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Simple Summary: Horses are highly social animals that preferably live in stable social groups and
form long-term affiliative bonds. However, although their need for social interaction has not changed
with domestication, domestic horses are often housed in individual stables with limited social contact
with other horses or in group housing with regular changes in their group composition. Thus, this
review aims to provide an overview of social ethograms to facilitate the inclusion of social behaviour
in equine welfare assessment. A literature review yielded 27 papers that studied equine adult social
behaviour using a well-defined ethogram. Social interactions were observed in 851 horses living in
groups of 9.1 (mean +/— 6.8 s.d., range: 2-33) horses. A total of 40 (mean: 12.8/paper, range: 2-23)
social behaviours were described, of which 60% (24/40) were agonistic, 30% (12/40) affiliative, 7.5%
(3/40) investigative and 2.5% (1/40) neutral. The 27 papers focused predominantly on socio-negative
interactions by including 67.7% agonistic and only 26% affiliative, 5.1% investigative and 1.2% neutral
social behaviours in their research. The strong emphasis on agonistic behaviour contrasts sharply
with the rarity of agonistic behaviour in stable horse groups and the well-established importance of
affiliative interactions for equine welfare. Therefore, to advance the assessment of horses” welfare,
the ethogram needs to be refined to reflect the nuanced and complex equine social behaviour better
and consider more affiliative and also ambivalent and socially tolerant interactions.

Abstract: Sociality is an ethological need of horses that remained unchanged by domestication.
Accordingly, it is essential to include horses’ social behavioural requirements and the opportunity to
establish stable affiliative bonds in equine management systems and welfare assessment. Thus, this
systematic review aims to provide an up-to-date analysis of equine intraspecific social ethograms. A
literature review yielded 27 papers that met the inclusion criteria by studying adult (>2 years) equine
social behaviour with conspecifics using a well-defined ethogram. Social interactions were observed
in 851 horses: 320 (semi-)feral free-ranging, 62 enclosed (semi-)feral and 469 domesticated, living
in groups averaging 9.1 (mean +/— 6.8 s.d., range: 2-33) horses. The ethograms detailed in these
27 studies included a total of 40 (mean: 12.8/paper, range: 2-23) social behaviours, of which 60%
(24/40) were agonistic, 30% (12/40) affiliative, 7.5% (3/40) investigative and 2.5% (1/40) neutral. The
27 publications included 67.7% agonistic and only 26% affiliative, 5.1% investigative and 1.2% neutral
social behaviours in their methodology, thus focusing predominantly on socio-negative interactions.
The strong emphasis on agonistic behaviours in equine ethology starkly contrasts with the rare
occurrence of agonistic behaviours in stable horse groups and the well-established importance of
affiliative interactions for equine welfare. The nuanced and complex equine social behaviour requires
refinement of the ethogram with a greater focus on affiliative, ambivalent and indifferent interactions
and the role of social tolerance in equine social networks to advance equine welfare assessment.
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1. Introduction

Horses are gregarious animals that, under naturalistic conditions, spend most of
their time in close contact with conspecifics and live in social groups of typically five to
six individuals [1-19]. Harem groups, consisting of one stallion and several mares with
their juvenile offspring up to 2-3 years of age, usually have stable adult membership
underpinned by long-term social bonds that are established and maintained by affiliative
behaviours such as proximity or mutual grooming [3-27]. Horses show a marked preference
for associating with particular individuals, their preferred partners, in their group, with
familiarity and homophily counting among the most pervasive factors determining these
reciprocal affiliative relationships [14,15,22,25-34]. Both male and female offspring disperse
from their natal group around puberty [7,16,21,32,35]. Despite social dispersal, mares
remain spatially philopatric and establish group fidelity to a new harem, typically in
proximity to their natal group, at around 3—4 years of age [16]. Dispersed males join
bachelor groups that are characterized by a fission-fusion structure [3,21,36-39]. Solitary
horses are only rarely seen, as even displaced older stallions that have lost their harem tend
to join bachelor groups [12].

Horses’ social organization is based on a stable, complex dominance hierarchy reflect-
ing resource-holding potential, and a female defence polygyny [4,6,7,11,15,21,22,26,31,32,40].
Equine groups have overlapping home ranges and aggregate, forming multilevel societies
(herds) with synchronized daily movement and seasonal migration and stable spatial
and hierarchical positioning of the various groups within the herd [17,41]. The social
complexity of maintaining long-term affiliative relationships and navigating multilevel
societal structures requires the ability to recognize and remember individuals and their
relative rank [17,42,43]. Indeed, horses are capable of cross-modal individual recognition
using visual, auditory and olfactory cues even after a year’s absence and transitive infer-
ence of dominance relationships through observation [44-51]. Horses” social cognition
is further demonstrated by third-party interventions in agonistic and affiliative dyadic
interactions of group members and increased affiliative behaviour after a conflict [34,52,53].
As food-related aggression is not typically relevant in grazers that feed on widely dis-
persed and undefendable resources, agonistic interactions occur mainly to establish a
dominance hierarchy and maintain personal space, in which horses only allow affiliative
associates [13,14,39,54]. Dominance typically depends on age, physical characteristics,
experience, and length of residency in the herd [13,14,39,55]. The stable composition and
hierarchy of (semi-)feral equine groups and the long-term social bonds result in social
cohesion and a low frequency of agonistic interactions, most (80%) of which are ritualized
and do not involve physical contact [54,56].

Comparisons of the behaviour of feral and domesticated horses indicate that the
species-specific social behaviour of horses has remained qualitatively relatively unchanged
by domestication [13]; however, the environment of domestic horses has changed dramati-
cally compared to naturalistic conditions. Although management systems that accommo-
date equine sociality exist, most domestic horses are confined to individual stables with
limited contact with conspecifics [12,13,15,22,35,56-66]. Lack of social contact is thought
to be one of the most serious stressors for horses, as evidenced by significant increases in
faecal corticosterone metabolites, and it triggers stress-related behaviours and stereotypies
such as weaving, cribbing and box-walking in horses kept without adequate opportunities
to socialize with conspecifics [12,54,56,58,60,67-78]. Indeed, social contact, specifically
the possibility to engage in affiliative behaviours such as allogrooming, which has been
shown to lower the heart rate, has been identified as an ethological need and essential
for equine welfare [15,22,56,79]. In addition to the limitation in social contact, managed
horses also do not have the opportunity to choose their group affiliation. They are faced
with frequent changes in group composition and social companionship, which limits their
opportunities to establish long-term social bonds and a stable hierarchy, resulting in higher
aggression and frequency of agonistic encounters [56,58,63,80]. The space restrictions in-
herent to domestic conditions, which limit the opportunities for subordinate individuals
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to escape or provide dominant conspecifics with their required individual distance, fur-
ther compound the social challenge [56,58,62,80,81]. As horses do not adapt to repeated
regrouping and a stable hierarchy is achieved only after 2-3 months [56,58], the common
disregard of equine social group dynamics in equine husbandry poses a significant welfare
concern [12,56-58,61,62,81].

Thus, it is essential to include horses’ social behavioural needs and the opportunity
to establish stable affiliative bonds in equine management systems and welfare assess-
ment [82]. However, to facilitate evidence-based optimization of equine husbandry prac-
tices and their evaluation, the influence of different environmental and management factors
on equine social interactions needs to be further elucidated [83]. As differences in the
sampled behaviours currently complicate the comparison of equine social behavioural
studies, this systematic review aims to analyse the literature on equine social ethograms to
distil a well-defined social behavioural repertoire as a basis for further studies.

2. Materials and Methods
2.1. Data Sources and Searches

This review was carried out according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [84]. Scientific peer-reviewed articles
focused on adult (>2 years) equine intraspecific social behaviour were identified through
a systematic search in the PubMed (National Institutes of Health. PubMed [Database].
Bethesda, MD, USA: National Library of Medicine; https://pubmed.ncbi.nlm.nih.gov,
accessed on 25 January 2022) and Scopus (Elsevier, Amsterdam, The Netherlands; https:
/ /www.scopus.com) electronic databases on 25 January 2022. The search was conducted
by combining the search strings (“horse” OR “equine” OR “equus”) in the title and (“social”
OR “ethogram” OR “agonistic” OR “affiliative”) in the title or abstract with the Boolean
operator “AND”, with no restriction on publication date. The following exclusion criteria
were set a priori (Figure 1): (a) non-peer-reviewed publication, dissertation, thesis, review,
commentary, or single case report; (b) only a conference/seminar abstract published; (c) the
article was not written in English; (d) the study did not include equine intraspecific social
behaviour but focused on interspecies interaction or learning behaviour; (d) no ethogram
of observed social behaviour was provided; (e) the observations were limited to a specific
subset of behaviours (reproductive behaviour, dominance behaviour, mare-foal interaction);
or (f) the observed horses were <2 years of age.

2.2. Data Extraction and Risk of Bias Assessment

The study selection process was carried out by U.A. and EJ. following the procedure
detailed in Figure 1. Any disagreement between the authors on the studies included in the
review was resolved during a consensus meeting.

Information on the population, intervention, comparison, outcome and study design
(PICOS) was retrieved from the articles, and the risk of bias in selected studies was assessed
using a modification of the Evidence Project risk-of-bias tool [85-87].
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Records identified through Records identified through Records identified through
Pubmed search (n=125) Scopus search (n=623) references (n=40)

Records after removal of duplicates (n=105), publication type (reviews, case reports, thesis,
conference abstracts, language # English, n=162), (n=521)

Excluded (n= 370) due to
* study subject # horse
* Equine social behaviour not included

Abstract screened for relevance '
(n=521)

Excluded (n= 124) due to

* Horses age < 2 years

* No clear definition of observed social
behaviour

mmmm))  * Focuson horse — human interaction

* Focus on equine learning not social
behaviour

* Social behavioural observations
limited to a specific type of social
interactions (reproductive behaviour,
dominance behaviour, mare-foal

Final papers included (n=27) interaction)

Full text articles accessed for
eligibility (n= 151)

Figure 1. Flow chart illustrating the study selection process for the systematic review.

3. Results
3.1. Study Selection

A total of 125 articles were identified in PubMed, 623 additional papers in Scopus
and another 40 based on references, yielding a total of 788 articles (Figure 1). After re-
moving duplicates, reviews, commentaries, single case reports, books and non-English
or German articles, 521 papers remained. Following the exclusion of papers that did not
focus on adult (>2 years) equine intraspecific social behaviour but on interspecies inter-
action or other behavioural observations or did not provide a well-defined ethogram of
the observed behaviours, 27 articles remained and were included in the qualitative synthe-
sis [5,12-14,22,26,27,29,30,34,37,41,52,54-56,58,62,79,80,88-94].

3.2. Quality and Risk of Bias Assessment

Of the 27 included papers, 22 (81.5% of the total) were ecological observational stud-
ies [5,12,14,22,26,27,30,34,37,41,52,54-56,62,79,88-93], and 5 (18.5%) prospective, non-blinded
experimental studies, of which 3 had a pre-post [29,80,94] and 2 a randomized trial de-
sign [13,58]. Measurements of the dependent variables were conducted before and after
a specific intervention, such as a change in paddock size [94], feeding tests [29] and a
controlled change in a group composition [58].

Risk-of-bias assessment (Table 1) revealed the lack of a control group (only 7.4% of the
articles fulfilled this criterion) [13,58], random assignment of participants to intervention
(7.4% of the articles fulfilled this criterion) [13,58], a random selection of participants for
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assessment (none of the articles fulfilled this criterion), as the most critical concerns. Further
limitations of some papers were caused by lacking control over confounding variables,
such as changes in groups’ composition that were not controlled by the researchers [62,93]
and specific interventions that were not part of the study design but may impact horses’
behaviour (e.g., mating of individuals during the study [29]; riding [94]).

Table 1. List of the included articles, their study design, observation method(s) and the number of
observation days.

Author(s), Stud Observation Observation Number of
Publication Desi Y Control Group Observation Method(s) Durati Time Incl.
Year esign uration Window Behaviours
Wells & Observational study AbsenF. NQ Ran@om order, direct in 16 weeks
Goldschmidt- X . randomization the field, focal and scan
. (field)-ecological . . (4 x 3 blocks, 7:00-19:00 8
Rothschild tudy desi for group sampling (15 min 3x /day 1 x 4-week block)
1979 [5] Study destgh constitution per horse) eexbloc
Arnold & Observational study Absen't. N.O Random order, direct in 2h mn the
. . . randomization - . Between October ~ morning and
Grassia (field)-ecological the field, focal sampling . 2
1982 [88] study desian for group (4h/day) and December 2 hin the
y & constitution y afternoon
Random order, direct in
Absent. No the field, focal and scan
Wood-Gush &  Observational study ran domi.zation sampling (1x /hor1x/
Galbraith (field)-ecological for eTo 15 min all positions + 11.5 weeks (36 h) 8:30-16:30 10
1987 [89] study design cons Etuggn 15 min continuously of
activity and
social interaction)
Observational study Absent. No Direct in the field, focal
Feh1988[79] (field)-ecological ra‘}‘irorg“r‘jig"“ ?{‘f /Slcgr;f;r;‘ﬂ;ge 4h/day, 5weeks  8:00-19:00 17
study design constitution all positions)
Kei Observational study AbsenF. N.O Random order, direct in 4-5h,
eiper X . randomization X . 2 months, 445 h .
(field)-ecological the field, focal samplin, . between 9:00 9
1988 [91] stud desig for group (15 min/ horse%g & in total and 16:00
y sn constitution ’
Kolter & Observational study raﬁgsc,)ilit.z;\t]i%n Random order, direct in 113 h in total, Ii?riﬂrthi
Zimmermann (field)-ecological for group the field, all occurrence throughout 2 hin tﬁe 16
1988 [90] study design constitution sampling technique the year afternoon
Experimental Absent. No Direct in the fleld,. all 56.7 hin total
Ellard & study—Pre-post randomization occurrence sampling 2 h/da
Crowell-Davis study design. for erou techniques and scan 54 /wee}lz 15.00-17.00 9
1989 [29] Randomized pairs ’?t’ut'p sampling (nearest 6 K )’
for testing constitution neighbour every 15 min) weexs
. . Absent. No . . . .
Keiper & Observational study randomization Direct in the field, all 159 h in total 4o0r5h,
Receveur (field)-ecological for eTou occurrence sampling (4.5h/day, between 5:00 16
1992 [55] study design consﬁtutign techniques 41 days) and 24:00
McDonnell & Observational study Absen't. N.O Direct in the field, ad . .
. . . randomization o . 50 h in total, daylight
Haviland (field)-ecological for et libitum sampling 4 week hour 23
1995 [37] study design co(r)lsgtsggn technique cexs ours
Direct in the field, focal
Experimental sampling (social
Christensen study— Horzszirartlﬁiomly interaction: 192 h in total, 3. 6:00 and
etal., 2002 Randomized in divigual ,v S 3 h/day/group) and scan 28 h/week for ! 22', 00 14
(a) [12] controlled trial L sampling (nearest 6 weeks ’
group stabling ping
study design neighbours: every 10 min

for 1h, 4 days/week)
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Table 1. Cont.
Author(s), Stud Observation Observation Number of
Publication Uy Control Group Observation Method(s) . Time Incl.
Design Duration . .
Year Window Behaviours
Comparison Dlresztnin l?;e f(ls(l;:cliaflo cal 3or4h
Christensen Observational study between two int P " 5 .3-4h/ windows
et al., 2002 (field)-ecological non-randomized d;n /ere;(cnior)l.an d scan 72 h/group during 14
(b) [13] study design groups, no V8 i P ( + daylight
interventions _Samping (nearest hours
neighbour: every 10 min)
Random order, focal
Observational study Absenin N.O sampling (social .
Snorrason et al., X . randomization . ) X 488 h in total, throughout
(field)-ecological interaction: 15 min) and 11
2003 [22] : for group . 5 weeks 24h
study design I scan sampling (nearest
constitution . .
neighbour: every 30 min)
Heitor et al., Random order, direct in 386 h 804 h
2006a (part 1 field, focal ling f , 0U.4 h per 14
[l(-/ﬁ ) Observational study Absenfr. N.O o /1 _octa Sa?p e o mare (range between
field)-ecological randomization soclal Ieractions, seeh 74.9-88.1) and 07:30 and
Heitor et al. ( stud desig By for group sampling every 5 min for 9-88.1) an 1.6'3(?111
2006b (part II) yaests constitution. activity and 545 h for ' 14
b i the stallion
[30] nearest neighbour
Comparison Direct in the field, focal
Observational stud between three sampling for social between
Jorgensen et al., (farm)-ecolo icaly groups with interactions (2 h/day for 6 h/erou 8:00-11:00 18
2009 [54] tudv d ig non-randomized 3 days, 4 horses/group), group and
study destgh composition, no scan sampling for nearest 12:00-15:00
interventions neighbour every 10 min
Random order, direct in
Zharkikh & Observational study Absent. No the field, focal sampling
X . randomization (15 min, 3x /horse/day) between 6:00
Andersen (field)-ecological P line 216 h, 18 days . 22
2009 [92] study design or group and scan sampling for and 18:00
constitution nearest neighbour every
10 min
Random order, direct in
the field, focal sampling
Heitor & Observational study AbsenF. N.O (social interaction: .
N . randomization . 141 h in total, between 6:30
Vicente (farm)-ecological f 25 min/horse/day) scan 15
; or group . 5 months and 18:30
2010 [26] study design . sampling for nearest
constitution . .
neighbour every 5 min
and ad libitum
Experimental I_Ir(;fflz;lr:fre Direct in the field, focal between
Christensenetal., study-Randomized . o4 . ! 3 months per year 8.00-11:00
X assigned, stable sampling (2 x 20 16
2011 [58] controlled trial OUD VS min/ group/day) for 2 years and
study design roup vs. group/day 12:00-15:00
unstable group
Absent. No Direct in the field, ad
Schneider & Observational study ran. domi.zation libidum sampling of 44 h over three daylight
Krueger (field)-ecological for or third-party interventions months hours (max. 11
2012 [34] study design or sroup and scan sampling (1x/h  (non-consecutive) 6.5 h/day)
constitution .
group spatial map)
Absent. No
randomization. Focal sampling variable number
Flauger & Experimental Groups measured (4 h/group) and focal of observations
Krueger study—Pre-post before and after ~ sampling (introduction of =~ between groups NA 7
2013 [80] study design intervention new horses (average 6 times,
(change of (2 h/introduction) range 1 to 13)
paddock size)
Observational stud Absent. No 23 days: either 9-11;
Freymond et al., (field)-ecological y randomization Behaviour sampling of 109 h/horse, 13-15;17-18 14
2013 [56] tudv d (o for group social interactions 17 days: or 7-9; 11-13;
study design constitution 87 h/horse 15-17




Animals 2023, 13, 1473

7 of 22

Table 1. Cont.

Author(s), Stud Observation Observation Number of
Publication Uy Control Group Observation Method(s) . Time Incl.
Design Duration . .
Year Window Behaviours
Direct in the field, ad
libidum sampling (social
Kr rotal Observational study -, ﬁzsigltz I\tlion interaction: 14 h/group) Mav 2009 and daylight
ueger et ks (field)-ecological ancomizatio and scan sampling ay 4 hours (max 12
2014 [41] : for group . o May 2010
study design . (spatial organization: map 6.5 h/day)
constitution
drawn 1x /h for
15 h/group
Direct in the field, ad
o . . for4 h
. Absent. No libidum sampling (social . .
Observational study - . . between April approxima
Krueger et al., . . randomization interaction: 9 x 4 h) and .
(field)-ecological . 2008 and tively, 11
2015 [52] study desion for group focal sampling (newly Mav 2010 davlight
y & constitution introduced horse y hy %
4 x 2h/horse) ours
Przewalski:
Comparison Przewalski: twice/day daylight
betwg n two during 5 time slots, Przewalski hours
Gorecka- Observational study oups with 10 min/focal horse, horses: (7:00-21:00);
Bruzda et al., (field)-ecological roups wit 10 h/horse in total 10 h/horse; Domestic 9
. non-randomized . s . . .
2016 [93] study design i - Domestic horses: 3 time Domestic horses: Horses:
composition with . ;
o interventions slots, 5 min/focal horse, 4.16 h/horse daylight
4.16 h/horse in total hours
(6:00-19:30)
Absent. No
randomization. . . .
Maiecka & Experimental Measurements Dlr(;catnlln ltji:e f(lscl)ccli;f cal between March
) study—Pre-post before and after . PN 1S and July 2011, 9am.-12 p.m. 13
Klawe 2017 [94] . . . interaction, 30 min once or .
study design intervention . 43 x 30 min
(=change of twice/group/day)
paddock size)
Direct in the field,
. Absent. No continuous ad libitum
Observational study -~ . . .
Wolter et al., X . randomization sampling (social . daylight
(field)-ecological . . 165 h in total 9
2018 [27] study desi for group interaction) and scan hours
y gn constitution sampling (spatial
proximity every 10 min)
Direct in the field, all
occurrence sampling
Pierard et al Observational study Agsen.t. I\tI.O (social interaction: 17 davs: 54 h
1erard €t at., (field)-ecological randomization 90-120 min, 2-4x /day) ays; not fixed 12
2019 [62] study design for group and scan sampling 25 min
constitution

(spatial position every
15 min)

The number of horses (6-145 horses/paper, mean: 31.5, +/— 32.5 s.d.), groups (1 to
18 groups, mean: 3.1, +/— 4 s.d.) and group size (2 to 33 individuals, mean: 9.1, +/— 6.8 s.d.)
varied considerably between papers. The observation methods were restricted to direct man-
ual observation in the field (27/27 papers, 100%), with additional manual behaviour scoring
from video carried out in only 11.1% of the studies (3/27) [56,80,94]. No study used bioteleme-
try devices. The expression of specific social behaviours was assessed using four different
methods: focal sampling in 18 (66.67%) papers [5,12-14,26,29,30,52,54,58,79,80,88,89,91-94];
ad libitum sampling in 6 (22.22%) papers [27,30,34,37,41,52]; all occurrence sampling
in 4 (14.81%) papers [29,55,62,90]; and behaviour sampling in 1 (3.70%) [56]. In addi-
tion, scan sampling was applied in 59.26% (16/27 studies) to investigate spatial pattern-
ing [5,12-14,22,26,27,29,30,34,41,54,62,79,89,92].

Most studies (92.59%, 25/27) conducted their observations exclusively during the day
(6:00-19:30) [5,13,14,26,27,29,30,34,37,41,52,54,56,58,62,79,80,88-94]; two (7.41%) included
evening hours (up to 12 a.m.) [12,55], and only one observed the horses for the entire
day (0-24 h) [22]. The observation time per group ranged from less than 6 h during an
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observation day in 59.26% (16/27) [12-14,29,30,52,54,55,58,79,80,88-91,94]; 6 to 12 h in
18.52% (5/27) [5,34,41,56,92]; and 24 h in 3.7% (1/27) [22]. The exact observation times
were not provided in 14.81% (4/27) of the articles [27,30,37,93] and varied between 3 and
8 h a day for one article [62].

3.3. Data Synthesis

Six papers (22.2% of the total) studied free-ranging (>300 ha) (semi-)feral horses [5,
27,34,41,55,94]; six (22.2% of the total) (semi-)feral horses living in enclosures ranging
from 2800 m? to 75 ha [13,52,79,90-92]; and seventeen (58.6% of the total) domesticated
horses [12-14,22,26,29,30,37,54,56,58,62,80,88,89,93,94] housed in paddocks or pastures
ranging in size from 160 m? to 17.2 ha. Two papers compared the behaviour of domesticated
and semi-feral horses [13,93].

A total of 851 horses, aged 2-32 years, are included in the present systematic review
(Table 2), of which 320 were free-ranging (semi-)feral horses, 62 enclosed (semi-)feral horses
and 469 domesticated horses. The studies included, on average, 31.5 horses (+/— 32.5s.d.,
range: 6-145) overall; 53.3 (+/— 53.9 s.d., range: 8-145) free-ranging (semi-feral) horses;
10.3 (+/— 3.8 s.d., range: 6-16) enclosed (semi-)feral horses; and 27.6 (+/— 22.7 s.d., range:
9-78) domesticated horses.

Table 2. Signalment of the horses included in the study. Depending on the data available in the
respective papers, ages are provided as range, median (plus range), or mean =+ standard deviation.
Similarly, the sex is detailed depending on the information provided in the papers.

Author(s),

Age (Years)

Publication Total Number Horses/Herd Type and Sex Mean +/— s.d Size of Feeding
Horses (1)  of Herds Breed e Enclosure
Year (Range)
8 mares,
Wells & 2 stallions,
Goldschmidt- semi-feral 22-year-old
Rothschild 18 1 18 (Camargue) stallions, NA 300 ha NA
1979 [5] 6 yearlings,
7 foals
Arnold & o o . study1: . study 1: 10.3.
Grassia study 1: 17; 1 study 1: 17,  domesticated 16 mares/1male; +/— 7 (3-24); 12 ha. 15 ha chaff,
1982 [88] study 2: 12 study 2: 12 (NA) study 2: study2: 19.6 +/— ’ grains, hay
11 mares/1 male 7.5 (4-32)
Wood-Gush domesticated
& Galbraith 13 1 13 (Exmoor, 12 ;i:;le:; 14 +(/>r?e51)\.12A()6 22 2ha daily hay
1987 [89] Highland)
. semi-feral 4 mares, _ . grass, hay,
Feh 1988 [79] 9 2 4;5 (Przewalski) 5 males 3+/—12(2-5) 4ha, 16 ha pellets
Keiper semi-feral 5 mares,
1988 [91] 6 1 6 (Przewalski) 1 male, 3 foals 8+/-89(0-21) NA NA
Kolter &
Zimmer- semi-feral 9.75+/—75 > hay, oats,
mann 7 1 7 (Przewalski) 6 mares, 1 male (1-22) 2800 m pellets
1988 [90]
glrlgsjeﬁz_ domesticated 694/ 36
Davis 12 1 12 (Belgian, 12 mares ' (2-13) ‘ 10 ha daily hay
1989 [29] Percheron)
Keiper & semi-feral 6 mares grass, hay,
Receveur 10 2 5,5 P lski 4 stalli ! 3+/—2.8(0-8) 37 ha, 350 ha 11/ ’
1992 [55] (Przewalski) stallions pellets
McDonnell & domesticated
Haviland 15 1 15 ° (;SI Ac)a e 15 stallions (2-21) 2 acres NA

1995 [37]
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Table 2. Cont.
Author(s), Age (Years) .
Publication Total Number Horses/Herd Type and Sex Mean +/— s.d. Size of Feeding
Horses (n)  of Herds Breed Enclosure
Year (Range)
group 1:
5.6 X 4.8 m
boxes +
40 90 m barley straw,
. . paddocks; y 4
Christensen domesticated oup 2- concentrate,
et al., 2002 19 2 12;7 (Danish 19 stallions 2 years old 3 % < 213 5 m grass, hay,
(a) [12] Warmblood) ’ ' molasses,
boxes + lage
20 x 40 m stiag
paddocks;
2 ha/group;
4 ha
Christensen don‘(lle\?lt;c).ated group 1: 2;
et al., 2002 32 1;1 19; 13 semi- fe;al 32 stallions group 2: 5.2 +/— 4ha,75ha grass
(b) [13] (Przewalski) 3.3(2-13)
17 mares,
Snorrason . 2 geldings,
etal, 33 1 33 domestl@ted 14 yearlings 9+/— 6.7 (1-20) 8 ha grass, silage
(Icelandic)
2003 [22] and 8 foals (sex
not specified)

Heitor etal,, domesticated 10 mares, 1 5.5 ha

2006;[;11(5art ) 11 1 11 (Sorraia) stallion 11 +/— 3.6 (5-18) 1792 ha grass, hay

Heggégg 2l 1 1 1 domesticated 10 mares, 11+/— 3.6 (5-18) 5.5 ha, rass, ha

orraia stallion 2ha

(part II) [30] 5 ia) Lstalli . 17.2h s

domesticated 22 mares,
Jorgensen 3% 6 3;3;,4;,4;5;3; (Warmblood 24 males. from 100 to rass
etal., 66 round 3;3;4;4;6;4; Norwegian / Composition (1-26) 75,000 m?2/ . & h ’ o
2009 [54] OUNES  4.4:4;,5:9;3 orweg of one group horse oughag
Fjord) "
unspecified
Zharkikh & semi-feral
Andersen 16 1 16 (Przewalski) 16 males (5-16) 3.5ha grass
2009 [92]
Heitor & .
Vicente 11 1 11 do(r;lgir;ciz;ed 11 mares (4-22) 157'52T2; grass, hay
2010 [26] ’
barley, barley
Christensen domesticated straw, grass,
etal., 45 15 3 (Danish 45 mares 2-years-old 80 x 80 m seed cake
2011 [58] Warmblood) and minerals,
silage
group 1:
13 mares/1 stal-
lion; group 2:

Schneider & feral (Espé 19 mares/1 stal- tai
Krueger 84 4 14; 20; 30; 20 eraonizlso)e ra lion; group 3: (1-28) free-ranging m;);ltrtllril;
2012 [34] p 27 mares/3 stal- p

lions; group 4:
19 mares/
1 stallion
domesticated
(Warmblood,
Flauger & 3;4;3;8;14; Quarter 402 m?
Krueger 68 11 3;3;15;4;8; horses, NA (1-30) 17 88£n i NA
2013 [80] 3 Trotters, coem
Haflingers,

ponies)
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Table 2. Cont.
Author(s), Age (Years) .
Publication Total Number Horses/Herd Type and Sex Megan +/— s.d. Size of Feeding
Horses (1)  of Herds Breed Enclosure
Year (Range)
Freymond ( fouSr, 3vere domesticated
etal., 9 2 . . (Franches- 9 stallions (8-19) 4 ha hay
2013 [56] included in Montagnes)
both groups) N
group 1:
10 mares/
1 stallion;
Krueger feral (Espéra group 2:
etal., 55 3 11;19; 25 . p 18 mares/ (1-23) free-ranging hay
2014 [41] ponies) 1 stallion;
group 3:
22 mares/
3 stallion
Krueger semi-feral hay, horse
etal, 11 1 11 . 11 stallion (2-8) 50 ha Y,
2015 [52] (Przewalski) feed
semi-feral
groups:
4-6 adult
males;
domestic
group 1:
Gorecka- semi-feral; 2 males +
Bruzda et al., 27 2;4 46, é_i’ 52 domesti- 3 geldings; NA f;(éggzh;o hay
2016 [93] ! cated group 2:
2 males; group
3: 1 male +
7 females;
group 4:
1 male +
3 females
domesticated (Zg_rglu)p 11:01110'22_
Majecka & (Friesian, 41 mares, 88 (2 nlf)nthrs)—?)(.) from 0.35 to
Klawe 78 3 26; 28; 24 Arabian, 25 geldings, ’ ) 3 81 h hay
2017 [94] Shetland, 12 stallion years); group 3: -+ ha
5.3 (3 months-
Warmblood)
16 years)
group 1: 2.6;
semi-feral group 2: 8.7;
Wolter et al., 55 7; é; 95 9; . (Przewalski)— 113 mares, group 3 8.55 .
2018 [27] 145 11 23;10;12;19;  feral (Equus 32 males group 4: 6.2; free-ranging hay
26;19 ferus group 5: 10.4;
caballus) NA for
other groups
domesticated
Pierard et al., (Irish Cob, 10 mares, from 160 m?
2019 [62] 1 1 n Arabian, lgelding 0/ =732 " 610 m? hay
Warmblood)

The average number of groups per paper was 3.1 (+/— 4 s.d., range: 1-18) overall; 3.8

(+/— 3.65 s.d., range: 1-11) for free-ranging (semi-)feral horses; 1.2 (+/— 0.4 s.d., range:
1-2) for enclosed (semi-) feral horses; and 3.2 (+/— 4.5 s.d., range: 1-18) for domesticated
horses. Group size averaged 9.1 horses/group (+/— 6.8 s.d., range: 2— 33) overall; 13.9
(+/— 8s.d., range: 4-30) for free-ranging (semi-feral) horses; 8.9 (+/— 4.5 s.d., range: 4-16)
for enclosed (semi-)feral horses; and 8.6 (+/— 7.2 s.d., range: 2-33) for domesticated horses.

The ethograms detailed 40 non-redundant intraspecific social behaviours (mean:

12.81/paper +/— 4.6 s.d., range. 2-23) (Table 3). Seven papers (25.93%) included less
than ten different behaviours [5,27,29,80,88,91,93], thirteen papers (48.15%) between 10 and
15 different behaviours [12-14,22,26,30,34,41,52,56,62,89,94] and seven papers (25.93%)
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more than 15 behaviours [37,54,55,58,79,90,92]. The 40 social behaviours encompassed
24 agonistic interactions (60%), of which 19 were aggressive (47.5%) and 5 submissive
(12.5%), but only 12 affiliative (30%), 3 investigative (7.5%) and one “neutral” behaviour
(2.5%) (Table 3). Analysis of the application of the social ethogram revealed that the 27 pa-
pers detailed specific social behaviours as part of their methodology 331 times, of which
224 (67.7%) were agonistic, 86 (26%) affiliative, 17 (5.1%) investigative and 4 (1.2%) neutral
behaviours, further confirming the focus on agonistic behaviours in equine ethology.

Table 3. Ethograms of adult equine social behaviour used in the 27 papers.

wn
3
o
5]
Social &
ocia . .
Behaviour Social Behaviour Definition leferer'lc‘e s in the % Comments
Definition
Category 2
el
g
=)
Displacement is used
variably either to describe
Approach of one “eliciting retreat” or
horse with ears back " s “supplant”; to minimize
s Approach within S
Approach eliciting causes another to 2 m distance” [29]/ ambiguity, we propose
retreat [12-14,26,27,29,34,37,41,52, move away so that two bodv-lenath 15 avoiding “displace” and
55,58,91,92]/Displacement [54] distance is pody-ens differentiate the two
L distancel4 ..
maintained or types of agonistic
increased approach as
approach-retreat and
approach-supplant
Horse moving
(Approach with) toward anq’ther horse Either individual
- and taking the .
Supplantation [29,79]/ ) ¢ may have laid back 3
Displacement [64] exact same prace after ears [29]
the other horse
moved away
Neck tightly flexed with the muzzle drawn
Arched neck threat [37] toward the che.st; observed during close 1
aggressive encounters and
ritualized interactions
Fast movement “One horse rears
v Attack [14,22,26,30,90]/ 1t_lowarcl a.n}?ther w1t}111 thg forglegsfm
= Lunge 137,56] orse, with ears the direction o 7
§ ! flattened, head another horse, ears
) stretched horizontal laid back” [56]
«
! . Backward movement towards another horse
A
Kz Backing [54] with ears oriented backwards 1
=
S Bite [5,12— Ears are laid back and teeth are closed on some Bite is considered as a
« 14,22,26,27,29,30,34,37,41,52,54— body part of another animal. Lips retracted 27 grasp if the hold
56,58,64,79,80,88-94] and contact is made with the target horse is maintained
Ears are laid back, the mouth is opened, and a
Bite threat [5,12— biting motion is made while head or full body
14,22,26,27,29,30,34,37,41,52,54— motion toward another animal, no contact is 26
56,58,64,80,88-94] made. A bite intention movement and
neck extended
Specification of “for
Wit s pned 18T lor e ppoeliniing
Chase [14,22,26,27,29,30,34,37,41,52,  back, the aggressor gallop” [92]; “The 1 differentiate between

54-56,58,64,80,90-94]

chases

T movement can be
another individual

either at a walk, trot
or gallop” [80]

“agonistic approach”
and “chase”
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Table 3. Cont.

Social
Behaviour
Category

Social Behaviour

Differences in the

Definition Definition

Used by n/27 Papers

Comments

Circling [37,56]

Two horses circle each other head-to-tail,
trying to nip or bite each other’s body parts

N

Can also be part of play
behaviour

Fight [92]

High-level prolonged mutual aggression
involves bites, strikes, kicks, chase, etc.
Usually, the opponents squeal

Head bump [37]

A rapid lateral toss of the head that forcefully
contacts the head and neck of another horse.
Usually, the eyes remain closed and the
ears forward

Head-threat [5,29,37,54,64,79,90,94]

The extension of the aggressor’s head and
neck towards another individual while laying
the ears against its head

Herding [14,26,30,37,41,55,90,91]/
Driving [5]/Snaking [92]

Combination of head
threat with the ears
back and forward
locomotion directing
the movement of
another horse

Swinging head
sideways [14,91,92]

10

Kick [12-
14,22,26,27,29,30,34,37 41,52, 54—
56,58,64,79,80,88-94]

With its ears laid back, one or both hindlegs of

the aggressor are extended backwards rapidly

and strike another animal with apparent intent
to make contact

26

Kick-threat [5,12—
14,22,26,27,29,30,34,37,41,52,54—
56,58,64,79,80,88-94]

The aggressor, with
its ears laid back,
either (1) makes a

rapid movement to

place its hindquarters

near another animal;
or (2) raises a hind
limb to potentially

strike another; or (3)

kicks with 1 or both

hindlimbs towards
another animal, but
no contact is made

Vigorous tail
switching,
production of a harsh
squeal [37,93]

27

Mild threat [14,26,30]

Ears laid back and looking or walking towards
another horse

Definition lacks details;
combined with
movement analogous to
an agonistic approach

Push [12,13,37,54,56,58,89,92,94]

Pressing of the head, neck, shoulder, body, or
croup against another in an apparent attempt
to displace the target animal

Strike [37,54-56,58,64,91,92]

A rapid motion of
one or both forelegs
in the anterior
direction

Arched neck threat
and posturing [37,58]

Strike-threat [37,64]

The aggressor’s ears are laid back, and its head
and shoulders are oriented toward another
individual. One or both forelimbs move out-
and forward toward the other animal, but no
contact is made
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Table 3. Cont.

12
3
9
5
Social &
ocia . .
Behaviour Social Behaviour Definition D1ffere1'1c‘e S m the % Comments
Definition
Category 2
=]
g
=]
M t that
rr?:ierﬁl :;;1 so : These three terms are
increases the distance us Edl intferchangefab}iy -
: clarification of the
Avoidance/ to an appr.oachmg Only head turn away definitions is required.
Withdrawal [14,22,26,30,37,64,00,02]  porse (which does from the 8 W i
T not threaten). While initiator [14,30] V€ propose using
making way, the avo1danc§ / Wlthdrawal
subordinate usually . to md}cate
lays its ears back increase/maintenance of
distance to a
One individual immediately moves away from non-threatening
Retreat [27,34,37,41,52,80] an animal that approaches to within 2 m of it 6 approaching horse,
to maintain or increase the distance retreat as a reaction to an
agonistic approach at the
é‘ Avoiding, retreating ) walk or trot, a1.1d flight as
@ Flight [22,56] from another horse, Walking, trotting or 9 ) a raPld
2 g , usually with ears galloping [56] increase / maintenance of
2 laid back distance in response to
o an attack
:“5 Abrupt halt or reversal of direction with
5 movement of the head and neck in a rapid
$ . :
< Balk [37] sweeping dorsolater.al mothn away from an 1
apparent threat while the hind legs remain
stationary. The forelegs may simultaneously
lift off the ground
Corners of the open
mouth are pulled
back, showing teeth
and gums, making
chewing motions. An appeasement act
. Hindlegs may be delivered to
Snapping [5,12,13,22,37,54,55,58,79] slightly bentin a older/higher-ranked ?
cringing position. animals [55]
Head and neck are
extended, the ears are
oriented back
or laterally
Moving to within
1m[5]/1[271/
2 [14,26,30]
body-lengths of
another horse that
(Affiliative) does not immediately Atf;(())s[slznzeé [32 g]] / 9
o Approach [5,14,27,30,55,64,80,90,93] move away and 1
2 . body-length distance
] staying there for
= at least
& 5[64]/10 [14,26,30] s
without agonistic
interaction
Grooming approach [34,41,52] Approach with subsequent mutual grooming 3
Both animals approach each other 3

Mutual approach [34,41,52]
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Table 3. Cont.

wn
3
o
=
Social Differences in the &
Behaviour Social Behaviour Definition finiti e Comments
Catego Definition o
ategory a
el
g
=)
Moving immediately
behind another horse
that had just initiated
locomotion and stay
within three Head low without
Following [14,26,30,37,55,56,79,90] body-lengths for at any attempt to attack 8
least 10 s without or bite [56]
agonistic interaction
and without
initiating
physical contact
. Lightly with the nose
Friendly body contact/ T:;S}é?jj;yih or lips, also called 8
Touching [5,14,26,30,55,79,89,92] laterally positioned nose-body
yP contact [55,79,89]
Head contact [37,54,58,79,90,92,93] A position where a horse puts its .chln on the 7
back or rear of a companion
After introductory
. Two horses stand sniffing [93], by
Mutual grooming [5,12— . L
.fé_' 14,22,26,27,30,34,37,41,52,54— heagrtgézlzllzréici‘ew ger?ttllz};ﬁ;}:gpé?g/ 25
] _
ié 56,58,64,79,88-94] other’s coats rubbing [27,37,54,56,
=] 64,95]
Pairing/Stand resting Standing together (in antiparallel position), 5
together [26,90] less than 0.5-1 m apart
A horse passes (its mane) under its
Pass the mane/Under the neck [92] companion’s chin and neck. The other horse 1
may or may not reciprocate
Play includes playful nips, pounces, etc. A
. playful character of the interaction is indicated
517()1?3}; [7‘21829’]9362922’592] by the ears oriented forward or laterally, lips 13
e protruded, and teeth covered. Vocalization
(squeal or scream) is not produced
High-intensity play, which is reciprocated by
Play fight [12,13,54,58,94] one or more partners, includes vigorous play 5
y g e movements such as rearing, boxing, nipping,
circling, grasping, kneeling and chasing
. . Rubbing up and down with the
Rubbing with the forehead/cheek/chin/itself against 2

head/chin/body [79,92]

a companion
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1]
o
o
S
Social N
ocia . .
Behaviour Social Behaviour Definition leferer'lc‘e s in the % Comments
Definition
Category 2
-t
b
=}
Repeated,
exaggerated,
rhythmic flexing of
th;ﬁiczlf:;c]};rg;agﬁ?e These behaviours can be
. toward the point of A squeal is investigative or agonistic
Head bowing [37,92] . 2 depending on whether or
the breast. Usually emitted [92]
occurs synchronously not they are followe'd by
between two horses squeals and stomping
when they first
° approach each other
2 head to head
,§o Two horses approach
] each other with Squeal always
>
g Nose-nose interaction [55,79,89,92] arched necks anf:l follows, and a stomp 4
touch noses standing almost always
either opposite each occurs [92]
other or side by side
Sniffing various parts
of another horse’s
- . Squeal produced
. L body, including the :
Olfactory investigation during the
. head, neck, flank, X X
(nasal/genital/body enitals. and tail or behavioural ritual 11
sniff) [12,13,37,54,56,58,79,90-94] genita’s, : “sniff and
perineal region. squeal” [56]
Another horse may or !
may not reciprocate
K . . .
"g Neutral approach [34,41,52,79] One animal apprqachmg' a}n(?the‘r WIthO}lt 4
& subsequent agonistic or affiliative interactions

The definitions of the social behaviours were similar between the different studies with
only subtle differences between papers (e.g., “retreat” [27,34,37,41,52,80] and “avoidance” [14,
22,26,30,37,62,90,92] were used interchangeably, “displacement” [54,62] was used to describe
“supplantation” [29,79] and “agonistic approach eliciting retreat” [12-14,26,27,29,30,34,37,41,
52,55,58,91,92]). Some papers limited the definitions of the ethograms to few words, making
them more concise but also less precise and hence ambiguous [14,30,90], which can lead
to confusion in the distinction of similar behaviours (e.g., “mild-threat” [14,30] and “head-
threat” [5,29,37,62,79,90,94]) or behavioural patterns (e.g., “agonistic approach” [12-14,26,27,
29,30,34,37,41,52,55,58,91,92] versus “displacement” [54,62] versus “supplantation” [29,79]).

In addition to the qualitative description of social behaviour, 22 papers (81.5%) also
quantified social interactions (Table 4), including the frequency of behaviours and proximity
events, the duration of interactions, ranking and dominance relationships [5,12-14,22,27,29,
34,37,52,54-56,58,62,79,80,89-94]. Two articles included network analyses [41,52].
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Table 4. Quantitative assessments of social behaviour included in the 27 papers.

Quantitative Assessment Formula Reference
Total number of affiliative and agonistic behaviours [12-14,34,55,56,64,80,89,02-94]
observed/per horse and or per hour

Social interactions Mean number of social interactions per week [58]

Social interactions in %: (Number of observations of a [5,54,55]
behaviour/total number of observed behaviours) x 100 T

Total number of agonistic behaviours observed [27,29,79,90]
Aggressiveness, Count of agonistic acts received and given [55]
aggressive score -

Aggression rate per group per horse/total number of [27]

aggressions per group per horse

(Number of observations including A and B)/(Total
number of observations of A + total number of [22,89]

Activity similarity observations of B)

Time percentage when two horses were first neighbours 5]
and engaged in the same activity

Nearest neighbour per activity = Time that individuals
were first neighbour to each other when engaged in [5,89]
same activity/time that individuals were first neighbour !
to each other x 100

Frequency of Behaviours

Frequency of two individuals being observed as “being [79]
close” or “being far”

Number of observations including A and B/total
number of observations of A + total number of [89,92]
observations of B

Nearest neighbour

Observations of an individual at a specific
distance/Total observations of that individual at any [22,54]
distance x 100

Total number of observations in which an individual
was either the first or second neighbour of a particular [5]
one (single link cluster analyses)

Duration of a be-

. . . Time in seconds from start to end [37,90]
haviour/interaction

Duration

Number of agonistic encounters won by A against
B/total number of agonistic encounters in which A and [27,29,34,52,55,90,92]
B were involved

Highest rank = individual with least threats possible [5,55]

Ranking index from individuals below it

Comparison between the number of threats received by [22,91]
individuals and the number of threats initiated ’

[(Number of horses that this male dominates—number
of horses that this male is dominated [56]
by + group size + 1)/2]

Dominance Relationships

4. Discussion

Aiming to provide an up-to-date analysis of equine social ethograms, this systematic
review included all original studies of equine social behaviour that detailed the ethogram
underlying the reported research. Surprisingly, the equine social ethograms primarily
reference the “agonistic ethogram of the equine bachelor band” (includes 23/40 behaviours,
is referenced in 15/27 papers [12,13,22,27,34,37,41,52,54,56,58,80,92-94]), which was based
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on a literature review of equine behaviours and 50 daylight hours of observation of 15 pony
stallions (2-21 years old) pastured together in a semi-natural enclosure of 9 acres [37].
While this landmark publication provides an excellent ethogram, it describes interactions
in an equine bachelor group, which is neither under (semi-)feral nor domestic conditions
the prevalent social group structure and hence may not suffice as a comprehensive be-
havioural catalogue for horses living in harems or human-managed groups. The strong
focus on agonistic behaviours has persisted in equine ethology, with 67.7% of the social
behaviours studied in the 27 papers focussing on the socio-negative spectrum and only
26% on affiliative, 5.1% on investigative and 1.2% on neutral behaviours. The rare occur-
rence of agonistic behaviours in stable horse groups (0.2-1.5 agonistic interactions/h per
horse [13,56,79,95-97] and the well-established importance of affiliative interactions for
equine welfare [12,15,22,31,54,56,58,60,67-79] further emphasize the necessity to expand
and diversify the equine social ethogram to include a broader spectrum of behaviours of
horses living in different group compositions and environments.

The binary division in agonistic and affiliative social interactions as bipolar opposites
belies the reality that many relationships are not one-dimensionally positive or negative
but more multifaceted and may entail social tolerance, coactivated feelings of positivity
and negativity toward a relational partner (ambivalence) or lack affective valence (indiffer-
ence) [80,90,98-108]. In human social sciences, the impact of ambivalent relationships on
social networks and quality of life is increasingly recognized. Studies have shown them to
be prevalent in both personal and professional networks and cause increased stress, blood
pressure and detrimental health outcomes [98,109,110]. The social behaviour of horses
similarly includes ambivalent interactions and relationships, such as the more frequent
but less violent aggressive interactions among preferred associates and the predominant
initiation of affiliative interactions by dominant individuals [5,22,26,29,30,56,80,90,107]. In
addition, horses show social tolerance (defined as proximity to conspecifics around valuable
resources with little or no aggression [108]) depending on space availability and their social
experience [5,22,26,29,30,56,80,90,107]. As the current positive-negative dichotomy does
not sufficiently reflect the nuanced and complex equine social behaviour, equine ethology
can build upon the human social science approach of assessing the valence generated by
social interactions along the continuum from negative to positive in combination with the
elicited autonomic activation intensity (arousal) to refine equine ethograms [98,99,110-114].

The quantification of social interactions incorporated by 81.55% of the included papers
also assists in assessing dyadic relationships and group dynamics. These quantitative
criteria are primarily based on the reported interindividual distance of 2 m to two horse
lengths, within which horses only tolerate close affiliates [12,13,27,38,39,54,115-117] and
include measurements of spatial proximity between two horses, the number and duration
of affiliative or agonistic interactions per hour and recording the nearest neighbour. In
addition, recent studies have incorporated social network analysis to examine indirect
connections beyond the dyad level and analyse the patterns of individual and group-level
social interactions [41,52,118-121].

The combination of a more nuanced qualitative assessment of equine social behaviour
with quantitative approaches may greatly assist equine welfare assessment and optimiza-
tion, as poor welfare conditions, such as high population density (< 331 m2 per horse),
may reduce equine sociality and skew horses’ social behavioural repertoire toward ag-
onistic interactions [80,122,123]. Changes in social behaviour have also been associated
with disease in various group-living species ranging from honeybees, zebrafish and mice
to calves and humans [121,124-127], but the link between social networks and health has
not yet been explored for horses. The changes seem species-specific, as mice reduce social
interactions, while rhesus macaques and calves increase affiliative interactions with familiar
conspecifics [121,128,129]. More detailed studies in sick humans found increased social
interactions with familiar support figures but withdrawal from strangers and a strong
correlation between pain intensity and interpersonal distance to strangers in patients with
lower back pain [121,127,130,131]. Expanding social behavioural research in horses to also
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include assessment of the effect of acute and chronic disease on social interactions may
further advance equine welfare by facilitating early detection, treatment and monitoring of
disease and pain.

5. Conclusions

Horses, as social non-territorial equids that preferably live in stable, hierarchically
structured social groups, have developed complex cognitive skills, ritualized communi-
cation signals and nuanced social behaviour. In these stable groups, the frequency of
agonistic interactions is low under species-appropriate housing and welfare conditions
(e.g., adequate enclosure size, stocking density and resource availability). However, our
systematic review reveals a strong focus of current social ethograms on socio-negative
interactions with 67.7% agonistic and only 26% affiliative, 5.1% investigative and 1.2% neu-
tral social behaviours. The traditional equine ethology approach focusing on univalently
negative social interactions does not sufficiently reflect the complexity of equine social
behaviour and requires the development of a more refined ethogram, which also considers
ambivalent and indifferent interactions and relationships and the role of social tolerance in
equine social networks. A standardized comprehensive social ethogram combined with
quantification of social interactions and social network analysis would facilitate research
into the effect of disease and pain on equine social behaviour and constitute a valuable tool
for equine welfare assessment and optimization.
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