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ABSTRACT 

It is hypothesized that animals introduced into a novel environment will at first 

lack knowledge on the resource locations, but with time will accumulate this knowledge 

and adjust their foraging movements to become as efficient as possible since effectual 

foraging is essential for survival. No studies have looked at movements of introduced 

animals, even though this can be an important indicator of whether an animal is adapting 

to the new environment or not. 

During this study we obtained movement data on four African ungulate species 

(eland, impala, wildebeest and zebra) through GPS telemetry. We analysed if the net 

displacements were bigger for newly introduced animals due to their exploratory stage 

compared to those of the residents, and if with time this difference would subside, as the 

introduced animals discovered the resource locations and assembled into the existing 

herds. Additionally, we took the species’ feeding ecology into account for it was expected 

that the grazers would have bigger net displacements (zebra and wildebeest) than the 

mixed feeders (eland and impala) because of the bushy nature of the study area (grass 

patches spread apart). The zebra was predicted to have the biggest net displacements 

because it is a hindgut fermenter (needs to invest more time in foraging grass) and the 

rest are ruminants. 

No difference in movements were found between the eland and zebra within the 

first two weeks after introduction (we could not show if this happened for the impala and 

wildebeest because of lacking data) suggesting that the animals had acclimatized and 

found the resources. Alternatively, the stress of being collared for both the introduced and 

resident animals could be overriding the introduction effects. The introduced animals of 

all species did also not display differing movements from the residents the rest of the 

study time. The zebra had the biggest net displacements as expected, while the eland had 

the second biggest, probably because of its larger body size compared to the other 

ruminants. What should be done next is distinguish movements related to foraging, 

exploration and other behaviours so that a clearer picture can emerge on how introduced 

animals react to a new environment.  
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INTRODUCTION  

Search movements that lead to increased encounters with resources are essential 

for animal survival (Bell, 1991). Efficient foraging will positively affect fitness; therefore, 

animals should move in such a way that minimizes the cost of locating these resources 

(Zollner & Lima, 1999). This suggests that animals like large mammalian herbivores 

search for areas with abundant high quality forage.  

The continuous acquisition of information is a fundamental part for survival in 

heterogeneous changing environments (Stephens, 1993). There is evidence that large 

mammalian herbivores use spatial memory to revisit resource locations (Bailey et al., 

1996; Fagan et al., 2013; Fronhofer et al., 2013; Laca, 1998). Herbivore movement is likely 

guided by memory of locations where forage is available, rather than by random searches 

intended to increase the chances of encountering these locations (Berger-Tal & Saltz 2014; 

Sueur et al., 2011). Evidence for this has been found in a variety of species, such as in 

zebras locating watering holes (Brooks & Harris, 2008) and in elk and primates (Asensio 

et al., 2011; Fryxell et al., 2008).  

Introduced animals find themselves in a novel environment where they lack 

information on the location of resources. Gaining this information is critical for survival 

(Frair et al., 2007). Introduced animals should therefore initially display different 

movement from that of resident animals in the habitat. Over time, as the introduced 

animals accumulate knowledge, they are expected to shift from more exploratory 

movements in an unfamiliar environment to mostly knowledge-based movements in an 

established home range (Berger-Tal & Saltz 2014; Berger-Tal & Avgar, 2012; Burns, 2005; 

Russel et al., 2010).  

Reintroductions of animals in novel environments are a central aspect of ecosystem 

restoration (Polak and Saltz, 2011; Seddon et al., 2012), unfortunately they often end in 

failure (Fischer and Lindenmayer, 2000; Small et al., 1992). Since introduced animals are 

expected to alter their movements as they accumulate knowledge on the environment, 

movement can be an excellent indicator of introduction success (Berger-Tal & Saltz 2014). 

Surprisingly, to our knowledge, no studies have been done looking at movements of 

animals that were just introduced into a novel environment. Hence, in this study we 

investigate the movements of individuals of four species of African ungulates that are 

introduced in a new environment and compare this to the movements of conspecifics that 

were already present in the environment (residents). We used movement data obtained 

through GPS telemetry (Owen-Smith, 2012) of the introduced and resident Burchell’s 

zebra (Equus burchelli), the blue wildebeest (Connochaetus taurinus), the impala 

(Aepyceros melampus) and the eland (Taurotragus oryx) in the Welgevonden game reserve 

(WGR), South Africa.  

Net displacement (net distance between two coordinates spaced apart within a 

certain time window) is a key element in many models of the movement of organisms 

(Bartumeus et al., 2005; Ward & Saltz 1994). During this study we investigate the net 

displacements of the four species. We expect the introduced animals to display bigger net 

displacements, exploring the whole area (until the boundaries of the fenced area). 

Contrastingly, we expect the resident animals to have established home ranges and 

resource locations, displaying smaller net displacements within these ranges (Figure 1).  

 



                                                                    

 

 
 

 

 

 

 

 

 

 

 

 

 

However, the longer introduced animals are in the novel environment the more knowledge 

they will gain on resource locations and predation risk, in addition to establishing home 

ranges and integrating into the existing herds (Brooks and Harris, 2008). Hence, we 

expect the longer animals have been introduced the more similar their movement will 

become to that of the resident animals.  

The four species are predicted to differ in their habitat and diet selection. The 

different resources preferred between the species are presumably spaced apart 

differently, which could lead to divergent net displacements. The vegetation in the study 

area is predominantly made up of woodlands, with some open grassland areas to the 

North (Figure 2). This means that for the mixed feeders (impala and eland), next to the 

grass on the open areas, there is a lot of browse available to forage on. The preferred 

vegetation of the grazers (zebra and wildebeest) is only available at the open areas. 

Therefore, we predict that the mixed feeders will have to walk smaller distances to 

encounter resources, which are more readily available, leading to smaller net 

displacements. The grazers will probably have bigger net displacements, as they walk 

bigger distances to the more spaced apart resources. The zebra is a hindgut fermenter, 

while the rest are ruminants. Hindgut fermenters need to consume larger quantities of 

food than ruminants of a similar size (Bell, 1970; Duncan, 1990; Jarman, 1974). They do 

this to compensate for the lesser capacities of their digestive system compared to that of 

ruminants (Duncan, 1990). Thus, the zebra is predicted to have the biggest net 

displacements as it searches for resources to meet its daily nutritional requirements. We 

expect the wildebeest to have the second biggest net displacements as it is a grazer and a 

ruminant (Burchell, 1823). Finally, we expect the impala and eland to have the smallest 

net displacements due to their generalist mixed feeder diet (Codron et al., 2007; Dunham, 

1980). They likely have a higher abundance of resources hotspots, due to the amount of 

browse in the area, and are predicted to have to walk less to find these. We also 

distinguish between day and night animal activity, and thus net displacements, as 

activity is mainly temperature related. Large mammalian herbivores avoid foraging 

during the hottest hours of the day to evade thermal stress (Belovsky & Slade, 1986; 

 Figure 1. Hypothesized net displacements as function of separation time of 

the introduced and resident animals. 

 

 

Introduced animals are predicted 

to have bigger net displacements 

as they explore the whole fenced 

area. In contrast, resident animals 

are predicted to show smaller net 

displacements as they remain 

within their established home 

range and the resource hotspots.  
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Owen-Smith, 1998). Finally, we control for the sex of the animals as we predict a 

distinction in the net displacements between males and females. Females are expected to 

integrate into the existing herds (Wronski, 2002) learning the resource locations faster, 

and so the introduced female’s net displacements should resemble that of the resident 

animals sooner. 

In order to investigate whether introduced animals change their movement over 

time the following predictions are tested:  

i) Introduced animals have bigger net displacements than resident animals. 

ii) With time, the introduced animal’s net displacements will shift toward that of 

the resident animals. 

iii) Grazers (wildebeest and zebra) will have bigger net displacements than the 

generalist mixed feeders (eland and impala). 

 

MATERIALS & METHODS 

Study site 

The work was conducted in the Welgevonden game reserve (WGR). The game 

reserve is situated approximately 200 km north of Johannesburg, South Africa on the 

Waterberg mountain plateau (24° 12′ 15″ S, 27° 54′ 9″). It is a former agricultural and 

range land, of nearly 37.500 ha. However, for this study, animals were kept in a breeding 

camp of 1200 ha surrounded by a fence (Figure 2).  

 

 

 

 

Figure 2. Map of the study area: Welgevonden game reserve breeding area. The 

area has a rolling hill landscape and the vegetation is predominantly made up of 

woodlands. The primary road is used to get to the main reserve area to the south. The 

tracks and other roads are used by management for maintenance work. 



                                                                    

 

 
 

The climate can be described as warm temperate with three distinct seasons. From 

May to July it is dry with mean daily maximum and minimum temperatures of 22.3°C 

and 2.6°C respectively. From August to October, daily temperatures begin to rise, with 

mean daily maximum and minimum temperatures of 27.6 °C and 8.6°C respectively, and 

generally dry. Finally, the annual wet season extends from November to April, with mean 

daily maximum of 29.3°C and minimum temperatures of 14.5°C. 

 

Data 

GPS collars were deployed on multiple individuals of four species (eland, impala, 

wildebeest and zebra). Data was gathered across 6 months (April, June, July, August, 

September and October). For this study a total of 1818240 GPS fixes from 116 animals 

were selected. The temporal resolution of the data is 10 seconds (after down sampling 

from coarser GPS sampling). The data was split into four periods. Period 1 had the data 

from the day the animal was collared until two weeks later. Period 2 contained the data 

during another two-week period, but a month after period 1. The same was done 

successively for period 3 and 4. Therefore we analysed 8 weeks’ worth of data.  

The movement data was collected from animals of different origins (introduced or 

resident). Both female and male animals were used. Table 1 shows the exact sample sizes 

of the different variables.  

 

 

 

 

 

 

 

 

 

With the GPS fixes transmitted from the collars we calculated the net 

displacements in meters over a certain period of time for each animal. In other words, we 

took the first recorded GPS fix and measured the meters moved until the next fix, within 

a series of time frames (30, 60, 90, 120, 240, 600, 720, 960, 1200 and 1440 minutes). This 

was done successively for all the fixes recorded for each animal. We chose to start at 30 

minutes as we are not interested in small duration movements, but rather long-term 

patterns that say something about the animal’s displacement in the habitat as it moves 

from resource patch to resource patch. Additionally, we looked at the displacement over a 

24 hour to estimate the saturation point (plateau) as predicted in Figure 1.  

Subsequently the data was split into two according to the fixes that were recorded 

during the day and at night, based on the time of the first location (daytime was 

considered from 6 a.m. to 6 p.m.). A log transformation was done for the net displacements 

in each of the time frames. Finally, the mean of the log transformed (Appendix 1) net 

 Period 1 Period 2 Period 3 Period 4 

Species     

Eland 26 44 14 10 

Impala 26 44 42 26 

Wildebeest 26 42 36 28 

Zebra 32 34 26 28 

Origin     

Introduced 84 92 72 56 

Resident 26 72 46 36 

Sex     

Female 50 96 70 58 

Male 60 68 48 34 

Table 1. Number of animals per variable in each time period. 



                                                                    

 

 
 

displacements from each time frame was taken for every individual per time period and 

per day and night. Therefore, the final data set has the mean log net displacements for 

the 10 time frames per individual in the four periods and split into day and night time. 

Additionally, the sex of the animal was added as a variable.  

 

Statistics 

For every period different models were tested for each time frame (Table 2). The 

predictor variables, species and origin, were taken as the fixed factors because they are 

key in the hypotheses. The response variable is the mean log net displacements. 

Subsequently in each of the models a different control variable [sex (male/female), time of 

day (day/night) and individual animal ID] was added as a random factor. The lowest 

Akaike information criterion (AIC) was used as a measure for the relatively best model.  

 

 

 

 

 

 

 

 

 

 

For the 30 best models (10 time frames in 3 time periods) we tested the significance of the 

two predictor variables: Species and Origin. In period 1 only the eland and zebra could be 

considered when testing the significance of the origin variable, because for the impala and 

wildebeest there were no resident animals in the data. For significant comparisons the 

assumptions on equal variance and normal distribution were tested graphically or when 

necessary, with a Levene’s test for equal variance. Additionally, Post-hoc tests were done 

for multiple comparisons through Tukey’s “honest significant difference” (HSD) test for 

all pairwise comparisons. Finally, for the significant comparisons the Cohen’s D was 

tested as a measure of effect size. 

 

RESULTS 

 

Model 1 has the lowest AIC in all time periods and time frames (the deltaAIC for 

the other models was always larger than 10 and therefore the models were omitted from 

consideration (Burnham & Anderson, 2003)) (Appendix 2). Accordingly, the control 

variables time of day and sex did not add anything to the model to help explain the 

patterns in the data. In period 1, 2 and 4 the predictor variable species was significant in 

all time frames. In period 3 species was only significant for the first 5 time frames (Table 

3).  

 

 

 

Model Fixed factors Random factors  

1 Species + Origin ID 

2 Species + Origin Time of day 

3 Species + Origin Sex 

Table 2. The models tested in the analysis. 

Origin (introduced or resident) and species 

(eland, impala, wildebeest and zebra) are the 

fixed factors. Random factors are ID (each 

individual animal has an ID number), time of day 

(night or day) and sex (male or female). 



                                                                    

 

 
 

 

 

 

 

 

 

Origin was not significant for any time periods or time frames (p > 0.05) (Table 3 

and Figure 3).  

 

 Period 1 Period 2 Period 3 Period 4 

Time 

frame 

Species 

(p) 

Origin 

(p) 

Species 

(p) 

Origin 

(p) 

Species 

(p) 

Origin 

(p) 

Species 

(p) 

Origin 

(p) 

30 <0.001*** 0.533 <0.001*** 0.318 <0.001*** 0.118 0.017* 0.558 

60 <0.001*** 0.500 <0.001*** 0.352 <0.001*** 0.151 0.001** 0.585 

90 <0.001*** 0.589 <0.001*** 0.395 <0.001*** 0.200 <0.001*** 0.622 

120 <0.001*** 0.765 <0.001*** 0.436 <0.001*** 0.226 <0.001*** 0.649 

240 <0.001*** 0.940 <0.001*** 0.419 0.015* 0.289 0.001** 0.658 

600 <0.001*** 0.704 <0.001*** 0.609 0.1912 0.318 0.003** 0.705 

720 <0.001*** 0.666 <0.001*** 0.635 0.2672 0.329 0.004** 0.709 

960 <0.001*** 0.570 <0.001*** 0.719 0.4095 0.409 0.002** 0.885 

1200 <0.001*** 0.607 <0.001*** 0.829 0.5816 0.373 0.002** 0.857 

1440 0.007** 0.414 0.001** 0.961 0.5594 0.474 0.005** 0.635 

Table 3. p-value for the fixed factors (species and origin). Species is significant (p 

< 0.05) in all time frames in periods 1,2 and 4. Species is significant in the first 5 time 

frames for period 3 (p < 0.05). Origin was non-significant for all time frames in all 

periods.  

* <0.05    ** <0.01   ***<0.001 

 

Figure 3. Net displacements of the resident and introduced 

animals of the four species in period 2. Intro = introduced; res = 

resident. The resident and introduced animals did not differ in net 

displacements for all of the species (Table 3).  
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The Post-Hoc analysis revealed that for period 1, the zebra’s net displacements were 

significantly bigger than the impala’s in all time frames (p < 0.01), the wildebeest’s in all 

but the 1440 minute time frame (p < 0.01) and bigger than the eland’s in the 60 and 90 

minute time frames (p < 0.05). Additionally, the impala’s net displacements were bigger 

than those of the wildebeest in the 30 and 60 minute time frames (p < 0.05). Finally, the 

eland and impala differed only in time frame 90 (Table 4 and Figure 4) (p < 0.05). 

However, the Cohen’s D analysis showed that for the impala-eland and the wildebeest-

impala the effect size was medium or small (Table 5 and Appendix 3).  

 

Figure 4. Net displacements for all species 

in period 1. A) Last 5 time frames. The zebra 

has bigger net displacements than the impala 

and the wildebeest in these 5 time frames 

except the last. B) Zoom of the first 5 time 

frames. The zebra has the biggest net 

displacements, except for when compared with 

the eland in the 30 and 240 minute time frames. 

The results with the medium/small effect sizes 

were not considered.  
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 30 60 90 120 240 600 720 960 1200 1440 

Period 1           

Eland-Zebra 0.100 0.037* 0.028* 0.032* 0.104 0.121 0.109 0.110 0.234 0.627 
Eland-Impala 0.934 0.833 0.028* 0.614 0.437 0.755 0.855 0.833 0.744 0.740 

Eland-Wildbeest 0.089 0.049 0.050 0.049 0.101 0.589 0.679 0.821 0.926 0.960 

Zebra-Impala <0.001*** <0.001*** <0.001*** <0.001*** <0.001*** <0.001*** <0.001*** <0.001*** <0.001*** 0.005** 

Zebra-Wildebeest <0.001*** <0.001*** <0.001*** <0.001*** <0.001*** <0.001*** <0.001*** <0.001*** 0.001** 0.076 

Impala-Wildebeest 0.0372* 0.0387* 0.085 0.154 0.617 0.976 0.962 1.000 0.931 0.820 

Period 2           

Eland-Zebra <0.001** <0.001*** <0.001*** <0.001*** <0.001*** <0.001*** <0.001*** 0.003** 0.091 0.674 
Eland-Impala 0.945 0.667 0.316 0.316 0.092 0.205 0.333 0.180 0.039* 0.012* 
Eland-Wildbeest 0.044 0.004** 0.003** 0.003** 0.023* 0.361 0.503 0.563 0.609 0.798 

Zebra-Impala <0.001*** <0.001*** <0.001*** <0.001*** <0.001*** <0.001*** <0.001*** <0.001*** <0.001*** <0.001*** 
Zebra-Wildebeest <0.001*** <0.001*** <0.001*** <0.001*** <0.001*** <0.001*** <0.001*** <0.001*** 0.003** 0.203 
Impala-Wildebeest 0.158 0.107 0.282 0.282 0.928 0.996 0.996 0.922 0.556 0.187 

Period 3           

Eland-Zebra 0.9658 0.8315 0.8870 0.93733 0.9957 - - - - - 

Eland-Impala 0.9382 0.9169 0.8578 0.81118 0.7785 - - - - - 

Eland-Wildbeest 0.0337* 0.0266* 0.0381* 0.05299 0.1514 - - - - - 

Zebra-Impala 0.5082 0.1928 0.1850 0.21321 0.4170 - - - - - 

Zebra-Wildebeest <0.001*** <0.001*** <0.001*** 0.00121** 0.0298* - - - - - 

Impala-Wildebeest 0.0291* 0.0282* 0.0716 0.13976 0.4460 - - - - - 

Period 4           

Eland-Zebra 0.824 0.677 0.561 0.541 0.509 0.377 0.364 0.281 0.333 0.391 
Eland-Impala 0.802 0.679 0.613 0.578 0.611 0.726 0.762 0.721 0.601 0.597 
Eland-Wildbeest 0.610 0.293 0.280 0.332 0.681 0.998 0.999 0.987 0.923 0.819 
Zebra-Impala 0.137 0.033* 0.011* 0.008** 0.008** 0.008** 0.009** 0.003** 0.002** 0.003** 
Zebra-Wildebeest 0.021* <0.001*** <0.001*** <0.001*** 0.003** 0.069 0.124 0.186 0.465 0.763 
Impala-Wildebeest 0.994 0.931 0.959 0.989 0.991 0.671 0.572 0.313 0.096 0.046 

Table 4. Post-Hoc analysis for the predictor variable species in all time frames and periods. The zebra and wildebeest have differing 

net displacements in most time frames in all periods. The zebra and impala differ in all periods except for period 3. The zebra and eland differ 

in period 1 and 2. The eland and wildebeest differ in periods 2 and 3. The impala and wildebeest only differ in periods 1 and 3. Finally, the 

impala and eland differ in period 1 and 2. The – stands for the time frames where species was not significant, for which a Post-Hoc was not 

necessary.  

* <0.05    ** <0.01   ***<0.001 

 



                                                                    

 

 
 

 

 

 

 

 

 30 60 90 120 240 600 720 960 1200 1440 

Period 1           

Eland-Zebra - -1.298 -1.383 -1.307 - - - - - - 

Eland-Impala - - 0.252 - - - - - - - 

Zebra-Impala 1.081 1.227 1.297 1.299 1.256 1.384 1.409 1.376 1.178 0.795 

Zebra-Wildebeest 2.712 2.916 2.865 2.739 2.419 2.163 2.127 1.933 1.144 -  

Impala-Wildebeest 0.770 0.634 - - - - - - - - 

Period 2           

Eland-Zebra -0.997 -1.151 -1.194 -1.185 -1.081 -1.111 -1.121 -1.001 - - 

Eland-Impala - - - - - - - - 0.686 0.720 

Eland-Wildbeest - 1.190 1.232 1.207 0.921 - - - - - 

Zebra-Impala -1.196 -1.500 -1.667 -1.768 -1.840 -2.113 -2.070 -1.792 -1.539 -1.191 

Zebra-Wildebeest -1.837 -2.205 -2.348 -2.343 -2.094 -1.701 -1.534 -1.405 -1.347 -  

Period 3           

Eland-Wildbeest 1.428 1.604 1.755 - - - - - - - 

Zebra-Wildebeest -1.108 -1.284 -1.234 -1.139 -0.815 - - - - - 

Impala-Wildebeest 1.438 1.431 - - - - - - - - 

Period 4           

Zebra-Impala - -0.885 -1.000 -1.043 -1.088 -1.162 -1.185 -1.259 -1.240 -1.081 

Zebra-Wildebeest -1.273 -1.626 -1.754 -1.768 -1.622 - - - - - 

Table 5. Cohen’s D for only the significant Post-Hoc results. Black = large effect size. Grey = medium effect size. Orange 

= small effect size. The – stands for where the two species did not differ significantly (Table 4). Complete table in Appendix 3. 

Only the large effect sizes were considered in the rest of the study. 



                                                                    

 

 
 

In period 2 the zebra has bigger net displacements than the eland in all time 

frames except the last two (p < 0.01). The zebra has bigger net displacements than the 

impala in all time frames (p < 0.001) and bigger than the wildebeest’s in all except the 

last two time frames (p < 0.01). The eland has bigger net displacements than the 

wildebeest in the time frames 60 minutes to 240 minutes (p < 0.05) and bigger than the 

impala’s in the last two (p < 0.05) (Table 4 and Figure 5). The Cohen’s D showed that for 

the comparison between the eland and the impala the effect size was small (Table 5 and 

Appendix 3).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Figure 5. Net displacements for all species in 

period 2. A) Last 5 time frames. The zebra has 

bigger net displacements than the impala in the 

last 5 time frames, the wildebeest in all 5 except 

the last time frame, and the eland in all except the 

last two. B) Zoom of the first 5 time frames. 

The zebra has the biggest net displacements. The 

eland has bigger net displacements than the 

wildebeest in all time frames except the first. The 

results with the small effect sizes were not 

considered.  
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In period 3, the wildebeest has smaller net displacements than the zebra in the 

first five time frames (p < 0.05), the eland in the first three (p < 0.05) and the impala in 

the first two (p < 0.05) (Figure 6). The effect size was large for all the differences (Table 

5).    

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

A) 

B) 

Figure 6. Net displacements for all species in 

period 3. A) Last 5 time frames. None of the 

species differ in the last five time frames. B) Zoom 

of the first 5 time frames. The wildebeest has 

smaller net displacements than the zebra, the eland 

(30-90) and the impala (30-60).  
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In period 4 the zebra has bigger net displacements in all time frames except in 30 

minutes (p < 0.05). In the time frames 30-240 minutes the zebra has bigger net 

displacements than the wildebeest (p < 0.05) (Figure 7). The effect size was large for all 

the differences (Table 5).    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A) 

B) 

Figure 7. Net displacements for all species in 

period 4. A) Last 5 time frames. The zebra has 

bigger net displacements than the impala in the 

last five time frames. B) Zoom of the first 5 time 

frames. The zebra has bigger net displacements 

than the wildebeest and the impala (except in the 

30 minute time frame for the impala).  
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DISCUSSION  

Introduced animals are faced with a novel environment where they do not know 

where the resources are located, unlike the resident animals. It has been hypothesized 

that introduced animals accumulate knowledge of the new habitat, shifting from 

exploratory movements to knowledge-based movements (Berger-Tal & Avgar, 2012; 

Berger-Tal & Saltz 2014; Burns, 2005; Russel et al., 2010). To test this, we followed the 

movements of resident and introduced individuals of four African ungulate species. We 

took the data from four periods (each two weeks of data, all periods spaced a month apart) 

and tested if introduced animals moved differently from the residents, with the 

expectation that this difference would become less from period to period. Additionally, we 

expected the species to move differently due to their feeding ecology, with the zebra having 

the biggest net displacements as it is a hindgut fermenter and a grazer. The wildebeest 

was expected to have the second biggest net displacements because it is a grazer in a 

bushy environment and it was predicted to need to walk more to encounter the less readily 

available grass in this specific habitat. Finally, the eland and impala are mixed feeders 

and were thus expected to have smaller net displacements as browse is more available in 

the habitat.   

We found that from the three models tested, model 1 (fixed factors species and 

origin, with individual ID as the random factor (Table 2) explained the data the best. The 

animal’s sex and whether it was night or day time did not better the model (Appendix 1). 

In the four time periods the animal’s origin did not lead to different net displacements 

(Table 3). The species did have different net displacements in the four periods. When the 

difference between two species had a small or medium effect size we did not take those 

differences into account in the graphs and the rest of the study (Table 5). Overall, looking 

at the progression of the net displacements of the animals, we observe that they increased 

when looking at longer time intervals. At around the 600 minute time frame (or ten hours) 

the net displacements plateau, indicating that the animals reach their maximum net 

displacements after this time possibly due to the fencing or their established home range 

(Figures 4-7).  

Since we are interested in the foraging movements of these species, we will focus 

the discussion on the first five time frames (30 minutes – 240 minutes). Over these smaller 

time frames we can assume that the bulk of the registered movements are of the animal’s 

foraging behaviour. During longer time frames it becomes harder to exclude other 

movements based on disturbances and day/night activity. Starting with period 1, for the 

first five time frames, we observed that the zebra had the biggest net displacements, the 

eland had the second biggest and the wildebeest and impala did not differ significantly in 

net displacements. In period 2, the zebra has the biggest net displacements, the eland the 

second biggest, then the impala followed by the wildebeest with slightly smaller net 

displacements. The same was found for period 3. Finally, in period 4, the zebra also has 

the biggest, followed by the eland. The wildebeest and impala do not differ significantly 

(the impala has slightly bigger net displacements only in the 30 minute time frame 

however).  

The linear mixed effects model led to the conclusion that model 1, with species and 

origin as fixed factors and ID as a random factor, best explained the data (Appendix 2). 

The control factor sex did not add anything to the model. However, we expected females 

and males to have different net displacements. Females generally integrate into existing 

herds, while most of the males stay solitary or join bachelor herds (Wronski, 2002). 

Therefore, we predicted the introduced female’s net displacements to resemble that of the 



                                                                    

 

 
 

residents sooner. During the introductions, fixed herds from other reserves with mostly 

females and fewer males were released onto the reserve. We suspect that the higher 

number of females during the introductions led to attenuated differences in net 

displacements between the introduced and resident animals. As for the day/night time 

distinction, we only considered the smallest time frames to be relevant (30-120 minutes). 

The longer the time frame, the higher the probability that the observation contains 

movement both during the day and night. However, even during the smallest time frames 

day/night time did not add to the model, contrary to the predictions. Large mammalian 

herbivores avoid foraging during the hottest hours of the day to evade thermal stress 

(Belovsky & Slade, 1986; Owen-Smith, 1998), hence we expected the net displacements to 

be smaller during the day. However, the increased risk of being killed by nocturnally 

hunting predators may inhibit foraging during the night (Lima, 1998). This might be the 

reason the day and night distinction did not add to the model. 

The predictor variable origin was not significant for any of the periods (Table 3). 

However, we expected the introduced animals to, at least, have bigger net displacements 

in period 1. The wildebeest and impala were unfortunately not included in the analysis 

for period 1 due to the lack of resident animals in this period. Many animals were already 

collared, especially many of the resident animals, before the movement data being 

transmitted could be received. This led to there being no data on resident impalas and 

wildebeests in the two weeks after collaring (this problem also occurs when looking at the 

first four weeks after collaring, because most of the resident impalas and wildebeests were 

already collared a whole month before we could receive the data). Hence why we had to 

exclude these two species when investigating the significance of origin in period 1. There 

is a chance that the impala and wildebeest did move differently during this period, but 

we were unable to capture it. However, we did include the eland and the zebra. These 

species did not have bigger net displacements than the resident animals when introduced 

(Table 3). We suspect a couple of reasons why we did not observe divergences in movement 

between resident and introduced eland and zebras. Firstly, the stress induced when 

collaring these animals may be more important than initially thought. The introduced 

animals were sedated, collared, then transported by truck and released onto the reserve. 

The resident animals were guided into a truck by a helicopter, sedated and collared, before 

being released back onto the reserve. The amount of stress in both the resident and 

introduced animals, leading to altered behaviour, might be overriding any differences in 

movement during period 1. Additionally, another possible reason why we did not observe 

differences in movements between the resident and introduced zebras and eland is the 

small study area. It is possible that within period 1 the introduced animals had already 

adapted to the new environment and integrated into the existing herds, leading to similar 

net displacements between the resident and introduced animals of these two species. A 

study done on stress hormone levels in zebras in Kenya shows the animal’s hormone levels 

return to baseline levels (as an indication of acclimatization to the new environment) as 

soon as circa 70 days post release (Franceschini et al., 2008). The area of the habitat in 

this study was 870 km2, while ours was 12 km2. It is therefore likely that the animals in 

our study needed much less time to gain knowledge on the resource locations.  

The fact that we did not encounter significant difference in the net displacements 

for the eland and zebra in period 1, and for all of the species in the rest of periods is an 

indication that GPS telemetry can be a useful from a management point of view. It can 

potentially be used as a tool in understanding if, and when, reintroduced animals adapt 

to the environment they encounter themselves in. If movements do not change for the 



                                                                    

 

 
 

introduced animals this could be a warning sign that the animal is not adapting, and 

action can be taken (Berger-Tal & Saltz, 2014).  

Across the time periods and frames an animal’s species did dictate its net 

displacements. In time period 1 the zebra had bigger net displacements than the rest of 

the species, as was expected (Figure 4). The zebra must invest the most time in foraging 

because it is a hindgut fermenter and thus needs to consume larger quantities of food than 

ruminants of a similar size (Bell, 1970; Duncan, 1990; Jarman, 1974). The wildebeest was 

expected to have the second biggest net displacements because it is a grazer. The study 

area is very bushy and only has a few open grassland areas resulting in the grazers having 

to walk bigger distances between the resources that are more spread apart (Figure 2). It 

was predicted that the wildebeest would have bigger net displacements as it moved 

between these grasslands. This was not the case however, with the eland having the 

second biggest net displacements. The eland, impala and wildebeest are all ruminants. 

What distinguishes these species is their body size (the eland is the biggest, followed by 

the wildebeest and then the impala) and their feeding strategy (the eland and impala are 

mixed feeders, and the wildebeest is a grazer). Studies looking into the relevance of the 

distinction between feeding strategies have found that it does not alter the relationship 

between diet quality and body mass (Codron et al., 2007; du Toit & Olff, 2014; Redfern et 

al., 2006). In other words, the mixed feeder/grazer distinction should not override body 

mass. This means that between these three species what predicts the food quality and 

quantity needed is body size. According to the Jarman-Bell principle the biggest species 

will need to consume larger quantities of forage, while smaller animals need higher 

quality forage (Bell, 1970; Duncan, 1990; Jarman, 1974). Therefore, the eland should have 

the second largest net displacements, which is what was observed. According to the 

principle the wildebeest should have bigger net displacements than the impala, due to its 

larger body size. However, the wildebeest has the smallest net displacements in periods 

2 and 3. What could be occurring is that the impala, because of its small body size, needs 

high quality forage, which might be spaced apart more. Therefore, the impala might have 

bigger net displacements than the wildebeest because it needs to walk more to find these 

higher quality more spaced apart resources.   

During the study we have focused on displacements related to foraging. However, with 

just the GPS data we cannot distinguish between foraging movements, and other 

movements related to disturbances and social behavior. Therefore, in future studies 

looking at these types of questions we advise including the relationship between high 

frequency GPS movement data and behavior scores done on the collared animals, in order 

to develop a classification method to infer behavior from location data (Spink et al., 2013; 

de Weerd et al., 2015). By relating behavior with the movement data, one can develop a 

model that can discriminate movement data that exclusively describes the animal’s 

foraging behavior. Furthermore, it would also help to better understand introduced 

animal movement and behavior as it would allow the distinction between foraging and 

exploratory movements, as introduced animals are expected to invest more time in 

exploring the new environment (Brown 1999). 

This is the first study looking at movements of introduced and resident animals 

even though this kind of research could greatly help in understanding how animals adapt 

to novel environments. From an applied point of view this knowledge is crucial for 

reintroductions aiming at ecosystem restoration and species conservation. The fact that 

there was no difference in movement between the species is a possible indication that 

these species conceivably acclimatized to the new habitat. However, future studies should 



                                                                    

 

 
 

aim at collaring and introducing all the animals closer together so that it all occurs within 

one season. This would also prevent disturbing the already collared animals on the 

reserve every time there is an introduction or collaring. A bigger less disturbed study area 

is also advised. Nevertheless, we were able to get an insight into how these species move 

across the habitat. 

 

CONCLUSIONS 

 

Through this study we concluded that the factor that best described the animal’s 

movements in the reserve is species. The random factors sex and time of day did not lead 

to a smaller AIC (Appendix 2). Sex probably didn’t add to the model because introduced 

females we expected to integrate into existing herds, leading to their movements 

resembling that of resident animals faster compared to that of the males. However, since 

origin was not significant, this probably led to the animal’s sex not bettering the model. 

Time of day likely did not make for a better model because of the reduced activity during 

the hottest hours of the day and at night (animals are most active during the sunrise and 

sunset). The fixed factor origin (resident or introduced) was not significant in any of the 

periods (we could only include the zebra and eland in period 1, so we do not know how 

these species moved within the first two weeks of being introduced). We cannot be sure if 

this happened because of very rapid acclimatization of the species because of the small 

scale of the reserve, or whether the amount of stress in both the introduced and resident 

animals led to altered movements for both in period 1.  

Movements did differ between the species, with the zebra having the biggest net 

displacements probably because it is a hindgut fermenter needing to invest more time in 

foraging and therefore needing to walk more to encounter enough grass. The eland had 

the second biggest net displacements possibly because of its large body size. The 

wildebeest had the smallest net displacements in periods 2 and 3, presumably because of 

the small body size of the impala, which needs higher quality forage that is likely more 

spread apart. Distinguishing behaviors related to foraging, exploration and disturbances 

would clarify animal movements in a follow up study.  

This is the first time such a study was done and therefore there is room for 

improvement however, seeing as the introduced animals did not differ in their movements 

from the residents, possibly suggesting acclimatization, such methods could be used to 

monitoring if reintroduced animals are adapting to the novel environment. This is 

especially important as introductions are essential for ecosystem conservation, but often 

fail without the reason being clarified.  
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APPENDIX 

 

 

 

 

  

Appendix 1. Examples of histograms of the four species for the time periods. We 

could not show all histograms; therefore, we present four that encompass one of each species 

and one of each period for time frame 120 minutes, to show that the data is normally 

distributed across the species and periods so that we could do the mean of the log transformed 

net displacements (the goal is not to compare the histograms). 

 

which allowed us to do the mean of the log transformed net displacements s.  

 



                                                                    

 

 
 

 

 

 

 

 

 

 

 

 Period 1 Period 2 Period 3 Period 4 

Time 

frame 

model 

1  

(AIC) 

model  

2 

(AIC) 

model 

3 

(AIC) 

model 

1  

(AIC) 

model  

2 

(AIC) 

model 

3 

(AIC) 

model 

1 

 (AIC) 

model  

2 

(AIC) 

model 

3 

(AIC) 

model 

1  

(AIC) 

model  

2 

(AIC) 

model 

3 

(AIC) 

30 59.648 73.072 73.072 30.253 93.635 93.441 101.059 120.403 120.403 40.288 81.250 81.250 

60 93.330 104.268 104.268 80.679 127.203 127.203 131.522 146.465 146.465 58.831 93.017 93.017 

90 107.452 120.275 120.275 108.686 148.233 148.233 154.775 172.243 172.243 71.135 107.545 107.545 

120 116.861 130.785 130.785 130.497 165.191 165.191 168.141 189.803 189.803 77.116 119.823 119.798 

240 140.186 160.903 160.903 167.114 192.755 192.755 178.752 219.589 219.589 99.366 148.522 148.431 

600 90.095 165.507 165.506 112.110 179.897 179.897 133.229 243.154 243.154 99.173 176.440 176.134 

720 80.972 165.185 165.163 64.570 175.239 175.239 104.230 245.749 245.749 89.456 181.537 181.229 

960 76.897 151.879 151.790 63.959 174.165 174.165 124.624 249.617 249.617 72.583 173.201 172.988 

1200 94.602 145.497 145.474 82.325 189.815 189.815 149.202 253.978 253.978 65.572 168.026 167.858 

1440 110.403 162.101 162.073 114.375 220.733 220.733 154.451 257.059 257.059 78.863 169.686 169.452 

Appendix 2. Summary of linear mixed effects model comparisons. Best fitting models are highlighted. The Akaike’s 

information criterion (AIC) is shown for the for models (model 1 – model 3) for each time frame (30 minutes – 1440 minutes) 

and time period (period 1 – period 4). Model 1 (Origin and species as fixed factors and individual animal ID as random 

factor). All deltaAIC (AIC model 2 or 3 – AIC model 1) are larger than 10, and therefore have no support and can be omitted 

from further consideration (Burnham & Anderson, 2003).  



                                                                    

 

 
 

 

 

  30 60 90 120 240 600 720 960 1200 1440 

Period 1           

Eland-Zebra -1.052 -1.298 -1.383 -1.307 -1.145 -1.075 -1.162 -1.304 -1.043 -0.534 

Eland-Impala 0.104 0.174 0.252 0.351 0.556 0.710 0.601 0.500 0.596 0.621 

Eland-Wildbeest 1.872 1.880 1.786 1.763 1.703 1.323 1.059 0.754 0.441 0.411 

Zebra-Impala 1.081 1.227 1.297 1.299 1.256 1.384 1.409 1.376 1.178 0.795 

Zebra-Wildebeest 2.712 2.916 2.865 2.739 2.419 2.163 2.127 1.933 1.144 0.621 

Impala-Wildebeest 0.770 0.634 0.528 0.446 0.219 0.301 0.328 0.060 -0.365 -0.507 

Period 2           

Eland-Zebra -0.997 -1.151 -1.194 -1.185 -1.081 -1.111 -1.121 -1.001 -0.631 -0.368 

Eland-Impala 0.132 0.276 0.372 0.476 0.611 0.617 0.544 0.540 0.686 0.720 

Eland-Wildbeest 1.049 1.190 1.232 1.207 0.921 0.404 0.311 0.284 0.389 0.347 

Zebra-Impala -1.196 -1.500 -1.667 -1.768 -1.840 -2.113 -2.070 -1.792 -1.539 -1.191 

Zebra-Wildebeest -1.837 -2.205 -2.348 -2.343 -2.094 -1.701 -1.534 -1.405 -1.347 -0.913 

Impala-Wildebeest 0.671 0.667 0.602 0.495 0.030 -0.101 -0.082 -0.251 -0.359 -0.549 

Period 3           

Eland-Zebra -0.338 -0.444 -0.362 -0.307 -0.179 -0.124 -0.056 0.064 0.195 0.354 

Eland-Impala 0.113 0.108 0.201 0.272 0.552 0.374 0.162 0.286 0.339 0.741 

Eland-Wildbeest 1.428 1.604 1.755 1.807 1.527 0.976 0.949 0.970 0.775 0.806 

Zebra-Impala -1.191 -0.543 -0.557 -0.537 -0.463 -0.284 -0.144 -0.041 -0.002 0.017 

Zebra-Wildebeest -1.108 -1.284 -1.234 -1.139 -0.815 -0.609 -0.558 -0.434 -0.277 -0.056 

Impala-Wildebeest 1.438 1.431 1.325 1.244 1.081 0.931 0.900 0.573 0.320 0.183 

Period 4           

Eland-Zebra -0.385 -0.498 -0.678 -0.745 -0.803 -1.005 -1.136 -1.581 -1.993 -2.238 

Eland-Impala 0.427 0.520 0.539 0.569 0.598 0.550 0.514 0.450 0.451 0.299 

Eland-Wildbeest 1.008 1.265 1.213 1.193 0.996 0.398 0.212 -0.117 -0.523 -0.961 

Zebra-Impala -0.721 -0.885 -1.000 -1.043 -1.088 -1.162 -1.185 -1.259 -1.240 -1.081 

Zebra-Wildebeest -1.273 -1.626 -1.754 -1.768 -1.622 -1.343 -1.337 -1.335 -0.996 -0.476 

Impala-Wildebeest -0.135 0.012 0.026 -0.028 -0.153 -0.549 -0.583 -0.706 -0.828 -0.907 

Appendix 3. Cohen’s D for the species in the time periods and time frames. Black = large effect size. Grey = medium 

effect size. Orange = small effect size. Red = Negligible.  


