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ABSTRACT. In order to answer the question whether work-load imposed on horses
during vauiting competitions is strenuous, § Dutch Warmblood horses experienced
in vaulting were studied. After & warming up period, the horses were lunged for 13
min at a quiet canter on a good firm surface with and without vaulters, and on a
loose sand surface vithout vaulters No significant differences were found in mean
heart rates during exercise between mounted (113+7) and not-mounted horses
(117 7 lunged on a good firm surface {p>0.05). However, heart rates did increase
(159 20) in horses cantering at the same speed on a loose sand surface {(p<0.01).
No serious lactate accumulation (4 mmot 1), dehydration or muscles damage was
demonstrated in any of the horses during the tests. The conclusion is that the work
performed by vaulting horses during competition is not strenuous when working on
a good firm surface, and is influenced more by a loose sand surface than by the

weight of the vaulters.
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INTRODUCTION

In the relatively young ecquestrian sport of
vaulting, a horse canters to the left (anti-
clockwise) on a circle with a minimum dia-
meter of 13 metres, lunged by a lungeur
whilst 1, 2 or 3 vaulters from a group of §
perform their exercises on the horse (Fig. 1).
In the official regulations for vaulting, the
horse is required to canter guietly for 15
min, during which vaulters give their perfor-
mances.” The first 10 min of competition are
used for the compulsory test and the last 5
min for the free test. In the compulsory test
all 8 vaulters have to undertake 6 compul-
sory exercises. During the free test the vault-
ers have the opportunity to perform single,
double and triple free-style exercises in an
original programme. The work-load im-
posed on vaulting competition horses is be-
ing queried within equestrian and animal
welfare organisations.

The majority of exercise tolerance fests are
based on heart rate (HR) and blood lactate
concentration (LA) measured either during
exercise or after work.’> The HR/work rela-
tionship is precise and reproducible, pro-
vided strict standardization of the test proce-
dure is observed. Blood lactate accumula-
tion in response to exercise reflects depend-
ence on anaerobic metabolism and is gener-
ally regarded as an inverse indication of fit-
ness.! Blood lactate levels following exercise
also reflect the work-load performed by the
horse.

Heart rate, LA, packed cell volume (PCV)
and muscle-derived enzyme activity in rela-
tion to fitness and work-load have been in-
vestigated in Thoroughbred and Standard-
bred horses.™®'? In saddle horses standard-
ized excrcise tests have also been carried
out.*® However, no information on work-
load was available in horses during vaulting.
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Fig 1 Some examples of vaulting exercises, per-
formed by | vaulter (I and I1), by 2 vaulters (I
and [V) and 3 vaulters (V and VI) (FEI Rules for
vaulting events, 1986} [ = split, Il = reverse flag
on croup, Il = double prince, IV = double stand,
V = triple cross, VI = seat and half flag on high
bench.

The total work-load imposed on these horses
is influenced by the duration of exercise, the
weight to be carried and the condition of the
surface on which they arc exercised. There is
a marked difference between a “good firm
surface” usually found in a riding school and
a “loose sand surface” as sometimes seen in
competition arenas.

The objectives of this study were: To as-
sess the work-load of a 15 min canter as
required in competitions and to investigate
the influence of the vaulters’ weight and the
surface (a good firm surface vs loose sand)
on this work-load,

MATERIALS AND METHODS

Eight Dutch Warmblood horses [rom four
different vaulting groups (Table 1) were used
in this study. All horses were trained regular-
ly for vaulting and were experienced in
vaulting competitions. A standardized
lungeing test was carried out under three
conditions: 1} without vaulters, on a good
firm surface (n=8); 2) with vaulters, on a
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good Firm surface (n=28); and 3) without
vaulters, on a loose or very loose sand sur-
face (n==6). Although all horses were tested
at their own riding schools, the surfaces of
the exercise arenas were comparable. How-
ever, the loose sand surfaces were different:
Horses A and B were tested on a sandy plain,
Horses C and D in a loose sandy arena,
whilst Horses E and F were tested on a beach
with very loose sand (Table 1). As all horses
were experienced in vaulting, they cantered
under the three different conditions at their
own, individually established pace.

At the start of each lungeing test the horses
were exercised for approximately 10-15 min
at walk, trot and canter. After this warm up
the horses were cantered for 15 min at their
own, individually set, quict pace. During the
lungeing test with the vaulters mounted, the
first 10 min of the canter were used for com-
pulsory exercises and the last 5 min for free-
style exercises with | to 3 vaulters (Fig. 1).
The weight of the vaulters varied between
approximately 35 and 65 kg The horses
were subsequently walked for 10 min and
taken back {o their stables.

Blood samples were collected from the jug-
ular vein immediately before exercise, and 2
and 30 min after the end of the canter. In
cach blood sample the LA and PCV were
determined. Before and after each test cre-
atine phosphokinase (CPK) and aspartate
aminotransferase (AST) activities were de-
termined. Blood sampling and analysis were
carried out as described earlier.?

The HR was measured with a HR meter
{Horse Tester, Polar Electro, Finland)."
One electrode from the HR meter was placed
on the left withers under surcingle and the
other on the sternum under the girth. The
transmitter was attached to the pad with the
receiver nearby.

All data were analysed using a statistical
computer program {Statistix, PC Dos ver-
sion 2.0, NH Analytical Software) in a one-
way-AOV o1 a paired /~test comparison of
means; p<0.05 was considered to be statisti-
cally significant. Figures are expressed as
mean £ SD
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Fig 2 Mean heart rates = SD (beats min™ ’) of
Dutch Warmblood vaulting horses during the first
10 min (compulsory exercises by | vaulter) and
the last 5 min (free-style exercises by 1, 2 or 3
vaulters) during a 15 min canter. * Statistically
significant difference between the mean HR of the
first 10 min and the last 5 min of canter {paired /-

test, p=0.001).

RESULTS

All horses cantered under the three test con-
ditions at their individually established
pace. The HR at rest was 34+ 6 beats min~'
and ranged from 25 to 44 beats min~' (Table
1). Mean HR during the 15 min canter in the
not-mounted horses was 117+ 7 beats min™!
and in the mounted horses 1137 beats
min~' (Tabie 1); this difference was not sig-
nificant. During the 15 min canter there was
a small but significant difference between
mean HR of the first 10 min with 1 vaulter
performing compulsory exercises, (HR=
112+7 beats min~") and mean HR during
the last 5 min with | to 3 vaulters performing
free-style exercises (HR=117x7 beats-
min~") (Fig 2).

The condition of the arena surface influ-
enced mean HR during the 15 min canler
period; mean HR during the not-mounted
lungeing tests on the good firm surface being
1177 beats min~', whilst on the loose sand
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surface mean HR was 159+ 20 beats min~!
(Table 1, Fig. 3).

Lactate accumulation was not demonstrat-
ed in any of the tests on the good firm sur-
face; LA varying between 0.5 and 1.3 mmol
I=! (Fig. 4). The loose sand surfaces varied
markedly at the three riding schools. There
was a considerable range of HR (Tabie 1)
and LA following cantering in the lungeing
tests on the loose sand surface (0.8 to 4.1
mmol 7' In the samples collected 2 min
after the 15 min canter, a small but signifi-
cant difference in LA was found between
not-mounted horses lunged on a good firm
surface and not-mounted horses lunged on a
loose sand surface (08+0.2 and 1 8%12
mmol 1! respectively) (Fig. 4).

The PCV before and 30 min after the test
did not differ significantly, though the values
were significantly higher immediately after
the canter (Fig. 5). No differences could be
demonstrated between the PCV immediate-
ly after the canter in the mounted and not-
mounted horses tested on the good firm sur-
face. However, the PCV in samples taken 2
min after cantering was significantly higher
in the horses tested on the loose sand surface
than those tested on the good firm surface.
There was no significant difference between
the serum CPK and AST levels before and
after any of the tests.

DISCUSSION

Work-load during vaulting

In this study the highest mean HR during a
15 min canter on a good firm surface was
125 beats min™' and the highest LA after a
canter on a good firm surface was 10
mmol {~'. In event horses during roads and
tracks phases lasting at least 15 to 20 min,
average HR is 120-130 beats min™*. During
cross country, HR will increase? to 190-200
beats min~' and, after the finish, LA is at
least 812 mmot 1=!. Heart rate of an endur-
ance horse exercising for several hours is
100-110 beats min~* during trot and
120-130 beats min~' during canter; LA re-
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Fig 3. Heart rates during the 15 min canter of
horse E in all three test situations.

mains below the point of blood LA accumu-  vaulting horses is low compared with that
lation. *% The HR during racing is over 200 determined in horses in other disciplines

beats min~!, while plasma LA exceeds 25 Rapid lactate accumulation commences
mmol [, Therefore metabolic stress in  above LA of 4 mmol 1='# In trained Dutch

Table t. Age, sex and mean heart rates (beats x min=") of eight Dutch Warmblood vaulting
horses from fowr riding schools before, during and afier a 15 min canter

ND = not determined

HR not-mounted HR mounted HR not-mounted
Horses good firm surface good firm surface loose sand surface

Code Age Sex Before During After Before During After Before During After

A 13 g 30 115 52 32 107 48 33 156 72
B 13 g 32 123 42 30 111 42 25 167 36
C 20 g 27 125 50 29 122 56 29 140 51
D 6 g 44 122 48 37 119 48 33 135 50
E 22 g 38 124 45 38 117 44 37 188 52
F 11 m 38 Yy 46 41 107 47 40 168 53
G 6 m 30 105 4] 29 104 41 ND ND ND
H I g 34 LE3 46 32 120 45 ND ND ND
Mean 13 - 34 117 46 34 113 46 33 159* 56
SD & - ) 7 4 5 7 5 5 20 8

* Difference between this value and the HR during a mounted or not-mounted standardized lungeing
test on a good firm surface was statistically significant (p<0.01),
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lactate (mmoll*

Fig 4 Mecan blood lactate con-
centration + SD (mmol I%) of
Dutch Warmblood vaulling
horses before exercise, 2 and 30
min after a 15 min canter. * Sta-
tistically significant difference
between LA in the not-mounted
horses tested on the loose sand
surface and LA in the mounted
or not-mounted horses tested on
the good firm surface at 2 and 30
min after cantering (one way
AQV, p<005).

net—mounted mounted
m before 2 min after
canter canter

Warmbiood horses the average HR at which
LA accumulation commences has been dem-
onstrated to be 174 beats min~'.? So, in view
of the mean HRs during the 15 min canter in
the standardized lungeing tests, no lactate
accumulation could be expected.

Evidence suggests the increased PCV im-
mediately after cantering is the result of
splenic contraction and not the result of
hemoconcentration due to dehydration. No
significant differences in CPK and AST ac-
tivities were demonstrated before and after
exercise. These findings also indicate that
the work-load imposed on vaulting horses is
low.

Y ®

=) 30 min after
canter

Influence of weight and surface

on worl-load

Mean HR during the lungeing tests on the
good firm surface were slightly higher in the
not-mounted horses than in the mounted
horses. Fhis might be just a chance effect,
but considering the individual values in Ta-
ble I it might also have been due to a psycho-
genic component. Exercise HR is not only
the result of exercise but is also influenced by
anxiety and excitation; the effect of this psy-
chogenic component of the HR response to
exercise increases as the refative work-load
decreases.! Horses experienced in vaulting
were not readily excitable; however, they
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Fig. 5 Mean packed cell volume
+ SD O 17Y in Dutch Warm-
blood vaulting horses before ex-
ercise, 2 and 30 min aftera 15
min canter. * Statistically sig-
nificant difference between the
PCV in the not-mounted horses
on the loose sand surface and the
PCV in the not~-mounted horses
on the good firm surface at 2 and
30 min after cantering (one way
AQV, p<(.05).
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seemed a little uneasy when no vaulters were
present, which may explain the slightly high-
er HR in the not-mounted horses on the
good firm surface,

The increased HR as seen during the last 5
min of the mounted standardized lungeing
test is probably the resuit of both the greater
weight of 2 or 3 vaulters and the progressing
cantering time. In the not-mounted lungeing
tests this increase was smalier. A small in-
crease in HR (159 vs 165 beats min~') as a
result of weight has been demonstrated in
Standardbred trotiers subjected to a hori-
zontal treadmill exercise test with and with-
out a load of approximately 10% bodyweight
in the position of a riding saddle. '

The conclusion is that the work-load im-
posed on horses, which are regularly trained
and used in vaulting competitions, remains
below the threshold of LA accumulation,
while no signs of dehydration or muscle
damage are demonstrated. Consequently,
the work-load performed by vaulting hoises
during competition is low in comparison
with horses in other equestrian disciplines.
However, the arena surface is an influence
on work-load. A loose surface causes a great-
er increase in the work-load of a vaulting
horse than the weight of 1, 2 or 3 vaulters.

ACKNOWLEDGEMENTS

The authors wish to thank the Any Dale, the
Bouberg, the Roy Rogers and the Zylvia's
Hoeve vauliing groups for their kind cooper-
ation, Mrs T. van Duffelen D.V.M. for her
technical assistance, Mis W. L. van QOs-
Thompson for her editorial help and Prof. §
G. B. Persson for his critical reading of the
manuscript.

REFERENCES

I Bayly, W M, Gsant, B D. and Pearson, R C,
(1987). Lactate concentrations in Thoroughbred
horses following maximal exercise under field condi-

(8]

et al

tions fn Giliespie, I R and Robinson, N E {eds ):
Equine Exercive Physiclogy 2, ICEEP Pubilications,
Davis, CA, pp 426437

Borgmans, H. J. M and Sloet van Oldruitenborph-
QOosterbaas, M M (1990} Heart rate and biood
biochemistry in event horses Graduate Report,
Dept of Large Animal Maedicine and Nutrition,
Utrecht

Engethardt, W, Hémicke, ¥ Ehrlein, H ] and
Schmidt, E. (F971). Lactat, Pyruvat, Glucose und
Wasscrstoftfionen im vendsen Blut bei Reitpferden in
unterschiedlichern Trainingszustand Zbl Vet Med
A 20, 173-187.

Grosskopt, ] F W and van Rensburg, 1 ] (1983).
Some observazions on the haematology and biood
biochemistry of horses competing in 80 km endur-
ance rides /v Snow, D H., Persson, § G B and
Rose. R T (eds ) Lguine Exercise Plysiology 1,
Granta Editions, Cambridge, pp 425431
Federation Equestre Internationale (FEI} {1986)
Rudes for varlting events 2nd ed FEI, Bern, Switzer-
land

Qosten, ] M van, Ringeiberg, P and Stoet van Ol-
druttenborgh-Qosterbaan {1986) Some parameters
to estimate the [itness of saddle horses Graduate
Report, Dept of Large Animal Mcdicine and Nutri-
tion, Utrecht

Perssen, S G B {1967) O=n blood velume and work-
ing capacity in horses Acta Vet. Scand. Suppl 19
Persson, § G B (i983) Evaluation of fitness and
state of training in the performance horse In Snow,
D H, Perssen, S G B and Rese, R J (eds )
Eaquine Exercise Physiology I, Granta Editions, Cam-
bridge, pp 441-457

Sloet van Oldraitenborgh-Oosterbaan, M M | Breu-
kink, . J and Wensing, T (1987 Standardized
exercise tests on a track to evaluate fitness and train-
ing of saddic horses /n Gillespie, § R and Robin-
gson, N E (eds ) Equine Exercive Physiology 2,
1CEEP Publications, Davis, CA, pp 68-76

Sloet van Oldruitenborgh-Costerbasn, M M van
den Hoven R and Breukiak, H T (1988) The accu-
racy of three different heart rate meters used for
studies in the exercising horse J Vet Med A 35
665672

. Thernton, 1., Pagan, J. and Persson, S (1987} The

oxygen cost of weight loading and inclined treadmill
exercise in the horse fn Gillespie, I R and Raobin-
son, N E (eds ) Eguine Exercive Physiology 2,
ICEEP Publications, Davis, CA, pp 206215
Wilson, R. G, Isier, R. 8. and Thornton, | R.
{1983) Heart rate, lactic acid production and speed
during a standardized exercise test in Standardbred
horses fn Ssnow, D H., Persson, § G B and Rose,
R} (eds.) Equine Exercise Physiology T, Granta
Editions, Cambridge, pp 487-496



