieving measurable improvements in patrol efficiency. These studies support the findings from Tanzania’s parks and underscore the importance of tailored strategies to optimize GIS effectiveness in conservation.

CHAPTER SIX
CONCLUSIONS AND RECOMMENDATIONS

6.1
Overview

This chapter presents a summary of the study, a conclusion based on the findings and recommendations. The study recommends areas for further study in ensuring survival of Elephants through actionable usage of geoinformation systems technologies.

6.2 Summary


The main objective of this study was to assess the adoption of Geographical Information System technologies in the prevention of elephant poaching in Tanzania`s national parks. The specific objectives of the study were: to evaluate the human capital’s capacity to adopt GIS in preventing elephant poaching; to examine the extent to which GIS technologies are used in elephant conservation in national parks in Tanzania. 

In respect to the first objectives, the findings indicated that the national parks’ human capital has a good capacity for adoption of GIS in elephant poaching prevention. It was found that most of the staff were conversant with the technology and ready to use it. The human capital capacity assessment shows exceptionally high levels of GIS knowledge and training completion (75%) across the parks, demonstrating strong institutional commitment to technology adoption. Their readiness was a result of capacity-building programs run by the national park authorities. The findings thus emphasize the need to make sure the programs continue so that the parks’ staff are continuously updated so as to keep up with new technological advancements.

Regarding the second objective, the findings indicated that remarkable implementation of GIS use in the operations related with elephant poaching prevention. It was found that serious investment in GIS adoption has been made and the majority of the national park staff reported that they were using it in their operations.  The applications that are used in the national parks include cameras and drones.

The findings for the third objective indicated that GSI is effective in enhance elephant poaching prevention. It was revealed that the technology has improved the ability of the conservation officers and rangers to detect the poaching hotspots and respond to the poaching attempts on time. The technology has improved resource allocation and enabled the anti-poaching operations to cover a vast area.

6.3
Conclusion

The study concludes that adoption of Geographic Information Systems is a potential strategy for fighting wildlife poaching in national parks  in Tanzania. With the high capacity of the national parks’ human capital, exacerbated by training programs, Tanzania is in a good position to continue implementing this strategy and extend it to other national parks where it has not yet been implemented. The potential of this strategy rests in the fact that it has significantly enhanced elephant conservation efforts, as evidenced by the strong statistical relationships in both ANOVA and linear regression analyses. As the findings of the study revealed, GIS implementation has made remarkable success in the three major parks - Ruaha (85%), Tarangire (80 %), and Serengeti (88%) - indicating widespread acceptance and effectiveness of the technology. The linear regression model, explaining 55.99% of variance in elephant population increases, identifies key factors such as elephant death decrease (β = 0.4706) and patrol coverage increase (β = 0.2891) as significant predictors of conservation success.
6.4
Recommendations

i. To sustain the effective use of GIS technologies in Tanzania’s national parks, TANAPA and the Ministry responsible for wildlife conservation need to focus on enhancing human capital. Continuous training programs should be established across all parks to make sure  that the staff are well-equipped with basic and advanced GIS knowledge. These training initiatives should be supplemented by specialized modules for emerging technologies, such as mobile GIS and drones, to address new conservation challenges. Additionally, mentorship programs can facilitate knowledge transfer between experienced and newer staff, fostering a culture of continuous learning and innovation within the workforce.
ii. It is recommended that TANAPA directs its efforts towards optimizing the use of GIS technologies through infrastructure and strategic planning. Investing in advanced analytical tools and mobile GIS capabilities can enhance real-time data collection, sharing, and decision-making across parks. Tailored GIS implementation strategies for each park are essential in addressing the challenges, such as the larger operational scale seen in Serengeti. Furthermore, strengthening collaboration between parks can help streamline resource sharing, exchange best practices, and address common challenges collectively, ensuring a consistent and coordinated approach to conservation efforts.

iii. Policy makers have to take sustainable resource allocation as critical for maintaining the long-term effectiveness of GIS technologies. This includes securing reliable funding for system maintenance, updates, and capacity-building initiatives. Resource allocation should be based on specific needs and challenges unique to each park, ensuring that investments yield maximum benefits. Additionally, prioritizing innovation, such as the integration of cost-effective technologies like drones, can supplement GIS systems, particularly in remote or resource-constrained areas. By balancing costs with operational efficiency, national parks can maximize the conservation impact while maintaining financial viability.
6.5
Areas for Further Studies

i. Future studies could focus on the effectiveness of established elephant corridors, such as the Udzungwa-Nyerere National Park corridor, in mitigating human-elephant conflicts. These corridors could serve as pilot projects, providing insights into how similar initiatives can be designed and implemented in other areas facing severe conservation challenges.

ii. Another crucial area for research is examining land-use compatibility with elephant conservation efforts. Studies could explore sustainable agricultural practices, such as selecting crops less likely to attract elephants, to reduce conflicts between farmers and wildlife. Understanding these dynamics can help harmonize conservation goals with community livelihoods.

iii. Investigating the role of drones in wildlife conservation presents an opportunity to enhance existing GIS technologies. Research could assess the effectiveness of different drone types and their applications in monitoring, anti-poaching operations, and habitat management. Insights from such studies can help refine the integration of drone technologies into broader conservation strategies.
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APPENDICES
APPENDIX I : QUESTIONNAIRE FOR PARK RANGERS

Dear Respondents:

 Mtui Abel Peter, a PhD candidate at the Open University of Tanzania, is conducting a PhD study on adopting GIS technology in elephant poaching prevention in Tanzania`s National Parks. Kindly respond to the questions as carefully as possible. Your response will be used for academic purposes only and treated with utmost confidentiality. If you have questions about the questionnaire or the research in general, please contact the researcher via the following email addresses: abelmtui@gmail.com or mobile phone 0783566750. Thank you for your cooperation in completing this questionnaire.

SECTION A: GENERAL DATA

Please choose an appropriate answer by putting a tick in the space provided.

	8) Which of the following categories describes your Age?

( 18-27 years (28 – 37 years 38 – 47 years             

( 48 – 57 years (   58-67  ( Above 67 years
	2) What is your highest education level attained?

( No Primary Education   

( Secondary Education 

 Certificate (r Diploma (r Bachelor's degree graduate               

	3) What is your gender?

( Male or Female
	4) Indicate National Park

( Tarangire  ( Ruaha   ( Serengeti

	5) What is your current position?

……………………………………………
	6) Indicate your working experience in Years …………………………………

	7) How often do you use GIS technology?

(Never    (Daily    (Weekly      (Monthly
	8) For how long has your organisation been using GIS technology?

(Less than 5 years 5 – 10 years (Above 10 years 


	SECTION B: FACTORS INFLUENCING ADOPTION OF GIS TECHNOLOGY ON ELEPHANT POACHING PREVENTION IN TANZANIA NATIONAL PARKS  
For the following statements, please indicate your level of agreement or disagreement on the following statements indicated below based on the following scale;

5= Strongly agree, 4=Agree, 3= Not sure, 2= Disagree and 1= Strongly disagree


	Organisation characteristics
	SD
	DA
	N
	A
	SA

	Our organisation business is ready to use GIS technology
	1
	2
	3
	4
	5

	Our organisation has policy supporting the use of GIS technology
	1
	2
	3
	4
	5

	In our organisation, the financial structure fit well with GIS technology
	1
	2
	3
	4
	5

	Employees are familiar with GIS uses
	1
	2
	3
	4
	5

	Management support and commitment have influenced the use of GIS technology
	1
	2
	3
	4
	5

	Management provides GIS training
	1
	2
	3
	4
	5

	Managements encourage the use of GIS technology
	1
	2
	3
	4
	5

	Managements are confident enough to use GIS technology
	1
	2
	3
	4
	5

	Employees are committed to using GIS technology
	1
	2
	3
	4
	5

	Management provides incentives to employees who use GIS technology
	1
	2
	3
	4
	5

	Technological Characteristics

	GIS technology is easy to use in elephant poaching prevention,
	1
	2
	3
	4
	5

	GIS technology fits well with the way we perform
	1
	2
	3
	4
	5

	GIS technology has enabled our prevention of elephant poaching
	1
	2
	3
	4
	5

	GIS technology is available and accessed all the time
	1
	2
	3
	4
	5

	GIS technology is easy to learn and operate 
	1
	2
	3
	4
	5

	GIS technology is clear and understandable 
	1
	2
	3
	4
	5

	GIS technology has decreased elephant poaching 
	1
	2
	3
	4
	5

	GIS technology detects elephants’ crimes
	1
	2
	3
	4
	5

	GIS technology is enjoyable for elephant poaching prevention
	1
	2
	3
	4
	5

	Environmental Characteristics
	
	
	
	
	

	In these national parks, Land cover influences GIS adoption
	1
	2
	3
	4
	5

	In these National Parks, Distance from settlements influences GIS adoption
	1
	2
	3
	4
	5

	In these national Parks, Distance from roads influences GIS adoption
	1
	2
	3
	4
	5

	In these national parks, distance from water bodies influences GIS adoption
	1
	2
	3
	4
	5

	In these national parks, slopes/Elevation influence GIS adoption
	1
	2
	3
	4
	5

	In these national parks, poachers influence GIS adoption
	1
	2
	3
	4
	5

	In these national Parks, conservational stakeholders influence GIS adoption
	1
	2
	3
	4
	5

	Perceived relative Advantage
	1
	2
	3
	4
	5

	Staff perceive using GIS technology positively in elephant poaching prevention 
	1
	2
	3
	4
	5

	The staff has positive attitudes toward using GIS technology
	1
	2
	3
	4
	5

	Staff trust the use of GIS technology to minimize elephant poaching
	1
	2
	3
	4
	5

	Staff view GIS technology as beneficial for elephant protection
	1
	2
	3
	4
	5

	The staff has a positive experience with the use of GIS towards elephant protection
	1
	2
	3
	4
	5

	GIS is useful in elephant poaching protection
	1
	2
	3
	4
	5

	The applicability of GIS technology is not complex 
	1
	2
	3
	4
	5

	The use of GIS technology is relatively superior compared to previous methods 
	1
	2
	3
	4
	5

	The applicability of GIS technology serves time in conservation (Utilitarian)
	1
	2
	3
	4
	5

	Elephant poaching Prevention

	The elephant population in these national parkshas increased
	1
	2
	3
	4
	5

	In this National Park, elephant crime is decreased
	1
	2
	3
	4
	5

	In this national park, elephant death cases decreased
	
	
	
	
	

	In these National Parks, poaching cases are decreasing
	1
	2
	3
	4
	5

	In these National parks, there are increased elephant community conflicts 
	1
	2
	3
	4
	5

	In these National parks, elephant tracking systems improved
	1
	2
	3
	4
	5

	In this national park patrol coverage using GIS increased
	1
	2
	3
	4
	5

	Using GIS technology, conservators are linked and coordinated
	1
	2
	3
	4
	5

	In these national parks, Effective communication improved through GIS
	1
	2
	3
	4
	5

	OPEN QUESTION 
	
	
	
	
	

	1. Who is involved in data collection?
	

	2. Are there tools/equipment for GIS work?
	

	3. Your comment on the effectiveness of GIS?
	

	4. Suggestion for improving/advancing usage of GIS in effective prevention of elephant poaching 
	

	5. Any other comment 
	

	


Thank you for your cooperation

APPENDIX II:  CHECKLIST GUIDE FOR CONSERVATION OFFICERS

i. Do you apply GIS to monitor poaching activities?

ii. Are they helpful in elephant poaching prevention?

iii. Which GIS technologies are primarily applicable in elephant prevention?

iv. How do organisational characteristics influence the adoption of GIS towards elephant poaching prevention?

v. How do technological characteristics influence the adoption of GIS to enhance elephant poaching prevention?

vi. How do environmental characteristics influence the adoption of GIS towards elephant poaching prevention?

vii. What is the relative advantage of adopting GIS in enhancing elephant poaching prevention?

viii. What challenges are facing the use of GIS on elephant poaching

APPENDIX III: CHECKLIST GUIDE FOR FOREIGN EXPERT / INTERNATIONAL CONSERVATION NGO’S 

i. What is your opinion on the application of GIS in support of poaching activities

ii. How are the technologies helpful in elephant prevention

iii. Which GIS technologies are mainly applicable to elephant prevention

iv. How do organisational characteristics influence the adoption of GIS towards elephant poaching prevention?

v. How do technological characteristics influence the adoption of GIS to enhance elephant poaching prevention?

vi. How do environmental characteristics influence the adoption of GIS towards elephant poaching prevention?

APPENDIX IV: INTERVIEWS GUIDE FOR GIS/ICT EXPERT

i. Are GIS helpful in elephant prevention

ii. Which GIS technologies are mainly applicable to elephant prevention

iii. How do organisational characteristics influence the adoption of GIS towards elephant poaching prevention?

iv. How do technological characteristics influence the adoption of GIS to enhance elephant poaching prevention?

v. How environmental characteristics influence the adoption of GIS towards elephant poaching prevention

vi. What are the challenges facing GIS in preventing elephants?

APPENDIX V: OBSERVATION SCHEDULE

Office Park HQ

Office equipment (Computer)

Software -ArcGIS software, Patrol database 

Internet network 

GPS and mobile collectors 
Ranger Post 

Number of GPS

Patrols maps 

A radio call for communication 

Binoculars 

Camping gears 

Patrols Vehicles 

Radio calls 

Patrol map 

GPS for navigation 

Anti-poaching undertakings 

Patrol coverage/Maps

Patrol incidences 

APPENDIX VIII(A): RANGE OF CRONBACH'S COEFFICIENT

	Reliability
	Range

	Unreliable
	α≤ 0.30

	Barely reliable
	0.30 < α ≤ 0.40

	Slight reliable
	0.40 < α ≤ 0.50

	Reliable (most common range)
	0.50 < α ≤ 0.70

	Very reliable
	 0.70 < α ≤ 0.90

	Strong reliable
	α > 0.90


Wu, Yu, & Weng (2012) 

APPENDIX VI (B) AVERAGE VARIANCE EXTRACT

	Construct
	Average Variance Extracted

	Quality (Qu)
	0.658

	Use Behaviour (Use)
	0.648

	Incentive (Inc)
	0.668

	Sharing Attitude (S.A.)
	0.745

	Perceived Ease of Use (PEU)
	0.512


APPENDIX VII: VARIABLES AND MEASUREMENTS

	Variable
	Main variables
	Indicator Variables
	Measurement 

Scale
	Source

	Independent variable
	Organisational Characteristics
	· Readiness of GIS usage
· Policy support 

· Financial resources support

· Familiarity with GIS

· Management commitment

· Employees GIS training

· Employees commitments

· Incentives provision
· Exposure to GIS
	5-point Likert rating scale
	Berisso and DeVries (2010)

Aziz et al. (2017)

	
	Technological Characteristics
	· Easiness of GIS technology 

· GIS technology fits well 

· The ability of GIS technology

· Clear and understandable  

· Detection 

· Enjoyable 

· Poaching prevention

· Online GPS

· Online platform 

· ICT support

· ArcGIS pro

· Arc GIS online and GIS server

· Elephants’ collars  

· Digital radios. 
	5-point Likert rating scale
	 Eldrandaly et al., (2015)



	
	GIS applicability
	· Frequency of application

· Sectors adopted

· Acceptance 

· GIS facilities (lab, plotters, digitizers)

· Training and developments

· Commitments 

· Staff involved
	5-Point Likert scale
	Subedi and Subedi (2017)


	
	GIS deployment Challenges
	· Changes of technology

· Staff expertise

· Perception (working business as usual) 

· Complexity

· Availability of software

· Resistance to adopt
· Influence of donors
	5-point Likert rating scale
	Alzighaib et al, (2016)

	Dependent Variable
	Elephants poaching prevention
	· Elephants’ population increased

· Elephants’ death cases decreased

· Elephant crime decreased

· Poaching cases decreased

· Elephant community conflicts increased

· Tracking elephants’ systems improved

· Patrol coverage increased

· Linked and coordinated improved

· Effective communication improved
	5-point Likert rating scale
	MNRT, (2020)

Thouless et al, (2016)


Source: Researcher, 2021
APPENDIX VIII: TABLE FOR DETERMINING SAMPLE SIZE FROM A GIVEN POPULATION

	N
	S
	N
	S
	N
	S
	N
	S
	N
	S

	10
	10
	100
	80
	280
	162
	800
	260
	2800
	338

	15
	14
	110
	86
	290
	165
	850
	265
	3000
	341

	20
	19
	120
	92
	300
	169
	900
	269
	3500
	246

	25
	24
	130
	97
	320
	175
	950
	274
	4000
	351

	30
	28
	140
	103
	340
	181
	1000
	278
	4500
	351

	35
	32
	150
	108
	360
	186
	1100
	285
	5000
	357

	40
	36
	160
	113
	380
	181
	1200
	291
	6000
	361

	45
	40
	180
	118
	400
	196
	1300
	297
	7000
	364

	50
	44
	190
	123
	420
	201
	1400
	302
	8000
	367

	55
	48
	200
	127
	440
	205
	1500
	306
	9000
	368

	60
	52
	210
	132
	460
	210
	1600
	310
	10000
	373

	65
	56
	220
	136
	480
	214
	1700
	313
	15000
	375

	70
	59
	230
	140
	500
	217
	1800
	317
	20000
	377

	75
	63
	240
	144
	550
	225
	1900
	320
	30000
	379

	80
	66
	250
	148
	600
	234
	2000
	322
	40000
	380

	85
	70
	260
	152
	650
	242
	2200
	327
	50000
	381

	90
	73
	270
	155
	700
	248
	2400
	331
	75000
	382

	95
	76
	270
	159
	750
	256
	2600
	335
	100000
	384


Note:
"N" is the population size


"S" is the sample size.

APPENDIX IX:RESEARCH CLEARANCE LETTERS 
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ABSTRACT 
This study employs empirical analysis through linear regression to investigate the determinants of 
elephant population increases (EP). Utilizing a dataset comprising 255 observations, the research 
evaluates the impact of various predictor variables such as Elephant crime decrease (ECD), Elephant 
death decrease (EDD), Elephant poaching decrease (EPD), Elephant conflict increase (ECI), Elephant 
tracking improved (ETI), Patrol coverage increase (PCI), GIS coordination (GC), and Communication 
improves (CI) on Elephant population dynamics. The regression model's overall significance (F (8, 246) 
= 41.4, Prob > F = 0) indicates a robust explanation of variance in EP by the combined effect of 
predictors. Notably, Elephant death decrease, increased patrol coverage, and improved communication 
emerge as statistically significant predictors of EP. The findings underscore the importance of targeted 
interventions in reducing elephant mortality, enhancing patrolling efforts, and strengthening 
communication strategies for wildlife conservation management. This research contributes to the 
understanding of factors influencing elephant population dynamics, thereby assisting stakeholders such 
as wildlife conservation agencies, government bodies, and researchers in informed decision-making. 
 
INTRODUCTION  
Globally, Elephants, as one of the most iconic and charismatic megafaunas play a crucial role in 
maintaining ecosystem balance and biodiversity in conservation globally (Jones et al., 2018). However, 
the population of elephants has been under significant threat due to various anthropogenic factors such 
as habitat loss, poaching, human-wildlife conflicts, and inadequate conservation measures (Lamarque et 
al., 2017). According to the International Union for the Conservation of Nature (IUCN), African 
elephants (Loxodonta africana) are listed as vulnerable, with populations declining at an alarming rate 
(IUCN Red List, 2020). 
Africa harbors the majority of the world's elephant population, making it a critical region for elephant 
conservation efforts (Wittemyer et al., 2014). However, despite concerted conservation initiatives, the 
continent has witnessed a sharp decline in elephant numbers over the past few decades. Rampant 
poaching driven by the illegal ivory trade, habitat fragmentation, and increasing human-wildlife conflicts 
pose significant challenges to elephant survival across various African countries (Maisels et al., 2013). 
Tanzania, located in East Africa, boasts one of the largest elephant populations on the continent. 
However, the country has experienced a substantial decline in elephant numbers in recent years due to 
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widespread poaching and habitat degradation (Chase et al., 2016). Factors such as inadequate law 
enforcement, weak governance, and socio-economic pressures exacerbate the threats faced by elephants 
in Tanzania (Lindsey et al., 2013). Despite government-led conservation efforts and international 
support, the decline in elephant populations persists, raising concerns about the long-term viability of 
elephant populations in the country. 
In light of these challenges, understanding the factors influencing elephant population dynamics is 
essential for effective conservation planning and management. Empirical analysis using regression 
modelling provides a valuable tool for identifying key drivers of elephant population increases, thereby 
informing evidence-based conservation strategies that can be tailored to address specific challenges 
faced at the global, African, and national levels. 
 
LITERATURE REVIEW 
Globally, elephants, as keystone species, have garnered considerable attention in conservation discourse 
owing to their ecological significance and cultural importance (Choudhury, 2019). However, the 
escalating threats faced by elephant populations worldwide have raised concerns among researchers and 
conservationists. Studies have highlighted the detrimental impacts of habitat loss, fragmentation, and 
degradation on elephant populations globally (Blake et al., 2019). Furthermore, the illegal wildlife trade, 
particularly the demand for ivory, continues to drive poaching activities, leading to significant declines 
in elephant numbers across Africa and Asia (Wasser et al., 2015). Efforts to combat these threats have 
emphasized the importance of transboundary cooperation, community-based conservation initiatives, 
and sustainable land-use practices to mitigate the human-induced pressures on elephant habitats 
(Wittemyer et al., 2014). 
Africa's diverse landscapes host the majority of the world's remaining elephant populations, making the 
continent a focal point for elephant (Loxodonta africana) conservation efforts. However, numerous 
challenges persist, primarily driven by human activities such as land conversion, agricultural expansion, 
and illegal hunting (Chase et al., 2016). Studies have underscored the importance of understanding the 
complex interactions between elephants and their habitats, as well as the socio-economic factors 
influencing human-wildlife conflicts in African countries (Douglas-Hamilton et al., 2018). Conservation 
strategies aimed at mitigating these challenges often involve a combination of law enforcement, 
community engagement, and innovative technologies to monitor and protect elephant populations 
effectively (Daskin & Pringle, 2018). 
Tanzania's elephant populations face significant threats from poaching syndicates, habitat encroachment, 
and conflicts with local communities (Røskaft et al., 2018). Despite being endowed with extensive 
protected areas, such as the Serengeti and Selous ecosystems, the country continues to grapple with 
escalating wildlife crimes and inadequate conservation enforcement (Duffy et al., 2016). Research 
focusing on Tanzania's elephant populations has highlighted the importance of addressing governance 
challenges, strengthening law enforcement efforts, and promoting community-based conservation 
initiatives to safeguard elephant habitats and mitigate human-elephant conflicts (Nelson et al., 2020). 
The literature underscores the urgent need for collaborative and evidence-based approaches to address 
the multifaceted challenges confronting elephant populations globally, across Africa, and within 
Tanzania (Røskaft et al., 2018). Empirical analyses, such as regression modeling, offer valuable insights 
into the factors shaping elephant population dynamics, thereby informing targeted conservation 
interventions tailored to specific contexts and challenges. 
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METHODOLOGY 
Description of the study area 
The study focuses on three parks within the Tanzania National Parks system: Ruaha, Tarangire, and 
Serengeti. These parks were chosen due to their involvement in donor-funded projects introducing 
various Geographic Information System (GIS) technologies. Tanzania National Parks (TANAPA), a 
parastatal organization, manages these parks according to regulations such as the National Parks Act and 
the Wildlife Conservation Act. TANAPA oversees 21 national parks covering 10% of Tanzania's land 
area, aiming to conserve and manage wildlife while enforcing related laws. Notably, the elephant 
populations in the study parks estimated numbers 5,160 in Serengeti, 3,282 in Tarangire, and 4,210 in 
Ruaha comprise over half of Tanzania's total elephant population, highlighting the parks' significance in 
biodiversity conservation efforts. 



 
Figure 1:study areas map showing Serengeti, Tarangire and Ruaha National parks 
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Data Collection  
The dataset utilized in this study comprises 255 observations and includes variables related to elephant 
population increases (EP) and several predictor variables such as elephant crime decrease (ECD), 
elephant death decrease (EDD), Elephant poaching decrease (EPD), Elephant conflict increase (ECI), 
Elephant tracking improved (ETI), Patrol coverage increase (PCI), GIS coordination (GC), and 
Communication improves (CI). The data were obtained from relevant sources including wildlife 
conservation agencies, governmental bodies, and research institutions. 
Data Analysis 
Linear Regression Analysis: The primary method employed in this research is linear regression analysis 
using STATA. This statistical technique allows for the examination of the relationship between the 
dependent variable (Elephant population increases) and multiple independent variables (predictors). The 
regression equation was estimated to assess the strength and direction of the impact of each predictor 
variable on Elephant population increases. 
Model Fit Assessment  
The overall fit of the regression model was evaluated using the F-test, with significance determined at a 
predetermined alpha level (α = 0.05). The F-statistic tests the null hypothesis that all regression 
coefficients are equal to zero, indicating that the model as a whole does not provide a better fit than a 
model with no predictors. 
Coefficient Estimation  
Coefficients for each predictor variable were estimated to quantify the magnitude and direction of their 
relationship with Elephant population increases. Standard errors, t-values, and p-values were computed 
to assess the statistical significance of each coefficient. Predictor variables with p-values less than 0.05 
were considered statistically significant. 
Model Diagnostics  
Diagnostic tests were conducted to evaluate the assumptions of linear regression, including the normality 
of residuals, homoscedasticity, and multicollinearity among predictor variables. Residual analysis and 
goodness-of-fit measures such as adjusted R-squared and root mean squared error (RMSE) were used to 
assess overall model performance and the accuracy of predictions. 
Stakeholder Engagement 
Throughout the research process, engagement with stakeholders including wildlife conservation 
agencies, government bodies, and researchers was facilitated to ensure the relevance and applicability of 
the findings. Stakeholder inputs were sought during the formulation of research questions, data 
collection, analysis, and interpretation stages. 
Ethical Considerations  
Ethical guidelines were followed throughout the research process, ensuring the confidentiality and 
privacy of data sources. Permission was obtained from relevant authorities for the use of proprietary 
datasets, and efforts were made to acknowledge and respect the contributions of stakeholders involved in 
data collection and conservation efforts. 
 
ANALYSIS AND DISCUSSION 
Linear regression analysis 
The linear regression analysis was conducted using STATA on a dataset consisting of 255 observations. 
The model aimed to explore the relationship between Elephant population increases (EP) and several 





https://www.ijfmr.com/







 

International Journal for Multidisciplinary Research (IJFMR)

 

 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com

       

●   Email: editor@ijfmr.com

 

 

IJFMR240217759  Volume 6, Issue 2, March-April 2024

 

4

 

 

Data Collection  

The dataset utilized in this study comprises 255 observations and includes variables related to elephant 

population increases (EP) and several predictor variables such as elephant crime decrease (ECD), 

elephant death decrease (EDD), Elephant poaching decrease (EPD), Elephant conflict increase (ECI), 

Elephant tracking improved (ETI), Patrol coverage increase (PCI), GIS coordination (GC), and 

Communication improves (CI). The data were obtained from relevant sources including wildlife 

conservation agencies, governmental bodies, and research institutions. 

Data Analysis 

Linear Regression Analysis: The primary method employed in this research is linear regression analysis 

using STATA. This statistical technique allows for the examination of the relationship between the 

dependent variable (Elephant population increases) and multiple independent variables (predictors). The 

regression equation was estimated to assess the strength and direction of the impact of each predictor 

variable on Elephant population increases. 

Model Fit Assessment  

The overall fit of the regression model was evaluated using the F-test, with significance determined at a 

predetermined alpha level (α = 0.05). The F-statistic tests the null hypothesis that all regression 

coefficients are equal to zero, indicating that the model as a whole does not provide a better fit than a 

model with no predictors. 

Coefficient Estimation  

Coefficients for each predictor variable were estimated to quantify the magnitude and direction of their 

relationship with Elephant population increases. Standard errors, t-values, and p-values were computed 

to assess the statistical significance of each coefficient. Predictor variables with p-values less than 0.05 

were considered statistically significant. 

Model Diagnostics  

Diagnostic tests were conducted to evaluate the assumptions of linear regression, including the normality 

of residuals, homoscedasticity, and multicollinearity among predictor variables. Residual analysis and 

goodness-of-fit measures such as adjusted R-squared and root mean squared error (RMSE) were used to 

assess overall model performance and the accuracy of predictions. 

Stakeholder Engagement 

Throughout the research process, engagement with stakeholders including wildlife conservation 

agencies, government bodies, and researchers was facilitated to ensure the relevance and applicability of 

the findings. Stakeholder inputs were sought during the formulation of research questions, data 

collection, analysis, and interpretation stages. 

Ethical Considerations  

Ethical guidelines were followed throughout the research process, ensuring the confidentiality and 

privacy of data sources. Permission was obtained from relevant authorities for the use of proprietary 

datasets, and efforts were made to acknowledge and respect the contributions of stakeholders involved in 

data collection and conservation efforts. 

 

ANALYSIS AND DISCUSSION 

Linear regression analysis 

The linear regression analysis was conducted using STATA on a dataset consisting of 255 observations. 

The model aimed to explore the relationship between Elephant population increases (EP) and several 


[image: image10.emf]


 



International Journal for Multidisciplinary Research (IJFMR) 
 



E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 



 



IJFMR240217759 Volume 6, Issue 2, March-April 2024 5 
 



predictor variables. The overall model fit was statistically significant (F (8, 246) = 41.4, Prob > F = 0), 
indicating that the combined effect of the predictor variables significantly explained the variance in 
Elephant population increases.  
The regression equation is given by EP = -0.0416 - 0.2179CI + 0.0554GC + 0.2891PCI + 0.1656ETI + 
0.0953ECI - 0.0915EPD + 0.4706EDD + 0.1776ECD.  
The coefficients for Elephant crime decrease (ECD), Elephant death decrease (EDD), Elephant poaching 
decrease (EPD), Elephant conflict increase (ECI), Elephant tracking improved (ETI), Patrol coverage 
increase (PCI), GIS coordination (GC), and Communication improves (CI) were estimated, indicating 
the strength and direction of their impact on Elephant population increases. The results revealed that 
Elephant death decrease (EDD), Patrol coverage increase (PCI), and Communication improvement (CI) 
were statistically significant predictors of Elephant population increases, as indicated by their p-values 
(P>t) being less than 0.05. The adjusted R-squared value of 0.5599 suggests that the model accounts for 
approximately 55.99% of the variance in Elephant population increases after adjusting for the number of 
predictors. The root mean squared error (Root MSE) is 0.58536, representing the standard deviation of 
the residuals. The data suggests that Elephant death decrease, increased patrol coverage, and improved 
communication are associated with higher Elephant population increases. Stakeholders involved in this 
analysis might include wildlife conservation agencies, government bodies, and researchers interested in 
understanding the factors influencing Elephant population dynamics. 



Source        SS df       MS      Number 
of obs   = 



  255   



  F (8, 246) = 41.4   
Model   113.473361 8 14.1841701   Prob > F = 0   
Residual    84.291345 246 .342647744   R-



squared 
= 0.5738   



  Adj R-squared = 0.5599   
Total   197.764706 254 .778601204   Root 



MSE 
= 0.58536   



          
          
Elephant population increases (EP) Coef.   Std. Err.      t    



P>t 
  [95% 



Conf. 
Interval] 



          
Elephant crime decrease (ECD) .1775536   .0776042     



2.29   0.023 
  0.0247002 0.3304069 



Elephant death decrease (EDD) .4706291   .0645168     
7.29   0.000 



  0.3435533 0.5977048 



Elephant poaching decrease (EPD) -.0915229   .0943786    -
0.97   0.333 



  -0.277416 0.0943702 



Elephant conflict increase (ECI) .0953118   .0665495     
1.43   0.153 



  -
0.0357677 



0.2263912 



Elephant tracking improved (ETI) .1656094   .0766569     
2.16   0.032 



  0.0146218 0.3165971 
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CONCLUSION AND POLICY RECOMMENDATION 
Conclusion 
The findings from the linear regression analysis provide valuable insights into the factors influencing 
Elephant population increases (EP). The regression model demonstrated a statistically significant 
relationship between EP and several predictor variables, including Elephant crime decrease (ECD), 
Elephant death decrease (EDD), Elephant poaching decrease (EPD), Elephant conflict increase (ECI), 
Elephant tracking improved (ETI), Patrol coverage increase (PCI), GIS coordination (GC), and 
Communication improvements (CI). 
Specifically, Elephant death decrease, increased patrol coverage, and improved communication emerged 
as significant predictors of EP, highlighting the importance of targeted interventions in reducing 
Elephant mortality, enhancing patrolling efforts, and strengthening communication strategies for wildlife 
conservation management. These findings underscore the complexity of factors shaping Elephant 
population dynamics and emphasize the need for multi-faceted approaches to address conservation 
challenges. 
While the regression model accounted for a substantial portion of the variance in EP, there may be 
additional unmeasured factors contributing to Elephant population increases. Future research should 
explore these factors to provide a comprehensive understanding of Elephant conservation dynamics. 
Policy Recommendations 
x Enhanced Law Enforcement: Strengthening anti-poaching efforts and wildlife crime enforcement is 



imperative to combat illegal activities targeting Elephants. Increased collaboration between law 
enforcement agencies, conservation organizations, and local communities can bolster surveillance 
and enforcement efforts to deter poaching activities. 



x Investment in Patrol Coverage: Allocating resources towards expanding and improving patrol 
coverage in Elephant habitats can help mitigate human-wildlife conflicts and prevent illegal 
activities. Utilizing technology-enabled monitoring systems and increasing ranger presence in 
vulnerable areas can enhance the protection of Elephant populations. 



x Communication and Community Engagement: Implementing effective communication strategies and 
engaging local communities in conservation initiatives are essential for fostering positive attitudes 
towards Elephants and promoting coexistence. Education and awareness programs should emphasize 
the ecological importance of Elephants and the benefits of conservation efforts to local communities. 



x Integrated Conservation Planning: Adopting an integrated approach to conservation planning that 
considers the interconnectedness of ecosystems, wildlife populations, and human livelihoods is 
crucial for sustainable Elephant conservation. Conservation strategies should prioritize habitat 
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CONCLUSION AND POLICY RECOMMENDATION 

Conclusion 

The findings from the linear regression analysis provide valuable insights into the factors influencing 

Elephant population increases (EP). The regression model demonstrated a statistically significant 

relationship between EP and several predictor variables, including Elephant crime decrease (ECD), 

Elephant death decrease (EDD), Elephant poaching decrease (EPD), Elephant conflict increase (ECI), 

Elephant tracking improved (ETI), Patrol coverage increase (PCI), GIS coordination (GC), and 

Communication improvements (CI). 

Specifically, Elephant death decrease, increased patrol coverage, and improved communication emerged 

as significant predictors of EP, highlighting the importance of targeted interventions in reducing 

Elephant mortality, enhancing patrolling efforts, and strengthening communication strategies for wildlife 

conservation management. These findings underscore the complexity of factors shaping Elephant 

population dynamics and emphasize the need for multi-faceted approaches to address conservation 

challenges. 

While the regression model accounted for a substantial portion of the variance in EP, there may be 

additional unmeasured factors contributing to Elephant population increases. Future research should 

explore these factors to provide a comprehensive understanding of Elephant conservation dynamics. 

Policy Recommendations 

 

Enhanced Law Enforcement: Strengthening anti-poaching efforts and wildlife crime enforcement is 

imperative to combat illegal activities targeting Elephants. Increased collaboration between law 

enforcement agencies, conservation organizations, and local communities can bolster surveillance 

and enforcement efforts to deter poaching activities. 

 

Investment in Patrol Coverage: Allocating resources towards expanding and improving patrol 

coverage in Elephant habitats can help mitigate human-wildlife conflicts and prevent illegal 

activities. Utilizing technology-enabled monitoring systems and increasing ranger presence in 

vulnerable areas can enhance the protection of Elephant populations. 

 

Communication and Community Engagement: Implementing effective communication strategies and 

engaging local communities in conservation initiatives are essential for fostering positive attitudes 

towards Elephants and promoting coexistence. Education and awareness programs should emphasize 

the ecological importance of Elephants and the benefits of conservation efforts to local communities. 

 

Integrated Conservation Planning: Adopting an integrated approach to conservation planning that 

considers the interconnectedness of ecosystems, wildlife populations, and human livelihoods is 

crucial for sustainable Elephant conservation. Conservation strategies should prioritize habitat 
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preservation, land-use planning, and ecosystem restoration to ensure the long-term viability of 
Elephant populations. 



x Policy Coordination and Collaboration: Encouraging collaboration between government agencies, 
non-governmental organizations, research institutions, and local stakeholders is essential for 
implementing effective conservation policies. Coordinated efforts at the national and regional levels 
can facilitate the sharing of resources, expertise, and best practices to address conservation 
challenges comprehensively. 
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preservation, land-use planning, and ecosystem restoration to ensure the long-term viability of 

Elephant populations. 

 

Policy Coordination and Collaboration: Encouraging collaboration between government agencies, 

non-governmental organizations, research institutions, and local stakeholders is essential for 

implementing effective conservation policies. Coordinated efforts at the national and regional levels 

can facilitate the sharing of resources, expertise, and best practices to address conservation 

challenges comprehensively. 
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