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Abstract

Background: Weaning represents one of the most stressful events in the life of a

horse, and may have long-term impacts on behaviour. There are a range of

approaches used to wean foals from mares, including abrupt and progressive separa-

tion methods. There is currently a lack of consensus on how stress and impact are

measured.

Objectives: To conduct a scoping review to identify and chart measures of weaning-

related stress on the mare and foal.

Study design: Scoping review.

Methods: The scoping review was conducted using the PRISMA extension for scop-

ing reviews. Systematic searches were conducted in three scientific databases (CAB

abstracts, Medline and Embase). The title, abstract and full text of retrieved studies

were reviewed against inclusion and exclusion criteria. Publications that remained

after full text review were analysed. Data on study design, population characteristics,

weaning method and health and behavioural outcomes were extracted and charted.

Results: A total of 366 publications were identified; 22 were retained for inclusion

and charting. Eighteen studies reported behavioural measures, four only reported

physiological measures and 12/22 studies used a combination of both. Fifteen stud-

ies analysed foal behaviour only (15/22), six analysed foals with their dams and one

analysed the mare only. Duration of most studies (19/22) was a maximum of

12 months post weaning; three studies continued measurements until the foal age

was 3–4 years old.

Main limitations: Limited number of studies available for analysis.

Conclusions: There is significant variation in the current evidence around weaning-

related impacts in the mare and foal. This includes variation in how weaning methods

and management of mares and foals are described, and very limited research evaluat-

ing long-term impacts, or the impact on the mare. This scoping review makes recom-

mendations on how to improve the future evidence base.
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1 | INTRODUCTION

Equine behaviour is influenced by many social and environmental fac-

tors and the stress associated with weaning is considered unavoid-

able. In wild and semi wild herds, foals remain closely attached to

their mothers until they are old enough to leave the family group

to establish their own herds at 2 to 3 years old. In domestic circum-

stances foals are weaned from their mothers as young as 4 months

old and have traditionally been isolated in a stable on their own for

days or weeks until their stress symptoms subside. Although limited,

the research conducted on foal weaning has identified several rele-

vant factors that can influence best practice and therefore may

improve the welfare of both mares and foals in the immediate term.

There is some agreement that colts are more resilient to weaning-

related stress than fillies.1,2 The housing and social structure that foals

are managed in post weaning is an important consideration. Studies

generally agree that keeping foals in familiar groups with a balance of

both young and adult horses, housed in paddocks is the least stressful

way for foals to be managed after separation from the mare.3

As yet, there have been no systematic reviews, research synthe-

ses or scoping reviews published on the impact of weaning-related

stress on the long-term emotional health of the horse. Therefore,

decision-making on methods for best practice remains challenging.

The aim of this study was to identify and chart the current evidence

on the effects of the stress experienced by the horse at the point of

weaning, and to highlight areas where knowledge is lacking.

The objectives of the study were to:

• conduct a systematic search of databases using published method-

ology to identify current literature on weaning horses.

• review and appraise the literature on the effects of weaning

horses.

• chart and summarise evidence on associations between emotional

development and behavioural problems in horses following

weaning.

• chart study methodology from existing publications to identify

knowledge gaps and construct recommendations for future studies

to improve the evidence base.

2 | MATERIALS AND METHODS

2.1 | Protocol and registration

A search for scoping and systematic reviews on the impact on behav-

iour of foal weaning was conducted in the VetSRev database4 on

16 October 2023 and no reviews were identified. A Preferred Report-

ing Items for Systemic reviews and Meta-Analyses Extension for

Scoping Reviews was used for this scoping review.5 The scoping

review protocol was developed before data extraction and registered

on Open Science Framework (https://osf.io/3gjz2). The project was

reviewed and approved by the Ethics Committee, School of Veteri-

nary Medicine and Science, University of Nottingham.

2.2 | Search strategy

Primary literature searches were conducted on 26 March 2023 in

three scientific databases: CAB Abstracts (1973–present), Medline

(1996–present) and Embase (1974–present). Search terms were

developed and reviewed by a team of four people, including authors

and a librarian (Item S1).

2.3 | Study selection

The publications identified in the searches were exported into

Rayaan.6 Duplicate records were identified and deleted. Retained

publications were then assessed against the inclusion criteria (Item

S2). A three-stage systematic review and exclusion process was com-

pleted independently by two researchers (JD and AR) involving

(1) review of publication titles, (2) review of publication abstracts and

(3) review of the full-text for the remaining publications. At title

and abstract review, ambiguous publications were retained for the

next stage of review. Publications where abstracts could not be identi-

fied were retained for full-text review. A study was excluded if English

language full-text was not available from University of Nottingham

libraries or e-libraries, from free online Open Access and legal deposit

libraries, from online searches, or from direct contact with authors or

journals.

2.4 | Charting process

The remaining final full-text publications were read and assessed inde-

pendently by two researchers to ensure eligibility for inclusion. Char-

acteristics and relevant information were extracted and presented as

shown in Figure 1.

2.5 | Data extraction

Following full text review, key information was extracted from each

of the remaining 22 publications using a standardised form (Item S3)

and tabulated. Study characteristics extracted and charted were:

author, publication year, study design, sample size, weaning method,

measurement points and duration and sample size (Table 1). Study

population behavioural measures extracted and charted were: Defeca-

tion, vocalisation, locomotion, eating, lying, affiliative social interac-

tion, agonistic social interaction, maladaptive behaviours (Table 2).

This was carried out independently by one researcher.

2.6 | Charting of the available evidence

There were four publications reporting on health outcomes only and

these were not charted further. There were 18 publications that

reported on the effects of weaning on stress-related behaviours.
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These were charted according to the most commonly reported

impacts on behavioural outcomes: stress-related behaviours, aggres-

sion, physiological and social behaviours and where measured/

reported data was charted to include mare behaviour as well as foal

behaviour.

3 | RESULTS

3.1 | Study selection

The primary literature search identified 366 publications following the

removal of duplicates. Of these, 230 were excluded on title review,

81 were excluded following abstract review and 33 were excluded on

full-text review. Exclusions at full stage review included 6 studies that

were not available in English, 10 excluded for outcome, 3 for publication

type, 12 for intervention and 2 for study population. Twenty-two publi-

cations remained for further assessment and charting.

3.2 | Study characteristics

The final 22 papers were from studies conducted on horses in the

USA (7/22), Europe (9/22), England (3/22), Canada (1/22), various or

multiple countries (1/22) or location unknown (1/22) and published

between 1984 and 2022 (Table 1). Seven of the 22 studies were pro-

spective cohort studies, 14 were quasi experimental studies and

1 was a randomised controlled trial (Table 1).

The emotional impact of weaning was frequently measured using

behavioural indications of stress (18/22 studies); four studies only

used physiological indicators of stress. Twelve of the studies used a

combination of behavioural and physiological indicators of stress.

Records identified  from databases
(n = 564)

(CAB abstracts n=246,
Medline n=129
Embase n=189)

Records removed before screening:
Duplicate records removed (n = 198)

Records screened
(n = 366)

Records excluded
(n = 311)
Exclusion at title check (n = 230)
Exclusion at abstract check (n= 81)
Reasons excluded:
Patient 6
Intervention 2
Outcome 42
Study Design 6
Publication type 25

Full text articles assessed for eligibility
(n = 55)

Reports excluded: 33
Patient 2
Intervention 12
Outcome 10
Language 6
Publication type 3

Studies included in review
(n = 22)

Identification of studies via databases and registers
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F IGURE 1 PRISMA 2020 flow diagram showing the number of publications that were identified and reviewed and reasons for exclusion from
the review of the literature on the effect of weaning-related stress on the emotional health of horses.
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TABLE 1 Study characteristics of 22 publications that were identified in a scoping review of literature on the effects of weaning-related
stress on the emotional health of horses.

Author Year
Study
design Country

Weaning method and housing methods in
the study

Measurement points and
duration of measurements

Number of
mare
and foals

Araba and
Crowell-Davis7

1994 PC US Insufficient information on weaning
method. Paddock housed mixed foal herd
after weaning. Mares remained together in
the paddock they occupied with the foals.

1 week old to post weaning. 15 mares and
10 foals

Christensen et al.8 2020 PC Denmark Abrupt separation
Housed in groups of five colt foals after
weaning.

5 months old (pre weaning),
1 year (3 months post
weaning), 3 years old.

25 colts/
stallions

Dubcova et al.9 2015 QE Czech Republic Abrupt separation
Housed in mixed foal herds after weaning.

Up to 140 days after
weaning.

56 foals

Erber et al.10 2012 QE Germany Combination of separation methods: all
mares removed from group; broodmares
removed from the group, but two nanny
mares left behind; few mares removed from
the group progressively. Foal groups all
housed in large stables with straw.

The day before to 8 days
after weaning.

17 foals

Falomo et al.11 2020 QE Italy Abrupt separation
One group of mares' paddock housed
together. The other group of mares initially
individually stall housed for 2 days and then
turned out into a paddock. Insufficient
information on foal housing after weaning.

7 days pre weaning, day of
weaning, 7 days post
weaning and 30 days post
weaning.

22 mares

Gorecka-
Bruzda et al.12

2015 QE Poland Abrupt separation
Foals housed together in pens (5–8 foals in
a pen) after weaning.

1 day pre weaning, day of
weaning, 1 day post
weaning.

53 weanlings

Heleski et al.13 2002 QE US Abrupt separation.
One group of foals housed individually in
stalls. One group of foals housed in groups
in paddocks.

Day of weaning then 2 days
per week 6 h per day for a
total of 56 days.

12 weanlings

Henry et al.3 2012 QE US and France Abrupt separation. Foals group housed in
paddocks. One group housed with the
presence of two unrelated adults. One
group was peers only.

2 weeks prior to weaning
through 1 month after.

32 foals

Holland et al.14 1996 QE US Combination of separation methods: some
abrupt, some gradual.
Foals paddock housed after weaning.

Blood sampling 72 h post
weaning (exp 1) and 48 h
post weaning (exp 2).
Behaviour measures 1 h on
weaning day and the next
2 days for both experiments.

44 foals

Houpt et al.15 1984 QE Unknown Insufficient information on weaning
method. Foals housed in singles and pairs in
stalls after weaning.

Focal samples just before
and just after weaning, then
6 h, 12 h, 24 h and 1 week
post weaning. Blood samples
after each observation period
except the 12 h one.

22 foals

Lansade et al.16 2018 QE France Combination of separation methods: one
group abrupt, one group progressive. Foals
stall housed in pairs. Mares housed in
groups of 4 in loose boxes with straw
bedding.

Four weeks pre weaning, the
day of weaning, and
3 months post weaning.

34 foals and
their dams

Malinkowski et al.17 1990 QE US Insufficient information on weaning method
and housing after weaning. Foals grouped
by non-weaned foals, foals weaned
singularly, and foals weaned in pairs.

Just before weaning and
then 4, 8, 16, 24, 32, 40,
48 h after weaning for
cortisol concentrates and just
before weaning and then 4
and 28 h after for
lymphocytes.

20 mare and
foal pairs.

4 DWYER ET AL.
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3.3 | Study population characteristics

The majority of the studies involved analysis of foal behaviour only (15/22).

Six analysed foals with their dams and 1/22 measured the effects of wean-

ing on the mare only. A variety of weaning methods were used. The most

commonly used method was abrupt separation (12/22). Four studies used

a combination of abrupt and progressive separation methods, one used

progressive separation only and 5/22 studies did not state the method of

separation used (Table 1). The most common housing system reported was

that foals were kept in groups or pairs immediately after weaning (13/22),

in 1/22 studies, the foals were individually housed. Most studies only mea-

sured indicators of stress in the short-term (up to a maximum of 1 year

post weaning [19/22]). Only three of the 22 studies continued to measure

indicators of stress into the foal's third or fourth year of age (Table 1).

3.4 | Behavioural outcomes

Behavioural outcomes only were reported in 18 of the 22 studies.

Four studies only used physiological indicators of stress. Table 2

TABLE 1 (Continued)

Author Year
Study
design Country

Weaning method and housing methods in
the study

Measurement points and
duration of measurements

Number of
mare
and foals

McCall et al.18 1987 QE US Combination of separation methods: some
abrupt, some progressive. Foals housed in
wire mesh pens of 15 m x 15 m. Mares also
kept in pens. Some groups were able to
have fence line contact with the mares but
one group was not.

5 days pre weaning, 2 days
and 9 days post weaning.

21 foals

Merkies et al.19 2016 QE Canada Abrupt physical separation but one group
had a reduction in nursing 4 days prior.
Insufficient information on the housing of
mares and foals after weaning.

Daily for 4 days after
weaning.

17 mare/foal
pairs

Moons et al.1 2005 QE US Abrupt separation but one group had
experienced micro separations leading up to
weaning.
Foals individually housed in box stalls.

Separation group 2, 4, 6, 8,
10 and 12 weeks old and
then the day prior to
weaning, weaning day and
the day after weaning for
both groups.

10 mare/foal
pairs

Nicol et al.20 2005 PC England Insufficient information on weaning
method. Groups of up to 12 foals housed in
barns post weaning.

2 weeks pre weaning, and up
to 4 years post weaning.

186 foals

Nicol et al.21 2005 RCT England Abrupt separation.
One group was paddock housed in peer
groups, the other was barn housed in peer
groups after weaning.

From age 2 weeks to age
40 weeks.

17 foals

Normando et al.22 2022 QE Italy Abrupt separation. One group weaned
together stall housed in pairs, the other
group 2 foals weaned weekly, again stall
housed in pairs for 6 days, then paddock
housed.

7 days prior, day of weaning,
7 days after and 30 days
after weaning.

22 foals

Qureshi et al.23 2013 PC Germany Abrupt separation. Insufficient information
on housing after weaning.

2 days before weaning, 1 day
before weaning, 1 day after
weaning and 14 days after
weaning.

84 foals

Waters et al.24 2002 PC England Insufficient information on weaning
method. Foals housed either individually or
in groups post weaning.

Up to 4 years post weaning. 225 foals/
young horses

Weeks et al.25 2000 PC US Progressive separation. Group housed in
paddocks after weaning.

From June to September
(when the last foal was
weaned). Weaned at
4 months old, observed up to
6 months old.

14 mare/foal
pairs

Wulf et al.2 2018 PC Germany Abrupt separation. Foals then group housed
with peers initially in a barn, then in a
paddock.

2 days before weaning to
7 days after.

22 foals

Abbreviations: PC, prospective cohort; QE, quasi experimental; RCT, randomised control trials.
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shows the eight commonly reported behavioural outcomes that were

impacted by the process of weaning: defaecation, locomotion, vocali-

sation, eating, lying down, affiliative social interactions, agonistic

social interactions and maladaptive behaviours. The most commonly

reported behaviour was vocalisation which was reported in 13/18

studies that measured behaviour. The least commonly reported

behaviours were maladaptive or stereotypies (7/18). Two of the

18 studies reported data on all eight behavioural outcomes (Table 2).

4 | DISCUSSION

This is the first scoping review that collates and describes the current

literature on the effects of weaning-related stress on the emotional

health of horses. The review identifies a lack of evidence, with only

22 studies eligible for inclusion. Of those, only three measured longer-

term effects of weaning on the foals.8,20,24 Only six studies measured

the effects of weaning-related stress on mares and foals.1,7,16–18,25

There were several issues identified with the existing literature, which

included limited research on the impacts of weaning on mares, signifi-

cant variations in study design and methodology, and a limited period

of time that behaviour was assessed post weaning.

Ideally studies are designed prospectively, and subjects randomly

allocated to study groups to reduce the risk of bias. Most studies in

the scoping review were quasi experimental. This approach gives the

flexibility to study weaning-related behaviours in real time, but often

does not account for the multifactorial nature of the process. These

factors include the interactions between the weaning methods used,

and the housing and social structures that mares and foals occupy pre,

during and post weaning. The studies that were prospective cohort

studies, mainly followed the study populations for a short period of

time which limits the understanding of the long-term effects of

weaning.2,7,8,20,23–25 However, the short-term impacts of weaning-

related stress are clear from the existing body of research and may be

used to assess the impact that major stressful events have on the

long-term resilience of foals The maximum study population for

the prospective studies was 225 foals and most were studies of small

groups—14/22 studies had less than 30 foals. Study design, sample

size, management style and the length of the observation period all

affect study reliability and how the findings can be related to the gen-

eral population of horses.

The method of weaning used can have a significant impact on the

behaviours observed. The weaning of horses in the UK has tradition-

ally been performed abruptly, meaning that mare and foal have no

periods of separation from each other until the day of weaning with

foals being housed individually in stables or stalls in the immediate

term post weaning.16 There are more progressive approaches to

weaning where mares and foals are given very short periods of time

TABLE 2 The behavioural outcomes that were assessed in a scoping review of the literature on the effects of weaning-related stress on the
emotional health of horses (behavioural outcomes measured in each study are shaded in green).

Paper
Defecation
frequency

Vocalisation
frequency

Locomotion
walking,
trotting,
cantering

Eating time
budget

Lying time
budget

Affiliative social
interaction grooming,
suckling,
touching,
sniffing

Agonistic social
interaction
kicking, biting,
distancing away

Maladaptive

(stereotypical)
behaviours
pacing, crib
biting,
windsucking

Araba and Crowell-Davis7

Christensen et al.8

Erber et al.10

Falomo et al.11

Gorecka-Bruzda et al.12

Heleski et al.13

Henry et al.3

Holland et al.14

Houpt et al.15

Lansade et al.16

Merkies et al.19

Moons et al.1

Nicol et al.20

Nicol et al.21

Normando et al.22

Waters et al.24

Weeks et al.25

Wulf et al.2

6 DWYER ET AL.
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apart to begin with.18 Over several weeks and months, these periods

of time are increased. This gives mares and foals time to assimilate the

sense of being separated. Although progressive weaning methods

have been recommended by researchers for several decades, the

industry has not been quick to adopt them. There is growing agree-

ment amongst researchers that abrupt weaning methods result in

higher levels of stress-related behaviours than more progressive and

habituated approaches to separation16,18 and group-based housing in

an outdoor paddock causes the least amount of weaning-related

stress.13,21 The majority of the studies analysed in this evidence

review did not clearly describe both the method of weaning and the

post weaning housing arrangements, and these two distinct processes

were often merged or crossed over in the literature. A clear descrip-

tion and distinction between the weaning methods is essential to

enable assessment of the impacts of different methods. Further

research is needed to identify the ways in which stress at weaning

can be minimised to support horses through this critical time in their

development. This evidence review highlights that studies related to

weaning need to clearly define the methods being used, to enable

robust evidence to be generated and consolidated to inform future

best practice.

Research into weaning methods and how they impact the mares

and foals are important. There is currently a suggestion that some

maladaptive or stereotypical behaviours may be initially triggered by

weaning,20 so assessment of behavioural traits associated with wean-

ing is of particular interest. Eighteen studies mapped behavioural

changes during weaning. The most common behaviour traits impacted

by weaning were those relating to stress and anxiety, and these could

be divided into eight classifications of behaviours as reported in

Table 2. These behaviour classifications were reported reasonably

consistently across the studies. However, most studies only focused

on short term effects, and only three studies measured the effects of

weaning up to 3–4 years of age.8,20,24 Measuring the long-term

effects of weaning is a complicated task because horses seldom have

one owner for their whole lives. Most horses are sold as foals or

young horses so this presents a significant challenge to researchers.

This scoping review highlights a need for further research in this area.

The majority of studies were focused on the foal, and there were

limited studies that evaluated both mare and foal. This is important

both because weaning can impact the welfare of both mare and foal,

and because the mare/foal interaction may be an important factor for

future behaviour of the foals. One study reported that mares showing

signs of dominance-based aggression and high social rank within their

herds, their foals were more likely to continue this behaviour by rank

amongst their peers' post weaning.7 These more aggressive foals were

more likely than lower ranking foals to develop maladaptive or stereo-

typical behaviours.24 However, the development of behaviour is com-

plex and multifactorial. The impact of how foals are managed post

weaning was reported to have more bearing on the manifestation of

the behaviour, as the presence of unrelated adult horses appears to

minimise the expression of aggression and stress-related behaviour in

foals.3,10 The current evidence is limited by the diversity of the

research, however it is clear that the impact of weaning may be

affected by a number of factors including the behaviour and social

ranking of the mare, the method of weaning used, the age and gender

of the foal, the social grouping before and after weaning and the

methods of housing before and after weaning. Future studies of

weaning should be developed with these factors in mind, so that the

methodologies and influencing factors are reported, and incorporated

in data analysis.

The limitations of this scoping review are that the database

searches were conducted in March 2023. Since that time, further

studies may have become available. The search may not have identi-

fied all the available literature on the topic, the databases used were

consistent with those reported as most suitable for the veterinary lit-

erature. However, the study did not include grey literature, and publi-

cations that were not available in English. The major limitation was

the challenge in comparing and consolidating the current evidence

due to significant variation in methodology and reporting.

A scoping review was chosen for this project due to the broad

question being asked. A scoping review does not allow for the analysis

of literature relating to a specific question, or the reporting of findings

in a way that may be expected from a systematic review, but this was

not the aim of the study. Had a systematic review been undertaken,

for example, only the three studies that examined the long-term

impact of weaning would have been included, and the variations in

methodology and reporting weaning methods meant these could not

be compared and consolidated.

Future studies that aim to examine the long-term effects of

weaning-related stress on horses, should clearly identify the method

of weaning and post weaning management and continue to measure

stress-related behaviours into the young horses' ridden career. Other

important factors that should be considered include the welfare of

broodmares as they may produce several foals across their lifetime

and risk being subjected to high levels of unnecessary trauma on a rel-

atively regular basis. More research is also needed to determine

whether there are differences between colts compared with fillies for

the impact of weaning-related stress, based on limited evidence docu-

menting gender differences in two of the studies.1,2

Studies should be undertaken prospectively, with mares and foals

randomly allocated to weaning groups in which weaning and housing

methods are described, and consistent, and validated methods should

be used to measure behaviour, including either direct behavioural

observations or validated behaviour assessment tools. Consideration

should also be given to the amount of time between the point of

weaning and collecting behaviour measures to ensure that the long-

term effects of weaning-related stress are identified. Study population

sizes should ensure that the minimum number of mares and foals

needed for valid statistical analyses are recruited to the studies.

5 | CONCLUSIONS

This scoping review identified and described the available literature

relating to the effects of weaning-related stress on the long-term

emotional health of horses. Only three studies measured the long-
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term effects of weaning. The remaining 19 studies used such a varia-

tion of weaning and housing methods that it is extremely challenging

to assess whether weaning-related stress is unavoidable or indeed

carried forward into the lifetime of the horse. Most studies were

quasi experimental and varied in their methodologies, quality and

means of categorising the management of horses which may have

had a significant impact on the stress-related behaviours observed

in the studies.

The review has identified a lack of evidence to support the under-

standing of the long-term impact of weaning on horse behaviour and

emotional resilience. In addition, it has highlighted weaknesses in the

existing studies because of the lack of categorisation of weaning

methods, management of mare and foals, the short duration of study

designs, and the lack of mare specific research. Recommendations

have been made on how to improve future study designs and report-

ing to generate a robust evidence base which can be used by veteri-

narians, behaviourists, horse owners and carers, and other industry

professionals when making decisions on weaning and early years

management.
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