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Abstract

Cognitive flexibility enables animals to alter their behaviour and respond appropriately to environmental changes. Such flex-
ibility is important in urban settings where environmental changes occur rapidly and continually. We studied whether free-
living, urban-dwelling yellow mongooses, Cynictis penicillata, in South Africa, are cognitively flexible in reversal learning
and attention task experiments (n = 10). Reversal learning was conducted using two puzzle boxes that were distinct visually
and spatially, each containing a preferred or non-preferred food type. Once mongooses learned which box contained the
preferred food type, the food types were reversed. The mongooses successfully unlearned their previously learned response
in favour of learning a new response, possibly through a win-stay, lose-shift strategy. Attention task experiments were con-
ducted using one puzzle box surrounded by zero, one, two or three objects, introducing various levels of distraction while
solving the task. The mongooses were distracted by two and three distractions but were able to solve the task despite the
distractions by splitting their attention between the puzzle box task and remaining vigilant. However, those exposed to human
residents more often were more vigilant. We provide the first evidence of cognitive flexibility in urban yellow mongooses,

which enables them to modify their behaviour to urban environments.
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Introduction

Cognitive flexibility describes an animal’s ability to con-
tinually learn and alter goal-directed behaviour, even as the
learning contingencies change (Klanker et al. 2013; Tello-
Ramos et al. 2019). Cognitive flexibility enables animals to
adapt to rapidly changing environments (Sol 2009), particu-
larly in generalist species that frequently respond to environ-
mental variability (Mettke-Hofmann 2014; Sol et al. 2016).
However, not all species have comparable levels of cognitive
flexibility, likely as a result of differences in memory reten-
tion abilities, with those retaining learned information being
less flexible than those with decreasing memory retention
over time (e.g. Freas et al. 2012; Tello-Ramos et al. 2018,
2019). Cognitive flexibility and retention trade-off, as well
as interspecific variation in levels of cognitive flexibility
(Lefebvre et al. 2004), might indicate costs associated with
being cognitively flexible (Tello-Ramos et al. 2018). This
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means that different environments favour either high levels
of cognitive flexibility or greater retention (Tello-Ramos
et al. 2018). Thus, cognitive flexibility should be retained
in some species in rapidly changing environments (Tello-
Ramos et al. 2018) as an adaptive response to urban environ-
ments (Sol et al. 2013). Our study assesses the occurrence of
cognitive flexibility in a small urban carnivore.

Reversal learning is assessed by training an animal to dis-
tinguish between two stimuli, typically using a food incen-
tive. Once the animal successfully discriminates between
the stimuli, the outcome of the reward is reversed, and the
animal must inhibit the previously learned response to obtain
the reward (Lucon-Xiccato and Bisazza 2014). Solving such
a task involves associative learning followed by reversal
learning. Associative learning is considered a conserved
form of learning (Papini 2002; Ginsburg and Jablonka
2010; Bennett 2021). Conversely, reversal learning involves
unlearning the associative learning component and replac-
ing it with a new association, which requires individuals to
behave flexibly. However, solving a reversal learning task
is more complex than the initial association (e.g. Buechel
etal., 2017).
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Animals may make use of various rule-based strategies
when solving a reversal learning task, such as (1) making the
correct choice and then continuing to make the same correct
choice (win-stay strategy), (2) making the correct choice and
then changing to the incorrect choice (win-shift strategy), (3)
making the incorrect choice and then changing to the cor-
rect choice (lose-shift strategy), and (4) making the incor-
rect choice and then continuing to make the same incorrect
choice (lose-stay strategy) in the subsequent trial. Reversal
learning requires a win-stay, lose-shift strategy sequence
(Nowak and Sigmund 1993; Buechel et al. 2017). In other
words, if the outcome of any given stimulus is a reward, an
individual should stay and interact with the stimulus to be
rewarded consistently. If, however, the outcome is no longer
rewarded, the individual should move to the alternative to
increase its chances of being rewarded. However, even in the
most successful case, this strategy would require an animal
to make at least one error immediately following the reversal
(Nowak and Sigmund 1993; Buechel et al. 2017).

Performance in reversal learning may be negatively cor-
related with performance on the previous associative learn-
ing (Bebus et al. 2016). Thus, there is a trade-off between
initial associative learning and later reversal learning task
performance (Bebus et al. 2016). This is related to memory
differences; individuals with better memories are likely to be
less flexible due to remembering previously learned infor-
mation at the expense of forgetting more recently learned
information (proactive interference), whereas those that
are more forgetful may be more flexible since previously
learned information are forgotten and instead they remem-
ber recently learned information (retroactive interference;
Croston et al. 2016). Proactive interference is considered a
lower-order process since it occurs involuntarily and repre-
sent a lower level of flexibility when compared to rule-based
strategies (e.g. win-stay, lose-shift; Mackintosh et al. 1968;
Parker et al. 2012; Liu et al. 2016). Similarly, a trade-off
between the speed and accuracy might results in slower ani-
mals having greater accuracy when solving tasks, and those
that solve tasks quicker making more mistakes (e.g. Mazza
et al. 2018).

Various species show the ability to inhibit their previ-
ously rewarded response through reversal learning, including
reptiles (e.g. Anolis evermanni, Leal and Powell 2012), fish
(e.g. guppies, Lucon-Xiccato and Bisazza 2014), amphib-
ians (poison frog, Dendrobates auratus, Liu et al. 2016),
and mammals (e.g. raccoons, Procyon lotor; striped skunks,
Mephitis mephitis; coyotes, Canis latrans, Stanton et al.
2021). The ability to reversal learn has been attributed to
various intrinsic factors (e.g. brain size, Buechel et al. 2017;
memory, Croston et al. 2016), but several social and ecologi-
cal factors may further influence an animal’s level of flexibil-
ity, and thus, reversal learning abilities (e.g. sociality, Bond
et al. 2007; group-living, Buechel et al. 2017; environmental
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variability, Tebbich and Teschke 2014; environmental harsh-
ness, Croston et al. 2016; seasonality, Rochais et al. 2021).
This indicates that cognitive flexibility may be influenced
by the immediate environment in which individuals occur,
even within the same species or population. Additionally,
urbanisation (Federspiel et al. 2017) and food availability
(Tebbich and Teschke 2014) predict whether reversal learn-
ing will be favoured.

Ideally, animals would be able to interact with and solve
tasks without any distractions or interference. In reality,
animals must pay as much, if not more, attention to their
surroundings in an attempt to detect predators and avoid
other dangers, thus dividing their attention among many
different tasks. This, however, is cognitively demanding
(Griffiths et al. 2004; Zentall 2005). Urban animals are
exposed to numerous distractions, such as the presence of
humans, vehicular traffic and noise, to which they must adapt
(Sol et al. 2013). Thus, being cognitively flexible to switch
between multiple cognitively demanding tasks may further
aid their success in urban areas.

Attention refers to the selective way in which animals
allocate their attention by processing certain stimuli and
disregarding others. Selective attention is an animal’s abil-
ity to focus on one task, process relevant information, and
filter out irrelevant distractions to process and respond to
the focal stimulus more efficiently (Zentall 2005; Carlson
et al. 2018). This avoids cognitive overload or inappropriate
behavioural responses while engaging in a task (Commodari
2017). There are, however, costs with the use of selective
attention, such as reduced predator detection rates (Dukas
and Kamil 2000). Conversely, divided attention is when an
individual focuses on multiple tasks simultaneously and
divides its attention equally among the tasks (Parasura-
man 1998). Even though this type of attention is ideal to
solve tasks in the face of distractions, a possible shortfall of
dividing attention is not processing information efficiently
due to the high cognitive demand, resulting in a decline in
performance (Dukas and Kamil 2001; Griffiths et al. 2004;
Zentall 2005).

An alternative mechanism of focusing on multiple stimuli
is alternating attention, which involves rapidly shifting atten-
tion from one task to another, instead of focusing on the
tasks in parallel (Commodari 2017). This allows animals
to terminate focus on one task in favour of focusing on a
second task, before terminating focus on the second task
in favour of focusing again on the first (Commodari 2017).
This rapid shifting of attention is attributed to the inability of
animals to focus on two tasks simultaneously (Parasuraman
1998), while enabling animals to respond to stimuli in their
environment as they appear. Similar to reversal learning, the
dividing or shifting of attention to focus on multiple stimuli
may indicate cognitive flexibility, which involves switching
between tasks as their priorities change (Diamond 2013).
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Cognitive flexibility is closely linked with two aspects of
memory: short-term memory and working memory. The use
of rule-based strategies to solve reversal learning tasks (i.e.
win-stay, lose-shift) requires adequate short-term memory
since the individual has to remember which stimulus was
previously rewarded (Buechel et al., 2017), and the success
of each trial will depend on the animal’s memory of the
previous trial (Gonzalez et al. 1967; Kamil, 1985; Buechel
et al. 2017). Thus, cognitive flexibility may not exclusively
depend on the ability to learn but may be coupled with the
ability to retain newly acquired information (Gonzalez et al.
1967; Croston et al. 2016). Working memory has a limited
capacity and may be further important in reducing proac-
tive interference (Diamond 2013). Limitations in working
memory may result in processing deficits and reduced per-
formance during divided attention, or inhibit divided atten-
tion altogether. As a result, the ability to divide attention
increases with reduced task similarity (McLeod 1977), more
practice (Spelke et al. 1976) and reduced task difficulty (Sul-
livan 1976).

Our study species is the yellow mongoose, Cynic-
tis penicillata, a small (+300 mm; 500-1000g; Kingdon
et al. 2013), generalist carnivore (Bizani 2014) distributed
throughout southern Africa (Do Linh San et al. 2015). It is
adapted to urban environments where it often ingests anthro-
pogenic food items (Cronk and Pillay 2018, 20194, b). In a
previous study, we established that yellow mongooses in an
urban location could solve a novel task of increasing com-
plexity (Miiller and Pillay 2023). Since mongooses are able
to learn to solve a novel problem in a rapidly changing urban
environment, we expected that they would have some level
of cognitive flexibility, allowing them to alter their behav-
iour based on changes in their environment.

We studied the learning capabilities of yellow mongooses
to assess their cognitive flexibility in reversal learning and
attention task experiments, both of which had not previ-
ously been tested in yellow mongooses. We hypothesised
that the urban yellow mongooses would exhibit evidence
of cognitive flexibility by learning to inhibit a previously
learned response (reversal learning), as well as solving a
task in the presence of distraction (attention task). We pre-
dicted that after an associative learning phase, the mongoose
would initially increase the latency to consume the preferred
food item directly following the reversal (since at least one
error is expected directly following a reversal; Mackintosh
et al. 1968) and that the latency to consume would decrease
over the successive trials. Similarly, we expected a decrease
in the success rate directly following the reversal with an
increase over the successive trials as mongooses would at
first behave according to the initial association but success-
fully relearn which box contained the preferred food item.
For the attention task experiments, we assessed whether yel-
low mongooses divided their attention between two tasks by

successfully solving a task in the face of different levels of
distraction. We predicted that mongooses would split their
attention between the task and vigilance behaviour and solve
the puzzle box task at every level of distraction. Since our
study population was located in an urban environment at
different distances from people, we assessed whether the
level of human contact was associated with the mongooses’
cognitive flexibility. We expected that their reversal learn-
ing ability and attention would not differ between two loca-
tions with different levels of human presence or with the
proximity to human residents since we previously showed
that problem-solving abilities did not differ between the two
study locations (Miiller and Pillay 2023).

Materials and methods
Study area

This study took place from April to December 2020 at two
locations in the urbanised Meyersdal area, Johannesburg,
South Africa. The Meyersdal Nature Estate (26°18’ 08.2" S
28°04' 55.9" E; 300 ha) consisted of a residential area and a
separate, fenced-off nature area where the yellow mongoose
colonies were located. The Meyersdal Eco Estate (26°17'
03.6” S 28°04' 50.8" E; 480 ha) had no fenced-off nature
area, and the mongoose colonies were dispersed throughout
the residential area. The two locations were separated by
a double-laned tar road that the yellow mongooses rarely
crossed (Cronk and Pillay 2021). A total of ten sites (colo-
nies) were selected for this study, five in the Nature Estate
and five in the Eco Estate. These were selected because of
regular occurrence of yellow mongooses and a distance of at
least 200 m from any other site to ensure independent colo-
nies were selected (urban yellow mongooses’ home ranges
are approximately 0.13 km? on average; Cronk and Pillay
2019a, 2021).

Experimental design and protocol

Clear Perspex puzzle boxes were used for both experiments
(Fig. S1; Supplementary Material). The puzzle boxes con-
sisted of a lid that could be opened and closed via hinges.
The boxes also had small holes along the sides and top to
allow mongooses to detect food incentives placed within (1
teaspoon meat offcuts/bread) via olfactory cues (in addition
to the visual cues through the clear box). The mongooses
were trained to open the puzzle boxes at all sites (Miiller and
Pillay 2023). This included two stages: stage 1, where the
mongooses were exposed to a puzzle box with an open lid
allowing for habituation; and stage 2, where mongooses were
exposed to a puzzle box with a mostly closed lid propped up
with a stick, leaving a 1 cm opening. The mongooses had
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to obtain the food incentive from the puzzle box success-
fully for a total of five trials at stage 1 before proceeding to
stage 2. After the mongooses successfully obtained the food
incentive from the puzzle box at stage 2 for a total of five
trials, the lids of the puzzle boxes were closed entirely, and
the experiments commenced.

Individual identification

Yellow mongooses are predominantly solitary foragers (le
Roux et al. 2008; Manser et al. 2014), and as a result, the
same focal individual consistently visited the experiments
and continually engaged with the puzzle boxes at each site.
This was confirmed using facial recognition software devel-
oped with the assistance of the School of Computer Science
and Applied Mathematics at the University of the Witwa-
tersrand. This software used facial markers and machine
learning to identify individual mongooses from high quality
photographs obtained from our camera trap footage (likeli-
hood models showed a high facial recognition accuracy of
90.2% with a confidence range of 88.1% to 97.3%; unpub-
lished data). Only adult mongooses participated in this
study, and juveniles never attempted to solve the puzzle box
task. Males and females could not be distinguished due to
yellow mongooses’ lack of sexual dimorphism, and therefore
sex was not considered in this study. Furthermore, historical
trapping events in the Meyersdal area revealed that yellow
mongooses are extremely trap-shy and never again engaged
with trapping cages once trapped and collared (Cronk, per-
sonal communication). As a result, permission for additional
trapping and collaring of individuals was not obtained from
estate management, especially during the COVID-19 pan-
demic when veterinary assistance was limited.

Reversal learning experiment

For the reversal learning experiment, mongooses underwent
two learning phases: an associative learning phase and a
reversal learning phase. During the associative learning
phase, mongooses were trained to associate a specific puzzle
box with either a preferred or non-preferred food incentive.
Two puzzle boxes with closed lids were placed next to each
other (the width of one puzzle box apart). Two differently
shaped objects (a small plastic animal figurine and a pebble
of a similar size obtained from the immediate environment)
were attached to the lid of each box, respectively, provid-
ing the mongooses with a distinct visual difference between
the two boxes. The boxes remained in the same position
throughout this study, allowing the mongooses to use their
position in the environment as an additional cue (Figure S2a;
Supplementary Material). Two different food incentives
were used: a preferred food item and a non-preferred food
item. Consistent with Cronk and Pillay (2018), a pilot study
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conducted prior to this experiment revealed that the mon-
gooses preferred meat which was selected as the preferred
food item. However, in contrast to Cronk and Pillay (2018)
who found that bread was the second-most preferred food
item, we found that the mongooses rarely consumed bread,
which was selected as the non-preferred food. The preferred
food was placed in the first box (with the figurine), and the
non-preferred food item in the second box. This was kept
consistent for the duration of this associative learning phase.
To ensure that the mongooses did not choose the puzzle box
based on olfactory cues, the holes in the puzzle boxes were
covered for the duration of this experiment, and both boxes
were exposed to the scent of both food items before each
trial by placing the opposite food type in each puzzle box
before replenishing the boxes with the correct food type.
The experiment was set up between 6:00 and 12:00 daily
when yellow mongooses were the most active (Cronk and
Pillay 2019a, 2020). After the initial set-up at one site was
completed, the same experiment was set up at the other sites
(i.e. the experiment was conducted at all sites simultane-
ously). We visited each site twice daily (between 6:00 and
12:00) and the puzzle boxes were reset if the mongooses had
consumed the food during the previous trial. This allowed
for a maximum of two trials per site per day while mini-
mising the time between trials. Resetting the experiment
involved clearing out any remaining food from the puzzle
boxes and replenishing the boxes with the same fresh food
incentives. The same puzzle boxes were used for the dura-
tion of the experiment at each site (unless the puzzle box was
destroyed by large herbivores or removed by human resi-
dents, in which case it was replaced with a new puzzle box).
Browning® Trail Cameras (Model BTC-8A; 55° field of
view; Browning 2019) triggered with a motion sensor were
set up between 1 and 2 metres away from the experiment
with an unobstructed view of the puzzle boxes. Each trial
started as soon as a mongoose entered the camera’s field of
view (1-2 m across) and ended as soon as the mongoose
consumed the preferred food item. From the video foot-
age, the box contacted, opened and the food consumed first
was recorded. Individual trials were recorded as successful
(box containing the preferred food item was contacted first,
opened first, and food consumed first), successful with error
(box containing non-preferred food item was contacted first,
whereafter the mongoose immediately opened the box con-
taining the preferred food item and consumed the preferred
food item), or unsuccessful (box containing non-preferred
food item was opened before box containing preferred food
item). From the camera trap footage, the number of suc-
cessful, successful with error, and unsuccessful trials were
recorded. The latency to consume the preferred food reward
was recorded for each trial as the number of seconds elapsed
from the moment the mongoose entered the camera’s view
until it consumed the preferred food item. The box contacted
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and opened first, and the food item consumed was recorded.
Mongooses had the opportunity to visit both boxes during
every trial, even if they selected the box with the non-pre-
ferred food item first. Trials that were successful with error
were considered successful since the mongooses were able
to correct their behaviour after contacting the incorrect box
initially. The learning criterion consisted of 7 successful
trials out of 10 consecutive trials. Once this criterion was
reached, the associative learning phase was terminated, and
the reversal learning phase commenced.

During the reversal learning phase, the food items in the
boxes were reversed; the box previously containing the pre-
ferred food now contained the non-preferred food, and vice
versa (Figure S2b; Supplementary Material). The same cri-
terion as the previous phase was used (7 successful trials out
of 10 consecutive trials). Once again, the number of success-
ful, successful with error, and unsuccessful trials, the latency
to consume the preferred food, the box visited first, and the
food item consumed first was recorded. The straight-line
distance between each site and the nearest human residence
was measured using Google Earth™ and used as a measure
of the effect of human residence proximity on the reversal
learning abilities of yellow mongooses.

In order for this experiment to truly test mongooses’
reversal learning abilities, we needed mongooses to associ-
ate a learned cue (visual and spatial) with a particular food
incentive. If mongooses were able to smell the food, they
would not have had to learn any associations and could
instead directly approach the box containing the preferred
food type. In this case, their behaviour would be based on
instantaneous decision-making without any learning occur-
ring. A control test, similar to the one by Lucon-Xiccato and
Bisazza (2014), was performed after the reversal learning
experiment at eight of the ten sites in order to validate the
experimental design that mongooses were using visual cues
to select a puzzle box rather than olfactory cues to determine
the box with the preferred food. In this control test, the same
experiment was done, but the puzzle boxes had no object,
and their position/orientation was randomly set (Figure S2c;
Supplementary Material). Therefore, the visual and spatial
cues of the boxes were not obvious. From this test, we found
that the mongooses did not select the box containing the pre-
ferred food incentive more often than predicted by chance,
and instead contacted the box containing the non-preferred
food item in the absence of the visual and spatial cues previ-
ously provided (75% of all control trials). This indicates a
lack of use of olfactory cues in decision-making.

Attention task experiment
The attention task experiments were conducted directly

following the reversal learning experiments at the same
sites (the same focal individuals participated in all trials

during both experiments as confirmed using facial recog-
nition technology, see ‘Individual identification’). For the
attention task experiment, mongooses were provided with
a single puzzle box with the lid closed and containing meat
as the food incentive (no stage 1 and stage 2 training was
required since mongooses already knew how to open the
puzzle box). Zero, one, two or three distraction objects were
placed around the box, providing the mongooses with vary-
ing levels of distraction. The distraction objects consisted of
a stick (approximately 20 cm in length) nailed to the ground,
with shiny silver strips of plastic attached to the stick. The
strips moved with the wind, creating unpredictable distrac-
tions while the mongooses engaged with the puzzle box
(Figure S3; Supplementary Material). The position in which
the distraction objects were placed around the box and the
number of objects were changed randomly for each trial to
avoid the mongooses habituating to the objects. Each level of
distraction was repeated for a total of three trials per distrac-
tion level at each site (i.e. a total of 12 trials per site). This
experiment was set up at all sites daily and revisited once
per day to replenish the food incentive (this allowed for a
maximum of two trials per site per day).

From camera trap footage, the latency to consume the
food incentive was recorded for every trial to ascertain
whether the mongooses were able to efficiently solve the
puzzle box task while experiencing distractions. Addition-
ally, we recorded the frequency of vigilance behaviour
(defined as the ceasing of all activity, alert, scanning the
environment and standing upright on hind legs). Finally, we
assessed whether the proximity of human residences was
associated with the ability to solve tasks.

Data analyses

All statistical analyses were conducted using R Statistical
Software (R version 3.4.3; R Core Team 2013). Shapiro-
Wilk tests were used to test for normality. Non-normal
variables were transformed using a Box-Cox transforma-
tion (R package: MASS), and if variables did not normal-
ise after transformation, non-parametric tests were used.
Parametric tests used for normal and transformed variables
included linear mixed effect models (LMER) and non-
parametric tests used for non-normal variables that could
not be transformed include generalised linear mixed effect
models (GLMM) and Spearman’s rank correlation. For the
reversal learning experiment, an LMER (R packages: Ime4,
ImerTest) was used to analyse differences in the latency to
consume the preferred food item by location and treatment
(learning phase). The two treatments were a repeated meas-
ures design, with location and treatment as fixed effects,
trial and site as random factors and the proximity to human
residents as a covariate. A Tukey post hoc test was used to
determine pairwise differences for significant fixed factors
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(general linear hypothesis; R package: multcomp). A lin-
ear regression was used to assess whether the latency to
consume the preferred food item changed over the trials. A
GLMM (family = binomial; link = logit) was used to tests
for any trade-offs (1. speed-versus-accuracy and 2. associa-
tive learning versus reversal learning) by assessing whether
1. the mean latency to consume the food and 2. treatment
(learning phase) predicted individual accuracy (measured
as success rate) at each learning phase. Location, treatment
(learning phase) and the latency to consume the correct food
were fixed effects and trial and site (individual mongoose)
were random factors. The success rate was calculated as a
percentage of the number of successful trials out of the total
number of trials per site for each learning phase. Spearman’s
rank correlation tests were performed post-hoc. Finally, a
Spearman’s rank correlation was used to assess whether the
success rate changed over the trials.

For the attention task experiment, a GLMM was used
to analyse differences in the (i) latency to contact the puz-
zle box (family = Gamma; link = log) and (ii) vigilance
frequency (family = Poisson; link = log), and an LMER to
analyse the difference in (iii) latency to consume the food
incentive with the different levels of distraction at the two
locations. The various treatments (number of distraction
objects) were a repeated measures design, with location, and
treatment as fixed effects, trial and site as random factors and
the proximity to human residents as a covariate. The interac-
tion between treatment and location was included as a fixed
effect in the first two models only. A Tukey post hoc test was
used to determine pairwise differences for significant fixed
factors (general linear hypothesis; R package: multcomp).
A Spearman’s rank correlation was used to analyse whether

Associative learning
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Latency to consume (s)

the latency to consume the food incentive was significantly
correlated with the vigilance frequency.

We used AIC, R? and 2 values to calculate the effect sizes
of models including and excluding interactions between
fixed effects. Models with smaller AIC values were consid-
ered the most appropriate. In addition, for models with f>
scores that indicated small effect sizes for interaction effects
(< 2%), we considered only first order analyses.

Results

A total of 10 individual mongooses participated in this study,
five from the Nature Estate and five from the Eco Estate.

Reversal learning experiment
Latency to consume

Location (X2 =2.23,df =1, p = 0.135; LMER), learning
phase (associative versus reversal; (Xz =071,df=1,p=
0.399) and the proximity to the nearest human residents (X2
= 0.001, df = 1, p = 0.972) were not significant predictors
of the latency to consume. We predicted that the latency to
consume the preferred food type would be longer during
the first trial of each phase and decrease during subsequent
trials as the mongooses learned which box contained the
preferred food type. In each location, the mean latency to
consume the food for all sites generally decreased over the
trials and during each treatment (Fig. 1). During the asso-
ciative learning phase, the latency to consume the food was
the highest in the Eco Estate compared to the Nature Estate

Reversal learning
50

------ Eco Estate
— Nature Estat

40

30

20

10

Trial

1 3 5 7 9 1" 13 15 17
Trial

Fig. 1 The mean latency to consume (s) the preferred food item by yellow mongooses in the Meyersdal Eco Estate and Meyersdal Nature Estate
during the associative and reversal learning phases of a reversal learning experiment
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during the first and last trials, but decreased to below the ini-
tial latency for the final trial in each location (Nature Estate:
ﬁ = — 0.46, adjusted R?*=-0.11, p = 0.745; Eco Estate: B =
—0.71, adjusted R? = 0.08, p = 0.177). During the reversal
learning phase, the latency to consume the food was initially
similar to the first trial of the associative learning phase, but
longer than the final trial of the associative learning phase.
The latency to consume decreased more rapidly in the Eco
Estate (area of more human contact) than in the Nature
Estate (area of reduced human contact) and was lower dur-
ing the final trial in the Eco Estate than in the Nature Estate
(Nature Estate: [AS = — 35, adjusted R?=-0.02, p =0.418;
Eco Estate: ﬁ = — 1.09, adjusted R? = 0.30, p = 0.060).
The latency to consume the food during the final trial of the
reversal learning stage in the Nature Estate was lower than
it was during the initial trial in the same location. However,
from trial 13 onwards, the latency to consume in this loca-
tion was affected by one site only where the success criterion
was not reached. While the trendlines were not significant,
the latency to consume decreased generally over successive
trials in both locations and during both treatments, as indi-
cated by the negative ﬁ—values.

Success counts and success rates

The latency to consume the preferred food item (x* = 24.28,
df =1, p < 0.001) was the only predictor of success, whereas
location (X2 =0.37,df = 1, p = 0.541) and learning phase
(X2 =0.62, df = 1, p = 0.432) were not. There was a signifi-
cant, strong, positive correlation between latency to consume
the preferred food and accuracy during reversal learning in

Associative learning
1001
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<
5 80
©
S
=]
8 70
<
60
10 20 30 40

Latency to consume (s)

Fig.2 The relationship between the accuracy and latency of solving
a puzzle box task by yellow mongooses in the Meyersdal Eco Estate
and Meyersdal Nature Estate during the associative learning and

the Eco Estate, so that accuracy increased with increased
time taken to consume the preferred food (r, = 0.89, p =
0.041; Fig. 2). There were no such correlations between the
latency to consume the preferred food and accuracy during
the associative learning phase in either location (Eco Estate:
r, = — 0.15, p = 0.805; Nature Estate: r, = — 0.36, p =0.553)
or during the reversal learning phase in the Nature Estate (r
=0.30, p = 0.683).

To investigate the patterns of success over the various
trials, we calculated the success rate using the proportion
of successful trials at each location (Fig. 3). The success
rate differed between the two locations and over the vari-
ous trials. During the associative learning phase, mon-
gooses reached the 70% success rate criterion at ten trials
in the Nature Estate and 13 trials in the Eco Estate. Mon-
gooses in the Nature Estate had a 100% success rate at all
sites during the first trial, which dropped to 60% during
trials 2 and 3, and fluctuated between 60% and 100% for
the remainder of the trials (ry = — 0.03, p = 0.928). In the
Eco Estate, mongooses initially had an 80% success rate
which decreased to 40% over the first five trials. Thereaf-
ter, their success rate increased until they reached 100%
success at trial 11 and maintained this success rate for the
remainder of the trials (ry = 0.67, p = 0.012). During the
reversal learning phase, the mongooses reached the 70%
success rate criterion at 18 trials in the Nature Estate and
ten trials in the Eco Estate. In the Nature Estate, the mon-
gooses’ success rate dropped from 80% during the last trial
of the associative learning phase to 40% during the first
trial of the reversal learning phase. Thereafter, the success
rate fluctuated between 40% and 100% until they reached

) --o-- Eco Estate
Reversal learning —e— Nature Estate

100 °

80

70

60

15 20 25 30
Latency to consume (s)

reversal learning phases during a reversal learning experiment. The
trendline is significant for the Eco Estate during the reversal learning
phase (Spearman rank test)
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Fig.3 The percentage success by yellow mongooses in the Meyersdal Eco Estate and Meyersdal Nature Estate for each trial during the associa-
tive learning and reversal learning phases during a reversal learning experiment

100% at all sites during consecutive trials at trials 11-12
and again at trials 15-18 (ry = 0.37, p = 0.133). In the
Eco Estate, mongooses maintained their 100% success rate
from the last trial of the associative learning phase during
the first trial of the reversal learning phase. During trial 2,
the success rate dropped to 40%, whereafter it fluctuated
between 80% and 100% for the remainder of the trials (r
=—0.03, p=0.927).

Attention task experiment
Latency to contact

The number of distractions (X2 =28.99,df =3, p < 0.001;
GLMM) and the interaction between the location and the
number of distractions (X2 = 12.45, df = 3, p = 0.006) were
significant predictors of the latency to contact the puzzle
box, whereas location (X2 =0.08,df =1,p=0.775) and
the proximity to the nearest human residents (X2 =0.81, df
= 3, p = 0.369) were not. The latency to contact the puzzle
box was significantly shorter when there were zero distrac-
tions present compared to one (z = 4.07, p < 0.001), two (z
= 3.87, p < 0.001) and three (z = 3.97, p < 0.001) distrac-
tions. The latency to contact the puzzle box was significantly
longer in the Eco Estate than the Nature Estate in the pres-
ence of distractions (one distraction: z = 3.95, p < 0.001;
two distractions: z = 2.52, p = 0.012; 3 distractions: z =
3.16, p = 0.002). Additionally, the latency to contact the
puzzle box was significantly longer at one (z = — 4.07, p <
0.001), two (z=—3.87, p=0.001) and three (z = —3.97, p
< 0.001) distractions in the Eco Estate (Fig. 4).
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Latency to consume

The number of distractions present at the puzzle box was the
only significant predictor of the latency to consume the food
(x* = 10.92, df = 3, p = 0.012; LMER; Fig. 4). Location
(X2 = 1.20, df = 1, p = 0.273), proximity to human residents
(X2 = 0.24, df = 1, p = 0.626) and the interaction between
the location and number of distractions (X2 =6.32,df =3,
p = 0.097) were not significant predictors of the latency to
consume the food. The latency to consume the food incen-
tive was significantly longer when two (z = 2.59, p = 0.047)
and three (z = 3.08, p = 0.011) distractions were present
compared to when zero distractions were present (Fig. 5).

Vigilance

The number of distractions (X2 =33.86,df =3, p < 0.001;
GLMM) and the interaction between the number of distrac-
tions and location (X2 = 10.23, df = 3, p = 0.017) were
significant predictors of the frequency at which mongooses
were vigilant, whereas location (X2 =1.83,df=1,p=
0.177) and the proximity to human residents (X2 = 1.48, df
=1, p = 0.224) were not. The mongooses were significantly
more vigilant when two or three distractions were present
compared to zero (z =4.99, p < 0.001; z = 5.03, p < 0.001)
or one (z = 3.09, p =0.010; z = 3.11, p = 0.010) distrac-
tion. The mongooses in the Eco Estate were significantly
more vigilant than those in the Nature Estate in the presence
of distractions (one distraction: z = 2.50, p = 0.013; two
distractions: z = 4.13, p < 0.001; 3 distractions: z = 4.03,
p < 0.001). Additionally, the mongooses in the Eco Estate
were significantly more vigilant at two and three distractions
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Fig.4 The latency to consume
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Fig.5 The mean latency to consume (s) the food by yellow mon-
gooses in the presence of zero, one, two and three distractions. Error
bars indicate standard error. Significant differences are shown by dif-
ferent alphabet letters

Fig.6 The vigilance frequency
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compared to zero (z = —4.98, p < 0.001;z=-5.03,p <
0.001) and one (z = - 3.09, p=0.011;z=-3.11,p =
0.010) distraction (Fig. 6).

There was a significant, strong positive correlation
between the latency to consume (s) and the frequency at
which mongooses displayed vigilance behaviour in the Eco
Estate (r, = 0.80, p < 0.001), and a significant, weak posi-
tive correlation in the Nature Estate (r, = 0.27, p = 0.035).
As the vigilance frequency increased, so did the latency to
consume (Fig. 7).

Discussion
Reversal learning experiments were conducted to assess

whether a population of urban-dwelling yellow mongooses
is cognitively flexible. This was especially of interest since
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Fig. 7 The relationship between the latency to consume (s) the food
incentive and the frequency of being vigilant by yellow mongooses in
the Meyersdal Nature Estate and the Meyersdal Eco Estate during an
attention task experiment. The trendline is significant for both loca-
tions (Spearman rank test)

cognitive flexibility is thought to be an important adapta-
tion for urban-living, allowing species to rapidly adjust to
environmental variation (Tello-Ramos et al. 2018; Sol et al.
2013). The mongooses in our study were indeed capable of
reversal learning, but took a longer time to solve the task
during the first trial of the initial associative learning and
reversal learning phase compared to the last trial of the
respective phases. Similarly, the mongooses’ success rates
fluctuated with lower success in earlier trials and improved
success during later trials. The mongooses were also able to
split their attention between solving the puzzle box task and
remaining vigilant to the distraction objects at each level of
distraction. However, task solving efficiency declined with
increased distraction in the Eco Estate, the location with
more human disturbance.

As predicted, during the reversal learning experiment,
the mongooses generally took longer to successfully com-
plete the task (consume the preferred food) during the first
trial (compared to the final trial) of each learning phase,
with a general (non-significant) decrease in consumption
latency over time, indicating that they were able to solve
the task faster over successive trials. This improvement in
solving speed possibly indicates learning in which the mon-
gooses were able to select the correct box quicker by using
the visual and spatial cues as associations. The increase
in the latency to consume the food during the first trial of
the reversal learning phase was related to spending more
time locating the correct box after visiting the previously
rewarded box initially. However, after they learned that the
alternative box contained the preferred food item, the latency
decreased again.

We expected a lower success rate directly following the
reversal, since animals are likely to make at least one mis-
take directly following a reversal when using rule-based
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strategies, after which this probability will decrease (Mack-
intosh et al. 1968). The mongooses’ success rate was gener-
ally the lowest between the first two trials of each learning
phase, and then it largely increased or fluctuated between
80% and 100%. In some cases, there was a significant drop
in success rate for a single trial, but the success rates were
never below 40%. The significant drop in success rate during
the reversal learning phase in the Nature Estate was attrib-
uted to the fact that a mongoose at only one site required
more than 13 trials to reach the success criterion. The mon-
gooses thus had a high success rate overall and the majority
appeared to learn the rule of the task within the first few
trials as those in the Nature Estate were able to reverse after
4 trials whereas those in the Eco Estate required 9 trials to
consistently reverse their response.

Cognitive style, the manner in which an individual
approaches a specific problem, often involves trade-offs
(Bebus et al. 2016; Mazza et al. 2018). For example, some
individuals may be better at learning initial associations,
whereas others may be more flexible and perform better at
a reversal learning task (e.g. Mazza et al. 2018). Similarly,
animals may show a speed-vs-accuracy trade-off, where suc-
cessfully solving a problem requires more time, and solv-
ing a problem quicker can lead to more errors (e.g. Mazza
et al. 2018). The mongooses in our study did not show a
trade-off between initial acquisition and reversal learning,
suggesting that the mongooses did not experience proactive
interference, and instead, likely used rule-based strategies
for reversal learning success. However, the mongooses did
exhibit a speed-vs-accuracy trade-off during the reversal
learning phase in the Eco Estate, where slower mongooses
were more accurate at solving the task. Slower consumption
latencies when solving tasks in the Eco Estate were likely a
result of increased vigilance frequencies due to a higher per-
ceived predation risk in this area of increased human activ-
ity. However, the higher accuracy may allow mongooses to
continually learn to solve tasks, even if they do so at a slower
rate. This result brings into question whether the speed of
solving a task alone is an accurate representation of cogni-
tive performance, a topic which has been debated at length
(e.g., Griffin et al. 2015) but may be particularly important
for urban animals which face distractions constantly. Addi-
tionally, the lack of a significant relationship between speed
and accuracy in this study may further be attributed to the
small sample size. While not significant, mongooses in the
Nature Estate appeared to be less accurate when solving the
task at a slower rate during the associative learning phase
but improved their accuracy with slower consumption laten-
cies during the reversal learning phase. However, whether
this trend is representative of the population remains to be
explored further with a larger sample size.

The mongooses in the Eco Estate (greater human pres-
ence) displayed neophobia towards the distractions, whereas
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those in the Nature Estate (lower human presence) did not
show similar neophobia. This result is consistent with our
previous findings that yellow mongooses in the Eco Estate
are generally more neophobic than those in the Nature
Estate (Miiller and Pillay 2023). This difference in neopho-
bia, expressed as hesitancy, is typically considered to be a
baseline that differs between species and populations, but
can decrease over time as an animal becomes used to the
novelty (e.g., Greggor, 2016). There was a notable differ-
ence in human presence and disturbance between the two
locations, likely resulting in more and less neophobic indi-
viduals between the locations. Even though urban animals
have consistently shown reduced levels of neophobia (e.g.,
Jarjour et al. 2019), increased neophobia in urban areas may
be the result of perceived risk of predation (by the presence
of domestic animals, St Clair et al. 2010; increased distur-
bances generally, Gill 2007) and the differences in neophobia
thus likely due to differences in the levels of human distur-
bance (directly as the result of human-mongoose interac-
tion and indirectly though the presence of domestic animals,
noise, vehicular traffic, and so on) between the two locations.
Nevertheless, the mongooses solved the puzzle box task at
all levels of distraction, indicating that they could engage in
cognitively demanding activities despite being surrounded
by distractions. However, mongooses were distracted by
the artificial distractions when the level of distraction was
high (two or three distractions). It appears that mongooses
did not utilise selective attention since the distraction level
influenced their overall speed at solving the task and resulted
in vigilance behaviour, suggesting an inability to filter out
the distraction (Zentall 2005; Carlson et al. 2018). Instead,
the mongooses more likely divided their attention between
the two tasks (solving the task and vigilance), or they were
alternating their attention rapidly between the two tasks. To
understand their processing of the stimuli, it is necessary to
investigate their performance in both behaviours.

The mongooses in the Nature Estate showed no changes
in vigilance frequency with an increase in distraction
level, whereas those in the Eco Estate were vigilant more
frequently with two or three distractions. The correla-
tion between the duration of completing the task and the
vigilance frequency showed that the mongooses in the
Eco Estate were more vigilant, and also took significantly
longer to solve the puzzle box task. If mongooses used
divided attention at high levels of distraction, we would
have expected worse performance at the puzzle box task,
but no change in vigilance frequency and no correlation
between the latency to consume and vigilance frequency.
This is because divided attention involves the simultane-
ous processing of both stimuli, which would have resulted
in considerably lower vigilance (scored as the termination
of all other activities). Instead, the correlation between the
vigilance and latency to consume in the Eco Estate concurs

with the description of alternating attention, where an indi-
vidual terminates focus on one task in favour of another, and
rapidly shifts their attention back and forth between the two
tasks (Commodari 2017). In doing so, the time spent on one
task would influence the time spent on another. Similarly,
an increase in the number of distractions was expected to
increase vigilance frequency and would increase the latency
to solve the puzzle box task since the mongooses shifted
their attention towards and away from the puzzle box more
often. The weak correlation between vigilance frequency
and the latency to consume the food in the Nature Estate
is more consistent with the definition of divided attention
since these individuals performed worse at the puzzle box
task with increased distraction (as indicated by the overall
latency to consume) but showed no changes in vigilance
frequency. A definite conclusion regarding the attentional
mechanism utilised by mongooses in this study (divided
versus alternating attention) would be implausible without
speculation. Additionally, the increased neophobia towards
the distraction objects exhibited by mongooses in the Eco
Estate may have contributed to their heighted vigilance fre-
quency making it difficult to discern between the true effects
of attention allocation and neophobic response. Neverthe-
less, mongooses in both locations were evidently capable
of focusing their attention on two tasks (solving the puzzle
box task and remaining vigilant) successfully. This ability
to prioritise the processing of stimuli as it becomes relevant
in the environment, by focusing on, and switching between,
two tasks, suggests cognitive flexibility (Diamond 2013).

Since the ability to divide attention improves with prac-
tice (Spelke et al. 1976), it is possible that the mongooses
may have used selective attention and divided (or alternat-
ing) attention in different circumstances, especially since
these two types of attention do not use different brain pro-
cesses, at least in humans (Hahn et al. 2008). For example,
the mongooses may have used divided attention when the
level of distraction was intermediate (one distraction) but
switched to alternating attention as the distractions increased
(two or three distractions), or they may use divided/alter-
nating attention initially but switch to selective attention as
it becomes more apparent with enough trials that the dis-
tractions pose no threat. In this way, switching between the
mechanisms of attention may further indicate cognitive flex-
ibility in urban yellow mongooses, although this was not
tested in the present study.

In conclusion, cognitive flexibility is the ability to switch
between task rules or shift attention between tasks, adjusting
behaviour accordingly (Scott 1962; Diamond 2013). Overall,
the mongooses showed evidence of cognitive flexibility by
means of two common experimental indicators: the abil-
ity to learn and switch between task rules during reversal
learning experiments, and the ability to shift attention to rel-
evant environmental cues as their priorities changed during
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attention task experiments. Not only were they capable of
simple associative learning, but they could further learn to
solve a reversal learning task. Furthermore, these mongooses
were capable of solving a puzzle box task in the face of
many distractions, likely through splitting their attention
between the tasks, but their task performance declined with
more distractions. The results from the reversal learning
experiment did not differ between the two study locations,
indicating that the level of human disturbance had no effect
on their cognitive flexibility. However, the mongooses in
the two locations behaved differently when having to divide
their attention, perhaps as a result of differences in levels of
neophobia. Being cognitively flexible probably enables the
mongooses to modify their learned responses to environ-
mental changes and focus their attention on various relevant
environmental stimuli simultaneously, which may contribute
to their success in urban habitats.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10071-024-01839-9.
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