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Abstract 
 
Livestock farming with sheep represents an important income stream. With climate change, domestic 

sheep are being exposed to heat stress which can have adverse effects on growth. Here, data regarding sheep 
behaviour in response to high temperature stress was analysed using the Euclidean distance method to integrate 
all variables into a single representative outcome that could summarize sheep behaviour. We studied the effects 
of two shepherding conditions either with or without the provision of shade. The number of animals eating 
grass, ruminating and resting either in the shade or directly in the sun were recorded over one year at two-week 
intervals. As the ideal behaviour (expert’s criteria), the following conditions were considered: maximum 
numbers of animals eating grass, ruminating and resting under shaded conditions were desirable; while the 
numbers of animals ruminating or resting under direct sunlight should be at a minimum. The statistical 
evaluation undertaken integrated these variables to identify the most significant effects of heat stress. Sheep 
spent most of the daylight hours engaged in eating and this activity was more intensive where shaded conditions 
were available. The Euclidean distance calculated for the group of animals maintained under shaded conditions 
was statistically lower (indicating better behaviour). Based on this, it is possible to accurately rank the 
treatments in terms of severity. The analysis indicates that the use of the Euclidean distance could be used to 
summarize a simplified outcome for observational data collected in behavioural studies in response to differing 
climatic conditions. 
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Introduction 
 
Sheep farming (also known as sheep husbandry) represents a lucrative income stream for many farmers. 

The industry is based on small ruminant sheep breeds (Ovis aries) that have been domesticated over time. In 
the global meat market, sheep meat (lamb and mutton) represents an important product (Bhatt and Abbassi, 
2021). Additional products derived from sheep include milk, fibre (from wool), sheepskin and parchment from 
hides. Sheep meat represents one of the four most important meat categories (the others include beef, pork, 
and poultry). Sheep production is labour intensive, and as a result, contributes to employment, particularly in 
developing countries where unemployment rates are high (Karthik et al., 2021).  As with any commercial 
enterprise, a range of sheep breeds have been developed over the years in different countries in order to allow 
for optimal production under the diverse environmental conditions prevalent in different countries (Medjekal 
and Ghadbane, 2021). Specific breeds have been adapted for conditions ranging from the northern European 
highlands (typified by low temperatures with high rainfall) to the humid tropics and dry conditions in Africa, 
Asia and Australasia. In Africa and Asia, indigenous breeds are also reared. Sheep are primarily grazing animals 
that feed on pasture close to the ground; however, supplementation of diets with feed is common. This also 
allows for provision of additional nutrients to ensure that growth is optimized. Sheep can be raised under a 
variety of management systems  depending on the country, environmental conditions encountered and socio-
economic context (FAO, 2020).  

Despite the high demand for meat products, livestock production remains a contributor to greenhouse 
gas emissions. This is as a result of the cumulative emissions from various stages of the value chain. Climate 
change as a consequence of greenhouse gas emissions, and other factors, is a global concern (Sejian et al., 2017) 
and has resulted in adverse weather conditions across the globe, the most prominent being  increased 
temperatures and modifications to rainfall patterns (either high levels of rain or conversely, drought 
conditions). Both abovementioned phenomena affect livestock and agricultural production. In the context of 
animal husbandry, increased surface temperatures can lead to the development of heat stress conditions for the 
domestic animals. This heat stress can have negative effects not only on animal health, but ultimately on feed 
conversion efficiency and ultimate yield in terms of mass/output per animal. Due to the genetic variation 
available in the gene pool of small ruminants, some sheep breeds are available with a reported higher tolerance 
to heat stress than others. These breeds will have an important role to play in the coming years in the context 
of food security when the effects of climate change continue to be exhibited. Considering the above, it is clear 
that there is a need to investigate the limit of heat tolerance livestock and subsequent effects on production 
(Rojas et al., 2017). Hence, the current short communication contributes towards the body of knowledge on 
the investigating the exposure of sheep to high temperature stress.   

Typically, investigations in the field of agricultural science usually involve the measurement of a series 
of morphological, physiological, and biochemical indicators in response to applied conditions. The resulting  
data is then statistically analysed using  univariate tests  such as the T-test, Mann-Whitney U, Analysis of 
Variance (ANOVA), etc. followed by post-hoc tests including Tukey’s HSD, Fisher’s Least Significant 
Difference, Duncan’s Multiple Range Test, etc. (Lorenzo et al., 2015; Silva et al., 2015; Sousa et al., 2015; 
Cerqueira et al., 2016; Reyes et al., 2018). The abovementioned tests work for the intended purposes, however, 
a weakness of such analyses is that they do not account for the integration of effects of experimental treatments 
since each indicator is analysed independently.  Besides these statistical procedures, multivariate methods such 
as  MANOVA, cluster analysis, principal component analysis and discriminant analysis, are well known and 
have been used extensively in agricultural research (Ivanov, 1989). 

Considering the above, we evaluated the application of Euclidean distance for data collected from trials 
investigating sheep behaviour in response to heat stress. Due to its usefulness, Euclidean distance has been used 
in a broad range of studies from pattern recognition in data from different microcomputers and quantitative 
characterization of different oils (Ichino, 1988), to quantification of expression patterns in genes (Tavazoie et 
al., 1999), intelligent control systems (Jafar and Zilouchian, 2001; Fliege et al., 2019), atmospheric studies using 
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spectral identification of gases (Granahan and Sweet, 2001), information retrieval (Kogan, 2007), 
simultaneous selection of several agricultural traits (Gomez-Pando et al., 2009), and plant in vitro culture 
experiments (Lorenzo et al., 2013; Gómez et al., 2018; Villalobos-Olivera et al., 2019). However, to the best of 
our knowledge, the statistical application reported here has not been frequently utilized in studies of sheep 
behaviour in the context of climate change.   

In the present study, data from a sheep behavioural study was subjected to analysis by Euclidean distance. 
Sheep were exposed to two shepherding conditions, viz. the first where sheep had access to shaded conditions 
provided by trees and the second where shaded conditions were absent. There were 12 sheep per group and the 
following behavioural indicators were monitored every 10 min: number of animals eating grass, ruminating, 
and resting either under the shadow of a tree (shaded) or out in the open directly in the sun (un-shaded). These 
activities will indicate whether provision of cooler conditions in the shade will influence sheep behaviour 
during feeding and resting.  Data were recorded over a period of 24 days from 9:00 to 11:50 and 14:00 to 16:50 
on specific days. The abovementioned data were statistically analysed with integrated variables to evaluate the 
most significant effects of heat stress on sheep behaviour. 
 
 

Materials and Methods 
 
Biological material, experimental and sampling design 
For the current study, female sheep  of the Pelibuey race (Perón, 2010) were used. Sheep were two to 

four years old, at reproductive growth stage with each animal weighing approximately 35 to 40 kg. The trial 
was conducted over the course of one year (July 2018 - June 2019). Two shepherding conditions were 
evaluated, i.e. either with access to shade from trees or with no access to shade (un-shaded). A series of 
behavioural indicators was recorded, viz. the number of animals eating, ruminating, and resting in the shade or 
in direct sunlight. There were 12 sheep in each group and results were monitored at 10 minute intervals from 
9:00 - 11:50 and 14:00 - 16:50 over the course of  days (two days per month at two week intervals): 
Observations were made visually as  described by Czacko (1980). When the trial was not in progress, all animals 
remained in pens. While animals were confined, a source of water and feed was provided which was comprised 
of Pennisetum purpureum (50%), Saccharum officinarum (50%) and sodium chloride.  

  
Description of the study site 
The trial was conducted at the “La Orlinda” farm in Ciego de Avila, Cuba (21 52´48.6´´ N, 78 

41´32.6´´ W; 53 meters above sea level). The soil was a typical, lixiviated, yellow and quarzitic ferralytic type. 
Average ambient temperature conditions ranged from a minimum of 19.7 °C to a maximum of 33.4 °C. The 
relative humidity was between 72 and 97% with 600-800 mm of rainfall per year (Meteorological Centre of 
Ciego de Avila Province, 2019). For the two treatments described above, the animals roamed on 2 ha of land. 
The main grasses that grew on this land were Paspalum notatum (45% coverage), Bothriochloa pertusa and 
Dichanthium caricosum (with a combined coverage of 40%). The remaining 15% was comprised of Sporobolus 
indicus and Sida rhombifolia. In order to provide shade under the experimental conditions, 10 adult trees of 
Casuarina esquiselifolia and five of Samanea saman were grown. 

 
Qualitative analysis and statistical procedures 
 All data generated were statistically analysed using SPSS (Version 8.0 for Windows, SPSS Inc., New 

York, NY) to perform T-tests (p=0.05). Moreover, to identify the most significant integrated effects of heat 
stress on sheep behaviour, the Euclidean distances to the expert´s criteria were calculated. As the ideal 
behaviour (expert´s criteria), and based on literature (López et al., 2015), the following conditions were 
considered: the total number of animals eating, and ruminating and resting in the shade or in direct sunlight.  
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A database of observations was made in Microsoft Excel. Data were then standardized with 0 to 1 by the 
min-max normalization method (Kantardzic, 2003). Following identification of the min and max values for 
each variable, a formula was applied to standardize the data: (Value to be normalized – Min value observed in 
the experiment) / (Max value observed in the experiment - Min value observed in the experiment).  The square 
difference between the standardized observed values in the treatments and the expert’s criteria were then 
calculated. Euclidean distances were also computed.  

 
 
Results and Discussion 
 
The present study used observational data to evaluate the response of sheep to heat stress. Under the 

shaded conditions, trees provided shade and reduced temperatures while under the heat stress conditions, sheep 
did not have access to shade. Behavioural attributes relating to eating, ruminating, and resting were monitored. 
The results indicated that during the observational period (from 9:00 until 16:50), animals devoted most of 
their time to eating rather than resting (Table 1). Furthermore, animals preferred to eat under shaded 
conditions (9.9 out of 12) rather than in the direct sunlight (7.7 animals out of 12). This is not unexpected as 
exposure to high temperatures can affect social and feeding behaviour. Increases in body temperature could 
result in more energy being expended for thermoregulation ultimately leading to reduced production capacity. 
The lower temperatures provided by shading, avoids this scenario.   

As expected, animals preferred shadow to ruminate and rest. Our results indicated that these four 
activities have less importance to animals compared to eating grasses (Table 1). In brief, animal behaviour seems 
to be better where tree shadow was available.          

As discussed above, an overview of the effect of the provision of shaded conditions on sheep behaviour 
is depicted in Table 1. For the initial statistical analysis, each dependent variable was analysed separately, giving 
a broad insight into the responses induced by the treatment (i.e. provision of shade or lack thereof). However, 
there are inherent weaknesses with this method which limits the interpretation of the results obtained. For 
example, the contribution of experimental noise and the sensitivity of individual measurements can influence 
the analysis which will ultimately lead to challenges in using such methods to rank the treatments in terms of 
severity. In order to overcome these weaknesses, a more holistic analysis method is required; therefore, we 
combined all measurements and calculated Euclidean distances in order to integrate results (Figure 1).  

 
Table 1. Number of animals eating grass, ruminating under shaded conditions or directly under the sun, 
and resting under shaded conditions or directly under the sun  

 Eating grasses 
Ruminating 
under tree 

shadow 

Ruminating 
under sun 
radiation 

Resting 
under tree 

shadow 

Resting 
under sun 
radiation 

Tree shadow available: 10 adult 
trees of Casuarina esquiselifolia and 

five of Samanea saman in 2 ha. 
9.0 ± 0.1 a 0.7 ± 0.1 a 0.0 ± 0.0 b 2.0 ± 0.1 a 0.0 ± 0.0 b 

Shadow not available in 2 ha. 7.7 ± 0.1 b 0.0 ± 0.0 b 0.7 ± 0.0 a 0.0 ± 0.0 b 3.2 ± 0.1 a 
Results with the same letter are not statistically different (t-test, p > 0.05). 
(values represent average ± SE).   

 
Figure 1a describes the method used to calculate Euclidean distances. Figure 1b shows the graphical 

illustration of the outcome of the calculation of the Euclidean distance from each group of animals to the 
expert’s criteria. These results indicate that after consideration of all indicators recorded, the Euclidean distance 
calculated for the group of animals maintained under shaded conditions was statistically lower (indicative of 
better behaviour) than that of those animals under un-shaded conditions. Hence, the preferred behaviour 
would be for sheep to seek shaded conditions. Based on Euclidian distances relative to the ideal physiological 
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status (expert’s criteria); it was shown that it is possible to accurately rank the treatments in terms of severity 
(Figure 1b). 

 

Figure 1. Calculation of the Euclidean distance from each shepherding condition to the expert´s criteria. 
a. Formula to calculate the Euclidean distances. b. Averaged Euclidean distances in each shepherding condition to the 
expert criteria. Results with different letters are statistically different (t-test, p > 0.05). Vertical bars represent SE.  The 
lower the Euclidean distance to the expert´s criteria, the better for animals. 
Original data were standardized with 0 to 1 by the min-max normalization (Kantardzic 2003).  Min and max values of 
each variable were identified and then the following formula was used to standardize data: (Value to be normalized – 
Min value observed in the experiment) / (Max value observed in the experiment – Min value observed in the 
experiment).  
After standardization of all data (n=1728 observations (24 days x 864 observations per day x 2 shepherding conditions 
(with or without tree shadow)), the Euclidean distance to the expert´s criteria were calculated according to the above 
formula. 

 
Prior to calculation of Euclidean distances (Figure 1a), it is necessary to standardize variables in order to 

prevent certain features from dominating distance determinations, simply by having large numerical values 
(Duda et al., 2001; Kantardzic, 2003). The following was considered as the ideal physiological status (expert’s 
criteria) to calculate the Euclidean distances (López et al., 2015): maximum number of animals eating grasses, 
ruminating under shadow, and resting under shadow; while the number of animals ruminating or resting under 
direct radiation should be at a minimum.  

By definition, the equation shown in Figure 1a implies that the Euclidian distance tends to increase with 
an increasing number of parameters. Hence, the number of recorded variables should be the same for all 
treatments and the traits measured should be quantitative. Theoretically, the number of variables that can be 
evaluated is limitless. Apart from assessment of Euclidean distances, there are alternative methods available that 
can be used to graphically demonstrate distances among treatments, e.g.  Biplot metrics or non-dimensional 
scaling (NMDS). For multivariate data, a biplot can be used to present the different elements of a data matrix, 
i.e. samples are displayed as points while variables are displayed as vectors.  In contrast, for the NMDS method, 
the goal is to display data in multidimensional space as accurately as possible using a limited number of 
dimensions that allows for easy plotting and visualization. The NMDS technique relies on rank orders 
(distances) for ordination (i.e. non-metric). The use of distances overcomes some of the issues associated with 
using predictor variables alone (e.g. sensitivity to transformation). The NMDS method is regarded as being 
flexible as it is amenable to a variety of data types (Chapman et al., 2001; Gabriel, 2002; Krzanowski, 2004; 
Faria and Demetrio, 2008; Blasius et al., 2009).  
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Conclusions 
 
The Euclidean distance has been extensively used in different scientific fields, but in this study has been 

used to integrate sheep response parameters to heat stress. The analysis indicates that the use of the Euclidean 
distance could contribute to establishing a more integrated evaluation of the contrasting climatic conditions. 
It can also be used as a non-dimensional indicator when comparing different growth environmental conditions.  
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