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1 Abstract 

 

Animals in captivity can be deprived of performing some of their natural behaviours. 

Using enrichments may allow them to express a larger part of species-specific behaviour 

repertoire and with a better frequency distribution. This study focuses on three species of 

the family Herpestidae which live in captivity at Bioparc Valencia (Spain). The project 

aims to study the effect of environmental enrichment on the behaviour of meerkats, 

banded mongooses and dwarf mongooses in human care. To achieve this goal two 

different types of enrichments were tested: (1) a food enrichment with several variations 

and (2) an olfactory enrichment with the presentation of two new odours. The food 

enrichment aimed to increase foraging behaviour and the olfactory enrichment aimed to 

test if captive animals behave differently in the presence of a predator’s odour compared 

to a non-predator’s odour. Results revealed that foraging can increase up to 16% 

implementing enrichments and that success depends on the presence and quantity of food. 

On the other hand, animals did not seem to behave differently in the presence of both 

odours. The frequencies of behaviours and time spent interacting did not differ between 

these olfactory enrichments. I conclude that implementing enrichment programmes may 

ensure better welfare for captive animals. 

 

2 Introduction 

 

Animals in captivity can be deprived of performing some of their natural behaviours. 

Using enrichments may allow them to express a larger part of species-specific behaviour 

repertoire and with a better frequency distribution. Shepherdson (1994) stated: 

‘behavioural opportunities that may arise or increase as a result of environmental 

enrichment can be appropriately described as behavioural enrichment’. Furthermore, 

some carnivore species, such as the ones included in this study, feed mostly on 

invertebrates spending most of their time foraging (Doolan & Macdonald, 1996), which 

indicates how important it is to take measures to ensure that such behaviour can be 

expressed by animals living in human care settings. Therefore, offering captive animals 

different types of enrichments in their exhibits will promote certain behaviours and this 

will improve the biological functioning of these captive animals (Newberry, 1995). 

Moreover, environmental enrichment can increase the animals’ ability to manage 
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challenges and their positive use of the environment and decrease frequencies of 

abnormal behaviour (Young, 2003). These enrichments can be food-based, sensory-based 

and manipulative-based (Bolgan et al., 2009). According to the literature, devices that 

dispense food will be highly attractive to animals (Young, 2003). The enrichments aim at 

achieving the full expression of natural behaviour patterns (Young, 2003) and to increase 

activity levels (Bolgan et al., 2009) in captive animals. Multiple studies have analysed the 

effects of enrichments in species such as elephants (Greco et al., 2016), primates (Dickie, 

1998; Renner et al., 2000), marine mammals (Clark, 2013), bears (Law & Reid, 2010), 

tigers (Szokalski et al., 2012), lions (Martínez-Macipe et al., 2015), sea turtles (Therrien 

et al., 2007) or birds (Robbins & Margulis, 2016).  

The present study focused on meerkats (Suricata suricatta), banded mongooses (Mungos 

mungo) and dwarf mongooses (Helogale parvula). These species are included in the 

family Herpestidae, which consist of 14 genera and 33 species found in southern Asia, 

the East Indies, Africa and Europe (Bothma, 1998; Nowak, 1999). All three species live 

in the African continent in social groups or packs in semi-deserts, savannahs or open 

woodland regions (Bothma, 1998), with warm climates where animals can find their 

optimal temperatures between 20 – 25ºC (AZA Small Carnivore TAG, 2011). They have 

in common that they are terrestrial and diurnal (Lynch, 1980; AZA Small Carnivore TAG, 

2011). Of the three species, banded mongooses are the biggest with a head-body length 

of 30.0 – 45 cm for an adult individual, followed by meerkats with 24.5 – 35 cm and 

finally by dwarf mongooses with 18.0 – 26 cm (AZA Small Carnivore TAG, 2011).  

Dwarf mongooses usually live in small packs of eight to nine individuals on average, 

whereas banded mongooses and meerkats commonly form packs between 10 – 20 

individuals, although bigger groups can be found as well (AZA Small Carnivore TAG, 

2011). The social structure of three species is multigenerational (AZA Small Carnivore 

TAG, 2011). Even though there is a dominant breeding pair, it is the female that actually 

leads the pack, as a matriarch. In addition to their offspring, the pack may also include 

unrelated immigrants that also assist in the raising of the pups.  Other females than the 

dominant one in the colony may get pregnant and give birth to pups if resources allow it 

(AZA Small Carnivore TAG, 2011). Another similarity between these three species is 

their wide diet, mainly composed of invertebrates (Lynch, 1980; Grobler et al., 1984; 

Rasa, 1987; Doolan & Macdonald, 1996; Kingdon, 1997; Bothma, 1998; Ross-Gillespie 

& Griffin, 2007; AZA Small Carnivore TAG, 2011). The fact that such food is 
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unpredictable and scattered requires the animals to spend a lot of time searching for their 

prey (Rasa, 1989).  

This project aims to study the effect of environmental enrichment on the behaviour of 

meerkats, banded mongooses and dwarf mongooses in human care. To achieve this goal 

two different types of enrichments were tested: (1) a food enrichment with several 

variations and (2) an olfactory enrichment with the presentation of two new odours. The 

food enrichment aimed to increase foraging behaviour, in e.g. meerkats, this is the most 

common activity in the wild (Doolan & Macdonald, 1996; Clutton-Brock et al., 1998; 

Thornton et al. 2008). Meerkats in the Kalahari spend between 5 to 8 hours per day 

foraging (Clutton-Brock et al., 1999). On the other hand, the olfactory enrichment aimed 

to test if captive animals behave differently in the presence of a predator’s odour 

compared to a non-predator’s odour. Although there have been several approaches to 

study the effect of different enrichments with captive meerkats, as far as I am aware, less 

is known with captive banded mongooses and dwarf mongooses.  

 

3 Materials and methods 

 

3.1 Animals and management 

 

This study focuses on three species of the family Herpestidae (meerkat, banded 

mongoose and dwarf mongoose), which are small terrestrial carnivores that live in social 

groups. The three target groups live in Bioparc Valencia (Spain) and they were studied 

between June and November 2019.  

The group of meerkats (Suricata suricatta) was formed by 17 individuals, 7 females and 

10 males, with ages between 5 and 10 years. In September, the group was reduced to 15 

individuals, 6 females and 9 males, due to the transfer of one female and one male to 

another zoo.  All individuals were born in Bioparc Valencia and in the group, there was 

not any breeding pair since the death of the alpha male a few months before the 

experiment. The meerkats' exhibit consisted of two enclosures, one indoor, where the 

animals were housed during the night and without access for visitors and an outdoor, 

where animals were on public display. In the outside exhibit two main areas were 

distinguished, one of which was elevated and full of soil that allowed the meerkats to dig 
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tunnels and burrows and a lower one covered by a thinner layer of soil and being very 

close to the visitors. The area is devoid of vegetation or other elements. The meerkats 

remained in the outdoor enclosure from 10:00 until 19:00 or 20:00, depending on the time 

of the year, when they were transferred to the inside exhibit. Meerkats were not allowed 

to enter the inside exhibit during daytime except for rainy days or days with low 

temperatures. The zookeepers fed them in the inside exhibit before and after their release 

to the outside exhibit. Also, some mealworms (larvae of Tenebrio molitor) were thrown 

into the outdoor enclosure around 11:30 each day. Furthermore, to increase their activity, 

the zookeepers destroyed their tunnels every day, so the meerkats had to rebuild them 

again. 

The group of banded mongooses (Mungos mungo) was formed by 6 adult individuals, 4 

males and 2 females, with ages between 5 and 14 years, and 6 juveniles, 3 months old 

when the study began in June. A new litter of 4 cubs was born at the end of the study but 

they were not included in the experiment. In the group of banded mongooses, there was 

a breeding pair that was the alpha pair. All adult individuals came from different zoos, 

but the juveniles were born in Bioparc Valencia. Like most animals in the zoo, the banded 

mongooses had an indoor and an outdoor exhibit. The outside one had vegetation, logs 

and soil substrate where banded mongooses could dig burrows. The same schedule and 

procedure, as with the meerkats, was followed by the zookeepers, including the feeding 

schedule and the time that animals spend on the outside enclosure, with the exception that 

the banded mongooses were allowed to enter the indoor exhibit during the study.  

The group of dwarf mongoose (Helogale parvula) was formed by 6 individuals, 4 males 

and 2 females, with ages between 3 and 14 years. All animals were related, and born in 

Bioparc Valencia, except the youngest female, age 3, that was born in another zoo. She 

was introduced to the group 2 years before this study and has now formed an alpha pair 

with one of the resident males. The dwarf mongooses had an indoor and an outdoor 

exhibit as well. In the outside exhibit, the area was covered with a soft substrate that 

allowed digging, and there were an artificial termite mound and two artificial tree logs, 

but with no vegetation. Again, the zookeepers followed the same schedule and procedure 

that they did with the other species of mongooses. The group was not allowed to enter the 

indoor enclosure during the study.  
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3.2 Behaviour observations 

 

To study how the animals of all three species responded to the new enrichments, a number 

of behavioural states were identified; they are presented in Table 1. This ethogram was 

designed according to the information obtained from preliminary observations and 

inspired by Habicher’s (2009) ethogram. The behaviour data were collected during 1-

hour sessions, following a scan sampling method with one-minute intervals (Altmann, 

1974). Since the individual animals could not be distinguished, at each scan sample only 

the number of animals engaged in the different behaviour states was counted; 

subsequently, the numbers for each behaviour were summed for the whole session. This 

same method was used for each of the three studies mentioned in the next sections 

(baseline study, food enrichment study and olfactory enrichment study). In addition to 

this, the number of aggressions, e.g. when individuals tried to bite others while fighting 

for the food enrichment, was recorded. Finally, as another measure of the effect of the 

enrichments, the total time that animals (irrespective of the number of animals) interacted 

with the enrichments was recorded using a chronometer. 

Table 1. Ethogram used for recording baseline behaviours in meerkats, banded 

mongooses and dwarf mongooses. 

Behaviour Description 

Digging (DIG) Using one or two paws to move the sand while having the hind legs widely spread. 
 

Resting (RES) Either the individual is sitting or lying without being involved in other activities. 

 

Moving (MOV) Move from one place to another. Regardless of the speed. 
 

Foraging (FOR) Searching widely for food digging in the ground with its paws. 
 

Grooming (GRO) Cleaning its fur. 

 

Allogrooming (ALO) 
 

Cleaning the fur of another individual.  

Vigilant (VIG) 
 

Observing the surroundings for possible threats. Sentinel.  
 

Sunbathe (SUN) 

 

Having a posture directed toward the sunlight.  

Playing (PLA) 
 

When two or more individuals interact by chasing, biting or pushing each other.  

Interacting with 
enrichment (ENR)* 
 

The individual is having physical contact with the enrichment.  

Other behaviours 
(OTH) 
 

Behaviours not defined in the ethogram.  

Out of sight (OOS) 
 

The animal cannot be seen by the observer. 

*The category ‘interacting with enrichment’ was only considered in the enrichment study.  



 

6 
 

 

3.3 Behaviour baseline study 

 

Before the experiment, I did a behaviour baseline study to use as a control. The goal was 

to see how animals behaved before presenting them the food enrichment. In this way, I 

could compare for example if foraging will increase or decreased depending on the 

absence/presence of the ‘foraging tube’ (see below). In total, 30 hours of observations 

were carried out for each of the three species (15 hours between 10:00 – 13:00 and 15 

hours between 16:00 – 19:00). 

 

3.4 Food enrichment study 

 

In this experiment, a cardboard tube 76.5 x 80.0 x 750 mm with two black caps at the 

ends was used (Figure 1). 13 holes of 40 mm in diameter were randomly made along the 

entire tube. Once the tube was ready, it was filled with hay. This enrichment was named 

the “foraging tube” and aimed to simulate a tree trunk for stimulating foraging behaviour. 

It was presented with three different variations. The first one was the tube with hay acting 

as a potential object to forage. In the other two, mealworms (larvae of Tenebrio molitor) 

were added into the hay, which could only escape or be accessed by the animals through 

the holes. The difference between these two versions was the number of mealworms, one 

being the double of the other (see below). These two food variations aimed to analyse 

how different quantities of food might affect behaviour. In summary: variation 1 (VA1) 

was without food, variation 2 (VA2) was with mealworms and variation 3 (VA3) was 

with the double number of mealworms re. to VA2. Each of the species had its own tube. 
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a. Meerkats

 

b. Banded mongooses 

 

c. Dwarf mongooses 

  

 

Figure 1. The group of meerkats (a.), banded mongooses (b.) and dwarf mongooses (c.) 

interacting with the “foraging tube”.  

The number of mealworms was agreed with the veterinary team, who was responsible for 

designing animal diets. Size and number of individuals in each study group were 

considered when deciding the number of mealworms. For meerkats and banded 

mongooses, variation 2 consisted of 50 mealworms (approximately 5 grams) and for 

dwarf mongooses of 25 mealworms (approximately 2,5 grams). Consequently, variation 

3 consisted of 100 mealworms (approx. 10 grams) for meerkats and banded mongooses 

and 50 mealworms (approx. 5 grams) for dwarf mongooses. It was decided to keep low 

quantities for not interfering with their usual diets. Live mealworms were inserted into 

some of the holes, selected randomly. Small vibrations and noises were applied to them 

to elicit an escape response in the mealworms so that they used the hay as security and 

disappeared inside the tube.  

The foraging tube was presented 30 times in total, which means 10 trials of 3 variations 

each. In each trial, the order of presentation of each variation was determined with the 

random sequencing tool in Excel (Microsoft Office Professional Plus 2016), with the 
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additional provision that two equal variations following each other in subsequent trials 

were avoided. The presentation was always done at the same time of the day to avoid 

unknown diurnal factors. For meerkats, the presentation was made at 15:30, for banded 

mongooses at 16:45 and dwarf mongooses at 18:00. The enrichment was always 

presented in the same place of the enclosure and after 1 hour it was removed. Rainy days 

were avoided since some of the animals had access to the indoor exhibit and therefore 

may not notice the presence of the enrichment.  

The enrichment study focussed on the effectiveness of the enrichments at group level, as 

it was not possible to distinguish all individuals. The same scan sampling method 

described above was used to record how animals behave in the presence of the 

enrichment. Also, as a method of testing the success, it was recorded the total time that 

animals (irrespective of the number of animals) interacted with the enrichment using a 

chronometer. Apart from this, the number of aggressions (when individuals tried to bite 

others while fighting for the enrichment) was recorded by writing down the number of 

these events in a notebook. The same method was replicated with the three species.  

 

3.5 Olfactory enrichment study 

 

To test the effects of olfactory enrichment, two odours unfamiliar to all the study animals 

were used. To resemble as much as possible what they might encounter in their natural 

habitat, these two odours were from two different species that they could encounter in the 

wild. The two species selected were a predator, the hyena (Crocuta crocuta), and a 

herbivore, the elephant (Loxodonta africana). The presentation of the smells was done by 

placing one sample of excrements from one of these two species in their enclosure. The 

procedure was to take a fresh sample of excrement the same day of the presentation while 

the zookeepers were cleaning the indoor exhibit. The experiment was carried out in ten 

1-hour sessions for each odour and each of the three species. To avoid rapid habituation 

to the stimulus, a minimum of 3 days was maintained between each of the 10 

presentations, which were always done between 10:00 – 13:00. In handling the faecal 

samples, the necessary protocols were followed to avoid contaminating the samples, i.e. 

using plastic gloves and plastic bags to store the sample.  

Same as with the food enrichment, the olfactory study focussed on the effectiveness of 

the enrichments at group level. The scan sampling method, previously described, was 
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used to record their behaviour in the presence of both odours. The time spent interacting 

with each olfactory enrichment was also recorded. The same method was replicated with 

the three species. 

 

3.6 Statistical analysis 

 

The same statistical analyses have been applied to each of the three species.  

A One-Way ANOVA statistical test was run in the following analyses:  

• To compare differences in the behavioural response to the presence of the food 

enrichment. The aim was to analyse the effect of the food enrichment on the 

behaviour of animals and how it affects ‘foraging’ behaviour. Each group of 

animals was treated as two independent groups, one in the absence of the 

enrichment and another in the presence of the enrichment. Thirty 1-hour 

observations were recorded in each situation. The presence/absence of the 

enrichment was used as the independent variable and each of the behaviours as 

the dependent variables.  

 

• To compare behaviours in the presence of the three variations of the food 

enrichment (VA1 - without food, VA2 - with mealworms and VA3 - with the 

double number of mealworms). The aim was to analyse if the number of 

mealworms in the ‘foraging tube’ influenced the number of individuals 

performing a certain behaviour. Each group of animals was treated as three 

independent groups based on each of the three variations of the food enrichment. 

For each of these three groups, ten 1-hour observations were recorded. Each 

variation of the food enrichment was used as the independent variable and each 

of the behaviours as the dependent variables.  

 

• To compare behaviours in the presence of the two different olfactory enrichments. 

The aim was to analyse if the odour of a predator (hyena) and the odour of an 

herbivore (elephant) influenced the number of individuals performing a certain 

behaviour. Each group of animals was treated as two independent groups based 

on the two odours. For each of these two groups, ten 1-hour observations were 
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recorded. The presence of the odours was used as the independent variable and 

each of the behaviours as the dependent variables.  

 

• To compare the time spent interacting with the three different variations of the 

food enrichment. The aim was to analyse if the animals spent more time 

interacting with the enrichment if there were more mealworms in the tube. Each 

group of animals was treated as three independent groups based on the three 

variations of the food enrichment. For each of these three groups, ten 1-hour 

observations were recorded. Each variation of the food enrichment was used as 

the independent variable and the time spent interacting with the enrichment as the 

dependent variable. 

 

• To compare the time spent interacting with the two different variations of the 

olfactory enrichment. The aim was to analyse if the animals spent more time 

interacting with the enrichment depending on the odour. Each group of animals 

was treated as two independent groups based on the two odours. For each of these 

two groups, ten 1-hour observations were recorded. The presence of each of the 

odours was used as the independent variable and the time spent interacting with 

the enrichment as the dependent variable.  

 

• To compare the number of aggressions with the three different variations of the 

food enrichment. The aim was to analyse if aggressions were more frequent if 

there were more mealworms in the tube. Each group of animals was treated as 

three independent groups based on each of the three variations of the food 

enrichment. For each of these three groups, ten 1-hour observations were 

recorded. Each variation of the food enrichment was used as the independent 

variable and the number of aggressions recorded as the dependent variable.  

In analysis with more than two pairs of means, a post-hoc Scheffe test was run to find out 

which pairs were significantly different. P-values of <0.05 were treated as significant. All 

statistical tests were performed using IBM SPSS Statistics 25.  

Graphics were made using Word tools (Microsoft Office Professional Plus 2019).  

All the complete data used to obtain the results can be seen in Appendix 1. 
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4 Results 

 

4.1 Meerkats 

 

4.1.1 The behavioural responses to the presence of the “foraging tube” 

 

I hypothesized that the presence of the food enrichment would change the way meerkats 

behave and in particular that foraging would increase. A One-Way ANOVA test was used 

to analyse differences in the behavioural response to the presence of the food enrichment 

by comparing the means of the total number of individuals per hour engaged in the 

selected behaviours in each situation (Table 2).  

 

Table 2. Means (M) and Standard Deviations (SD) of the total number of meerkats per 

hour engaged in the selected behaviours, without enrichment (Baseline) and with the food 

enrichment (means for VA1-3 in the ‘foraging tube’ experiment; cf. Table 3). Baseline: 

number of meerkats =17. With the food enrichment: number of meerkats=15. ‘N’ 

indicates the total number of 1-hour observations.  

 Baseline study (Absence of Enrichment) 

(N=30) 

Presence of Enrichment 

(N=30) 

Variable M SD M SD 

Digging 62.97 39.93 27.00 21.22 

Resting 114.67 133.91 76.57 63.73 

Moving 224.30 109.75 108.90 31.29 

Foraging 118.23 65.86 106.63 24.96 

Grooming 12.33 9.74 17.27 11.43 

Allogrooming 21.73 30.57 28.90 20.31 

Vigilant 239.63 118.61 195.23 38.81 

Sunbathe 78.93 71.45 109.90 58.01 

Playing 31.70 52.40 74.17 51.11 

Enrichment 0.00 0.00 82.53 40.74 

Others 2.23 5.88 0.53 1.22 

Out of Sight 113.27 52.89 72.37 37.69 

 

 

In line with my hypothesis, the ANOVA analysis showed that some behaviours changed 

significantly in the presence of the food enrichment. These behaviours were ‘digging’, 

‘moving’, ‘playing’ and ‘out of sight’ (Figure 2). While ‘digging’, ‘moving’ and ‘out of 

sight’ decreased in the presence of the food enrichment, ‘playing’ increased. Since 

“Interacting with the enrichment” was indeed a foraging behaviour, it should be added to 
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“foraging” when evaluating the effect of the enrichment. This brings the foraging 

category up to 21% of all behaviours (‘foraging’ -mean 106.63, 11.9%- + ‘interacting 

with the enrichment’ -mean 82.53, 9.2%-), whereas the proportion of foraging during 

baseline was 11.6% (mean 118.23), i.e. 9.4% lower than in the presence of the “foraging 

tube”.  

 

 

Figure 2. Means of the total of meerkats recorded performing each of the behaviours 

separated by the absence/presence of the food enrichment. Asterisks indicate p<0.05 (*).  

 

4.1.2 Behavioural responses to the three food enrichment treatments 

 

I hypothesized that the number of mealworms would change the way meerkats behave. A 

One-Way ANOVA test was used to analyse differences in the behavioural response to 

the presence of different numbers of mealworms inside the food enrichment by comparing 

the means of the total number of individuals per hour engaged in the different behaviours 

in each treatment (Table 3). 
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Table 3. Means (M) and Standard Deviations (SD) of the total number of meerkats per 

hour performing each of the selected behaviours, in each of the three food enrichment 

treatments (VA1 - without food, VA2 - with 50 mealworms and VA3 - with 100 

mealworms). ‘N’ indicates the total number of 1-hour observations.  

 VA1 - without food 
(N=10) 

VA2 - 50 mealworms  
(N=10) 

VA3 - 100 mealworms 
(N=10) 

Variable M SD M SD M SD 

Digging 19.50 16.92 31.00 23.97 30.50 22.27 

Resting 126.80 84.87 40.60 22.45 62.30 30.20 

Moving 118.00 41.29 90.10 24.42 118.60 16.24 

Foraging 96.80 12.52 112.00 24.71 111.10 32.84 

Grooming 23.00 15.03 12.30 5.83 16.50 9.82 

Allogrooming 34.30 30.46 26.50 16.30 25.90 9.31 

Vigilant 188.00 34.85 184.10 24.73 213.60 49.57 

Sunbathe 105.90 57.63 159.40 29.55 64.40 40.11 

Playing 84.40 55.98 73.00 64.00 65.10 31.27 

Enrichment 40.60 18.56 86.40 30.44 120.60 22.26 

Others 1.40 1.84 0.10 0.32 0.10 0.32 

Out of Sight 61.30 29.27 84.50 43.35 71.30 39.25 

 

 

In line with my hypothesis, the different number of mealworms affected some behaviours. 

The One-Way ANOVA test showed that there were significant differences in ‘resting’, 

‘sunbathe’, ‘interacting with the enrichment’ and ‘out of sight’ (Figure 3). Subsequently, 

the post-hoc Scheffe test showed which were the pairs with significant differences. For 

‘resting’ it was between VA1-VA2 and VA1-VA3, for ‘sunbathe’ it was between VA1-

VA2 and VA2-VA3, for ‘interacting with the enrichment’ it was between VA1-VA2, V1-

VA3 and VA2-VA3, and for ‘other behaviours’ it was between VA1-VA2 and VA1-VA3. 

In line with the hypothesis, the  meerkats interacted more with the enrichment if there 

were more worms in the tube. 
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Figure 3. Means of the total number of meerkats per hour performing each of the selected 

behaviours in the three different food enrichment treatments (VA1 - without food, VA2 - 

with 50 mealworms and VA3 - with 100 mealworms). Asterisks indicate p<0.05 (*).  

 

4.1.3 Behavioural response to the two odour treatments 

 

I hypothesized that meerkats would behave differently in the presence of the hyena odour 

(potential predator) compared to the elephant odour (herbivore). A One-Way ANOVA 

test was used to analyse differences in the behavioural response to the presence of these 

odours by comparing the means of the total number of animals per hour engaged in the 

selected behaviours in each treatment (Table 4). 
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Table 4. Means (M) and Standard Deviations (SD) of the total number of meerkats per 

hour performing each of the selected behaviours in the two different olfactory enrichment 

treatments (hyena and elephant odours). ‘N’ indicates the total number of 1-hour 

observations.  

 Elephant odour 
(N=10) 

Hyena odour 
(N=10) 

Variable M SD M SD 

Digging 5.80 3.74 8.60 9.30 

Resting 175.60 112.10 127.50 65.28 

Moving 89.40 20.54 104.40 13.75 

Foraging 118.90 28.52 133.00 25.87 

Grooming 10.90 6.30 6.90 3.28 

Allogrooming 26.50 14.60 19.40 2.99 

Vigilant 167.10 41.83 197.50 24.17 

Sunbathe 117.60 33.79 142.20 18.38 

Playing 110.40 63.88 65.00 63.38 

Enrichment 7.10 9.72 17.60 28.88 

Others 1.20 1.03 1.00 0.81 

Out of Sight 69.50 14.17 76.90 35.96 

 

Contrary to the hypothesis, the hyena odour (predator) and the elephant odour (non-

predator) triggered similar responses in this group of meerkats as the ANOVA test did 

not show any significant result between behaviours in both treatments (all p-values > 

0.05) (Figure 4).  

 

Figure 4. Means of the total number of meerkats per hour performing each of the selected 

behaviours in the two different odour treatments. There were no significant differences 

between the treatments. 
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4.1.4 Time spent interacting with the food enrichments 

 

I hypothesized that meerkats would spend more time interacting with the food enrichment 

when a higher number of mealworms was placed in the tube. A One-Way ANOVA test 

was used to analyse differences in the interaction with the enrichment by comparing the 

means of the time spent interacting in all presentations recorded in each treatment (Table 

5).  

Table 5. Means (M) and Standard Deviations (SD) of the total time per hour spent by the 

meerkats, irrespective of number, interacting with the food enrichment in the three 

treatments (VA1 - without food, VA2 – with 50 mealworms and VA3 - with 100 

mealworms). ‘N’ indicates the total number of 1-hour observations.  

 VA1 - without food 

(N=10) 

VA2 - 50 mealworms  

(N=10) 

VA3 - 100 mealworms 

(N=10) 

Variable M SD M SD M SD 

 

Time (s) 

 

576.60 

 

153.05 

 

1317.50 

 

455.29 

 

1646.80 

 

367.28 

 

 

In line with my hypothesis, meerkats spent more time interacting with the enrichment 

when there were more mealworms in the tube. First, the ANOVA analysis showed 

significant differences. Subsequently, the post-hoc Scheffe test showed that VA1 was 

significantly different from VA2 and VA3 (Figure 5). 

 

 

Figure 5. Means of the total time per hour spent by the meerkats, irrespective of number, 

interacting with the food enrichment in the three treatments (VA1 - without food, VA2 – 

with50 mealworms and VA3 - with 100 mealworms). Asterisks indicate p<0.05.  
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4.1.5 Time spent interacting with the olfactory enrichments 

 

I hypothesized that the meerkats would spend more time interacting with the odour of a 

non-predator such as the elephant and less time with that of a predator such as the hyena 

which would indicate a possible threat. A One-Way ANOVA test was used to analyse 

differences in the interaction with the enrichment by comparing the means of the total 

time per hour spent interacting with the odours in each treatment (Table 6).  

 

Table 6. Means (M) and Standard Deviations (SD) of the total time per hour spent by the 

meerkats, irrespective of numbers,  interacting with the olfactory enrichments in the two 

treatments (hyena and elephant excrements). ‘N’ indicates the total number of 1-hour 

observations.  

 Elephant odour 

(N=10) 

Hyena odour 

(N=10) 

Variable M SD M SD 

 

Time (s) 

 

230.30 

 

219.37 

 

315.20 

 

333.69 

 

 

Contrary to the hypothesis, the ANOVA test showed that the meerkats did not show any 

significant difference in time interacting with the two odours test (Figure 6).  

 

Figure 6. Means of the total time per hour spent by the meerkats interacting with the 

olfactory enrichment in the two treatments (VA1 – elephant odour and VA2 – hyena 

odour). There was no significant difference between the treatments. 
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4.1.6 Number of aggressions in the presence of the food enrichment 

 

I hypothesized that the number of aggressions would be higher if there were mealworms 

in the tube, leading to a competition for food. A One-Way ANOVA test was used to 

analyse differences in the frequency of aggression by comparing the means of the number 

of aggressions per hour in the three different food enrichment treatments (Table 7). 

Table 7. Means (M) and Standard Deviations (SD) of the total number per hour of 

aggressions recorded in the group of meerkats in the three different food enrichment 

treatments (VA1 - without food, VA2 - with 50 mealworms and VA3 - with 100 

mealworms). ‘N’ indicates the total number of 1-hour observations.  

 VA1 - without food 
(N=10) 

VA2 - 50 mealworms  
(N=10) 

VA3 - 100 mealworms 
(N=10) 

Variable M SD M SD M SD 

 

Aggressions 

 

5.70 

 

3.74 

 

16.50 

 

7.44 

 

15.30 

 

6.95 

 

 

In line with my hypothesis, the ANOVA test showed that aggressions in this group of 

meerkats were significantly more frequent in the presence of mealworms in the tube. 

Subsequently, the post-hoc Scheffe test showed that VA1 was significantly different from 

VA2 and VA3 (Figure 7).  

 

Figure 7. Means of the total number of aggressions per hour in the meerkats in the three 

the food enrichment treatments (VA1 - without food, VA2 - with 50 mealworms and VA3 

- with 100 mealworms). Asterisks indicate p<0.05.  
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4.1.7 Habituation to the food and odour enrichment 

 

The data obtained from the time spent by the meerkats interacting with the enrichment 

per observation hour in each of the treatments show if they habituated to the enrichments. 

To analyse this, the difference in time between the first and last presentation was 

calculated in %. When looking at the data of the food enrichment (Figure 8 a), a decrease 

in time is observed in all three variations (VA1: -52.4%, VA2: -56.6% and VA3: -37.8%) 

indicating habituation to the food enrichment. The decline is even greater with the 

olfactory enrichment in both treatments (VA1: -85.9% and VA2: -91.5%; Figure 8 b), 

suggesting that habituation has a major effect on the olfactory enrichments compared to 

the food enrichments.  

 

 

Figure 8 a) The mean time in seconds per observation hour that the group of meerkats 

spent interacting with the food enrichment in the three treatments (VA1 - without food, 

VA2 - with 50 mealworms and VA3 - 100 mealworms). b) The time in seconds per 

observation hour that the group of meerkats spent interacting with the olfactory 

enrichment in the two treatments (VA1 – elephant odour and VA2 – hyena odour). 
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4.2 Banded mongooses 

 

4.2.1 The behavioural response to the presence of the “foraging tube” 

 

I hypothesized that the presence of the food enrichment would change the way banded 

mongooses behave and in particular that foraging would increase. A One-Way ANOVA 

test was used to analyse differences in the behavioural response to the presence of the 

food enrichment by comparing the means of the total number of individuals per hour 

engaged in the selected behaviours in each treatment (Table 8).   

 

Table 8. Means (M) and Standard Deviations (SD) of the total number of banded 

mongooses per hour engaged in the selected behaviours, without enrichment (Baseline) 

and with the food enrichment (means for VA1-3 in the ‘foraging tube’ experiment; cf. 

Table 9). The number of banded mongooses = 12. ‘N’ indicates the total number of 1-

hour observations. 

 Baseline study (Absence of Enrichment) 

(N=30) 

Presence of Enrichment 

(N=30) 

Variable M SD M SD 

Digging 9.97 11.54 13.97 10.57 

Resting 118.57 131.65 71.77 51.99 

Moving 121.80 48.36 117.43 32.71 

Foraging 165.43 66.84 157.80 46.48 

Grooming 13.63 6.08 11.50 6.66 

Allogrooming 12.77 12.08 13.77 9.13 

Vigilant 47.57 24.46 79.43 36.00 

Sunbathe 0.73 2.07 0.17 0.65 

Playing 33.30 24.94 31.37 28.86 

Enrichment 0.00 0.00 83.53 46.78 

Others 5.97 6.76 4.37 4.03 

Out of Sight 190.27 69.78 134.90 38.52 

 

In line with my hypothesis, the ANOVA analysis showed that some behaviours changed 

significantly in the presence of the food enrichment. These behaviours were ‘vigilant’ and 

‘out of sight’ (Figure 9). While ‘out of sight’ decreased in the presence of the food 

enrichment, ‘vigilant’ increased. Since “Interacting with the enrichment” was indeed a 

foraging behaviour, it should be added to “foraging” when evaluating the effect of the 

enrichment. This brings the foraging category up to 32.4% of all behaviours (‘foraging’ -

mean 157.80, 21.9%- + ‘interacting with the enrichment’ -mean 83.53, 10.5%-), whereas 
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the proportion of foraging during baseline was 23% (mean 165.43), i.e. 10.5% lower than 

in the presence of the “foraging tube”. 

 

 

Figure 9. Means of the total number of banded mongooses per hour performing each of 

the selected behaviours in the absence/presence of the food enrichments. Asterisks 

indicate p<0.05.  

 

4.2.2 Behavioural responses to the three food enrichment treatments 

 

I hypothesized that the number of mealworms would change the way banded mongooses 

behave. A One-Way ANOVA test was used to analyse differences in the behavioural 

response to the presence of different numbers of mealworms in the ’foraging tube’ by 

comparing the means of the total number of individuals per hour engaged in the different 

behaviours (in each treatment (Table 9). 
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Table 9. Means (M) and Standard Deviations (SD) of the total number of banded 

mongooses per hour performing each of the selected behaviours in each the three 

different food enrichment treatments (VA1 - without food, VA2 – with 50 mealworms and 

VA3 - with 100 mealworms). ‘N’ indicates the total number of 1-hour observations.  

 VA1 - without food 
(N=10) 

VA2 - 50 mealworms  
(N=10) 

VA3 - 100 mealworms 
(N=10) 

Variable M SD M SD M SD 

Digging 11.40 8.45 17.10 10.83 13.40 12.38 

Resting 93.00 51.66 47.70 36.84 74.60 59.40 

Moving 127.90 29.14 123.80 25.45 100.60 38.33 

Foraging 129.20 41.06 161.70 16.67 182.50 58.24 

Grooming 9.20 5.49 13.30 8.87 12.00 4.92 

Allogrooming 16.90 10.65 11.40 8.58 13.00 8.00 

Vigilant 86.90 40.84 74.00 25.36 77.40 42.03 

Sunbathe 0.00 0.00 0.30 0.95 0.20 0.63 

Playing 37.00 37.25 40.90 29.49 16.20 5.77 

Enrichment 52.30 23.87 100.70 53.06 97.60 45.12 

Others 3.50 2.51 4.10 4.98 5.50 4.35 

Out of Sight 152.70 28.30 125.00 33.68 127.00 48.13 

 

 

In line with my hypothesis, the number of mealworms affected some behaviours. The 

One-Way ANOVA test showed that there were significant differences in ‘Foraging’ and 

‘Interacting with the enrichment’ (Figure 10). Subsequently, the post-hoc Scheffe test 

showed that for ‘Foraging’ there was a significant difference between VA1-VA3 whereas 

for ‘Interacting with the enrichment’ the Scheffe test did not show any significant result 

despite the significant value obtained in the ANOVA test. The main goal was to see if the 

banded mongooses interacted more with the enrichment if there were more worms in the 

tube and this assumption can be studied looking at the percentages for the category 

‘interacting with the enrichment’ in each treatment. This category represented 7.3% of 

all behaviours when there was no food (VA1), 14% with 50 worms (VA2) and 13.6% 

with 100 worms (VA3).  
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Figure 10. Means of the total number of banded mongooses per hour performing each of 

the selected behaviours in the three different food enrichment treatments (VA1 - without 

food, VA2 - with 50 mealworms and VA3 - with 100 mealworms). Asterisks indicate 

p<0.05.  

 

4.2.3 Behavioural responses to the two odour treatments 

 

I hypothesized that banded mongooses would behave differently in the presence of the 

hyena odour (potential predator) compared to the elephant odour (herbivore). A One-Way 

ANOVA test was used to analyse differences in the behavioural response to the presence 

of these odours by comparing the means of the total number of animals per hour engaged 

in the selected behaviours in each treatment (Table 10). 
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Table 10. Means (M) and Standard Deviations (SD) of the total number of banded 

mongooses per hour performing each of the selected behaviours in the two different odour 

treatments (hyena and elephant excrements). ‘N’ indicates the total number of 1-hour 

observations.  

 Elephant odour 
(N=10) 

Hyena odour 
(N=10) 

Variable M SD M SD 

Digging 15.20 10.34 13.20 7.98 

Resting 178.50 88.47 164.20 105.36 

Moving 131.20 55.68 125.70 34.56 

Foraging 118.50 27.17 121.80 17.12 

Grooming 7.00 4.76 7.50 5.97 

Allogrooming 12.20 6.54 12.30 9.33 

Vigilant 71.00 33.48 67.90 21.31 

Sunbathe 0.00 0.00 0.20 0.42 

Playing 30.80 18.04 31.70 9.41 

Enrichment 11.20 16.05 9.40 19.46 

Others 1.40 2.07 2.10 0.57 

Out of Sight 143.00 50.28 162.80 56.50 

 

Contrary to the hypothesis, the hyena odour (predator) and the elephant odour (non-

predator) triggered similar responses in this group of banded mongooses as the ANOVA 

test did not show any significant result between behaviours in both treatments  (Figure 

11).  

Figure 11. Means of the total number of banded mongooses per hour performing each of 

the selected behaviours in the two different odour treatments (VA1 – elephant odour and 

VA2 – hyena odour). There were no significant differences between the treatments. 
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4.2.4 Time spent interacting with the food enrichments 

 

I hypothesized that banded mongooses would spend more time interacting with the food 

enrichment when a higher number of mealworms was placed in the tube. A One-Way 

ANOVA test was used to analyse differences in the interaction with the enrichment by 

comparing the means of the time spent interacting in all presentations recorded in each 

treatment per hour (Table 11).  

 

Table 11. Means (M) and Standard Deviations (SD) of the total time per hour spent by 

the banded mongooses, irrespective of number, interacting with the food enrichment in 

the three different treatments (VA1 - without food, VA2 – with 50 mealworms and VA3 - 

with 100 mealworms). ‘N’ indicates the total number of 1-hour observations.  

 VA1 - without food 

(N=10) 

VA2 - 50 mealworms  

(N=10) 

VA3 - 100 mealworms 

(N=10) 

Variable M SD M SD M SD 

 

Time (s) 

 

912.00 

 

340.68 

 

1668.30 

 

351.61 

 

1517.00 

 

578.50 

 

In line with my hypothesis, the banded mongooses spent significantly more time 

interacting with the enrichment when there were mealworms inside the tube, although 

doubling the number (VA3) did not increase the time compared to VA2. Subsequently, 

the post-hoc Scheffe test showed that VA1 was significantly different from VA2 and VA3 

(Figure 12). 

 

Figure 12. Means of the total time per hour spent by the banded mongooses, irrespective 

of numbers, interacting with the three different food enrichment treatments (VA1 - without 

food, VA2 – with 50 mealworms and VA3 - with 100 mealworms). Asterisks indicate 

p<0.05.  
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4.2.5 Time spent interacting with the olfactory enrichments 

 

I hypothesized that the banded mongooses would spend more time interacting with the 

odour of a non-predator such as the elephant and less time with that of a predator such as 

the hyena which would indicate a possible threat. A One-Way ANOVA test was used to 

analyse differences in the interaction with the enrichment by comparing the means of the 

total time per hour spent interacting with the odours in each treatment (Table 12).  

 

Table 12. Means (M) and Standard Deviations (SD) of the total time per hour spent by 

the banded mongooses interacting with the olfactory enrichment in the two treatments 

(hyena and elephant excrements). ‘N’ indicates the total number of 1-hour observations.  

 Elephant odour 

(N=10) 

Hyena odour 

(N=10) 

Variable M SD M SD 

 

Time (s) 

 

237.70 

 

224.66 

 

154.50 

 

199.82 

 

 

Contrary to the hypothesis, the ANOVA test showed that the banded mongooses did not 

show any significant difference in time interacting with the two odours (Figure 13).  

 

Figure 13. Means of the total time per hour spent by banded mongooses interacting with 

the olfactory enrichment in the two treatments (VA1 – elephant excrement and VA2 – 

hyena excrement).  There was no significant difference. 
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4.2.6 Number of aggressions in the presence of the food enrichment 

 

I hypothesized that the number of aggressions would be higher if there were mealworms 

in the tube, leading to a competition for food. A One-Way ANOVA test was used to 

analyse differences in the frequency of aggression by comparing the means of the number 

of aggressions per hour in the three different food enrichment treatments (Table 13).  

 

Table 13. Means (M) and Standard Deviations (SD) of the total number per hour of 

aggressions recorded in the banded mongooses in the three different food enrichment 

treatments (VA1 - without food, VA2 - with 50 mealworms and VA3 - with 100 

mealworms). ‘N’ indicates the total number of 1-hour observations.  

 VA1 - without food 

(N=10) 

VA2 - 50 mealworms  

(N=10) 

VA3 - 100 mealworms 

(N=10) 

Variable M SD M SD M SD 

 

Aggressions 

 

6.00 

 

4.64 

 

19.10 

 

6.40 

 

26.30 

 

7.92 

 

 

In line with my hypothesis, the ANOVA analysis showed that the aggressions in this 

group of banded mongooses were significantly more common in the presence of 

mealworms in the tube. Subsequently, the post-hoc Scheffe test showed that VA1 was 

significantly different  from VA2 and VA3 (Figure 14).  

 

Figure 14. Means of the total number of aggressions in the banded mongooses in the 

three different food enrichment treatments (VA1 - without food, VA2 - with mealworms 

and VA3 - with the double number of mealworms). Asterisks indicate p<0.05 (*).  

0 5 10 15 20 25 30

Means of time interacting (in seconds)

VA1 - without food VA2 - 50 mealworms VA3 - 100 mealworms

* *



 

28 
 

 

4.2.7 Habituation to the food and olfactory enrichments 

 

The data obtained from the time spent by the banded mongooses interacting with the 

enrichment in each of the treatments show if they habituated to the enrichments. To 

analyse this, the difference in time between the first and last presentation was calculated 

in %. When looking at the data of the food enrichment (Figure 15 a), a decrease in time 

is observed in VA1 (-31.9%) and VA3 (-60%), however, the time increased in VA2 

(+27.6%). The decline was great and consistent with both odour treatments (VA1: -85.6% 

and VA2: -91.4; Figure 15 b), suggesting that habituation has a major effect on the 

olfactory enrichments compared to the food enrichments.  

 

Figure 15. a) The total mean time in seconds per observation hour that the group of 

banded mongooses spent interacting with the food enrichment in the three treatments 

(VA1 - without food, VA2 - with 50 mealworms and VA3 - with 100 mealworms). b) The 

time in seconds per observation hour that the group of banded mongooses spent 

interacting with the olfactory enrichment on the two treatments (VA1 – elephant 

excrement and VA2 – hyena excrement). 

 

 

 

 

720
490

1081

1379

2688

1076

0

500

1000

1500

2000

2500

3000

1 2 3 4 5 6 7 8 9 10

Ti
m

e 
(s

ec
o

n
d

s)

Observation

a) Food enrichment

VA1

VA2

VA3

724

104

721

62
0

100

200

300

400

500

600

700

800

1 2 3 4 5 6 7 8 9 10

Ti
m

e 
(s

ec
o

n
d

s)

Observation

b) Olfactory enrichment

VA1

VA2



 

29 
 

4.3 Dwarf mongooses 

 

4.3.1 The behavioural response to the presence of a ’foraging tube’ 

 

I hypothesized that the presence of the food enrichment would change the way dwarf 

mongooses behave and in particular that foraging would increase. A One-Way ANOVA 

test was used to analyse differences in the behavioural response to the presence of the 

food enrichment by comparing the means of the total number of individuals per hour 

engaged in the selected behaviours in each treatment (Table 14).  

 

Table 14. Means (M) and Standard Deviations (SD) of the total number of dwarf 

mongooses per hour engaged in the selected behaviours, without enrichment (Baseline) 

and with the food enrichment (means for VA1-3 in the ‘foraging tube’ experiment; cf. 

Table 15). The number of dwarf mongooses = 6. ‘N’ indicates the total number of 1-hour 

observations. 

 Baseline study (Absence of Enrichment) 

(N=30) 

Presence of Enrichment 

(N=30) 

Variable M SD M SD 

Digging 6.97 8.78 0.47 1.85 

Resting 91.87 76.24 0.00 0.00 

Moving 42.73 21.40 44.10 14.64 

Foraging 57.30 32.88 55.63 20.71 

Grooming 6.63 5.46 2.37 2.20 

Allogrooming 14.03 15.37 2.50 3.32 

Vigilant 53.77 29.79 87.87 24.04 

Sunbathe 3.50 6.89 0.00 0.00 

Playing 2.73 4.91 0.67 2.43 

Enrichment 0.00 0.00 59.17 41.69 

Others 15.30 23.45 1.67 4.29 

Out of Sight 65.17 55.42 105.57 42.75 

 

In line with my hypothesis, the ANOVA analysis showed that some behaviours changed 

significantly in the presence of the food enrichment. These behaviours were ‘digging’, 

‘resting’, ‘grooming’, ‘allogrooming’, ‘vigilant’, ‘sunbathe’, ‘playing’, ‘other 

behaviours’ and ‘out of sight’ (Figure 16). While ‘digging’, ‘resting’, ‘grooming’, 

‘allogrooming’, ‘sunbathe’, ‘playing’ and ‘other behaviours’ decreased in the presence of 

the food enrichment, ‘vigilant’ and ‘out of sight’ increased.  
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Since “Interacting with the enrichment” was indeed a foraging behaviour, it should be 

added to “foraging” when evaluating the effect of the enrichment. This brings the foraging 

category up to 31.9% of all behaviours (‘foraging’ -mean 55.63, 15.5%- + ‘interacting 

with the enrichment’ -mean 59.17, 16.4%-), whereas the proportion of foraging during 

baseline was 15.9% (mean 57.30), i.e. 16% lower than in the presence of the “foraging 

tube”. 

 

Figure 16. Means of the total number of dwarf mongooses per hour performing each of 

the selected behaviours in the absence/presence of the food enrichment. Asterisks indicate 

p<0.05.  

 

4.3.2 The behavioural responses to the three food enrichment treatments 

 

I hypothesized that the number of mealworms would change the way dwarf mongooses 

behave. A One-Way ANOVA test was used to analyse differences in the behavioural 

response to the presence of different numbers of mealworms in the ‘foraging tube’ by 

comparing the means of the total number of individuals per hour engaged in the different 

behaviours in each treatment (Table 15). 
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Table 15. Means (M) and Standard Deviations (SD) of the total number of dwarf 

mongooses per hour performing each of the selected behaviours with the three different 

food enrichment treatments (VA1 - without food, VA2 - with mealworms and VA3 - with 

the double number of mealworms). ‘N’ indicates the total number of 1-hour observations.  

 VA1 - without food 
(N=10) 

VA2 - 25 mealworms  
(N=10) 

VA3 – 50   mealworms 
(N=10) 

Variable M SD M SD M SD 

Digging 0.00 0.00 0.30 0.67 1.10 3.14 

Resting 0.00 0.00 0.00 0.00 0.00 0.00 

Moving 53.20 17.33 39.60 10.12 39.50 12.25 

Foraging 45.30 18.72 58.80 17.47 62.80 23.22 

Grooming 2.30 1.25 3.60 2.88 1.20 1.62 

Allogrooming 2.80 3.19 3.70 4.27 1.00 1.70 

Vigilant 95.80 15.02 81.40 21.63 86.40 32.40 

Sunbathe 0.00 0.00 0.00 0.00 0.00 0.00 

Playing 1.40 3.78 0.00 0.00 0.60 1.90 

Enrichment 22.20 9.68 70.00 38.20 85.30 40.51 

Others 2.90 7.14 0.30 0.95 1.80 1.93 

Out of Sight 134.10 34.93 102.30 41.17 80.30 36.72 

 

 

In line with my hypothesis, the different number of mealworms affected some behaviours. 

The ANOVA analysis showed that there were significant differences between ‘moving’, 

‘grooming’, ‘interacting with the enrichment’ and ‘out of sight’ (Figure 17). 

Subsequently, the post-hoc Scheffe test showed there were significant differences in 

‘grooming’ between VA2-VA3, for ‘interacting with the enrichment’ between VA1-VA2 

and VA1-VA3, and for ‘out of sight’ between VA1-VA3 whereas for ‘moving’ the 

Scheffe test did not show any significant result. The main goal was to see if dwarf 

mongooses interacted more with the enrichment if there were more worms inside the tube 

and this assumption can be studied looking at the percentages for the category ‘interacting 

with the enrichment’ with each treatment. This behaviour category represented 6.2% of 

all behaviours when there was no food (VA1), 19.4% with 25 worms (VA2) and 23.7% 

with 50 worms (VA3).  
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Figure 17. Means of the total number of dwarf mongooses per hour performing each of 

the selected behaviours in the three different food enrichment treatments (VA1 - without 

food, VA2 - with 25 mealworms and VA3 - with 50 mealworms). Asterisks indicate 

p<0.05.  

 

4.3.3 Behavioural responses to the two odour treatments 

 

I hypothesized that dwarf mongooses would behave differently in the presence of the 

hyena odour (potential predator) compared to the elephant odour (herbivore). A One-Way 

ANOVA test was used to analyse differences in the behavioural response to the presence 

of these odours by comparing the means of the total number of animals per hour engaged 

in the selected behaviours in each treatment (Table 16). 
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Table 16. Means (M) and Standard Deviations (SD) of the total number of dwarf 

mongooses per hour performing each of the selected behaviours in the two different odour 

treatments (hyena and elephant excrements). ‘N’ indicates the total number of 1-hour 

observations.  

 Elephant odour 
(N=10) 

Hyena odour 
(N=10) 

Variable M SD M SD 

Digging 0.00 0.00 0.20 0.42 

Resting 56.50 53.86 81.90 45.57 

Moving 25.90 11.97 22.90 4.82 

Foraging 54.40 23.25 53.30 17.43 

Grooming 2.20 1.32 3.00 1.49 

Allogrooming 4.40 2.80 6.60 5.50 

Vigilant 113.70 34.53 91.30 22.27 

Sunbathe 8.90 14.26 15.30 8.19 

Playing 0.60 0.97 2.10 3.60 

Enrichment 14.70 16.73 4.80 5.16 

Others 0.80 1.14 1.20 1.14 

Out of Sight 77.90 51.21 77.40 43.31 

 

Contrary to the hypothesis, the hyena odour (predator) and the elephant odour (non-

predator) triggered similar responses in this group of dwarf mongooses as the ANOVA 

test did not show any significant result between behaviours in both treatments (Figure 

18).  

 

Figure 18. Means of the total number of dwarf mongooses per hour performing each of 

the selected behaviours in the two different odour treatments (VA1 – elephant odour and 

VA2 – hyena odour). There were no significant differences between the treatments. 
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4.3.4 Time spent interacting with the food enrichment 

 

I hypothesized that dwarf mongooses would spend more time interacting with the food 

enrichment when a higher number of mealworms was placed in the tube. A One-Way 

ANOVA test was used to analyse differences in the interaction with the enrichment by 

comparing the means of the time spent interacting in all presentations recorded in each 

treatment (Table 17).  

Table 17. Means (M) and Standard Deviations (SD) of the total time per hour spent by 

dwarf mongooses, irrespective of the number, interacting with the food enrichment in the 

three different treatments (VA1 - without food, VA2 - with 25 mealworms and VA3 - with 

50 mealworms). ‘N’ indicates the total number of 1-hour observations.  

 VA1 - without food 

(N=10) 

VA2 - 25 mealworms  

(N=10) 

VA3 – 50 mealworms   

(N=10) 

Variable M SD M SD M SD 

 

Time (s) 

 

539.00 

 

303.20 

 

1738.90 

 

614.30 

 

1838.60 

 

433.95 

 

 

In line with my hypothesis, the dwarf mongooses spent significantly more time 

interacting with the enrichment when there were mealworms in the tube. Subsequently, 

the post-hoc Scheffe test showed that VA1 was significantly different to VA2 and VA3 

(Figure 19). 

 

 

Figure 19. Means of the total time per hour spent by dwarf mongooses, irrespective of 

the number, interacting with the food enrichment in the three different treatments (VA1 - 

without food, VA2 - with 25 mealworms and VA3 - with 50 mealworms). Asterisks indicate 

p<0.05.  
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4.3.5 Time spent interacting with the olfactory enrichments 

 

I hypothesized that the dwarf mongooses would spend more time interacting with the 

odour of a non-predator such as the elephant and less time with that of a predator such as 

the hyena which would indicate a possible threat. A One-Way ANOVA test was used to 

analyse differences in the interaction with the enrichment by comparing the means of the 

total time per hour spent interacting with the odours in each treatment (Table 18).  

 

Table 18. Means (M) and Standard Deviations (SD) of the total time per hour spent by 

the dwarf mongooses, irrespective of number, interacting with the olfactory enrichment 

in the two different treatments (hyena and elephant excrements). ‘N’ indicates the total 

number of 1-hour observations.  

 Elephant odour 

(N=10) 

Hyena odour 

(N=10) 

Variable M SD M SD 

 

Time (s) 

 

382.40 

 

336.63 

 

194.40 

 

245.66 

 

 

Contrary to the hypothesis, the ANOVA test showed that the dwarf mongooses did not 

show any significant difference in time interacting with the two odours (Figure 20).  

 

Figure 20. Means of the total time per hour spent by dwarf banded mongooses, 

irrespective of number, interacting with the olfactory enrichment in the two different 

treatments (VA1 – elephant excrement and VA2 – hyena excrement). There was no 

significant difference between the treatments. 
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4.3.6 The number of aggressions in the presence of the food enrichment 

 

I hypothesized that the number of aggressions would be higher if there were mealworms 

in the tube, leading to a competition for food. A One-Way ANOVA test was used to 

analyse differences in the frequency of aggression by comparing the means of the number 

of aggressions per hour in the food enrichment treatments (Table 19).  

 

Table 19. Means (M) and Standard Deviations (SD) of the total number of aggressions 

per hour in the group of dwarf mongooses in the three different food enrichment 

treatments (VA1 - without food, VA2 - with 25 mealworms and VA3 - with 50 mealworms). 

‘N’ indicates the total number of 1-hour observations.  

 VA1 - without food 

(N=10) 

VA2 - 25 mealworms  

(N=10) 

VA3 – 50   mealworms 

(N=10) 

Variable M SD M SD M SD 

 

Aggressions 

 

1.40 

 

1.26 

 

14.70 

 

2.79 

 

16.50 

 

6.79 

 

In line with my hypothesis, the ANOVA test showed that aggressions in this group of 

dwarf mongooses were significantly more frequent in the presence of mealworms in the 

tube. Subsequently, the post-hoc Scheffe test showed that VA1 was significantly different 

from VA2 and VA3 (Figure 21).  

 

 

Figure 21. Means of the total number of aggressions per hour in the dwarf mongooses in 

the three different food enrichment treatments (VA1 - without food, VA2 - with 25 

mealworms and VA3 - with 50 mealworms). Asterisks indicate p<0.05.  
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4.3.7 Habituation to the food and odour enrichment 

 

The data obtained from the time spent by the dwarf mongooses interacting with the 

enrichment per observation hour in each of the treatments show if they habituated to the 

enrichments. To analyse this, the difference in time between the first and last presentation 

was calculated in %. When looking at the data of the food enrichment (Figure 22 a), a 

decrease in time is observed in all three variations (VA1: -66.6%, VA2: -54.8% and VA3: 

-41.7%) indicating habituation to the food enrichment. The decline was even greater with 

the odour enrichment in both variations (VA1: -90.7% and VA2: -90.1; Figure 22 b), 

suggesting that habituation has a major effect on the odour enrichments compared to the 

food enrichments.  

 

 

Figure 22 a) The mean time in seconds per observation hour that the dwarf mongooses 

spent interacting with the food enrichment in the three treatments (VA1 - without food, 

VA2 – with 25 mealworms and VA3 - with 50 mealworms). b) The time in seconds per 

observation hour that the group of dwarf mongooses spent interacting with the odour 

enrichment in the two treatments (VA1 – elephant odour and VA2 – hyena odour). 
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5. Discussion 

 

The present study aimed to investigate the effects of environmental enrichment on the 

behaviour of meerkats, banded mongooses and dwarf mongooses in captivity. Results 

showed that both types of enrichments, food and olfactory, that were tested did influence 

the behaviour of these three groups of animals.  

The first experiment in the present study demonstrated that presenting a food enrichment 

to these captive animals significantly increased their foraging activity. Since foraging 

constitutes a dominant part of their species-specific activity budget (Doolan & 

Macdonald, 1996; Clutton-Brock et al., 1998; Thornton et al. 2008), this can be claimed 

to have improved their welfare. Since one goal with the enrichment was to make it more 

difficult to access the food and offer a new, and more time-consuming ways of foraging, 

thereby simulating the food availability in the wild, the results showed that the ‘foraging 

tube’ was indeed effective. This ‘foraging tube’ increased ‘foraging’ in the meerkats by 

9.4%, in the banded mongooses by 10.5% and in the dwarf mongooses by 16%. 

Something that is also really interesting is the fact that foraging in other places of the 

enclosure did not differ significantly in the absence or the presence of the food enrichment 

for any of the three species. This indicates that using a food enrichment like this tube 

might not only increase the foraging behaviour directly associated with the enrichment 

but may also increase foraging in other places of the enclosure as well. It is also important 

to point out the fact that increasing ‘foraging’ may affect the frequency of other 

behaviours. The results showed that behaviours such as ‘Moving’ and ‘Digging’ can 

decrease when animals spend more time foraging. On the other hand, being ‘Vigilant’ 

may increase, which could be explained by the fact that in social animals, including these 

three species, being vigilant while foraging is an important part of their complex social 

system as predation is their major cause of death in the wild (Bothma, 1998). In fact, 

sentinels are vigilant for about half the time that the group forages, alerting other group 

members if predators approach (Manser, 1998). It has been suggested that sentinels may 

experience lower risks of predation because they benefit from early detection of danger 

(Bednekoff, 1997) and in the case of captive animals, other studies (Scott, 2014) suggest 

that since animals are well fed, they can invest more time in vigilance than in foraging. 

Overall, the frequency of behaviours observed in this group of captive meerkats was very 
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similar to the frequencies observed in the wild (Van Stadeen, 1994), where ‘foraging’ and 

assuming the role of sentinel were the most common behaviours. 

The success of a food enrichment could be conditioned by the amount of food that is 

presented. This assumption was supported by the results obtained for the three different 

food enrichment treatments. All three species spent more time interacting with the 

enrichment when worms were placed in the tube. This may indicate that these animals 

were able to detect the worms, either by acoustic or olfactory cues as they are not able to 

see the worms hidden in the hay. A previous study with meerkats showed that olfactory 

cues were used for detecting the presence of food (Sörensen et al., 2019) and this may 

have been used by the animals studied here. Also, it has been shown that all these three 

species seek food with high protein content (Skinner, 2005; AZA Small Carnivore TAG, 

2011; Salomonsson, 2011), mainly insects, so bating the tube with larvae of Tenebrio 

molitor, like in our study, may be more successful than using plant-based food. 

Nevertheless, studies claim that behaviours such as foraging are dependent on the 

thermoregulatory costs, and it has been suggested that seasons and temperatures play an 

important role in activities in wild meerkats (Doolan & Macdonald, 1996). In fact, 

meerkats have a slow metabolism for a carnivore of their size, making them more 

susceptible to cooler temperatures (Dennis, 1999). To minimize this effect, this study was 

carried out during summer, with ambient temperatures always between 22-32ºC, where 

most days were sunny except for a few cloudy days and no rainy days.  

When presenting an enrichment with food is reasonable to consider that this could trigger 

aggressions between the individuals as a result of the competition for the resources. This 

study showed that aggressions were more frequent in the presence of worms in the tube, 

supporting this assumption. However, it is important to point out factors such as the 

hierarchical structure or the number of individuals in the group as possible determining 

factors in the number of aggressions. A very interesting case is the one observed in the 

group of dwarf mongooses. Despite being the smallest group, it is the one with the highest 

number of attacks. These aggressions were initiated by the young unrelated female that 

monopolised the ’foraging tube’. This young individual was the alpha female of the 

group, supporting the suggestion that immigrants are more likely to achieve alpha status 

at an earlier age (Rood, 1990). However, Rood (1990) and Creel et al. (1992) showed a 

strong relationship between rank and age within dwarf mongoose societies, and this 

would predict that the older female should be the alpha. However, the older female was 
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a sister to the males and smaller in size, which probably prevented her from being a 

candidate to be a breeding female. The aggressive behaviour of the alpha female led to 

the rest of the group staying at a safe distance from the device, just watching until they 

felt safe to interact with it themselves; therefore, the frequency of being vigilant increased. 

This observation is supported by the finding that subordinates are responsible for over 

85% of keeping watch (Rasa, 1986), so the suppressed individuals may have taken this 

role while the dominant female interacted with the enrichment. Nevertheless, in social 

species such as these, we cannot perceive aggressions as solely negative as they are 

crucial to establishing and maintaining the social hierarchy. Also, these aggressions 

should not be linked with captivity as in the wild it has also been shown that in species 

such as meerkats, sharing food is rare (Glaser, 2006).  

Attacks in the presence of the odour enrichment were sporadic events, further supporting 

the idea that it is the presence of food what triggers these events. Nonetheless, the number 

of aggressions might decrease if more ‘foraging tubes’ are introduced and if they are 

placed in different areas of the enclosure where dominant individuals cannot see if other 

individuals are interacting with them. 

The second experiment showed that there were no significant differences in the way these 

three groups behaved in the presence of a predator’s odour (hyena) compared to the way 

they did in the presence of a non-predator’s odour (elephant). The results showed that the 

animals were not very interested in these ‘enrichments’, except for the first minutes after 

the introduction. All three species approached cautiously the first time they inspected both 

excrements, which may suggest that the unfamiliar smells triggered some kind of fear in 

the individuals;  the subsequent decrease in the frequency of interaction with the 

excrements may be active avoidance. None of the selected behaviours was significantly 

different from each other in the presence of these odours which may indicate that what 

matters is the novelty and not the origin of that smell. However, previous studies (Hollén 

& Manser 2007) measuring alarm calls in captive meerkats have confirmed that they can 

differentiate odours (faeces) of potential predators from that of herbivore species. This 

may indicate that animals can warn their group members based on the species from which 

the faeces originated but the presence of this sensory enrichment may not have a longer 

influence on their behaviour once they have inspected it. Some similar results were 

obtained in other studies with captive meerkats that were tested with other olfactory 

stimuli (prey and herbs odours), which did not influence their behaviour (Myles & 
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Montrose, 2015). The goal of the present experiment was to study if captive meerkats and 

mongooses can distinguish the smell of a predator from that of a non-predator, but with 

the method applied it is hard to conclude if the study animals recognized the origin of 

these smells. As it was mentioned before, my results rather indicated that what matters is 

the novelty and not the origin of the smell. Probably, analysing alarm calls or using visual 

stimuli (like silhouettes of the predator/herbivore) may be more suitable for studying this.  

I also studied habituation to the enrichments by comparing the time they spent interacting 

with it in the first presentation with that of the last one, after 10 trials. The results for the 

food enrichment showed that habituation did occur as in most cases there was a 

progressive decrease in the frequency of the foraging behaviours throughout the trials. 

However, there were some high peaks half-way in the study, indicating that the animals 

did not seem to lose interest in the enrichment quickly. With the olfactory enrichments, 

on the other hand, there was a drastic decrease in time spent interacting with the 

enrichment after the first presentation, except for the banded mongooses where the drastic 

decline occurred after the second one. These results may indicate an active avoidance of 

the stimulus. In the following faeces presentations, the animals just approached the 

enrichment to inspect and after that, they did not interact with it anymore. In all three 

species, the results indicated that animals spent more time interacting with an enrichment 

that contained food. Similar results were obtained by Bolgan et al. (2008) when studying 

different enrichments with meerkats, which also interacted more with those that involved 

some kind of food. 

The fact that animals were easier to spot while the enrichments were present could be 

beneficial for the visitors’ experience since they could not only see the animals being 

more active, displaying a greater variety of behaviours but also it is more likely that they 

are not out of sight. Also, playing increased in the presence of the enrichment, which is 

also positive from the same perspective. However, the visitors may affect the animals in 

different, sometimes negative ways, since not all visitors behave in the same way or 

follow the zoo’s guidelines. The degree to which the species were habituated to the 

visitors could be observed to some extent. The meerkats were without a doubt the most 

accustomed to visitors, ignoring all kinds of sounds or movements made by visitors. This 

was already stated by Sherwen et al. (2014), who showed that meerkats in zoos adapt 

quite well to proximity to humans. On the other hand, in the other two species, some 
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prudence and alarm calls could be observed in response to certain stimuli coming from 

the visitors. 

Overall, it is important to say that these results could be affected by observational 

shortcomings. For example, it could not be seen what animals were doing inside their 

burrows or the artificial termite mounds, leading to an underestimation of some 

behaviours such as ‘digging’. Moreover, this study has limitations in the statistical 

analysis. The fact that I only studied one group of each species and I used replicated 

measures on one and the same group, means that these results cannot be generalized to 

other groups of that species.  Nonetheless, this kind of limitations is common in zoo-

based studies.  

 

5.1 Conclusion 

 

It can be concluded from the present study that environmental enrichments do affect the 

behaviour of the groups of meerkats, banded mongooses and dwarf mongooses living in 

human care at Bioparc. The food enrichments were more successful than the odour 

enrichments in stimulating species-specific behaviours. Using devices, such as the 

‘foraging tube’ described in this study, can increase the frequency and duration of 

foraging by up to 16%. For all three species, the amount of time engaged in the 

enrichment was higher when food was present in the tube, which indicates that this kind 

of enrichment is more successful when there is food involved. On the other hand, based 

only upon the behaviours recorded and the time spent interacting with the faecal samples, 

neither of these three groups of mongooses reacted differently to the presence of a hyena 

(predator) odour or an elephant (non-predator) odour. Nevertheless, it is important to 

continue developing methods of enrichment to ensure the good welfare of these animals 

in captivity. 
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6 Societal and ethical considerations 

 

Depriving animals of their freedom can bring a lot of different opinions to the table. From 

my point of view, it is important to ensure that, at least, animals can perform all their 

natural behaviours. Working with carnivore species has taught me how important is to 

implement appropriate enrichments that stimulate important species-specific behaviours 

and also how difficult it can be with some species. Firstly, the food enrichments offer 

them the opportunity to reconnect with that wild part of themselves of hunting and 

searching for their prey. In my opinion, making things easy for animals in human care 

may be the wrong perspective. Life in nature is not easy and probably, life in zoos should 

not be that easy as well. With this, I do not mean that we should treat the animals badly, 

not providing them with enough basic provisions such as food, water, shelter etc. I only 

put out the idea of making their daily lives more complicated, offering them the same 

kind of challenges they would be facing in the wild. In this way, we will avoid obesity, 

bad physical shape and stereotypic behaviours in these animals. I think it is really 

important to keep these animals as wild as we can, this will also show to visitors that these 

animals cannot be kept as pets. In some countries it is still allowed to have for example 

meerkats as pets, educating people in their visits to the zoo can help to solve this problem 

when national regulations and public administrations are not doing anything about it. As 

I said, to avoid all this we should focus on keeping zoo animals wild. Enrichments may 

be part of the solution. We might not completely understand the effects of, for example, 

placing odours of other species, like it was analysed in this study, but what we know for 

sure is that these animals would encounter these smells if they were living in the wild, 

which brings their zoo facilities closer to their natural habitats. We should try to replicate 

their wild conditions all we can in captivity. Implementing enrichment methods will 

decrease stereotypy behaviours (Swaisgood & Shepherdson, 2005), which are abnormal 

behaviours that seem to have no immediate function (Mason, 1991). These are ways that 

help to analyse the welfare of captive animals. Something that worries me is the fact that 

some zoos are going into the direction of bringing animals closer to the visitors. This does 

not make things better. In my time studying these species, I spent a lot of time next to the 

public, watching and hearing their reactions to these animals. One of the things that 

surprised me the most is the wrong message than sometimes people were getting from 

their visit to the zoo. The exhibit for the meerkats was very close to the visitors, so close 

that people could even touch the animals, despite the fact it was prohibited. This sent a 
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wrong message to the people, who felt closer to the animals, awakening in them the 

possibility of having one as a pet. This should not be the message conveyed by zoos. That 

is why we should keep a safe distance between animals and visitors. Building exhibits in 

which animals are not aware of the human presence is what we should aim for in the 

future and that would also help animals to perform their natural behaviours without any 

distraction coming from the visitors. Zoos should make sure that people after leaving the 

zoo have learnt that the animals, that they encountered during their visit, were wild and 

cannot be treated as a pet. Nonetheless, the approach that zoos are taking towards their 

animals has improved in the last decades and that should be the trend for the next years 

as well. In my humble opinion, I would ask zoos to be always critics with their methods 

and always aspire for more. Enrichment methods are there, I only encourage to use them 

for the wellbeing of captive animals. 
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Appendix 1. Meerkat data.  

Data from the behaviour baseline study obtained with the scan sampling method. The 

figures show the total number of animals per 1-hour observation 60 scan samples engaged 

in the selected behaviours (ethogram in Table 1). N animals = 17.  

Observation 

# (60 scan 

samples) DIG RES MOV FOR GRO ALO VIG SUN PLA OTH OFS 

1 119 232 115 51 18 72 98 163 40 0 112 

2 107 5 248 201 0 5 239 66 8 0 141 

3 41 109 147 97 4 26 115 216 141 0 124 

4 56 24 258 160 2 6 258 0 10 0 246 

5 32 598 80 39 6 26 65 95 15 0 64 

6 125 33 271 154 0 4 133 184 2 0 114 

7 95 14 288 138 4 0 132 234 8 0 107 

8 71 2 320 144 1 6 317 65 4 0 90 

9 104 9 395 190 5 0 218 29 0 0 70 

10 0 13 378 328 0 2 172 33 0 0 94 

11 92 4 414 129 12 6 319 0 6 0 38 

12 0 98 387 170 3 0 262 6 6 0 88 

13 4 74 451 110 8 4 198 53 14 0 104 

14 2 77 283 142 9 10 229 176 24 2 66 

15 63 99 247 172 15 10 222 100 24 0 68 

16 90 194 170 35 9 20 303 115 2 0 82 

17 61 1 298 133 4 8 415 8 6 2 84 

18 7 38 334 108 15 12 245 115 44 0 102 

19 77 276 114 83 29 20 141 136 9 0 135 

20 84 24 145 31 10 2 373 171 31 1 148 

21 135 102 123 105 28 153 146 79 11 3 135 

22 56 45 150 12 18 6 540 15 4 0 174 

23 16 269 145 180 22 31 201 0 3 4 149 

24 75 132 126 97 28 47 267 0 129 9 110 

25 48 73 208 17 17 5 354 0 6 0 292 

26 43 184 141 92 25 36 115 52 205 31 96 

27 57 385 80 118 12 26 103 112 0 1 126 

28 59 104 104 49 34 54 527 0 41 3 45 

29 126 18 151 142 15 15 190 113 151 4 95 

30 44 204 158 120 17 40 292 32 7 7 99 

Mean total 

N animals/h 62.97 114.67 224.30 118.23 12.33 21.73 239.63 78.93 31.70 2.23 113.27 

SD 39.93 133.91 109.75 65.86 9.74 30.57 118.61 71.45 52.40 5.88 52.89 
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Total number of animals per 1-hour observation (60 scan samples) engaged in the selected 

behaviours in presence of the "foraging tube", with three treatments: 1) VA1 - without 

mealworms, 2) VA2 - with 50 mealworms, 3) VA3 - with 100 mealworms. N animals = 

15. 

Observation # 
(60 scan samples) DIG RES MOV FOR GRO ALO VIG SUN PLA 

ENR 
OTH OFS 

VA1             

1 52 122 89 76 17 8 245 128 38 66 1 58 

2 43 78 154 98 18 18 201 127 40 64 6 53 

3 32 102 126 123 6 25 149 123 56 53 2 103 

4 16 68 119 90 40 26 174 143 63 45 2 114 

5 7 125 72 103 10 15 169 107 228 18 1 45 

6 12 298 45 89 41 96 134 0 92 56 2 35 

7 2 122 120 105 15 24 221 160 58 24 0 49 

8 13 43 188 90 5 23 207 126 109 35 0 61 

9 12 54 146 101 38 86 213 145 60 26 0 19 

10 6 256 121 93 40 22 167 0 100 19 0 76 
Mean total N 

animals/h 

(VA1)   19.50 126.80 118.00 96.80 23.00 34.30 188.00 105.90 84.40 40.60 1.40 61.30 

SD 
16.92 84.87 41.29 12.52 15.03 30.46 34.85 57.63 55.98 18.56 1.84 29.27 

             
VA2 

         
 

  
1 72 16 55 118 7 10 240 129 0 146 1 106 

2 32 22 81 72 25 62 167 135 148 112 0 44 

3 43 34 67 89 8 45 202 182 43 100 0 87 

4 64 23 59 78 10 36 205 156 15 99 0 155 

5 32 41 81 121 20 21 173 132 28 94 0 157 

6 37 18 115 133 11 21 165 169 64 89 0 78 

7 9 84 117 150 7 22 162 227 13 53 0 56 

8 5 50 107 116 11 14 185 142 174 60 0 36 

9 7 65 103 124 13 19 169 154 143 55 0 48 

10 9 53 116 119 11 15 173 168 102 56 0 78 
Mean total N 

animals/h 

(VA2) 31.00 40.60 90.10 112.00 12.30 26.50 184.10 159.40 73.00 86.40 0.10 84.50 

SD 
23.97 22.45 24.42 24.71 5.83 16.30 24.73 29.55 64.00 30.44 0.32 43.35 

 
         

 
  

VA3 
         

 
  

1 10 70 106 149 19 16 201 54 65 154 0 56 

2 23 34 137 110 23 27 173 43 34 137 1 158 

3 13 61 92 60 31 34 325 13 71 139 0 61 

4 45 38 138 142 8 35 234 39 22 128 0 71 

5 75 32 118 139 6 15 180 81 68 119 0 67 

6 32 58 141 85 26 41 186 0 97 114 0 120 

7 58 28 112 88 17 26 265 104 15 136 0 51 

8 9 110 104 155 5 16 163 109 99 85 0 45 

9 15 89 115 89 5 18 215 105 87 100 0 62 

10 25 103 123 94 25 31 194 96 93 94 0 22 
Mean total N 

animals/h 

(VA3) 30.50 62.30 118.60 111.10 16.50 25.90 213.60 64.40 65.10 120.60 0.10 71.30 

SD 
22.17 30.20 16.24 32.84 9.82 9.31 49.57 40.11 31.27 22.26 0.32 39.25 

TOTAL             

Mean total 

N animals/h 27.00 76.57 108.90 106.63 17.27 28.90 195.23 109.90 74.17 82.53 0.53 72.37 

SD 21.22 63.73 31.29 24.96 11.43 20.31 38.81 58.01 51.11 40.74 1.22 37.69 
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Total number of animals per 1-hour observation 60 scan samples) engaged in the selected 

behaviours in presence of the odour treatments. VA1: elephant faeces and VA2 hyena 

faeces. N animals = 15.  

Observation # 

(60 scan 

samples) DIG RES MOV FOR GRO ALO VIG SUN PLA 

ENR 

OTH OFS 

VA1 
         

 
  

1 
2 387 60 47 14 36 180 81 12 30 0 51 

2 
15 80 78 151 22 65 180 112 100 17 2 78 

3 
6 283 69 115 5 15 152 136 56 8 2 53 

4 
6 49 120 146 13 22 239 69 160 8 3 65 

5 
2 188 95 112 3 20 124 168 96 6 0 86 

6 
5 125 98 122 13 23 145 113 197 1 1 57 

7 
3 190 100 117 5 21 126 156 85 1 2 94 

8 
7 280 65 120 4 18 148 145 45 0 0 68 

9 
7 54 114 136 16 21 237 80 168 0 1 66 

10 
5 120 95 123 14 24 140 116 185 0 1 77 

Mean total N 

animals/h 5.80 175.60 89.40 118.90 10.90 26.50 167.10 117.60 110.40 7.10 1.20 69.50 

SD 
3.74 112.10 20.54 28.52 6.30 14.60 41.83 33.79 63.88 9.72 1.03 14.17 

 
         

 
  

VA2 
         

 
  

1 23 65 112 100 4 20 208 145 11 95 0 117 

2 10 210 84 165 3 14 176 154 4 34 1 45 

3 5 81 112 105 11 22 225 122 141 16 1 59 

4 28 39 117 132 6 21 210 143 45 8 0 151 

5 6 198 97 156 4 15 175 154 18 7 1 69 

6 3 106 114 105 8 19 224 123 135 4 1 58 

7 1 201 78 164 11 23 167 169 8 4 1 73 

8 3 111 114 124 9 20 217 128 140 3 1 30 

9 3 189 113 158 3 18 164 165 14 2 3 68 

10 4 75 103 121 10 22 209 119 134 3 1 99 

Mean total N 

animas/h 8.60 127.50 104.40 133.00 6.90 19.40 197.50 142.20 65.00 17.60 1.00 76.90 

SD 
9.30 65.28 13.75 25.87 3.28 2.99 24.17 18.38 63.38 28.88 0.81 35.96 
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Total amount of time in seconds per 1-hour observation spent interacting with the food 

enrichment , with the three treatments: 1) VA1 - without mealworms, 2) VA2 - with 50 

mealworms, 3) VA3 - with 100 mealworms. N animals = 15. 

 

 

 

 

 

 

 

 

 

 

Total amount of time in seconds per 1-hour observation spent interacting with the 

olfactory enrichment , in presence of the two treatments VA1: elephant faeces and VA2 

hyena faeces. N animals = 15. 

 

 

 

  

Observation #  VA1 VA2 VA3 

1 
867 1850 2213 

2 
608 1867 1896 

3 
498 1743 2086 

4 
696 1643 2012 

5 
426 1496 1245 

6 
734 1244 1313 

7 
410 743 1581 

8 
591 911 1325 

9 
523 875 1421 

10 
413 803 1376 

Mean (seconds)  
576.60 1317.50 1646.80 

SD 
153.60 455.29 367.28 

Observation #  VA1 VA2 

1 
841 1228 

2 
275 412 

3 
197 303 

4 
141 260 

5 
165 201 

6 
161 194 

7 
145 186 

8 
132 143 

9 
127 120 

10 
119 105 

Mean (seconds)  
230.30 315.20 

SD 
219.37 333.69 
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Total number of aggressions per 1-hour observation in presence of the “foraging tube”, 

with the three treatments: VA1 - without mealworms, VA2 - with 50 mealworms, VA3 - 

with 100 mealworms. N animals = 15. 

 

 

 

 

 

 

 

 

 

 

  

Observation #  

(60 scan samples) 

VA1 VA2 VA3 

1 
13 23 9 

2 
5 14 6 

3 
3 5 16 

4 
5 7 16 

5 
3 10 6 

6 
12 16 17 

7 
6 26 29 

8 
3 25 18 

9 
3 21 16 

10 
4 18 20 

Mean total N 

aggressions/h 5.70 16.50 15.30 

SD 
3.74 7.44 6.95 
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Appendix 2. Banded mongooses data.  

Data from the behaviour baseline study obtained with the scan sampling method. The 

figures show total number of animals per 1-hour observation  engaged in the selected 

behaviours. N animals = 12. 

Observation 

# (60 scan 

samples) DIG RES MOV FOR GRO ALO VIG SUN PLA OTH OFS 

1 24 45 107 207 12 0 68 0 12 8 237 

2 11 22 167 164 2 0 17 0 104 0 233 

3 17 123 96 54 7 15 11 0 39 0 358 

4 54 22 103 122 6 2 41 0 22 0 348 

5 8 11 214 203 15 10 21 0 28 8 202 

6 3 11 196 182 12 8 50 0 14 0 244 

7 19 13 213 141 12 0 74 0 75 0 173 

8 17 22 125 267 11 0 60 0 68 3 147 

9 19 19 158 221 4 2 51 10 32 3 201 

10 1 147 88 179 23 16 48 0 37 5 176 

11 2 389 52 59 25 15 19 0 40 0 119 

12 4 54 178 192 14 15 59 0 45 5 154 

13 34 37 146 227 9 2 41 5 64 5 150 

14 3 207 119 126 13 24 39 1 57 0 131 

15 12 67 128 240 8 32 37 0 39 0 157 

16 9 174 107 171 20 21 23 3 66 3 123 

17 4 289 107 77 22 4 39 0 38 4 136 

18 9 2 172 190 12 2 130 0 17 8 178 

19 11 36 100 189 16 8 82 0 11 13 254 

20 6 5 100 238 8 6 49 0 63 17 228 

21 1 373 54 28 21 44 39 2 17 0 141 

22 1 498 17 14 14 39 19 0 0 0 118 

23 6 158 86 210 7 13 34 0 12 30 164 

24 0 120 85 219 13 3 26 0 25 9 220 

25 1 33 142 248 26 21 63 1 14 15 156 

26 3 247 70 160 17 26 46 0 8 5 138 

27 10 81 161 209 17 13 45 0 19 10 155 

28 3 5 120 101 10 2 82 0 9 13 375 

29 1 244 75 142 17 28 62 0 11 10 130 

30 6 103 168 183 16 12 52 0 13 5 162 

Mean total 

N animals/h 9.97 118.57 121.80 165.43 13.63 12.77 47.57 0.73 33.30 5.97 190.27 

SD 11.54 131.65 48.36 66.84 6.08 12.08 24.46 2.07 24.94 6.76 69.78 
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Total number of animals per 1-hour observation engaged in the selected behaviours in 

presence of the "foraging tube", with three treatments:  VA1 - without mealworms, VA2 

- with 50 mealworms, VA3 - with 100 mealworms. N animals = 12. 

Observation # 
(60 scan samples) DIG RES MOV FOR GRO ALO VIG SUN PLA 

ENR 
OTH OFS 

VA1             

1 0 35 184 69 6 0 188 0 4 31 0 203 

2 3 140 99 149 2 11 67 0 16 52 2 179 

3 8 134 96 180 6 34 48 0 10 74 6 124 

4 10 97 132 167 10 15 75 0 6 88 8 112 

5 4 109 112 173 10 7 52 0 4 89 3 157 

6 25 47 128 137 14 28 92 0 70 52 4 123 

7 8 172 123 70 22 26 84 0 18 46 0 151 

8 22 4 173 124 7 9 109 0 100 25 5 142 

9 18 106 120 134 7 16 57 0 56 38 3 165 

10 16 86 112 89 8 23 97 0 86 28 4 171 
Mean total N 

animals/h (VA1) 11.40 93.00 127.90 129.20 9.20 16.90 86.90 0.00 37.00 52.30 3.50 152.70 

SD 
8.45 51.66 29.14 41.06 5.49 10.65 40.84 0.00 37.25 23.87 2.51 28.30 

             
VA2 

         
 

  
1 

0 96 68 158 15 19 26 0 16 234 0 88 

2 
6 92 128 178 11 7 52 3 4 117 1 121 

3 
2 97 112 121 2 14 72 0 15 94 0 191 

4 
22 9 163 154 5 4 100 0 39 104 0 120 

5 
26 8 130 182 16 5 86 0 25 115 15 112 

6 
22 54 122 166 14 5 43 0 30 105 10 149 

7 
22 1 143 161 5 8 92 0 87 65 6 130 

8 
31 39 107 163 30 32 97 0 90 51 2 78 

9 
25 43 123 170 25 9 92 0 56 69 4 104 

10 
15 38 142 164 10 11 80 0 47 53 3 157 

Mean total N 

animals/h (VA2) 17.10 47.70 123.80 161.70 13.30 11.40 74.00 0.30 40.90 100.70 4.10 125.00 

SD 
10.83 36.84 25.45 16.67 8.87 8.58 25.36 0.95 29.49 53.06 4.98 33.68 

             
VA3 

         
 

  
1 4 166 28 145 8 23 11 0 14 207 3 111 

2 14 146 51 82 5 3 42 0 25 99 4 249 

3 2 58 143 239 8 5 23 0 25 104 12 101 

4 4 18 123 200 13 0 70 2 14 105 2 169 

5 21 43 96 179 12 17 86 0 16 129 6 115 

6 14 7 138 253 13 10 115 0 8 69 9 84 

7 7 157 74 97 18 20 144 0 16 82 1 104 

8 44 30 126 194 19 17 107 0 9 56 13 105 

9 16 67 120 201 7 15 98 0 15 60 2 119 

10 8 54 107 235 17 20 78 0 20 65 3 113 
Mean total N 

animals/h (VA3) 13.40 74.60 100.60 182.50 12.00 13.00 77.40 0.20 16.20 97.60 5.50 127.00 

SD 
12.38 59.40 38.33 58.24 4.92 8.00 42.03 0.63 5.77 45.12 4.35 48.13 

TOTAL             

Mean total N 

animals/h 13.97 71.77 117.43 157.80 11.50 13.77 79.43 0.17 31.37 83.53 4.37 134.90 

SD 10.57 51.99 32.71 46.48 6.66 9.13 36.00 0.65 28.86 46.78 4.03 38.52 
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Total number of animals per 1-hour observation engaged in the selected behaviours in 

presence of the odour treatments VA1: elephant faeces and VA2 hyena faeces. N animals 

= 12. 

Observation 

# (60 scan 

samples) DIG RES MOV FOR GRO ALO VIG SUN PLA 

ENR 

OTH OFS 

VA1 
         

 
  

1 
2 160 174 138 15 14 42 0 6 52 2 115 

2 
5 115 126 142 12 23 42 0 58 27 6 164 

3 
3 248 77 78 5 15 44 0 6 5 0 239 

4 
17 275 92 92 0 9 62 0 38 5 0 130 

5 
31 241 96 101 4 14 97 0 31 4 3 98 

6 
27 50 232 148 8 3 127 0 18 4 3 100 

7 
25 64 214 152 10 4 126 0 20 5 0 100 

8 
18 268 101 100 2 10 60 0 43 4 0 114 

9 
9 110 115 136 10 21 47 0 52 3 0 217 

10 
15 254 85 98 4 9 63 0 36 3 0 153 

Mean total N 

animals/h 15.20 178.50 131.20 118.50 7.00 12.20 71.00 0.00 30.80 11.20 1.40 143.00 

SD 
10.34 88.47 55.68 27.17 4.76 6.54 33.48 0.00 18.04 16.05 2.07 50.28 

 
         

 
  

VA2 
         

 
  

1 
0 26 164 123 16 1 61 1 45 64 2 205 

2 
25 218 84 134 2 25 39 0 21 11 3 158 

3 
7 273 106 89 2 14 83 0 26 6 2 112 

4 
13 28 176 134 14 2 72 0 42 4 2 233 

5 
8 265 107 97 3 15 80 0 25 3 2 115 

6 
20 214 97 132 2 23 43 0 22 2 1 164 

7 
12 87 146 145 12 4 60 0 39 3 2 210 

8 
24 221 87 123 5 21 47 1 28 1 3 159 

9 
15 42 165 120 15 2 98 0 43 0 2 218 

10 
8 268 125 121 4 16 96 0 26 0 2 54 

Mean total N 

animals/h 13.20 164.20 125.70 121.80 7.50 12.30 67.90 0.20 31.70 9.40 2.10 162.80 

SD 
7.98 105.36 34.56 17.12 5.97 9.33 21.31 0.42 9.41 19.46 0.57 56.50 
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Total amount of time in seconds per 1-hour observation spent interacting with the food 

enrichment, in the three treatments: VA1 - without mealworms, VA2 - with 50 

mealworms, VA3 - with 100 mealworms. N animals = 12. 

 

 

 

 

 

 

 

 

 

 

Total amount of time in seconds per 1-hour observation spent interacting with the 

olfactory enrichment , in presence of the odour treatments VA1: elephant faeces and VA2 

hyena faeces. N animals = 12. 

 

 

 

  

Observation #  VA1 VA2 VA3 

1 
720 1081 2688 

2 
732 1822 1195 

3 
1017 1475 1601 

4 
1565 1773 1445 

5 
1166 2298 2443 

6 
1162 1943 1201 

7 
1049 1937 1285 

8 
485 1452 1098 

9 
734 1523 1138 

10 
490 1379 1076 

Mean (seconds)  
912.00 1668.30 1517.00 

SD 
340.68 351.61 578.50 

Observation #  VA1 VA2 

1 
724 721 

2 
594 127 

3 
128 104 

4 
144 95 

5 
136 101 

6 
157 92 

7 
142 83 

8 
135 85 

9 
113 75 

10 
104 62 

Mean (seconds)  
237.70 154.50 

SD 
224.66 199.82 
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Total number of aggressions per 1-hour observation in presence of the “foraging tube”, 

with the three treatments: VA1 - without mealworms, VA2 - with 50 mealworms, VA3 - 

with 100 mealworms. N animals = 12. 

 

 

  

Observation #  

(60 scan samples) 

VA1 VA2 VA3 

1 
0 34 36 

2 
4 18 21 

3 
12 16 35 

4 
3 21 29 

5 
5 19 32 

6 
6 17 32 

7 
16 24 22 

8 
4 10 11 

9 
6 15 25 

10 
4 17 20 

Mean total N 

aggressions/h 6.00 19.10 26.30 

SD 
4.64 6.40 7.92 
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Appendix 3. Dwarf mongooses’ data.  

Data from the behaviour baseline study obtained with the scan sampling method. The 

figures show total number of animals per 1-hour observation engaged in the selected 

behaviours. N animals = 6.  

Observation #  

(60 scan 

samples) DIG RES MOV FOR GRO ALO VIG SUN PLA OTH OFS 

1 33 55 56 99 1 9 47 29 2 0 29 

2 2 105 51 16 14 40 10 0 0 109 13 

3 6 115 54 51 3 10 32 0 0 50 39 

4 2 60 68 9 1 5 24 2 0 18 171 

5 5 78 93 66 8 9 40 0 0 25 36 

6 3 265 37 11 1 6 30 0 0 0 7 

7 1 81 49 142 2 2 45 0 4 13 21 

8 1 57 26 61 1 0 34 0 0 0 180 

9 3 14 49 103 7 0 96 0 0 0 88 

10 9 121 37 64 2 6 96 4 0 0 21 

11 2 66 60 60 6 12 107 0 0 22 25 

12 1 72 34 65 0 2 61 14 0 3 108 

13 0 27 39 86 2 3 58 0 0 20 125 

14 15 6 60 31 8 57 71 0 2 2 108 

15 1 177 5 91 5 4 70 0 0 0 7 

16 15 6 60 31 8 57 71 0 2 2 108 

17 9 66 48 95 8 18 40 0 2 18 56 

18 3 163 32 32 26 4 11 8 10 11 60 

19 18 104 37 72 12 18 30 12 10 0 47 

20 0 0 43 37 3 0 61 0 2 0 214 

21 1 0 66 55 6 2 94 0 0 9 127 

22 7 71 39 75 10 24 77 0 2 5 50 

23 4 56 60 62 10 12 59 4 10 26 57 

24 1 171 19 33 5 8 33 17 2 8 63 

25 12 158 17 39 2 2 97 0 18 4 11 

26 34 110 13 111 7 28 40 0 0 0 17 

27 2 172 11 32 7 12 51 13 0 32 28 

28 12 0 77 48 14 30 106 0 0 20 53 

29 7 67 39 35 12 20 20 2 16 62 80 

30 0 313 3 7 8 21 2 0 0 0 6 

Mean total N 

animals/h 6.97 91.87 42.73 57.30 6.63 14.03 53.77 3.50 2.73 15.30 65.17 

SD 8.78 76.24 21.40 32.88 5.46 15.37 29.79 6.89 4.91 23.45 55.42 
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Total number of animals per 1-hour observation engaged in the selected behaviours in 

presence of the "foraging tube", with three treatments: VA1 - without mealworms, VA2 

- with 25 mealworms, VA3 - with 50 mealworms. N animals = 6. 

Observation #  
(60 scan samples) DIG RES MOV FOR GRO ALO VIG SUN PLA 

ENR 
OTH OFS 

VA1 
         

 
  

1 
0 0 55 39 1 5 118 0 12 32 0 98 

2 
0 0 44 85 2 2 97 0 0 34 23 73 

3 
0 0 47 55 5 10 93 0 2 38 0 110 

4 
0 0 65 49 1 0 70 0 0 21 2 152 

5 
0 0 59 23 2 0 85 0 0 13 0 178 

6 
0 0 88 32 2 0 77 0 0 18 0 143 

7 
0 0 65 56 2 0 98 0 0 22 0 117 

8 
0 0 26 23 4 4 108 0 0 8 3 184 

9 
0 0 46 54 2 4 102 0 0 15 1 136 

10 
0 0 37 37 2 3 110 0 0 21 0 150 

Mean total N 

animals/h (VA1) 0.00 0.00 53.20 45.30 2.30 2.80 95.80 0.00 1.40 22.20 2.90 134.10 

SD 
0.00 0.00 17.33 18.72 1.25 3.19 15.02 0.00 3.78 9.68 7.14 34.93 

             
VA2 

         
 

  
1 

0 0 20 78 6 14 48 0 0 173 0 21 

2 
0 0 43 87 8 4 75 0 0 86 0 57 

3 
0 0 35 37 1 8 92 0 0 38 0 149 

4 
0 0 42 65 0 0 78 0 0 63 0 112 

5 
0 0 50 40 2 0 71 0 0 62 0 135 

6 
1 0 52 49 2 2 60 0 0 59 0 135 

7 
2 0 46 40 1 2 70 0 0 56 3 140 

8 
0 0 26 71 7 2 121 0 0 58 0 75 

9 
0 0 43 53 6 3 97 0 0 58 0 100 

10 
0 0 39 68 3 2 102 0 0 47 0 99 

Mean total N 

animals/h (VA2) 0.30 0.00 39.60 58.80 3.60 3.70 81.40 0.00 0.00 70.00 0.30 102.30 

SD 
0.67 0.00 10.12 17.47 2.88 4.27 21.63 0.00 0.00 38.20 0.95 41.17 

             
VA3 

         
 

  
1 

0 0 20 100 1 0 32 0 6 186 0 15 

2 
1 0 28 66 1 0 77 0 0 96 4 87 

3 
0 0 39 98 1 0 61 0 0 111 0 50 

4 
0 0 37 32 0 4 98 0 0 73 0 116 

5 
0 0 67 65 0 0 66 0 0 89 4 69 

6 
0 0 40 39 5 4 150 0 0 75 4 43 

7 
10 0 42 70 3 0 71 0 0 55 3 106 

8 
0 0 36 39 0 0 103 0 0 50 0 132 

9 
0 0 47 65 1 2 110 0 0 55 3 77 

10 
0 0 39 54 0 0 96 0 0 63 0 108 

Mean total N 

animals/h (VA3) 1.10 0.00 39.50 62.80 1.20 1.00 86.40 0.00 0.60 85.30 1.80 80.30 

SD 
3.14 0.00 12.25 23.22 1.62 1.70 32.40 0.00 1.90 40.51 1.93 36.72 

TOTAL             

Mean total N 

animals/h 0.47 0.00 44.10 55.63 2.37 2.50 87.87 0.00 0.67 59.17 1.67 105.57 

SD 
1.85 0.00 14.64 20.71 2.20 3.32 24.04 0.00 2.43 41.69 4.29 42.75 



 

62 
 

 

Total number of animals per 1-hour observation engaged in the selected behaviours in 

presence of the odour treatments VA1: elephant faeces and VA2 hyena faeces. N animals 

= 12. 

Observation 

#  

(60 scan 

samples) DIG RES MOV FOR GRO ALO VIG SUN PLA 

ENR 

OTH OFS 

VA1 
         

 
  

1 
0 104 19 34 3 6 125 0 0 53 2 14 

2 
0 15 9 62 1 5 123 42 0 32 0 71 

3 
0 44 34 100 3 7 70 0 2 21 0 79 

4 
0 2 27 61 3 7 123 13 2 17 2 103 

5 
0 120 23 9 1 2 140 0 0 7 0 58 

6 
0 28 44 51 3 0 83 1 0 5 0 145 

7 
0 19 42 59 0 0 86 0 0 5 0 149 

8 
0 154 30 64 4 6 69 8 2 3 1 19 

9 
0 3 21 46 3 7 156 0 0 2 0 122 

10 
0 76 10 58 1 4 162 25 0 2 3 19 

Mean total N 

animals/h 0.00 56.50 25.90 54.40 2.20 4.40 113.70 8.90 0.60 14.70 0.80 77.90 

SD 
0.00 53.86 11.97 23.25 1.32 2.80 34.53 14.26 0.97 16.73 1.14 51.21 

 
         

 
  

VA2 
         

 
  

1 
1 45 27 36 1 0 65 18 10 19 0 138 

2 
0 65 20 67 6 14 125 7 0 5 3 48 

3 
0 107 19 69 3 4 104 26 0 5 2 21 

4 
0 156 23 40 2 12 98 5 0 4 0 20 

5 
0 54 32 37 2 2 63 19 6 4 0 141 

6 
0 4 19 76 5 4 113 25 0 3 1 110 

7 
0 89 22 65 3 10 65 6 0 3 2 95 

8 
0 111 18 29 2 6 103 20 0 2 2 67 

9 
0 56 29 69 3 0 101 20 5 2 0 75 

10 
1 132 20 45 3 14 76 7 0 1 2 59 

Mean total N 

animals/h 0.20 81.90 22.90 53.30 3.00 6.60 91.30 15.30 2.10 4.80 1.20 77.40 

SD 0.42 45.57 4.82 17.43 1.49 5.50 22.27 8.19 3.60 5.16 1.14 43.31 
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Total amount of time in seconds per 1-hour observation spent interacting with the food 

enrichment , with the three variations: VA1 - without mealworms, VA2 - with 50 

mealworms, VA3 - with 100 mealworms. N animals = 6. 

 

 

 

 

 

 

 

 

 

 

Total amount of time in seconds per 1-hour observation spent interacting with the 

olfactory enrichment (, in presence of VA1: elephant faeces and VA2: hyena faeces. N 

animals = 6. 

 

 

 

  

Observation #  (60 

scan samples) 

VA1 VA2 VA3 

1 
956 3396 2633 

2 
1004 1923 2436 

3 
966 1390 2216 

4 
437 1552 1807 

5 
367 1797 1666 

6 
329 1342 1414 

7 
343 1517 1518 

8 
348 1695 1693 

9 
321 1421 1469 

10 
319 1356 1534 

Mean (seconds)  
539.00 1738.90 1838.60 

SD 
303.20 614.30 433.95 

Observation #  VA1 VA2 

1 
1107 890 

2 
738 153 

3 
555 153 

4 
480 142 

5 
295 120 

6 
165 111 

7 
143 101 

8 
123 90 

9 
115 96 

10 
103 88 

Mean (seconds)  
382.40 194.40 

SD 
336.63 245.66 
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Total number of aggressions per 1-hour observation in presence of the “foraging tube”, 

with the three treatments: VA1 - without mealworms, VA2 - with 25 mealworms, VA3 - 

with 50 mealworms. N animals = 6. 

 

 

 

 

 

 

 

Observation # 

(60 scan samples) 

VA1 VA2 VA3 

1 
3 17 8 

2 
3 12 23 

3 
3 15 21 

4 
1 21 24 

5 
0 14 27 

6 
2 15 11 

7 
0 11 9 

8 
1 14 14 

9 
0 15 16 

10 
1 13 12 

Mean total N 

aggressions/h 1.40 14.70 16.50 

SD 
1.26 2.79 6.79 


