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Play behavior and bouts of high-speed exercise are
considered to be important for correct development

of motion patterns and coordinative capacities in juve-
nile animals.1 Recent research has identified that exer-

cise in early life is also essential for correct develop-
ment of some musculoskeletal tissues. Exercise at a
young age is important for conditioning the collagen
network in articular cartilage, and in humans, it has
been suggested that too little exercise during the juve-
nile period may lead to inferior tissue quality and,
thus, to increased risk of development of chronic debil-
itating joint diseases such as osteoarthritis.2 In horses,
the positive effect of early exercise on the muscu-
loskeletal system was indicated by results of a study3

that examined the interaction of early exercise and
osteochondrosis. Lack of exercise (box stall rest)
appeared to delay development of most tissues of the
equine musculoskeletal system. When exercise was
increased after 5 months of enforced box stall rest,
most tissues had compensatory development, but total
collagen and some posttranslational modifications of
the collagen network of the extracellular matrix of
articular cartilage did not.4,5 In a trial conducted by the
Global Equine Research Alliance,6 exercise in addition
to free-pasture exercise was given to a group of young
New Zealand Thoroughbreds. Preliminary data from
this project suggest that exercise at foal age may influ-
ence the biochemical makeup of articular cartilage and,
thus, the quality of the tissue.7,8

With ample evidence for the crucial role of exer-
cise at an early age, there are few data to provide a basis
for recommendations with respect to the amount and
character of the exercise required. It can be presumed
that under wild, or at least feral, conditions, foals exer-
cise themselves sufficiently to attain optimal muscu-
loskeletal tissue development. A few studies9,10 have
examined locomotion activity in semiferal juvenile
horses and provided data that could be considered as
reference points. However, most domesticated juvenile
horses are kept under different conditions. The first
logical step in the development of science-based exer-
cise protocols for juvenile horses that aim at optimal
conditioning of the musculoskeletal tissues would be
the evaluation of exercise levels under present-day
management conditions and comparison with patterns
described in semiferal horses. A modern and promising
technique to quantify animal locomotion, which is
much less labor intensive than classic observational
studies, is the use of the GPS, a satellite-based naviga-
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Objective—To describe spontaneous locomotion
activity of foals kept under various management con-
ditions and assess the suitability of global positioning
system (GPS) technology for recording foal activity. 
Animals—59 foals.
Procedures—During the foals’ first 4 months of life,
921 observation periods (15 minutes each) were col-
lected and analyzed for locomotion activities. The GPS
system was evaluated by simultaneously carrying out
field observations with a handheld computer. 
Results—Foals spent 0.5% of total observed time
cantering, 0.2% trotting, 10.7% walking, 32.0% graz-
ing, 34.8% standing, and 21.6% lying down. Total
observed daytime workload (velocity X distance) in
the first month was approximately twice that in the
following months. Locomotion activity decreased
with increasing age. Colts had more activity than fil-
lies in certain periods, and foals that were stabled for
some portion of the day had compensatory locomo-
tion activity, which was probably insufficient to reach
the level of foals kept continually outside. The GPS
recordings and handheld-computer observations
were strongly correlated for canter, trot, and walk and
moderately correlated for standing and lying.
Correlation for grazing was low. 
Conclusions and Clinical Relevance—Results indi-
cated that domestically managed foals, when kept 24
h/d at pasture, will exercise at a level comparable with
feral foals. High workload during the first month of life
might be important for conditioning the muscu-
loskeletal system. The GPS technique accurately
quantified canter, trot, and walk activities; less accu-
rately indexed resting; and was unsuitable for grazing
because of the wide array of velocities used while for-
aging. (Am J Vet Res 2006;67:1212–1217)

ABBREVIATIONS

GPS Global positioning system
VMS Vehicle memory system
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tion system consisting of 27 earth-orbiting satellites. In
animal locomotion studies,11-17 the technique has been
used principally to monitor trekking routes and pas-
ture use. The purpose of the study reported here was to
quantify the exercise attributable to voluntary move-
ment in Warmblood foals kept under common man-
agement conditions for domesticated horses. The
hypothesis tested was that domestically managed foals,
if kept at pasture for 24 h/d, would have similar exer-
cise patterns as foals in semiferal conditions but that
certain management aspects (hours at pasture and
group size) would influence this variable. An addition-
al goal of the investigation, which was carried out in
the form of a preliminary study, was to evaluate the
suitability of the GPS technique for correct determina-
tion of various activities of foals at pasture. 

Materials and Methods
GPS study—Eighty hours of GPS recordings were

obtained on Thoroughbred foals in Palmerston North
(40o23′S, 175o37′E), New Zealand. The GPS receivers were
placed on the foals and recorded their velocity (and posi-
tion) every second. The raw data files were transferred to a
laptop computer. During 2 hours, simultaneous with the
GPS data collection, 2 foals were visually observed and
activities were entered into a portable microcomputera on 5
days. The focal animal sampling method18 of observation
was used in which the activity of a foal was recorded dur-
ing 15-minute periods. Six activities were distinguished:
cantering (including galloping, bucking, rearing, and
mounting), trotting, walking, grazing (and walking very
slowly), standing (standing resting and standing alert), and
lying (lying in lateral position and lying in sternal posi-
tion). All of the different types of activities performed by
foals were seen in these measurement sessions, and activi-
ties that foals generally performed for a limited period
(cantering and trotting) were sufficiently represented. To
evaluate which method was most appropriate to perform
this study, observations and GPS recordings were com-
pared. For this evaluation, only GPS recordings with a
maximum of 1% missing data were used.

GPS system
A GPS receiver with an external antenna was used to

record foal activity. A VMSb was used to store the positional
data records. This system can store up to 45,045 data posi-

tion records, each containing universal coordinated time,
date, longitude, latitude, altitude, maximum velocity, and
GPS receiver measurement quality. Sampling rate was pro-
grammed at 1 sample/s. 

The experimental foals were fitted with harnesses indi-
vidually adjusted to their size to carry the GPS equipment
(Figure 1). The antennas were placed on the withers, and the
GPS receivers and batteries were distributed in right and left
canvas bags attached to the harness. Total equipment weight
was 1.5 kg (GPS unit, 400 g; battery pack, 400 g; antenna, 
50 g; and harness, 650 g). Before the start of the study, each
foal was accustomed to carrying the harness with GPS equip-
ment.

GPS data analysis
Three software programsb were used with the VMS unit. A

VMS utility program was used to configure a VMS unit for use,
a VMS capture program was used to download the data from a
VMS data logger, and a VMS data extractor was used to convert
GPS data into the National Marine Electronics Association for-
mat used to export the GPS data to a spreadsheet.c For each sec-
ond, the velocity of the foal was provided in the output.
Velocity was then transformed into activities. For each foal, the
individual transition velocities were calculated. Statistical cal-
culations were performed by use of statistical software.d Pearson
correlation coefficients were calculated to evaluate the correla-
tion between observations and GPS recordings.

Observational study of foals, management systems,
and environmental conditions—Fifty-nine Dutch
Warmblood foals (31 colts and 28 fillies) were observed. The
foals were 0 to 16 weeks old during the course of the study.
They were allocated into 3 categories with respect to group
size: single foal with dam (n = 1), small groups of foals and
mares (2 to 5), and large groups of foals and mares (> 10).
Furthermore, a distinction was made between foals kept at
pasture for 24 h/d and foals that were stabled during the
night. The amount of time that the foals of the latter group
spent outside ranged from 6 to 14 hours (mean, 9.3 hours).
The foals were studied at different locations in the province
of Utrecht and at the Lelystad-based Institute of Horse
Husbandry. The Netherlands has a mild, maritime climate.
During the observations, temperatures ranged from 14o to
30oC (mean, 20oC), and during 5% of the observations, it was
raining.

Observations
Field observations were conducted during daylight

hours from sunrise to sunset, from May through September
2004. The observations were recorded on a handheld com-
putera and analyzed as described. Playing foals were record-
ed with an analogue video recorder. The following variables
were registered for each observation; name of the foal, date
and time, observer, age, sex, group size, hours at pasture
per day, temperature, rainfall, and wind force. Nine hun-
dred twenty-one focal foal observations were recorded as
well as 226 play bouts. Data were transferred from the
handheld computer to a laptop computer for long-term
storage and analysis. 
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Table 1—Categories used to classify observations for 6 activities
in 59 foals, expressed as percentage of total observed time.

Activity Category 1 Category 2 Category 3

Canter 0 0–1 � 1
Trot 0 0–0.5 � 0.5
Walk � 5 5–12.5 � 12.5
Grazing � 10 10–50 � 50
Standing � 20 20–50 � 50
Lying down 0 0–50 � 50Figure 1—Photograph of a 3-month-old foal with a harness used

to carry GPS equipment.
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Observational data analysis
Data were analyzed by use of special observation soft-

ware,e and statistical analysis was performed by use of sta-
tistical software.d For the focal foal data, each activity was
examined via Pearson χ2 tests to identify differences asso-
ciated with foal characteristics (age and sex) or manage-
ment factors (group size and hours kept at pasture).
Because χ2 tests were used on cross tabs, each of the activ-
ities was categorized into 1 of 3 groups (Table 1). These
categories were chosen to obtain approximately equal dis-
tribution of observations. Spearman rank order correlation
was used to identify associations between age and the dif-
ferent activities. For all analyses, P < 0.05 was considered
significant.

In addition, the daily workload during daytime for foals
kept 24 h/d at pasture was calculated. Daytime workload
(m2/s) was calculated by multiplying velocity by distance.19

The distance traveled by the foals was calculated from veloc-
ity standards for canter, trot, walk, and graze as 6.0, 3.0, 1.1,
and 0.25 m/s, respectively. These velocity standards were cal-
culated from GPS recordings. 

The play data were digitized and observed in slow
motion at 1/8 to 1/16 times the normal speed. Five kinds of
play were recognized: solitary object play (play with sticks,
tussocks, stones, or other objects including play with body
parts of the dam), solitary locomotion play (included a
wide variety of movements, which are not carried out in
combination with another foal and without manipulating
objects), social nose play (foals often sniffle each others’
noses with oral snapping and front limb kicks, and these
actions often initiate other play behavior), social play fight
(2 or more foals playing together with frequent direct
physical contact), and social locomotion play (locomotory
play carried out with at least 1 other foal).20 Within these
kinds of play, 14 actions were discerned and translated into
6 types of movement (Appendix). Each foal participating
in a play bout was recorded separately. 

Results
GPS study—Observations and GPS recordings

were strongly correlated for walk (r = 0.997; P =
0.01), trot (r = 0.992; P = 0.01), and canter (r =
0.985; P = 0.01). There was moderate correlation
between observations and GPS recordings for resting
(standing and lying [r = 0.766; P = 0.05]) and a low
correlation for grazing (r = 0.434). In the GPS
recordings that were used for this evaluation, 0.11%
of total data were missing. However, during other
tests, up to 25% of the scheduled GPS data were not
obtained for a variety of reasons.

Observational study—Overall, Dutch Warmblood
foals from 0 to 4 months of age spent (mean ± SD) 0.52
± 1.62% of the daytime cantering (including galloping,

bucking, rearing, and mounting), 0.24 ± 0.71% trot-
ting, 10.74 ± 8.27% walking, 32.00 ± 28.13% grazing,
34.85 ± 25.53% standing, and 21.64 ± 33.39% lying.
There were large individual differences among foals.

Age and sex
Overall, the amount of observed time the foals

spent moving (cantering, trotting, and walking) and
lying decreased, and the amount of time spent grazing
increased with increasing age (Table 2). For colts
(except for colts 13 to 16 weeks old) and fillies com-
bined, time spent cantering (r = –0.252; P = 0.01) and
trotting (r = –0.137; P = 0.01) decreased with increasing
age. Foals in the first month of life spent significantly
more time cantering (P < 0.001) and trotting (P = 0.003)
than all older foals. Only in the fourth month was a sig-
nificant difference detected between colts and fillies; in
that month, colts spent significantly (P = 0.03) more
time cantering than fillies. Colts also spent significantly
(P = 0.006) more time walking than fillies, particularly
in the first month of life. There was a negative correla-
tion between time spent walking and age, although this
correlation was not significant (r = –0.048; P = 0.143).
Time spent grazing increased rapidly with increasing age
(r = 0.341; P = 0.01). Fillies spent more time grazing
than colts (P < 0.001). The amount of time spent stand-
ing remained relatively constant throughout the first 3
months of life, although foals in the fourth month of life
spent less time standing than younger foals (P = 0.001).
In the fourth month of life, colts spent more time stand-
ing than fillies (P = 0.01). Time spent lying decreased
with increasing age (r = –0.238; P < 0.01). 

Workload 
Daytime workload was calculated for the 4 age

groups (Figure 2). Total observed daytime workload in

Table 2—Percentages (mean � SD) of observed time foals spent in various activities at different ages.

0–4 weeks 5–8 weeks 9–12 weeks 13–16 weeks
Activity (n = 214) (239) (260) (208)

Canter 1.09 �2.58a 0.36 � 1.04b 0.30 � 0.94b 0.38 � 1.41b

Trot 0.31 � 0.76a 0.19 � 0.49b 0.23 � 0.66b 0.22 � 0.92b

Walk 12.34 � 10.0a 10.18 � 7.87a 9.96 � 7.42a 10.72 � 7.55a

Grazing 16.74 � 17.16a 28.73 � 25.54b 36.58 � 29.59c 45.72 � 30.00d

Standing 38.26 � 23.46a 34.77 � 24.86a 37.14 � 27.85a 28.57 � 24.32b

Lying down 31.26 � 35.45a 25.76 � 36.49b 15.80 � 30.05c 14.29 � 28.08c

a-dWithin a row, values with different superscripts are significantly (P = 0.01) different. 
n = Number of observations.

Figure 2—Accumulated daily workload for foals in various age
classes. 
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the first month of life appeared to be approximately twice
as much as that during each of the following 3 months.

Hours at pasture
Mean ± SD for observed time spent on all activities

of foals kept at pasture for 24 h/d and of foals that were
stabled during the night was calculated (Table 3). As a
percentage of observed time at pasture, foals that were
stabled at night spent more time cantering (P < 0.001),
trotting (P = 0.043), and grazing (P < 0.001) and less
time lying down (P < 0.001). For observed times spent
walking or standing at pasture, no significant differ-

ences were detected between foals that were stabled at
night and foals kept at pasture for 24 h/d. 

Group size
Foals kept in large groups (n > 10) spent more

time grazing (P = 0.001) and less time standing (P <
0.001) than foals kept in smaller groups (Table 4).
There were no significant differences among the 3
groups in time spent cantering, trotting, walking, or
lying. 

Play
Play occurred more frequently among colts (409

incidents) than among fillies (174 incidents). There
were not enough foals in the age category of 13 to 16
weeks to allow reliable evaluation of their play behav-
ior. There was a considerable difference in the type of
movement per different type of play among the differ-
ent age categories but not between sexes (Table 5).
During the first month, there was relatively more soli-
tary play (28.6%) than in the 2 following periods (4.3%
in the second month and 4.8% in the third month).

Discussion
Discriminating between walk, trot, and canter was

possible by use of the GPS. However, it was necessary
to calculate transition velocities for each individual
foal, and because there is an overlap in the velocity
ranges at which gaits are used, especially for trot and
canter,21 it was never possible to distinguish with 100%
certainty between the different gaits. Also, transition
velocities could change with the age of the foal. It was
impossible to distinguish between lying and standing
with the GPS only. This problem might be rectified by
use of a lying-standing sensor, as was used in a previ-
ous study11 of sheep. It was also difficult to distinguish
between resting (lying-standing) and grazing. When a
foal is grazing at the same place for an extended time,
velocity does not change. Jaw movement sensors could
be used to monitor this activity,11 as could sensors for

Table 3—Percentages (mean � SD) of observed time foals
spent in various activities for foals kept 24 h/d at pasture and
foals that were stabled at night.

Pasture Stable (night)
Activity (n = 799) (122)

Canter 0.45 � 1.31 0.98 � 2.91
Trot 0.22 � 0.70 0.34 � 0.80
Walk 10.60 � 8.36 11.64 � 7.66
Grazing 30.26 � 27.64 43.34 � 28.82
Standing 35.06 � 26.00 33.49 � 22.45
Lying down 23.38 � 34.33 10.20 � 23.49

See Table 2 for key.

Table 4—Percentages (mean � SD) of observed time foals kept
24 h/d at pasture spent in various activities for foals kept in dif-
ferent group sizes. 

N = 1 N = 2–5 N �� 10
Activity (n = 351) (365) (205)

Canter 0.50 � 1.38 0.41 � 1.14 0.45 � 1.47
Trot 0.20 � 0.58 0.25 � 0.82 0.19 � 0.58
Walk 9.82 � 8.03 11.16 � 8.66 10.73 � 8.22
Grazing 30.04 � 28.47 28.25 � 26.72 34.33 � 27.76*
Standing 36.96 � 26.79 37.37 � 27.02 27.94 � 21.17*
Lying down 22.48 � 33.80 22.50 � 33.61 26.35 � 36.39

*Significantly (P � 0.001) different from both other groups. 
N = No. of foal-dam pairs in the group. 
See Table 2 for remainder of key.

Table 5—Percentages of types of movement resulting from various types of play in foals of various ages.

Movement type

Horizontal Horizontal
Age Play type Vertical slow fast Combi Mounting Kicking Total minutes (%)

0–4 wk Sol obj play 1.0 69.7 0.0 0.0 0.0 29.3 2:52 (9.9)
n = 42 Sol loc play 2.9 46.9 39.1 11.1 0.0 0.0 5:24 (18.7)

Nose play 0.5 95.4 0.0 0.0 0.0 4.1 4:29 (15.5)
Play fight 5.6 89.5 1.7 0.2 0.0 3.0 10:16 (35.5)
Loc play 1.0 59.9 31.3 6.6 0.0 1.2 5:51 (20.3)

5–8 wk Sol obj play 2.9 82.4 0.0 0.0 0.0 14.7 2:02 (0.7)
n = 280 Sol loc play 6.7 37.7 37.5 16.2 0.0 1.9 12:13 (3.6)

Nose play 0.0 98.7 0.3 0.0 0.1 0.9 69:18 (20.5)
Play fight 5.6 91.7 1.5 0.3 0.1 0.8 162:50 (47.8)
Loc play 1.6 67.2 28.2 2.5 0.0 0.5 92:38 (27.4)

9–12 wk Sol obj play 4.2 66.1 9.7 0.0 3.0 17.0 3:07 (1.0)
n = 254 Sol loc play 4.3 33.1 51.6 9.3 0.6 1.1 11:41 (3.8)

Nose play 0.1 99.4 0.3 0.0 0.0 0.2 58:22 (19.1)
Play fight 6.7 88.3 3.6 0.5 0.1 0.8 133:18 (43.7)
Loc play 0.8 60.5 35.4 2.5 0.1 0.7 98:44 (32.4)

Foals were kept for 24 h/d at pasture with � 10 other foals.
sol = Solitary. obj = Object. loc = Locomotion. Combi = Combination.
See Appendix for definitions of movement types. See Tables 2 and 4 for remainder of key. 
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position tracking of the foal’s head (up or down). Head
position sensors have been used in collars on sheep,
horses, and mouflon.22 In a study16 of activities of cattle,
the highest discriminatory power for classifying activi-
ty (resting, grazing, and walking) was based on calcu-
lated distances, whereas velocity did not have discrim-
inatory power.

Missing data were the major problem with the GPS
recordings because trees and large buildings interfere
with radio signals from the satellites. The rate of success-
ful GPS location determinations decreases as tree-cover
density increases.23 The GPS equipment was also easily
damaged by normal foal activity. Furthermore, when the
antenna was placed on the withers of a foal, reception of
radio signals from the satellites by the GPS receiver was
not optimal when the foal was lying laterally.

From the preliminary GPS study, it was concluded
that advantages of the system in a practical and logisti-
cal sense did not outweigh the unreliability and its
inability to discriminate between certain activities.
Therefore, it was decided to conduct the remainder of
the study with handheld computer-assisted observa-
tions only.

The amount of observed time spent on locomotion
activities of the young (age, 0 to 4 months) Dutch
Warmblood foals (11.6%) was similar to data reported
for pastured Przewalski Horse foals kept in zoos
(12.2%), which were also observed during daytime
hours.10 Both values are close to the value (12.9%)
reported for free-living Camargue foals,9 suggesting
that locomotion activity in the foals is more or less
equally distributed over the entire 24-hour day. Also,
the authors have seen such evenly spread times in
Icelandic horses, in which weather was of more impor-
tance than time of day. Although the number of stud-
ies in free-living populations that report on locomotion
activity is limited, these results suggest an affirmative
answer to the hypothesis that domestically managed
foals will exercise at a level comparable with free-living
foals. 

Overall, with increasing age, Dutch Warmblood
foals spent less time moving around and lying and
more time grazing, compared with younger ages. This
is consistent with Boy and Duncan’s9 suggestion that
the milk diet obviates the need for time-consuming
grazing and allows young foals to invest time in sleep
and exploration of their physical and social environ-
ment. A decrease in time spent cantering and trotting
was also observed in Camargue horse foals.9 Przewalski
foals spent the greatest amount of time performing
locomotion activities during the second month of their
lives,10 but in the present study, Dutch Warmblood
foals spent the greatest amount of time moving during
their first month. Solitary play was most common dur-
ing this month, whereas social play was most common
later in life. In the fourth month of their lives, colts
spent significantly more time cantering than fillies. In
fact, colts spent long periods play-fighting together in
pairs. Playing occurred more frequently among colts
than fillies and may reflect training for their different
social roles and activities later in life. These differences
in play behavior were also observed in New Forest
pony foals.24

An interesting observation was that the daytime
workload of foals in the first month of life was approx-
imately twice that of older foals. This was mainly
caused by the larger amount of cantering foals per-
formed during the first month of life. It has been sug-
gested that the responsiveness of the collagen network
of the extracellular matrix of articular cartilage to con-
ditioning by mechanical stimuli is inversely related to
the turnover rate of the tissue, which is known to
decline rapidly with increasing age before becoming
almost nil in mature individuals.25,26 It is therefore
probable that the first month of life is the most crucial
with respect to the influence of exercise on the devel-
opment of the musculoskeletal system. If this is true,
keeping newborn foals at pasture as much as possible,
therefore, seems a wise thing to do so that they have
ample opportunity to exercise and to stimulate correct
development of tissues of the musculoskeletal system.

There are various types of locomotion activity.
Foals (and horses in general) spend most of their time
performing low-impact locomotion activity, such as
walking and grazing, and they spend only a small
amount of time in high-impact locomotion activity.
Young foals spend little time trotting but more time
cantering. This leads to fairly high loading intensity of
the musculoskeletal structures. Play leads to still other
types of loading. Absolute force values as exerted on
the developing tissues are probably not substantially
different from those created by cantering, but play
activities result in other loading directions, including
eccentric loading and loading out of the sagittal plane,
which might be important for correct development of
musculoskeletal structures. 

As expected, foals that were stabled part of the day
spent more of the observed time cantering, trotting,
and grazing and less time lying down during the hours
they were kept at pasture, compared with foals kept at
pasture for 24 h/d. This behavior was probably com-
pensatory for the time they were stabled, in which lit-
tle spontaneous cantering and trotting were possible. It
is likely that the compensation in locomotion activities
was not 100%. In this study, no nighttime observations
were made. However, if indeed daytime and nighttime
activities of horses are not substantially different, as
alluded to earlier, extrapolation of the data from the
part-time stabled foals would be possible. In that
instance, locomotion activity would be less in that
group for the canter, trot, and grazing categories than
in the foals kept for 24 h/d at pasture. 

Apart from a decrease in exercise load that might
affect the development of musculoskeletal tissues,
part-time confinement of young foals can also be ques-
tioned from an ethologic viewpoint. Horses are social
animals, preferring to associate with others of their
own sex and age. During the time a mare and foal are
stabled, there is usually an absence of opportunities for
social contact with other horses and foals. 

Surprisingly, group size did not affect the amount
of time spent cantering and trotting. It was expected
that foals kept in large groups would play more and,
thus, spend more time performing locomotion activi-
ties than foals kept only with their dam. Although foals
kept in large groups probably are more challenged to
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play, foals kept alone with the dam appear to compen-
sate and use other occasions to perform locomotion
activities; for example, as a reaction to environmental
factors (eg, traffic, people, and other horses in the
neighborhood), they play alone or with the mare. The
only difference caused by group size was that foals kept
in large groups spent more time grazing than the other
foals, whereas the other foals spent more time stand-
ing. A possible explanation may be that the foals kept
in large groups were more stimulated to graze and taste
plants because of the larger size of the plots, which
made the forage sources more heterogeneous. Horses
prefer some degree of mixture in their grazing.27

Although group size did not have an effect on locomo-
tion activity as such, there were substantial influences
in other factors. Foals kept in groups are able to play
with each other. Play provides an opportunity to
acquire and test motor and social skills as well as social
relationships.28 Therefore, keeping foals in groups of
mares and foals seems more appropriate than keeping
them solitary with their dam. 

Data from this study can be seen as baseline data for
Dutch Warmbloods and, possibly, other breeds managed
in a similar manner. It would be interesting to conduct
comparable studies in horses that are kept under differ-
ent management conditions, such as in mixed herds,
because there seems to be considerably more play
among foals, yearlings, young adults, and some mature
adults living in a natural social harem and bachelor
group organization than in mare and foal pairs or
herds.20,29 At the other end of the spectrum, data from
this study may serve as a reference to critically evaluate
management systems in which spontaneous exercise is
severely limited.

a. Psion Workabout, Psion PLC, London, England. 
b. GPSat Systems Australia Pty Ltd, Victoria, Australia.
c. Excel, Microsoft Corp, Redmond, Wash.
d. SPSS, version 10.0, SPSS Inc, Chicago, Ill.
e. The Observer, Noldus Information Technology, Wageningen,

The Netherlands.
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Appendix
Definitions of the 6 basic motion patterns resulting from various
types of behavior during play in foals.

Direction of movement Behavior

Vertical Up + down 
Horizontal slow Stand + 1 step + walk
Horizontal fast Trot + canter + gallop
Combination (vertical + horizontal) Frolic + jump + buck
Mounting Mounting
Kicking Thoracic limb kick + pelvic 

limb kick
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