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This study examined the effect of increasing BW ratio (BWR) between rider and horse, in the BWR range common for Icelandic horses
(20% to 35%), on heart rate (HR), plasma lactate concentration (Lac), BWR at Lac 4mmol/l (W4), breathing frequency (BF), rectal
temperature (RT) and hematocrit (Hct) in Icelandic horses. In total, eight experienced school-horses were used in an incremental
exercise test performed outdoors on an oval riding track and one rider rode all horses. The exercise test consisted of five phases (each
642m) in tölt, a four-beat symmetrical gait, at a speed of 5.4 ± 0.1m/s (mean± SD), where BWR between rider (including saddle) and
horse started at 20% (BWR20), was increased to 25% (BWR25), 30% (BWR30), and 35% (BWR35) and finally decreased to 20%
(BWR20b). Between phases, the horses were stopped (~5.5min) to add lead weights to specially adjusted saddle bags and a vest on
the rider. Heart rate was measured during warm-up, the exercise test and after 5, 15 and 30min of recovery and blood samples were
taken and BF recorded at rest, and at end of each of these aforementioned occasions. Rectal temperature was measured at rest, at
end of the exercise test and after a 30-min recovery period. Body size and body condition score (BCS) were registered and a clinical
examination performed on the day before the test and for 2 days after. Heart rate and BF increased linearly ( P< 0.05) and Lac
exponentially ( P< 0.05) with increasing BWR. The W4 was 22.7 ± 4.3% (individual range 17.0% to 27.5%). There was a positive
correlation between back BCS and W4 (r = 0.75; P = 0.032), but no other correlations between body measurements and W4 were
found. Hematocrit was not affected by BWR ( P> 0.05), but negative correlations ( P< 0.05) existed between body size measurements
and Hct. While HR, Hct and BF recovered to values at rest within 30min, Lac and RT did not. All horses had no clinical remarks on
palpation and at walk 1 and 2 days after the test. In conclusion, increasing BWR from 20% to 35% resulted in increased HR, Lac, RT
and BF responses in the test group of experienced adult Icelandic riding horses. The horses mainly worked aerobically until BWR
reached 22.7%, but considerable individual differences (17.0% to 27.5%) existed that were not linked to horse size, but to back BCS.
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Implications

The Icelandic horse is especially known for its tölt (amble)
gait and is widely used as a leisure and sport horse. Although
it is small as a riding horse, its riders are commonly adults.
However, there is a lack of knowledge on the weight carrying
capacity of the Icelandic horse. It is important in terms of
horse welfare to generate such knowledge and to adjust
training and use of the Icelandic horse accordingly.

Introduction

The Icelandic horse is popular and can be found in more than
30 countries (Worldfengur, 2015). It is a naturally gaited

riding horse (Andersson et al., 2012) and is known particu-
larly for its tölt (Björnsson and Sveinsson, 2006), which is a
four-beat symmetrical gait with one or two legs always on
the ground, that is without a suspension (Feldmann and
Rostock, 1990). However, the Icelandic horse is rather small
(141 ± 3 cm; Stefánsdóttir et al., 2014) compared with for
example, Swedish and German Warmblood riding horses
(~165 cm; Holmström, 1990; Stock and Distl, 2006), and
there is a welfare debate in the industry on how heavy its
rider can be and some tourist companies have already
put some limitation on the weight of the rider (Margrét
Gunnarsdóttir, personal communication). Considering the
average weight of Scandinavians (67 to 73 kg for women and
82 to 88 kg for men; Statistiska centralbyrån (SCB), 2005;
Þórsson et al., 2009), Icelandic horses can be expected to† E-mail: gudrunst@holar.is
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carry ~20% to 25% of their BW, tack excluded. However,
some riders of Icelandic horses weigh over 100 kg, corre-
sponding to ~30% to 35% of BW (Stefánsdóttir et al., 2014).
Powell et al. (2008) showed that horses carrying a rider
corresponding to 25% or 30% of their BW had higher heart
rate (HR), breathing frequency (BF) and rectal temperature
(RT) than when carrying a rider corresponding to 15% and
20% of their BW. Therefore it is a welfare issue to create
knowledge on how the BW of a rider affects physiological
response to exercise in the Icelandic horse.
The aim of the present study was to measure the effect of

increasing BW ratio (BWR) between rider and horse, in the
BWR range common for Icelandic horses (20% to 35%) on
HR, plasma lactate concentration (Lac), BWR at which Lac
equals 4mmol/l (W4), BF and hematocrit (Hct), in Icelandic
horses in tölt. Our hypothesis was that horses would show
higher HR, Lac, Hct and BF, in response to increased BWR.

Material and methods

The study was approved by the National Animal Research
Committee of Iceland.

Horses
In total, eight Icelandic riding horses (four geldings, four
mares), aged 17.0 ± 1.2 years (range 15 to 19 years), with
height at withers 140 ± 2 cm (range 138 to 144 cm), BW
before feeding in the morning 366 ± 15 kg (range 340 to
382 kg; SmartScale 300; Gallagher, New Providence, PA,
USA) and in their summer coat were used in the study. From
January until mid-May, all horses were kept in the same
stable in individual boxes (size 1.95× 3.40m) on permanent
sawdust bedding at the Equine Science Department, Hólar
University College, Saudarkrokur, Iceland. Grass forage was
the main feed and all horses were fed the same feeds, but
according to individual requirements (National Research
Council, 2007) and BCS target 3.0 (scale 1.0 to 5.0) accord-
ing to Stefánsdóttir and Björnsdóttir (2001). Actual BCS was
3.2 ± 0.1 (range 3.00 to 3.25). A mineral and vitamin sup-
plement (70 to 90 g/day; Racing Mineral, Trouw, Ghent,
Belgium) was fed and the horses had free access to salt block
(99% salt). Water was offered from automatic water bowls
(flow ~11 l/min). The horses had all been used by university
students in the same teaching program for 9 months before
the study. For 1 week in May, before starting preparation and
training for the experiment, the horses were kept on pasture
and with free access to big-bale grass forage. When starting
training for the experiment and on the experimental days,
the horses were kept inside in the stable, except for 3 to 4 h
in the afternoon when they grazed on pasture. In the morn-
ings during the training and experimental days, they were
fed ~1 kg of grass forage and had free access to salt block
(99% salt) and automatic water bowls.

Preparation of the horses
In the last 2 weeks before the experiment, the horses were
prepared for the experimental exercise test. The test was

performed in tölt (at 5.4 m/s) and preparations included
adjusting the speed and getting both the horses and the rider
who later rode them in the test accustomed to carrying the
equipment and lead weights. All horses were rested for at
least 3 days before the experiment. The shoes and boots of
all horses complied with the regulations for international
gait competitions with Icelandic horses (International
Federation of Icelandic Horse Associations (FEIF), 2014). All
horses were shod with 8mm shoes on all hooves and had
115 g boots on front hooves.

Rider and saddle
One rider rode all horses. The rider was a 25-year-old female,
65 kg of weight and 177 cm in height, and very lean. She was
a professional rider and riding teacher for Icelandic horses
and had a BSc degree in riding and riding teaching from
Hólar University College. The rider was instructed to ride all
horses in same manner for all BWRs, that is, to sit fully in the
saddle and to use minimal aids to ride the horses in balance
in a clear-beated tölt at the intended speed. The same saddle
was used on all the horses. It was a saddle-type commonly
used and specially designed for Icelandic horses (weight
8.4 kg; Ástund Super; Ástund, Reykjavík, Iceland). The
experimental saddle was specially adapted (by the producing
company Ástund) with three bags tightly fixed to the saddle
tree and sewn to the flaps on both sides, where it was pos-
sible to add up to 10 kg lead weight on each side. Three
saddle pads (1.3, 2.2 and 13.8 kg) and extra heavy stirrups
(4 kg each) were also added when needed to reach the
appropriate weight. In addition, the rider could carry added
weight of up to 15 kg in a vest designed for scuba diving.
Equal amounts of dead weight were added on both sides of
the horse and rider.

Experimental design
A clinical examination was performed before and at 24 and
48 h after the exercise test. The examination included pal-
pation/examination of neck, back and legs, and a whole limb
flexion test (30 s) with a trot up on a concrete floor and walk
and trot in a circle on soft ground. An exercise test with
incrementally increased BWR was performed outdoors at
Hólar University College in Iceland on 2 to 4 of June 2014, on
a 300m oval gravel riding track accepted for gæðinga
competitions (FEIF, 2012). The rider rode on the outer
circumference of the track, which corresponded to a distance
of 321m. Each horse performed the exercise test once and all
exercise tests were ridden on the left hand. The incremental
exercise test was preceded by a warm-up (1.1 ± 0.2 km),
consisting of 5min of walking on a flat gravel surface (1.0 to
1.6m/s) and 5min of slow speed (1.8 to 3.1m/s) in tölt in
circles of different sizes in both directions (clockwise and
counterclockwise) in the middle of the experimental track
area. The exercise test started within 4:18 ± 1:24min:s
(mean ± SD) after the warm-up except for one horse, for
which it started after 9:25min:s because of problems with
the equipment. The incremental exercise test consisted of
five phases each comprising 642m in tölt at a speed
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of 5.4 ± 0.1m/s (mean ± SD), where BWR between rider
(including saddle) and horse started at 20% (BWR20) and
was then increased to 25% (BWR25), 30% (BWR30), 35%
(BWR35) and in the final phase decreased to 20% (BWR20b).
Between phases, the horses were stopped and the rider
dismounted for 5:26 ± 1:13min:s (mean ± SD), to add weight
and for collection of a blood sample.

Data collection and handling
During warm-up, the exercise test, and a 30-min recovery,
the duration was timed with a stopwatch. During the exer-
cise test, the rider was informed, via wireless communication
and an earpiece, after every 107m (one-third of the length of
the track) of the duration for guidance to keep the intended
speed. The riding track had clear markings (bars) every 107m
on the 321m oval track to facilitate adjustment of the speed
and identify start and end of the exercise test. The HR of both
horse and rider (Polar HR Monitor RS800CX; Polar Electro Oy,
Kempele, Finland), speed and distance (Polar G3 GPS sensor,
Polar Electro, Kempele, Finland) were recorded. Global
positioning system (GPS) data were used for estimation of
speed and distance of warm-up, but during the exercise test
the stopwatch speed was used. According to the GPS
manufacturer’s data, the accuracy of distance measurements
was ±2% and of speed measurements ±2 km/h. The HR
monitors were set to record in 1 s mode. All HR recordings
were input to the software Polar ProTrainer 5 Equine Edition
(Polar Electro). Heart rate data from the warm-up, the five
phases of the exercise test, and the 30min recovery were
collected for the horses and from the exercise test for the
rider. During each phase of the exercise test, the average HR
during the last 60 s was used for both the horses and the
rider. However, HR data on two horses for the whole exercise
test and recovery were missing because of technical failure
and for the rider for two exercise tests because of lost con-
nectivity. Resting HR of the horses was taken late at night 2
to 4 days after the exercise tests, and a period of low HR
during 30min was used. Rectal temperature was measured
at rest, at end of exercise test, and at end of 30min
recovery using a digital thermometer (Omron; Hoofddorp,
the Netherlands). Breathing frequency was counted for at
least 15 s at rest, at end of warm-up, at end of each phase
of the exercise test, and at 5, 15 and 30min within the
recovery period.
Height at withers, lowest point of the back, and croup and

circumference of girth, carpus and cannon bone were mea-
sured on the day after finishing the exercise tests. Cannon
bone circumference was measured both at the narrowest
point and the mid-point between carpus and fetlock, on the
left front leg. Body measurements were made using a stick or
a tape and recorded to the nearest 0.5 or 1 cm. Back condi-
tion was scored according to the Henneke scale (score 1 to 9;
Henneke et al., 1983), with the slight modification of using
an accuracy of 0.25 of a score (Figure 1).
The horses in the study were numbered from 1 to 8 and

got the same number in both part I and II of the study.

The weather was recorded every 5min at an automatic
weather station (Model WH-1080; Clas Ohlson, Insjön,
Sweden) located ~1 km from the riding track. The ambient
temperature was 12.1 ± 4°C (daily range 7.6°C to 17.6°C),
the relative humidity 66 ± 16.7% (daily range 42% to 84%),
the wind speed 0.5 ± 0.5m/s (daily range 0.3 to 1.0m/s) and
the average strongest wind speed 1.3 ± 0.9m/s (daily range
1.1 to 2.2m/s); 2 days were dry, but on 1 day 0.3 to 1.2mm/h
rain fell during 3 h.

Blood sampling and blood analysis
The horses were fitted with a catheter (2.0× 105mm,
Intranule; Vygon Sweden AB, Skellefteå, Sweden) in the
jugular vein under local anesthesia (20mg/ml, Xylocaine;
AstraZeneca, Södertälje, Sweden) at least 1 h before starting
the exercise test in the morning, and it was removed on the
same day after the 30-min recovery period. Blood samples
were taken at rest, after warm-up, after each phase of the
exercise test, and after 5, 15 and 30min recovery, using
chilled lithium heparinized tubes (9ml; Vacuette®, Greine
Bio-One, Kremsmuenster, Austria). Two additional blood
samples (only analyzed for Lac, creatine kinase (CK) and
aspartate amino transferase (AST)) were taken by vacutainer
1 and 2 days after the test (after 24 and 48 h). Within 30min,
Hct was analyzed after centrifugation in capillary tubes
(5min, 10 062× g; Heraeus Septech (Biofuge A), Heraeus,
Hanau, Germany). Duplicate analyses were performed and a
mean value used in statistical analyses. The plasma was
separated by centrifugation (10min, 1167× g; Hettich, Tut-
tlingen, Germany) and then stored at −18°C until analysis of
lactate concentration. Plasma lactate concentration was
analyzed using an enzymatic (L-lactate dehydrogenase and
glutamate-pyruvate transaminase) and spectrophotometric
method (Bohehringer Mannheim/R-Biopharm, Darmstadt,
Germany) with a CV of 2.3% according to the manufacturer.
All plasma samples were analyzed in duplicate (CV of ana-
lysis 2.3%). Plasma activity of CK and AST was analyzed for
samples before, at the end of the exercise test, and 1 and
2 days after the test using an enzymatic method (spectro-
photometer, Architect c4000, Abbott Park, IL, USA). The
intra- and inter-assay CV was 0.5% to 1.5% for both CK and
AST in equine serum samples.

Statistical analysis and calculations
Statistical analyses were performed using SAS (version 9.4;
SAS Institute Inc., Cary NC, USA). Normal distribution of the
data was verified with residual plots. The experimental unit
was each horse. PROC MIXED model 1, Yi = µ+ αi+ ei, was
used to analyze differences in physiological responses of the

4 4.5 4.75

Figure 1 Body condition score of the back (place of the saddle), based
on the Henneke scale (Henneke et al., 1983) but modified to an accuracy
of 0.25 of a score (the spot symbolizes the spine).
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horses and HR of the rider between all BWRs (BWR20 to
BWR20b), where Yi is the observation/parameter, µ the mean
value, αi the fixed effect of BWR and ei the residuals.
Correlations between different BWRs for the same horse
were estimated using unstructured covariance. PROC MIXED
model 2, Yi = µ+ αi+ ei, was used to analyze the linear
relationship between physiological responses (HR, BF, Hct)
and BWR20 to BWR35, where Yi is the observation/parameter,
µ the mean value, αi the continuous effect of BWR and ei the
residuals. Correlations between different BWRs for the same
horse were estimated using unstructured covariance. PROC
MIXED model 3, Yi = µ+ αi+ ei, was used to analyze dif-
ferences in physiological responses between all samples from
rest until after 48 h recovery and number of samples ranged
from 3 to 12 depending on physiological variable, where Yi is
the observation/parameter, µ the mean value, αi the fixed
effect of sample and ei the residuals. Correlations between
different samples for the same horse were estimated using
spatial power covariance structure (sp (pow) (time = 0,
14.5, 22, 29.5, 37, 44.5, 52, 57, 67, 82, 1522, 2962min)) and
the two last time points were used for Lac, CK and AST. Data
were presented as least square means with root mean
standard error (RMSE) from model 1 and 3. RMSE was given
for each BWR-group when using model 1. Data for Lac were
log-transformed before analysis with model 3, as variances
of the samples were different and the residuals were not
normally distributed. Back transformed values were pre-
sented. For comparison, Tukey’s test was used and level of

statistical significance was set to P< 0.05 or a tendency if
P< 0.1. PROC CORR and PROC REG were used to examine
the relationship between body measurements and physio-
logical parameters. Microsoft Excel 2010 (Microsoft,
Redmond, WA, USA) was used to calculate the exponential
regressions between BWR and Lac and to estimate W4 for
individual horses and the mean for the group.

Results

Heart rate and hematocrit
Heart rate increased linearly with increasing BWR (P< 0.05;
Figure 2a) and, although HR during BWR35 was numerically
higher than during BWR30, the difference was not significant
(P> 0.05). Heart rate during BWR20b was lower than during
BWR30 and BWR35 (P< 0.05) and not different from during
BWR20 and BWR25 (P > 0.05). Peak HR increased with
increasing BWR (193 ± 8, 195 ± 11, 198 ± 12 and
203 ± 10 beats per minute (b.p.m.) for BWR20, BWR25,
BWR30 and BWR35, respectively), and was higher (P< 0.05)
during BWR35 than BWR20, BWR25 and BWR20b. For indivi-
dual horses, there was a positive linear relationship between
BWR and HR (mean ± SD: r 2 = 0.89 ± 0.10; range 0.77 to
0.99). Both HR and peak HR increased by 7 b.p.m. for every
10% increase in BWR in the range tested (P< 0.01). Heart
rate was back to resting level after 30min recovery (P> 0.05;
Table 1). Hematocrit (%) was not affected by BWR (P> 0.05;
Figure 2b) apart from being lower after BWR20b than after

Figure 2 (a) Heart rate, (b) hematocrit, (c) plasma lactate concentration and (d) breathing frequency (least square means ± root mean standard error)
after five phases (each 642m in tölt) in an incremental exercise test in eight Icelandic horses where the BW ratio between rider and horse started at 20%
(BWR20), was increased to 25% (BWR25), 30% (BWR30) and 35% (BWR35), and then decreased to 20% (BWR20b). Blood samples were collected and
breathing frequency counted at end of each of the five phases. Heart rate was recorded during the last minute of each phase. a,b,c,dSignificantly different
mean value (P< 0.05).
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BWR35 (P< 0.05). Hematocrit was back to resting level after
30min recovery (P> 0.05; Table 1).
Heart rate of the rider was 108 ± 7, 109 ± 6, 111 ± 6,

123 ± 10 and 113 ± 7 b.p.m. for BWR20, BWR25, BWR30,
BWR35 and BWR20b, respectively, and did not differ between
BWRs, but showed a tendency to be higher for BWR35 than
for BWR25 (P = 0.0606).

Plasma lactate concentration
Plasma lactate concentration increased exponentially
when BWR increased from 20% to 35% (Lac = 1.2221×
e0.0524× BWR; r 2 = 0.97; P< 0.05; Figure 2c) and was highest
after BWR35 (P< 0.05; Figure 2c). For individual horses there
was also a strong exponential relationship between BWR
and Lac (range 0.87 to 0.98). BWR at Lac 4mmol/l was
22.7 ± 4.3% (individual range 17.0% to 27.5%). Plasma
lactate concentration decreased after BWR20b compared with
BWR35, but was still higher than after BWR20 and BWR25
(P< 0.05). Plasma lactate concentration was not back to
resting level after 30min recovery (P< 0.001), but was back
after 24 and 48 h (P > 0.05; Table 1).

Breathing frequency and rectal temperature
Breathing frequency increased linearly with increasing BWR
(P< 0.05; Figure 2d) and was not lower after BWR20b than
BWR35 (P > 0.05). Breathing frequency increased by three
breaths per min for every 1% increase in BWR in the range
tested (P< 0.001). Breathing frequency was back to resting
level after 30min recovery (P > 0.05; Table 1). Rectal tem-
perature increased from rest until after end of the exercise
test and had decreased after 30min recovery, but was still
higher than the resting level (P< 0.001; Table 1).

Correlations between physiological parameters and BW,
body condition score and body measurements
There was a positive correlation between back BCS and W4
(r = 0.75; P = 0.032; Figure 3), but no other correlations
between body measurements and W4 were found. Further-
more, back BCS was negatively correlated with Lac

after 15min recovery (r = −0.91; P = 0.0018). There were
negative correlations between Hct (after warm-up, after
BWR20, BWR25 and BWR30, and after 5 and 15min recovery)
and height at withers and at croup, cannon bone and carpus
circumference (range: r = −0.73 to −0.93; P< 0.05). There
were also negative correlations between BW and Hct
(after BWR25 and BWR30) (r = −0.74 and r = −0.81,
respectively; P< 0.05).

Health and levels of creatine kinase and aspartate amino
transferase
All horses were without clinical remarks during palpation
and at walk both before and 1 and 2 days after the test. All
horses except one (horse number 2) were also without clin-
ical remarks at trot before and after the test. The one
exception appeared ʻshort-strided and earth-boundʼ
(although symmetrical) in trot before the test and showed
right hind lameness (<1 degree) on the day after and was
again short-strided and earth-bound 2 days later. In addition,
a temporary tremor was observed in the right quadriceps
muscle of this horse immediately after the BWR35 treatment.
One other horse (number 5) was slightly asymmetrical on trot
at a circle on soft ground 2 days after the test. There were no
differences in the plasma activity of CK after exercise com-
pared to with at rest (Table 1), but AST was higher (P< 0.01)
after 5min recovery than at rest but after 24 and 48 h it was
not different from at rest (Table 1).

Discussion

As hypothesized, the physiological response of the horses
increased as BWR increased from 20% to 35%. These results
are in accordance with the fundamental laws of physics
(Newton’s second law), and also in accordance with results
on weight carrying in other riding horses (Thornton et al.,
1987; Sloet van Oldruitenborgh-Oosterbaan et al., 1995;
Powell et al., 2008). However, to the best of our knowledge
this is the first study to measure the physiological response

Table 1 Physiological responses before, during and after an incremental exercise test in eight mature Icelandic riding horses1

Incremental exercise test Recovery

Item At rest Warm-up BWR20 BWR25 BWR30 BW35 BWR20b 5min 15min 30min 24 h 48 h RMSE

HR (b.p.m.) 36a 145b 187c 191cd 195cd 199d 189c 78e 62f 49a 8
Lac (mmol/l) 0.9a 1.4b 3.6cde 4.1cd 5.7gh 7.9i 5.8g 4.5ch 2.9df 2.3ef 0.9a 0.8a 1.0
Hct (%) 34a 43bc 45bc 45b 46b 45b 44b 42c 38d 36a 2
BF (breaths/min) 15a 38ab 54bcd 69ce 88ef 101f 104f 58bce 42ac 28ad 19
Rectal temperature (°C) 37.5a 39.5b 38.5c 0.3
CK concentration (U/l) 395a 404a 443a 463a 67
AST concentration (U/l) 368a 386b 379ab 394ab 80

BF = breathing frequency; CK = creatine kinase; AST, aspartate amino transferase.
1Values presented as least square means and root mean standard error (RMSE). Samples for plasma lactate concentration (Lac), hematocrit (Hct) and breathing frequency
(BF) were collected at rest, at end of warm-up, at end of five phases (each 642m in tölt) of the exercise test, where the ratio between rider : horse BW started at 20%
(BWR20), was increased to 25% (BWR25), 30% (BWR30) and 35% (BWR35), and then decreased to 20% (BWR20b), and at end of 5, 15, 30min recovery and 24 and 48 h
recovery. Measurements of heart rate (HR) were made during the last minute of the same phases except at rest, where HR was measured at night using a 30-min period
with a low HR. Means within a row with different letters are significantly different (P< 0.05).
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to increased BWR in Icelandic horses and also the first
study to assess a weight threshold at which lactate rapidly
accumulates (W4) in a group of horses. On the basis of our
observations, it is likely that the continuous time at which
these horses could have stayed in tölt (at this same speed)
would have been limited at BWR >23%. However, there was
considerable individual variation in W4 (range 17.5% to
27.5%) despite the use of this uniform group of horses that
had been bred, kept and trained for the same purpose at
the same place (Hólar University College) all their life. This
indicates that individual and genetic factors could have
a substantial effect on W4 and weight carrying capacity.
Interestingly, we found no effect of BW or size on W4, but

the results indicate that back or Musculus longissimus dorsi
conformation could be important for weight carrying ability,
since W4 increased with back BCS. This could indicate that
horses with more ‘muscular’ backs either had support from
more aerobic muscle tissue or that their muscle tissue was
larger or better at metabolizing lactate during exercise. It is
known that the M. longissimus consists mainly of type IIA
and IIX fibers (Gottlieb et al., 1989; Hyytiäinen et al., 2014),
and individual variations in muscle fiber proportion might
affect the metabolic response to exercise. Dobec et al. (1994)
have suggested that the size of the M. longissimus is cor-
related to performance in Standardbred horses (the larger the
better), but this could not be verified by Ringmark et al.
(2015). However, the suggestion that back conformation
affects weight carrying ability is also supported by observa-
tions by Powell et al. (2008), who found that post exercise
muscle soreness was worse in horses with narrower loins. It
would be of interest to collect more data on the relationship
between the muscle conformation of the topline (back, loin
and croup), limbs, trunk (sides of the body) and underline,
and the weight carrying capacity of horses.
It is known that the amount of red blood cells released

from the spleen reflects the intensity of exercise until maxi-
mum splenic contraction is reached (Persson, 1967). Despite
the significant increase in HR, Lac and BF as BWR increased,

there was no increase in Hct in the present study, indicating
that the horses were close to their maximum Hct response
already after BWR20. However, the negative correlations
between exercise Hct and some of the body size measure-
ments indicate that there was an individual response related
to horse size, that is, the smaller the horse, the larger the Hct.
Interestingly, further analysis showed that by dividing the
horses into two groups based on withers height, smaller
horses (⩽140 cm, five horses) had higher (P< 0.05) Hct
values during exercise test and recovery than larger horses
(>140 cm, three horses) (data not shown). This indicates that
smaller horses had higher aerobic capacity, due perhaps
to having been subjected to more intensive training (i.e.,
carrying comparatively heavier weights) than the larger
horses, and accordingly developed a higher Hct. This agrees
with findings by Ringmark et al. (2015), who found that
horses subjected to more high intensity training developed
higher Hct than a group with shorter distances of high
intensity training. The lack of correlation between body size
and W4 could therefore perhaps also have been due to
greater aerobic potential in smaller horses. Nevertheless, the
peak Hct levels observed here were low (mean ± SD:
46 ± 1%) compared with those reported in other breeds
(mean: >60%; Persson, 1983; Evans et al., 1993), but similar
to those observed in Icelandic pace horses (mean ± SD:
44 ± 3%; Stefánsdóttir et al., unpublished data) and in 180
Icelandic mares (4 to 11 years) after performing an intensive
exercise test (mean ± SD: 44 ± 2%; Stefánsdóttir et al.,
2014). Low levels could partly be due to the samples not
being collected during exercise but immediately afterwards,
when Hct might have decreased, as shown by Bayly et al.
(2006) in a study where Hct decreased by 3% from the time
of fatigue until immediately after the end of exercise.
However, peak Hct was still considerably lower than that
observed in Standardbreds sampled in the same way as
in the present study (mean ± SE: 60 ± 1%; Jansson
and Dahlborn, 1999). One explanation could be breed
effects, since spleen weight differs, with racing breeds
(Thoroughbred and Standardbred) having significantly
(P< 0.01) greater relative spleen size than other breeds
(stock types, Arabian and draft types) (Kline and Foreman,
1991). The reason and importance of the comparatively low
Hct values in Icelandic horses need further investigation.
To evaluate the response to weight carrying, a number

of different exercise tests could be performed. Use of an
incremental standardized exercise test, like that used in the
present study, is a widely accepted method for evaluating
physiological responses and fitness in both humans and
horses (Couroucé-Malblanc and Hodgson, 2014; Couroucé-
Malblanc and van Erck-Westergren, 2014). It usually consists
of several bouts of exercise (often 1 to 3min duration per
bout) at increasing speed, after a warm-up, which may or
may not be separated by a period of recovery (Couroucé-
Malblanc and van Erck-Westergren, 2014). Instead of
increasing speed between phases (bouts) in our study, we
kept the same speed and gait but added more weight on the
horse in each phase, thus increasing the workload. It was not
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Figure 3 Relationship between back body condition score of the horses
(BCSback) (Henneke scale 1–9; Henneke et al., 1983) and the BW ratio
between rider and horse at which the horses reached 4mmol/l (W4)
(y = 11.706×− 29.11, r 2 = 0.56).
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the aim of this study to exercise the horses to fatigue, but
rather to evaluate physiological responses to different BWRs.
In order to ‘verify’ that the physiological responses measured
in each phase of the exercise test mainly reflected the carried
weight, and not the accumulated effect of the exercise test,
the 20% BWR was repeated at the end. The HR and Hct
responses to BWR20b were not different from those to
BWR20, which indicates that the physiological response after
each BWR mainly reflected the workload of the BWR just
performed. Plasma lactate concentration also decreased
after BWR20b compared with after BWR35, indicating efficient
recovery (significant aerobic metabolism of lactate). How-
ever, as for incremental exercise tests in general, some minor
cumulative effects could confound the results. For example,
BF did not decrease between BWR35 and BWR20b. It is known
that BF is to some extent limited by stride frequency during
exercise (depending on gait) (Butler et al., 1993) and there-
fore breathing can do more of a catch-up post exercise.
According to our knowledge little is known about how BF is
affected by tölt at different speeds. Breathing can also assist
in cooling the body during exercise, although vasodilation
and sweating are more important (Hodgson, 2014). None-
theless, the RT of the horses was 2°C higher at the end of the
exercise test and still 1°C higher than at rest after 30min
recovery, indicating a substantial need for cooling. However,
to be able to truly evaluate any accumulative effects, an
additional test must be performed where BWR20 is repeated
five times instead of the incremental design.
In our study the aim was to isolate the effect of weight of

the rider and to exclude the effect of riding style. Therefore
one rider rode all the horses and extra weight was added as
lead fixed to the saddle or rider. The extra weight was
intended to follow the movement of the horse or the rider
closely and therefore behave more as live weight rather than
dead weight. Sloet van Oldruitenborgh-Oosterbaan et al.
(1995) did not find differences in the physiological responses
in horses mounted or lead-loaded with equal weight, but
argued that it was important that the dead weight was stable
and followed the movement of the horse. The rider in our
study only needed to carry extra weight in the vest during
BWR35, and although HR of the rider was not different for
different BWRs, it was numerically highest and showed
the greatest SD during BWR35. This might indicate that the
physical intensity of the rider differed most during that BWR.
The reason could be that, according to the rider, the horses
needed more assistance and helping aids in keeping the
correct beat in tölt as the weight increased. However, the
rider did not feel that the horses had less willing attitude or
needed more driving aids with the increased weight. It has
earlier been shown that HR and workload in riders of dres-
sage horses reflected how much the horses needed to be
driven forward (Devienne and Guezennec, 2000).
As discussed earlier, exercise at an intensity where plasma

lactate levels exceed 4mmol/l can only be maintained for
relatively short periods (minutes) without causing fatigue or
reducing performance. This intensity was reached at 25%
BWR in the present study, whereas in a study by Powell et al.

(2008), horses did not reach 4mmol/l until after carrying
30% of their BW. This may reflect differences in the intensity
of the exercise tests, for example, speed and gait, but also
track surface, environmental conditions and fitness of the
horses. Moreover, as already mentioned, the present study
found considerable individual variation in W4 that was
not related to BW or height at withers of the horses.
Garlinghouse and Burrill (1999) also showed that completion
rate among 360 horses in a 160 km endurance race was not
affected by BWR (range 15% to 31%). Altogether, this
highlights the problem with providing general recommen-
dations for how much weight a horse can carry. Thus this
study cannot provide any general answer to the question
asked by practitioners ‘How much weight can an Icelandic
horse carry?’, except to say that the size of the horse is not a
simple and decisive measure of how much weight it can carry
and for how long. Other studies indicate that overall BCS is
more important than BWR for performance (Garlinghouse
and Burrill, 1999) and also that the rider’s balance and
technique (De Cocq et al., 2010) and the coupling between
carrier and load might affect energetic cost (De Cocq and
van Weeren, 2014).
However, in order to answer the question ‘How much

weight can a horse carry?’, it is necessary to decide ‘gold
standard’ parameters to estimate weight carrying capacity,
for example physiological and/or locomotor parameters, or
short-term or long-term assessments. We suggest that long-
term health and locomotion symmetry should be used, since
short-term deviations from normal/symmetrical conditions
might be part of the training adaptation process. However,
further research is needed to relate short- and long-term
physiological responses to long-term health (e.g., back, legs)
and locomotion.
The total distance ridden in our study (4310m; warm-up

plus exercise test) and the speed (5.4m/s) during the exercise
test can reflect a common 1 day exercise for an adult Icelandic
riding horse and the speed was selected as the upper limit of
medium speed when riding tölt in Icelandic horses by leisure
riders. With the exception of Lac and RT, the horses had
recovered within 30min, and CK and AST activity was not
significantly increased from rest at 24 and 48 h recovery,
indicating that the exercise test did not cause any substantial
damage to the muscle tissue (Kingston, 2008). Clinical
examination also showed that the test caused no or very
limited new clinical findings. However, one horse showed
tremor after carrying the heaviest weight and the same
individual appeared ‘short-strided and earth-bound’ before the
test. The importance and link between these observations are
unknown. In the study by Powell et al. (2008), horses which
carried 30% of their body weight for a longer distance than in
our study (6400m, ~3.3m/s) had significantly elevated CK
activity immediately post exercise and 48 h after exercise than
when carrying 15%, 20% and 25% of their body weight
(same exercise test) and a higher score in muscle soreness
and stiffness 24 h post exercise. These results are difficult to
compare with ours and their observations might also have
been affected by the fact that their horses had been rested for
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4 months before the study (Powell et al., 2008) and might
not have been fit enough for the exercise test.
In the present study we did not include an evaluation

where the horses carried no weight at all. This might be of
academic interest but our main focus was to evaluate the
effect of the rider weight. Another reason for excluding the
‘no weight treatment’ was that it is difficult to have horses
in tölt at standard speed without a rider.
It should be noticed that the results from our study are

relevant to Icelandic horses but might not be transferred to
all riding horse breeds or types without caution.
Without doubt, there is a need for further studies on how

BWR affects exercise performance, fatigue, and recovery
after different types of exercise and also how age and
training background (fitness) of horses affect their weight
carrying capacity. We suggest that the type of test used in
this study could be used for evaluation and comparison of
the physiological and metabolic response to weight carrying
in horses (under standardized conditions).

Conclusions

This study showed that increasing the BWR from 20% to 35%
increased HR, Lac, RT and BF responses, in the group of
experienced adult Icelandic riding horses tested here. The horses
mainly worked aerobically until the BWR reached 22.7%, but
considerable individual differences (17.0% to 27.5%) existed
which were not linked to horse size, but to back BCS.
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