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Abstract 

Context. Bushmeat poaching in eastern Africa is a serious threat to biodiversity. However, poaching patterns 

are not well defined or examined. The goal of this thesis is to describe and analyse the temporal and spatial 

patterns of bushmeat poaching in the area surrounding the Kenyan-Tanzanian border of the Mara-Serengeti 

Ecosystem (MSE).  

Aims. The aim of this thesis is to 1) describe spatiotemporal poaching patterns in the MSE ecosystem, 2) 

forecast future poaching levels in different ecosystem regions and 3) provide recommendations for future 

patrol planning.  

Methods. This study uses data from 2001-2017 collected by Rangers employed by the Mara Conservancy. The 

data describes the circumstances related to poaching encounters on an incident level. Poaching time series are 

decomposed into signals using STL (Season-Trend-Loess). These data are forecasted, using Holt Winters 

exponential smoothing. Local and global indicators of spatial autocorrelation are used to examine and identify 

hot spots and clustering in fixed time intervals. Uncovered trends, seasonality and spatial hotspots were used to 

recommend future patrol deployment and effort distribution. 

Key results.  In general, the poaching level is consistent over time, when corrected for effort. There is spatial 

and seasonal variation between designated poaching variables: Encounters, arrests, snaring and observed 

poaching activity. The Mara Triangle displays decreasing poaching levels, illustrated by less encounters and 

arrests. There is no clear seasonal variation. In the region East Mara River there is an increase in the poaching 

encounters and arrests - but a slight decrease in snares recovered. Lemai Wedge is the region with the highest 

poaching pressure.  Arrests and encounters are consistent throughout the period. Snaring is highly seasonal and 

occurs during the migration months (July-November). Since 2008 >80% of all snares have been found in the 

Lemai Wedge. Forecasts predict further decrease of poaching in the Mara Triangle while snaring will increase in 

the Lemai Wedge. In the East Mara River poaching incident-rates will increase. Locations with high encounter 

rates changed during the study period. From 2001-2007 poaching was prevalent across the study area with no 

significant pattern. In 2008-2017 clusters and hot spots are identified primarily along the escarpment in 

western Lemai Wedge.  Visual interpretation reveals that: The proximity of villages located outside the 

protected area along the boundary of the Serengeti and permanent water, are correlated with high levels of 

poaching. 

Conclusions. Poaching levels have been reduced in the Mara Triangle, while the Tanzanian regions have 

experienced more varying levels of poaching. Snaring seems to be the largest threat to wildlife. Poaching with 

snares is highly seasonal and largely observed in the Lemai Wedge during migration months. Spatial poaching 

patterns are changing and appear to move westward, closer to human settlements. 

Implications. Our finding demonstrate how increased patrolling in the northern Serengeti does not seem to 

deter poachers. Law enforcement cannot stand alone but must be combined with community-based initiatives, 

improved food security, decentralization of management rights and changing community responsibilities. 
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Glossary 

The word reference is intended to aid readers without prerequisite in the scientific field of conservation and statistical 

methodology. Key terminology will be further elaborated throughout the thesis. 

Attribute: Is a non-spatial value adding information of the variable magnitude to a feature, e.g. snares recovered. 

Autocorrelation: The degree of similarity between a variable and its lagged values in adjacent observations. 

CPUE: Constructed variable of poaching “catch” that accounts for changing levels of anti-poaching effort.  

Cyclic: Repeating patterns occurring at longer undefined intervals, such as droughts or 100-year flood events.  

Dartings: Animals being shot with tranquilizer darts, often happens when a veterinarian needs to tend to a wild animal. 

Decomposition: Statistical term for splitting a data series into components; trend, seasonality and remainder/noise. 

Escarpment: Steep slope created by erosion or faulting separating two relatively levelled areas at different altitudes. 

Feature: Digital map component with information about the spatial extent in two or more dimensions, coordinates, XYZ. 

FLIR cameras: Thermal imaging cameras used in low light conditions to survey surroundings. 

Oscillations: Periodic variation around a central value in repeating intervals like the movements of a pendulum. 

Opportunity cost: In this text: The potential profit lost by going poaching rather than working. The opportunity cost 

would be the value of a day's work. High opportunity cost affects decision making across the globe. 

Protected area (PA): “A clearly defined geographical space, recognized, dedicated and managed, through legal or other 

effective means, to achieve the long-term conservation of nature with associated ecosystem services and cultural values” 

(IUCN, 2008). 

Poaching: Extra-legal hunting, illegal harvest of wildlife outside the framework of the law. 

Range bar: Represents one unit of variation. Used to evaluate on difference in variation between decomposed signals. 

Script: Programming “recipe” written for statistical software tools such as R. 

Seasonality: Recurring pattern of observations at fixed intervals. Weather often change according to a seasonal pattern. 

Snaring: Trap hunting with metal wires attached to trees/bushes, animals caught dies from starvation or severe injuries. 

Trend: Explains the long-term direction of data values. The trend can be increasing, decreasing or static. 

Ungulates: In this text referring to terrestrial herbivorous mammals such as wildebeest, antelopes, giraffes and buffalos.  

Weight: Represent the relationship between values. An often-used weight is the discounting rate applied in economy. 
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1. Introduction 

This study investigates poaching trends for the years 2001-2017 in the northern part of the Mara-Serengeti 

Ecosystem (MSE) located on the border between Kenya and Tanzania. Widespread declines in wildlife densities 

have been recorded in several East African countries throughout the last 30-40 years (Ogutu et al., 2009; Oguto 

et al., 2016; Opyene & Eves, 2009; Sinclair & Arcese, 1995). Escalating population growth, land cover change 

and unsustainable land use - such as illegal bushmeat hunting are commonly described as drivers of these 

reductions in animal numbers (Lindsey et al., 2012; Ogutu et al., 2011; Opyene & Eves, 2009). Illegal harvest of 

wildlife for consumption (Bushmeat poaching) is an increasing problem in Africa (Mwenja & Eves, 2009; Ogutu 

et al., 2016; Rentsch & Damon, 2013), targeting multiple endangered species (Nielsen et al., 2016; Ripple et al., 

2016) with considerable bycatch (Newing, 2001). Yearly estimates of poached wildebeest (Connochaetes 

taurinus) range from from 40.000-160.000 animals. These levels are potentially unsustainable (Kariuki 2012; 

Mduma et al., 1999; Rentsch & Parker, 2015). This level of poaching decrease population size and affect the MSE 

nutrient cycle, which is driven by the migrating ungulates (Mduma et al., 1999; Ripple et al., 2014). Other large 

ungulates are also affected by poaching, with excessive harvest flagged as a major threat for 17 out of 20 

migratory species (Harris et al., 2009). Proper protection of habitats is necessary for the continued survival of 

many migratory species (Harris et al., 2009). Enforcing the law through anti-poaching patrolling is an effective 

and needed conservation tool (Hilborn et al., 2006; Leader-Williams & Milner-Gulland, 1993; Ripple et al., 2016; 

Wilfred & Maccoll, 2014) although conservation resources are usually scarce (Lewis et al., 1990) or not 

effectively implemented (Mariki et al., 2015).  

Considering the scarcity of resources, identifying temporal and spatial poaching trends are important to secure 

a cost-efficient allocation of anti-poaching resources (Critchlow et al., 2014, 2015; Jachmann & Billiouw 1997; 

Jachmann, 2008; Kideghesho, 2016; Wilfred & Maccoll, 2014). Combining both spatial and temporal patterns is 

necessary to detect poaching tendencies potentially hidden in a separate analysis (Critchlow et al., 2015). 

However: 

 “The absence of location-specific data on different types of animal species poached and the impact to the 

ecosystem indeed create the impression that bushmeat poaching is insignificant. There needs to be additional 

purposeful collection, recording and analyzing of this information in order to facilitate informed decision making 

regarding illegal bushmeat utilization.” (Kairiku & Eves, 2009. p. 2). 

Lack of sufficient data is a major problem when analysing poaching patterns in Africa (Burton, 1999) and 

studies exploring the extent of bushmeat poaching are very limited (Kariuki & Eves, 2009) or contradictory 

(Hilborn et al., 2006; Ogutu et al., 2011). 

The Mara Conservancy is a non-profit organisation which was established in 2001 to manage the Mara Triangle 

in collaboration with the Trans Mara Council (Mara Conservancy, 2018). The Mara Conservancy has 

consistently collected poaching related information in monthly reports through the past 17 years (August 
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2001-present). Monthly reports from the Mara Conservancy describes most of the poaching events in detail - 

and provides consistent data covering a long period which is rare for this scientific field. The aim of this thesis is 

therefore to undertake and answer following research objectives: 1) Collect and summarize poaching data 

related to the MSE ecosystem, 2) Describe the temporal development of poaching, 3) Describe the spatial 

development of poaching and 4) Suggest recommendations based on spatiotemporal patterns to secure 

cost-efficient patrolling. 

 

Hypothesis we want to investigate: 

1) Hypothesis: Patrol data of: Poachers arrested, snares recovered, and animals killed display an increase 

in poaching levels from 2001-2017. 

2) Hypothesis: Poaching does not occur randomly across the study area. 

3) Hypothesis: Poaching patterns in the MSE displays seasonality.  
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2. Methodology 

2.1 Study area 

The study area is situated within and around the protected area (PA) of Masai Mara National Reserve (MMNR) 

and the Serengeti. The Mara Triangle totals 510 km2 and is the western part of the Maasai Mara National 

Reserve which has a total area of 1.510 km2. South of the Triangle lies the Tanzanian border and the Serengeti, 

home to the last large ungulate migration and the highest concentration of large carnivores in the world 

(UNESCO, 2018). The study area also encompasses approximately 2500 km2 of the northern Serengeti. 

Grassland dominates the area with dispersed clusters of occasional open or dense woodland. The Mara River 

flows through Maasai Mara separating the Triangle from the Greater Mara in the east and from the Mara North 

Conservancy in the north. In collaboration with Tanzania National Parks (TANAPA). The Mara Conservancy 

Rangers conduct regular patrols in parts of the Serengeti north of Grumeti River (See figure 2.3). The area 

Lemai Wedge is located between the Kenyan/Tanzanian border and the Mara River. It is a crucial area for the 

Mara Conservancy’s effort against poaching.  

In Kenya the Mara Conservancy Rangers have status as Kenya Police Reservists (monthly report November 

2001) and can operate outside the PA. In Tanzania the Conservancy Rangers can only operate inside the 

National Park. The Mara Conservancy security department (Rangers) use a paramilitary hierarchical structure, 

with one Senior Warden as commanding officer, assisted by a Warden from each ranger station or 

sub-department. Below these are the Assistant Wardens, Sergeants and Corporals. Rangers primary task is 

patrolling, but branches of the security department undertake other tasks, such as gatekeeping, 

anti-harassment patrols (protecting animals from tourists) and handle cattle incursions. One squad is 

designated to keep track of rhinos within the area. The Mara Conservancy has a rotation protocol, transferring 

personnel between the stations biannually. Senior officers often take more rotations on a station to secure 

continuity.  

2.2 Data collection 

2.2.1 Monthly reports 

The area is patrolled by Rangers employed by the Narok County and deployed to The Mara Conservancy. Law 

enforcement (anti-poaching patrolling) is done in vehicles by Ranger groups of varying size, typically between 

6-12 Rangers. Poaching related encounters are orally delivered from patrolling Rangers to their superior 

officer, which then delivers information to the Warden of the respective ranger station. Each Warden hands in a 

monthly report to Brian Heath, CEO of the Mara Conservancy. Mr. Heath compiles all relevant information 

regarding the Mara Triangle into a monthly report, consisting of several sections covering the following topics: 

General: Road conditions, general problems, the political state of the country and precipitation. As well as 

engagement with organisations, dignitaries and locals, etc. 

Staff: Health status in case of injury, social events such as weddings and other topics related to the employees. 
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Dogs: Health status, training regimes and events requiring the use of the dogs which might not be directly 

linked to poaching.  

Wildlife: Animal behaviour, dartings, sightings and state of Mara Triangle predators as well as other topics 

related to wildlife. 

Research: New articles published about the Mara or studies conducted in the Mara. The conservancy houses 

several scientists at all time in camps dedicated to research. 

Tourism: Comments on tourism in general and future predictions on tourism, potential problems etc. 

Security: This section explains poaching and criminal activities through the month. Giving information about 

the type of incident, the location and sometimes the outcome such as a conviction in court or follow up on 

wanted criminals. 

Revenue and accounts: covering topics related to revenue, paying visitors and problems related to the matter. 

Repairs and maintenance: Covering topics related to repair and maintenance on buildings, machinery and 

vehicles. 

Patrol records can be utilized to identify poaching patterns (Holmern et al., 2007; Knapp et al., 2010; Wiafe & 

Amoah, 2012). Therefore, each monthly report has been read through and data covering the following subjects 

has been extracted: 1) Date of poaching related incidents. 2) Location of each incident. 3) Anti-poaching unit 

responsible. 4) Type of poaching incident; arrest, observation, animals killed, or snares recovered. 5) The 

quantity arrested/encountered/killed/recovered. 6) Species of animals killed or captured in snares. 7) Number 

of animals released from snares. 8) Tribe affiliation of arrested poachers. 9) Type and quantity of confiscated 

items. 10) Total amount of poachers observed and 11) how many evaded arrest. 12) Hunting method of 

poachers. 13) If they were found in a stationary camp, 14) comments on patrol vehicles and other along 

comments about anything potentially important for previous mentioned variables. 

The Conservancy employ their own staff in areas such as road work, maintenance, cooking and mechanical 

service of vehicles. These personnel are disregarded in the analysis.  

2.2.2 Structured interviews 

Rangers, sergeants, wardens and senior warden were questioned using structured interviews (N=18). 

Interviews were aimed at uncovering essential performance parameters (UNODC, 2012). See Appendix 1 for 

interview guideline. A consent form was developed for interviewing Rangers and arrested poachers. However, 

the possibility to interview poachers did not arise during our research period in the Mara.  

Non-formal conversation were conducted with locals encountered during our fieldwork to understand the 

extent of bushmeat poaching and sale in surrounding areas. Conversations were initiated with local Maasai and 

employees from the Conservancy and surrounding lodges. Respondents neither stated their name or answered 

anything which could potentially violate their freedom or health. 
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2.2.3 Location data 

All areas mentioned in the monthly reports are recorded in the dataset. To create a map of the MSE, GPS 

coordinates have been gathered during patrols and then subsequently mapped manually by hand - in 

collaboration with Senior Warden Francis Penko of the Mara Conservancy. These maps are used to create a 

shapefile layer, containing all mentioned area names and their spatial extent, such as “Kokamange” (Figure 2.1) 

and “Kigonga poachers route” (Figure 2.2). These areas represent a terrain type commonly targeted by 

poachers. At the Kokamange hills (Figure 2.1) at least 158 encounters with poaching have been recorded. More 

than 1800 snares have been recovered and 176 poachers arrested, the highest number of any location in the 

study area. Two thirds of the poachers arrested were using snares which is also reflected in the species killed 

around Kokamange. Carcasses of 91 animals were found here, 81 wildebeest, 2 topi antelope and 8 zebras. The 

hill provides the poachers with a view of the surroundings. They can hide in close vegetation and the solitary 

trees are used for attaching snares. The terrain surrounding Kokamange is rough and hard to navigate using 

vehicles. Rangers in good physical condition operating on foot are crucial when apprehending poachers in 

terrain like this. Locations containing rivers and streams are also frequently poached. An extensive drought 

prior to our field trip made these locations difficult to illustrate with photographs, as they were dried out. 

Figure 2.1: “Kokamange” hills, thickets 

 

Figure 2.1: “Kokamange” is situated in western part of Lemai Wedge close to the border of the Serengeti National Park and the 

Wa Kuria villages. Kokamange is among the locations most poached in the study area.  
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The “Kigonga poachers route” is situated on the escarpment, which acts as a physical border as much as it is the 

administrative border between the National Parks and surrounding agricultural land (Figure 2.2). Along this 

escarpment more than 7000 snares have been found and 361 poachers arrested. A further 183 poachers have 

evaded arrest. Carcasses from more than 400 animals have been recovered along the escarpment. Presumably 

this is just a fraction of the actual poaching, as poachers can enter and exit this area rapidly. Villages known to 

house poachers (Non-Formal conversation, 2018) are located on the other side of the escarpment. Poachers 

have been observed monitoring ranger patrols with binoculars from the top of the escarpment, acting when the 

Rangers have left. 

Figure 2.2: Kigonga poachers route 

 

Figure 2.2: Located on the Tanzanian escarpment “Kigonga poachers route” is described as a poacher highway for nearby 
villages.  

The locations vary considerably in extent as they are either describing a general area or a very specific area. 

Overlaps are expected in some cases. Areas with multiple different names are comprised under the best 

covering term/most used name. Formal boundaries distinguishing areas from one another does not exist in the 

MSE but are usually defined by a change in vegetation and/or elevation (Non-Formal conversation, 2018). The 

features created are digitized polygons displaying the spatial extent of locations mentioned in the monthly 

reports. The features are digitized using vegetation cover from satellite images (Esri et al., 2018), and a 

75-meter contour/elevation map as guidelines (RCMRD SERVIR-Africa et al., 2018).  

The base-map contain map layers from ArcGIS-online library and private sources and uses the projected 

coordinate system “Arc_1960_UTM_Zone_36S”. The layers were added with the intent of further spatial 

12  



 

analysis. These layers depict spatial extent and location of: Ranger stations (Tanzania National Park et al., 

2018), roads (Holden 2018, Frankfurt Zoological Society & TANAPA, 2018), rivers (Kenya Wildlife Trust, 

2018a) and camps/lodges (Frankfurt Zoological Society & ILRI, 2018). All observed locations are distributed 

between five main regions, three in Kenya and two in Tanzania (Kenya Wildlife Trust, 2018b; FZS & Serengeti 

Data.ord, 2013). These regions are: 

● Mara Triangle where the Mara Conservancy have their base of operation. Until 2016 the Mara Triangle 

was under the jurisdiction of the Trans Mara County Council (Non-Formal conversation, 2018; Mwenja 

& Eves, 2009).  

● Lemai Wedge and East Mara River are officially under the jurisdiction of TANAPA and all poachers 

arrested in Tanzania are left in their custody. Lemai Wedge is located on the Tanzanian side of the 

border, opposite to the Mara Triangle. The Lemai Wedge and the Mara Triangle is not separated by 

man-made or natural barriers. East Mara River (northern Serengeti) is the area between the Mara river 

and Grumeti river. This area is far from the Conservancy. However, an increasing number of incidents 

have been recorded here.  

● Greater Mara under the jurisdiction of the Narok county council. Only a few occasions of collaboration 

between the Greater Mara Rangers and the Mara Conservancy Rangers have been recorded.  

● Outside park is the areas north and west of the Mara Triangle and only accounts for a few incidents. 

The patrol region polygon is delineated with a buffer around known poaching locations in the area. 

Locations outside the parks are widely dispersed (Figure 2.3). 
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Table 2.1 displays: The total area for each region, the summarized area of the location polygons within the 

region and average polygon size. The area size has been calculated using ArcGIS geometry calculator. Figure 2.3 

displays the digitized features for each region. Some features overlap and describe specific segments of a larger 

location. Many features are located on the Kenyan/Tanzanian border, although the border itself is also a 

location. The same applies to the escarpment (location; “Escarpment Tanzania”, and “Ololoolo Escarpment”), 

where poacher routes, streams (luggas) and the ranger stations “Kinyanganga” and “Ngiro-Are” are situated. 

The study area contains a number of ranger stations. Permanent stations managed under the Mara Conservancy 

are Iseiya, Ngiro-Are and Ololoolo Gate. The TANAPA stations most often referred to are Kinyanganga, 

Kogatende and Lemai ranger stations. Other ranger stations are represented on the map below (Figure 2.3). 

However, they are seldom or never referred to in the monthly reports. Ranger stations established later than 

2001 might be missing, e.g. Ol Kurruk, Kilo Two, and Mara/Purungat bridge.  

Table 2.1: Segmentation of the study area. 

In total 112 locations were mapped. Of these the 92 were completely or partly inside the Mara Triangle, the 
Lemai Wedge or the East Mara River Region and included in the spatial analysis. 

Region Geometry: 
Patrol regions 

Geometry: Sum of 
location polygons 

Number of 
polygons 

Average 
polygon size 

Mara Triangle 502 km2 186.5 km2 34 5.5 km2 

Greater Mara 1058 km2  76 km2 4  19 km2 

Outside Park 878 km2  369.8 km2 19 19.5 km2  

Lemai Wedge 414 km2 167.10 km2 36 4.6 km2 

East Mara River 2142 km2 303.3 km2 19 16 km2 
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Figure 2.3: Base map of the study area 

 

Figure 2.3: Map contain locations and landscape features. Notice the high density of features around the border and boundary. 
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2.3 Data analysis 

The data analysis is divided into three sections. A descriptive part presenting the raw data. The second part is a 

time series analysis. Here the data is corrected for effort, analysed for trends and seasonal oscillations and then 

forecasted to predict future poaching development. The third part consists of a spatial analysis where the 

objective is to map areas of interest in regard to poaching. The data and choice of analysis do not allow for a 

combined temporal-spatial representation. The data only provides information about poaching when it has 

occurred, thus not accounting for patrolling when no poaching was encountered. An estimate of time spent or 

number of visits to each location through patrol patterns would have been a key component in such an analysis. 

 

2.3.1 Descriptive statistics 

Initial exploratory analysis was done using Excel 2016 built-in tools, such as pivot tables, scatter plots, line 

charts, histograms and R version 3.5.0 (R core team, 2018). Descriptive statistics is an important tool in 

exploratory data analysis and allows preliminary identification of patterns, intrinsic to the dataset being 

analysed (Mcgarigal, 2011). In this report descriptive statistics are used firstly to inform the reader and 

secondly to describe poaching related development. Identification of interesting trends are derived from 

preliminary visual representations and serves as a baseline for further analysis. 

 

2.3.2 Time series analysis  

Time series are successive data values with equal temporal range. The aim is to describe poaching development 

and identify signals in poaching patterns. Such signals could be trend or seasonality thereby allowing 

predictions of future development.  

Time series analysis is done on constructed catch per unit effort (CPUE) variables to account for changing levels 

of effort. Time series analysis is performed using R version 3.5.0 (R core team, 2018). The time series analysis is 

done on poaching encounters, number of snares recovered, arrests made, and total amount of poachers 

observed. The fuel records used to construct the CPUE variables were not recorded until February 2008. 

Therefore, all the time series analysis operates on data from the period February 2008- December 2017. 

Jachmann (2008) proposes a minimum of 6-8 years of data for doing trend analysis. Thus, making this 

time-period adequate.  It is essential to understand a few important concepts before endeavouring into the 

actual explanation of methodology.  
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The first concept is: 

Time is ordered in the following way and should be understood as:  

is the observation at time t. is the observation prior to . is the observation after .  This meansY t Y t−1 Y t Y t+1 Y t  

that observations are indexed into a sequential order of prior to , present at  and past . If FebruaryY t Y t Y t  

observations = , then January observations would be , and March would be .Y t Y t−1 Y t+1   

Trend is used to explain long term direction for data values. Usually a trend will be increasing or upwards if 

data value   is larger than , data value is larger than  and so on. Decreasing or downwardsY t Y t−1 Y t−1 Y t−2  

trend explains the opposite pattern.  

Seasonality refers to data patterns reoccurring at a fixed frequency. The term is directly related to specific 

months in this report and seasonality is prevalent, when a month exhibits similar data pattern during each 

annual period.  

Cyclic explains data patterns not related to any fixed “calendar” frequency. A cyclic pattern could be explained 

using animal abundance as an example. A few consecutive good breeding years - leading to increased animal 

abundance, followed by a few years with less favourable breeding conditions - leading to decreased animal 

abundance. Such a pattern would be cyclic as it does not follow any fixed frequency. 

Time series analysis is chosen because it allows description of poaching patterns through time, which seems 

essential for quantification of poaching development. Times series allows analysis and predictions using only 

one variable (univariate time series analysis) at specific points in time. This is contrary to the regression 

analysis which is usually utilized, and which by default needs at least one explanatory variable. Let us assume 

the simplest form of regression, where the dependent variable is described as a function of an independent 

variable and an intercept, . A good regression model requires accurate identification ofxy = a + b  

independent variables and accurately determined coefficients to explain relationship. This process is difficult 

and further complicated when introducing multiple variables in a real-life setting, such as with poaching in the 

MSE.  This is not a concern in time series analysis. When simplified the value  can be explained as a functionY t  

of . To further elaborate, if identified correctly each time series contains components that allows analysisY t−1  

and forecasting of otherwise very complicated patterns. Most importantly time series analysis describes 

development over time, which is in the essence of this thesis. 

To allow analysis of multiple time series in a restricted amount of time, a standardized approach is used. This 

approach is illustrated in Figure 2.4. Each time series is analysed following the sequence illustrated in figure 2.4 

which is explained in detail in the section below. Potential implications are discussed in the discussion section. 
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Figure 2.4: Standardised approach for time series analysis 

 

Figure 2.4: Flow chart time series analysis. 

The first R command is defining each monthly poaching variable in a temporally ordered sequence, creating 16 

poaching time series (four variables for four areas). Each time series starts February 2008 and run until the end 

of December 2017. The “ts” command (R core team, 2018) is used to define an annual frequency of 12, as the 

data is monthly.  

1. The first step is the time series, which is plotted and examined for any apparent interesting information. 

The different regions are tested for correlation using Kendall rank correlation to examine regional 

similarity between observed poaching values. The Kendall package (Mcleod, 2011) is then used to test 

each time series for significant trend. This specific package allows non-parametric trend testing, thereby 

not affected by skewed data distribution.  If seasonality is identified the Seasonal Mann Kendall trend 

test (Hirsch and Slack, 1984) is applied. Otherwise the regular Mann Kendall Trend test is used.  
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2. The second step is examining seasonality, using the Season- Trend -Loess (STL) and STLplus package in 

R (Hafen, 2016; R core team, 2018) and the corresponding autocorrelation function (ACF). ACF plots 

and 95% confidence limits are used to decide whether seasonality is present or not. Seasonal patterns 

are easily observed in the autocorrelation function plot. The ACF lag is set such that it represents the 

correlation between the first measurement and then each consecutive value for an eight-year period. 

This means that any larger seasonal changes should be observable in the ACF plot. If seasonality is 

identified in the time series a seasonal component can be extracted from the STL decomposition. 

Seasonality is then plotted along its range bar. When the seasonality plot is combined with its range bar 

it can be used to explain how much of the total observed variation is due to seasonality. 

 

3. The third step in the time series analysis is isolating the trend. This can be difficult with data containing 

both seasonality and “noise”. It is done using the STL function in R. Like the seasonal graph the trend is 

interpreted along its range bar to examine the amount of variation accounted for by the trend 

component.  

 

4. The fourth step in the time series analysis is examining the remainder part which is the variation not 

explained by the trend or seasonality. This component is also extracted using the STL function and 

plotted. The important part in this visual analysis is that no distinct pattern exists. Remember that the 

remainder is; “Time Series - (Trend+Season)”. Therefore, when decomposed properly any remaining 

noise should be random. Non-stationarity in itself does not violate the assumptions of this method, but 

after decomposition the mean of the remainder should be 0. Homoscedasticity is not required if the 

observed oscillations are dispersed equally around 0, thereby not creating a pattern skewed in either 

positive or negative direction. The remainder part can also be used to detect outliers potentially 

interesting for further analysis.  

 

5. The fifth step is forecasting, using the Forecast package in R (Hyndman, 2018). Future poaching values 

are forecasted for the total area and each of the three regions using Holt Winters triple exponential 

smoothing to account for changing trends and seasonality. The forecasts are then plotted with 80% and 

95% confidence interval. The Holt Winters fit is visually examined, as this is an easy and powerful way 

to identify errors (TIBCO, 2018). 
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In the case of non-existing seasonality or very poor fit, this is stated, and the signal or forecast is not plotted. 

Components of interest uncovered during this sequence are briefly explained in the result section.  

Good law enforcement and wildlife management should rely on monitoring feedback to allow informed 

management decisions (Jachmann & Billiouw, 1997; Jachmann, 2008; Lindsey et al., 2011). Time series analysis 

is crucial in answering two fundamental questions: Are poaching patterns stable over time, and if no, then what 

temporal patterns are then observed. Identification of patterns are important because they allow interpretation 

on whether poaching is an increasing problem, and if any patterns can be observed between increased 

patrolling and reduced poaching. Furthermore, if seasonal variation is identified then future effort can be 

adjusted. 

A critical evaluation of methodology relies on the theoretical understanding; therefore, a theoretic section is 

included. 

STL (Season-Trend-Loess) 

In this section the STL process and setting will be explained. For a more thorough and in-depth explanation of 

the STL decomposition see Cleveland et al. (1990).  

STL is a filtering process that uses a Loess regression. The process allows decomposition of a time series into 

components. Namely a trend, seasonal and remainder component. The STL procedure works through a 

specification of 6 parameters which regulates the decomposition procedure. 

In this report only two parameters are changed from default settings: 1) The number of seasons in each 

observation period, which is defined as 12 for each annual cycle. 2) The seasonal smoothing parameter or 

seasonal window called (“s.window” in the R command). Usually the seasonal window is defined as being 

“periodic”. This means that changing seasonality is not accounted for. Each month gets a mean seasonal 

component based on all annual cycles. In this time series the seasonal component for February would therefore 

be the mean isolated effect from all February's from 2008-2017. This is of course not optimal, if the seasonal 

effect changes through time. It can therefore be optimized by changing the seasonal window. In this thesis the 

seasonal window is set to 13 to avoid overfitting seasonality but still allow changes over time (Hyndman & 

Athanasopoulos, 2018). Choosing an appropriate seasonal window is not intuitive and is not related to 

seasonality in any logical manner. The seasonal window must be at least 7 and an odd number. Seasonal 

window values close to 7 results in a seasonal component which is very reactive to annual variation while 

increasing the seasonal window results in a smoothing of the seasonal component. Thus, decreasing the effect 

of monthly abnormalities. Verifying whether or not the seasonal window has been defined correctly requires a 

thorough understanding of the data, as it is the researchers task to determine if seasonality is static or 

developing. In this report the seasonal window has been validated by visually examining cycles of diagnostic 

subseries plots. These have been generated for this specific purpose using the “seasonal_plot” command in R 

package STLplus (Hafen, 2016). An example of this plot can be seen in Figure 2.5. Here each month is plotted 
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(January=1, February=2, … and so forth). The component is estimated as a fitted line through all similar months 

from the start until the end of the time series. The seasonal window is set to its minimum value (7), to illustrate 

the effect of choosing a low seasonal window value. The seasonal window does not only does affect the setting 

of the seasonal component. It also regulates how much of the variation that is accounted for by the remainder 

part. All variation which is unaccounted for by seasonality or trend will be contributed to the remainder 

component (for further information see R script, Cleveland et al., 1990; or R STLplus documentation). To 

illustrate the effect of the seasonal component, observe subseries 8 (August) in the subseries diagnostic plot 

below (Figure 2.5). The second value is very high and deviate strongly from the rest of the values. It affects the 

seasonal component of August when applying a small seasonal window value, because more of the potential 

“noise” is attributed to seasonality. 

Figure 2.5: Sub series seasonal diagnostics plot 

 

Figure 2.5: Each month is plotted with a seasonal window setting of 7. The seasonal component is illustrated as the fitted line 

and the remaining variation is attributed to the remainder component. 

Holt Winters Triple Exponential Smoothing 

The Holt winters triple exponential smoothing method is a smoothing technique. It segregates and smoothens 

three signals from a time series to allow forecasting of future time series values. These three signals are: level, 

trend and seasonality, much like the STL procedure. The method differs depending on the nature of the data. If 
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the relationship between two months is a constant, then the additive approach is used. An example of this could 

be, if February always contain five poaching observations more than January. If the relationship between two 

months are a constant ratio, then the multiplicative approach is used. This would be the case, if February always 

contain 5 % more poaching observations than in January. This is related to seasonal variation, where the 

additive method is used, when seasonal variation is roughly constant. The multiplicative method is used, when 

seasonal variation is changing (Hyndman & Athanasopoulos, 2018). The additive method has been used in this 

thesis to enable forecasting of time series with null values. The following section will explain how each signal is 

smoothened and finally used to forecast future values. 

 Level (or vertical intercept) is defined as:  

=α( − )+(1−α)( + )  ℓ t Y t st−L   ℓ t−1  bt−1  

where “Y” is the observation at time “t”, “s” is the seasonal component, “b” is the trend, “L” is the seasonal 

frequency. Since each annual period contains 12 observations, L=12 

“α” is a smoothing parameter 0 < α < 1 that defines the forecasting impact. A larger “α” means that new 

observations are attributed with larger impact while older observations are weighted less. This is expressed in 

all 3 smoothed signals where one part of the equation is weighted with the smoothing parameter while the 

other part is weighted with 1 - the smoothing parameter. 

( − ) is the weighted deseasonalized observation, calculated by subtracting the seasonal component fromY t  st−L  

the actual observed value   . The right side of the equation (1-α)(ℓx−1+bt−1) is the prior level + trendY t  

weighted by the remaining smoothing parameter. Estimation of smoothing parameters can be done manually 

through a trial and error process where parameters leading to smallest residuals are chosen, but several R 

packages, such as the forecast package, can do this with less effort (Hyndman et al., 2018). 

The trend (or slope) is defined as: 

=β( − )+(1−β) bt  ℓ  ℓt−1  bt−1  

β is a smoothing parameter 0 < β < 1 estimated in same manner as α. Like any other slope the trend is 

defined as the difference between two points in time β( − ) but additionally smoothened by factoringℓ ℓt−1  

with β. The remaining part of the equation (1−β)  weights the impact from prior trend. bt−1  

Seasonality is expressed as 

=γ(Yt−ℓt)+(1−γ)st st−L   

Where γ is a seasonal smoothing factor 0 < γ < 1 estimated like α and β, defining at which weight past 

seasons fluctuations affects forecasted values. The first part of the equation γ(Yt−ℓt) defines the seasonally 
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weighted impact (The difference between observation Y at time t and level ℓ at time t is seasonality), while the 

remaining (1−γ) weights seasonality from previous annual period. st−L   

What is important to notice is that all smoothing parameters vary between 0 and 1 and defines the impact ratio. 

what can also be interpreted by the smoothing parameter estimates is that a small smoothing parameter value 

for β and γ will translate into a non-changing trend and seasonality pattern and values close to 1 will indicate 

changing trend and seasonality. The logical explanation for this is that a static pattern does not require 

adjusting to new observations to enable precise forecasting, while a changing pattern needs to account for the 

change in order to forecast precisely. 

This is expressed in the forecast, as larger parameter estimates mean newer observations are weighted with 

larger impact, therefore accounting for changing seasonality and trend in forecasting. The forecast equation is 

expressed as: 

Yt+m= +m + ℓt  bt st+m−L(k+1)  

Y is forecasted value at time t and m is forecasted horizon. The forecasting horizon in this thesis is 2 years 

thereby m=24 for the last forecast. 

This shows that the  value to index order t (time) of the  integer value can be explained as a function ofY th mth  

level ( )+trend ( )+seasonal component ( ). k is defined as the integer value of . The last expression in ℓ t  bt  st L
m−1  

the forecasting formula m-L(k+1) is related to seasonality. Although it can seem a bit difficult to interpret, it 

basically just secures that the seasonal components used for forecasting are from the last observed year of the 

sample, thus not using seasonality from forecasted values. For a more in-depth explanation see Holt (1957) and 

Winters (1960). 

2.3.3 Spatial analysis 

Spatial analysis allows us to identify patterns and trends in data with a spatial aspect. Using GIS software, it is 

possible to describe the distribution of feature attribute values and verify, whether or not, the distribution of 

features creates a pattern or appear randomly (Mitchell, 2009). Data for: Identifying poached locations, the 

extent of the poaching and the impact on the ecosystem is often absent. In consequence the authorities and the 

wider public do not realize how severe the poaching problem is (Kairuki & Eves, 2009). The data provided 

enables us to identify such areas within the study area. Our hypothesis two states, that poaching does not occur 

randomly in space. 

Data treatment 

The spatial analysis is carried out using inbuilt tools of ArcMap software (ESRI® ArcGIS desktop 10.6). Mapping 

tools are used to 1) view the spatial distribution of poaching incidents as a whole, and 2) to track the change of 

highly poached areas through time. As described in the descriptive statistics section, there is large variation in 

poaching activity throughout the study area. Per request from Mara Conservancy the timeline was divided into 
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three intervals, covering a relatively equal number of months each. The dataset stretches across 17 years with 

3788 observations included in the analysis. We have divided the encounters into three intervals: 2001-2007, 

2008-2012 and 2013-2017. Each interval administers roughly 1000 observations. The Mara Conservancy took 

over management of the Mara Triangle in July 2001. Therefore, the first year only consists of four monthly 

reports: August, September, October and November. Reports from April, May and June 2004 are missing. 

Because of missing monthly reports, the first interval consists of 73 months, while the second and third 

intervals consists of 60 months.  

A total of 557, or 14,67 % of the observations are attributed to 

regional areas rather than specific locations. These values 

have been distributed among the locations in each region - in 

order to include them in the hotspot analysis. The number of 

observations from the regional level of: the Lemai Wedge, East 

Mara River and the Mara Triangle, have been distributed to 

each location. This allocation of regional encounters was 

chosen to avoid loss of incidents/encounters. Locations 

without encounters during an interval have not been added 

any extra value. The grand total of encounters is equal to the 

original number 3788. 

ArcGIS spatial analysis 

The spatial analysis incorporates three spatial operations: Global Moran’s I, Anselin Local Moran’s I and 

Getis-Ord Gi* (G-i-star).  Two regions were excluded from the analysis. The Outside Park and Greater Mara 

regions were patrolled infrequently, and they contain too few encounters, which distort the analysis. This 

operation reduces the number of features from 112 to 92. In total 158 counts of poaching incidents are lost 

which is less than five percent of all encounters. Getis-Ord General G statistics were not applicable in this 

analysis, as we would expect both high and low clustering. Patterns of both dispersion and clustering would 

cancel each other out and yield insignificant results (Esri, 2018c). 

“Global” refers to being inclusive of all observations within the study area, where “Local” looks at each 

individual feature and the relation between neighbours. Figure 2.6 shows a simplified model build, or workflow 

diagram, of the process.  
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Figure 2.6: Model build for the spatial statistics analysis 

 

Figure 2.6: Simple model build of the essential steps taken to complete the spatial analysis. Light green indicates the output 

values, which is used for generating the results. *(Poaching zone polygons are locations) 

The digitization process was described earlier in the methodology section. The location polygons are joined 

with the proportionally weighted attribute values of poaching encounters for each region. The three spatial 

analysis are performed using identical settings:  

Weight: Inverse distance  

Measure: Euclidean distance 

Standardization: Row 

Threshold distance: 0 (all features are neighbours)  

permutations: 499 

The chosen spatial analysis model uses a conceptualisation of spatial relationship (Esri, 2016b), where the 

attribute value is altered using a spatial weight. This report uses poaching encounters as the central attribute 

for the spatial analysis. The choice of spatial weight requires thorough understanding of the type of data used, 

or a well-defined goal to be reached through the analysis.  
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Figure 2.7: Examples conceptual relationships/spatial weights 

 

Figure 2.7: Graphic representation of spatial weights. Fixed distance ascribes each feature within 12 km a value of 1 time the 

attribute value (100 % of the encounters from features are included) , all other features are weighted as 0 (not included at 

all). Inverse distance divides the attribute value with the distance (or distance squared) between features (e.g. at 2 km 50 % of 

the encounters are included). 

Figure 2.7 displays three of the most common spatial weights. Fixed distance or threshold distance assign each 

feature a value of 1 or 0, depending on whether or not the feature lies within the threshold distance of the 

targeted feature (Mitchell, 2009). Inverse distance and inverse distance squared gradually reduce the value of 

feature attributes - as they get further away from the targeted feature. Other types of spatial weights - such as 

edge contiguity which, counts surrounding bordering features as neighbours (1) and the rest as 0 - cannot be 

applied since the polygons does not necessarily share borders (Mitchell, 2009). 

Row standardization was used to account for an uneven number of neighbours between features. When 

applying row standardization each weight is divided by the sum of all spatial weights for the selected feature. 

Given a feature has 3 neighbours, at 2, 4 and 6 km distance the inverse distance row sum would be: 

. If each neighbour had 100 counts of poaching, they would contribute with, 17 or  wrow = 2
1 + 4

1 + 6
1 = 0 9 12

11  

respectively; 54.52, 27.26 and 18.18 encounters. Due to a low number of neighbours this is higher than their 

contribution would be with the initial spatial weight. The opposite happens for features with many neighbours 

in close vicinity.  

For the analysis, the threshold distance was set to “0”. When set to “0” the analysis counts all features as 

neighbours rather than only including a set number of features within a specific vicinity of the targeted feature. 

The extreme distances between areas such as the Grumeti river and the rest of the study area cause this feature 

to have a low impact upon the analysis (Grumeti river is more than 16 km from the closest neighbour). Spatial 
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weights for neighbouring features to the Grumeti river are very low, row standardization increase the weight by 

dividing with a number smaller than 1. 

Permutations indicates the number of randomly generated distributions of the encounter values from the 

dataset, which the observed distribution is tested against. If the randomly distributed encounter values occur in 

a similar pattern as the observations, the observed data cannot be rejected as being randomly distributed. 

However, if the distribution of observed values differs significantly from the distribution of the generated 

permutations, we can reject the null-hypothesis ( ).  states that data is the randomly distributed (Esri,H0 H0  

2018a). 

The spatial analysis is performed in three intervals. First interval 2001-2007 represents the initial years for the 

operations. Resources are limited, and the extent of the tasks undertaken is poorly defined. Second interval 

2008-2012 are years with global financial crisis and national political instability following the violent elections 

in 2007. In 2009 however, the Conservancy expands with a dog unit and financially they are doing quite well, 

with 2010 and 2011 generating good revenue. Last interval 2013-2017 are affected by higher mobility due to 

additional vehicles. This leads to an extension of the patrolled area, with more patrols in the East Mara River 

region. Revenue however, is low until 2015. Several cost-cutting measures are undertaken, such as mandatory 

unpaid leave for the staff, to avoid dismissal of Rangers. From 2016 the Conservancy is granted 150.000$ 

annually from the David Sheldrick Wildlife Trust. Additional Rangers from Narok County Council as well as FLIR 

cameras also arrive during 2016. 

Global Moran’s I 

Spatial autocorrelation (Global Moran’s I) was executed first to control whether patterns observed for each 

period are; randomly distributed, dispersed or clustered (Esri, 2016a). Even random distributed spatial data 

will display some tendencies of clustering (Esri, 2016a). Therefore, testing for spatial autocorrelation is 

important to avoid falsely rejecting the Null-hypothesis ( ). False rejection of  could happen if we stateH0 H0  

that hot spots or clusters appear on the maps produced by Getis-Ord Gi* or Anselin Local Moran’s, without 

testing for autocorrelation. In this case the observed pattern could have happened by chance, and our 

conclusion would be wrong. This underlines the importance of testing for spatial autocorrelation. 
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The Global Moran’s I statistic for spatial autocorrelation is given as: 

I = n
S0

·
∑
n

i=1
zi

2

z z∑
n

i=1
∑
n

j=1
wi,j i j

 

is the deviation for a features attribute from its mean ,  indicates the wight between feature i and jzi  (x )i − X wi,j  

and n is the total number of features.  is the aggregate of all spatial weights.S0   

· ·S0 = ∑
n

i=1
∑
n

j=1
wi,j  

The z-score which is used to determine the p-value is calculated as: 

 where  and . Here E[I] is the expected Moran’s index value,zI = √V [I]
I−E[I] [I]  E = −1

(n−1) I  V I[ ] = E I[ 2] − E[ ]2
 

while I is the observed Moran’s value,  is the standard deviation of the attribute and  is the z-score. The √V [I] Z I  

expected Moran’s I value will be a small negative number relative to the number of features in the analysis.  

The Global Moran’s I autocorrelation test, if neighbouring features are likely to have similar values. If the 

analysis results in a significant positive z-score, adjacent areas with high level of poaching are likely to be 

surrounded of locations with similar poaching level (Clusters). Same tendencies apply for locations with few 

poaching encounters. These will primarily be surrounded by other areas with little poaching. If the z-score is 

negative, locations with high and low poaching levels will be dispersed with low poaching area arranged 

between areas of high poaching level. If the z-score leads to an insignificant p-value we accept the  .H0   

Local Moran’s I 

The Cluster and Outlier Analysis (Anselin Local Moran’s I) calculates a statistic spatial association between 

features. Local Moran’s value for each feature are compared several randomly generated permutations. The 

permutations are a rearrangement of neighbouring feature values and each permutation creates a Moran’s I 

value. The permutations generate an estimated range of random feature values. A pseudo p-value is calculated 

between the Local Moran’s I values and the values of the permutations. If the permutations only show more 

clustering in a small proportion (significance level of 0.05) of the calculations, the data is significantly clustered 

(Esri, 2018a).  
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The Local Moran’s I value is calculated as follows: 

 I i =
Si

2
x −Xi · ∑

n

j=1,j=i/
wi,j x( j − X)  

 is the attribute value of a feature and  is the mean value of the attribute for all of the study areas (Mitchell xi X  

2009). The spatial weight between the features i and j is given by . The variance  is defined as:wi,j Si
2  

Si
2 = n−1

∑
n

j=1,j=i/
x −X( j )2

 

Where n is the total number of features. 

Z-scores are calculated as:  where  and .zI =
√V [I ]i

I −E[I ]i i [I ]E i = n−1

∑
n

j=1,j=i/
wi,j

I  V I[ i] = E I[ i
2] − E[ i]

2
 

 is the expected Moran’s index value, while  is the observed Moran’s value and  is the variance of[I ]  E i  I i  V I[ i]  

the attribute. The calculated Moran’s index-value can be interpreted directly.  

A large Moran’s I index-value indicates, that neighbouring features have similar values, either high or low. A 

large negative value indicates a high degree of dissimilarity between features next to each other one being 

higher than average while the other is lower. The map produced displays clusters of similar values as either 

high/high, HH, or low/low, LL indicating that neighbouring features behave alike. Dissimilar features are 

indicated as high/low, H/L or low/high, L/H, depending on whether a low value feature is found within an area 

of high value features or the opposite (Mitchell, 2009). 

Getis-Ord Gi* 

Hot Spot Analysis (Getis-Ord Gi*) by Keith Ord and and Art Getis is used to identify hotspots for features with 

high values of the tested attribute. Both the targeted feature and its neighbours need to have high values to 

identify as a hotspot (Mitchell, 2009; Esri, 2018b). 

(d)Gi* =
∑
 

j
xj

(d)x∑
 

j
wi,j j

 

The “Gi*” value of a feature at the distance “d” is equal to the sum of each neighbouring feature “x”, multiplied by 

their spatial weight w(d), divided by the sum of values for all features in the dataset (Mitchell, 2009). 

(G )Z i
* = G −E(G )i

*
i
*

√V ar(G )i*
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The z-score is calculated by subtracting the expected Gi* value from the observed Gi* value and dividing by the 

square root of the variance. The expected Gi* value is calculated as: 

(G )E i
* = n−1

(d)∑
 

j
wi,j

 

E(Gi*) is the sum of weights at distance “d” divided by the number of features “n” minus one. 

The targeted feature can be interpreted as the centre of a cluster if the z-score is statistically significant. The 

Z-score can be interpreted as significant p-values in the intervals 1.65-1.96 for a p value of <0.10. 1.96-2.58 for a 

p-value < 0.05 and >2.58 for a p-value of <0.01. A p-value <0.05 is considered significant. When a hot spot is 

identified on the produced map, it displays high attribute values for all neighbouring features. A single feature 

with high attribute value surrounded by features with a mix of values should not identify as a hotspot (Mitchell, 

2009).  

 

Expected results 

The maps produced by the spatial analysis displays hot spots and clusters/outliers, where poaching differs 

significantly from the average (clusters/hot spots) or from neighbouring features (outliers). We expect a change 

in primarily poached areas between the three intervals due to an increased patrolling effort over time. This 

leads to an increased risk of apprehension when poachers spend more time within the PA. Types of poaching 

which requires long travel time and camps within the PA are abandoned in favour of dash and escape tactics 

along the boundary of the reserve. The maps produced will be analysed by visual interpretation and combined 

with in depth knowledge of the dataset. Features and attribute tables from the digital map layers in ArcMap 

10.6 will ensure that locations are correctly identified. The overlap of some locations makes this task difficult on 

a printed version of the map. 

From the Local Moran’s I: We expect both high and low clusters - as our preliminary analysis suggests few 

encounters in the Mara Triangle and many encounters in the Lemai Wedge. Outliers could be found where 

poachers are attracted to landscape features, such as rivers where hippos are found. Or in areas where certain 

prey is abundant, like warthogs. Warthog populations are high in the Mara Triangle but low in the Lemai Wedge 

(Personal communication 2018).  

From the Getis-Ord Gi*: We expect hotspots to concentrate in the Lemai Wedge as the count of observations is 

two or three times higher here, compared to the other patrol regions. Cold spots should be found in locations 

close to the Iseiya ranger station as it is in the centre of the Mara Triangle. The Ngiro-Are ranger station is 

positioned on the border of the National Park close to the Tanzanian border. Entry points to the parks are 

located close to the ranger station and we would expect hot spots in the vicinity as detection rates close to the 

ranger stations should be high.  
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3 The Data 

3.1 Variables 

The following section contains variables used in the descriptive section, to perform time series analysis and 

spatial hotspot analysis. Each variable is described in relation to its format and purpose. 

Poachers arrested: Number of poachers arrested by Mara Conservancy Rangers or in collaboration with other 

ranger units. Accumulated from single incidents from the monthly reports. Counts might differ slightly from 

other studies, as poachers killed are not included. If poachers from the same group are arrested at different 

times of the day but on the same location, they are summed to one encounter. 

Carcasses recovered: Describing the species and number of recovered carcasses.  

Total poachers: The total number of poachers is used when examining poaching trend. This number depict 

poachers presence as opposed to arrests, which depends on the ranger’s capability to arrest in the situation. 

Poachers sometimes escape Rangers at great personal risk by swimming across the Mara River, or if they are 

able to leave the PA. Total poachers counters the number of poachers that were either: Observed, arrested or 

evaded arrest as part of a group from 2001-2017. Number of poachers were either counted by rangers or 

determined by interrogating caught poachers. If a specific number is not provided, the number of poachers is 

estimated as follows: Group = 4-5 poachers, large group 8-10 poachers, very large groups 20 poachers. When an 

interval is given, the lower number is always chosen as a proxy.  

Recovered snares:  The variable is used to describe non-effort corrected snare encounter rates and initially to 

examine seasonally and yearly snaring patterns. Snaring is non-selective in targeting species, requires minimal 

effort and has a large impact on African wildlife (Becker et al., 2013). Describing seasonal and yearly trends are 

therefore crucial for cost-effective patrol planning.  

Number of snares recovered or found around live or dead animals. Snare quantities are only extracted from 

incidents in the monthly reports, thus excluding large quantities of snares where location cannot be accounted 

for. An example of such large excluded snare quantities can be seen in the monthly report from October 2017. 

This report mentions that TANAPA and Mara Triangle Rangers have recovered around 12000 snares in July and 

August 2017. We have only recorded 5000 snares in these two months which is the number of snares collected 

by the Mara conservancy Rangers. Further 3658 snares are recovered by TANAPA, however, they are without 

location and could therefore potentially have been collected outside regions of interest. Another 3814 snares 

have been collected from desnaring trapped animals by TANAPA. None of these desnarrings can be accounted 

for spatially and it seems highly unlikely that 3814 animals have been de-snared in two months when the total 

sum from the rest of the dataset is 1072 animals rescued from snares. Therefore, we have selected not to 

include the 7000 snares which is unaccounted for in our report. 
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Patrol distance: This variable is used to examine patrol distance development between units, seasonal patrol 

distance variation and overall trend development. Patrol distance is used subsequently for constructed 

measures in time series analysis. Data only accounts for incidents where poaching is encountered. Hence it was 

impossible to account precisely for anti-poaching effort on days without encounters. Therefore, month is 

chosen as a temporal scale for law enforcement effort, and patrol distance is chosen as a measure of effort in 

further analysis. 

Data is extracted manually from fuel records recorded by Mara Conservancy and the gas company Petrol Star. 

Each fuelling session (litres of diesel and mileage) is recorded and linked to a vehicle registration number. 

Fuelling sessions without litre and mileage values are excluded. Fuelling sessions are not distributed with equal 

time intervals, but follow a development where fuelling  is done at time , fuelling  at time   and so on, thus 1  1  2  2  

allowing patrol distance estimation of time   as the mileage value recorded at fuelling   subtracted from the 2  1  

mileage recorded at fuelling  . This approach is not without errors, as all patrol miles driven between time 2  1  

and  time   is attributed to time  , but this is done consistently. 2  2  

Miles/litres is calculated as mileage/litre recorded in each fuelling session and used to examine the datasets for 

non-normal deviation in average fuel consumption which could be due to errors.  Irregularities such as two 

fuellings the same day are validated by comparing with monthly report and examining if any larger or multiple 

operations were executed on that date. If not, the invoice number for that specific fuelling is used to identify 

previous and past invoice, identify dates and estimate date for wrongly dated fuelling. Negative mileages, where 

reasonable estimation is not possible, are removed from the dataset. For certain intervals data for mileage and 

fuel consumption are missing. In these instances, data for mileage have been calculated by estimating mean 

mileage/litre of fuel from previous and past months. These estimates have been multiplied with litres added in 

current fuelling. This figure is then either subtracted or added to earlier or later mileage recordings.  

For extended periods of time without mileage recordings (only litre records), mileage is calculated as total 

mean mileage/litre for all vehicle specific reasonable mileage values (dependent on the car but >4<10 miles/l) 

multiplied with recorded litre and added to previous mileage.  

All fuelling records are then summarized using a pivot table to calculate monthly patrol distance. If no mileage 

or litre data is available for whole months (14 months in total are missing data), the corresponding monthly 

reports are examined for any descriptions on accidents, vehicle breakdowns or anything alike with explanatory 

power. This information (mentioned in general and staff section of monthly reports, see raw mileage 

calculations for considerations) is utilized to determine if the vehicle did not patrol thus setting monthly 

mileage equal to zero. For single months missing fuelling recordings, monthly patrol distance is calculated (first 

mileage from fuelling session after missing month - last mileage from fuelling session before missing month). 

For multiple consecutive months missing mileages, the last mileage recording previous to the missing mileage 

values are subtracted from first mileage recording after missing mileage and divided equally between the 
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missing months. This equal distribution is chosen as a result of monthly patrol distance mean being very similar 

to following month and relatively large variation (see figure 4.3 next chapter).  

3.1.1 Time series variables 

Time series variables are constructed following principles from Catch Per Unit Effort (CPUE) and Kilometre 

Index of Abundance(KIA). CPUE and KIA variables quantify the abundance of observations of interest. They do 

so by generalising effort as a static measure and thereby only allowing “catch” to vary over time. Catch, in this 

report, is either number of monthly poaching related encounters or quantity of arrests, snares or observed 

poachers. This approach is frequently used in conservation biology (Bell, 1985; Jachmann, 1998; Jachmann, 

2008; Rist et al., 2010; Wiafe and Amoah, 2012) as it allows comparison through time. The CPUE approach is a 

reliable method to quantify poaching abundance (Rist, 2007) and allows comparability of trends, otherwise 

potentially masked by changing levels of effort.  

Time series variable are created for 1) The total area, which is frequently patrolled by Rangers, and 2) on a 

regional level for: the Mara Triangle, the Lemai Wedge and the East Mara River region. Each patrol region has 

its CPUE calculated by dividing the variable of interest with a monthly mileage multiplied with a corresponding 

regional fraction. This is explained in the following section. 

The total area of the Mara Triangle, Lemai Wedge and East Mara River is 3052 km2. The Mara Triangle is 502 

km2, Lemai Wedge is 414 km2 and East Mara River is 2142 km2. Therefore, each region gets a fraction 

coefficient equal to: 

Mara Triangle: 502/3058=0,165 → 16,5% of the monthly patrol distance  

Lemai Wedge: 414/3058= 0,135 → 13,5% of the monthly patrol distance  

East Mara River: 2142/3058=0,7 → 70% of the monthly patrol distance  

This means that if the total patrol distance is 10.000 miles for one month, it is assumed that 1650 

(10.000*0,165) miles were driven in the Mara Triangle, 1350 (10.000*0,135) miles in Lemai Wedge and 7000 

(10.000*0,7) in the East Mara River area.  

So the general CPUE formula is: = Catch/Mile
Quantity or Encounters 

Monthly miles  Area f raction  *
   

Example given in textbox 3.1 on the next page. 

The analysis is conducted on a regional level to account for difference in poaching magnitude, potentially 

different seasonal variation and trends. The region outside the PA (Outside Park) and Greater Mara are 

excluded due to two reasons: The Rangers employed by the Mara Conservancy do not patrol there regularly and 

the areas contained so few encounters that detecting any pattern was not possible.  
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Annual Rangers employed 

(Kendall’s Rank correlation: 

Tau=0,63; P=0,0005) and 

patrol distance (Kendall’s 

Rank Correlation: Tau=0,308; 

P=0,000001) were both 

significantly and positively 

correlated with number of 

encounters but the latter is 

chosen as the measure of effort 

in this analysis for several 

reasons.  

The first reason is related to 

temporal resolution. The 

number of Rangers employed are static in one-year intervals, and data describing monthly absence were not 

available (e.g. due to illness or vacation). Thus, not enabling monthly effort fluctuations. Patrol distance is 

extractable in monthly intervals which allows a much more sensitive analysis.  

The second reason for not selecting the number of Rangers employed as the effort variable is that Rangers 

undertake different tasks in 2017 than in 2008. Therefore, adding one extra Ranger to the conservancy does not 

mean adding one more Ranger to directly deal with law enforcement. In comparison, patrol distance is 

extracted only for Iseiya and Ngiro-Are vehicles, which mean that they have been used solely for patrolling. 

Thus, driving one extra mile means one extra mile patrolled.  

The third reason for choosing patrol distance as the effort measure is this: patrolling is done by vehicle, 

meaning that even though extra personnel is added, it does not imply extra patrolling. A comparable study done 

in Ghana supported the use of range as a more effective measure of detection (Wiafe & Amoah, 2012). This 

corroborates the choice of patrol distance as an effort proxy. During fieldwork, it was our experience that 

scouting is mainly done by the Driver and the Warden, sitting in the front of the vehicle and not the Rangers 

sitting in the back. This further emphasizes that adding an extra Ranger does not necessarily improve effort 

correspondingly. Adding extra Rangers primarily improve effort, when they are sweeping through shrubs for 

snares - or doing large ambush operations.  

Encounter/ Mile: 

This variable describes the development of poaching. However, it does not reflect the number of; carcasses, 

snares or poachers arrested per encounter. The variable reflects how often something related to poaching is 

encountered/mile patrolled. This variable is constructed by summarising all poaching-related encounters on a 
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monthly basis (carcasses encounters, poacher arrest-encounters, snares discovered) and dividing with total 

monthly patrol-mileage.  

Arrest/Mile: 

This variable is created similarly to the others time series variables. The number of poachers arrested monthly 

is divided with the corresponding monthly patrol distance. This variable shows if monthly poacher arrest rates 

increases, thus indicating increasing poaching levels. It also allows comparisons between other time series. A 

comparison with e.g. the snares/mile-variable can indicate a changing relationship in poaching methods (fewer 

poachers but more snares). This is discussed later. 

Poachers observed/Mile: 

Time series depiction of this variable should reflect abundance of poachers more correctly than just by 

accounting for arrested poachers. This variable is not limited by how many poachers the Rangers can arrest. 

This variable is created by dividing the total monthly number of observed poachers with monthly patrol 

distance.  

Snares/Mile: 

Created by dividing snares recovered monthly with monthly patrol distance. This variable describes seasonal 

trends and temporal development in snaring, which is important information when aligning anti-poaching 

effort (Lindsey et al., 2011).  This variable can potentially also describe changes in poaching method by 

describing changes in snaring abundance. Such description is important, as patrolling is assumed to have a 

deterrent effect (Leader-Williams & Milner-Gulland, 1993; Hilborn et al., 2006), thus leading to changing 

poaching methods as a response to effective patrolling (Gholami et al., 2018).  

3.1.2 Spatial hot spot variables 

Locations: All locations mentioned in the reports where poaching has been encountered are recorded in the 

dataset. The locations have been converted to digital features using ArcMap 10.6 

Encounters: The spatial analysis operates using the count of all encounters, rather than the sum of arrests, 

dead animals, observed poachers or snares. This is due to several encounters with very high sum values, which 

might distort the result of the analysis. Some incidents contain a high diversity of animal carcasses recovered, in 

this case, each species killed is treated as separate encounters.  

Event/Quantity: We operate with 5 different event types. Snares found; the number of snares found in a day in 

the same location. Different locations on the same day are recorded as separate incidents. Poachers arrested; 

the number of poachers arrested in a day/operation at a location. If the arrests happen in different incidents but 

the same location by the same patrol unit, they are summarized for the day. Animals found killed; number of 

animals killed, combined with the species and potentially number of animals rescued from snares. Each species 

found poached in a day in a location amounts to one incident. Killed poachers; cases in which the poachers have 
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been killed instead of captured. Observed poachers/activity; encounters with poachers where no arrests are 

made. Patrols finding signs of poaching such as camps count equal to the number of camps found. Observation 

posts which have observed poaching activity and able to estimate the number of poachers, but unable to 

intervene.  

3.1.3 Excluded variables 

This section describes variables created/extracted from monthly reports but not included in further analysis. 

Even though not used in this report, their existence can provide valuable information for future research, and 

they are thus included in the dataset. 

Animals rescued: Number of animals freed from snares. Animals euthanized due to injuries are counted as 

carcasses recovered. 

Event: Killed poachers have been removed from the analysis. In total seven encounters involves the death 12 

poachers. 

Equipment: This variable defines if the Rangers had FLIR cameras at their disposal. The FLIR cameras were 

frequently mentioned by Rangers during interviews and is thought to improve the catch rate (arrests/mile). 

The variable is dichotomous and has response values 1 if FLIR camera was with and 0 without. Excluded due to 

the choice of analysis. 

Precipitation: described pr. month and in mm.  Using unpublished data from Dr. Joseph O. Ogutu (Senior 

Statistician at University of Hohenheim), which covers the total duration of the study period (2001-2017). The 

long rain occurs in the MMNR from the end of March to mid-May and the short rain between November and 

December (Maingi et al., 2012). Precipitation affects mobility for both Rangers and poachers. Heavy rain should, 

therefore, cause fewer encounters. Agriculture - which is the main occupation for most poachers, is also 

dependant on the rain. Fieldwork must be done during the rainy season of the long rains, which leads to less 

time spent poaching (Brian Heath, personal communication, February/March 2018). This variable was 

excluded, as thesis focus was narrowed down to patterns in space and time and not the relationship between 

variables. 

Confiscated items: Weapons/snares confiscated when arrested if included in the report. The number 

confiscated items is either given or estimated according to the number of poachers arrested. Three poachers 

equal three spears. Snares are not estimated due to large variation in the number of snares each poacher brings. 

The number of snares is also noted separately in the comments.  

Poacher tribe affiliation: Poachers tribal relations or hometown. Gathered by Rangers from questioning a 

suspect or deduced from the description in report and area of capture.  

Patrol unit: Nominal data describing the patrol unit or vehicle involved in the specific encounter. Patrols can be 

from Iseiya, Ngiro-Are, TANAPA, or others. Created as the original model design was thought to operate on the 

incident level but excluded, as the temporal resolution is monthly. 
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Hunting method: Is deduced from the description in the reports, for example by weapons confiscated, 

interrogation of arrested poachers, by the targeted prey or time of arrest. The hunting method category is only 

used when poachers are arrested and not when animals are found killed. Hunting method can be: 1) Snare- or 

trap hunting - this variable is chosen if poachers only use trapping as hunting method. 2) Night hunting with 

dogs - usually done outside migration months, targeting gazelles and warthogs and done by larger groups of 

poachers. 3) day hunting with dogs: like night hunting with dogs but usually in smaller groups. Targeting 

gazelles and warthogs as primary prey species. 4) Spear hunting: In general targeting larger herbivore species 

such as hippo or buffalo. 5) Fishing: If poacher was caught fishing. 6) Mixed: A very opportunistic approach 

where the poachers usually fish or set up a limited number of snares, while they kill other prey or steal from 

predators. 7) Unknown: Used when hunting method is not described and/or cannot be deducted. This variable 

is used for visual representation of seasonal trends.  

Comments: Further description of circumstances related to incidents which needs further explanation. 

Comments includes uncertainties related to locations if spelling changes or special events occur like poachers 

handling skins or ivory. 
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4. Results 

4.1 Descriptive statistics 

Initial descriptive statistics aid our understanding of the data. Our first hypothesis states that the general trend 

in poaching in the study area is increasing. This can be investigated using a simple graph. Most raw data allow 

for an immediate interpretation with regards to development through time, seasonality and spatial distribution. 

The raw data have not been corrected for effort, which is highly correlated to the number of encounters.  

Patrol Distance 

Patrol distance covers the period from February 2008 until December 2017 and consists of 2527 patrol 

distance records from a total of seven vehicles. In 2008 only two vehicles patrolled regularly. This changed in 

February and September 2012, where two additional vehicles enter patrol duty, now totalling four patrolling 

vehicles. This number of patrolling vehicles is somewhat stable from late 2012, with few overlapping months of 

five patrol vehicles, due to new vehicles being brought in, while old ones are phased out. 

Figure 4.1: Monthly patrol distance 

 
Figure 4.1: Temporal development of monthly patrol distance for all patrol vehicles combined. 

The development from 2008-2017 seems somewhat cyclic with a not easily recognised pattern (Figure 4.1). The 

cyclic pattern is probably due to implementation of new vehicles. When decomposed using the STL function in 

R, an increasing secular (upward) trend can be identified with marginal seasonal variation (Figure 4.2). The 

figure consists of 4 parts. The top window (written data in left side) depicts the time series of patrol distance. 

The second window depicts an attempt to extract seasonal variation. The third window is the extracted trend 

component and the fourth is patrol distance not accounted for by seasonality or trend. The grey bar in the right 

side of each window should be understood as one unit of variation. All range bars depict an equal amount of 
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variation. This means that the seasonal pattern only explains very little of the total variation as the scale bar is 

large, whereas the trend explains considerably more as the scale bar is small.  

Figure 4.2: Monthly patrol distance decomposed using STL 

  

Figure 4.2: Decomposition of monthly patrol distance development. The figure contains the time series plot ( “data” attached 

in left side), the seasonal signal (“seasonal” attached in left side), The decomposed signal of the trend (“trend” attached in left 

side and the decomposed remainder/noise component (“remainder” attached in left side) along one unit of variation depicted 

using differently sized range bars in right side of each plot. 

The seasonal variation is not very distinct, as illustrated in Figure 4.2 and 4.3. The lowest mean monthly patrol 

distance is in February (Mean =6792 miles; Std.d=3043) and the highest monthly mean value is observed in 

December (Mean= 8873 miles; Std.d= 2757). This indicates that even though there is a slight seasonal pattern in 

monthly patrol distance, the variation is too large to justify significance. Contrary, when observing annual 

patterns, the trend in Figure 4.2 indicates an upward secular trend with. 2008 being the year with fewest miles 

driven during patrols (monthly mean=4918 miles; Std.d=1169) and 2017 the year with the highest level of 

miles driven during patrolling (monthly mean=13495 miles; Std.d=1758). This is supported by the boxplot in 

Figure 4.4, where the upwards trend is easily recognised. This increase and changing levels of variation in 

patrol distance have several explanations: from 2008-2012 only two vehicles patrol. Few patrolling vehicles 

reduce the variation in the monthly patrol mileage as illustrated in Figure 4.4. From 2012-2016, four vehicles 

patrol at all time. Some of these vehicles suffer from occasional engine problems, resulting in increased 

variation but still an upward trend. From around April 2016, the FLIR cameras are introduced. The FLIR 

cameras allow Rangers to patrol more frequently at night and execute more precise ambushes (Interviews, 

2018). The large variation in 2016 (Figure 4.4) can most likely be attributed to the implementation of the 

cameras mid-year, meaning multiple night operations from April and forward. The increase in monthly patrol 
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distance in 2016 and 2017 is attributed to Rangers doing night patrols far more frequent. The increase in patrol 

distance as a result of the implementation of FLIR cameras, is corroborated by unpublished 2017 Spatial 

Monitoring And Reporting Tool (SMART) patrol-data from the Mara Conservancy. Night patrols accounts for 

around 25% of all patrols (400 night-patrols; 1188 day-patrols).  The implementation of FLIR cameras are also 

clearly noticeable in the month-plot provided in Appendix 5. Increased patrolling is expected to have a 

deterring effect on poaching activity (Durlauf & Nagin, 2011). 

Figure 4.3: Monthly patrol distance grouped by month 

 

Figure 4.3: Boxplot of monthly patrol distance grouped by month. Patrol distance is in miles. 

Figure 4.4: Monthly patrol distance grouped by year 

 

Figure 4.4: Boxplot of monthly patrol distance grouped by year. Patrol distance is in miles.  
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Rangers: 

The Mara Conservancy continuously exchange personnel with the Narok County Government. The ranger staff 

increase in uneven intervals (Figure 4.5). A few Rangers join the Narok county staff each year from 2001 to 

2016. New Rangers are not employed at a constant annual rate, but the ranger staff is gradually increasing. In 

October 2016 the County Government took over the administrative employment of all Rangers including salary. 

This lead to a significantly reduced monthly wage. In order to compensate for the reduction in monthly income 

the Mara Conservancy pay an additional allowance to individual Rangers involved in successful anti-poaching 

activities, such as arrests and ambushes. The Conservancy also received 36 new recruits in this merger. The 

decline in 2016 is due to the transfer happening in October, being ascribed to 2017 as the new Rangers are not 

listed on the 2016 transfer-list. Average length of employment, which could act as a proxy for experience, have 

been estimated in Appendix 6. 

Figure 4.5: The number of Rangers employed by Mara Conservancy 

 

Figure 4.5: Annual count of Rangers employed were done using transfer-lists or leave-rosters.  
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Encounters, snares, arrests and tendencies 

The dataset covers the period from August 2001 to December 2017. It consists of 3805 incidents, with 3796 

incidents directly related to criminal offences committed by poachers. These are distributed into four 

categories: 1221 incidents of recovered animal carcasses or animals saved from snares, 150 incidents of 

poachers observed without making any arrests, 1338 incidents involving poachers being arrested and 1087 

incidents where snares were found and recovered. Figure 4.6 shows the yearly distribution of the 

above-mentioned poaching-related encounters, with a minimum of 101 and a maximum of 406 annual 

encounters. Observations from 2001 are not included in minimum and maximum, as it only covers 4 months. 

Except for “observed poachers”, all encounter types appear to follow the same steady increasing pattern 

through time. Figure 4.6 reflects how many encounters the Rangers have had with poaching, not the scale or 

severity of individual encounters. The number of incidents involving killed animals, snares recovered, and 

poachers arrested increase at the same level. Incidents, where poachers were observed but the incident did not 

lead to any arrest, remains stable throughout the period.  

The proportion of encounters where poachers were camping within the PA is described in Appendix 7. It clearly 

demonstrates that less poachers set camp while poaching as time progresses. Number of snares per arrested 

poacher seems to be increasing (Appendix 7). This tendency is also illustrated by the ratio between snares 

recovered and poachers arrested, with less poachers carrying more snares (Appendix 8). 

Figure 4.6: Development in poaching related encounters 

 

Figure 4.6. Development in the number of each encounter type.  
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The total number of poachers is a summarised number for all poachers both seen and apprehended. It varies 

greatly in composition for each poaching group. As illustrated in Figure 4.7, poachers arrested, and total 

poachers follow similar patterns. The percentage of poachers caught on average is 48%. 

Figure 4.7: Change in annual number of poachers encountered 

 

Figure 4.7: The data covers 3450 arrests in 1331 encounters, and a total of 7238 observed poachers on 1481 occasions, 1331 of 

these leading to arrests. Figure 4.8: Monthly variation in poachers encountered 

The annual number of arrested 

poachers rises from approximately 

100 in the years 2001-2004 to 300 

or more in the period 2015-2017. 

The number of total poachers is 

highly affected by the large hunting 

parties, participating in nightly 

hunts on Thomson’s gazelle 

between January and March (Figure 

4.8). The use of torches and 

flashlights makes it possible for the 

Rangers to estimate the number of 

poachers in the dark. Figure 4.8: Variation in monthly poachers encountered.    

 However, the rough, off-road, terrain is increasingly hard to navigate in the dark. This reduces the likelihood of 

catching a significant amount of the poachers. According to the reports, a large group of poachers can consist of 

up to 50 individuals. However, accounts of more than 2-5 arrests in a night operation against poachers targeting 

gazelles is rare.  

43  



 

Snares 

The solid line represents the sum of snares recovered added wildebeest and zebra carcasses. These species are 

typically snared and adding these to the sum of snares recovered should present snaring extent more precise 

than just snares recovered. The effect is very marginal. The number of snares recovered follows a similar 

pattern with annual variation. In the period from 2001-2017 approximately 50.000 snares have been recovered 

(Figure 4.9). The regional distribution is shown in Table 4.1. The five regions of MSE (see Figure 2.3) are: East 

Mara river, Greater Mara, Lemai Wedge, Mara Triangle and Outside Park. For number of snaring encounters in 

each region, see Appendix 2. 

Table 4.1: Snares found pr. patrol region. 

Region Snares recovered Animals killed in snares (sum of wildebeest + zebra) 

East Mara River     3.661 1.144 

Greater Mara          92      15 

Lemai Wedge  42.347  2139 

Mara Triangle    3.194     235 

Outside Park       247      17 

Total 49.541 3550 

Figure 4.9: Development in snares recovered 

 

Figure 4.9: The number of snares recovered by the Mara Conservancy.  
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Animals 

 In the years 2001-2017, a total of 4980 animals from 30 different species have been recorded killed. The most 

frequently killed animal is: 1) wildebeest Connochaetes taurinus with 3189 recorded carcasses, 2) Thomson’s 

gazelle Eudorcas thomsonii with 676 carcasses recovered, 3) zebra Equus burchelli with 361 carcasses and 4) 

warthogs Phacochoerus africanus with 203 recorded kills. Both impala Aepyceros melampus and hippo 

Hippopotamus amphibius has been recorded poached 108 times each. For full table, see Appendix 3. As seen in 

Figure 4.6, animal carcasses are encountered more often each year. The species hunted seems to follow 

seasonal patterns. As illustrated in Figure 4.10, from month 1-6 (January-June) the poachers focus primarily on 

warthog, gazelles, hippos and impalas. The migration usually starts in July and contains species intrinsic to both 

migration and non-migration months. During migration months (July-November), the preferred species are 

wildebeest and zebra as these are very abundant. This is similar to detections in previous studies (Kariuki & 

Eves, 2009). From December to May, almost no wildebeest are killed and none in the rainy season between 

March and May. This is likely due to their migration taking them outside the relevant range. Impala, Thomson’s 

gazelle, warthog and hippos are primarily poached from December and through the wet season. Logarithmic 

transformation of the numbers of killed animals displays the variance better. The scale for a non-transformed 

number of wildebeest poached does not allow for similar interpretations of other species killed - due to the vast 

difference of recovered carcasses. 

Figure 4.10: Logarithmic transformed monthly distribution of animals killed 

  

Figure 4.10:  Monthly distribution of recovered carcasses of killed animals from 2001-2017 logarithmic scale.  
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4.1.2 Area related descriptions 

As can be seen in Figure 4.11, Lemai Wedge accounts for most of poaching the related encounters. Outside park 

and Greater Mara contains only a very marginal number of encounters. 

Figure 4.11: Regional distribution of encounters 

 

Figure 4.11: Poaching related encounters in each region. The Lemai Wedge is predominant in all categories.  

The distribution of encounters Figure 4.12: Histogram of encounters per location 2001-2017

among the 127 original locations 

can be seen in Figure 4.12. The 

mean is 29 while the median is 10 

encounters pr. location. Area 

distribution of all encounters can 

be seen in Figure 4.13. Following 

numbers of encounters ascribed to 

a region have been distributed 

among locations within the region: 

Greater Mara (17), East Mara River 

(31), Mara Triangle (30) and Lemai 

Wedge (479). Figure 4.12. Histogram displaying the number of locations within

each interval of encounters.   
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Figure 4.13: Map of all poaching encounters in the study area 

 
Figure 4.13: Most locations with high encounter values are found in the Lemai Wedge, along the border and by the 
escarpment.  
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Figure 4.14 shows the annual percentage distribution in each patrol region. 65% of all poaching related 

incidents are encountered in the Lemai Wedge, 16% in the East Mara River Area, around 15% in the Mara 

triangle, 2.4% in the Outside Park area and 1.8% in the Greater Mara Area. Encounters inside the Mara Triangle 

are proportionally less frequent in present day compared to 2001 and encounters in Lemai Wedge and East 

Mara River seems to be moving in the opposite direction with the annual proportion of encounters increasing. 

Figure 4.14: Percentage of annual encounters distributed between regions 

  
Figure 4.14: Count of all encounters and how they are distributed between the patrol regions. 

Figure 4.15 shows a somewhat similar pattern, where the regional proportion of annual arrests is shown. 

59.1% of all poachers are arrested in the Lemai Wedge, 24% in the East Mara River Area, 12.7% in the Mara 

Triangle, 2.7% in the Outside Park Area and 1.5% in the Greater Mara.  

Figure 4.15: Percentage of poacher arrested distributed between regions 

 

Figure 4.15: Sum of arrested poachers and how they are distributed between the patrol regions. 
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Figure 4.16. Illustrates the annual proportion of snares recovered in each region. This graph distinguishes itself, 

as the Lemai Wedge annually accounts for a larger proportion. 85.5% of all snares has been recovered in the 

Lemai Wedge, 6.5 % in the Mara Triangle, 7.4 % in the East Mara River area, 0.5% in the Outside park area and 

0.2% in the Greater Mara region. The percentage of snares found inside the Mara Triangle gradually decrease 

over time. In the Lemai Wedge there is a steady increase, although most snares have always been recovered in 

this area. The area East Mara river shows no clear pattern only periodical spikes. 

Figure 4.16: Percentage of snares recovered distributed between regions 

 

Figure 4.16: Sum of snares recovered and how they are distributed between the patrol regions. 
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4.2. Time series analysis results 

4.2.1 Encounter/mile 

The time series for the three regions and the areas combined are plotted in figure 4.17. Notice the large 

difference in encounter/mile between the regions, with Lemai Wedge almost 5 times the magnitude of the Mara 

Triangle. Seasonality seems very pronounced in the Lemai Wedge with wider peaks than in the Mara Triangle 

and the East Mara River has long periods with less encounters than in the Mara Triangle. 

The Mara Triangle is uncorrelated with the other regions (Kendall Rank correlation; P>0.3), While East Mara 

River and Lemai Wedge is significantly correlated (Kendall’s Rank correlation: Tau=0.2; P=0.0034) indicating 

similar seasonal patterns. 

 The Mara Triangle is decreasing significantly over the period (P=0,0033). None of the other regions exhibit 

significance when tested (P>0,1). 

Figure 4.17: Time series plot of encounter/mile 

 

Figure 4.17 (a-d): Plots of encounter/mile for overall area (a) and patrol regions (b-d)  

 . 
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Figure 4.18 shows the overall area and regional ACF for encounter/mile. Each lag unit represents one annual 

period. The first peak is 1 in all ACF plots, as it depicts the autocorrelation between reference month (February 

2008) and the first month which is February 2008. Seasonality is similar to other studies (Holmern et al., 2007) 

with more encounters during dry months and it seems to overall - reflect the pattern of animal abundance 

during migration months. High values occur in July-November, while February-June is low season. Seasonal 

oscillations are very easily identified in the ACF plot for the overall area, clearly driven by Lemai Wedge (Figure 

4.18). Here multiple months exceed the 0.2 correlation limit defining the 95% confidence limit (blue dashed 

line). Lemai Wedge and the East Mara River region were positively correlated. This can be identified visually 

here by the similar correlation patterns, although the pattern is not very distinct for the East Mara River. A 

decaying seasonal pulse can be identified in the Mara Triangle and East Mara River area but neither signals 

exhibit significant patterns.  

Figure 4.18: ACF plot of encounter/mile 

 

Figure 4.18 (a-d): Seasonal autocorrelation of encounter/mile, February 2008 as reference. For overall area (a) and patrol 

regions (b-d)  
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The seasonal component for Lemai Wedge (Figure 4.19) is extracted and plotted. The plot reveals a repeating 

pattern, with a static seasonal signal during the migration months. This means that changes observed in figure 

4.17 are attributed to either minor trend changes or “noise”, thus not indicating any seasonal changes in Lemai 

Wedge encounters.  

Figure 4.19: Seasonality plot of encounter/mile for the Lemai Wedge 

  

Figure 4.19: Extracted seasonal signal for Lemai Wedge. 
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The extracted overall trend seems to be decreasing between 2008 and 2012 (Figure 4.20) - although the trend 

can only explain very little of the total variation (the extracted trend y-axis ranges from 0.0015-0.0035 

encounter/mile whereas the non-decomposed y-axis in figure 4.17 range from 0-0.012). The minor increase 

around 2008 is likely to the global economic crisis. In 2012 extra vehicles start patrolling which could explain 

the minor encounter/mile increase observed in all regions except East Mara River. Here the trend starts to level 

off again. A similar pattern is observed in Lemai Wedge. It is not as explicit in the Mara Triangle, where 

encounters have been decreasing steadily since 2008. This is not the case in the East Mara River, where 

encounter/mile have been increasing since 2013. 

Figure 4.20: Trend plots of encounter/mile 

 

Figure 4.20(a-d): Isolated trend component of encounter/mile for overall area (a) and patrol regions (b-d)  
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The remainder component is plotted in the graph below (Figure 4.21). Although heteroscedasticity is present in 

some of the time series, no apparent pattern can be identified. The mean for all four remainder time series is 

approximately zero.  

Figure 4.21: Remainder component plot encounter/mile 

 

Figure 4.21(a-d): Remainder component of encounter/mile for overall area (a) and patrol regions (b-d). 
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Forecasts are plotted below (Figure 4.22). As stated earlier, the Mara Triangle and East Mara River do not 

exhibit significant seasonal tendencies, which largely reduces the Holt Winters fit (See appendix 4.1). A 

different modelling approach for the Mara Triangle and East Mara River could have been to either reduce the 

temporal resolution and summarize monthly seasonality into quarters, thereby potentially enhancing the 

seasonal effect (and reduce noise) or use Double Exponential Smoothing to forecast and thereby exclude 

seasonal effect but this was never tested. Therefore, forecasts are only shown for the total area and Lemai 

Wedge. Lemai Wedge accounts for most encounters and therefore affects the pattern observed for the total 

area. Both forecasts display a marginal reduction in encounter/mile if the current trajectory continues.  

Figure 4.22: Forecast plot of encounter/mile 2018-2020 

 

Figure 4.22 (a-b) Forecasted encounter/mile for the overall area (a) and Lemai Wedge (b). 
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4.2.2 Arrest/Mile 

Arrest/mile for the overall area and the three regions are plotted below (Figure 4.23). Notice how the signal 

does not exhibit seasonal traits as clearly as encounter/mile (Figure 4.17). The difference in magnitude 

between Lemai Wedge and Mara Triangle is also not as profound. Kenya implemented new wildlife legislation 

in January 2014 (Wildlife Conservation and Management Act, 2013). This legislation increased the punishment 

related to wildlife offences. This can most likely explain why arrest/mile have decreased on the Kenyan side of 

the border, while it increased on the Tanzanian side. 

Only the East Mara River and the Mara Triangle is significantly correlated (Kendall’s Rank correlation; 

Tau=-0,21: P=0,0027). This is an interesting observation. An explanation for this could be that when Rangers 

focus on one region the other region is patrolled less.  

The Mara Triangle and East Mara River area both exhibit trends which approximates significance (Mara 

Triangle; P=0,0863: East Mara River; P=0,0835) indicating a decreasing and increasing trend accordingly. 

Figure 4.23: Time series plot of arrest/mile 

  

Figure 4.23 (a-d): Plots of poachers arrested/mile for overall area (a) and patrol regions (b-d). 
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Seasonality is not prevalent when examining the ACF plots related to arrest/mile (Figure 4.24). Seasonal 

fluctuations similar to those observed in encounter/mile can be observed for the overall area, the Mara 

Triangle, and East Mara River region. Lemai Wedge shows some unexpected patterns with less distinct 

seasonality and a longer period of negative correlation with a seasonal pattern (between lag 6-8). This change 

of autocorrelation is directly linked to the years 2014-2016 and can presumably be explained by the change of 

legislation in Kenya.  

Figure 4.24: ACF plot of arrest/mile 

 

Figure 4.24 (a-d): Seasonal autocorrelation of poachers arrested/mile, February 2008 as reference. For overall area (a) and 

patrol regions (b-d). 
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The extracted seasonal signal is displayed in figure 4.25. The ACF plot for the Mara Triangle showed no 

significant regional seasonality (Figure 4.24). The lack of seasonality is quite clearly depicted in figure 4.25 for 

the Mara Triangle, with no easily recognised pattern. Lemai Wedge indicates high values during migration 

months, with pronounced seasonal effect in August and September. 

Figure 4.25: Seasonality plot of arrest/mile 

 

Figure 4.25. Extracted seasonal signal for overall area (a) and patrol regions (b-d). 
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A crude cyclic signal following a two-year pattern can be identified for all the regions in figure 4.26. The Mara 

Triangle seems to exhibit cyclic decay. Similar to encounter/mile, Lemai Wedge exceeds the other regions in 

magnitude.  

Figure 4.26: Trend plots of arrest/mile 

 
Figure 4.26 (a-d): Isolated trend component of arrested poachers/mile for overall area (a) and patrol regions (b-d). 
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The remainder component (Figure 4.27) does not indicate any remaining seasonality or unaccounted trend. 

Occasional peaks are still occurring, due to specific isolated incidents with very high values. Such incidents do 

not constitute a problematic decomposition as long as there is no recurring pattern unaccounted for, and the 

mean of the isolated remainder approximates zero.  

Figure 4.27: Remainder component plot arrest/mile 

 

Figure 4.27 (a-d): Remainder component of arrested poachers/mile for overall area (a) and patrol regions (b-d). 
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The forecasts are plotted for all regions (Figure 4.28). The forecasts predict decreasing arrests/mile for all 

regions except the East Mara River area. The Holt Winters fit is considerably better for the Mara Triangle and 

East Mara River than in encounter/mile, although with a clear delay for fitted values (For fit see appendix 4.2).  

Figure 4.28: Forecast plot of arrest/mile 2018-2020 

 

Figure 4.28 (a-d): Forecasted arrested poachers/mile for overall area (a) and patrol regions (b-d) 2018-2020.  
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4.2.3 Poachers observed/Mile 

Observed poachers pr. mile includes the total number of poachers arrested and those who have been seen by 

patrols (see Figure 4.8 for the difference between observed/total and arrested). The patterns observed here 

(Figure 4.29) are obviously quite similar to those observed in arrest/mile. The only exception is the effect of 

larger groups hunting from December-April, which leads to peaks dissimilar to those observed in arrest/mile. 

In the last months of 2015 and first months of 2016, several large poaching groups were observed in both the 

Mara Triangle and the Lemai Wedge, leading to sudden increases.  

The Mara Triangle and East Mara River exhibits significant negative correlation (Kendall Rank Correlation; 

Tau=-0,18: P=0,008). The correlation was also significant and negative in arrest/mile and could be due to how 

Rangers patrol. If the Mara Triangle is heavily patrolled during a month, the east Mara River might be neglected. 

An alternative explanation could be that it is the same groups or poachers operating in both regions. If 

apprehension is large in one region they cannot be present in the other thereby causing negative correlation.  

When tested the overall area shows a decreasing trend close to significance (P=0,09) and the Mara Triangle a 

significantly decreasing trend (P=0,004). 

Figure 4.29: Time series plot of poachers observed/mile 

 

Figure 4.29 (a-d): Plots of poachers observed/mile for overall area (a) and patrol regions (b-d). 
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The ACF functions in figure 4.30 does not resemble that of the arrest/mile (Figure 4.24). This can be explained 

by the large numbers of poachers involved in hunting gazelles outside migration months. When encountering 

such parties, usually only a small percentage of the involved poachers are arrested, therefore only affecting 

arrest/mile marginally. The ACF functions indicate multiple periods of seasonality during each annual period, 

although not very consistent or significant. Lemai Wedge is still most consistent. 

 Figure 4.30: ACF plot of poachers observed/mile 

 

Figure 4.30 (a-d): Seasonal autocorrelation of poachers observed/mile, February 2008 as a reference, for overall area (a) and 

patrol regions (b-d). 
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Figure 4.31 illustrates regional seasonality and the effect of few large poaching groups. It leads to multiple 

seasons each annual period. Notice how East Mara River peaks mid-year and Lemai Wedge peaks during both 

early year and migration months (July-November), while the Mara Triangle seems to peak opposite Lemai 

Wedge. Such patterns have to be interpreted with thorough understanding of data. Although these large 

poaching groups are only observed very rarely, they have a tremendous effect on the month they are observed 

in. Generally speaking, “randomly” occurring incidents, with low frequency but very high impact, are not 

representative of the whole month. Therefore. such data must be interpreted with caution. The seasonally 

extracted time series on total poachers observed can be used to illustrate an important point: Months outside 

the migration period are poached as well, just utilising different hunting method. Migration month is usually 

dominated by snaring, while January-May usually contains observations of hippo poaching with spears and 

Thomson’s gazelle hunted with machetes and flashlights. This is further elaborated in the discussion section. 

Figure 4.31: Seasonality plot of poachers observed/mile 

 

Figure 4.31 (a-d): Regional seasonality for the three regions.  
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Figure 4.32 illustrates the isolated trend for the total number of poachers observed/mile. This pattern is very 

similar to that of arrest/mile. It illustrates how the Mara Triangle isolated trend has steadily decreased while 

the other regions do not indicate any significant trends. 

Figure 4.32: Trend plots of poachers observed/mile 

 

Figure 4.32 (a-d): Isolated trend component of poachers observed/mile for overall area (a) and patrol regions (b-d). 
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The isolated remainder is plotted for all three regions and overall area in figure 4.33. Both overall area and 

Mara Triangle looks reasonable, whereas East Mara River seems to exhibit a recurring pattern (between 

2012-2016). This pattern could be due to Rangers intensifying patrolling in the East Mara River from 2012 and 

revealing a pattern previously not noticed. The few large peaks observed in the Lemai Wedge around 2016 are 

likely caused by a few incidents with large poaching groups. 

Figure 4.33: Remainder component plot poachers observed/mile 

 

Figure 4.33 (a-d): Remainder component of poachers observed/mile, for overall area (a) and patrol regions (b-d). 
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The Holt Winter fit is plotted in appendix 4.3 and shows a clear delay in fitted values and a problematic fit, 

reducing the reliability of predictions considerably. Forecasts are illustrated (Figure 4.34) and indicate 

somewhat stable patterns - except in the Mara Triangle, where forecasts predict decreasing amounts of 

poachers observed and East Mara River where marginal increase is predicted.  

Figure 4.34: Forecast plot of poachers observed/mile 2018-2020 

 

Figure 4.34 (a-d): Forecasted observed poacher/mile for overall area (a) and patrol regions (b-d). for 2018-2020. 
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4.2.4 Snares/Mile 

Snare recovered/mile patrolled is illustrated for the three regions and the overall area in figure 4.35. As with 

the other time series, the Lemai Wedge accounts for most of the observations. Thus, affecting the pattern 

observed in the overall area significantly. Notice the distinct repeating pattern of seasonality unprecedented by 

any of the other analysed variables. Each time series contains very little observations involving snares between 

the peaks. This indicates that snaring as a poaching method is solely isolated to the migration months. Snares 

recovered/patrolled mile is almost ten times higher in Lemai Wedge than in the Mara Triangle. New vehicles 

enter in 2012 followed by a peak in snares/mile for the overall area and all regions. This could indicate that the 

patrolling effort prior to 2012 was not sufficient to detect snares before they were collected again by poachers.  

East Mara River and Lemai Wedge is significantly correlated (Kendall Rank Correlation; Tau=0,31: P>0,0001) as 

well as Lemai Wedge and the Mara Triangle (Kendall Rank Correlation; Tau=0,33: P>0,0001). East Mara River 

and Mara Triangle correlation approximate significance level as well (Kendall Rank Correlation; Tau 0,13: 

P=0,06). This is expected as snaring seems to follow patterns driven by the same pattern, namely the migration. 

None of the regions or overall area shows any significant in-or decreasing trends (P>0,3). 

Figure 4.35: Time series plot of snares/mile 

 

Figure 4.35 (a-d): Plots of snares recovered/mile, for overall area (a) and patrol regions (b-d).  
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The ACF function for Lemai Wedge illustrates a textbook example of seasonality (Figure 4.36). The other 

regions do not exhibit the same easily identified autocorrelation. 

Figure 4.36: ACF plot of snares/mile 

 

Figure 4.36 (a-d): Seasonal autocorrelation of snares recovered/mile, February 2008 as reference.  Overall area (a) and patrol 

regions (b-d). 
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Seasonality is extracted for the three regions in figure 4.37. The ACF plot for the Mara Triangle indicates a less 

distinct pattern in seasonality. Both regions of Tanzania exhibit seasonal patterns, Lemai Wedge very 

pronounced. Lemai Wedge increases while East Mara River decreases slightly. This indicates that snaring is 

increasing during migration months which is further discussed later. 

Figure 4.37: Seasonality plot of snares/mile 

 

Figure 4.37: Mara Triangle, Lemai Wedge and East Mara River seasonal signal.  
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The Y-axis ranges in the trend plots (Figure 4.38) is much smaller than the ranges of the time series plots 

(Figure 4.35). Therefore, the trend does not explain much of the observed variation, and it is not very distinct, 

when observing through the whole period (Figure 4.38). There seems to be an increase periodically, from 

2012-2014. The downward trend from 2016 is presumably due to the implementation of FLIR cameras. The 

somewhat repeating pattern identified in the trend could be created by cyclic variation unaccounted for. Notice 

that 7000 snares have been subtracted from 2017 data. These were gathered by Tanzanian Rangers but could 

not be accounted for regionally. Had these extra 7000 snares been added in the time series, trend and 

seasonality would probably show a much more distinct increasing pattern in snares/mile. 

Figure 4.38: Trend plots of snares/mile 

 

Figure 4.38 (a-d): Isolated trend component for snares recovered/mile for overall area (a) and patrol regions (b-d). 
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The remainder plot is illustrated in figure 4.39 for the area of Lemai Wedge and East Mara River. These are 

emphasized as they show an interesting pattern in the end period. A rather large contribution of variation is 

attributed to “noise”, although it seems like that is a recurring pattern. The consequence of attributing the peak 

values between 2015 and 2017 into the remainder signal is likely underestimating the seasonal signal. It is 

therefore feasible that seasonality is increasing more than described in the Lemai Wedge isolated seasonality 

signal. 

Figure 4.39: Remainder component plot snares/mile 

 

Figure 4.39 (a-d):  Remainder component of snares recovered/mile for Lemai Wedge (a) and East Mara River (b). 
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Only the Lemai Wedge and the overall area can be forecasted. The fit for the Mara Triangle and East Mara River 

is too poor to enable forecast (See appendix 4.4). In figure 4.40 the pattern observed for the overall area is 

primarily influenced by the Lemai Wedge. Forecasts for the Lemai Wedge predicts an increase in snares/mile. 

This contrasts with the forecasted arrest/mile (Figure 2.28) and encounter/mile (Figure 2.22) in the region. 

These predict a marginal reduction in both encounters and arrests pr. mile. This change indicates that poachers 

are adapting to increased patrolling. As apprehension risk increase, poachers choose hunting methods with less 

probability of getting arrested, such as snaring. Thereby increasing the abundance of snares. During an 

interview, a Ranger mentioned increased snaring along the border and escarpment, located near Wa Kuria 

village in the Western Lemai Wedge. This illustrates a change more easily identified in the spatial patterns. 

Figure 4.40: Forecast plot of snares/mile for the Lemai Wedge and East Mara River region 2018-2020 

 

Figure 4.40 (a-b): Forecasted snares recovered/mile for overall area (a) and patrol regions (b-d) 2018-2020. 
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4.3 Spatial analysis results 

4.3.1 Global Moran’s I 

A preliminary analysis, calculating Global Moran’s I, was performed on the spatial data for encounters to test 

whether observed patterns could be described as: Clustered, dispersed or random. Outputs from the generated 

reports can be seen in Table 4.2 “Global Moran’s I Summary”. 

Table 4.2: Partial input and output Global Moran’s I 

GIS output from spatial autocorrelation Global Moran’s I and spatial analysis inputs 

Global Moran’s I summary 2001-2007 2008-2012 2013-2017 

Total Encounters: 977,1 1035,9 1414,5 

Number of Months: 73 60 60 

Observed Moran’s Index: 0,005516 0,071519 0,117363 

Expected Moran’s Index: -0,010989 -0,010989 -0,010989 

Variance: 0,000247 0,000243 0,000253 

Z-score: 1,049511 5,292078 8,065650 

p-value 0,293943 0,000000 *** 0,000000*** 

The p-value of the Global Moran’s I indicates whether or not we can reject .  states that poaching occursH0 H0  

randomly across the study area. For the interval 2001-2007, the p-value is 0.29 which is above the 0.05 defined 

as being statistically significant. The clustering patterns observed for this period are therefore not significant 

and could have happened randomly. Both the second and third period have very significant p-values. We, 

therefore, conclude that there is a pattern in the observed data. The z-score is positive for both intervals 

meaning the pattern is clustered. High values are in the vicinity of other high values, and low values are located 

next to low values. A negative z-score would express a dispersed encounter pattern, with high and low values 

adjacent to each other. The analysis was run several times using different settings. Overall, they all yielded 

similar results to the ones displayed. The different settings include a fixed distance band and inverse distance 

squared both with or without row standardisation. The p-value was insignificant (p>0.05) for the first interval 

and significant (p<0.05) for the second and third with all applied combined settings. Hot spots and clusters 

change slightly, when using different settings. However, the majority of poaching encounters are always 

detected in the Lemai Wedge. 
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Figure 4.41: Local Moran’s I: Clusters and Outlier Analysis for Mara Triangle and northern Serengeti 

 
      Figure 4.41: The analysis shows high tendency of clustering in 2008-2012 and 2013-2017. 
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4.3.2 Local Moran’s I and GetisOrd Gi* 

The results of the spatial analysis have to be perceived as separate parts of a combined analysis. Due to the 

output of the Global Moran’s spatial autocorrelation (Table 4.2), the perceived hot spots and clustering from the 

Getis-Ord Gi* (Figure 4.42) and Local Moran’s (Figure 4.41) in 2001-2007 cannot be rejected as randomly 

distributed as there is no significant autocorrelation between features. 

Hot spots and clusters of high poaching levels are observed in the interior of the Lemai Wedge. The general 

pattern is more dispersed, which indicates that the distribution of poaching could occur as a result of chance 

(Esri, 2016a). The change from 2001-2007 the 2008-2012 signifies a change in poaching. Before 2008 poaching 

was considerably more dispersed, while after 2008 it is concentrated on the boundary of the PA and the 

surrounding communities. From the second to the third interval low-low clusters spread through the Mara 

Triangle. At the same time hot spots with a high level of poaching encounters condenses around the western 

part of Lemai Wedge (Figure 4.42). This result is supported by the general impression obtained from interviews 

and reports. The outlier and hot spot along the Bologonja River in the East Mara river region are likely due to an 

intensified patrolling effort in the area, as the number of encounters increase from 123 in 2001-2007 to 282 in 

2013-2017. 

The high-low (H-L) outlier in the northern part of the Mara Triangle is situated in an area called “Kisumu 

Ndogo”, close to “little Governors camp”. This area had 15 poaching encounters between 2013-2017, 11 of these 

in 2013. These 11 encounters happened on three separate dates, and the high number is due to variation in the 

types of encounters. In total 12 snares were found, three poachers arrested, two poachers observed (eight in 

total) and four animals killed (warthog, waterbuck, giraffe and hippo).  The general level of poaching in 

locations surrounding Kisumu Ndogo is significantly lower than the average which is why we see the H-L 

outlier. The H-L outlier downstream Mara Bridge is a genuine highly poached location. It is located in an area 

which is not frequently poached from 2008-2017. The majority of H-H cluster in the Lemai Wedge experience 

>30 poaching encounters in the 2013-2017 interval, while the average in the Mara Triangle is <5 encounters 

(Table 4.3).  Low-high (L-H) outliers mainly appear in the Lemai Wedge. The general poaching level in the 

region is very high (table 4.3) and widely spread across most of the locations. This results in almost any location 

with low poaching level being identified as a L-H outlier (Figure 4.41).  
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Table 4.3: Mean feature attribute (encounter) value and standard deviation 
Mean encounter value and standard deviation for each region in the intervals 2001-2008, 
20108-2012 and 2013-2017 

Region/year 2001-2007 2008-2012 2013-2017 

Mara Triangle 6.66 4.63 4.71 

Lemai Wedge 17.77 19.94 32.66 

East Mara River 5.59 9.18 12.82 

Overall Area 10.62 11.26 15.37 

Standard Deviation 16.37 17.59 20.86 

 

The produced Getis-Ord Gi* map lacks cold spots, which we had expected (Figure 4.42). This is due to a large 

deviation in the encounter values (Table 4.3) and the choice of conceptual relationship in this analysis. The high 

number of features without consistent activity results in a low mean value, which is less than one standard 

deviation from zero. Cold spots would therefore require negative values to identify as such (Mitchell, 2009). L-L 

clusters from the Local Moran’s I could be considered as potential cold spots. However, their negative Gi* 

Z-score ranges from -0.5 to -0.8, far from the 90% confidence level of -1.645 (z-score). The positive Gi* z-score 

ranges from 0.1 to 3.2, which includes several hot spots. Cold spots were present when using fixed a distance 

band of 7.5 km as the number of neighbouring features were reduced. Poaching hot spot from the 2008-2012 

and 2013-2017 maps have been measured by ArcMap inbuilt tools. All hot spots in the Lemai Wedge are less 

than 15 km from the PA border, while the Bologonja River in East Mara River is >27 km from the edge of the 

Serengeti National Park (hot spot 2013-2017 map).  
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Figure 4.42: Getis-Ord Gi* Hot Spot Analysis for Mara Triangle and northern Serengeti 

 
Figure 4.42: Most hot spots are found within the Lemai Wedge. “Bologonja River” (East Mara River) is the only significant hot 
spot outside the Lemai Wedge. “Ngiro-Are swamp” 2001-2007 is not a significant hot spot according to the Global Moran’s I. 
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5. Discussion 

5.1 Discussion of results 

This study has provided new knowledge on poaching patterns in the MSE ecosystem. The amount of data and 

the time-period it covers is the core of the analysis performed - as it has allowed identification of patterns 

through a relatively long time-period. 

Mara Conservancy Rangers have recorded a total of 4978 animals killed between 2001-2017. 64% of these 

were wildebeest, Thomson’s gazelle accounted for 14% and zebra for 7%. At least 49541 snares were 

recovered, and 3450 poachers arrested. More than 90% of all snares and 83% of all arrests has been recorded 

in Tanzania.  

Poachers are arrested in almost every recorded month, with increasing arrests during migration months. 

Seasonality and poaching level are much more profound on the Tanzanian side of the border and most poachers 

are arrested in the Lemai Wedge. Snaring is almost exclusively restricted to migration months (July-November) 

and particularly in the Lemai Wedge. 

The 24-month forecast predicts a continuous decrease in poaching pressure in the Mara Triangle. The Lemai 

Wedge forecasts a slight decrease in arrests and an increase in snaring during the months of migration. East 

Mara River forecasts predict increasing encounters and arrests. 

Hypothesis 1 states that: Patrol data of poachers arrested, snares recovered, and animals killed, would show an 

increase in poaching level from 2001-2017  

The data available have not substantiated the hypothesis, except for arrests in the East Mara River region. 

Recovered animal carcasses were not effort corrected and tested, analysis has only been done on data between 

2008-2017 and a large number of snares have been excluded from July-August 2017. 

The time series analysis is initiated with data from 2008, a period of global economic crisis. Economic and 

socio-political instability has increased subsistence hunting (Coad et al., 2010; De Merode & Cowlishaw, 2006; 

Kümpel et al., 2010; Wittemeyer, 2011). Our data indicate this, but the effect is not particularly pronounced.  

Currently Rangers are keeping up with the poaching pressure, illustrated in the time series analysis. However, if 

the problem is not addressed alternatively, a continuous upkeep will require an ever-expanding number of 

Rangers and vehicles deployed. The rate of increase would have to match the growth in the rural population of 

the surrounding areas. 

Literature examining poaching patterns in the MSE ecosystem is very limited, presumably due to lack of 

accessible and sufficient data (Burton, 1999, Kariuki & Eves 2009). Validation and comparison of patterns are 

therefore limited to reference areas with different seasonality (temperature and precipitation regimes) and 

different social, economic and political drivers. Kariuki and Eves (2009) described bushmeat poaching in the 
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Maasai Mara ecosystem as being a serious issue. The Mara Triangle was used as a point of entry into the system 

by Tanzanian poachers and the Kenyan side was preferred as sentences were lighter. Snaring was abundant and 

posed a serious threat to wildlife. According to our analysis the snares/mile ratio has not changed since 2008, 

but poaching pressure in the Mara Triangle has changed, with decreasing arrest/mile. The patterns observed in 

the Mara Triangle do not seem to reflect the severity mentioned in other summarizing Kenyan literature (Task 

Force on Wildlife Security, 2014; Mwenja & Eves, 2009). We do not have data to substantiate whether the 

decreased poaching pressure, observed in the Mara Triangle, is representative for the entire Mara region. On 

the Tanzanian side of the border no patterns indicate that poaching is levelling off. This demonstrates that the 

drivers behind poaching differ between Tanzania and Kenya in the MSE ecosystem. 

Studies by Ogutu et al. (2009; 2016) described decreasing animal densities within the Mara region. Wildlife 

levels were increasingly depleted, while our study indicated reduced poaching pressure in the Mara Triangle. 

This study therefore argues that the relative effect of poaching pressure inside the Mara region seems to be 

marginal. The decline in animal population in the Mara Triangle is most likely driven by other factors related to: 

Rapid growth in human population, rangeland degradation and fragmentation and climate change (Ogutu et al., 

2016).  

This study does not recommend decreasing allocation of resources into law enforcement in consequence of 

poaching not being the primary driver in wildlife depletion, because it is definitely a contributing factor. 

Poaching levels differ significantly between the regions. The pressure on wildlife on the Tanzanian side is 

considerably larger than in the Mara Triangle, as illustrated in the time series analysis. Hilborn et al. (2006) 

clearly demonstrated the effect and speed at which poaching levels can increase and affect wildlife, when left 

without proper law enforcement.  

Patrolling frequency has a deterring effect on poaching, although the effect may be marginal (Nielsen et al., 

2014). Increased patrolling should therefore lead to reduced poaching, as the deterring effect would be more 

prevalent (Hilborn et al.,2006; Piel et al., 2015). This would be illustrated as reduced catch/effort rates. Time 

series analysis has shown that implementing extra patrol vehicles has an effect by either reducing or keeping 

poaching pressure at a steady state.  

Unfortunately, increasing the patrolling rate does not automatically reduce poaching. A study performed by 

Nielsen & Meilby (2015) in the Kilombero Valley of Tanzania suggested a 12-401 fold increase in the likelihood 

of apprehension was needed for the bushmeat trade to be unprofitable. To Increase the likelihood of 

apprehension to such degrees seems implausible and must therefore be accompanied by other actions. 

Other studies such as Barichievy et al. (2017) shows that increased patrolling does not deter poachers from 

pursuing and killing rhinos. However, the incentive for poaching differ according to the species hunted. 

Bushmeat poaching is by far the most prevalent poaching type in the study area of the MSE, with non-bushmeat 

species (elephants and rhinos) only contributing a marginal proportion of the total carcasses recovered (<1%). 

Bushmeat is either for subsistence or as a trading commodity to support the household income (Lindsey et al., 
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2012; Nielsen et al.,2015; Nielsen et al., 2018; Non-Formal conversation). The patrolling and punishment 

required to match potential supernormal profit related to rhino poaching is many times higher than what is 

required to deter bushmeat poaching. 

The isolated signals and forecasts for snares indicate that patrolling does not deter snaring significantly in any 

of the regions. Increased monthly patrol distance equals unchanged snares/mile patterns. The determining 

factor for snare abundance seems to be the presence of target species. Patrolling does not seem to be the 

solution for the problem and it must be combined with other approaches. While this study has focused on 

identification of spatiotemporal patterns, other investigate economic and psychological drivers affecting the 

incentives for bushmeat poaching (Keane et al., 2008; Kideghesho, 2016; Mfunda & Røskaft, 2010; Nielsen et 

al.,2014; Nielsen & Meilby, 2015; Nielsen et al., 2016; Rentsch & Damon, 2013). An in-depth explanation and 

understanding of the economic mechanisms defining bushmeat levels are beyond the scope of this thesis. 

However, to provide adequate recommendations we have included a proposal of a limited, but essential number 

of guidance principles, according to previously mentioned theory. 

Nielsen et al. (2016) proposes decentralization of management rights and responsibilities to communities as a 

possible solution to regulate bushmeat trade. The article by Nielsen et al. (2016) proposes two overall ways to 

regulate the bushmeat market: through demand and supply. Altering demand should in theory be done by 

either increasing the wealth of rural consumers or providing substitute goods (meat). Both seems currently 

unrealistic and problematic. Increasing wealth for rural population requires national economic progression, 

something not attained overnight and could potentially increase bushmeat demand, as described in Rentsch & 

Damon (2013). Providing substitute goods at competitive prices are not a possibility, as market prices on 

bushmeat are cheaper than beef (Baldus, 2002; Nielsen & Meilby, 2015). Cultural preferences for bushmeat 

should be accounted for as well (Nyaki et al., 2014).  

Supply could be affected by either increasing the opportunity cost through law enforcement and/or provide 

poachers with alternative opportunities for income. Rentsch & Damon (2013) argue that directly increasing 

bushmeat prices through enforcement or other supply-reducing policies will have the largest effect. The 

solutions proposed by Nielsen et al. (2016) and Rentsch & Damon (2013) are supported by the findings of this 

thesis. The increased punishment and patrolling has potentially increased the cost, affiliated with “regular” 

bushmeat poaching in Kenya (hunting with spear and bow), to a sufficiently high level, making it unprofitable. 

To the extent this is the case, it has reduced the poaching pressure. 

The current level of patrolling in Tanzania does not increase the opportunity cost enough to make bushmeat 

poaching (in particular snaring) unprofitable. This is illustrated through static levels of snaring in time series 

analysis of Tanzanian regions. Nielsen et al., (2018) described that bushmeat reliance is highest among poorer 

households; conservation efforts are likely to be enhanced if rural food security is improved. This might explain 

the high poaching levels in the Lemai Wedge. Human settlements are located in close proximity to the north, 

west and south, creating a large demand for bushmeat in order to secure protein intake.  
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One simple solution does not exist. A combination of efforts is needed, focusing on community projects, 

providing poachers with alternative sources of income, as well as patrolling. Determining how is beyond the 

scope of this thesis. 

We do not mention restricting access to firearms as a solution. From 2001-2017 the Mara Conservancy Rangers 

have only confiscated 4 rifles in total. Access to firearms is therefore not considered a problem in relation to 

bushmeat poaching in our study area.  

Private ownership of wildlife could potentially contribute to reduce poaching (Leresche & Nelson, 2000). 

However, that would require a change in management and a change in legislation for both Kenya and Tanzania. 

Hypothesis 2 states that: Poaching does not occur randomly across the study area. 

This analysis confirms this hypothesis. Poaching in the northern MSE has changed from being 

dispersed/random, with no significant pattern, into having a defined pattern, associated with proximity to the 

PA border. Significant high-high clusters of poaching are solely found along the western border of the study 

area in the periods between 2008-2012 and 2013-2017.  

Outliers of poaching in areas - with an otherwise low level of poaching - are found along stretches of river. 

Studies by Watson et al. (2013) have investigated the effect on snaring by landscape features, such as roads and 

permanent water in areas surrounding PA’s. They found water to be a moderate constraint on snaring 

abundance. Similar tendencies can be detected within the PA of Maasai Mara and the Serengeti. Two stretches 

of the Mara River are identified as outliers, “Kisumu Ndogo” by “Little Governors camp” and downstream 

Mara/Purungat Bridge. Bologonja River in the East Mara River patrol region identifies both as an outlier and a 

hotspot despite being >25 km from the PA border. All other significant hot spots are found less than 15 km from 

the PA border. As seen in Watson et al.  (2013) and Maingi et al. (2012), poaching appears to be concentrated 

along the edges of the National Park near the villages. The objective of Watson et al. (2013) is to assist 

community-based conservation by mapping snaring trends outside PAs’. Thus, reducing the number of animals 

caught in snares, and improving wildlife conditions for trophy hunting (The study is from Zambia). The goal to 

reduce snaring is similar, although our study aims to aid law enforcement rather than the community-based 

conservation approach (Hilborn et al., 2006). 

Studies from the Queen Elisabeth Conservation Area (QECA) in Uganda demonstrate similar tendencies of 

bushmeat poaching near PA border (Critchlow et al., 2015). According to Critchlow et al. (2015) 

non-commercial animals are primarily poached along the boundary of QECA. Poachers of commercial species - 

such as elephants and rhinos - are not limited to the boundary but are highly active even far inside the PA 

(Critchlow et al., 2015). Our data suggest a similar tendency of dispersed illegal commercial hunting, while 

bushmeat poaching is more limited to areas close to the boundary. Snaring were much more prevalent in the 

Mara Triangle in the early years of this study. Among locations with most recovered snares until 2005 are the 

“Ngiro-Are swamp” and Mara Triangle “Salt Lick” (Figure 2.3). After 2008 snares recovered in these locations 
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are marginal, when compared to locations along the escarpment in Tanzania. Although, efficient patrolling in 

the Lemai Wedge might not be present at the time prior to 2005. Camping within the PA enabled poachers to 

frequently check snares far from home. Our data suggest that this hunting method is less used (Appendix 7), 

and that poachers try to reduce the likelihood of apprehension, by setting snares closer to their home. This way 

they are still able to check them frequently - or even without having to enter the PA by using binoculars. These 

speculations have not been verified or tested (For more information see dataset in online folder). 

 The spatial distribution of poaching-related incidents encountered by the Mara Conservancy appear mainly in 

Tanzania. This knowledge expands on previous studies of poaching in the Masai Mara National Reserve (Ogutu 

et al., 2009; Ogutu et al., 2011). 

Hypothesis 3 states that:  Poaching patterns in the MSE displays seasonality 

The analysis confirms this hypothesis. Snaring is seasonal, and all regions follow same seasonal pattern. The 

other three poaching variables (encounters, arrest and number of observed poachers) differ and show distinct 

regional differences. Encounters in the Lemai Wedge exhibit seasonal traits. Arrests are partly seasonal, with 

Lemai Wedge displaying the most pronounced pattern and higher values during migration month. The number 

of poachers observed does not display strong seasonality. This mean that poachers are observed all year around 

and observations for migration months are not particularly high.  

The MSE ecosystem is unique, as it supports one of the world largest and most diverse migrations. The large 

variation in animal abundance creates a very pronounced seasonal poaching pattern. The pattern follows target 

prey density in accordance with other studies (Critchlow et al., 2014; Jachmann, 2008a; Maingi et al., 2012; 

Rentsch & Packer, 2015). 

The seasonal snaring signal for the Lemai Wedge indicated increased snaring during migration months. We 

offer two different explanations to this: 

1)  The first explanation is that increased patrolling efforts have reduced the time poachers are able to 

spend within the PA - thus adapting and using snares more frequently in proximity of the regional 

borders. Fewer camps are found within the PA, while each poacher on average carries more snares 

(Appendix 7). Number of arrests and snares recovered exhibits a non-linear relationship (Appendix 7). 

This could also indicate that the rate at which snares recovered/month develop, is steeper than that of 

arrests/month. However, monthly data containing >1000 snares is not sufficiently high to determine a 

valid relationship. This study argues that the incentive to go snaring during migration months is far 

larger than than in months outside migration This is due to high animal densities and the likelihood of 

apprehension is lower for snaring, compared to more active hunting methods (with spear or bow).  

2) The second explanation is that poachers are affected by declining wildlife densities, thus experiencing 

decreased CPUE. Poachers therefore have to increase the number of snares used to provide sufficient 

amounts of bushmeat. 
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The result section analysing temporal patterns of observed poachers/mile shows different patterns than 

arrest/mile. This difference can both provide useful insight and misleading temporal signals. The useful part is 

this: Accounting for poachers observed highlights the fact that bushmeat poaching is also occurring outside 

migration months in the MSE. This poaching target different species and utilize different hunting methods, 

revealing an otherwise concealed “seasonal pattern”. Accounting for the total amount of poachers observed is 

also done in other studies (Wiafe & Amoah, 2012). 

5.2 Confounding factors, data limitations and methodology 

5.2.1 Time series analysis 

Changing efficiency is not accounted for, even though it could have significant effect on results (Critchlow et al., 

2015). The probability of detecting poaching /mile is assumed to be constant. This is presumably not the case as 

Rangers develop through time: Both in skill (through experience - Appendix 6), and in technology 

(implementation of FLIR cameras).  Better technology would likely increase the probability of detecting 

poaching. This would mean that poaching patterns detected later in the time series are overestimated, as 

previous patrolling would not have detected the same amount of poaching/mile. Critchlow et al., (2015) 

accounts for potentially changing efficiency by using an approach, where the relationship between illegal 

activity and covariates is described by one model component, spatial autocorrelation by another component 

and spatiotemporal variation by a third component. This approach allows segregation of patterns 

independently of detection efficiency. This would allow us to test the effect of implementing new technology. 

Our current analysis design aims primarily at describing patterns. Trying to find the cause of variation and 

explain it - besides in time and space - is therefore saved for future efforts.  

One of the main goals of time series analysis in this report is explaining the different signals through time to 

understand poaching patterns. Writing a thesis is the art of balancing time spent attaining results versus the 

quality of results. It is very advantageous to reduce the time spent fitting parameters, when analysing multiple 

time series. However, it comes with the cost of losing goodness of fit and predictive power. This is the case with 

the seasonal window in the STL decomposition. Adjusting the seasonal window cannot be done, using an 

estimated best window setting. It requires a subjective weighting of what is caused by seasonal changes and 

what is due to random variation. This could have been accounted for by reducing the number of variables 

analysed and allocating more effort into the remaining time series. The same is true for the trend window, 

which have been used at default setting. A lot of the variation, not accounted for by seasonality, is attributed to 

the trend component, leading to multiple “local” temporal trends following cyclic patterns. More extensive 

effort should have been allocated into examining the effect of different settings in the STL decomposition. The 

same is true for forecasts. Modelling is an iterative process, where different settings are tested, examined and 

evaluated in relation to knowledge about present and future. This process was partially neglected to fulfil the 

formal requirements of producing a master’s thesis. Validating forecasts could have been done by fitting the 
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Holt Winters to data until 2016 - and then use actual observed values to evaluate on the forecast accuracy, using 

different model settings. Time series containing multiple null values are usually problematic in terms of 

goodness of fit and this is also the case for some of the Holt Winters fit. The fit could have been improved by 

transforming data using log(observation+1) or logit ln(x/(1-x)). However, transformations are not without risk 

and can produce misleading signals (Feng, 2014).  

The area fraction applied to calculate regional patrol distance is most likely not representative for the actual 

effort distributed in each region. Patrol effort is assumed to be evenly distributed between each regional km2. 

This mean that larger regions will receive a larger area fraction and thus be accounted for more patrolling. This 

approach likely underestimates the effort allocated into the Mara Triangle and Lemai Wedge, and highly 

exaggerate the effort distributed in the East Mara River area. Visual examination of patrol routes, plotted in 

SMART (unpublished data, 2018) identified a clear pattern of thorough patrolling effort in both the Mara 

triangle and Lemai wedge was identified, However, spatial data from the East Mara River was only partially 

identifiable, thus not allowing calculation of a more precise fraction coefficient. Nonetheless, the regional 

patterns do not rely on the area fraction, only the magnitude in which they vary.  

5.2.2 Spatial analysis 

The precision of the location-based encounter data by the use of polygons based on area descriptions is low, 

compared to GPS plotted data. Other studies investigating spatial distribution of poaching have used GPS 

coordinates (Critchlow et al., 2015; Wilfred & MacColl, 2014).  In total almost 15% of the encounters are 

unaccounted for spatially, although they are included in the analysis. Inaccuracies occur in the dataset due to 

the temporal extent of the data being 17 years. As well as the procedure of gathering information from the 

Ranger to the monthly report. Most encounters are arrests; however, poachers are often caught in a location far 

from where they were hunting. This results in some bias towards routes frequently used by the poachers. These 

access ways to the PA are known by the Conservancy, and rarely the intended destination of the poachers. 

Carcasses and snares are static and primarily found where the animals were hunted or butchered. However 

smaller animals such as Thomson’s gazelle is light enough for the poachers to carry the entire animal out of the 

PA. This makes it harder to correctly estimate the number of animals killed. The recommended conceptual 

relationship between features for Getis-Ord Gi* is fixed distance band (Esri, 2018b). Further study of poaching 

in the area is necessary to decide a fixed distance band appropriate for the MSE. Due to the nature of spatial 

statistics we have applied, many of the same features are reused. This violates the assumed independence 

between features. A more stringent confidence level is therefore recommended, compared to the standard 

confidence level of p-value <0.05. The Bonferroni-type test could be applied to adjust the confidence level for 

each feature (Mitchell, 2009 p. 174).  
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5.3 Recommendations for future patrolling 

Poaching patterns display different seasonality, trend and spatial extent when measured, using multiple 

variables and over time. This emphasizes the importance of monitoring feedback and pattern analysis 

(Critchlow et al., 2014; Jachmann, 2008) but also the need for an adaptive anti-poaching approach that 

incorporates spatial and temporal trends along seasonality into patrol planning.  

Our primary recommendation is to continue collecting patrol data. Increased spatiotemporal patrolling details 

(e.g. number of rangers on specific patrol, if FLIR cameras detected poachers) and poaching details (exact time 

and location of snares, arrests and carcasses) would allow a more precise analysis and enable more efficient 

and precise patrol planning. It would be interesting to incorporate specific data on when and where poaching 

was not encountered in the data collection. Plotting GPS points of encounters (using SMART which is already 

partially implemented) will allow analysis similar to that of Critchlow (2014; 2015). A standard form for 

interviewing arrested poachers could also provide useful information on poaching motivation and targeted 

species. 

The recommendation section will recommend where and when to focus patrol effort. We have added comments 

on poaching patterns, which needs to be addressed. Critchlow et al.  (2014 & 2015) identifies that the best 

predictors of illegal activities are previous patterns. The article also acknowledges that poaching behaviour is 

likely to change if patrolling is changed. This emphasises the need for continuous patrol monitoring and 

feedback to maintain the regional deterring effect. The locations recommended for each month are among the 

most poached in recent years (2014-present). Recommendations also consider “older” poaching patterns. 

Monthly recommendations are specifically intended for the Mara Conservancy Rangers. A similar approach 

could be utilized in other PA’s, where data is sufficient. 

January: Poaching activity is not very high in January. However, >20% of all hippo and warthogs are poached in 

this month. Time series displays very limited activity in all regions through January and predictions as well. 

Therefore, we recommend thorough patrolling around rivers and streams and in open savannah along known 

warthog dens. Hippos are primarily poached in wet habitats along Mara River downstream the Mara Bridge 

towards the “Kogatende-” and “Lemai” ranger stations” Warthogs are primarily hunted in the East Mara River 

by the “Mama Kendy lugga” and “Bologonja river region”. In the Mara Triangle warthogs are hunted along the 

Tanzanian border and by the “Salt Lick”. The need for a maximum number of Rangers on each patrol vehicle is 

not as urgent when activity and snaring pressure is low. If possible, we recommend vehicle service, repairs and 

personal leave during this month. Other suitable months are mentioned in their respective section.  

February: Poaching activity is not very high, but poaching groups targeting Thomson’s gazelle are usually 

active in this month. The gazelles are hunted at night in large groups, usually using dogs and torches/flashlights. 

Of all impalas killed, 26% of the carcasses are recovered in this month, together with 17% of all Thomson’s 

gazelle. These are primarily hunted in the eastern part of Lemai Wedge around “Watu Kumi”, “Daraja Mbili”, 
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and “Masanja”. Occasional incidents involving buffalos, hippos, warthogs and zebras are recorded. The isolated 

seasonal signals display increasing poacher observations in February (although marginal) for the Lemai Wedge 

and Mara Triangle. We therefore recommend an evenly distributed patrol effort along rivers and open 

savannah. Night operations should be utilized to deter gazelle poaching and these operations should 

predominantly be executed in the Lemai Wedge. Focus should not be allocated to searching for snares.  

March: This month is the dominant gazelle poaching month. Here 35% of all poached Thomson’s gazelle is 

recorded and 15% of all impalas. Warthogs and hippos are also poached occasionally. The forecasts predict 

increased arrests in the Lemai Wedge. We therefore recommend day patrols on open savannah where gazelles 

usually thrive. Recently burned areas in the eastern part of Lemai Wedge demand extra attention, e.g. “Miungu” 

and “Daraja Mbili”. Multiple night operations are recommended to account for nocturnal poaching. Patrols 

should not be allocated to searching for snares in March as only ≈1% have been recovered in this month.  

April: Poaching pressure equal to January. April coincides with the agricultural season and the long rains. 

Thomson’s gazelle, impalas, warthogs and hippos are occasionally poached, but any apparent pattern cannot be 

identified. We therefore recommend an overall focus - with occasional night operations. Patrols should not be 

allocated to searching for snares 

May: The month with fewest recorded poached animals. Only hippos are poached in all three regions. The time 

series analysis does not add any valuable information about this month, except that poaching levels are very 

low.  We therefore recommend a broad overall patrol pattern. The number of snares recovered in May have 

decreasing since 2008.  We recommend this month for any larger maintenance work, ranger courses, education 

and leave. Tasks that could potentially reduce patrolling effort in months with higher levels of poaching. 

June: Poaching activity is low. June is a transition month, indicating the poaching transition from non-migratory 

to migratory species and the start of snaring season. June does not indicate any specific poaching pattern, 

neither in concern to poached animals, arrests or snares. The year 2017 differ from the rest of the dataset, with 

unusually high numbers of snares recovered in the East Mara river region and the Lemai Wedge (≈25 of all 

snares recovered in 2017). This should be monitored further to identify if snaring seasonality is changing. 

July:  The migration reaches the northern Serengeti and Maasai Mara in this month. Of all recovered wildebeest 

carcasses, 25% are recorded in July together with 8% of all zebras. Thomson’s gazelle is still frequently 

poached, mainly in the Lemai Wedge. Most of all recorded poaching in July happens in Tanzania. Focus should 

be on both the Lemai Wedge and East Mara River region. The isolated seasonal signal explains considerable 

increase in snares.  We recommend frequent patrolling in locations near human settlements -specifically 

around bushes and shrubs where snares can be attached. Locations with high numbers of snares in the Lemai 

Wedge are: “the Tanzanian Escarpment”, “Miungu”, “Limana Ndogo”, Maji ya Bett” and “Kokamange”. In the 

Mara Triangle thickets and hills along the border attracts poachers: “Nyakunguri thicket” and “Ngiro-Are 

swamp” are examples of recently poached locations. Multiple night operations as well to target nocturnal 

gazelle poaching. Large groups of Rangers should be deployed to efficiently search shrub areas for snares. It is 
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important to mention that the migration is highly dependent on favourable weather conditions. In years of 

heavy rain in July significantly less snares are recovered. 

August: Migrational poaching patterns are prevalent in August. Of all recovered wildebeest carcasses 26% are 

found in August - predominantly in the Lemai Wedge. The time series displays high levels of snaring in the 

Lemai Wedge. Few snares have been recorded in the East Mara River region since 2015. We therefore 

recommend large groups of Rangers frequently patrolling along the western boundary of Lemai Wedge. 

Locations along the Escarpment, as well as “Miungu” and “Kokamange” are highly poached areas and should be 

combed frequently. Deterring patrolling should be executed in the Mara Triangle to target potential poachers - 

trying to utilize the increased focus on the Tanzanian side of the border. Night operations should be aimed at 

locating poachers entering the PA. 

September: The poaching level is lower in September than in August. Targeted species are still wildebeest and 

zebras. Almost no poaching is recorded within the Mara Triangle in September. Patrolling should therefore be 

concentrated in the Tanzanian regions. The southern part of the Escarpment close to “the Lemai ranger station” 

and “Lempise” have been frequently snared in September. Poachers are likely to change between locations. 

When we are looking further back in the records “Miugu” and “Maji ya Bett” were prime snaring areas in 

September. While snaring decreases compared to August, arrests do not. September has the highest recorded 

number of arrests. We recommend an approach similar to August. 

October: Of the 34 buffalos recorded poached, 11 were killed in October. However there has not been any 

record of buffalos being poached in the past four years. Targeted species are still wildebeest (19%) and zebra 

(11%). Snaring is still present however, it is far less than in August and September. The number of snares 

recovered is highly correlated with the departure of the migration. The migrating animals occasionally leave 

early October, however from time to time they reside until November. Our recommendations are similar to 

August. 

November: November has the highest number of killed zebras (27%). The majority are recorded in the East 

Mara River region. “Bologonja River” in the East Mara River region have been the most poached location in the 

past 3 years. The Lemai Wedge is by far the most poached region in the months prior to November. However, in 

November the East Mara River region have more recorded poaching incidents in recent years. Higher poaching 

in this region appear to follow lower levels of snares recovered in the Lemai Wedge the month before. This 

could indicate that the migration departed in October, which cause the poachers to switch tactics. Both snaring 

and arrests are lower in November compared to September, August and July. 

December: Like June, December is a transition month where poaching pressure and targeted species change. 

Poachers attention change from migratory species, wildebeest and zebras towards hippos and gazelles. CPUE 

time series indicate low poaching levels. We recommend a shift in focus towards rivers, thickets and forest 

habitats such as “Bologonja river”, “Ngira” by the Mara River, and “Nyamburi Forest”. Snares are occasionally 

still encountered and should be prioritized in case of remaining migratory species. 
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6. Conclusion 

Poaching patterns in the MSE are neither static in space nor time and seems to follow regionally specific 

patterns. Increased patrolling and higher mobility led to a change in frequently poached areas. 

1) The times series display a significant reduction in poaching since 2008 in the Kenyan area under 

authority of the Mara Conservancy. There are no indications of reduced poaching pressure on the 

Tanzanian side of the border. Lemai Wedge has experienced a marginal decline in arrested 

poachers/mile, but an increase in snaring abundance doing migration months. In the East Mara River 

region temporal patterns indicate an increasing or static level of poaching. Snaring is highly seasonal 

and follows migration patterns. Forecasts predicts increasing levels of poaching on the Tanzanian side 

of the border and decreasing on the Kenyan side.  

2) The interior of the PA is far less poached than the peripheral areas along the boundary. Low-low 

clusters spread consistently throughout the Mara Triangle between 2001 and 2017. Hot spots and 

high-high clusters are found in the Lemai Wedge and the East Mara River region. Locations close to the 

boundary in the Lemai Wedge are areas primarily targeted by poachers - mainly in migration months. 

the East Mara River region experience an increasing poaching level - high levels of activity is recorded 

here in the wet season.  

3) Poaching can be halted by increased patrol effort, changes in wildlife legislation and community 

involvement. A more comprehensive approach must be utilized to target cross boundary poaching and 

east African wildlife declines.  Resources should be allocated into reducing habitat fragmentation and 

degradation. Other focus areas are to improved food security and rural development. Effort in these 

areas should be combined with cost-effective and improved law-enforcement.  

 

7. Perspectivation 

A more comprehensive and potentially more accurate approach, would be to fit data to a Bayesian Hierarchical 

model. This would allow quantification of occurrence probability linked to specific poaching variables, while 

accounting for autocorrelation in both space and time (Beale et al.,2014; Critchlow et al., 2015). Combined with 

a finer spatial resolution it would allow a much more precise analysis, where patterns could be identified, and 

future effort planned on cell level (depending on spatial raster resolution). 

We have focused on describing patterns but less on understanding what affect these patterns. In particular, 

what drives the different patterns observed between regions. Such findings could be utilized to improve future 

conservation effort. Studies focusing on different regions could be used to examine cross boundary drivers and 

differences between bushmeat demand and supply - in ways similar to studies by Nielsen et al. (2014; 2016), 
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Nielsen & Meilby (2015), Lindsey et al. (2013) and Kümpel et al. (2010). Uncovering regional bushmeat drivers 

and relative household importance, would broaden the understanding of poaching motivation and serve as 

valuable information in future conservation effort (Martin et al., 2012). 

Including data from other conservancies would allow quantification of conservancy management effect 

independently of animal densities. Data from TANAPA and the Narok County Rangers would be of interest as 

poaching patterns detected by each conservancy/managing institution could be evaluated. Differences can be 

identified, and correlation estimated. 

Such patterns would reveal if some conservancies encounter significantly less poaching than surrounding areas 

and thereby implying that: 1) Animal density vary significantly between regions or 2) deterring effect varies 

regionally or 3) rangers are corrupt and do not report incidents. Differences between patterns could then be 

evaluated in comparison to: a) Implementation of different technology, b) type of vehicles, c) ranger 

education/experience d) number of rangers employed, to identify the actual effect of allocating different 

resources into law enforcement. 

Further spatial analysis can be applied to test the effect of distance to different spatial features on poaching 

observations. Mixed model analysis would allow evaluation of the effect of: 1) New vehicles, 2) examine if catch 

rates differ between patrol units, 3) the effect of FLIR cameras, 4) dog patrols etc., using the data already 

collected.  Spatial covariates such as NPP and vegetation/habitat type could be included along temporal 

variables, such as inflation, population development and precipitation. The fixed effect could be regions. 
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Appendices: 

Appendix 1 

Questionnaire Ranger: 

Origin 

Age: 

Unit: 

Years employed as park ranger:  

Previous work experience: 

Which training has respondent received before initiating work as ranger? 

Any other skills suited for working as a ranger:  

Had respondent received any education in the judiciary system, how to arrest, how to collect evidence, wildlife 

legislation etc. 

Does he/she receive training /education while employed and which?  

Did respondent find the training useful: 

Has respondent any medical issues: 

Has respondent any criminal record:  

Work and patrolling effort 

Do the respondent enjoy his work as a ranger? If yes, what defines a good day and if no then what defines a bad 

day? 

What is the best part of working as a ranger  

Typical work day – distribution of tasks 

What do the respondent perceive as important for his/her job (catching poachers, securing order, securing 

entrance fee etc)  

Would the respondent like to reorganize his /her work tasks and what would be the consequence? 

Could anything be done better/not be done to improve anti-poaching effort? 

Do respondent find the amount of rangers appropriate? – are more required to secure efficient patrolling? 

Is the current equipment sufficient or would extra equipment (night vision, better vehicles etc) improve 

patrolling? 
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Has previous new equipment improved the efficiency of patrolling – if yes elaborate 

How is evidence usually collected/secured? 

What is the routine when encountering poachers? 

What do respondent perceive as the biggest problem in arresting and convicting poachers (to weak sentences, 

no conviction etc) 

Is there something specific (poaching related) that the respondent thinks the current patrolling pattern/effort 

does not prevent (specific poaching type?)– if yes elaborate 

What does respondent think of his/hers superior. 

Perceived response 

When apprehending poachers, how does poachers typically respond? (hostile, cooperative) 

Has respondent been offered economic compensation for not turning poachers over to persecution? – if yes 

what value 

Are poachers questioned using a defined questionnaire? If no -  why and is this even feasible? 

Is respondent aware of current wildlife status and decline? 

Does respondent think he/she makes a difference in reducing poaching and improving wildlife conditions? 

What does respondent earn and do respondent find the salary appropriate (and bonuses)? – and would an 

increase or decrease lead to improved or reduced effort? (compare to average salary) 

Appendix 2 

Allocation of all encounters  

Region Animals 
found killed 

Observed 
poachers/activity 

Poachers 
arrested 

Snares 
recovered 

Total 

East Mara River 213 26 264 104 607 

Greater Mara 27 15 19 7 68 

Lemai Wedge 723 66 839 835 2463 

Mara Triangle 224 41 165 130 560 

Outside Park 33 2 44 11 90 

Total 1220 150 1331 1087 3788 
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Appendix 3 

Allocation of all animals found poached 

Species Greater 
Mara 

Mara 
triangle 

Outside 
park 

Total 
Kenya 

East Mara 
river 

Lemai 
wedge 

Total 
Tanzania 

Grand 
Total 

Unidentified     25 32 57 57 

Buffalo  19 1 20 9 5 14 34 

Bushbuck  4 1 5  1 1 6 

Bush-pig   1 1    1 

Dik dik  1  1  3 3 4 

Duiker   1 1    1 

Eland 2 9 1 12 8 4 12 24 

Elephant 1 8 8 17 12 11 23 40 

Frankolin     1 3 4 4 

Giraffe  8  8 2 10 12 20 

Grant's 
gazelle 

     1 1 1 

Guinea fowl      1 1 1 

Hare      1 1 1 

Hartebeest     1 1 2 2 

Hippo 11 43  54 9 45 54 108 

Hyena 2 2 5 9  5 5 14 

Impala 1 1 10 12 37 59 96 108 

Kongoni     1  1 1 

Lion 9 19 8 36 3 5 8 44 

Oribi  1  1 1 7 8 9 

Ostrich     1  1 1 

Python  1  1    1 

Redbuck  2 2 4 1 1 2 6 

Rhino 4   4    4 

Thomson's 
gazelle 

 35  35 31 610 641 676 

Topi 
Antelope 

 1  1 9 30 39 40 
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Warthog 6 83 1 90 70 43 113 203 

Waterbuck  10 1 11 2 2 4 15 

Wildebeest 15 150 1 166 1049 1974 3023 3189 

Zebra  85 16 101 95 165 260 361 

Aardvark 1  1 2    2 

Grand 
Total 

52 482 58 592 1367 3019 4386 4978 
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 Appendix 4 

Appendix 4.1 

Appendix 4.2
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Appendix 4.3

 

Appendix 4.4 
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Appendix 5 

 

Appendix 6 

 

Employment years have been estimated using annual staff records suchs as transferlist and leave rosters 

(holiday schedule). Recurring names have been registered as well as the ranger station of deployment. Each 

ranger were assigned dichotomous variable to detect presence or non-presence each year. The sum of years 

present is accumulated and divided by the number of employed rangers pr. year. Some uncertainty in 

associated with the data as some names change spelling slightly between years.  
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Appendix 7 

Ratio registered encounter where observed poaching groups had camped within the protected areas. 

 

The number of snares found divided by the number of poachers arrested. 
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Appendix 8 

Relationship between snares and arrests. Seems to be shifting leading to more snares/arrest. Understood as: 

when the rangers find more snares they arrest fewer poachers. 
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