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Abstract 
 

Data from nine female African elephants translocated to Hurungwe Safari Area that had 

been collared was used to estimate home range patterns. Monthly home ranges for each 

elephant were estimated using the 50% and 95% Kernel Density Estimates (KDEs) method 

for a period of 20 months following translocation. At the population level, a linear regression 

model was used to test for the effect of months from release on the home range patterns. 

The findings revealed that the 95% home range of the elephants increased over time, while 

the 50% home range decreased since their initial release. I went further to compare the 

individual differences using the generalised additive model. The results showed some 

individual differences in patterns of exploration, with some displaying more linear home 

range patterns than others. Over and above, a considerably positive and relevant 

relationship between time and variation in the extent of the home range was observed. 

 

Keywords: African elephant, home range, translocation, linear regression model, 

generalised additive model, savanna. 
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Chapter 1: Introduction 
 

1.1 Motivation for the study 
 

Animal translocation is a common practice that has been adopted all over the world for the 

management and conservation of animals (Pinter-Wollman et al., 2009; Hoffmann et al., 

2015; Evans et al., 2023). This approach has been used in the field of conservation to 

humanely manage wildlife populations for rescue purposes, reintroduction, and solving 

human-wildlife conflicts (Seddon et al., 2007; Seddon et al., 2014). Other wildlife 

management approaches that are used to control and manage elephant population growth 

include culling and the use of birth control measures. All the above-mentioned methods 

have their limitations and pitfalls. For example, animal translocation is considered a costly 

strategy to undertake, and there is no guarantee that the animals will not return to their 

original source area (Berger-Tal et al., 2020). Culling is viewed as "cruel" or unethical, while 

the use of birth control measures is too risky, and its long-term impacts are not fully known 

(Chutipongvivate et al., 2019; Slotow et al., 2021). However, when families can be moved 

intact, animal translocation is considered the most humane method of managing high 

elephant densities and an ideal choice (Dublin and Niskanen, 2003; Evans et al., 2023). All 

these methods have typically focused on trying to establish viable elephant numbers at 

desirable levels where their impacts are considered not detrimental to the environment 

(Wambwa et al., 2001; Dublin and Niskanen, 2003; Resende et al., 2021). 

 

In 2018, Rhino Force Zimbabwe was given a permit by the Zimbabwe Parks and Wildlife 

Management Authority to translocate 100 African elephants (Loxodonta africana) from Save 

Valley Conservancy (Sango Ranch), in the south-eastern Lowveld, to Hurungwe Safari 

Area (Rifa), in the Mid-Zambezi Valley (Ngorima and Ngwenya, 2018). Of the 100 

translocated elephants, nine adult female matriarchs were collared to allow for post-

translocation monitoring after release. Though the literature is replete with studies that 

evaluate the home range establishment of elephants in savanna ecosystems (Shannon et 

al., 2006; Shannon et al., 2009; Ngene et al., 2017; Ndaimani et al., 2017), little is known 

about the home range size of female African elephants after translocation, yet this is an 

important gap that needs to be filled (Garnier et al., 2021). Studying elephant home ranges 

post-translocation is crucial, as it adds to the adaptive management framework and also 

creates baseline knowledge to improve and guide future translocations. In addition, it also 

feeds back into management to guide the monitoring of translocated elephants. 
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The result of this study will provide a conceptual and quantitative representation of 

translocated African elephant matriarch herds' home range establishment over time. 

Information on home range establishment is necessary to maximise the effectiveness of 

conservation efforts in wildlife management and to better understand temporal trends in the 

monthly home range size of translocated female elephants, what locations the elephants 

prefer to reside in, and how the elephants use space (Ndaimani et al., 2017). Henceforth, 

as an entry point, this study will provide greater understanding and meaningful insights with 

regard to improving planning, monitoring, and conservation of translocated African 

elephants’ post-translocation to safeguard their future in a novel environment. 

 

1.2 Aim 
 

This study aims to analyse the home range establishment of nine translocated female 

African elephants in the Hurungwe Safari Area, Zimbabwe. 

 

1.3 Objectives 
 

1. To assess and compare trends in monthly home range size of translocated female 

African elephants from the day of initial introduction.  

2. To explore individual variations on home range sizes and movement patterns. 

 

1.4 Literature review 
 

1.4.1. African elephant social structure  
 

African elephants have a social structure led by the eldest female elephant, known as the 

matriarch (Lee and Moss, 1986). The matriarchal elephant and its dependent offspring are 

known as a "family or herd" (Leggett et al., 2011). Literature records that this social 

structure has a positive impact on the calf survival rate (Leggett et al., 2011; Archie and 

Chiyo, 2012). Additionally, if these social groups are too large, they may split up into 

different herds based on family lines and form a bond group. Bond groups can be identified 

when they are reunited with their families through extravagant behavioural mannerisms 

(Leggett et al., 2011). Another extremely important characteristic of elephants is that they 

can communicate with each other using low-frequency sounds over a distance of up to 10 

km2 (Garstang, 2004). African elephants also require vast areas to cater for their needs, 
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which include but are not limited to feeding, mating, water, and lookout positions. These 

areas are referred to as their "home range" (White and Garrott, 1990). 

 

 

1.4.2 African elephant conservation and ecology  
 

African elephants are a charismatic species and one of the world’s largest mammals, with 

enormous economic, environmental, cultural, and aesthetic value (IFAW, 2005). The first 

ever “red list” assessment of the African elephant recorded that there are two separate 

species, which are the forest elephant (Loxodonta cyclotis) and the savanna elephant 

(Loxodonta africana) (IUCN/SSC, 2021). The forest elephant has been classified by the 

IUCN as critically endangered, while the savanna elephant is listed as endangered 

(IUCN/SSC, 2021). Dublin and Taylor (1996) noted that some of the most important 

decisions made in managing African wildlife revolve around the African elephant. This 

shows how important this animal is in the field of wildlife conservation and management. 

African elephants are often considered the pillar of protection for all their habitats (Bandara 

and Tisdell, 2004). African elephants are key species in the trophy hunting industry 

because they are part of the big five; hence, they generate high revenue in consumptive 

tourism (Ngorima et al., 2015). In addition, they are also iconic species and important for 

non-consumptive eco-tourism (photographic safaris) (Martin-Lopez et al., 2008). 

 

The IUCN Red List currently classifies the African elephant as vulnerable and endangered 

on CITES Appendix I (IUCN/SSC, 2021). However, in countries that include Botswana, 

Namibia, South Africa, and Zimbabwe, elephant populations are listed under CITES 

Appendix II because of their high numbers (Lindsay et al., 2017). Elephants are widely 

distributed in Africa, and their population dynamics also vary from one elephant range area 

to another, particularly in most of southern and eastern Africa (Blanc et al., 2007). Of 

concern is that in some elephant range areas in southern and eastern Africa, elephant 

populations have, in most protected areas, gone beyond the ecological capacity, which in 

turn has some negative effects on natural vegetation and associated biodiversity (Peng et 

al., 2019). This is because African elephants are ecosystem engineers and major 

ecological drivers in the African savanna (Duffy et al., 2011; Fritz, 2017). Therefore, this 

calls for proper management strategies to maintain their numbers at desirable levels that 

are not detrimental to the environment. 
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1.4.3 African elephant management options 
 

Elephant population management is a subject of concern that has stirred great debate in 

the field of wildlife management (Dublin and Taylor, 1996). In most southern African 

countries that have elephant range areas, such as Botswana and Zimbabwe, elephants’ 

overabundance is an issue of concern that often affects wildlife conservation and 

management (Wambwa et al., 2001). It has been seen as deleterious or undesirable 

because of its ecological impacts on the environment (Dublin and Niskanen, 2003). In 

addition, an overabundance of elephants is also harmful, not only to protected areas but 

also to adjacent communal areas, where at times the elephants may destroy crops, human 

property, and even human life (Dublin and Niskanen, 2003). As such, several elephant 

management options have been identified to address such scenarios, including culling, the 

use of birth control pills (contraception), range expansion, manipulation of water sources, 

and translocation to a new location (Wambwa et al., 2001; Cumming and Jones, 2005). All 

these efforts have typically focused on trying to establish viable elephant numbers at 

desirable levels where their impacts are considered not detrimental to the environment 

(Wambwa et al., 2001). 

 

However, of the identified options to manage elephant populations, translocation is 

considered the most humane and sensitive when managing high elephant densities (Dublin 

and Niskanen, 2003). This is because elephant culling, which used to be accepted, has 

been banned in Zimbabwe and is viewed as unethical by animal activist groups. While the 

use of birth control pills to keep elephant numbers at desirable levels may be tempting, the 

long-term effects are not fully known (Chutipongvivate et al., 2019; Slotow et al., 2021). 

Furthermore, this option disputes the conservation goal of maintaining wildlife 

heterogeneity because it attempts to stabilise elephants’ numbers at a certain level (Van 

Aarde and Jackson, 2007). While this could be a noble idea, other conservationists fear 

that it may affect habitat heterogeneity and resilience, ultimately reducing species richness 

(Gillson and Lindsay, 2003). 

 

 

1.4.4 Translocation  

  

Translocation refers to the movement of animals from one place to another, with the 

primary aim being to improve the conservation of the species in the context of recovery, 

reintroduction, and population control (Hoffmann et al., 2015; IUCN/SSC, 2021). 
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Translocation of wildlife as a means of managing populations is now a common practice 

that has been adopted as a management tool all over the world (Hoffmann et al., 2015). 

Even though they are commonly applied to manage wildlife populations, they are a high-

cost strategy (Berger-Tal et al., 2020). 

 

Translocation is usually considered ideal when managing high elephant densities (Balfour 

et al., 2007). Several countries, including Kenya, Botswana, South Africa and Zimbabwe, 

have been involved in elephant translocation locally and internationally as a conservation 

approach to managing elephant populations (Pinter-Wollman, 2012). In Sri Lanka, 

translocation has been the main approach adopted to manage cases of human-elephant 

conflict (Fernando et al., 2011; Fernando et al., 2012), while in the Mid-Zambezi Valley, 

more than 200 elephants have been translocated into the region from Save Valley 

Conservancy as a measure to manage high elephant densities. Therefore, post-

translocation monitoring should be undertaken to maintain population estimates within 

acceptable carrying capacities (Balfour et al., 2007). 

 

1.4.5 Home range establishment   
 

An animal's home range is the area where it lives, performing its daily activities to meet its 

survival needs (Burt, 1943). It can also be defined as a sub-space of activity territory 

encompassing frequently visited points that are easily accessible from the inhabitant's 

home (Hasanzadeh et al., 2017). Other literature states that the home range is not the 

entire area where an animal moves, but it includes the area where the animal usually 

moves within the period under study (White and Garrott, 1990). Therefore, in this study, the 

definition of home range was borrowed from Burt (1943), who stated that home range is an 

area used by an individual during its normal activities, including but not limited to foraging, 

mating, and predator avoidance. 

  

1.4.6 Factors affecting home range establishment  
 

Distribution patterns of African elephants are significantly influenced by the season, which 

regulates surface water and forage availability and distribution (Redfern et al., 2003). 

However, different studies argue about how the seasons affect the size of elephant home 

ranges. For example, Loarie et al. (2009) discovered that elephant herds usually stay 

within 10 km2 of permanent water sources during the dry season when forage is available. 

African lephants tend to choose riparian habitats that provide various resources such as 

water, feed, and shade (Shannon et al., 2006). Therefore, this may influence the home 
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range patterns being centred around water sources (Loarie et al., 2009). On the contrary 

other researchers suggested a different view, noting that during the wet season, elephants 

tend to explore smaller habitats compared to the dry season, when elephants expand their 

territory by travelling further in search of food and water (Osborn, 2004). Indeed, during the 

rainy season, both food and water are readily available, farming is much more intensive, 

and elephant habitat would correspondingly appear to be reduced. A study in the Mid-

Zambezi Valley that determined habitat use by African elephants found that elephant home 

ranges in areas with high food quality were smaller (94 km2) than in areas with poor food 

quality (263 km2) (Dunham, 1986).  

 

Human disturbance is another factor affecting elephant habitat size and movement 

patterns. Elephants may reduce their movement patterns, exploratory movements, and 

home range size due to increased human disturbance (Beirne et al., 2021). This suggests 

that human disturbance creates a landscape of fear for elephants, which in turn affects the 

establishment of their home range (Tucker et al., 2018). Other impacts of human 

disturbance on elephants, especially near human settlements and infrastructure, include 

increased vigilance, reduced foraging, or increased restlessness. (Kumar and Singh, 2011; 

Szott, 2020; Keil, 2022). 

 

Man-made landscape barriers, such as roads, and natural barriers, such as rivers, also 

affect the movement patterns and foraging routes of both small and large mammals 

(Johnson et al., 2002; Robert and St. Clair, 2004). Such barriers restrict animal movement 

patterns by preventing free roaming into adjacent areas (Bauman et al., 1999). In addition, 

roads create obstacles that may restrict wild animals’ free movement because of the noise 

and traffic associated with them (Laurance et al., 2006; Vanak et al., 2010), forcing animals 

to avoid them and stay within confined areas (Hayward and Kerley, 2009). Barriers not only 

prevent animal dispersal and limit movement between spaces but can also create 

multifaceted pathways that may affect animal movement patterns (Stamps et al., 1987). 

 

Hunting is another factor that also affects the movement of elephants. In response to 

hunting events, wildlife often exhibits a variety of behavioural responses that may include 

outright avoidance of the hunting area, changes in diet, increased use of vegetation, or 

changes in the core area used in the home range (Millspaugh et al., 2000; Burke, 2008; 

Granados et al., 2012). In addition, wild animals’ responses to hunting effects may vary 

from one individual to the next, as some animals may avoid open grass, avoid human 

activity, or avoid hunting areas altogether and move into areas where hunting is not 

conducted (Harris et al., 2008; Graham et al., 2009). Galanti et al. (2006) identified female 
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elephants as exhibiting this behaviour. This indicates that elephant movement patterns are 

affected by areas where hunting is practiced. 

 

Elephant sex is one of the factors affecting individual differences in habitat selection. Poole 

et al. (1988) found that males migrate and disperse for longer distances in search of mates 

compared to females, who tend to stay with their young in a herd. Thus, males are more 

likely to display a larger home range than females because they explore more widely, while 

female movement patterns are limited by the mobility of their offspring or herd (Foley, 

2002). 

 

In addition, the physical condition of an animal is another factor that has been reported to 

suggest individual differences in movement patterns (Kays et al., 2015). Literature has 

documented that fitness level (body condition) may affect the movement behaviour of an 

individual in terms of the ability to find resources, mate, and survive (Owen-Smith et al., 

2010; Kays et al., 2015). Additionally, individual variation is often advocated for by 

conservationists, who are of the view that it facilitates the coexistence of multiple 

individuals by reducing competition for resources in the same landscape (Araujo et al., 

2011). 

 

Age and experience are also factors that control the social and spatial information of 

elephants, as old elephants have been proposed to be repositories of information 

(McComb et al., 2001; Evans and Harris, 2008). McComb et al. (2001) used breeding 

experiments on African elephants to show that the increased discrimination ability of the 

elephant matriarch can influence the social behaviour and movement pattern of the group. 

This indicates that older matriarch elephants are repositories of information and, in some 

cases, may possess experience that they may use to influence the whole group, especially 

if they are female matriarchs, by influencing their spatial behaviour and patterns. 
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1.5 Predictions 
 

1. Translocated female African elephants use a larger home range and core areas 

during the early months’ post-translocation as they explore the new environment, 

while their home range and core area will become larger within the two-year study 

period as they settle into the new environment. 

2. Translocated female African elephants will show some individual variation in 

patterns of exploration, with some displaying more linear home range patterns than 

others because of their different exploration intensities. 
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Chapter 2: Materials and Methods 
 

2.1. Study areas 
 

2.1.1 Source site: Save Valley Conservancy (Sango Ranch) 
 

Sango Ranch is located in the Save Valley Conservancy, Masvingo Province, situated in the 

south-eastern lowveld of Zimbabwe. Sango Ranch is composed of four properties, namely 

Chapungu, Musawezi, Sabi, and Chanurwe (Figure 1), and it covers an area of 600 km2. Of 

the four properties, only Chapungu is reserved for photographic tourism, and no form of 

legal hunting is allowed there. The mean annual temperature ranges from 16°C to 22.5°C, 

with October being the hottest month. Like most high-seasonal semi-arid ecosystems, 

surface-water availability varies greatly, as in the wet season surface water is available and 

dries up in the dry season, particularly in September and October (Joubert, 2013). 

  

 

Figure 1: Map of Sango ranch in Save Valley Conservancy, Zimbabwe .
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2.1.2 Release site: Hurungwe Safari Area (Rifa) 
 

The study was conducted in Hurungwe Safari Area (HSA), located in the Mid-Zambezi 

Valley Region, northern Zimbabwe. It covers an area of 2 956 km2 and is divided into two 

protected areas: Nyakasanga, which is 1 136 km2 on the east of the A1 highway, and Rifa, 

which is 619 km2 on the west of the A1 highway (Figure 2). Hurungwe Safari Area borders 

Mana Pools National Park to the east and Charara Safari Area to the south. To the north 

and west, the park is bordered by the Zambezi River. The area experiences two separate 

seasonal conditions, characterised as the dry season (May to October) and the wet season 

(November to April). The mean annual temperature ranges from 18oC in the wet season to 

38oC in the dry season with an average annual rainfall of 768 mm (Sibanda et al., 2016; 

Ngorima et al., 2022). 

 

 

Figure 2: Map of Hurungwe Safari Area in the mid-Zambezi valley region, Zimbabwe. 
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2.2. Field Data collection 
 

2.2.1 Elephant translocation  
 

A total of 100 African elephants were translocated from Save Valley Conservancy in the 

south-eastern Lowveld to Hurungwe Safari Area in the Mid-Zambezi Valley between 

September 14 and October 15, 2018. The translocation was conducted by Deock Trading 

(PVT) Ltd t/a African Wildlife Management and Conservation (AWMC), funded by Rhino 

Force Zimbabwe. The elephants were released using the "hard release" method, i.e., they 

were released in a boma and monitored for 4 to 5 hours before being allowed to walk 

directly into the park. The elephants were collared using the GPS collars (Africa Wildlife 

Tracking (AWT) Inc., Pretoria, South Africa) that were programmed to automatically 

record elephant coordinates every hour. Data were transmitted to the Africa Wildlife 

Tracking Cloud via an Inmarsat satellite network for each successfully recorded elephant 

location. 

 

2.2.2 Data collection  
 

A total of 12 elephants were collared in Hurungwe Safari Area following translocation. 

However, of the 12 elephant collars, three had some technical faults that affected the quality 

of the data collected. Hence, in this study, only data coming from nine matriarchs was used, 

from nine different herds totaling 77 individuals. In Hurungwe Safari Area, where the study 

was conducted, resident elephants were also there, but they were not collared, hence they 

could not be used for the study. In addition, elephant matriarchs were purposively collared 

with the aim of understanding the movement patterns of the elephant herds. Since the 

elephant matriarchs belonged to different herds and elephant herds moved together, I 

assumed that the movements represented the whole herd. Data from the Africa Wildlife 

Tracking Cloud was downloaded every month for the entire 20-month study period. The 

elephants were collared at different intervals. Hence, the data used varied from one elephant 

to the next (Table 1). 

 

Table 1: Summary of tracking periods on nine matriarch African elephants translocated to 

Hurungwe Safari Area, Zimbabwe, which were collared with Africa Wildlife Tracking (AWT) 

GPS collars recording hourly locations
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Elephant 

name 

Herd 

size  

Date of first 

GPS fix 

Date of last 

GPS fix 

Overall tracking 

duration  

Number of 

usable GPS 

fixes  

 

Anna 10 16/10/2018 29/05/2020 19 months 13 

days 

14 137 

Hanna 8 15/09/2018 29/05/2020 20 months 14 

days 

14 752 

Kristin 8 08/10/2018 29/05/2020 19 months 21 

days 

14 104 

Lorraine 7 26/09/2018 29/05/2020 20 months 2 days 

 

14 498 

Lucie 9 22/09/2018 29/05/2020 20 months 7 days 

 

14 462 

Rita 10 29/09/2018 29/05/2020 20 months 14 537 

Spiwe 7 12/10/2018 29/05/2020 19 months 17 

days 

14 189 

Tendai 10 02/10/2018 29/05/2020 19 months 27 

days 

14 432 

Tracey 8 21/09/2018 29/05/2020 20 months 8 days 

 

14 601 

 

 

2.2.3 Data analysis 
 

The GPS positions were reprojected from their native coordinate systems, the World 

Geodetic System (WGS-84 ellipsoid), to a projected coordinate system (WGS-Universal 

Transverse Mercator (UTM) Zone 35s), to ensure accurate geometry estimations using 

ArcGIS 10.8 (ESRI, 2021). All locations were used to calculate the monthly 50% (core 

area) and 95% (utilisation area) home range size using the fixed Kernel Density Estimator 

(KDE) method for each individual (Getz et al., 2007). All home range analyses were 

executed using R Statistical Software (version 4.1.0; R Core Team 2021). I conducted the 

Generalised Linear Mixed Model (GLMM) in lme4 (Bates et al., 2015). In addition, to 

compare the translocated female African elephant home range establishments at the 

population level, the monthly 50% and 95% KDEs were used to run a Linear Regression 

Model (LRM). The model had monthly individual home range size at 50% and 95% as the 

dependent variables and variation between individuals and month from release as the 

independent variables. 
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I went further to compare the individual differences using the Generalised Additive Model 

(GAM), using monthly home range extent at 50% and 95% as the dependent variables, 

time in months, and elephant IDs as independent fixed effects. I used GAM because it 

allows to determine non-linear relationships. The β coefficient values of the model outputs 

and the confidence interval of the coefficients were used to establish the effect and 

significance of time on the change in home range extent for the female translocated 

elephants. A post-hoc test of the pair-wise comparisons of 50% and 95% KDE home 

range temporal patterns of nine female African elephants was also conducted to identify 

exactly which female elephant home range sizes differ from each other, with Ann being 

used as the reference level since she was mentioned first using alphabetical order (Figure 

3).                                                                                                                

 
 

Figure 3: The workflow displays the steps taken in the data analysis process to calculate 

home range establishment patterns for nine female African elephants translocated to 

Hurungwe Safari Area, Zimbabwe.  
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Chapter 3: Results 
 

3.1 First Prediction: Population level   
 

The results at 95% KDE home range size indicated that the largest average home range 

size among individuals per month was recorded in the wet season with 1067 km2 in month 

seven as compared to the dry season with 854 km2 in month thirteen (Appendix 2). 

However, the results for the 50% KDE over the 20-month study period revealed that 

individual elephants' home range sizes ranged from 17 km2 to 530 km2, showing a large 

variation (Appendix 1). 

  

According to the results of the linear regression model (Table 2), translocated female 

African elephants’ 95% home range size tended to increase as time (months) since 

release went by (Figure 4A) although the increase was not statistically significant (Table 

2). Interestingly, the size of the 50% home range decreased as time (months) passed 

since the initial release (Figure 4B), but it was also not significant (Table 2). 

 

Table 2: Results of linear regression models comparing the 95% home range size and the 

core 50% home range size for nine female African elephants translocated to Hurungwe 

Safari Area, Zimbabwe, over 20 months since release 

 

Linear 

regression 

model 

Home 

range 

size 

Estimate Standard 

Error 

T-value P-value R2-value 

95 % Home 

range 
Intercept 678.985 105.055 6.463 < 0.001 *** 

 

 

 

Month 

since 

release 

15.435 8.954 1.724 0.087 

 

0.017 

50 % Home 

range 
Intercept 130.063 11.671 11.144 < 0.001 *** 

 

 

 

Month 

since 

release 

-1.846 0.995 -1.856 0.065 

 

0.019 
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Figure 4:  Predictive margins with 95% confidence intervals (CIs) for the results of the linear 

regression model for the association between home range size (km2) for the (A) 95% 

isopleth (area) and (B) 50% isopleth (area) across months since initial release for nine 

female African elephants translocated to Hurungwe Safari Area, Zimbabwe. 
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3.2 Second Prediction: Individual variations (95% GAM) 
   

The generalised additive model explained 97% of the variance within the dataset. All 

translocated female African elephants had monthly home range patterns that were 

significantly different from Ann's, whose home range patterns were used as the reference 

level (Table 3). 

  

Ann and Rita showed similar utilisation home range patterns, as both had a steady initial 

increase followed by a stabilisation (Figures 5 and 6) and non-significant non-linear 

relationships between the home range size and time since release (Table 4). Both of 

these elephants' home ranges were limited to the Rifa conservation area, where they 

were released and stayed for the entire study period, with Rita's home range being 

consistently smaller than Ann’s home range (Figure 5). 

  

Lorrain and Tracey also had similar temporal monthly home range patterns (Appendix 3), 

with Lorrain showing a strong, significant non-linear relationship between home range 

extent and time, while Tracey explored a highly non-linear exploration pattern. Moreover, 

they were both mostly limited to the Rifa conservation area where they were first released 

(Figure 5). Both showed excursions further north in the Nyakasanga conservation area 

after month 13 of translocation, with Lorraine’s home range pattern being consistently 

larger than Tracey’s (Figure 6). 

 

While Spiwe and Tendai had excursions northwest into Mana Pools National Park (Figure 

5), they also showed a strong non-linear significant relationship between home range size 

and time since release (Table 4 and Appendix 3). Spiwe and Tendai's utilisation home 

range pattern peaked at month seven post-translocation, as shown by the red colour, 

followed by a steady decline (Figure 6). 

  

Lucie was the only elephant with a home range that extended north of the Sapi Safari 

Area (Figure 5). She also exhibited a strong non-linear exploration pattern. A significant 

difference was observed in her home range extent compared with that of Rita and Tracey 

(Appendix 3). 

  

Hanna and Kristin were the two elephants with the largest home ranges (Figure 6), and 

both had strong temporal complexity in home range patterns (Table 4). Furthermore, they 

were the only two elephants whose home range included the Chewore Safari Area, with 

Kristin also travelling south and using a portion of the Charara Safari Area (Figure 5). 
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Table 3: Generalised Additive Model results comparing the temporal 95% home range 

patterns of nine female African elephants translocated to Zimbabwe's Hurungwe Safari 

Area. Ann was used as the reference category. 

 

Elephant 

name                                      

Estimate Std. Standard Error  T-value P-value     

Ann (intercept) 451.34 24.22 18.632 < 0.001 *** 

Hanna 1208.19 33.83 35.711 < 0.001 *** 

Kristin 1551.40 34.82 44.559 < 0.001 *** 

Lorraine -72.15 33.82 -2.134 0.035 * 

Lucie 467.28 33.84 13.808 < 0.001 *** 

Rita -142.88 34.25 -4.172  < 0.001 *** 

Spiwe 193.90 34.32 5.651 < 0.001 *** 

Tendai 435.74 33.84 12.876 < 0.001 *** 

Tracey -121.65 33.81 -3.598 0.000 *** 
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Figure 5: Temporal trends in the monthly home range pattern at 95% KDE of nine female 

African elephants translocated to Hurungwe Safari Area. The results are presented at six-

month intervals from the initial month of translocation. 
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Table 4:  The smoothing factors from the GAM explaining the linearity and complexity of the 

relationship at 95% KDE for change in home range extent over time for nine female African 

elephants translocated to Hurungwe Safari Area, Zimbabwe. Non-linear relationship: 1 < edf 

≤ 2; strong non-linear relationship:  edf > 2. 

 

Elephant 

name 

Effective  

degrees of 

freedom (edf) 

Reference 

degrees of 

freedom 

F-value P-value 

Ann 2.236 2.785 2.845 0.070. 

Hanna 4.968 6.056 78.243 < 0.001 *** 

Kristin 7.834 8.616 107.597 < 0.001 *** 

Lorraine 2.938 3.653 3.235 0.021 * 

Lucie 6.368 7.515 17.471 < 0.001 *** 

Rita 1.989 2.481 1.151 0.425 

Spiwe 3.472 4.297 4.809 0.001** 

Tendai 6.233 7.387 27.668 < 0.001 *** 

Tracey 2.621 3.262 1.833 0.143 
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Figure 6: Change in monthly home range extent (km2) over time (months) at (95% KDE) 

of nine female African elephants translocated to Hurungwe Safari Area in Zimbabwe from 

the initial month of introduction.
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3.3 Second Prediction: Individual variations (50% GAM) 
 

The generalised additive model explained 96.6% of the variance within the dataset of the 

individual translocated female African elephants at a 50% confidence interval. The 

majority of the translocated female African elephants had home range patterns that were 

significantly different from Ann, whose home range was used as the reference, except for 

Spiwe and Tendai (Table 5). 

  

All the translocated female African elephants had a non-linear relationship between 

change in home range extent and time, though for Lorraine and Tracey, this was not 

statistically significant (Table 6). This is also exhibited by their core home range pattern 

maps, which showed that their home range extent peaked at month seven, followed by a 

steady decline in the later months (Figure 8). Of all the translocated female elephants, 

Kristin had the most complex core home range pattern (Table 6 and Figure 8). 

  

Ann, Lorraine, Tendai, and Tracey showed similar utilisation home range patterns in terms 

of areas where they were found, as their core home ranges were all limited to the Rifa 

conservation area, where they were released, for the entire two-year study period (Figure 

7). However, their core home range temporal patterns were not the same, with Ann and 

Tracey differing (Table 8). Specifically, Tracey had a smaller core home range extent than 

the others (Figures 7 and 8). 

  

Kristin, Lucie, Rita, and Spiwe were the other translocated female African elephants to 

have travelled north-east and east of Rifa along the A1 highway, which is the main tarred 

road from Harare to the Chirundu border, passing through the two conservation areas of 

Rifa and Nyakasanga (Figure 7). However, their temporal patterns of utilisation varied 

between the different individuals (Appendix 4). 

  

The home range patterns for Hanna and Kristin showed that they both moved in the same 

direction, west of the Rifa conservation area, and were the only two translocated female 

African elephants to have crossed the Zambezi River (Figure 7). However, there were 

significant differences between Hanna and Kristin's temporal home range patterns 

(Appendix 4). Of interest is the fact that Kristin crossed the Zambezi River in month seven, 

while Hanna crossed in month 13 (Figure 7). 



22 
 

 

Figure 7: Temporal trends in the monthly home range pattern at 50% KDE of nine female 

African elephants translocated to Hurungwe Safari Area. The results are presented at six-

month intervals from the initial month of translocation.
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Table 5: Generalised Additive Model results comparing the temporal 50% home range 

patterns of nine female African elephants translocated to Zimbabwe's Hurungwe Safari Area. 

Ann was used as the reference category. 

 

Elephant 

name                                      

Estimate Std. Standard Error T-value P-value     

Ann (intercept) 88.716 3.032 29.263 < 0.001 *** 

Hanna 111.589 4.231 26.374 < 0.001 *** 

Kristin 112.446 4.381 25.668 < 0.001 *** 

Lorraine -20.127 4.230 -4.758 < 0.001 *** 

Lucie 47.357 4.232 11.190 < 0.001 *** 

Rita -30.529 4.298 -7.104 < 0.001 *** 

Spiwe 7.992 4.309 1.855 0.066 . 

Tendai -7.949 4.232 -1.878 0.063 . 

Tracey -28.103 4.229 -6.645 < 0.001 *** 

 

 

Table 6: The smoothing factors from the GAM model explaining the linearity and complexity 

of the relationship at 50% KDE for change in home range extent over time for nine female 

African elephants translocated to Hurungwe Safari Area, Zimbabwe. Non-linear relationship: 

1 < edf ≤ 2; strong non-linear relationship:  edf > 2. 

 

Elephant 

name 

Effective  

degrees of 

freedom (edf) 

Reference 

degrees of 

freedom 

F-value P-value 

Ann 2.895 3.596 6.554 0.000 *** 

Hanna 5.230 6.347 72.381 < 0.001 *** 

Kristin 8.645 8.958 178.495 < 0.001 *** 

Lorraine 3.833 4.737 2.085 0.065 . 
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Lucie 6.520 7.656 20.166 < 0.001 *** 

Rita 4.340 5.324 3.622 0.004 ** 

Spiwe 5.443 6.551 9.451 < 0.001 *** 

Tendai 6.098 7.255 10.915 < 0.001 *** 

Tracey 3.369 4.178 1.821 0.120 

 

 

 

 

 

Figure 8: Change in monthly home range extent (km2) over time (months) at (50% KDE) 

of nine female African elephants translocated to Hurungwe Safari Area in Zimbabwe from 

the initial month of introduction.
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Chapter 4: Discussion 
 

In this study, I sought to investigate the home range establishment of nine female 

translocated African elephants in the Hurungwe Safari Area, Zimbabwe. At the population 

level, the translocated female African elephants gradually increased their 95% home 

ranges over time as they explored the area. Instead, they used a wider core (50%) home 

range during the early months following translocation as they explored the new area, then 

their core home range decreased before month ten and seemed to have become more 

stable after month twelve as they settled into their new environment. 

 

Contrary to the 50% KDE and contrary to what I had hypothesised, translocated female 

African elephants use a wider home range during the early months’ post-translocation as 

they explore the new environment, while their home range will become more established 

within the two-year study period as they settle into the new environment. The results for 

the 95% KDE home range sizes seem to have slightly increased over time since their 

release. Some of the elephants’ home range patterns expanded to cover areas west of 

Rifa along the Zambezi River. This may be due to the effect of the season on the initial 

release. The elephants were translocated in September and October, which are dry-

season months in the savanna ecosystem. In addition, before the elephants were 

translocated to Rifa, a site suitability assessment was conducted to ascertain habitat 

suitability, and forage of good quality and water were available at the release area 

(Ngorima and Ngwenya, 2018). The results from the assessment showed that the release 

site presented adequate resources, including water, and suitable forage quality because 

of the riverine vegetation along the Zambezi River, while there was limited forage in most 

parts of the protected area and some inland pans had dried out due to the dry season. 

Hence, the translocated elephants might have stayed close to the release site and utilised 

the western side of Rifa, where water was, along the Zambezi River. Previous studies 

have shown that season influences home range patterns and habitat use, with smaller 

home ranges observed in the dry season than in the wet season (Cushman et al., 2005; 

Ross, 2016; Ashiagbor and Danguah, 2017). The findings from this study are consistent 

with previous research on savanna elephant home ranges (Western et al., 1984; Ross, 

2016), showing that during the dry season, African elephants will be concentrated in areas 

where water is available and expand their range during the wet season. 

 

As I had hypothesised, for the 50% (core range) at the population level, the overall 

translocated female African elephants' home range sizes seemed to gradually decline 



26 
 

over time, though this result was not statistically significant. Changes in home range size 

may therefore represent a change in search intensity, from large-scale search in the early 

stages of release to smaller-scale search as the elephants became more familiar with 

their environment. This can be attributed to the capture, translocation, and release 

processes. Indeed, previous studies have shown that the whole process elephants endure 

during a translocation has the potential to influence their behaviour upon release in a new 

environment (Garnier et al., 2021). Experiencing the translocation process might lead to 

longer-distance movements as the elephants search for suitable areas in which to settle 

upon release. The observed large home range size of 130 km2 upon release observed in 

this study (Figure 4) may also be attributed to 'homing'. Homing, which is an attempt by 

translocated species upon release in a novel environment to return home, will most likely 

result in home range sizes being highest upon release and declining over time as the 

elephants settle in the new environment (Fernando et al., 2012). This is a common feature 

for mammals following translocation and has been recorded in previous studies 

(Matsumura et al., 2011; Fernando et al., 2012). 

 

In my study, at 95% KDE, the average mean monthly home range size revealed that the 

largest average home range size among individuals per month was recorded in the wet 

season with 1067 km2 in month seven as compared to the dry season with 854 km2 in 

month thirteen. Similar observations were made by Ngene et al. (2017), with female 

elephants recording a larger mean home range during the wet season compared to the 

dry season, with 430 km2 and 143 km2, respectively, suggesting that home range sizes of 

female elephants are larger in the wet than the dry season. 

 

However, the home range sizes of the elephants were not the same throughout the study. 

As hypothesized, these translocated female African elephants showed individual 

differences among their exploration patterns, with some displaying more linear home 

range patterns than others. This may be attributed to differences in body condition since 

individual body condition has been suggested to influence movement behaviour and 

patterns of exploration to find resources, survive, and reproduce (Kays et al., 2015). 

Elephants with healthier body conditions are likely to disperse more, hence covering a 

larger home range than others (Debeffe et al., 2012). Moreover, the age and experience 

of elephants may govern their social and spatial knowledge, which also has the potential 

to influence their movement patterns (Evans and Harris, 2008), with translocated adult 

mammals generally covering a larger home range as compared to juveniles (Ryckman et 

al., 2010). However, in this study, all the collared elephants were adult females, so age 

might have had a minimal contribution. In addition, the elephants were translocated into 
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an area that was new to them. Therefore, the different individuals did not have more 

knowledge of the area when compared to one another, but I suppose that they did have 

different levels of knowledge based on their past experiences. It has been suggested that 

adult elephants are information repositories; hence, their knowledge and experience may 

guide their decision-making (McComb et al., 2001). As such, this might explain the 

observed individual variation in the linear and erratic patterns of exploration. 

 

The results for the 50% KDE over the 20-month study period revealed that individual 

elephants' home range sizes ranged from 17 km2 to 530 km2, showing a large variation. 

The results are within the general home range size of elephants that were studied by 

Dunham (1986) in the same environment (Mid-Zambezi Valley). In his study, he observed 

that home range sizes also had a wide variation between individuals, ranging from 94 km2 

to 263 km2. Similar results showing high individual variation were also reported in 

southern and central Kenya and in northern Tanzania, where they recorded home range 

sizes ranging from 11 to 5520 km2 and 191 to 3698 km2 respectively (Douglas-Hamilton et 

al., 2005; Kikoti, 2009). 

 

Among the nine female elephants, Hanna was the only one to have explored and utilised 

areas west of Nyakasanga, while Kristin, Spiwe, Lucie, and Rita only utilised areas along 

the edge, and no elephants utilised Makuti 1 and 2 conservation areas. This may be 

attributed to the fact that Hurungwe Safari Area, which forms the study area, is divided 

into four sections: Rifa, Nyakasanga, Makuti I, and Makuti II, with Rifa acting as the 

source area since there is no hunting. Hunting is indeed one of the factors known to affect 

elephants' home range patterns (Burke et al., 2008), and it is also still conducted in Sango 

Ranch, where these elephants were translocated from. It has been argued that animals 

may respond to hunting pressure by avoiding areas where hunting is conducted (Harris et 

al., 2008; Graham et al., 2009). Therefore, this might have influenced the elephants’ 

behaviour in the study to avoid using Makuti 1 and 2 areas. 

 

The differences in distribution patterns among the nine elephants noticed within this study 

may also, in part, be attributed to the A1 highway. Roads are known to impede animal 

movement patterns by prohibiting free roaming in adjacent areas (McDonald and St. Clair, 

2004; Jaeger et al., 2005). In addition, Hayward and Kerley (2009) suggest that the 

potential impact of roads on animal behaviour and movement patterns is a subject of 

concern because they cause habitat fragmentation. Studying the individual home range 

maps, it is evident that the majority of the elephants at 50% KDE never crossed the A1 

highway (Makuti to Chirundu), which cuts in between the Rifa and Nyakasanga areas. 
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The A1 highway is usually busy with heavy vehicles (trucks) from South Africa and the 

DRC to Zambia (Chirundu border) (pers.obs). Major highway roads may create barriers 

that may impede wild animals from freely roaming because of the noise and traffic 

associated with them (Laurance et al., 2006; Vanak et al., 2010). Therefore, some 

elephants might have deliberately avoided crossing into Nyakasanga because of the A1 

highway. 

 

During the twenty months covered by this study, none of the translocated African 

elephants settled into predictable home range patterns. Therefore, the main question 

remains: how long would it take for the translocated elephants to reach stable home 

ranges and settle into the new environment? This aspect, as well as how and why home 

range size varies among individuals, is not well studied or understood in most species. As 

much as this study provided some insights on the subject following the release of African 

elephants into a novel environment, it was short-term and could not provide an in-depth 

analysis to help understand and reach a definite inference on this question. This shows 

that for translocated elephants to establish predictable home range patterns, it is a long 

process that can last longer than 20 months. Therefore, more data should be collected on 

this subject to yield a better understanding of the home range used by translocated 

elephants. 
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Chapter 5: Conclusion and Recommendations 
 

The translocated female African elephants showed individual differences in patterns of 

exploration for both the 50% and 95% KDEs, with some displaying more linear temporal 

home range patterns than others. The interaction of different factors such as experiences, 

seasons, human disturbance, and exploration intensity may have influenced the observed 

variations in individual home range patterns. The observed variations in individual home 

range patterns emphasise that no two elephants are the same, which can present 

challenges and opportunities for ecologists in designing conservation measures to guide 

post-translocation monitoring. Over and above, a considerably positive and relevant 

relationship between time and change in the extent of the home range was observed. The 

results provide insights into the subject of home range establishment for elephants in the 

Mid-Zambezi Valley Region and the savanna environment at large by assessing the home 

range establishment of translocated female African elephants following their introduction 

into a novel environment. It draws attention to matters related to the monitoring and 

conservation of translocated elephants in savanna ecosystems. The study recommends 

that post-release elephant monitoring become a prerequisite and that individual 

differences be taken into account. 

 

The study showed some seasonal differences in home range sizes and habitat use, as 

some home range sizes were confined to smaller areas during the dry season and only 

started to increase in the wet season. This pattern was displayed by some elephants that 

stayed close to the release site and utilised the western side of Rifa, where water was 

available, along the Zambezi River. However, their home ranges only started to increase 

during the wet season as they started to utilise locations as far as Nyakasanga. This 

pattern of exploration bears some implications in relation to the subject of human-elephant 

conflict, as also suggested by some elephants getting close to the highway. This is further 

reason for future studies to also include anthropogenic factors when investigating 

elephant use of space. 
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Appendices 
 

Appendix 1: Results of Kernel Density Estimate Home Range Size at 95% for Nine Female 

African Elephants Translocated to Hurungwe Safari Area, Zimbabwe, over 20 months since 

Release. 

 

Ann Hanna Kristin Lorraine Lucie Rita Spiwe Tendai Tracey Month 

170 455 325 168 421 134 391 99 145 1 

315 637 303 162 629 110 467 196 162 2 

475 690 1209 414 875 323 489 1024 325 3 

416 1345 1709 403 804 389 498 813 346 4 

446 1538 1882 394 900 379 569 1580 346 5 

466 1631 3557 394 1013 366 593 1579 352 6 

500 2079 2950 378 915 330 771 1328 350 7 

538 2283 2803 364 868 319 704 1186 342 8 

537 2324 2752 364 887 346 687 1177 343 9 

533 2295 2558 362 838 336 626 1071 337 10 

519 2226 2380 356 783 344 570 979 336 11 

506 2121 2227 351 755 333 535 914 330 12 

495 2005 2079 361 733 328 507 853 324 13 

476 1910 1914 369 703 320 705 812 324 14 

464 1784 1847 357 692 306 782 762 304 15 

455 1691 1781 350 816 299 749 762 301 16 

443 1611 1702 350 1191 300 758 719 298 17 

436 1564 1648 473 1451 307 795 687 326 18 

429 1531 2109 558 1416 303 800 661 460 19 

429 1531 2109 558 1416 303 800 661 460 20 
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Appendix 2: Results of Kernel Density Estimate Home Range Size at 50% for Nine Female 

African Elephants Translocated to Hurungwe Safari Area, Zimbabwe, over 20 months since 

Release. 

 

Ann Hanna Kristin Lorraine Lucie Rita Spiwe Tendai Tracey Month 

47 106 61 39 85 20 96 17 32 1 

66 168 55 43 157 19 120 32 46 2 

97 153 186 78 164 52 136 99 59 3 

86 227 331 85 162 73 136 79 73 4 

86 208 359 86 186 85 122 154 76 5 

96 254 530 82 194 83 120 147 73 6 

106 276 375 80 174 63 133 108 73 7 

116 297 340 78 163 57 119 87 73 8 

113 303 290 73 165 63 110 95 69 9 

109 291 230 67 148 59 89 82 62 10 

105 278 194 64 125 55 72 74 60 11 

101 249 161 62 97 49 60 71 58 12 

97 218 130 63 82 51 44 66 57 13 

91 184 128 63 66 54 77 69 57 14 

86 163 117 61 70 55 86 73 54 15 

83 151 112 62 95 57 84 73 55 16 

78 141 105 63 114 61 80 76 56 17 

77 130 110 68 155 64 82 75 55 18 

74 125 127 75 155 68 86 71 61 19 

74 125 127 75 155 68 86 71 61 20 
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Appendix 3: Post-hoc results of the pair-wise comparison of 95% KDE home range 

temporal patterns of nine female African elephants translocated to Hurungwe Safari Area, 

Zimbabwe. 

 

Contrast                                    Estimate Standard 

Error 

Degrees of 

freedom 

T-vale P-value     

Ann - Hanna -1736.10 64.4 137 -26.973 < 0.001 

Ann - Kristin     -1887.01 75.8 137 -24.879 < 0.001 

Ann - Lorraine        147.88 55.2 137 2.677 0.166 

Ann - Lucie         -286.09 69.9 137 -4.091 0.002 

Ann - Rita            173.21 51.4 137 3.369 0.027 

Ann - Spiwe          -114.66 58.5 137 -1.960 0.574 

Ann - Tendai         -492.24 69.4 137 -7.090 <0.001 

Ann - Tracey          176.84 53.8 137 3.285 0.034 

Hanna - Kristin      -150.92 84.4 137 -1.789 0.690 

Hanna - Lorraine     1883.97 66.5 137 28.346 < 0.001 

Hanna - Lucie        1450.01 79.1 137 18.333 < 0.001 

Hanna - Rita         1909.30 63.3 137 30.157 < 0.001 

Hanna - Spiwe        1621.44 69.2 137 23.431 < 0.001 

Hanna - Tendai       1243.86 78.6 137 15.816 < 0.001 

Hanna - Tracey       1912.94 65.3 137 29.298 < 0.001 

Kristin - Lorraine   2034.89 77.6 137 26.211 < 0.001 

Kristin - Lucie      1600.92 88.7 137 18.051 < 0.001 

Kristin - Rita       2060.22 75.0 137 27.486 < 0.001 

Kristin - Spiwe      1772.35 80.0 137 22.157 < 0.001 

Kristin - Tendai     1394.78 88.3 137 15.798 < 0.001 

Kristin - Tracey     2063.86 76.6 137 26.931 < 0.001 

Lorraine - Lucie     -433.97 71.9 137 -6.038 < 0.001 

Lorraine - Rita        25.33 54.0 137 0.469 0.910 

Lorraine - Spiwe     -262.54 60.8 137 -4.317 0.001 

Lorraine - Tendai  -640.11 71.4 137 -8.968 < 0.001 

Lorraine - Tracey      28.96 56.3 137 0.514 0.910 

Lucie - Rita          459.30 69.0 137 6.660 < 0.001 

Lucie - Spiwe         171.43 74.4 137 2.304 0.347 

Lucie - Tendai       -206.15 83.3 137 -2.476 0.253 

Lucie - Tracey        462.93 70.8 137 6.540 < 0.001 

Rita - Spiwe     -287.87 57.3 137 -5.020 0.000 

Rita - Tendai        -665.45 68.4 137 -9.722 < 0.001 

Rita - Tracey           3.63 52.6 137 0.069 1.000 

Spiwe - Tendai       -377.58 73.9 137 -5.107 < 0.001 

Spiwe - Tracey        291.50 59.5 137 4.897 0.000 

Tendai - Tracey       669.08 70.3 137 9.519 < 0.001 
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Appendix 4: Post-hoc results of the pair-wise comparison of 50% kernel density home 

range temporal patterns of nine female African elephants translocated to Hurungwe Safari 

Area, Zimbabwe. 

 
Contrast Estimate Standard 

Error 

Degrees of 

freedom 

T-vale P-value 

Ann - Hanna         -170.913 8.49 130 -20.124 < 0.001 

Ann - Kristin        -98.661 10.00 130 -9.863 < 0.001 

Ann - Lorraine        37.199 7.76 130 4.794 0.000 

Ann - Lucie         -22.038 9.10 130 -2.422 0.281 

Ann - Rita            49.355 8.15 130 6.056 < 0.001 

Ann - Spiwe           28.242 8.73 130 3.236 0.040 

Ann - Tendai          28.796 8.91 130 3.232 0.040 

Ann - Tracey          41.245 7.50 130 5.496 < 0.001 

Hanna - Kristin       72.252 10.88 130 6.641 < 0.001 

Hanna - Lorraine     208.112 8.86 130 23.489 < 0.001 

Hanna - Lucie        148.875 10.06 130 14.806 < 0.001 

Hanna - Rita         220.268 9.20 130 23.931 < 0.001 

Hanna - Spiwe        199.155 9.72 130 20.489 < 0.001 

Hanna - Tendai       199.709 9.88 130 20.208 < 0.001 

Hanna - Tracey       212.158 8.64 130 24.562 < 0.001 

Kristin - Lorraine   135.860 10.32 130 13.169 < 0.001 

Kristin - Lucie       76.623 11.36 130 6.745 < 0.001 

Kristin - Rita       148.015 10.61 130 13.946 < 0.001 

Kristin - Spiwe      126.902 11.06 130 11.470 < 0.001 

Kristin - Tendai     127.457 11.21 130 11.373 < 0.001 

Kristin - Tracey     139.905 10.13 130 13.816 < 0.001 

Lorraine - Lucie     -59.237 9.44 130 -6.273 < 0.001 

Lorraine - Rita       12.155 8.53 130 1.425 0.886 

Lorraine - Spiwe      -8.958 9.09 130 -0.986 0.987 

Lorraine - Tendai     -8.403 9.26 130 -0.908 0.992 

Lorraine - Tracey      4.045 7.92 130 0.511 0.910 

Lucie - Rita          71.393 9.77 130 7.309 < 0.001 

Lucie - Spiwe         50.279 10.25 130 4.903 0.000 

Lucie - Tendai        50.834 10.41 130 4.884 0.000 

Lucie - Tracey        63.283 9.24 130 6.852 < 0.001 

Rita - Spiwe       -21.113 9.42 130 -2.241 0.386 

Rita - Tendai        -20.559 9.59 130 -2.144 0.449 

Rita - Tracey         -8.110 8.30 130 -0.977 0.987 

Spiwe - Tendai         0.555 10.09 130 0.055 1.000 

Spiwe - Tracey        13.003 8.87 130 1.466 0.869 

Tendai - Tracey       12.449 9.05 130 1.376 0.905 

 
 
 
 
 
  
 
 
 
 


