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1 Abstract 

 

Meerkats are known to strongly rely on chemical communication in social 

contexts. However, little is known about their use of the sense of smell in food 

detection and selection. The aim of the present study was therefore to assess 

whether meerkats are able to (1) detect hidden food using olfactory cues, (2) 

distinguish the odour of real food from a single food odour component, and (3) 

build an association between the odour of real food and a novel odour. I 

employed the buried food test, widely used with rodents to assess basic olfactory 

abilities, designed to take advantage of the propensity of meerkats to dig. I 

found that the meerkats were clearly able to find all four food types tested 

(mouse, chicken, mealworm, banana) using olfactory cues alone and that they 

successfully discriminated between the odour of real food and a food odour 

component. In both tasks, the animals dug in the food-bearing corner of the test 

arena as the first one significantly more often than in the other three corners, 

suggesting development of an efficient foraging strategy. No significant 

association-building between a food odour and a novel odour was found within 

the 60 trials performed per animal. I conclude that meerkats are able to use 

olfactory cues when foraging and that their sense of smell is specialized for 

recognizing specific odours of behavioural relevance. To the best of my 

knowledge, this is the first study to successfully employ the buried food test 

with a carnivore species. 

2 Introduction 

 

Animals display a wide diversity of foraging behaviours. Many predator species 

rely on visual prey detection or indirect visual information, such as faeces or 

tracks, but when prey cannot be located visually predators may rely on other 

senses. These can include mechanoreception, thermoreception, echolocation, 

hearing and olfaction (Stevens 2013). It has been established that carnivore 

species strongly rely on olfaction in predatory, territorial and social behaviours 

(Ewer 1963). The importance of the sense of smell in foraging has been 

demonstrated in a number of predators (Houpt et al. 1978, Ylönen et al. 2003, 

Bahlman & Kelt 2007, Hughes et al. 2010). Nonetheless, whenever possible, 

predators often use a combination of senses to detect prey. Following this, it is 

interesting to study whether a single sense, such as olfaction, is sufficient for an 

animal to succeed in finding food. 

 

Meerkats are small-bodied, gregarious carnivores belonging to the mongoose 

family, Herpestidae. They live in semi-arid environments of southern Africa and 

are mainly insectivorous, but include also other arthropods and small vertebrates 

in their diet (Doolan & Macdonald 1996). Meerkats spend most of their active 
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time during the day foraging (Doolan & Macdonald 1996, Clutton-Brock et al. 

1998), generally together with other group members, although they rarely share 

prey with other adult individuals (Glaser 2006). Prey may be caught on the 

ground surface but is often mobile in the ground, which has led to the propensity 

of meerkats to dig or rake at the location of hidden food, as reported by earlier 

studies (Doolan & Macdonald 1996, Glaser 2006). Meerkats are mesopredators, 

meaning that they are both predator and prey animals at the same time. This 

entails a risk for them; digging deeply into the ground comes at the price of not 

being able to scan the environment for predators. Thus, meerkats should benefit 

from having a quick and precise foraging strategy (Glaser 2006), suggesting that 

additional sensory cues other than tactile ones may be involved in finding food 

hidden underground. 

 

Meerkats have well-developed olfactory brain structures (Gittleman 1991, Van 

Valkenburgh et al. 2014), implying that the sense of smell may be important for 

them. They have been shown to strongly rely on chemical communication in 

social contexts, such as scent marking (Moran & Sorensen 1986, Jordan 2007, 

Mares et al. 2011, Leclaire et al. 2013). Studies have also reported on the use of 

olfaction by meerkats in the context of predator avoidance, such as 

distinguishing between carnivore and herbivore faeces (Hollén & Manser 2007) 

and using predator cues, such as urine, to assess the level of danger in the 

specific circumstances (Zöttl et al. 2013). However, only little is known about 

the role of olfaction in food detection and selection by meerkats. Thornton and 

Hodge (2009) investigated the development of foraging microhabitat 

preferences in wild meerkats and suggested that for young pups, olfactory cues 

may play an important role in learning appropriate foraging habitats. Leclaire 

(2017) studied the olfactory abilities of wild meerkats to recognize prey species. 

She found that meerkats were able to discriminate between prey odour and non-

prey odour, suggesting that meerkats may use olfactory cues for prey detection 

over short distances (Leclaire 2017). Similarly, Glaser (2006) found that 

meerkats seemed to use primarily olfactory cues for short distance localization 

of prey, but used a combination of visual and olfactory cues over longer 

distances, together with palpating the ground for tactile cues as well. 

 

Further knowledge about the relevance of olfaction in the foraging behaviour of 

meerkats is important in order to develop appropriate olfactory enrichment for 

this species in captive environments. Newberry (1995) defined environmental 

enrichment as environmental modifications which result in improved biological 

functions in captive animals, meaning that the captive environment is adapted in 

order to allow captive animals to perform their natural behaviours. Spiezio et al. 

(2016) investigated the effect of an olfactory enrichment program on the 

behaviour of captive meerkats and found that the program had a mainly positive 

effect on the behaviour of the animals, as shown by the animals utilizing their 
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enclosure more as well as being less afraid of humans. This indicates that 

olfactory stimuli can positively affect the welfare of meerkats (Spiezio et al. 

2016). In contrast, Myles and Montrose (2015), when investigating the effect of 

odour-scented cloths on the behaviour of captive meerkats, found that olfactory 

stimulation did not influence the behaviour of the meerkats, indicating that other 

forms of sensory enrichment may be more beneficial for this species. These 

conflicting results call for further investigation on the relevance of olfaction in 

meerkats, in order to fully explore olfactory stimulation as potential enrichment 

in captive environments. In-depth understanding of the natural foraging 

behaviour of meerkats may also be important in the context of conservation of 

wild animals, as knowledge about the species and its natural behaviours is 

crucial for successful conservation. 

 

The aim of the present study was to (1) assess whether meerkats are able to 

detect hidden food using only their sense of smell, (2) assess whether meerkats 

are able to distinguish the odour of real food from a single food odour 

component, and (3) assess whether meerkats are able to learn to associate the 

odour of real food with a novel odour. To this end, I employed the buried food 

test, a widely used behavioural assay with rodents to assess basic olfactory 

abilities (Yang & Crawley 2009). The buried food test takes advantage of the 

propensity of certain species to dig. To the best of my knowledge, the present 

study is the first one to use this method with a carnivore. 

3 Material and methods 

 

3.1 Animals and housing 

 

A group of meerkats (Suricata suricatta, Figure 1) housed at Kolmården 

Wildlife Park was used. The group comprised 10 males and one female. Males 

were between one and six years old and the female was two years old. The 

meerkats were housed in an enclosure that consisted of two separate exhibits, 

one indoors (50 m
2
) and one outdoors (100 m

2
), connected by a gate. The indoor 

exhibit had ground substrate of sand and contained bushes, tree stumps and 

various hiding places, such as wooden boxes and an artificial termite nest with 

tunnels. The outdoor exhibit had ground substrate of soil and grass and 

contained bushes, tree stumps, coniferous trees and rocks. The gate connecting 

the two exhibits was open during the majority of the study period, allowing the 

animals to freely move between them. The meerkats were fed three times a day 

(approximately at 08:00, 13:00 and 16:00) with whole dead mice (one per 

individual), whole dead chicks (one per individual) or a chunk of meat (from 

different ungulate species, such as deer, antelope or goat) and had access to 

water ad libitum. During one time per day from May to August, caretakers 
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performed a showing of the meerkats to visitors, where the animals were given a 

handful of live crickets and pelleted cat food (Four Friends Senior, Västerås, 

Sweden). The animals were also given fruits, such as bananas and apples, 

sporadically throughout the study period. During all parts of the study, 

participation by the animals was voluntary at all times and the animals were 

never food-deprived. 
 

 
Figure 1. Meerkats at Kolmården Wildlife Park, Sweden. 
 

3.1.1 Individual recognition 

 

Individuals that voluntarily and singly entered the test arena described below 

repeatedly during pilot trials were selected to participate in the study. Four 

males were selected and marked with spray colour (KRUUSE Porcimark 

marking spray, Langeskov, Denmark). Two individuals were sprayed with blue 

colour on the right and the left side of their body respectively, one individual 

was sprayed with green colour on the left side of its body and one individual 

was sprayed with red colour on the middle of its back. Marking of individuals 

was carried out 2-3 times a week to prevent the colour spots from wearing off. 

The four selected males were 1.5 years (2 individuals, siblings), 2.5 years and 

4.5 years old at the start of the study. 

 

3.2 Experimental setup 

 

The general setup of this study was to use a foursquare test arena that contained 

four small compartments, one in each corner of the arena. The approach was to 

place either food, odour or both in one of the corners and then fill all corners 

with wood chips. This would allow for assessing the ability of the meerkats to 

find the hidden food and/or odour, as judged by the displayed digging 
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behaviours. Complete details about the different parts of the setup are explained 

in the following sections. 

 

3.2.1 Test arena 
 

The test arena was made of 6 mm plywood and consisted of two assembled 

wooden boxes, each 50 x 50 x 30 cm (W x L x H), with hinged transparent 

acrylic glass lids on top. Both boxes had an opening of 15 x 15 cm in the center 

of the connecting side, with a sliding door between them to allow animals to 

pass from one box to the other. The box into which animals entered the arena 

(entrance box) had a 15 x 15 cm entrance opening with a sliding door. The 

entrance opening was extended with a 30 cm long tunnel to make it easier to 

allow only one animal to enter at a time. The entrance box also had a hinged flap 

door of 15 x 15 cm that could be opened by the animals from the inside by a 

light press with their heads. The flap door was placed on the entrance side of the 

box and was intended to work as an “emergency exit” for the animals in case of 

distress. The second box, in which tests took place (test box), contained four 13 

x 13 x 7 cm compartments (labelled 1-4) that were open on the top and that were 

placed one in each corner of the box. The test box also had a 15 x 15 cm hinged 

flap door on the opposite side of the middle sliding door, allowing animals to 

exit the arena. Complete details and dimensions are shown in Figure 2. 

 

 
Figure 2. Test arena used for testing the olfactory abilities of meerkats. 
Measurements in centimeters. Labels 1-4 refer to the four test compartments where 
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food and/or odours were placed. 

 

For presenting food items and odours, small petri dishes (diameter 3.5 cm, 

Sarstedt, Nümbrecht, Germany) were used. For food items, one piece of either 

banana, mouse or chicken, or 5-7 mealworms, were placed directly into the petri 

dish. For odours, a filter paper (diameter 3 cm, Munktell, Stockholm, Sweden) 

was placed in the bottom of the petri dish and 100 µL of odour solution was 

micropipetted onto the filter paper. For both empty and food- or odour-

containing petri dishes, one half of a ball-shaped metal tea net (diameter 5 cm) 

was placed over the petri dish in order to avoid contamination from wood chips 

and still allow the odours to emanate through the net. For all tests, at least one 

petri dish covered by a tea net was placed in each of the four compartments in 

the test box of the arena, either with food item/odour or empty. All four 

compartments were then filled to the top with poplar wood chips (Lignocel 

select, Rettenmaier & Söhne, Rosenberg, Germany) so that the petri dishes and 

tea nets were completely covered and thus invisible to the animals. 

 

During data collection, a video camera (Canon Legria HF M52, Solna, Sweden) 

was used to record all behaviours for later analysis. The video camera was 

attached to a horizontal aluminium bar that was mounted on a tripod (Velbon C-

600, Würzburg, Germany), which made it possible to direct the front lens of the 

camera downwards towards the transparent lid of the arena test box. The tripod 

was placed close to the arena so that the camera was situated centrally above the 

test box. 

 

3.2.2 Food and odour preparations 
 

The following food items were used in the real food detection test: 

 Banana (Musa paradisiaca). Bananas were peeled and prepared by 

cutting 1 cm slices and then cutting each slice two times to create 4 pieces 

of each slice. 

 Mouse (Mus musculus). Frozen mice were defrosted and prepared by 

removing tail, organs and intestines and then cutting the body into 6-8 

pieces. 

 Chicken (Gallus gallus domesticus). Frozen chicks were defrosted and 

prepared by removing legs, organs and intestines and then cutting the 

body into 8-10 pieces. 

 Mealworm (larvae of the mealworm beetle, Tenebrio molitor). 

Mealworms were euthanized by placing them first in a refrigerator in 

order to make them go into dormancy, and then in a freezer to kill them. 

 

The rationale for choosing these food items was that the motivation of the 

animals to eat the hidden food should be high. During pilot trials, some 
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additional kinds of food were tested and it was judged whether the animals 

would eat them at all times or not. The four chosen food types were eaten by the 

selected individuals at all occasions and were therefore judged to retain the 

animals' motivation well enough to be used in the study. 

 

The following odours were used in the real food versus food odour component 

discrimination test:  

 iso-pentyl acetate (CAS# 123-92-2). iso-pentyl acetate has been reported 

to be an odour component in a number of fruits and the odour is described 

as fruity, banana-like (Komthong et al. 2006, Mayr et al. 2003). A 1:1,000 

solution of iso-pentyl acetate was prepared by diluting 0.05 ml of 

odourant in 49.95 ml of the solvent DEP. 

 Cyclamen aldehyde (CAS# 103-95-7). Cyclamen aldehyde is not 

naturally occurring and is produced for use in the perfume and fragrance 

industry. The odour is described as lily-of-the-valley-like (Vrbková et al. 

2015). A 1:100 solution of cyclamen aldehyde was prepared by diluting 

0.5 ml of odourant in 49.5 ml of the solvent DEP. 

 

The following odours were used in the real food and novel odour association 

test:  

 Eugenol (CAS# 97-53-0). Eugenol has been reported to be the 

characteristic component in clove oil (Syzygium aromaticum) and the 

odour is described as spicy, clove-like (Yuwono et al. 2002). A 1:18 

dilution of eugenol was prepared by diluting 2 ml of odourant in 34 ml of 

the solvent DEP. 

 

The rationale for choosing these odours was that for the real food versus food 

odour component discrimination test, one odour (iso-pentyl acetate) should 

resemble one of the chosen food items (banana) and the other odour (cyclamen 

aldehyde) should be novel to the animals and not a part of their natural diet. For 

the real food and novel odour association test, the odour (eugenol) should be 

novel to the animals and not a part of their natural diet. All monomolecular 

odourants used in the present study were obtained from Sigma-Aldrich 

(Stockholm, Sweden) and were of the highest available purity (>99.5 %). 

 

In both the real food versus food odour component discrimination test and the 

real food and novel odour association test, diethyl phtalate (DEP) (CAS# 84-66-

2) was used as solvent. Diethyl phthalate is a colourless and nearly odourless 

organic solvent. 
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3.3 Experiments 

 

The study was conducted at Kolmården Wildlife Park, Sweden, from May 15 to 

November 17 2017. Data collection was carried out Mondays through Fridays 

between approximately 09:00 to 12:00 and took place in the indoor enclosure of 

the meerkats. The experiments reported here are based on the classical buried-

food test, a widely used behavioural test to assess the ability of laboratory 

rodents to find buried food using their sense of smell (Yang & Crawley 2009). 

The test is commonly used with mice to confirm the ability to smell certain 

odours and relies on the natural tendency of an animal to use olfactory cues and 

to dig when foraging (Yang & Crawley 2009). 

 

For all tests in the present study, the general approach was to open the entrance 

sliding door and allow one animal inside before closing it. If several animals 

tried to get inside, I used my hands to gently push away other individuals than 

the intended one. Semi-randomization of the sequence in which the individuals 

entered the test arena was obtained by not allowing the same individual to enter 

the arena twice in a row and making sure that all individuals had entered the 

arena an equal number of times at the end of each test session. After closing the 

entrance sliding door, the video camera was set to start recording and the 

identity of the animal in the entrance box was noted. The middle sliding door 

was opened, the animal was allowed into the test box and its behaviour was 

recorded. When the animal exited the test box through the exit flap door, the 

video camera was set to stop recording. Food items and/or odours were 

rearranged in the petri dishes before allowing the next animal inside. Wood 

chips that had been spilled were mixed together and divided into all four test 

compartments in order to try and level out the grade of contamination between 

them. The placement of food items and/or odours into the four test 

compartments was pseudo-randomized. 

 

At the end of each day, the tea nets were dishwashed and allowed to dry. Used 

petri dishes were replaced with new ones at every change of food, and otherwise 

dishwashed and allowed to dry. Wood chips were replaced with fresh ones at 

every change of food, and otherwise refilled when needed. Wet or sticky wood 

chips were replaced immediately when discovered. 

 

3.3.1 Habituation and training phase 
 

Habituation to the arena and the first training steps were performed during 10 

weeks from May to July. During the first two weeks, the arena was placed in the 

meerkat enclosure with open or removed doors, allowing the animals to freely 

explore the whole arena without being trapped inside. At the same time, I was 

spreading pieces of food around both inside and around the arena. During the 



10 

 

 

 

next two weeks, I was inside the meerkat enclosure every day, offering the 

animals pieces of food from the ground and inside the arena. By the time the 

animals did not seem bothered by me being close to them, I started to close the 

entrance sliding door and the middle sliding door when one or more animals 

were inside the arena, at the same time offering food inside the whole arena. 

During the following three weeks, I introduced the step of closing both sliding 

doors with only one animal inside the arena, concurrently offering a small 

amount of food in petri dishes with tea nets, without wood chips covering them, 

in the test compartments. During the next two weeks, the number of reliably 

cooperating individuals was established by identifying individuals that entered 

the arena several times per session and ate the offered food. The four selected 

individuals were spray-marked and a one-week pilot run was performed with 

food items in petri dishes with tea nets in the test compartments, together with 

wood chips on top. 

 

3.3.2 Olfactory detection of real food 

 

In order to test the meerkats’ ability to detect buried food using only olfactory 

cues, a petri dish containing a food item and covered with a tea net was placed 

in one of the four test compartments in the test box of the arena. Empty petri 

dishes, also covered with tea nets, were placed one in each of the remaining 

three compartments. All compartments were filled with wood chips so that the 

petri dishes and tea nets were completely covered. An example of the setup is 

shown in figure 3. The type of food used was changed between days and 

alternated between banana, chicken, mouse and mealworm until all individuals 

had done at least 30 runs with each food type. 

 

 
Figure 3. Example of setup in the food detection test. One test compartment contains 
the petri dish bearing food while the remaining three test compartments contain 
empty petri dishes. 
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3.3.3 Discrimination between real food and a food odour component 

 

In order to test the meerkats’ ability to discriminate between the odour of real 

food and a food odour component, a petri dish containing a food item and 

covered with a tea net was placed in one test compartment of the test arena. A 

petri dish containing either a food odour component (iso-pentyl acetate) or a 

control odour (cyclamen aldehyde), and covered with a tea net, was placed in 

another test compartment. Empty petri dishes, also covered with tea nets, were 

placed one in each of the remaining two compartments. All compartments were 

filled with wood chips so that the petri dishes and tea nets were completely 

covered. Food type and odour were used in the following combinations: banana 

with iso-pentyl acetate, mouse with iso-pentyl acetate and banana with cyclamen 

aldehyde. An example of the setup is shown in figure 4. With each stimulus 

combination, in total 20 runs per individual were performed before changing to 

another one. 

 

 
Figure 4. Example of setup in the real food versus food odour component 
discrimination test. One test compartment contains the petri dish bearing food, 
another test compartment contains the petri dish bearing either a food odour 
component or a control odour, while the remaining two test compartments contain 
empty petri dishes. 

 

3.3.4 Association between real food and a novel odour 

 

In order to test the meerkats’ ability to learn to associate a food type (banana) 

with a novel odour (eugenol) a petri dish containing banana was placed in one 

test compartment of the test arena together with another petri dish containing 

eugenol, both covered with tea nets. Empty petri dishes, also covered with tea 

nets, were placed one in each of the remaining three compartments. All 

compartments were filled with wood chips so that the petri dishes and tea nets 

were completely covered. This setup was alternated every third run by removing 
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the food petri dish, leaving only the novel odour in one compartment. An 

example of the two setups is shown in figure 5. This experiment was carried out 

until the study had run out of time for data collection and by then each 

individual had completed 60 runs with both food and odour and 20 runs with 

odour only. 

 

 
Figure 5. Example of the two setups in the real food and novel odour association test. 
Left: one test compartment contains the petri dish bearing food together with the petri 
dish bearing a novel odour, while the remaining three compartments contain empty 
petri dishes. Right: one test compartment contains the petri dish bearing a novel 
odour, while the remaining three compartments contain empty petri dishes. 
 

3.3.5 Video analysis 

 

Videos were analysed for the occurrence and location of five behaviours using a 

predetermined ethogram (Table 1). The four test compartments were given 

labels (1-4) and performed behaviours were recorded for each individual in the 

order they occurred and in which test compartment they occurred. 
 

Table 1. Ethogram used for recording foraging behaviours in meerkats when food 
and/or odours are hidden under a layer of wood chips.  

Behaviour Description 

Sniffing Using nose to smell with face directed towards wood chips of a test 
compartment. With or without movement. Without touching wood chips with any 
of the paws. 
 

Scratching Using a paw to scratch the top layer of wood chips. With or without uncovering 
a part of the tea net. 
 

Digging Using one or two paws to dig deeply into wood chips, uncovering the whole tea 
net and petri dish. 
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Eating Exposing food item by removing tea net from petri dish, either by pushing the 
petri dish and tea net out of test compartment or by using claws to lift the tea 
net from the petri dish still inside of the test compartment. Counted as eating 
only after the animal had also eaten the food item. 

Exiting Making an attempt to leave and/or leaving the arena by pressing forehead 
against the exit flap door until it opened. With or without leaving the arena 
through the flap door. 

 

3.4 Statistical analysis 

 

In order to assess the meerkats’ ability to detect buried food using only olfactory 

cues, the number of correct first digs (i.e. the number of times the animal dug in 

the corner containing hidden food before digging in any other corner) was 

counted for each individual. The two-tailed binomial test was performed based 

on the number of correct first digs for all four individuals, for all four food types 

separately and combined.  

 

In order to further assess success rates in subsequent digs when the first one was 

incorrect, the numbers of correct first digs, correct second digs and correct third 

or fourth digs were counted and expressed as percentage of total number of digs. 

This was done for all food types combined and separately. 

 

In order to test for differences in the number of correct first digs between food 

types a chi-square test of independence was performed together with a pairwise 

comparison with Bonferroni correction. This was performed for all individuals 

combined between all four food types. 

 

In order to assess the meerkats’ ability to discriminate between the odour of real 

food and a food odour component, the number of correct first digs was counted 

for each individual for both the real food and for the food odour component in 

all tested combinations. The two-tailed binomial test was performed based on 

the number of correct first digs in the food corner for all four individuals, for all 

three combinations of food and odour separately. 

 

In order to assess the meerkats’ ability to learn to associate a food type with a 

novel odour, the number of correct first digs was counted for each individual for 

both real food together with odour and for odour only. The two-tailed binomial 

test was performed based on the number of correct first digs for all four 

individuals, for both food and odour together and for odour only. 
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4 Results 

4.1 Olfactory detection of real food 

 

Figure 6 shows the performance of the four meerkats in the food detection test 

with banana used as food item. All four animals succeeded in digging in the 

corner bearing the banana as the first one in 16, 22, 19 and 26 out of 30 trials, 

respectively, corresponding to 53, 73, 63 and 87 % of all trials. Thus, all four 

animals significantly performed above chance level (binomial test, p<0.01 for all 

four individuals). In the cases where the first dig was incorrect, the animals 

succeeded in digging in the corner bearing the banana as the second one in 9, 5, 

4 and 3 out of 30 trials, corresponding to 30, 17, 13, and 10 % of all trials. Thus, 

the average success rate for the first and second dig combined was 86.5 %, while 

the animals had to dig in more than two corners to find the correct one in only 

13.5 % of all cases. 

 

Figure 6. Number of correct first digs in the food detection test for all four individuals 
with banana as food item. Asterisks indicate p<0.05 (*) and p<0.01 (**). 

 

Figure 7 shows the performance of the four meerkats in the food detection test 

with chicken used as food item. All four animals succeeded in digging in the 

corner bearing the chicken as the first one in 24, 22, 19 and 27 out of 30 trials, 

respectively, corresponding to 80, 73, 63 and 90 % of all trials. Thus, all four 

animals significantly performed above chance level (binomial test, p<0.01 for all 

four individuals). In the cases where the first dig was incorrect, the animals 

succeeded in digging in the corner bearing the chicken as the second one in 3, 6, 

7 and 3 out of 30 trials, corresponding to 10, 20, 24, and 10 % of all trials. Thus, 

the average success rate for the first and second dig combined was 92.5 %, while 
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the animals had to dig in more than two corners to find the correct one in only 

7.5 % of all cases. 

 

 
Figure 7. Number of correct first digs in the food detection test for all four individuals 
with chicken as food item. Asterisks indicate p<0.05 (*) and p<0.01 (**). 

 

Figure 8 shows the performance of the four meerkats in the food detection test 

with mouse used as food item. All four animals succeeded in digging in the 

corner bearing the mouse as the first one in 24, 25, 21 and 26 out of 30 trials, 

respectively, corresponding to 80, 83, 70 and 87 % of all trials. Thus, all four 

animals significantly performed above chance level (binomial test, p<0.01 for all 

four individuals). In the cases where the first dig was incorrect, the animals 

succeeded in digging in the corner bearing the mouse as the second one in 5, 4, 6 

and 4 out of 30 trials, corresponding to 17, 14, 20, and 13 % of all trials. Thus, 

the average success rate for the first and second dig combined was 96 %, while 

the animals had to dig in more than two corners to find the correct one in only 4 

% of all cases. 
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Figure 8. Number of correct first digs in the food detection test for all four individuals 
with mouse as food item. Asterisks indicate p<0.05 (*) and p<0.01 (**). 

 

Figure 9 shows the performance of the four meerkats in the food detection test 

with mealworms used as food item. All four animals succeeded in digging in the 

corner bearing the mealworms as the first one in 11, 19, 14 and 13 out of 30 

trials, respectively, corresponding to 37, 63, 46 and 43 % of all trials. Thus, 

three animals significantly performed above chance level (binomial test, p<0.05 

for individual C and D, p<0.01 for individual B) while one animal did not 

perform above chance level (binomial test, p>0.05 for individual A). In the cases 

where the first dig was incorrect, the animals succeeded in digging in the corner 

bearing the mealworm as the second one in 7, 5, 8 and 11 out of 30 trials, 

corresponding to 23, 17, 27, and 37 % of all trials. Thus, the average success 

rate for the first and second dig combined was 73.25 %, while the animals had to 

dig in more than two corners to find the correct one in only 26.75 % of all cases. 
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Figure 9. Number of correct first digs in the food detection test for all four individuals 
with mealworm as food item. Asterisks indicate p<0.05 (*) and p<0.01 (**). 

 

Figure 10 shows the performance of the four meerkats in the food detection test 

with all four food types combined. In total, all four animals succeeded in 

digging in the corner bearing the food item as the first one in 75, 88, 73 and 92 

out of 120 trials, respectively, corresponding to 63, 73, 61 and 77 % of all trials. 

Thus, all four animals significantly performed above chance level (binomial test, 

p<0.01 for all four individuals). In the cases where the first dig was incorrect, 

the animals succeeded in digging in the corner bearing the food item as the 

second one in 24, 20, 24 and 25 out of 120 trials, corresponding to 20, 17, 20, 

and 21 % of all trials. Thus, the average success rate for the first and second dig 

combined was 87 %, while the animals had to dig in more than two corners to 

find the correct one in only 13 % of all cases. 
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Figure 10. Number of correct first digs in the food detection test for all four individuals 
with all food types combined. Asterisks indicate p<0.05 (*) and p<0.01 (**). 

 

Figure 11 shows the performance in the food detection test for all four 

individuals combined in terms of number of correct first digs for the four 

different food types. There was a significant difference in total number of 

correct first digs between food types (ꭓ
2
(3)=11.2, p=0.01). Pairwise comparisons 

with Bonferroni correction showed that the total number of correct first digs for 

mealworm was significantly lower than the total number of correct first digs for 

banana (ꭓ
2
(1)=7.6, p<0.01), chicken (ꭓ

2
(1)=8.8, p<0.01) and mouse (ꭓ

2
(1)=10.0, 

p<0.01). 
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Figure 11. Number of correct first digs in the food detection test with the four 
individuals combined across the four food types. Asterisks indicate p<0.05 (*) and 
p<0.01 (**). 

 

4.2 Discrimination between real food and a food odour component 

 

Figure 12 shows the performance of the four meerkats in the real food versus 

food odour component discrimination test with banana used as food item and 

iso-pentyl acetate used as odour. All four animals succeeded in digging in the 

corner bearing the banana as the first one in 13, 18, 13 and 20 out of 20 trials, 

respectively, corresponding to 65, 90, 65 and 100 % of all trials. Thus, all four 

animals significantly performed above chance level (binomial test, p<0.01 for all 

four individuals) when performing the first dig in the corner bearing the food 

item. All four animals dug in the corner bearing the iso-pentyl acetate as the first 

one in 4, 2, 0 and 0 out of 20 trials, respectively, corresponding to 20, 10, 0 and 

0 % of all trials. Thus, none of the four animals performed above chance level 

(binomial test, p>0.05 for all four individuals) when performing the first dig in 

the corner bearing the food odour component. 
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Figure 12. Number of correct first digs in the real food versus food odour component 
discrimination test for all four individuals with banana as food item and iso-pentyl 
acetate as odour. Light bars refer to the food item and dark bars refer to the odour. 
Asterisks indicate p<0.05 (*) and p<0.01 (**). 

 

Figure 13 shows the performance of the four meerkats in the real food versus 

food odour component discrimination test with mouse used as food item and iso-

pentyl acetate used as odour. All four animals succeeded in digging in the corner 

bearing the mouse as the first one in 15, 17, 16 and 19 out of 20 trials, 

respectively, corresponding to 75, 85, 80 and 95 % of all trials. Thus, all four 

animals significantly performed above chance level (binomial test, p<0.01 for all 

four individuals) when performing the first dig in the corner bearing the food 

item. All four animals dug in the corner bearing the iso-pentyl acetate as the first 

one in 1, 1, 0 and 0 out of 20 trials, respectively, corresponding to 5, 5, 0 and 0 

% of all trials. Thus, none of the four animals performed above chance level 

(binomial test, p>0.05 for all four individuals) when performing the first dig in 

the corner bearing the food odour component.  
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Figure 13. Number of correct first digs in the real food versus food odour component 
discrimination test for all four individuals with mouse as food item and iso-pentyl 
acetate as odour. Light bars refer to the food item and dark bars refer to the odour. 
Asterisks indicate p<0.05 (*) and p<0.01 (**). 

 

Figure 14 shows the performance of the four meerkats in the real food versus 

food odour component discrimination test with banana used as food item and 

cyclamen aldehyde used as odour. All four animals succeeded in digging in the 

corner bearing the banana as the first one in 16, 19, 13 and 17 out of 20 trials, 

respectively, corresponding to 80, 95, 65 and 85 % of all trials. Thus, all four 

animals significantly performed above chance level (binomial test, p<0.01 for all 

four individuals) when performing the first dig in the corner bearing the food 

item. All four animals dug in the corner bearing the cyclamen aldehyde as the 

first one in 1, 0, 2 and 0 out of 20 trials, respectively, corresponding to 5, 0, 10 

and 0 % of all trials. Thus, none of the four animals performed above chance 

level (binomial test, p>0.05 for all four individuals) when performing the first 

dig in the corner bearing the control odour. 
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Figure 14. Number of correct first digs in the real food versus food odour component 
discrimination test for all four individuals with banana as food item and cyclamen 
aldehyde as odour. Light bars refer to the food item and dark bars refer to the odour. 
Asterisks indicate p<0.05 (*) and p<0.01 (**). 

 

4.3 Association between real food and a novel odour 

 

Figure 15 shows the performance of the four meerkats in the real food and novel 

odour association test with banana as food item together with eugenol as novel 

odour. All four animals succeeded in digging in the corner bearing the food plus 

novel odour as the first one in 53, 54, 50 and 54 out of 60 trials, respectively, 

corresponding to 88, 90, 83 and 90 % of all trials. Thus, all four animals 

significantly performed above chance level (binomial test, p<0.01 for all four 

individuals) when performing the first dig in the corner bearing the food plus 

novel odour.  
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Figure 15. Number of correct first digs in the real food and novel odour association 
test for all four individuals with banana as food item together with eugenol as odour. 
Asterisks indicate p<0.05 (*) and p<0.01 (**). 
 

Figure 16 shows the performance of the four meerkats in the real food and novel 

odour association test with eugenol as novel odour alone. All four animals 

succeeded in digging in the corner bearing the novel odour as the first one in 9, 

3, 2 and 6 out of 20 trials, respectively, corresponding to 45, 15, 10 and 30 % of 

all trials. Thus, none of the four animals performed above chance level 

(binomial test, p>0.05 for all four individuals) when performing the first dig in 

the corner bearing the novel odour only. 
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Figure 16. Number of correct first digs in the real food and novel odour association 
test for all four individuals with eugenol as odour alone. Asterisks indicate p<0.05 (*) 
and p<0.01 (**). 

 

5 Discussion 

 

The present study aimed to investigate whether meerkats were able to find 

hidden food items, distinguish real food from a food odour component and 

associate real food with a novel odour, all using only their sense of smell. 

Results showed that the meerkats were able to find all four food types (with the 

exception of one individual for the mealworms) significantly more often than 

expected by chance, shown by performing the first dig in the corner bearing the 

hidden food item. The meerkats were also able to distinguish between the odour 

of real food and the food odour component, shown by the choice of digging for 

the food item significantly more often than for the odour. The same result was 

found when testing real food against the control odour. As for the ability of the 

meerkats to associate the odour of real food with a novel odour, this study could 

not demonstrate any signs of successful association-building. 

 

The first experiment of the present study demonstrated that the meerkats were 

clearly able to find the hidden food when all sensory cues except for olfactory 

ones were eliminated by the setup of the study. Thus, it can be fairly assumed 

that they did use their sense of smell when foraging, as previously reported by 

Glaser (2006) and Leclaire (2017). This indicates that the meerkats’ sense of 

smell is indeed important for foraging as well as well-developed, which is 
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consistent with studies of their olfactory brain structures (Gittleman 1991, Van 

Valkenburgh et al. 2014). Results from the present study also indicate that 

meerkats are able to use their sense of smell in the context of developing a 

foraging strategy, that is, using olfactory cues to identify the location of the 

buried food item before starting to dig in order to save energy. This is supported 

by the optimal foraging theory which predicts that animals should forage in a 

way that maximises their net energy gain (i.e. the difference between energy 

gained and energy expended) (Schoener 1971). Optimal foraging strategies have 

been demonstrated in a variety of species, including predators (Jensen et al. 

2012). Thus, it can be assumed that the meerkats in the present study adopted 

such a strategy in order to optimize their net energy gain. 

 

The difference in digging success between the four food types, with a lower 

success rate for mealworms than for banana, mouse and chicken, shows that 

meerkats’ sense of smell might have evolved to recognize certain odour sources 

better than others. It is somewhat surprising that the meerkats had a lower 

success in finding mealworms than the other food types, as mealworms are 

arthropods and thus most closely resemble the natural prey species of meerkats 

(Doolan & Macdonald 1996). However, as the captive individuals used in the 

present study were accustomed to getting fed with fruits, including banana, and 

chicken and mouse on a daily basis they might have learnt to recognize those 

odours as food. Additionally, as the captive individuals used in the present study 

were not accustomed to getting fed mealworms, the lack of routine-based 

association between odour and foraging behaviour might be a possible 

explanation for their lower success rate in finding the mealworms. Habituating 

meerkats with mealworms before replicating this study could shed light on 

whether the success rate for mealworms would then be more similar to the 

success rates for the other food types. Another possible explanation for the 

difference in success rate between the four food types is that for the human nose, 

mealworms are considerably less smelly than the other food types used in the 

study. This could be the case for meerkats as well and should be confirmed by 

further studies on the olfactory ability of meerkats to recognize different types of 

food. 

 

The second experiment of the present study demonstrated that the meerkats were 

clearly able to distinguish between the odour of real food items and food odour 

components. This finding further confirms that their sense of smell is well-

developed and allows them to discriminate odours perceived as food from other 

odours that are simultaneously present in their environment. This is in line with 

what Leclaire (2017) found, namely that meerkats were able to discriminate the 

odour of prey from the odour of non-prey items. What is interesting is that iso-

pentyl acetate, known to be the characteristic odour component of banana 

(Komthong et al. 2006, Mayr et al. 2003), was not perceived by the meerkats as 
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food, whilst the odour of real banana was. This suggests that the complex odour 

mixture of the food rather than a single component may be necessary to evoke a 

foraging response in meerkats. Similarly, Nevo et al. (2015) investigated 

whether the ability of spider monkeys (Ateles geoffroyi) to discriminate between 

the odours of ripe and unripe fruits was dependent on one odourant or odourant 

class. They demonstrated that the ability of spider monkeys to identify ripe fruits 

did not depend on any single compound, which is beneficial as natural fruit 

odours are not uniform (Nevo et al. 2015). Thus, for the same reason this may be 

the case for meerkats as well and should allow them to identify prey in a natural 

environment. In the present study, it was not tested whether the meerkats found 

the odour of iso-pentyl acetate repulsive and thereby did not dig for it. However, 

iso-pentyl acetate is one of the most widely-used monomolecular odour stimuli 

in animal olfaction testing and none of the species tested with this odourant so 

far (e.g. squirrel monkeys, spider monkeys, pigtail macaques, mice, rats, fur 

seals, Asian elephants) have displayed any indication of aversion to it 

(Arvidsson et al. 2012). Based on this, and the fact that iso-pentyl acetate is an 

odour component of real banana, it could fairly safely be assumed that the 

meerkats should not find this odourant repulsive. A more reliable control of this 

could be obtained by testing the meerkats' digging behaviours for iso-pentyl 

acetate versus cyclamen aldehyde prior to replicating the present study. 

 

The third experiment of the present study showed that the meerkats were not 

able to build a solid association between the odour of real food and a novel 

odour, at least not within 60 trials. This can probably be explained by the fact 

that the given time was too short in order for them to learn the association. 

Previous studies on species trained in two-odour discrimination tests with food-

rewarded operant conditioning procedures show that other tested species in 

general needed more than 60 stimulus contacts to learn the association between 

odour and food reward (Arvidsson et al. 2012). For instance, South African fur 

seals (Arctocephalus pusillus) needed 480-880 stimulus contacts (Laska et al. 

2008) and Asian elephants (Elephas maximus) needed 120 stimulus contacts 

(Arvidsson et al. 2012). Studies on nonhuman primates demonstrated that 

squirrel monkeys (Saimiri sciureus) needed 450-750 stimulus contacts (Laska & 

Hudson 1993), spider monkeys (Ateles geoffroyi) needed 660-720 stimulus 

contacts (Laska et al. 2003) and pigtail macaques (Macaca nemestrina) needed 

960-1800 stimulus contacts (Hübener & Laska 2001). Additionally, even a 

carnivore such as the dog (Canis lupus familiaris) was found to need more than 

100 stimulus contacts in order to learn such an association (Lubow et al. 1973). 

Considering this, it is fair to assume that meerkats would need a significantly 

higher number of trials than 60 in order to learn the given association. A follow-

up study might present the meerkats with more trials than were performed in the 

present study in order to assess whether they are able to build such an 

association between an odour and a food reward or not. In the case that they 
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would succeed in building a robust association, this would allow for continuing 

this field of research by testing the meerkats’ discrimination ability as well as 

sensitivity for any kind of artificial odour using a food-rewarded odour 

discrimination paradigm and an operant conditioning procedure. 

 

Other members of the Herpestidae family have been shown to use olfactory 

cues, however mainly the context of social communication has been studied so 

far. Yellow mongooses (Cynictis penicillata) were found to scent mark 

primarily in order to defend their territory, and scent marking patterns are 

believed to be affected by the long-term group composition (Le Roux et al. 

2007). Banded mongooses (Mungos mungo) were shown to use scent marks in 

territory defence, but also in communication within the social group (Jordan et 

al. 2009). For instance, wild banded mongooses were found to scent mark in the 

context of intrasexual competition, possibly for mating opportunities (Jordan et 

al. 2011). These results endorse the importance of the sense of smell in 

herpestids. Results from the present study show that for meerkats, the sense of 

smell is likely to be relevant in other behavioural contexts in addition to the 

social ones. Thus, this may be the case for other herpestids as well, which 

illustrates the need for more extensive research on the olfactory abilities of these 

species. 

 

Regarding the use of the buried food test, to the best of my knowledge, the 

present study is the first ever to successfully use this paradigm with a non-rodent 

species. This means that this test should be of potential use in other species than 

rodents, such as carnivores in this case. The reason for basing the setup of the 

present study on the buried food test was the possibility to eliminate other 

sensory cues than the intended one. In this case, both visual and tactile cues 

could be eliminated by burying the food items under bedding, and auditory cues 

could be eliminated by only using dead prey or food items. This allowed for 

measuring olfactory abilities by taking advantage of the natural foraging 

behaviour of the species, namely the propensity of meerkats to dig (Ewer 1963). 

 

During the present study, I observed that the meerkats displayed a strategy in 

terms of the sequence by which they investigated the four corners of the test 

arena. The meerkats tended to start investigating the two corners closest to the 

entrance door before investigating the two corners closest to the exit door (see 

Figure 2). Nevertheless, the order of investigation of the four corners did not 

affect the order in which they dug, thus, they appeared to base their decision of 

where to start digging on the olfactory cue. With an experimental setup like the 

one used in the present study it is always possible, and likely, that the animals 

will adopt a certain strategy. A modification of this setup might include reducing 

the number of options, in this case corners bearing stimuli, from four to two. 
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This way, more trials might be needed, but the decision-making and strategy of 

the animals will be easier to follow. 

 

As for the use of the buried food test with carnivore species, it has the greatest 

potential with species that are highly motivated to dig for prey. When used with 

rodents, the test either measures an animal’s general ability to find hidden food 

based on olfactory cues, or measures the latency of the animal to find buried 

food after the animal has been overnight-fasted, all within a limited time period 

(Yang & Crawley 2009). This approach relies on the assumption that the animal 

has a natural tendency to use olfactory cues when foraging, and that the sense of 

smell is sensitive enough to be able to find the buried food within the given time 

limit (Yang & Crawley 2009). Therefore, the modified version of the buried 

food test introduced in the present study can be used with carnivore species 

having a propensity to dig in order to gain knowledge about the use of sense of 

smell when foraging. Additionally, the buried food test can potentially be used 

with carnivores in order to investigate the function and sensitivity of their 

olfactory abilities as well as the importance of olfaction in relation to other 

senses. 

 

As the food items used in the present study clearly evoked foraging responses in 

the meerkats, different types of odour stimulation, such as burying food 

underground, may be used as environmental enrichment for meerkats in 

captivity. Because meerkats in captivity are sometimes fed by scattering food 

items on the ground surface of the enclosure, environmental enrichment of this 

kind could help stimulate more of this species’ natural foraging behaviour, 

including sniffing for food-related odours and digging. 

 

5.1 Conclusion 

 

It can be concluded from the present study that meerkats are able to use 

olfactory cues when foraging and that their sense of smell seems to be well-

developed, allowing them to build an efficient foraging strategy around it. 

Meerkats are also able to distinguish the odour of real food from food odour 

components, suggesting that their sense of smell is specialized for recognizing 

specific odours of behavioural relevance. Future studies should focus on 

continuing to further develop this method and using it to investigate the abilities 

of meerkats to discriminate between artificial odours as well as the sensitivity 

for different odours. 
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6 Ethical and societal considerations  

 

During all parts of the study, participation by the animals was voluntary at all 

times and the animals were never food-deprived. Habituation to me and to the 

test arena was offered prior to the start of the study and all necessary handling of 

the animals (such as gently pushing them away when they tried to get into the 

arena several at a time) was done with care. Spray colouring of the animals was 

performed using a brand that is specifically designed to be used on animals, i.e. 

pigs and cattle, and it was evaluated together with the animal caretakers that it 

should not be harmful to use on the fur of meerkats. 
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