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ABSTRACT 
The objective of this study was to examine the endurance of five- and six-year-old horses 
raised and kept close to natural living conditions and ridden for the first time well into their 
fifth year of age. Horses were submitted to a standardized exercise test (SET) to calculate 
their v4 (velocity run under defined conditions inducing 4 mmol/L of blood lactate 
concentration (LA)) and v180 (velocity run under defined conditions inducing a heart rate of 
180 beats/min). The test consisted of up to five consecutive intervals at increasing speed until 
the blood LA of a horse increased above 4 mmol/L. The blood LA measured after each 
interval was plotted exponentially against running speed to derive v4 from the blood lactate–
running speed relationship, and the mean heart rate during the intervals was plotted linearly 
against running speed to derive v180 from the heart rate–running speed relationship. The 
following were examined: 1) the development of the endurance variables of five-year-old 
horses during one year through measurements in September and in the following July and 
September; the comparison of endurance variables 2) between five- and six-year-olds; 3) 
between six-year-olds on consecutive years; and 4) between six-year-olds and foreign horses. 
The results showed that: 1) there were no changes of either variable during one year (P > 
0.05); 2) there were no significant differences between five- and six-year-olds (P > 0.05); 3) 
no significant differences between six-year-old groups (P > 005); and 4) foreign horses had 
higher v4 and v180 values than six-year-olds (P = 0.0001 and P = 0.003, respectively). There 
was no significant relationship between v4 and v180 (n = 42; P > 0.05; r2 = 0.02). In 
conclusion, one additional year on pasture in multi-age herds did not increase endurance 
variables of five-year-old horses. Thus, the endurance appeared to be consolidated in these 
horses at the age of five years and additional training seems to be necessary to increase it. 
 
Keywords: Behavior; Growth; Husbandry; Pasture; Management  

 
1. Introduction 

 In Europe, horses are kept mainly for leisure and sports. Their welfare has become of 
paramount importance for society. Horses in freedom graze for a large proportion of the day, 
move for up to 10% of their daily time budget, mostly at a slow walk, and can constantly 
interact socially [1–3]. However, the traditional management of horses kept in Europe is very 
different. Most horses are kept individually and indoors with at least reduced social contacts. 
Further, they are denied the chance to move freely during the whole day and are fed a lot of 
concentrates [1,2,4–8]. Restricted space availability, costs, tradition, and the belief that horses 
kept in groups outdoors are more prone for injuries appear to be important reasons for this 
type of management [7–9]. This despite many studies demonstrating the benefits of keeping 
horses outdoors and in groups. Under such conditions, horses are healthier and have less 
behavioral disorders [6,10–14], are easier to handle, need less time to learn riding tasks, and 
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bite their trainers less frequently than stall housed horses [14-16]. Connysson et al. [9] 
observed that a free-range housing system hastened recovery in Standardbred trotters, had 
positive effects on their appetite, and on recovery of energy balance. Finally, it has been 
reported that there is no greater risk of injuries than for horses kept in boxes [13,17]. 
 This study is part of a project aiming to understand the influence of an enriched 
natural environment on the development of four- to six-year-old horses bred for leisure and 
sports, raised and kept close to natural living conditions: in large social groups, year-round 
outdoor life (pastures, large stabling), and fed on low-energy food only (i.e. grass, fodder; no 
concentrates). These horses are broken-in and ridden for the first time when they are well into 
their fifth year of age; thus, when growth in horses is close to coming to an end [18,19].  
The purpose of this part of the study was to examine the effect of this management system on 
the endurance of the horses. For this purpose, they needed to be ridden and this is why they 
were first tested first late, when they were five-years-old, after receiving minimal schooling to 
be able to understand the leads of riders.  
 Two variables were determined to objectively assess the endurance of the horses: v4 
and v180 (v4 = velocity run under defined conditions inducing a blood lactate concentration of 
4 mmol/L; v180 = velocity run under defined conditions inducing 180 beats/min). Both 
variables are widely used to diagnose the level of performance of horses and the effects of 
conditioning [20–28]. 
 We hypothesized that the endurance of the five-year-old horses would: 1) change over 
the course of one year moving freely with the herd; 2) be different from that of six-year-olds 
raised under the same conditions; 3) be lower than that of horses in training for sports. 
 

2. Material and Methods 
  
2.1  Horses 
  
 The horses involved in this study were continuously monitored by equine veterinarians 
and the owner consented to all procedures and disclosure of the findings. The stud was 
established more than 20 years ago. All horses were French Saddlebreds (Selle Française) and 
bred for pleasure riding and show jumping. All horses were born at the stud and raised in 
multi-age groups of 20 to 60 horses until sold. All groups lived in large outdoor pastures. 
During winter, they were still housed in groups in the large outdoor pastures or in smaller 
pastures with a large collective stable. They were fed with grass plus eventually a complement 
of forage all year long when needed. Water was provided ad libitum. All horses were 
vaccinated, dewormed, and had their feet trimmed regularly. Their teeth were checked at least 
once per year. Horses were broken-in in late summer to early autumn when five-years-old. 
 For the project, the v4 and v180 values of 17 five- and 24 six-year-old horses were 
determined (Table 1). Eleven of the six-year-old horses were also tested when they were five-
years-old.  
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Table 1 
Five- and six-year-old horses included in the studies on the development and comparisons of 
v4 and v180 (Total number (Mares/Geldings)) 

Study Variable 5-year-olds 6-year-olds Foreign horses 
Development  
for one year 

v4 
v180 

11 (8/3) 
7 (7/0) 

- 
- 

- 
- 

Comparison between 5-  
and 6-year-olds 

v4 16(10/6) 18 (7/11) - 
v180 16 (10/6) 12 (6/6) - 

Comparison between 6-year-
olds 

v4 - 2016 10 (3/7) 
2017 8 (4/4) 

- 

v180 - 2016 7 (2/5) 
2017 5 (4/1) 

- 

Comparison between 6-year-
olds and foreign horses 

v4 - 22 (11/11) 13 (4/9) 
v180 - 16 (10/6) 9 (1/8) 

v4 = Velocity run under defined conditions inducing a blood lactate concentration of 4 
mmol/L 
v180 = Velocity run under defined conditions inducing 180 beats/min 
The number of v180 values was lower than v4 because of missing data during the exercise tests 
 
The five-year-olds were ridden for the first time in mid-July, seven weeks before the 
endurance test. For this purpose, they were schooled to be ridden straight and on loops at 
walk, trot, and canter (Figure 1). The intention of the schooling activities was to teach the 
horses to understand the leads of a rider, not to improve their endurance or any other physical 
capacity. There was no strict schooling regime. The type and number of activities done per 
week was fully dependent on the reaction of the horses. Each type of activity had a duration 
of approximately five minutes, but the exercise outdoors at walk and trot lasted about 20 
minutes in total and was introduced in the fourth schooling week. Horses were walked and 
trotted without rider on the lead and lunge at the beginning of the schooling period. Ridden 
walk, trot, and canter were introduced stepwise and in the fourth week horses were being 
exercised five times per week at walk, trot, and canter consecutively (5 minutes each). In the 
sixth week, horses were exercised on two days only. 

 
 
Fig. 1. Number of schooling activities for five-year-old horses naïve to riding, to be prepared 
for riding during an endurance test (8 horses; means ± standard deviation)  
 
 Following the endurance test, horses were not ridden until 10 months later, as six-
year-olds. Then, their endurance was examined twice with seven weeks in between. The first 
examination was done mid-July, the second one seven weeks after.  
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 4 

 The six-year-olds had a similar preparation for the endurance test mid-July as when 
five-years-old. Between the two endurance tests they were ridden in weeks 2, 4, 6, and 7 only, 
as shown in Figure 2. The number of riding days increased over the weeks. During an 
exercise session, horses walked for five minutes, trotted for ten minutes, and were cantered 
for another five minutes.  

 
Fig. 2. Number of diverse activities for riding six-year-old horses between endurance tests (9 
horses; means ± standard deviation) 
 
 Foreign horses: The owners of a total of 13 horses, not belonging to the stud, accepted 
the invitation to have their horses tested with the same endurance test and under the same 
conditions as the five- and six-year-old horses of the stud. The owners were fully aware of the 
procedures used and interested in the results for the conditioning of their horses. The age, 
gender, and use of their horses are documented in Table 2. 
 
Table 2 
Foreign horses that performed the endurance test 

Horse Age years Gender Use 
1 8 Mare Eventing 
2 8 Gelding Eventing 
3 7 Mare Eventing 
4 10 Gelding Jumping 
5 8 Gelding Eventing 
6 6 Gelding Jumping 
7 9 Gelding Eventing 
8 6 Gelding Horseball 
9 11 Gelding Horseball 
10 6 Gelding Eventing 
11 4 Gelding Eventing 
12 9 Gelding School horse 
13 4 Gelding Eventing 

 
2.2 Track and endurance test prescription 

 The horses were tested on a 130 m long indoor sandy riding arena. The length of the 
laps was determined with a distance measuring wheel. The riding path was marked for the 
riders with red traffic cones. The standardized exercise test (SET) consisted of a maximum of 
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five intervals at 3.3 m/s, 4.6 m/s, 5.9 m/s, 7.2 m/s, and 8.7 m/s each. The duration of intervals 
was between 3–6 minutes. Horses ran a defined number of laps in each interval to reach the 
prescribed durations (Table 3). The increase of speed from interval to interval was such that a 
continuous increase of the blood lactate concentration (LA) from the concentration before 
exercise but after warm-up to 4 or more mmol/L was obtained in not less than four intervals. 
This was done to have at least four values to describe the blood lactate-running speed curve 
and to run the horses as slow as possible to obtain the 4 mmol/L of blood LA. The SET was 
discontinued when the blood LA of the horses was at or above 4 mmol/L (determined on site 
with Accusport¥; Roche Diagnostics, Mannheim, Germany; [29]. The running speed was 
determined with a stop-watch by dividing the measured time through the distance run. 
Table 3 
Standardized exercise test prescription. Length of one lap was 130 meters 

Interval Speed 
m/s 

Number 
of laps 

Total duration 
s 

1 3.3 9 351 
2 4.6 12 336 
3 5.9 14 308 
4 7.2 17 306 
5 8.7 15 210 

 
 Horses were warmed up for about ten minutes in the arena at all gaits. Horses started and 
finished an interval always at the same place. Intervals were separated by the time it took to 
sample blood, in general less than one minute. The direction in which the horses ran the 
intervals was alternated among intervals. Before the test but after warm-up and within 30 sec 
after each interval, blood samples were collected for determination of the blood LA by 
puncture of the jugular vein into Li-heparinized evacuated tubes (Becton Dickinson, 
Heidelberg, Germany). The v4 was calculated from the blood lactate–running speed 
relationship by exponential regression analysis with the measured blood LA and a stop-watch 
determined running speed for each interval of the SET [30].  
 
2.3  Heart rate measurement 
 
  Commercially available heart rate (HR) meters were used for the HR measurements 
(Polar M400 Equine, Polar Electro GmbH, Buettelbronn, Germany). The HR meters were 
attached to the thorax of the horses according to the manufacturer’s instructions. The HR was 
recorded at 5 s intervals. The data recorded by the HR meter were transferred to a computer 
for analysis with Polar Equine Software (Polar Electro, Finland). The mean HR during each 
interval was plotted linearly against the speed of the interval and v180 calculated from this 
relation (v180 = velocity run under defined conditions inducing 180 beats/min). The number of 
v180 values was lower than the number of v4 values because of missing data from the HR 
meter recordings. 
 
2.4  Data analyses 

 
 All statistics were run on Statview 5.0 (SAS, Cary, NC, USA). The normality of the 
data was confirmed using the Kolmogorov–Smirnov test. All data are expressed as means ± 
standard deviation (SD). Analysis of variance (ANOVA) for repeated measurements was 
applied to determine whether there were differences among measurements over time. When a 
significant F ratio was achieved with the level of significance fixed at P < 0.05, post hoc 
comparisons were accomplished via Fisher’s least significant test to locate specific significant 
differences. The comparison of the means of the endurance variables between five- and six-
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year-olds, between six-year-olds in two consecutive years and between the six-year-olds and 
foreign horses was accomplished through one-way ANOVA. The significance level was set at 
P < 0.05. 
 
 

3. Results 
 
3.1  Development of the v4 and v180 of five-year-old horses within one year  
 
 The mean values of v4 and v180 of the five-year-old horses at the time of the first 
endurance test were not significantly different 10 and 12 months thereafter (P > 0.05). 
 

 
Fig. 3. Development of v4 of five-year-old horses for one year (11 horses; means ± SD; P > 
0.05)  
 

 
Fig. 4. Development of v180 of five-year-old horses for one year (7 horses; means ± SD; P > 
0.05)  
 
 
3.2 Comparison of v4 and v180 between five- and six-year-old horses (means ± SD) 
 
 The v4 and v180 values were not different between the five- and six-year-old horses 
(Figures 5 and 6; both P > 0.05). 
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Fig. 5. Comparison of v4 between five- and six-year-old horses (16 and 27 horses 
respectively; means ± SD; P > 0.05) 
 

 
Fig. 6. Comparison of v180 between five- and six-year-old horses (16 and 17 horses 
respectively; means ± SD; P > 0.05) 
 
 
3.3 Comparison of v4 and v180 between six-year-old horses in two consecutive years 
 
 The v4 and v180 values did not differ significantly between six-year-old horse groups 
measured in consecutive years (Figures 7 and 8; both P > 0.05). 
 

 
Fig. 7. Comparison of v4 between six-year-old horses in two consecutive years (10 and 8 
horses in 2016 and 2017, respectively; means ± SD; P > 0.05) 
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 8 

 
Fig. 8. Comparison of v180 between six-years-old horses in two consecutive years (7 and 5 
horses in 2016 and 2017, respectively; means ± SD; P > 005) 
 
 
3.4 Relationship between v4 and v180 
 
 The relationship between v4 and v180 of five- and six-year-old horses was not 
significant (both P > 0.05). Therefore, all data were pooled, but the relationship remained 
non-significant (Figure 9; n = 42; P > 0.05; r2 = 0.02). 
 

 
Fig. 9. Relationship between v4 and v180 of five- and six-year-old horses (n = 42; P > 0.05; r2 
= 0.02) 
 
 
3.5 Comparison of v4 and v180 between six-year-old and foreign horses 
 
 The tested foreign horses were significantly older than the six-year-old horses of the 
stud (P = 0.003; 7.39 ± 2.14 years). The foreign horses had higher v4 and v180 values than the 
six-year-old horses (P = 0.0001 and P = 0.003, respectively; Figures 10 and 11). 

 
Fig. 10. Comparison of v4 (m/s) between six-year-old and foreign horses (24 and 13 horses, 
respectively; mean ± SD; P = 0.0001) 
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Fig. 11. Comparison of v180 (m/s) between six-year-old and foreign horses (17 and 9 horses, 
respectively; means ± SD; P = 0.003) 
 

4. Discussion 
 
 The stud in which this study was conducted breeds horses for pleasure riding and 
sports such as show jumping. Their goal is to sell the horses competing with the large 
majority of breeders who keep horses individually and indoors with reduced social contacts, 
without the chance to move freely during the whole day and being fed concentrates [1, 2,4–8]. 
In contrast, the studied horses are raised in large social groups, kept outdoors year-round on 
large pastures, and were fed on low-energy food; thus, very close to natural living conditions 
[1]. Many studies have shown the benefits of such a management system on the health of 
horses, on their behavior and rehabilitation after intense exercise, ease of handling, and ability 
to learn tasks [5,6,9–14,17]. This is why this project was started to describe the influence of 
an enriched natural environment on the development of young horses. A preliminary report of 
the behavior data shows that the socialization of the horses was not finished at the age of four 
years [31].  
 Another aspect that differs markedly from the conventional management of horses was 
that the stud owners allowed their horses to be broken-in and ridden for the first time when 
they were well into their fifth year of age; thus when, according to literature, their growth is 
close to or has come to an end already [18,19]. 
 Overall there are not many scientific publications on the effect of management 
systems on the endurance of horses. Graham-Thiers and Bowen [32] demonstrated that horses 
kept for 14 weeks on pasture only remained as fit as horses kept stalled during the day and 
with paddock turnout at night and given additional exercise, while horses kept stalled during 
the day and with paddock turnout at night only lost fitness. Their results were based on the 
behavior of plasma LA and HR measurements during a SET. However, their most important 
finding was that the horses kept on pasture had the highest lateral density of the third 
metacarpal bone. Horses kept on pasture moved twice as much as the horses in the other 
groups. The age of the horses was not stated, but most likely they were mature because they 
were used in a college riding program before being enrolled in the study. The benefit on 
muscle, bone, tendon, and fitness development of horses kept all day on pasture compared to 
horses kept in stalls with reduced access or no access to free movement was documented by 
Rietbroek et al. [33] and Voswinkel [34]. Both studies were conducted with growing horses. 
 
 In the present study, the v4 and v180 of the five-year-old horses were not different from 
those obtained from the same horses 10 and 12 months after the first measurement or of the 
six-year-olds. This allows the assumption that the endurance of these horses developed to a 
maximum until the age of five years under the prevailing conditions. The activity data 
collected for these horses showed that, independent of their ages, the four-, five- and six-year-
old horses spent most of their time grazing (with or without walking, 53.0% ± 10.6), then 
resting (36.3% ± 9.78), and then moving (4.90% ± 2.24 excluding grazing while walking). 
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This implies that the horses spent a great amount of time moving, especially while foraging or 
grazing (“active grazing”), exhibiting a long non-intense locomotor activity during a large 
part of the day [35]. The five-year-olds spent significantly more time resting and less time 
feeding than the six-year-olds. 
 Not unexpectedly the foreign horses had higher v4 and v180 values than the six-year-
olds. Certainly, age could have affected this result because the mean age of the foreign horses 
was higher than of the six-year-olds. However, because both horse groups were mature by the 
time of the endurance tests it is more likely that the higher values of the foreign horses were 
due to conditioning for their different uses. Another factor that could have influenced the 
values of the endurance variables was that the six-year-olds were relatively naïve to riding 
and therefore their moving efficiency might have been lower than that of horses used to being 
ridden regularly. The gait characteristics of the six-year-olds were measured too and there was 
no obvious indication that this was the case (Lindner, unpublished). Comparison of the v4 and 
v180 values determined in this study with those of other studies is not possible because both 
variables depend on complete standardization [36]. 
 The v4 was selected as the variable to determine the endurance of the horses because it 
is the variable that is most often shown to be associated with sportive performance of horses 
[26], including endurance racing [27,37-39], and has been used for some time to examine the 
effect of conditioning. Increases are considered to show a positive effect of conditioning 
[21,22,40,41,42]. The v180 or v200 have frequently been determined for the same purpose [20], 
but often without showing a relationship with the sportive performance or endurance of horses 
as the v4 has done [24,26,43,44] or with the effects of conditioning [23,25]. Evans [45] stated, 
in his review on the cardiovascular system of horses, that HR during submaximal exercise is 
an unreliable index of fitness in horses. This may be because of the smaller range of 
adaptation to conditioning than blood LA and be an explanation for the few publications 
describing a positive relationship between v4 and v200 [20,24] compared to others supporting 
the findings of this study [26,43].  
 

5. Conclusions 
 
 The endurance of the horses raised on pasture in multi-age herds was stable between 
five- and six-year-olds and did not change within one year in the five-year-olds. It was lower 
than that of older foreign horses tested under the same conditions. This indicates that keeping 
horses on pasture all day in multi-age herds alone is insufficient to increase their endurance 
and that they would benefit from additional exercise to improve it. 
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Animal welfare statement 
The horses involved in this study were continuously monitored by equine veterinarians and 
the owner consented to all procedures and disclosure of the findings. 
The owners of a total of 13 horses, not belonging to the stud, accepted the invitation to have 
their horses tested with the same endurance test and under the same conditions as the five- 
and six-year-old horses of the stud. The owners were fully aware of the procedures used and 
interested in the results for the conditioning of their horses. 
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