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Abstract
The grazing activities of indigenous sheep of the greek breed »Serres« was investigated in 
a typical lowland, and in a mountainous pasture in northern Greece during the vegetative 
period (April-October) of 2008. Grazing time, resting and ruminating time, distance travel 
and air temperature in relation to pasturing month and altitude were examined. It was 
remarked significant effect (P<0.001) of the pasturing month on grazing time, and resting 
time of sheep. Mean grazing time was greater in the lowland (315.71 min/day ±4.57) than in 
the mountainous pasture (283.57 min/day ±4.79). On the contrary, the resting time and the 
distance travel of sheep were shorter in the lowland pasture. The resting time had significant 
(P<0.01) positive relationship to air temperature (r=0.777). 

Keywords: grazing activity, vegetative period, sheep breed »Serres«, lowland pasture,   
 mountainous pasture, northern Greece

Zusammenfassung 
Weideverhalten der griechischen Schafrasse »Serres« auf 
Tiefland- und Bergweide in Nordgriechenland

Im Jahr 2008 erfolgten in den Monaten April bis Oktober Beobachtungen des Weideverhalten 
von Schafen unter den Bedingungen des Tieflandes als auch im Gebirge Nordgriechenlands. 
Bei den Herden der einheimischen Schafrasse »Serres« wurden die Weideaktivitäten Fresszeit, 
Ruhezeit, Wegstrecke, und Zeit des Wiederkauens je Tag erfasst und hinsichtlich Weidemonat 
und Untersuchungsstandort ausgewertet. Signifikante Beziehungen ergaben sich bei allen 
Merkmalen zum Weidemonat. Die mittleren Weidezeiten im Tiefland betrugen 315,7±4,6 
Min/Tag bei der Gebirgsweide 283,6±4,8 Min/Tag. Im Gegensatz zu dieser Beobachtung 
waren die Wegstrecken und die Ruhezeiten in der Tieflandweide kürzer. Für die Ruhezeiten 
ergaben sich mit r=+0,777 signifikante Beziehungen zur Lufttemperatur. 

Schlüsselwörter: Weideverhalten, Vegetationsperiode, Schafrasse Serres, Tieflandweide,
  Bergweide, Nordgriechenland
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Introduction 
Pastures are complex ecosystems upon which livestock production depends. One common 
element, however, is that they comprise a wide range of species (Kemp et al. 2003). Lowland 
pastures are located in plain and hilly areas; they are grazed during winter or the major part 
of the year (Sarlis 1998). They are dominated by annual plants, and they characterized by the 
high amount of legumes and forbs. Mountainous pastures, which located up to 600 m, are 
characterized by a rough topography and great variability of plant communities and herbage 
cover (Aldezabal et al. 1999). Their flora composed mainly by perennial grasses and glass-like 
plants as well as of some forbs and shrubs. They are grazed seasonally, from mid- spring 
to autumn, while they are covered by snow during winter (Sarlis 1998). However, in recent 
years changes in land use in Europe has caused a reduction in lowland pastures biodiversity, 
whereas many traditionally managed mountain pastures are still species- rich (Spiegelberger 
et al. 2006).

Grazed pastures represent a specific, but synthetic ecological system with crucial 
dependent variables such as nutrition and environmental controls influencing the dominant 
plant and animal species (Squires 1975). In recent years, it has been increasingly realized that 
grazing of sheep considerably contributes to a sustainable management of agricultural areas 
and to landscape preservation (Brüne & Stumpf 2004, Seibert et al. 2004, Fischer et al. 2007).

Sheep production constitutes a major agricultural activity in the Mediterranean basin and 
plays an important role from an economic, cultural, ecological and environmental point of 
view (Zervas et al. 1996). The existing sheep production systems in Greece (Yiakoulaki et al. 
2003) are based on traditional grazing of communal natural grasslands, which can provide 
herbage to animals only for 6-7 months during the year (spring-autumn in the lowland and 
summer in the highland).

Apart from performance characteristics and ethological specifics, the origin of the animal 
populations concerned, i.e. natural site conditions at their places of origin including such 
factors as climate, soil characteristics, and fodder as well as the development of certain 
external characteristics, can be of decisive significance for the assessment of ecological 
performance potentials (Fischer et al. 2007). 

According to the data given by the Animal Breeding Center Of Thessaloniki (2004), the 
total populations of indigenous sheep of the greek breed »Serres« numbers only 6 647. That 
is why they are threatened in disappearing and should be under protection. Their general 
morphological characteristics are the white uniform fleece, the black bare head and legs 
with coloured spots and the short neck and belly. Their ears are of medium-size, horizontal 
or slightly drooping and tassels are often present on the neck.They are fully adapted to the 
topographic and climatic conditions of local pastures.

For a better management of the sheep flocks and choice of the appropriate production 
methods, conditions in the breeding environment have to be well-known. Even more 
important is to know the behavior of animals in such or similar conditions (Bojkovski et al. 
2006).

Most of the conducted studies on grazing animals and their behavioral aspects were 
correlated with climate (Strittmatter 2001, Bojkovski et al. 2006, Chrupek et al. 2006, Fischer 
et al. 2008) and time spend for activities such as grazing time (Arnold & Dudzinski 1978), 
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distance travel (Warren & Mysterud 1991, Fischer et al. 2008), resting time (Hinch et al. 1992, 
Bojkovski et al. 2006) and rumination time (Arnold 1960, Ashutosh Dhanda & Singh 2002).

The objective of this study was to investigate the grazing activities of indigenous sheep 
of the greek breed »Serres« in a typical lowland and in a mountainous pasture in northern 
Greece during a 7-month grazing period. 

Material and methods
Study area

The present study was carried out during the year of 2008 in a typical lowland and in a 
mountainous pasture of the Prefecture of Serres, northern Greece (Picture). The pasture in 
the lowlands elevated 55 m above sea level (40 57.515 Ν - 23 24.234 Ε) while the mountainous 
pasture elevated 800 m a.s.l. (41 11.987 N - 23 34.612 E). The climate of the whole area is 
Mediterranean. According to the meteorological station of Serres, the total regional annual 
rainfall was 448.5 mm while the mean annual temperature was 15.1 °C (HNMS 2009). The 
lowland pasture is crossed by a small tributary of Strimon River, a big river coming from 
Bulgaria. This pasture was composed of annual Graminae (Lolium multiflorum Lam., Bromus 
tectorum L., Dactylis glomerata L., Holcus lanatus L., Melica ciliata L., Echinochloa crus-galli (L.) 
Beauv., Paspalum paspaloides (Mischx) Scribner, Stelaria glauca (L.) P.B. and Leguminosae 
(Medicago litoralis Rhode, Trifolium lappaceum L., Trifolium repens L.) and to a smaller extent of 
Cruciferae (Arabis glabra (L.) Bernh., Berteroa incana (L.) D.C., Bunias erucago L.), Compositae 
(Achillea coartata Poiret, Anthemis tinctoria L., Bellis perennis L., Cisrcium arvense (L.) Scop., 
Carlina corymbosa L.) and shrubs (Quercus coccifera L, Quercus pubescens Wild.). In the 
mountainous area the pasture was composed mainly of perennial grasses (Avena pratensis 
L., Briza media L., and Bromus squarrosus L.) and legumes (Lathyrus pratensis L., Lotus tenuis 
Wald. & Kit., Trifolium arvense L., Trifolium alpestre L.) and shrubs or small trees (Juniperus 
communis L., Quercus frainetto Ten). The above mentioned botanical families were nearly 
always distributed in very complex mixes. 

Sampling and experimental analysis

The greek sheep breed »Serres« is kept in the plain of Serrai (the ancient Seris or Serres) in 
the Strimon valley of Greek Macedonia. The animals graze in the natural pastures of the area 
round the villages, without practicing transhumance. They belong to a milk purpose breed 
with a total milk yield between 124 and 152 kg in 288 days, and an exploitable yield between 
77 and 91 kg in 228 days.

Two flocks of 265 and 305 sheep were used for a 7 month grazing experiment (from April 
to October) in the lowland and in the mountainous pasture, respectively. 6 two-year-old 
female sheep were selected in each flock as experimental animals and were marked with 
large numbers on their sides for identification purposes. Grazing activities of sheep were 
recorded 3 times during each experimental month (every 10 days) by 2 trained observers 
equipped with hand chronometers and mini DV video cameras. Observations were made 
from 09. 30’ to 18. 30’ due to the normal practice of the farmers to pen their animals during 
the night hours. Grazing activities were recorded in min as follows: grazing time (grazing 
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or browsing while walking or standing), ruminating (time spent for rumination) and resting 
time (simply sitting for rest). Distance travel (m) was recorded by a Garmin e-Trex Vista GPS. 
Air temperature (°C) was measured twice per day (early in the morning and at noon) by using 
an electronic thermometer. These measurements were compared with those given for the 
year 2008 by HNMS (2009).

Study area showing sampling pastures  

Grazing and resting time, distance travel and air temperature were defined as a mean of the 
three measurements in each month. The results were calculated with LSM analysis in SPSS 
12.0 software for Windows (Kitikidou 2005), due to the following model:

yijk = μ + ai +bj + abij + eijk (1)

where yijk is the of trait value, μ is the overall mean, ai is the constant effect of the altitude (i=1, 
2), bj is the constant effect of the month (j=1, 2,…, 7), abij is the constant effect of i-altitude 
with j-month and eijk is the random residual effect

Behavioral variables for each month and altitudinal zone were subjected to analysis of 
variance for repeated measures. Mean separations between adjacent months were obtained 
with Fisher’s Protected LSD test, (Fisher 1966) with statistical significance accepted at P<0.05. 
All »±« symbols in the text refer to standard error of mean (SEM).
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Results and discussion
Temperature

The variation in air temperature among subsequent months in the lowland as well as in the 
mountainous pasture is given in Table 1. The higher temperature was found in mid summer 
(approximately 30 °C and 29 °C in the lowland and in the mountainous area, respectively). 
However it was found equal differentiation in both grazing areas. Temperature was 
significantly affected (P<0.001) by both pasturing month and altitude as well as (P<0.05) by 
the interaction of those factors (Table 2). Air temperature is the most important environmental 
factor that affects herbage production of pastures and therefore the grazing behavior of 
sheep (Groberek et al. 2004, Fischer et al. 2008). Forbes (1978) and Zygogiannis (1999) 
supposed that the beginning and the end of grazing activity depends on air temperature. In 
addition Blackschaw (1986) reported that temperature affects the total grazing time of sheep. 
During the hot days sheep grazing was occurred early in the morning and evening and more 
than usual at night. In a recent study of Evangelou et al. (2010) it was found that sheep during 
the hot hours of summer ceased all their activities and stood inactive for 320 min/day.

 
Grazing Time

Mean grazing time in the lowland pasture was 315.71±4.57 min/day, while in the mountainous 
pasture was 283.57±4.79 min/day (Table 1). Grazing time was significantly higher during 
spring (April-May) than in the mid-summer months, where higher temperatures observed, 
in both pastures (Table 1). Generally, sheep spend for grazing the 30-40 % of the 24-hour 
(Arnold & Dudzinski, 1978). Lynch et al. (1992) have reported that the mean grazing time of 
sheep ranges between 480 and 540 min/day, while Tribe (1955) and Hafez & Bouissou (1975) 
have found that the total grazing of sheep ranges between 270-870 minutes per day. On the 
contrary, Bojkovski et al. (2006) reported that, on the hilly karst region (900-1 000 m a.s.l.) 
in Slovenia, grazing time of sheep was on the average 10.5 h per day. The present findings 
were much lower than those of other researchers because the total grazing time per day was 
limited. However, they are in agreement with Shinde et al. (1997, cited by Ashutosh Dhanda 
and Singh 2002) that ruminants tend to avoid grazing during the hot hours of the day and 
thus reducing their daily grazing time.

Statistical analysis (Table 2) showed that the pasturing month and the altitude significantly 
effected the duration of grazing (P<0.01). It was also found a significant negative relation 
(r=−0.609) between grazing time and altitude (Table 3). As shown in Figure 1, grazing time 
was longer in the lowland and shorter in the mountainous pasture. 
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Figure 1
Monthly variation of grazing time of sheep and distance travel

Distance travel

Mean daily distance travel of sheep was 4 926.67±7.12 m and 4 446.67±13.77 m in the lowland 
and in the mountainous pasture, respectively (Table 1). However, in the lowland pasture, 
there was not significant variation among the subsequent months (Figure 1). On the contrary, 
in the mountainous pasture the distance travel of sheep during June and September was 
significantly different from the rest months. As it was shown in Table 1, the shorter distance 
travel of sheep in the lowland pasture was found in October (4 900.00±0.00 m/day), while 
the longer it was found in April (4 950.00±28.87 m/day). In the mountainous pasture the 
shortest distance travel was observed in August (4 376.67±14.53 m/day) and the longest in 
September (4 533.33±16.67 m/day). Chrupek et al. (2006) was found that the distance travel of 
polish sheep during June and July averaged 4 753.05 m, which is similar to the findings of this 
study. Askins & Turner (1972) have reported that the most of the travelling of goats in a west 
Texas rangeland was observed when the animals grazed and browsed near the water supply, 
which is in agreement with our findings for the lowland pasture.
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The distance travel of sheep was significantly affected (P<0.001) by the altitude as well 
as (P<0.01) by the pasturing month and the interaction »altitude×month« (Table 2). As it 
is shown in Table 3, there was strong positive relationship between distance and grazing 
time (r=+0.605). According to Chrupek et al. (2006) if sheep resided longer on pasture, the 
distance travel is increased.

Table 1  
Effect of vegetation period on grazing behavior parameters in sheep in the lowland and in the mountainous 
pasture1

 Temperature,  Grazing Time, Distance travel, Resting Time,  Ruminating T.,
 °C min/day  m/day min/day min/day 
Lowland pasture (55m a.s.l.) 
APR  19.2±0.2d 333.3±3.3a 4 950.0±28.9a  111.7±4.4b  53.3±1.7a

MAY 23.3±0.7c 330.0±2.9a 4 933.3±33.3a 115.0±2.9b 48.3±1.7a,c

JUN 25.3 ±0.9b,c 323.3±3.3a 4 950.0±.0a 123.3±3.3b,c 48.3±1.7a

JUL 30.3±0.9a 296.7±14.5b,c 4 923.3±14.5a 143.3±6.7a,c 40.0±0.0b

AUG 30.0±0.6a 283.3±8.8b 4 916.7±16.7a 160.0±10.0a 50.0±0.0a

SEPT 26.7±0.7b 316.7±8.8a,c 4 913.3±6.7a 123.3±13.3b,c 35.0±5.0b

OCT 20.7±0.9d 326.7±3.3a 4 900.0±0.0a 113.3±6.7b 43.3±1.7b,c

Mean 25.1± 0.9 315.7±4.6 4 926.7±7.1 127.1±4.4 45.5±1.5 
Mountainous pasture (800m a.s.l.) 
APR  18.7±0.3e  310.00±5.8a 4 433.3±33.3b,c 120.0±0.0b,c  38.3±4.4c

MAY 20.7±0.3d 306.7±3.3a,b 4 433.3±16.7b,c 113.3±3.3b,c 48.3±1.7b,d

JUN 25.7±0.3b 280.0±5.8b,c 4 483.3±16.7a 133.3±8.8b 60.0±0.0a

JUL 27.7±0.3a 278.3±9.3c 4 383.3±33.3b 150.0±0.0a 53.3±3.3a,b 
AUG 29.3±0.3a 260.0±5.8c 4 376.7±14.5b 170.0±10.0a 56.7±3.3a,b 
SEPT 23.0±1.0c 270.0±17.3c 4 533.3±16.7a 130.0±10.0b 48.3±1.7b

OCT 17.3±0.9e 280.0±10.0b,c 4 483.3±16.7a,c 103.3±6.7c 40.0±5.0c,d 
Mean 23.2±1.0 283.6±4.8 4 446.7±13.8 131.4±5.2 49.3±2.0 

1Mean values of 3 sampling days per month ± standard error of mean (SEM),  a,b,c,d,eMeans with different superscripts 
along the same column differ at P<0.05 

Table 2
Influence of the pasturing month and the altitude of pasture on grazing activities of indigenous sheep of 
greek breed »Serres«

Parameter Month Altitude Month×Altitude  
Grazing time, min/day *** *** ns  
Resting time, min/day *** ns ns  
Ruminating time, min/day *** ** ***  
Distance travel, m/day ** *** **  
Air temperature, °C *** *** *  

Level of significance: ***P<0.001,  **P<0.01,  *P<0.05,  ns: not significant
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Figure 2
Monthly variation of grazing time and resting time

Table 3
Correlation coefficients between examined parameters

Parameter Altitude Month Grazing  Resting Ruminating Distance Air
   time,  time, time, travel, Temp.,
   min/day min/day min/day m/day °C  
Altitude 1        
Month 0.000 1       
Grazing time, min/day −0.609** −0.365* 1      
Resting time, min/day 0.099 0.129 −0.557** 1     
Ruminating time, min/day 0.237 −0.237 −0.383* 0.461** 1    
Distance travel, m/day −0.980** 0.003 0.605** −0.172 −0.241 1   
Air temperature, °C −0.218 0.167 −0.377* 0.777** 0.269 0.152 1  

Level of significance: *P<0.05,  **P<0.01 
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Figure 3
Monthly variation of resting time and ruminating time 

Ruminating time was different between the two pastures. In the lowland pasture ruminating 
time was decreased among months (except for August) while in the mountainous one it 
was increased till June and then decreased till the end of the grazing period (Table 1 and 
Figure 3). In the lowland pasture the greater value for ruminating time was found in August 
(50.00±0.00 min/day) while in the mountainous one it was found in June (60.00±0.00 min/
day). Ruminating time was significantly affected (P≤0.01) by both pasturing month and 
altitude of the pasture (Table 2). Rumination alternate with grazing and resting time (Squires, 
1971) and is related to resting time. In the present study rumination follows as similar variation 
to resting time (Figure 3). 

It is concluded that, grazing activities of the indigenous sheep of the greek breed »Serres« 
were influenced by the environmental conditions and the heterogenous vegetation of the 
lowland and the mountainous pastures. The animals spent more grazing time and less resting 
time in the lowland pasture than in the mountainous one. They also had a shorter distance 
travel per day indicating that maybe this breed is better adapted to the forage conditions of 
the lowland pasture.
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Further research on the quantity and quality of herbage preferred by sheep and their relation 
to grazing behavior of sheep will be useful to sheep-breeders to select the appropriate 
method of management in northern Greeks’ pastures.

Figure 4
Monthly variation of resting time and air temperature 
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