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ARTICLE INFO ABSTRACT

Keywords: Despite their diffusion worldwide, many aspects of donkeys’ behaviour and cognitive abilities are still poorly
Equus asinus understood and overshadowed by a corpus of commonplaces. The possibility of better knowing this species is of
Donkey key relevance for its wellbeing and to establish a good human-donkey relationship. This review aims to inves-
g(e)}glz‘l]tif; tigate scientific literature on donkey behaviour and cognition, along with the behavioural tests that have been

used so far to explore these topics. Searches of Web of Science (WoS) Core Collection, Scielo and Medline
(through the WoS platform) and Google Scholar performed prior to March 2020 resulted in 75 records dealing
with the question outlined in the present review. This research allowed us to delineate a qualitative synthesis of
the studies’ characteristics, as well as a narrative summary of the topics covered by the investigated scientific
literature, and to identify the behavioural tests used for donkeys. The hope is that a deeper knowledge of this
species in regard to of the abovementioned aspects would allow donkeys to benefit from an improvement of
human respect for their welfare.

Behavioural tests
Animal welfare

1. Introduction

The total number of donkeys (Equus asinus) estimated worldwide is
about 50 million (FAOSTAT, 2019), with most of them located in
developing regions (Dai et al., 2016). Asses are frequently associated
with poverty circumstances and thought of as a poor men’s beast,
despite the numerous roles they play in human life. Especially in some
developing regions, they continue to be widely used for working pur-
poses; in others, as a consequence of mechanisation, they started to be
seen as without value and many domesticated working donkeys were
abandoned and became free-roaming animals (Raw et al., 2020). In
Europe, on the other hand, there is an increasing demand for donkeys’
products such as their milk, which is used as a good alternative for in-
fants allergic to cow’s milk and as an ingredient for the cosmetic in-
dustry (Bonelli et al., 2020; Camillo et al., 2018). Even in Asia, donkeys
are slaughtered due to the growing manufacture of products obtained
from their hides, such as ejiao (i.e. a Chinese medicine elixir, which is an
extract of boiled donkey skin) (Davis, 2019). Donkeys’ meat is also
increasingly appreciated as a food, as well as other products that may be
useful in human medicine, such as donkey serum or heart valves
(McLean and Navas Gonzalez, 2018). Last but not least, donkeys are
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more and more kept as companion or recreational animals in North
America and Western Europe (Davis, 2019) or involved in
animal-assisted interventions (AAIs) (Bonelli et al., 2020; De Santis
et al., 2018; Galardi et al., 2020; Gonzalez-De Cara et al., 2017). The
utilization of asses as a workforce, as well as the growing interest in their
products for human consumption, often results in intensive management
of donkeys (McLean and Navas Gonzalez, 2018). These aspects, along
with other issues related to donkeys’ role as pets or their involvement in
AAITs, lead to a series of welfare-related issues concerning this species.
There are still many misinterpretations about donkeys’ behaviour
and cognitive abilities: donkeys are often treated more harshly than they
should be or receive inadequate treatments due to failure to recognise
the signs of pain not properly recognised (McLean and Navas Gonzalez,
2018). The scientific research interest on ethological and psychological
aspects of different animal species is constantly growing. Results indi-
cate that animals have substantial mental capabilities and this has
important ethical implications on the way we relate with them. Better
understanding donkeys moods and expressions, their way of learning
and how they interact with conspecifics or other species, is of key
relevance for the well-being of the species and for the possibility to
establish a quality relationship with them. This review aims to search
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the scientific literature on donkey behaviour and cognition; by doing
that, we also aim to collect information on the behavioural tests that
have been developed and considered so far to investigate the
above-mentioned topics. Therefore, our research question was: what has
been investigated on the behaviour and cognitive capabilities of the
domestic donkey up to now, and which are the behavioural tests
available in the scientific literature?

2. Methods

This review was conducted following the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses extension for Scoping Re-
views (PRISMA-ScR) guidelines (Tricco et al., 2018).

2.1. Eligibility criteria

We included all records concerning donkeys’ cognition and behav-
iour that provided animal-based measures and referred to both feral and
domestic donkeys (Equus asinus). We did not exclude papers where
donkeys were compared or investigated with other species. We consid-
ered merely primary research published in peer reviewed journals,
conference proceedings and posters, in the languages known by the
authors (English and Italian), with no limitations on the study design
and publication date.

2.2. Information sources, search strategy and selection of sources of
evidence

A preliminary search of the available literature was performed
manually through other researchers’ consultations and Google Scholar.
After this step, which allowed to retrieve 25 records, literature was
collected in March 2020 by exploiting the databases Web of Science
(WoS) Core Collection, Scielo and Medline (through the WoS platform,
3171 records) and by querying Google Scholar (in order of relevancy,
the first 500 records were retrieved). Table 1 reports the list of search
terms run into the WoS platform. The records retrieved from WoS and
Google Scholar were imported in RefWorks and added to the 25 records
retrieved during the preliminary investigation. All duplicates (n = 162)
were removed based on author name, year and article title.

The records considered by two reviewers not pertinent to the pre-
defined topic and targets were directly excluded basing on title and
abstract. In case of disagreement, each case was examined until an
agreement was reached. As the last step, all full texts of the remaining
publications (n = 155) were screened for eligibility. The resulting
included papers were 75 (Supplementary material Table 1).

2.3. Data charting and synthesis

Data charting was iterative and jointly developed by two reviewers
who identified the relevant information to extract. Briefly, they recorded
information on bibliography (first author and title, year of publication,

Table 1
List of search terms with two observers inclusion agreement used in Web of
Science platform.

Donkey* OR Equus AND  welfare OR emotion* OR ethogram OR
asinus OR equid OR ethology OR behavio* OR cognition OR
equids expression OR motivation* OR operant

conditioning OR preference OR need OR
personality OR reinforcement OR social* OR
Communication OR Human-animal OR
Human-donkey OR Wellbeing OR Intelligence
OR Learning OR Memory OR Self awareness OR
temperament OR Sentience OR Expression OR
relation* OR interaction OR perception OR
assisted intervention OR assisted therapy OR
assisted education OR assisted activity
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type of research paper), objective(s) of the study, the species under
investigation and if the study was comparative among different species,
the location of the study, the characteristics of involved donkeys (when
reported: breed, sex, age and other). In depth information on behav-
ioural tests was collected merely when they were described in the study
(Supplementary Material Table 1). A descriptive synthesis based on the
studies characteristics was produced (see paragraph 3.2). Subsequently,
we grouped the studies into the following categories, based on the main
topics covered: (a) Behaviour and personality (divided into behavioural
repertoire and temperament); (b) Sociality (divided into intra-specific
and inter-specific); (c¢) Cognition; (d) Welfare and pain-related behav-
iours; (e) Mixed (including both behaviour and personality and sociality
aspects). According to this partition, we narratively summarised the
main topics found in the literature (paragraph 3.3). Finally, the records
describing behavioural tests or tasks were identified and reported
(paragraph 3.4).

3. Results
3.1. Study selection
The flow of studies through the current review is represented in the

PRISMA diagram shown in Fig. 1 (Moher et al., 2009), along with the
number of retrieved or retained publications at each stage.

Records identified via
electronic databases:
(Web of science core
collection - Medline - Scielo)

Records identified via
additional sources:
(Google Scholar: 500 +
preliminary search: 25)

Identification

3171 525

|

ARecords after duplicates removali
(162):
3534

A

v

Records screened: Records excluded:

Screening

v

3534 3379

v
Full text articles
assessed for eligibility:

155

Full text articles
excluded (with reasons):
80

Document type (letter, thesis,
book chapter, code, book,
review, commentary): 34
Duplicate: 1

Language: 2

Not retrievable: 1

Target: 18

v Topic: 24

Eligibility

Full text articles
included in the review:

=
D
!
=
O
=

75

= e

Fig. 1. Prisma flow diagram of studies identified, screened, and extracted.
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3.2. Qualitative synthesis

3.2.1. General aspects (year of publication, geographical location and type
of research paper)

Most of the records included in the present review were published in
1998 and 2018 (n =9 in each year), followed by 2015 (n = 8), as
showed in Fig. 2A. The countries where most of the studies were con-
ducted are shown in Fig. 2B: Italy (n = 18) is followed by the UK (n = 9),
the USA (n = 6) and Spain (n = 6). The majority of papers were journal
articles classified as “original research papers” (n = 49) of which a few
were discernible as observational studies conducted in nature (n = 7).
The other records were classified as “short report” or “short communi-
cation” (n = 10), “protocol development/methods” (n = 10) or “case
reports” (n = 2). A few conference proceedings or posters were detected
and included (n = 4).

3.2.2. Characteristics of the subjects involved

Among the analyzed records, the majority (n = 68) looked upon the
domestic donkey, while the others reported on feral asses (n = 7) (i.e.
Hoffmann, 1983; McCool et al., 1981; Moehlman et al., 1998; Moehl-
man, 1998a, 1998b; Reid et al., 1997; Rudman, 1998). As for the records
on domestic donkeys (n = 68), we grouped them accordingly to the
number of subjects involved (Fig. 3).

Across the 68 records on domestic donkeys, some were focused on
specific breeds: Amiata (n = 2), Martina Franca (n =7), Ragusano
(n =1), Andalusian (n=4), Catalonian (n=1), Miranda (n=2),
Cotentin (n = 1), Pega (n = 1), Poitou (n = 1). As for the age, some
studies were specifically targeted on adult jenny’s and foal dyads
(n = 5), on foals during the suckling period (n = 1), and the rest on
adults or donkeys of various ages. Concerning the sex, some records
were specifically focused on female (n=11) or male (n=26) in-
dividuals, investigating aspects of milking, sexual or maternal behaviour
for females, and sexual behaviour for males. Looking at the aptitude (i.e.
the purpose for which the animals are detained) of the domestic donkeys
involved, most of the time this issue was not specified, while in some
papers a specific target was chosen (e.g. working donkeys (n = 13),
dairy animals (n = 2) and donkeys involved in AAIs (n = 2)). Finally, of
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Fig. 3. Graphical representation of the numerosity of subjects included in the

studies involving domestic donkeys (n = 63). Of the 68 records, five did not
specify the number of subjects involved and thus are missing in the graph.

the 75 records analyzed, around 25% were comparative studies
(n = 19): some of them were comparing domestic donkeys with other
equid species such as horses (and/or ponies) (n =9), mules (n = 1),
horses and mules together (n = 9).

3.3. Main topic categories

The 75 records were grouped into main topic categories as shown in
Table 2. A brief narrative summary is given in the following paragraphs
(3.3.1-3.3.4), based on these categories.

3.3.1. Behaviour and personality

3.3.1.1. Behavioural repertoire. Observations on feral asses show how
their behavioural repertoire is modulated by many individual and
environmental factors, such as natural light-dark cycle, seasons and
resource availability (Moehlman et al., 1998; Moehlman, 1998b, 1998a;
Reid et al., 1997; Zakari et al., 2016, 2018). According to Zakari et al.
(2018), donkeys are mainly diurnal animals, with the peak of activity
occurring during the day (i.e. at around 2 p.m.). Basic behavioural
patterns, typical of general maintenance and social interactions (e.g.
locomotion, standing, resting, feeding, rolling, fighting, playing, braying
communication, formation of dung piles, flehmen response, etc.), were
observed in many different habitats, from the feral donkeys in Cyprus
(Reid et al., 1997) to those living in the Death Valley or the Galapagos
archipelago (Moehlman, 1998b, 1998a; Moehlman et al., 1998). Simi-
larly to other equids, donkeys assume the standing posture either in alert
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Fig. 2. Histograms representing the year of publication of the studies included in this review (n = 75) (A) and geographical origin (n = 70, 5 records not reported as
conducted in various countries, of which 4 specifically in Low Middle-Income Countries). When 2 countries were indicated in the study, the one with the major

number of animals sampled was chosen) (B).
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Table 2
List of records grouped into main topic categories.

Main category Nr. of
records

Bibliographic record

Behavioural 10
repertoire

Behaviour &
personality

(Aganga and Tsopito, 1998;
Canacoo and Avornyo, 1998;
Couto et al., 2016; Lamoot et al.,
2005a, 2005b; Mueller et al.,
1998; Proops et al., 2019; Regan
et al., 2014; Zakari et al., 2018,
2016)

(French, 1993; Gonzalez-De Cara
et al., 2017)

(Brément et al., 2019; Hoffmann,
1983; McCool et al., 1981;
Murray et al., 2013; Normando
et al., 2017; Rudman, 1998)
(Carluccio et al., 2013; Clayton
et al., 1981; Contri et al., 2014;
Gastal et al., 1996; Henry et al.,
1991, 1987; Quaresma et al.,
2015; Quartuccio et al., 2011;
Rota et al., 2018; Taberner et al.,
2008; Vandeplassche et al., 1981)
Mother-foal 6 (D’Alessandro et al., 2011, 2007,
bond 2005; French, 1998; Houpt and
Antczak, 1998; Mazzatenta et al.,
2019)

(Canisso et al., 2010; Dalla Costa
et al., 2015; Lodi et al., 1995;
Proops et al., 2012)

(Moehlman et al., 1998;
Moehlman, 1998a, 1998b; Reid
et al., 1997)

(Baragli et al., 2011; Baragli and
Regolin, 2008; McGuire et al.,
2018; Navas Gonzalez et al.,
2019, 2018a, 2018b, 2017;
Osthaus et al., 2013; Proops et al.,
2009; Zucca et al., 2011)

(Ali et al., 2016, 2015; Amendola
et al., 2012; Burn et al., 2010b,
2010a; Dai et al., 2018, 2016; De
Palo et al., 2018; Galindo et al.,
2018; Geiger and Hovorka, 2015;
Grint et al., 2017, 2015; Jagjiwan
et al., 2013; McLean et al., 2012;
Minero et al., 2016; Pritchard

et al., 2006, 2005; Raw et al.,
2020; Regan et al., 2016, 2015;
Sommerville et al., 2018; van
Dierendonck et al., 2020)

Temperament 2
Social Intra-specific 6

behaviour

Sexual 11
behaviour

Inter-specific 4

Mixed (General and social 4
behaviour)

Cognition and intelligence 10

Welfare and pain-related 22
behaviours

or in resting situations (Moehlman, 1998b; Reid et al., 1997; Zakari
et al., 2016). Standing rest is probably an adaptive behaviour since it
allows donkeys to flee more promptly from predators even while resting
(Moehlman, 1998b; Zakari et al., 2018). Although adult donkeys rarely
lie down to rest foals do so in inverse relation to their age. The per-
centage of time that donkeys spend resting, lying and rolling varies
depending on season and ambient temperature (Lamoot et al., 2005a;
Zakari et al., 2018, 2016). The behavioural repertoire was also studied
in working donkeys at rest, in particular by analysing the influence of
time and gender (non pregnant females vs. entire males) on donkeys’
behavioural patterns (Regan et al., 2014). As a result, a series of
gender-specific patterns were found: the head carriage of maleswas
higher than the one of females. According to the authors, this difference
in head position might reflect different attention toward the external
environment, with male donkeys being more motivated to investigate
and interact with the surroundings.

As for donkeys’ feeding and drinking behaviour, the included liter-
ature describes a series of anatomical, physiological and behavioural
adaptations to the semi-arid regions in which this species evolved,
highlighting the ability of donkeys to adapt to different habitats. For
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instance, donkey’s narrow muzzle and mobile lips promote a selective
feeding strategy, allowing them to maximise feed quality rather than
quantity (Moehlman, 1998b; Mueller et al., 1998; Zakari et al., 2016).
Their chewing behaviour, in particular, was studied by Mueller et al.
(1998), who observed that donkeys’ fibre consumption is faster than
that of ruminants. Donkeys (and equids in general) seem to use a feeding
strategy of high intake, rapid transit and low nutrient extraction
(Lamoot et al., 2005a; Mueller et al., 1998). In nature, they are both
grazers and browsers, depending on the availability and palatability of
food. The grassy habitat is preferred throughout the year: oftentimes,
they are observed in attempting to dig out the grassroots with their
forefeet (a behaviour that is referred to as “pawing™) (Canacoo and
Avornyo, 1998; Couto et al., 2016; Lamoot et al., 2005a). A great per-
centage of donkeys’ daytime is dedicated to searching/prehension and
feeding activities, from an average of 6-7 to 14-16 h a day, if not hin-
dered (Aganga and Tsopito, 1998; Canacoo and Avornyo, 1998; Couto
etal., 2016; Lamoot et al., 2005a; Moehlman, 1998a; Regan et al., 2014;
Reid et al., 1997; Zakari et al., 2016). The amount of time that donkeys
spend feeding is affected by external factors such as the time of the day,
the season, the climate conditions (i.e. temperature and humidity), the
habitat, the quality of the pasture and the availability of nutrients
(Aganga and Tsopito, 1998; Moehlman et al., 1998; Moehlman, 1998b,
1998a; Zakari et al., 2016, 2018). Feeding behaviour is also affected by
factors related to the donkey itself, including the animal’s sex, age,
reproductive status (e.g. lactating jennies spend more time feeding due
to their nutritional requirements), working conditions, dominance and
aggressiveness (Aganga and Tsopito, 1998; Lamoot et al., 2005b;
Moehlman, 1998a, 1998b; Moehlman et al., 1998; Zakari et al., 2018).
Concerning drinking behaviour, adult feral donkeys usually drink once a
day for up to 290 s, while lactating females with foals of less than 2-3
months drink more, as do adult donkeys in drought conditions (Aganga
and Tsopito, 1998; Moehlman, 1998b; Zakari et al., 2016). Drinking
behaviour was also studied using a drinking test by Pritchard et al.
(2006) (see paragraphs 3.3.4 and 3.4).

Donkey’s eliminative behaviour is also described in the literature:
urination is likely to occur less often than defecation, about once a day
versus three/four evacuations a day (Canacoo and Avornyo, 1998;
Zakari et al., 2016). Urination and defecation postures were described
by Moehlman (1998a) in both males and females.

Exploratory and comfort-seeking or restorative activities (i.e.
roaming, grooming, etc.) were also described in donkeys. Roaming is
defined as apparently aimless movements of the donkey but is likely a
way to determine what is edible to the animal and may serve to inves-
tigate new objects and environments (Canacoo and Avornyo, 1998;
Zakari et al., 2018, 2016). Grooming can be both self-directed (by
scratching the body with teeth, hooves and occasionally against rocks or
trees) or directed to other individuals (Canacoo and Avornyo, 1998;
Moehlman, 1998b). Rolling is a behaviour displayed mainly by adult
donkeys and is likely a learned behaviour, linked to a mechanism of
social facilitation. Indeed, rolling is typical during dust bathing, which is
performed in sequence by donkeys that roll in the same dust bowl, then
stand up and shake (Canacoo and Avornyo, 1998; Moehlman, 1998b).
Even these behaviours, as the others previously described, are affected
by factors such as age and season(Canacoo and Avornyo, 1998; Zakari
et al.,, 2018, 2016). Finally, shelter seeking behaviour was studied in
domestic donkeys in a temperate climate (UK) and compared to the
horses’ one (specifically, horses and ponies from a variety of breeds)
(Proops et al., 2019). Donkeys were observed to spend significantly less
time outside with cold weather: in detalil, to seek shelter at lower
temperatures than horses (especially below 10 °C), with rain or mod-
erate wind. Therefore, they are likely less acclimated to temperate en-
vironments than horses, probably due to their descent from African wild
asses, which were adapted to semi-arid climates.

3.3.1.2. Temperament. Donkey’s temperament, intended as the attitude
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of the animal towards humans, other individuals or the environment,
was investigated by two studies within those included in this review
(French, 1993; Gonzalez-De Cara et al., 2017). Its assessment can be
useful support when selecting animals for AAIs and other activities in
which the animal’s attitude towards humans is crucial. In their study,
Gonzalez-De Cara et al. (2017) assessed the temperament of donkeys by
evaluating their fearfulness and reactivity to humans. Conversely,
French (1993) developed a questionnaire to assess rescued donkey’s
temperament and its evolution during a rehoming process. According to
the author, some traits assessed through the questionnaire proved useful
in matching potential adopters with the right donkey (French, 1993).

3.3.2. Social behaviour

3.3.2.1. Intraspecific behaviour. Donkeys’ social organisation was stud-
ied by observing feral populations living in different habitats, such as
Australia (Hoffmann, 1983; McCool et al., 1981), Cyprus (Reid et al.,
1997), Galapagos (Moehlman et al., 1998), Caribbean Islands (Rudman,
1998) and arid and mesic habitats (Moehlman, 1998a, 1998b). One key
aspect emerging from these studies is the capacity of the E. asinus species
to adopt different social strategies according to different environmental
conditions (Hoffmann, 1983; Moehlman, 1998a; Rudman, 1998).
Looking at the domestic donkey’s ancestor, the African wild ass inhabits
semi-arid and arid desert areas, where the individuals of a population
must disperse to survive. Therefore, wild asses form groups with no
stable bonds, except for the ones between a female and its foal (Reid
etal., 1997; Rudman, 1998). This kind of organisation can be found also
in feral asses’ populations, with some differences according to the
habitat (Rudman, 1998): a “resource defence” polygynous mating sys-
tem is described in arid environments, like the Death Valley (Moehlman,
1998a). In milder environmental conditions, asses’ social organisation is
rather characterised by polygyny with territorial defence by a dominant
male (Klingel, 1998; McCool et al., 1981; Moehlman, 1998a). Males
appear to maintain the family nucleus throughout the whole year, and
females generally remain within the area of a specific male with a
leadership role (McCool et al., 1981). In addition to family groups,
multi-male groups - consisting mostly of juveniles and extremely old
animals - may occur (McCool et al., 1981; Reid et al., 1997). Moreover,
pairs or solitary jennies may be observed, especially in cases of sick
individuals and imminent or recent parturition (Hoffmann, 1983;
McCool et al., 1981). The asses’ aggregation size and composition can
have a certain degree of dynamism and may vary among daylight or
nocturnal hours (Reid et al., 1997). This plasticity in social organisation
has consequences in various aspects of donkey’s sociality, including
dominance hierarchy structures that are not linear and do not depend
merely on age, sex, body weight or aggressive behaviours, as for other
equids (Mazzatenta et al., 2019; Proops et al., 2012).

Olfactory, acoustical and visual communication are also described in
feral asses (Moehlman, 1998b). As for olfactory communication, sniffing
and flehmen are linked to sexual communication, while elimination
behaviour conveys a range of information. In particular, the formation
of dung piles is common among territorial feral asses and probably serve
as communication posts and landmarks. Acoustical communication oc-
curs through voiced (i.e. the bray, grunt, growl, and whuffle) and un-
voiced sound signals (i.e. the snort). The bray is described as the most
complex one, used by territorial males as a morning call, in agonistic
interactions and during courtship (Moehlman, 1998b). Concerning vi-
sual communication, Moehlman (1998b) describes the postures and
facial expressions that are displayed during agonistic, sexual and
greeting behaviours, mutual grooming and play. The same author re-
ports data on mother-infant interaction, reproductive behaviour,
greeting and mutual grooming in different habitats such as Ossabaw
Island, Death Valley (Moehlman, 1998a) and Volcano Alcédo in Gal-
apagos (Moehlman et al., 1998). Moreover, social affiliative behaviour
was studied by Normando et al. (2017) in domestic donkeys, observing
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that it was expressed mainly by dyadic proximity maintenance. Cases of
abnormal social behaviour are reported by Houpt and Antczak (1998) (i.
e. abnormal maternal behaviour) and Brément et al. (2019) (i.e. mutual
hair plucking behaviour in two cohabiting donkeys).

A peculiar aspect of donkey’s social behaviour is represented by the
“pair-bonding”: even if the main strong relation generally occur between
mother and progeny (Proops et al., 2012), it often happens that a donkey
develops a solid bond with another individual (which could be a donkey
or another equid) (Murray et al., 2013). Although most of the knowledge
on this social phenomenon focuses on sexual and kinship reasons as the
motivation underlying the pair formation (Murray et al., 2013), not
rarely the members of the dyad are of the same gender and unrelated.
Interestingly, in natural and feral populations the pair-bonding phe-
nomenon has never been observed (Klingel, 1998; Moehlman, 1998a;
Rudman, 1998) and its function in domestic donkeys still rests uncer-
tain. Murray et al. (2013) studied pair-bonding recognition in donkeys,
confirming their ability to discriminate among other individuals. From a
management point of view, an important implication is the effect of the
dyad’s individuals separation, which may result in outstanding distress,
inappetence and pining (Murray et al., 2013).

3.3.2.2. Intraspecific behaviour: mother-foal bond. In nature, feral
jennies usually withdraw from other donkeys at the time of foaling and
do not reappear for one to several days (Rudman, 1998), probably to
protect the foal from predators or other mares. Their link with the group
is basically loose and unstable (French, 1998; Houpt and Antczak,
1998), while the neoformed bond with the foal is indeed strong. The first
few days are characterised by close proximity: Mazzatenta et al. (2019)
studied the jenny-and-foal dyad during the first 24 h after birth when
donkeys develop most of their sensory, motor, and behavioural abilities.
This precocity is common in the so-called “follower” species, which are
characterised by close proximity and frequent communication between
mothers and infant. In the wild, this precocity provides defence against
predation and allows extensive movements of the mother and new-born
during the early stages of infancy. Births and interactions among the
dyads usually occur during the nighttime, probably to reduce the risk of
predation. The first neonatal activity is represented by the struggles of
the foal to coordinate itself, to stand up and to first suck, and is usually
displayed within two hours after birth (Mazzatenta et al., 2019). In
contrast to adults — that often rest upright - foals are more likely to rest
recumbent (Moehlman, 1998a; Mazzatenta et al., 2019). As for sensory
abilities, Mazzatenta et al. (2019) observed that smelling behaviour was
more expressed by jennies: olfactory cues play a pivotal role in the
establishment of maternal bonding in donkeys (and in mammals in
general) within a few minutes of delivery. Conversely, bonding in foals is
slower and seems to be linked more to visual recognition of the mother.
The evolution of the spatial relationship between the jenny and the foal
at different ages (from a few hours to 13 years) was studied by French
(1998). After the first days, characterised by almost continuous tactile
contact and frequent feedings by the foals (i.e. about every 15-20 min)
(Moehlman, 1998a), the author observed that jennies approached their
foals less frequently and had a tendency to move away. The strong
mother-foal bond is rarely continued into adulthood under natural
conditions: weaning is a key step and takes place at around ten months
after birth, with the jenny moving more persistently away from her foal.
Environment and carrying capacity play a role in this dynamic since in a
hospitable habitat foals will stay with the mother for a longer time
(French, 1998). In the same manner, under conditions of domestic
management, the mother-offspring relationship continues up to the
foal’s adulthood and beyond (French, 1998). Other studies, focused
specifically on Martina Franca breed, investigated the behaviour of
jennies during the end of pregnancy and the mother-foal dyad during the
first week post-partum (D’Alessandro et al., 2005). Moreover, they
analysed the behavioural profile of the jenny during the suckling period
(i.e. 6 months after birth) (D’Alessandro et al., 2007) and the
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maintenance and social profiles during suckling periods in foals
(D’Alessandro et al., 2011). In these studies, the jenny and foal behav-
ioural profiles were affected by the individual, the time of the day and
the time since foaling. Mother and foal vocalizations were also regis-
tered by the authors: brays, that are probably used in individual iden-
tification (Moehlman, 1998b), were more frequent in the third month
from foaling, i.e. a stage in which foals are more autonomous but not
totally self-sufficient (D’Alessandro et al., 2007). Finally, as previously
mentioned, a case of abnormal maternal behaviour was reported in a
jenny that displayed aggressivity towards her foal (Houpt and Antczak,
1998). According to the authors, this problem could have been sec-
ondary to neophobia for a novel water bucket causing dehydration. As
for all behaviours, neophobia has an explanation in feral assess, since it
preserves them from ingesting anything new, potentially dangerous.

3.3.2.3. Intraspecific behaviour: sexual behaviour. As previously re-
ported, in certain conditions donkey’s sociosexual organisation is ter-
ritorial, with stallions holding territory and breeding with jennies
passing through or residing there (Henry et al., 1991; Quartuccio et al.,
2011; Rota et al., 2018; Taberner et al., 2008). This aspect is mirrored by
some peculiarities of donkeys’ sexual behaviour. For instance, it has
been supposed that the greatly manifested sexual behaviour displayed
by jennies, as compared with mares, is functional to attract the attention
of the males (Taberner et al., 2008). A high frequency of homotypical
and heterotypical behaviour (i.e. herding/chasing, sniffing, teasing, the
flehmen response, and mounting in particular) is described in receptive
jennies along with a prolonged pre-copulatory interaction during both
natural and induced oestrus (i.e. the period of the sexual cycle when a
mare is receptive to the stallion (Clayton et al., 1981; Henry et al., 1991).
In males, vocalization seems to play a key role in initiating the
pre-copulatory interaction and attracting oestrus jennies to the vicinity,
as reported by Gastal et al. (1996). Indeed, after vocalization, the jack
starts to interact and tease specifically one of the jennies (Henry et al.,
1991; Taberner et al., 2008). Teasing evokes oestrus signs in jennies,
that can alternate periods of receptivity or rejection (mainly by kicking)
of the jack (Clayton et al., 1981; Henry et al., 1991). Clayton et al.
(1981) noticed a “simulated flight” by which the jenny trots away from
the stallion before allowing the mount occurrence.

In jennies, the behavioural manifestation of oestrus, was described
by different authors. Behaviours like mouth clapping, winking, tail ris-
ing, posturing, sialorrhea and urinating were described as typical signs
of oestrous in jennies (Carluccio et al., 2013; Contri et al., 2014; Henry
et al., 1991, 1987; Taberner et al., 2008; Vandeplassche et al., 1981).
Particularly, the display of mouth clapping may be considered as a
peculiar sign of ongoing oestrous in jennies. This behaviour was
observed to begin a day before oestrous onset and to last a day longer
than the other behaviours. It was also described as a typical facial
expression of donkeys in oestrus when compared to pony mares (Clayton
et al., 1981). Signs of oestrous are reported to increase as ovulation
approaches (Henry et al., 1987; Taberner et al., 2008), as well as the
mating activity, which increases gradually up to two days before
ovulation (Henry et al.,, 1991). In a study on the best predictors of
ovulation in jennies, oestrus behaviour resulted in second place after the
follicle size (Taberner et al., 2008). Clearly, overt oestrus is also asso-
ciated with a change in jenny’s behavioural routines: a reduction of
ingestion and resting time and an increase in investigative, locomotive
and vocal activities (Clayton et al., 1981; Moehlman, 1998a). On the
other hand, during dioestrus (i.e. the period of non-receptivity), jennies
usually move away, kicking and switching the tail (Clayton et al., 1981;
Henry et al., 1987). Their sexual behaviour is influenced by seasonality
and photoperiod: a short-day anovulatory season (about 165 days) and a
long-day ovulatory season (about 200 days) with a 24-day
inter-ovulatory period have been described (Carluccio et al., 2013;
Henry et al., 1987; Taberner et al., 2008). Nevertheless, some authors
reported a regular oestrus cycle throughout the year (Contri et al., 2014;
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Henry et al., 1987; Quartuccio et al., 2011) or the presence of anovu-
latory oestrus, silent ovulation, suboestrus (with some low-intensity
signs of oestrus), and split oestrus (i.e. going out of oestrus for one
day and returning to oestrus during the same oestrous period (Vande-
plassche et al., 1981)). These differences can be related to individuals,
donkey breeds, climatic and latitudinal variations, nutritional manage-
ment, age and parity (Contri et al., 2014; Henry et al., 1987; Quaresma
et al., 2015).

Male sexual behaviour was studied describing its appetitive and
consummatory components (Carluccio et al., 2013). Appetitive sexual
behaviour (ASB) is more plastic and may vary its duration according to
the season whereas consummatory sexual behaviour (CSB) doesn’t show
particular differences over time. ASB corresponds to the courtship be-
haviours and includes visual and auditory cues, tactile stimulation and
chemical communication via pheromones. While approaching the jenny,
the jack exhibits behaviours such as naso-nasal contact, lip clapping, the
partial and total exposure of the penis, attempts at masturbation, vo-
calizations, sniffing, biting, the flehmen, attempts at mounting without
an erection, pursuing mares by both walking or running, and, lastly,
suddenly withdrawing from the mare to a resting area, with a lack of
interest in the surroundings and in the female itself (Clayton et al., 1981;
Gastal etal., 1996; Henry et al., 1991; Lodi et al., 1995; Quartuccio et al.,
2011). This isolation appears only if all other ASBs have been success-
fully completed and is required for the male to attain an erection and
display the CSB (Carluccio et al., 2013; Gastal et al., 1996). CSB consists
of stereotyped behaviours that result in physical contact until coitus
(Carluccio et al., 2013). Ejaculation usually takes place after 4-8 pelvic
thrusts lasting 19-30 s (Gastal et al., 1996; Henry et al., 1991; Quar-
tuccio et al., 2011). The two phases (ASB and CSB), from the first contact
with the female to the ejaculation, range from 6 to 32 min and are re-
ported to be longer than in pony stallions (Clayton et al., 1981; Gastal
et al., 1996; Henry et al., 1991). Finally, after coitus, the jack relaxes on
the female’s back (for about 10 s), before assuming the quadrupedal
station. In the post-copulatory (or refractory) phase (which takes about
15-30 min), the jack shows a total disinterest for the female, stays in the
"resting area" and eventually refuses the female approach (Henry et al.,
1991; Quartuccio et al., 2011). Both ASB and CSB are driven by pher-
omones, and the flehmen response displayed by donkeys (lifting the head
and drawing back of the lips) is involved in the exchange of pheromonal
signals. Jennies’ response, activated by pheromones, includes increased
secretion of hormones and modified oestrus and ovulation, while female
pheromones may have a role in contributing to the activation of
reproductive behaviour in male asses, along with environmental infor-
mation (Carluccio et al., 2013). Reproductive behaviour of donkeys was
also investigated for semen collection purposes in Ragusano donkeys
(Quartuccio et al., 2011) or by examining the effect of housing system
(paddock versus individual boxes) on donkey’s semen collection (Rota
et al., 2018).

3.3.2.4. Interspecific behaviour. The social relations in a mixed group of
mules, ponies and donkeys was studied by Proops et al. (2012) by
observing dominance hierarchy and affiliations. As for dominance hi-
erarchy, ponies, with the strongest linear hierarchy, were the most
dominant group; mules were intermediate and donkeys did not present a
hierarchy and were the least dominant. Concerning affiliations,
although mixed groups of equids are quite common, the authors
concluded that when given the possibility donkeys prefer to affiliate
with individuals of the same equid type rather than other species
(Proops et al., 2012). The interspecific behaviour of donkeys was also
investigated for mule production (Canisso et al., 2010; Lodi et al., 1995).
The differences in sexual organisation between donkeys and horses can
be the cause of the low sexual interest showed by both jack and mares
during mating and the low breeding efficiency at pasture (Lodi et al.,
1995), while the use of mares for jack semen collection seems to give
better results (Canisso et al., 2010).
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Finally, the interaction and relationship of donkeys with humans are
considered as one of donkey welfare measures by several protocols (Dai
et al., 2018; Galindo et al., 2018; Raw et al., 2020; Sommerville et al.,
2018, to name a few). Nevertheless, the study by Dalla Costa et al.
(2015) is the only to be primarily focused on human-donkey relationship
measurement, by deepening the validity and reliability of on-farm tests
used to evaluate the human-animal relationship in both horses and
donkeys.

3.3.3. Cognition

Four studies, conducted on 300 genetically tested Andalusian breed
donkeys, investigated donkey cognition (Navas Gonzalez et al., 2019,
2018a, 2018b, 2017). Donkeys’ cognitive capabilities were classified
into three clusters: coping style, cognition and intelligence. The authors
evaluated the effects of intrinsic or external factors (i.e. the individual’s
age and sex or the year of assessment, season and breeding system) on
these clusters, highlighting, for instance, the highly significant effect of
husbandry system on all the three clusters and sex influence on the
copying style cluster (Navas Gonzalez et al., 2017). A second study
regarded specifically the heritability of problem-focused coping styles of
donkeys. Generally, donkeys seem to have a tendency to freeze or rather
a reactive strategy when facing a challenge, differently from other
equids (i.e. zebras or horses) that tend to flee away when frightened.
According to this study, the reactivity related traits (i.e. response type,
mood/emotion and degree/intensity) were moderately heritable (Navas
Gonzalez et al., 2018a). Moreover, the influence of environmental fac-
tors on donkey’s cognition, mood and behaviour were investigated
(Navas Gonzalez et al., 2018a) revealing some influence of the moon
phase at birth, season, ambient temperature and relative humidity on
different cognitive and behavioural variables. Finally, a
human-analogous animal IQ score was developed to investigate the
population variability and the inheritance patterns in donkeys, high-
lighting remarkable individual differences in intelligence (Navas
Gonzalez et al., 2019). In this study, negative and positive genetic cor-
relations between behavioural traits were identified (e.g. alertness cor-
relates negatively with most of the traits, such as stubbornness and
docility). These correlations can foster the successful selection of in-
dividuals with the desired characteristics (Navas Gonzalez et al., 2019).
The results of the study suggested that donkeys’ cognition heritable
mechanisms may be attributable to genetic factors, as is the case in
humans. Moreover, donkeys may be considered intelligent animals
when scored on a human analogous scale, even though a comparison
among species is arduous.

Other comparisons were made between horses, donkeys and mules,
specifically on their learning capabilities (Proops et al., 2009) and
spatial cognition (Osthaus et al., 2013). In the first case (Proops et al.,
2009), the study’s results outlined how mules outperformed both don-
keys and ponies in a visual discrimination task based on pairs of stimuli
(black and white symbols), suggesting the possibility of enhanced
cognitive abilities in mules, linked to the hybrid vigour phenomenon. As
for spatial cognition, it was compared among the aforementioned equid
species by Osthaus et al. (2013) through an A-not-B detour task. Don-
keys and horses were slower than mules in solving a novel detour task.
This, again, suggests that the hybrid vigour of mules may expand to
cognitive abilities (Osthaus et al., 2013; Proops et al., 2009) as mules are
likely to be more elastic in spatial learning compared to progenitor
species (Osthaus et al., 2013).

Memory was investigated in donkeys by Baragli et al. (2011), also in
comparison with other equids (Baragli and Regolin, 2008). In both
cases, the researchers looked at the donkeys’ ability to preserve the
memory of a hidden object and its spatial location. The results show that
donkeys (and ponies) can solve the detour task proposed and recover a
hidden object. This highlights how donkeys are capable of encoding,
preserve and retrieve information about the location of a hidden object
from their working memory.

Another aspect related to cognition, i.e. laterality, was studied by
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Zucca et al. (2011). Observing the position of the forelimbs, the authors
found that donkeys are lateralized at the population level; moreover,
they found that this laterality in donkeys can be reversed or erased by
manipulating space availability.

Finally, a cognitive bias in donkeys and horses was investigated by
recruiting animals with a different care history (i.e. rescued or non-
rescued animals) by using a judgement bias test. The hypothesis was
that positive and negative affective states may influence the way in-
formation is processed (McGuire et al., 2018). Surprisingly, rescued
equids appeared more optimistic than non-rescued ones since they
responded more quickly to ambiguous stimuli presented during the
judgement bias test. The authors hypothesised that the rescued equids
involved in the study recovered to the extent that they did not display
pessimistic cognitive biases. However, they concluded that further
studies are necessary.

3.3.4. Welfare and pain-related behaviours

Most of the records included in this review are related to donkeys’
welfare, a scope that is closely intertwined with animals’ behavioural,
emotional and cognitive aspects. In the first place, a series of articles
developed and applied protocols for donkey welfare assessment. These
protocols should be adapted to the context in which they are used since
welfare issues differ. For instance, for working donkeys in Low Middle-
Income Countries (LMICs) resource-based tools are not practical, while
animal-based behavioural measures are particularly appropriate: pro-
tocols should be easy to learn, low cost and rapid in their execution
(Pritchard et al., 2005; Sommerville et al., 2018). A protocol for working
equids in LMICs was developed by Pritchard et al. (2005) and consid-
ered, as for behavioural measures, the donkeys’ general aptitude and
response to the human approach (evaluated through different tests).
This protocol was adopted by Burn et al. (2010a), (2010b) and succes-
sively refined by Ali et al. (2016). Another protocol by Geiger and
Hovorka (2015) was applied in Botswana and included both physical
and emotional welfare negative parameters such as unresponsiveness to
hand-sniff test, avoidance reaction, dull facial expression, tail stillness,
neck stiffness and/or head raised or hanging low and tense ears pointing
backwards or to the side. In Mexico, Galindo et al. (2018) applied a
different approach implementing a hands-on donkey protocol to assess
working equids’ welfare. This protocol is represented by a hand in which
each finger symbolizes a welfare dimension. The behavioural facet
scores the behaviour of the animal and the quality of communication
between the individual and the owner. Finally, the Standardized Equine
Based Welfare Assessment Tool (SEBWAT), composed of 40
animal-based measures (comprising behavioural ones) and four
descriptive identifiers, has been developed and applied on 71,865
working equids of different LMICs countries (Sommerville et al., 2018).
Most of the results deriving from the application of these protocols
showed how depressed aptitude and unresponsiveness are often asso-
ciated with welfare issues, low BCS and physical problems in donkeys
(Ali et al., 2016; Burn et al., 2010b; Geiger and Hovorka, 2015). In
Europe, the Animal Welfare Indicators (AWIN) protocol for welfare
assessment of donkeys was tested by Dai et al. (2016) in 20 Italian and
British donkey facilities, with different purposes. The AWIN includes 22
animal-based indicators, some of which relate to the principle of
“appropriate behaviour”: they consider social interaction - that is
deemed a behavioural need for donkeys since they are a highly social
species - the presence of stereotypies and the relationship with humans.
The same AWIN protocol was used by Dai et al. (2018) to investigate
donkey welfare in the Italian dairy husbandry system. The second of the
two levels of assessment of the AWIN protocol includes the Qualitative
Behavioural Assessment (QBA), which is a method intended to assess
positive emotional states, and that was developed for donkeys by Minero
et al. (2016). QBA scoring is composed of a fixed list of 16 qualitative
descriptors (i.e. aggressive, agitated, anxious..., to name a few), refer-
ring to an animal’s expressive repertoire. This methodology was created
and applied on-farm by trained assessors. Lastly, in response to the need
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for a single method to assess equids’ welfare across different countries
and contexts (e.g. working or feral equids, equids’ breeding for pro-
duction purposes, etc.), a recent study presented a new tool: the Equid
Assessment, Research and Scoping (EARS) (Raw et al., 2020). Specif-
ically, 9 protocols based upon 19 indicators were developed. The
behavioural measures considered: the animal’s general aptitude, the
interaction with/reaction to the observer, the presence of stereotypies
and the presence of fear and distress related behaviours (Raw et al.,
2020).

Besides the described protocols, donkey’s welfare assessment by
using behavioural indicators are reported in different situations to
evaluate: donkeys’ suitability for onotherapy (Amendola et al., 2012);
the behavioural effect of heat stress in working equids along with the
effect of dehydration on tripping and staggering behaviours (Pritchard
et al., 2006); the fatigueness in working donkeys — by identifying
behavioural symptoms such as tongue protrusion, frothing, panting,
sweating, excitement and leg incoordination (Jagjiwan et al., 2013); the
influence of the driving method utilized in Mali for cart pulling on
donkeys welfare (McLean et al., 2012); the impact of machine milking
on donkey welfare (De Palo et al., 2018) and, lastly, to compare the
responses of donkeys and mules to brick kiln work (Ali et al., 2015).

Donkey’s pain-related behaviours were also investigated. Asses are
often described as “stoic” animals due to the difficulty in recognising
signs of pain. Regan et al. (2015) observed the associations between
clinical abnormalities and behavioural indicators of pain and the
behavioural differences in response to the analgesic (Regan et al., 2016).
In the latter study, that the donkeys receiving analgesic administration,
compared with a placebo group, had a general increase in their activity
levels, alertness and investigative behaviour. Furthermore, they showed
a reduction in up/down transitions, suggesting a relief in restless
behaviour, which has been described as a nonspecific behavioural in-
dicator of pain in equids. On the other hand, even an increased per-
centage of time spent dozing has been associated with stressful and
painful conditions in donkeys (Regan et al., 2016). Nociceptive
threshold testing (NTT) in asses was investigated by Grint et al., (2015,
2017) through the identification of pain-related behaviours and
endpoint behaviours (i.e. clear behavioural responses indicating that the
animal has perceived the stimulus to be noxious). The application of the
mechanical injurious stimulus on the donkey’s limb allowed researchers
to identify the foot lift as an affordable endpoint behaviour. Moreover,
the weight shift toward the contralateral limb was acknowledged as a
consistent prodromal sign for an endpoint foot lift. During the test,
donkeys displayed behaviours such as chewing and ear movement. Ac-
cording to the authors, chewing can be considered as both a “trust”
behaviour or a displacement activity (i.e. a behaviour associated with
comfort, which occurs as a result of two conflicting instincts). Chewing
and putting the muzzle to the ground may be an example of “sham
eating”, often displayed by donkeys when facing a threat or to mask
illness or uncertainty. Concerning the ears posture, donkeys moved their
ear frequently. The interpretation of ear movement in large animals is
still under debate. Anyhow, given the solitary nature of the donkey in
the wild and the evolution of a “fight instinct” against predators, regular
ears movement could justifiably be associated with an enhanced
awareness during a noxious stimulus. Finally, two scales for monitoring
acute pain in asses were recently developed and tested: the Equine
Utrecht University Scale for Donkey Composite Pain Assessment
(EQUUS-DONKEY-COMPASS) and the Equine Utrecht University Scale
for Donkey Facial Assessment of Pain (EQUUS-DONKEY-FAP). The
latter, as might be guessed from its name, uses facial parameters to
evaluate the pain in donkeys (van Dierendonck et al., 2020). Both Scales,
mainly based on behavioural parameters, may be effective to objectively
assess and monitor various types of acute pain and thus improve don-
keys’ welfare. The two scales’ most relevant facial parameters were the
position of the eyelids, nostrils, corners of the mouth, ears and focus
(this last parameter was informative specifically for colic pain).
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3.4. Behavioural tests

Among the above-mentioned studies on donkey’s behaviour, soci-
ality and cognition, the papers which reported behavioural tests or tasks
are synthesized in Table 3.

4. Discussion and conclusions

We delineated this review hypothesising that scientific literature on
donkey’s behaviour and cognition was narrow. Actually, we found a
discrete number and variety of primary research dealing with the topics
we were interested in, ranging from observations on feral asses behav-
iour and sociality to the more recent exploration of donkey’s different
cognitive aspects. The qualitative synthesis revealed some characteris-
tics of literature included the slightly increasing trend of published re-
cords over the last 10 years - excepting a peak in 1998, attributable to a
journal special issue on donkey behaviour (AA, 1998) — which reflects
the increasing interest in this species and its behavioural and cognitive
characteristics. The geographical distribution of the studies indicates
that most of them were conducted in Europe (Italy in particular, fol-
lowed by the UK and Spain) and in the USA. Though, it has to be noticed
that a considerable portion of studies was localised not in a single
country but rather aimed at targeting LIMCs and developing regions.
The fact that most of the studies were found to be conducted in Italy may
be related to the languages included in this review, which were English
and Italian. However, merely 2 of the included records were written in
Italian (Amendola et al., 2012; Quartuccio et al., 2011). Concerning the
number of subjects involved in the studies (i.e. domestic donkeys
involved), about half of the studies involved up to 20 subjects. The ex-
ceptions were mainly represented by some studies on welfare assess-
ment of working donkeys which were carried out on a much larger scale.
Overall, the studies on donkey welfare represent a considerable portion
of the records included in this review. This suggests how donkey welfare
and its assessment, by using behavioural indicators, is of great interest
and importance. These considerations partially match with the recent
research by McLean and Navas Gonzalez (2018) that analysed donkey
literature through the www.sciencedirect.com website searching en-
gine. Such a study highlighted how there was an increasing number of
papers strictly linked to the public awareness and request for improved
welfare of equids in the last decade of scientific research (see also Dalla
Costa et al., 2014). Moreover, the investigation revealed a differentia-
tion on topics linked to the historical period and the country of publi-
cation provenance, reporting that the UK, USA and Italy are the leading
countries in donkeys behavioural studies. As for the cognition category
Italy, the UK, and Spain were the main contributors (McLean and Navas
Gonzalez, 2018). Moreover, from the analysis by McLean and Navas
Gonzalez (2018), it overall turned out that the most investigated topic
over the years was the reproductive one, followed by themes as physi-
ology and anatomy. Effectively, reproductive behaviour was also one of
the most investigated topics by the papers we found to be eligible for our
review. In fact, it was the most discussed topic following the category
“welfare and pain-related behaviours”. Interestingly, donkey cognition
and intelligence have also been increasingly investigated over the last
10-15 years. The examination of the behavioural tests and tasks that
were used up to now by the scientific research revealed a leading focus
on human-donkey interaction. These tests were mainly codified and
utilized in welfare protocols or for assessing donkeys temperament
(intended as the reactivity toward humans). Some of them (avoidance
distance, walk downside and tail tuck) were specifically studied for their
validity and reliability in on-farm assessment of the human-animal
relationship (Dalla Costa et al., 2015). Another fraction of the identi-
fied behavioural tests and tasks is precisely aimed at exploring donkeys’
cognitive aspects. As also reported by Gonzalez-De Cara et al. (2017),
the extrapolation of information through parallelism with horses has
been proved to be unfounded and invalid on multiple occasions. Codi-
fying what has already been tested in scientific literature to investigate
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Table 3
Behavioural tests and tasks applied to donkeys, found in the analyzed literature.
The name of the tests, a brief description of their use and the records where they

Table 3 (continued)
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Behavioural test/task

Objective of the test

References

have been utilized are reported. (notes: ! described as walk around the donkey
(both sides, without touching it; 2 similarly to UAH, the observer touches the

donkey).

Behavioural test/task

Objective of the test

References

Temperament - Static Novel Analyze fearfulness (Gonzalez-De
Fearfulness Object Test in a temperament Cara et al., 2017)
Tests . test

Crossing an
Unknown Surface
Test (Cus)
Surprise Test

Temperament — Unfamiliar active Analyze reactivity (Gonzalez-De
Reactivity To human test to humans in a Cara et al., 2017)
Human Test (UAH) temperament test

Unfamiliar
passive human
test (UPH)

Human-donkey
Interaction
Test

Response to
Observer
Approach/
Avoidance
Distance test

Walk Down Side

Tail Tuck*

Chin Contact/

Hand-chin test

Ear Test

Response to
Unfamiliar
Person

Spinal Contact

Hand-smell test

Measure fear,
aversion,
avoidance,
aggression,
curiosity or
friendliness towards
human approach or
contact, usually
used in a welfare
assessment
framework (*tail
tuck is reported to
be specific for
donkeys, while
others are often
used for equids in
general)

(Ali et al., 2016,
2015; Burn et al.,
2010a, 2010b;
McLean et al.,
2012; Pritchard
et al., 2006, 2005;
Sommerville

et al., 2018) / (
Regan et al.,
2014)

(Burn et al.,
2010a, 2010b;
Dai et al., 2018,
2016; Dalla Costa
et al., 2015;
McLean et al.,
2012%;Minero

et al., 2016;
Pritchard et al.,
2006, 2005)

(Burn et al.,
2010a, 2010b;
Dai et al., 2016;
Minero et al.,
2016; Pritchard
et al., 2006, 2005;
Sommerville

et al., 2018)

(Ali et al., 2016,
2015; Burn et al.,
2010a, 2010b;
Pritchard et al.,
2006, 2005;
Sommerville

et al., 2018)/(
Geiger and
Hovorka, 2015)

(McLean et al.,
2012)

(McLean et al.,
2012)?

(Sommerville
et al., 2018)

(Geiger and
Hovorka, 2015)

Operant
Conditioning
and Stimulus

Operant
conditioning test:
Six stages
(crossing an

Test donkeys’
copying style/
reactivity related
traits

(Navas Gonzalez
et al., 2019,
2018a, 2017)

Presentation unknown surface Analyze response (Navas Gonzdlez
Test using type and intensity, et al., 2018b)
increasingly mood and learning
aversive abilities of donkeys
methods) L ‘
Analyze cognition (Navas Gonzalez
and intelligence- et al., 2019,
related traits 2017)
Single stimulus Test donkeys’ (Navas Gonzalez
presentation test: copying style/ et al., 2018a,
Six external reactivity related 2017)
stimuli presented traits
Analyze cognition (Navas Gonzélez
and intelligence- et al., 2017)
related traits
Nociceptive Mechanical Analyze (Grint et al.,
Threshold Nociceptive behavioural 2017)
Testing Threshold Testing  responses during
Thermal the' appllc.atlol? of (Grint et al.,
Nociceptive p amfgl stimuli :‘md 2015)
Threshold Testing 1dent1f.y end-point
behaviours
Judgement Bias Test Assess judgement (McGuire et al.,

bias using the go/
no-go spatial
discrimination
procedure

2018)

Working
Memory Test

Detour Task

Evaluate detour
behaviour in the
pre-test phase
(detour used in the
delayed response
task)

Delayed Response
Task

Analyze short-term
memory in donkeys
regarding a hidden
object

(Baragli et al.,
2011; Baragli and
Regolin, 2008)

Y Maze Social Discrimination Test

Investigate the
ability to recognise
the preferred
companion when
presented alongside
a familiar or
unfamiliar donkey

(Murray et al.,
2013)

A Not B Detour Task

Investigate
perseveration and
detour behaviour

(Osthaus et al.,
2013)

Visual Discrimination Learning Task

(Two Choice)

Study learning
abilities through the
discrimination of
stimulus pairs

(Proops et al.,
2009)

Drinking Test

Analyze drinking
behaviour from a
bucket

(Pritchard et al.,
2006)

Walking Tests

Trotting Poles

L- Maze

Analyze spatial
awareness and
incoordination
(tripping and
staggering
behaviours)

(Pritchard et al.,
2006)

the behaviour and cognition of the E. asinus species can plausibly sup-
port future research. Specifying what methods have already been uti-
lized, their scopes and their relative outputs might serve as the basic
knowledge for new end improved methodologies development. More-
over, it might point out the topics that still need to be explored.
Limitations of this review can be linked to the choice of inclusion
criteria and information sources, which excluded books and book
chapters, reviews and grey literature. Given that we aimed to examine
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scientific literature on donkey behaviour and cognition, the inclusion of
these resources could have add completeness to our research. For
example, a interesting review by Burden and Thiemann (2015) higlights
some of the species specific variations and adaptations that make don-
keys different from horses and are inevitably reflected in some behav-
ioural peculiarities of this species. On the other hand, already in this
way, we retrieved a large variety of primary research studies, including
case studies, protocols, etc., that permitted us to outline an overall
picture of donkey’s literature on behaviour and cognition. This step may
be useful for further reviews that might be able to focus on a more
specific research question, such as the methods applied in behavioural
analysis or the behavioural indicators used for donkeys.

In conclusion, this review allowed us to synthesize and report the
general characteristics of the studies and summarize the topics covered
up to now by the literature. In addition, we identified all the behavioural
tests that have been used to explore the donkey’s behaviour, sociality
and cognition. Analogously to other species, the scientific interest in
donkey’s behaviour and cognition is growing. Overcoming donkey
prejudices (Pearson, 2005) might have positive implications from both
an anthropocentric and a donkey-centric point of view. The wide range
of roles that donkeys cover in different contexts of human life make it
necessary to invest in acquiring new competencies and awareness to
enhance the human-donkey relationships. The comprehension of ani-
mal’s psychology and behaviour allows us to work on the relationship
quality, improving it and making it more functional. In this way, it might
be possible to avoid the use of wrong breeding and training methods and
will be helpful to improve animals’ management, avoiding unnecessary
stress or unpleasant situations for the individuals.Therefore, a deeper
knowledge of this species and the aspects listed above would allow
donkeys to benefit from enhanced human respect for their welfare.
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