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Continuous grazing systems (CGS) are still widely used for managing cattle herds in the south-western Alps. Recently, 

Pastoral Plans have been used as a policy tool to improve grazing management. Rotational grazing systems (RGS) with 

large paddocks (i.e. ~100 ha on average) and stocking rate adjustments based on recommended levels calculated from 

vegetation surveys have been implemented through Pastoral Plans to improve the uniformity of grazing. A case study 

was conducted to compare grazing distribution patterns of beef cows during the summer under CGS and RGS on sub-

alpine and alpine pastures within Val Troncea Natural Park in the south-western Alps of Italy. Cows were tracked with 

global positioning system collars at 15-min intervals under both CGS and RGS. Cattle distribution patterns were 

aggregated in both grazing systems, but in the RGS concentration of grazing was less clustered and the selection of 

vegetation communities was more homogeneous than in CGS. Under CGS, cows were attracted (P < 0.05) to salt 

placements and areas with high forage pastoral values, and they avoided (P < 0.05) steep slopes. In contrast, cows under 

RGS were not influenced by (P > 0.05) high pastoral value, and they avoided areas farther from water (P < 0.05). 

Similar to CGS, cows under RGS were attracted (P < 0.05) to salt and avoided (P < 0.05) steep slopes. In the RGS, 

cows used steeper slopes and areas farther from salt and water in the second half of the grazing period within a paddock 

compared with the first half, which likely explains the improvement in uniformity of grazing with RGS. Our findings 

indicate that Pastoral Plans that combine appropriate stocking levels and RGS are valid policy and management tools 

that have the potential to improve grazing distribution on rough sub-alpine and alpine pastures in the south-western 

Alps. 
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Introduction 

Livestock have grazed the Alps for thousands of years (Bätzing 2005). The indigenous forests have been 

fragmented into a mosaic of forest, shrub and grassland patches (Dullinger et al. 2003), creating cultural 

landscapes with semi-natural open habitats of high ecological value (Gellrich et al. 2007). Over the past 

decades, alpine livestock enterprises have become less economically competitive than lowland farms 

(Mattiello et al. 2002; Erschbamer et al. 2003) and the income differential between farm and non-farm jobs 

(Gellrich et al. 2007) has led to human depopulation, socioeconomic changes (Tasser and Tappeiner 2002), 

and a reduction of available manpower in alpine agricultural areas (Camacho et al. 2008). As a result, semi-

natural grasslands have been abandoned and land use has changed dramatically in several parts of the Alps 

(MacDonald et al. 2000; Freléchoux et al. 2007; Jewell et al. 2007; Parolo et al. 2011; Garbarino et al. 

2013). 

The south-western Italian Alps are one of the alpine regions more deeply affected by this agricultural and 

pastoral abandonment (Probo et al. 2013). The number of small family farms that relied on traditional 

herding has declined (MacDonald et al. 2000) and they have been replaced with a smaller number of larger 

farms. Historically cattle were moved around grassland areas by herding. In order to reduce labour 

requirements, continuous grazing systems (CGS) replaced herding-based grazing management, because they 

require minimal labour and capital inputs. Cattle can be released and allowed to roam freely. Free-roaming 

livestock in the mountainous terrain of the Alps have resulted in more selective and spatially heterogeneous 

grazing distribution than in the past, when herding limited the natural preference of animals for gentle 

topography with herbage of greater mass and higher nutritive value (Bailey 2005). Herders encouraged cattle 

to use rugged terrain. The combination of uneven livestock distribution and the marked reduction of stocking 

rates have resulted in widespread undergrazing of the steepest areas in the sub-alpine and alpine belts. As a 

consequence of limited grazing in many rugged locations for several years, vegetation cover and composition 

have changed through natural successional processes (Dumont et al. 2001; Meisser et al. 2009). Herbaceous 

oligotrophic species, dwarf shrubs, and trees have encroached large areas of semi-natural grasslands (Tasser 

and Tappeiner 2002; Dullinger et al. 2003; Freléchoux et al. 2007), reducing the herbage mass and nutritive 

value of grasses (Kesting 2009), and carrying capacity of grasslands (Bailey et al. 1998). MacDonald et al. 

(2000) referred to these changes as ‘a loss of landscape heterogeneity and mosaic features, which represents 

a loss of cultural landscapes’. The encroachment of shrubs and trees represents one of the main threats for 

the conservation of alpine biodiversity (Anthelme et al. 2001; Laiolo et al. 2004; Freléchoux et al. 2007; 

Patthey et al. 2012; Ascoli et al. 2013) and increases the probability of wild-fires (Romero-Calcerrada and 

Perry 2004; Ascoli et al. 2009), erosion, and avalanches (Jewell et al. 2007) in the Alps. 

For these reasons, the conservation and the restoration of semi-natural grasslands have become one of the 

main agri-environmental issues in Europe. In the last 3 years, the Piedmont Region (south-western Alps) has 

promoted the use of extensive grazing for the conservation of biodiversity, soil and landscape. Pastoral Plans 

have been introduced as a policy tool to enhance livestock pasture use, farm productivity, system 

sustainability, and rangeland health by identifying specific grazing management actions (Lombardi et al. 



2011; Argenti and Lombardi 2012). The primary activity has been the implementation of rotational grazing 

systems (RGS) with relatively large paddocks (i.e. ~100 ha on average) during summer (for at least 80 days) 

at stocking rates in equilibrium with measured vegetation carrying capacity, as defined by Cavallero et al. 

(2007). One of the main goals of Pastoral Plans is to preserve open habitats by increasing both the stocking 

density and grazing intensity and improving grazing spatial distribution by enhancing exploitation of steep 

areas that have received little use under CGS. Briske et al. (2008) argued that stocking rate is a more 

consistent and persuasive management variable than grazing system. For this reason, Pastoral Plans have 

implemented both a change in the grazing system and in the stocking rate in order to enhance cattle use of 

pastures. To our knowledge, most of the research evaluating RGS has been carried out in rangeland systems 

with gentle or moderate terrain (Briske et al. 2008; Bailey and Brown 2011). The effectiveness of RGS with 

large paddocks in rough alpine environments has not been studied extensively. 

A case study was conducted in the south-western Alps to compare the spatial distribution of beef cows 

under a CGS in 2010 and a RGS introduced in 2012 with the implementation of Pastoral Plans. The main 

objectives were to: (1) describe cattle distribution patterns under the CGS and RGS, (2) analyse the selection 

of vegetation communities under the CGS and RGS, and (3) identify factors affecting the spatial use of 

pastures. It was hypothesised that under the RGS: (1) the distribution of cattle grazing would be less spatially 

aggregated, (2) selection of different vegetation communities would be more homogeneous, and (3) forage 

pastoral value, a synthetic value summarising herbage mass and nutritive value, would be a less important 

factor affecting grazing distribution than under the CGS. 

Materials and methods 

Study area and grazing systems 

The study was conducted in Val Troncea Natural Park, Piedmont, North-West Italy (latitude 44°57′N, 

longitude 6°57′E), which is an area representative of the changes that have occurred on grasslands in the 

south-western Alps throughout the last decades (i.e. reduction in the number of farms, increase in number of 

cattle per farm, herds managed under the CGS, and increase of shrub cover). Dominant soils are gravelly and 

nutrient-poor, originating from calcareous parent rock. Annual average air temperature is 0.8°C (January: –

8°C; July: 9.5°C) and annual average precipitation is 956 mm (Biancotti et al. 1998). Grasslands are mainly 

dominated by Festuca curvula Gaudin, Carex sempervirens Vill. and Trifolium alpinum L. The shrub layer 

was predominantly composed of Rhododendron ferrugineum L., Juniperus nana Willd., Vaccinium myrtillus 

L., and Vaccinium gaultherioides Bigelow, that have rapidly encroached wide areas of grasslands after the 

decline in agro-pastoral activities. Shrub cover in Val Troncea Natural Park increased from 2% in 1982 

(IPLA 1982) to 18% in 2011 (Probo et al. 2013). 

Within the Park boundaries, one study area was selected in 2010 and a very similar area was selected in 

2012 (Table 1). In 2010, the study area consisted of one pasture belonging to one of the two farms still 

operating in the Park. Pastures of the RGS used during 2012 were chosen to have highly comparable 

topographic, soil, and vegetation conditions with the CGS in 2010 (Tables 1 and 2) and were partially 



overlapped with the area of the CGS (126.5 ha overlapped between the two grazing systems, i.e. 22% of the 

area of the CGS). Monthly precipitation distribution and average temperature (°C) were compared between 

2010 and 2012 using Bagnouls–Gaussen thermo-pluviometric diagrams (Fig. 1). The total precipitation 

(snow and rainfall) for the 2 years was similar (677 and 652 mm, respectively). Total summer precipitation 

(period from 1 June to 30 September) was similar too (293 and 254 mm, respectively). Despite some 

differences in monthly precipitation distribution patterns between years (e.g. precipitation peaks in June 2010 

and in September 2012, respectively), there were no periods of drought during 2010 or 2012. Precipitation 

during April–June was sufficient to guarantee water availability for the vegetation in both years (Fig. 1). 

In 2011, both farms operating in the Park implemented a RGS on the whole managed area (~1300 and 

1600 ha, respectively), following the recommendations of the Pastoral Plans drawn up and approved in the 

Rural Development Plan 2007–2013 of the Piedmont Region (Lombardi et al. 2011). Pastoral Plans 

subdivided the managed area into 18 paddocks per farm, which were grazed by different herds (4 and 3, 

respectively), on a rotational basis during the summer period (from the beginning of June to late September). 

A few paddocks (the ones at the lowest elevation) were grazed twice during the grazing season (i.e. at the 

beginning and at the end, in order to utilise the regrowth of the vegetation in late September), whereas most 

of the paddocks were grazed only once. According to the regulations of the Rural Development Plan 2007–

2013, paddocks were fenced so that they would support a herd for 2–3 weeks on average with a stocking rate 

based on recommended levels calculated from botanical composition (and associated forage pastoral value) 

and terrain characteristics obtained from surveys using the procedures of Daget and Poissonet (1971) and 

Cavallero et al. (2007). 

After implementation of Pastoral Plans, stocking rate was increased from 0.67 AUM ha
–1

 to 0.81 AUM 

ha
–1

. Due to both the increase in the stocking rate and division of the study area into smaller paddocks (parts 

of the RGS), stocking density noticeably increased (Table 1). 

Cattle and grazing management 

The area managed under the CGS was grazed from 13 June to 29 September 2010 by 119 beef cows. Cattle 

included heifers, lactating cows with calves, and non-lactating cows, varying in age from 1 to 15 years. All 

cows had prior experience of the pastures. Cattle were predominantly of Piedmontese breeding, with some 

Valdostana Red Pied and Barà-Pustertaler cows, which are all traditional alpine breeds and well adapted to 

forage on rugged mountain rangelands. 

The area of RGS was grazed from 15 June to 23 September 2012 and consisted of six paddocks (three 

paddocks per farm). Pastures were grazed once during the summer season (Table 2). During the residual 

time, cattle grazed in other pastures, following the rotation and grazing schedule prescribed by Pastoral 

Plans. The average area of paddocks was 99 ± 28.9 ha (mean ± s.e.) and each paddock was grazed for an 

average of 21 ± 4.04 days. The herd from one farm grazed three pastures, and the herd from the other farm 

grazed the remaining three pastures. Both herds were composed of beef cows with Piedmontese breeding and 

consisted of heifers, lactating cows with calves, and non-lactating cows, varying in age from 1 to 15 years. 



All cows had prior experience of the pastures, as they had grazed in the study area in previous years. One 

herd had 122 cows (105 animal units) and the other 150 cattle (130 animal units) and the individual cattle 

differed between years. 

Global positioning system tracking 

In 2010, under the CGS, seven randomly-selected cows were tracked with global positioning system (GPS) 

collars. In 2012, seven randomly selected cows from each of the two herds were tracked. All cows were 

tracked with GPS Model Corzo collars, which the manufacturer reports as having an average accuracy of 5 

m (Microsensory SLL, Fernán Núñez, Andalusia, Spain). Positions were recorded every 15 min so that 

collars could continuously track cows during the 4-month grazing season each year without changing 

batteries. Collars were fitted with dual-axis motion sensors, which were sensitive to horizontal and vertical 

movements of head and neck. They recorded activity in movement counts (255 counts maximum) and 

provided a single averaged value of vertical and horizontal axis measurements seven times during the 15-min 

interval between fixes (roughly one value every 2 min). Collars were placed on cows 1 week before the 

beginning of the study to allow cattle to become accustomed to the GPS collars. 

Vegetation and topographic variables 

The 2010 and 2012 study areas were subdivided into 150 × 150-m grid cells, which resulted in grids with 

285 and 317 cells, respectively (Table 1). To determine botanical composition, a vegetation transect was 

established in the centre of each grid cell for vegetation surveys using the vertical point-quadrat method 

(Daget and Poissonet 1971; Jonasson 1988). Transects were 10 m long and vegetation surveys were 

conducted in summer 2010 for the area of the CGS and in summer 2012 for the area of the RGS. 

Measurements were collected before grazing and during June–August, at the flowering phenological stage 

for the dominant graminoids. At 50-cm intervals along each transect, the plant species touching a steel 

needle were identified and recorded (i.e. 20 points per transect). Ten measurements of the height of the shrub 

and the herbaceous layers were recorded at random locations within a 1-m buffer around the transect line 

using the ‘sward stick method’ (Stewart et al. 2001). The canopy cover of trees, shrubs and herbaceous 

vegetation, as well as bare ground and rock cover, were visually estimated for each grid cell. 

Starting from the centre of each grid cell, distances to the nearest available water source (stream, trough or 

pond) and to the nearest salt or mineral mix supplement (MMS) point were calculated. Average slope of each 

grid square was calculated from the Digital Terrain Model (50-m resolution) of the Piedmont Region (CSI 

Piemonte 2005). All geographical analyses were conducted using QGis 1.8.0 (Quantum Gis Development 

Team 2012) and GRASS GIS 6.4.2 (GRASS Development Team 2012). 

Data analysis 

In order to analyse the patterns of the distribution of grazing by cows, we first identified the time periods that 

grazing occurred most frequently. We used two variables to classify periods of grazing and not grazing: 

horizontal distance travelled by cows and the average activity measured by motion sensors every 15 min per 



each cow (Ungar et al. 2005). Grazing periods were identified as times when horizontal distance travelled 

and motion sensor-based activity were higher and resting periods were assigned time when these values were 

lower. Comparisons of horizontal distance travelled and motion-sensors readings for the grazing and non-

grazing (resting) periods were conducted with the Wilcoxon signed-rank test (Sokal and Rohlf 1995). For all 

the following analyses, only data recorded during the grazing period were used. Positions recorded during 

periods classified as resting were excluded. 

Patterns of distribution of cows 

The spatial distribution of grazing cows under both systems was assessed through univariate point pattern 

analysis at different spatial resolutions (10-, 20- and 50-m grid cells). Six different raster maps (two pastoral 

systems × three spatial resolutions) were derived from the GPS positions of grazing cows. We used raster 

maps rather than GPS positions to minimise spatial autocorrelation and any precision issues with GPS 

accuracy. Grid maps were transformed to a matrix with two categories of pixels (presence and absence) and 

a mask was used to take into account the irregular shape of the study areas (space restriction effect). We used 

the univariate pair-correlation function g(r), that is defined as clumped, random or regular (hyperspersed) if 

the g(r) values are greater than, equal to or lower than the confidence envelopes (CE
+
 and CE

–
), respectively 

(Wiegand and Moloney 2004). We used pair-correlation functions (g) (Stoyan and Stoyan 1994), a second-

order statistic that is non-cumulative and allows specific scales to be identified where significant point-point 

interactions occur (Wiegand et al. 2007). In order to compare the spatial pattern of cows under both systems, 

a measure of relative spatial aggregation was calculated. This index is the ratio between the observed pair-

correlation value g(r) and the corresponding upper confidence envelope (CE
+
) at a specified distance r 

(Fajardo et al. 2006). The index [g(r)/CE
+
] was used to compare the CGS and RGS using 10-, 20- and 50-m 

pixels (i.e. differing grazing systems and spatial resolutions). A completely random spatial pattern was 

chosen as a null model, built by moving the ‘presence pixels’ within the raster map. We computed 99% 

confidence envelopes for g11(r) by running 99 simulations at intervals of 1 m from 1 to 50 m adopting a 1-m 

lag distance using Programita software (Wiegand and Moloney 2004). 

Selection of vegetation communities 

For each plant species recorded in the vegetation transects, the frequency of occurrence, which is an estimate 

of species canopy cover (Gallet and Roze 2001), was calculated. Species relative abundance (SRA) was 

calculated for each plant species by dividing its frequency of occurrence by the sum of frequency of 

occurrence values for all species in the transect and multiplying by 100 (Daget and Poissonet 1971; Probo et 

al. 2013). The SRA can be used to detect the proportion of different species. Vegetation transects were 

classified into vegetation communities (i.e. vegetation types and vegetation ecological groups, Cavallero et 

al. 2007) by cluster analysis using IBM SPSS Statistics 19 (SPSS 2010). The classification variable was 

SRA, the cluster method was Pearson correlation coefficients, and the between group linkage was the 

resemblance coefficient. Preference and standardised indices (Hobbs and Bowden 1982; Tomkins et al. 

2009) were calculated for each vegetation ecological group. Preference indices were calculated as the 



proportion of GPS records in a given ecological group divided by the proportional area of that vegetation 

ecological group. A 95% confidence interval with a Bonferroni adjustment (Manly et al. 2002) was 

calculated for each preference index to determine if individual ecological groups were avoided, used 

indifferently, or preferred by cows. Values >1 for the lower confidence limit indicated preferential selection 

for a particular ecological group, while values <1 for the upper confidence limit indicated that cows used that 

particular ecological group proportionally less than its availability would suggest. If the value of 1 was 

within the confidence interval, it implied that cows were indifferent and used a particular vegetation 

ecological group in proportion to its presence. In order to analyse monthly variation in the selection of 

different vegetation ecological groups in the CGS, preference indices were calculated for each month of the 

grazing season (i.e. for June, July, August, and September). 

Factors affecting the distribution of cows 

Each plant species was classified according to the Index of Specific Quality (ISQ) (Daget and Poissonet 

1971; Cavallero et al. 2007). The ISQ is based on preference, morphology, structure, and productivity of the 

plant species found in the south-western Alps, and it ranges from 0 to 5. In each transect, forage pastoral 

value, a synthetic value summarising forage yield and nutritive value ranging from 0 to 100 was calculated 

(Daget and Poissonet 1971). Forage pastoral value for a grid cell was weighted for relative abundance of 

species in the cell and is calculated using the following equation: 

0.2)ISQ(SRAPV i

ni

1i

i 




 

where PV is forage pastoral value, SRAi is species relative abundance, ISQi is the index of specific quality 

value for the species i, and n is the number of species found on the transect within a grid cell. 

Each herbaceous species was also classified as forb, grass, or sedge and total frequency of occurrence of 

forbs, grasses, and sedges was calculated. 

Relationships between vegetation and topographic variables and use by cows of a grid cell under both 

systems were analysed with Generalised Linear Mixed Models (GLMM, Zuur et al. 2009). We used grazing 

frequency (i.e. the total number of GPS records of the herd in each grid square) as the dependent variable and 

the following 13 vegetation and topographic variables for each grid square as predictors: tree canopy cover, 

shrub cover, herbaceous cover, bare ground and rock cover, average height of the shrub layer, average height 

of the herbaceous layer, forage pastoral value, average slope, distance to nearest available water source, 

distance to the nearest salt or MMS point, frequency of forbs, frequency of grasses, and frequency of sedges. 

Predictors were standardised (Z-scores) to allow for analysis of effect size by scrutinising model parameters 

(β coefficients). A correlation analysis of predictor variable was used to exclude any highly collinear 

predictors (r > |0.80|). In the RGS model, paddock was considered as a random effect. A Negative Binomial 

distribution was specified for the dependent variable, as it was a count over-dispersed variable (over-

dispersion was tested with the qcc R package, Scrucca 2004). Significance tests were performed using the 

Wald statistic (Dobson 1990) and the final model was selected based on the best goodness of fit from the 



Akaike’s information criterion (AIC). All analyses were carried out using R 2.15.2 with the glmmADMB 

package (R Development Core Team 2005). 

Repeated-measures analyses (Littell et al. 1996) were used to determine if the relationship between use by 

cows of grid cells and important (P < 0.05) vegetation and topographic variables from GLMM analyses 

changed over time. Dependent variables were averages calculated for each cow during 10-day periods in the 

CGS and in two periods of the same length (i.e. first and second half of the grazing period) within each 

pasture in the RGS. For the CGS in 2010, the fixed effect was the 11 10-day periods that cows were tracked. 

For the RGS in 2012, the fixed effects were paddock, period within paddock (first or second half), and the 

period by paddock interaction. The subject for the repeated statement was cow. Covariance between repeated 

records was modelled using autoregressive of order 1, compound symmetry, or unstructured covariance 

structures (Littell et al. 1996). Of the three covariance structures evaluated, unstructured covariance had the 

lowest AIC value and was used. 

Results 

In 2010, one collar failed and, in 2012, two collars failed, so tracking data were obtained from six collared 

cows in 2010 and 12 collared cows in 2012 (seven from one farm and five from the other). A total of 36 337 

positions (average of 6056 positions per collar) were recorded during the 2010 deployment period, and 

58 503 positions (average of 4875 per collar) were recorded during the 2012 deployment. A marked diurnal 

pattern was apparent for all collared cows (Fig. 2). From 0600 hours to 2200 hours cows travelled longer 

distances and were more active (P < 0.001) than from 2200 hours to 0600 hours. Accordingly, the grazing 

period was defined from 0600 hours to 2200 hours. Locations recorded by GPS collars during the grazing 

period were used in the analyses and included 22 092 records in 2010 and 37 728 in 2012. 

Patterns of distribution of cows 

The spatial distribution of cows within the CGS and within paddocks in the RGS was aggregated and 

significantly differed from the random spatial pattern of the null model (Fig. 3). The null model was rejected 

and the observed pattern g(r) was aggregated at all spatial resolutions (10-, 20- and 50-m pixels). The index 

of relative aggregation [g(r)/CE
+
] revealed that the spatial distribution of cows under the CGS was more 

aggregated than under RGS at all spatial resolutions. The relative difference in the strength of aggregation 

between the CGS and RGS emerged as being higher at finer resolutions (10 m) and within short distances 

(spatial distances between 2 and 4 m). A peak of aggregation was observed for r-values ranging between 1 

and 6 m. The size of pixels was negatively associated to the strength of aggregation of grazing cows. 

Selection of vegetation communities 

Vegetation transects were classified into 29 vegetation types and five vegetation ecological groups (Table 3, 

Fig. 4). Under the CGS, meso-eutrophic and snow-bed ecological groups were preferred (P < 0.05), whereas 

shrub-encroached, oligotrophic, thermic and rocky ecological groups were avoided (P < 0.05) by grazing 



cows (Table 4). Selection of vegetation ecological groups was more homogeneous under the RGS than the 

CGS, with shrub-encroached, meso-eutrophic, and oligotrophic groups being preferred (P < 0.05), the snow-

bed group used in proportion to its presence, and thermic and rocky group avoided (P < 0.05). A marked 

monthly variation in the selection of different vegetation ecological groups under the CGS was detected (Fig. 

5). In June, grazing cows selected the meso-eutrophic group and avoided all the other groups (P < 0.05). In 

July, the snow-bed group was the most preferred, whereas in August and September selection of different 

vegetation ecological groups was more homogeneous, with meso-eutrophic and snow-bed groups being the 

most preferred (P < 0.05). The thermic and rocky ecological groups were avoided throughout the entire 

summer, whereas selection of the shrub-encroached group increased over time, with the group being avoided 

in June and July, used indifferently in August, and preferred in September (P < 0.05). 

Factors affecting the spatial use of pastures 

Based on the results of the correlation analysis, none of the predictors was excluded from the GLMM 

analyses. Two final models predicting use by cows of grid cells under the CGS and RGS were selected based 

on AIC values (Table 5). Under the CGS, cattle preferred grazing areas near salt or MMS placement points 

(P < 0.001), with gentler terrain (P < 0.01), and higher forage pastoral values (P < 0.05). Under the RGS, 

pasture use was affected by slope (P < 0.001), distance to water (P < 0.001) and distance to salt or MMS 

placement areas (P < 0.05), but it was not influenced (P > 0.05) by forage pastoral value (Table 5). 

Herbaceous, shrub, bare ground and rock cover as well as the average height of the herbaceous cover were 

not important (P > 0.05) predictors of use by cattle of pastures neither in the models for both systems. 

During the summer in the CGS, cows showed changes (P < 0.001) in the use of areas with different forage 

pastoral values (Fig. 6a). They grazed areas with the highest forage pastoral values in June and areas with the 

lowest values in late September. Temporal variations (P < 0.001) in the distance to salt or MMS placement 

points and in the use of areas with different slopes were also detected (Fig. 6b–c). In the RGS, cows used 

steeper areas, grazed further from salt or MMS placement points and water in the second half of the grazing 

period within a paddock compared with the first half (P < 0.001) (Fig. 7a–c). Paddock and period by 

paddock interaction were not important (effects (P > 0.10). 

Discussion 

The comparison of CGS and RGS in this study relies on the fact that climatic, topographic, and vegetation 

features of the study areas in 2010 and 2012 were similar (Table 1). Annual precipitation varied by only 4% 

during the study years, and summer precipitation varied by 13%. The temperature regimes in 2010 and 2012 

were also similar as well as aspect, elevation, slope, and vegetation cover and composition. The similarity of 

environmental conditions between 2010 and 2012 and the magnitude of the differences in the distribution of 

cows between the systems (CGS in 2010 and RGS in 2012) suggest that the differences can be attributed 

primarily to implementation of rotational grazing of paddocks and higher stocking rates in the RGS. 

Our results suggest that the implementation of rotational grazing with large paddocks improved the 

distribution of grazing by cows by an enhanced exploitation of steep areas that were previously infrequently 



grazed under the CGS. Under rotational grazing of large paddocks and with higher stocking levels, the 

distribution of cows was less aggregated and the selection of different vegetation communities was more 

homogeneous than under continuous grazing with lower stocking levels. Introducing rotational grazing of 

large paddocks and increasing stocking rate to recommended levels (Cavallero et al. 2007) appears to be an 

effective management tool to increase uniformity of grazing in this region of the Alps. This study site is 

located in a rough alpine environment with a great deal of variation in topography and vegetation 

communities (Scherrer and Körner 2011; Duparc et al. 2013), which makes it difficult to strategically 

enclose homogeneous areas within large pastures, as suggested for an optimal improvement in grazing 

distribution by Bailey and Brown (2011). Despite this variability and extremely rugged terrain, results from 

the repeated-measures analyses provided additional evidence that the RGS was effective in forcing the cows 

to graze less preferred areas within the pastures. As pointed out by several authors (Ganskopp and Vavra 

1987; Pinchak et al. 1991; Bailey et al. 1998), cattle prefer grazing areas on gentler slopes, closer to water 

and salt supplements, with higher forage quality and more preferred species, as these areas allow them to 

maximise the average energy intake rate through optimal foraging (MacArthur and Pianka 1966). After 

grazing these areas in the first half of the grazing period within a pasture, cows used steeper areas and grazed 

farther from salt and water in the second half of the grazing period, which is the likely explanation of the 

general increase in uniformity of grazing with the RGS. 

In contrast, results from the CGS showed that free-ranging cows at lower stocking levels over larger areas 

resulted in a more selective and spatially aggregated grazing pattern. Cows preferred areas with higher 

forage pastoral values under the CGS, but under the RGS forage pastoral value was not an important 

predictor of grazing use. Repeated-measures analyses showed that the grazing distribution under the CGS 

was strongly related in the summer to the changes in the distribution of vegetation growth, phenology, 

senescence, and nutritional patterns along the altitudinal gradient (Körner 2003). In June, cows preferred 

young meso-eutrophic vegetation, which was situated at the lowest elevations and was composed of 

vegetation types with the highest pastoral values. In July, when meso-eutrophic vegetation became more 

senescent and had a lower nutritive value (Ganskopp and Bonhert 2006), cows moved to the highest 

elevations (i.e. elevations between 2400 and 2800 m a.s.l.), following vegetation growth and shifting 

selection towards the snow-bed vegetation group. Although with a low herbage mass due to the short 

vegetative cycle at extreme climatic conditions (Körner 2003), snow-bed vegetation is highly nutrient-rich 

and can be very attractive to large herbivores (Björk and Molau 2007). The attractiveness of areas of snow-

bed vegetation could be related not only to their nutritive value but also to optimal grazing conditions, as 

snow-bed vegetation types were located in gentle terrain (the decrease in the average slope use by cows in 

this period can be seen in Fig. 6c), abundance of water sources due to the late snow melt, cooler air 

temperatures in the warmest month of the year, and less abundance of annoying horse-flies for cattle (Björk 

and Molau 2007). In August and September, the selection of different vegetation ecological groups was more 

homogeneous, with meso-eutrophic and snow-bed vegetation groups (i.e. the ones with the highest forage 

pastoral values, see Table 3) being always the most preferred. Constant, though diminished preference for 



the meso-eutrophic vegetation group in the last part of the summer season could be attributed to the 

preference by cows for vegetative regrowth in these areas over ungrazed areas of other vegetation groups. 

Vegetative regrowth is frequently preferred by grazing animals, as the proportion of younger plant tissues 

with high forage quality is higher than in ungrazed areas (Walker et al. 1989). Furthermore, a significant 

increase in the use of shrub-encroached areas was detected in the same period. Increased exploitation of this 

low forage pastoral value group (the decrease in the average forage pastoral value used by cows in this 

period can be seen in Fig. 6a) in September may be related to low herbage masses within the heavily grazed 

meso-eutrophic and snow-bed vegetation areas, which forced cows to graze less favourable areas to maintain 

their daily intake rate. Shrubs in the study area are generally not palatable to cattle. Overall, vegetation 

structure and composition within the study area appear to be drivers of the distribution of grazing by cows, 

confirming that patterns of herbage utilisation in an extensive CGS have probably been consistent across 

years (Ganskopp and Bonhert 2006). Repeated intense and early season grazing of the meso-eutrophic 

vegetation group would have likely maintained these grazing-tolerant and nutrient-demanding vegetation 

areas, while the limited and late-season use of shrub-encroached areas by cows may have not been sufficient 

to prevent progressive encroachment by dwarf shrubs (Tasser and Tappeiner 2002; Camacho et al. 2008). 

In both grazing systems, the average height of the herbaceous layer, which is usually positively correlated 

with herbage mass (Porté et al. 2009), did not affect grazing distribution. Cattle generally allocate the time 

that they spend in an area within a pasture in proportion to the resource level found there, usually in terms of 

the herbage mass of nutrients or nutrient concentration rather than the herbage mass of dry matter (Senft et 

al. 1985; Pinchak et al. 1991). Several authors have emphasised the importance of water in influencing the 

spatial distribution of cattle in different rangeland systems, with cattle always preferring areas close to water 

sources (Valentine 1947; Putfarken et al. 2008; Bear et al. 2012). However, proximity to water affected 

grazing distribution only under the RGS, whereas it was not an influential factor under the CGS. This result 

may be related to the preference for the flattest areas with the highest pastoral values by cows under the 

CGS. This preference for gentle terrain with herbage of high nutritive value may be strong enough that cows 

are willing to travel from the relatively abundant sources of water within this mountainous study area with 

perennial and summer seasonal streams. 

This case study highlighted the beneficial effects produced by the implementation of Pastoral Plans 

(increasing stocking rates and using a rotational grazing system with large paddocks) in reducing selectivity 

by cows and improving the distribution of grazings. The implementation of the RGS with a relatively small 

number of large paddocks appears to be a sustainable and practical management system in the Alps because 

it requires less labour and fencing than rotational grazing systems with a large number of small paddocks. 

Because the Rural Development Plan 2007–2013 prescribes that Pastoral Plans be implemented for 5 

consecutive years, future research should evaluate if this policy will help conserve open habitats during this 

medium-term period. In particular, assessment of the changes in the pastoral value of grasslands appears 

warranted, as well as evaluation of the changes in grassland carrying capacity and biodiversity, which are 

key conservation objectives on natural protected areas. Increased uniformity of defoliation across plant 



species and vegetation communities on steep locations under the RGS should help ensure that key plant 

species (i.e. grazing-tolerant and nutrient-demanding grassland species) capture sufficient resources (e.g. 

light, water and nutrients) to enhance growth, in order to be more competitive with grazing-intolerant 

oligotrophic species (Briske et al. 2008). Pastoral Plans recommend the implementation of supplementary 

actions in order to farther improve grazing distribution, such as the strategic placement of drinking troughs 

and MMS to attract livestock into underused areas (Probo et al. 2013; Tocco et al. 2013). Additional 

research on the synergistic effects produced by the combined implementation of these management practices 

should be considered. 

Conclusions 

Management of domestic herbivores is an important tool to manipulate the cover and botanical composition 

of alpine grasslands. Throughout the last decades, increased selective and spatially heterogeneous grazing of 

free-ranging livestock has resulted in a widespread tree and shrub-encroachment of open habitats in the 

south-western Alps. Based on this case study, Pastoral Plans using a rotational grazing system with large 

paddocks and a higher stocking levels appear to have the potential to reverse this process, by reducing cattle 

selectivity and improving grazing distribution on rugged alpine environments. 

Given the need to preserve remaining pastoral activities as an effective management tool for the 

conservation of mountain semi-natural open habitats, agri-environmental incentives should be more and 

more directed to support the best grazing practices in the future. Agri-environmental schemes supporting the 

implementation of Pastoral Plans can be valid policy measures to be considered for the conservation of 

cultural open landscapes with high ecological value. 

Acknowledgements 

The authors particularly thank Prof. Andrea Cavallero for his long-term efforts to preserve alpine grasslands through 

valid knowledge, management, and policy tools, the Giletta and Raso farmers for their passionate collaboration, the 

Cavaglià farm for the provision of cattle, and the Val Troncea Natural Park for its constant assistance. Special thanks 

are extended to Davide Cugno, Marco Grella, Gabriele Iussig, Luca Maurino, Guido Teppa, and Elisa Treves for help 

with the fieldwork. 

References 

<jrn>Allen, V. G., Batello, C., Berretta, E. J., Hodgson, J., Kothmann, M., Li, X., McIvor, J., Milne, J., Morris, C., 

Peeters, A., and Sanderson, M. (2011). An international terminology for grazing lands and grazing animals. Grass 

and Forage Science 66, 2–28. doi:10.1111/j.1365-2494.2010.00780.x</jrn> 

<jrn>Anthelme, F., Grossi, J. L., Brun, J. J., and Didier, L. (2001). Consequences of green alder expansion on 

vegetation changes and arthropod communities removal in the northern French Alps. Forest Ecology and 

Management 145, 57–65. doi:10.1016/S0378-1127(00)00574-0</jrn> 

<jrn>Argenti, G., and Lombardi, G. (2012). The pasture-type approach for mountain pasture description and 

management. Italian Journal of Agronomy 7, 293–299. doi:10.4081/ija.2012.e39</jrn> 

http://dx.doi.org/10.1111/j.1365-2494.2010.00780.x
http://dx.doi.org/10.1016/S0378-1127(00)00574-0
http://dx.doi.org/10.4081/ija.2012.e39


<jrn>Ascoli, D., Beghin, R., Ceccato, R., Gorlier, A., Lombardi, G., Lonati, M., Marzano, R., Bovio, G., and Cavallero, 

A. (2009). Developing an adaptive management approach to prescribed burning: a long-term heathland conservation 

experiment in north-west Italy. International Journal of Wildland Fire 18, 727–735. doi:10.1071/WF07114</jrn> 

<jrn>Ascoli, D., Lonati, M., Marzano, R., Bovio, G., Cavallero, A., and Lombardi, G. (2013). Prescribed burning and 

browsing to control tree encroachment in southern European heathlands. Forest Ecology and Management 289, 69–

77. doi:10.1016/j.foreco.2012.09.041</jrn> 

<jrn>Bagnouls, F., and Gaussen, H. (1957). ‘Les climats biologiques et leur classification. (Biological climates and 

their classification)’. Annales de Geographie 66, 193–220. doi:10.3406/geo.1957.18273</jrn> 

<jrn>Bailey, D. W. (2005). Identification and creation of optimum habitat conditions for livestock. Rangeland Ecology 

and Management 58, 109–118. doi:10.2111/03-147.1</jrn> 

<jrn>Bailey, D. W., and Brown, J. R. (2011). Rotational grazing systems and livestock grazing behavior in shrub-

dominated semi-arid and arid rangelands. Rangeland Ecology and Management 64, 1–9. doi:10.2111/REM-D-09-

00184.1</jrn> 

<jrn>Bailey, D. W., Dumont, B., and Wallis De Vries, M. F. (1998). Utilization of heterogeneous grasslands by 

domestic herbivores: theory to management. Annales de Zootechnie 47, 321–333. 

doi:10.1051/animres:19980501</jrn> 

<bok>Bätzing, W. (2005). ‘Le Alpi: una regione unica al centro dell’Europa. (The Alps: a unique region in the middle 

of Europe).’ (Bollati Boringhieri: Torino, Italy.)</bok> 

<jrn>Bear, D. A., Russell, J. R., and Morrical, D. G. (2012). Physical characteristics, shade distribution, and tall fescue 

effects on cow temporal/spatial distribution in Mid-western pastures. Rangeland Ecology and Management 65, 401–

408. doi:10.2111/REM-D-11-00072.1</jrn> 

<bok>Biancotti, A., Bellardone, G., Bovio, S., Cagnazzi, B., Giacomelli, L., and Marchisio, C. (1998). ‘Distribuzione 

regionale di piogge e temperature. Vol. I. Collana studi climatologici in Piemonte. In: ‘Rainfall and Temperature 

Regional Distribution. Vol. I. Climatic studies of Piedmont’. (Cima Icam: Torino, Italy.)</bok> 

<jrn>Björk, R. G., and Molau, U. (2007). Ecology of alpine snowbeds and the impact of global change. Arctic, 

Antarctic, and Alpine Research 39, 34–43. doi:10.1657/1523-0430(2007)39[34:EOASAT]2.0.CO;2</jrn> 

<jrn>Briske, D. D., Derner, J. D., Brown, J. R., Fuhlendorf, S. D., Teague, W. R., Havstad, K. M., Gillen, R. L., Ash, 

A. J., and Willms, W. D. (2008). Rotational grazing on rangelands: reconciliation of perception and experimental 

evidence. Rangeland Ecology and Management 61, 3–17. doi:10.2111/06-159R.1</jrn> 

<jrn>Camacho, O., Dobremez, L., and Capillon, A. (2008). Shrub encroachment in pastures in the Alps. Journal of 

Alpine Research 96, 89–100.</jrn> 

<bok>Cavallero, A., Aceto, P., Gorlier, A., Lombardi, G., Lonati, M., Martinasso, B., and Tagliatori, C. (2007). ‘I tipi 

pastorali delle Alpi piemontesi. (Pasture types of the Piedmontese Alps).’ (Alberto Perdisa Editore: Bologna, 

Italy.)</bok> 

<jrn>Daget, P., and Poissonet, J. (1971). Une methode d’analyse phytologique des prairies (A method of plant analysis 

of pastures). Annales Agronomiques 22, 5–41.</jrn> 

http://dx.doi.org/10.1071/WF07114
http://dx.doi.org/10.1016/j.foreco.2012.09.041
http://dx.doi.org/10.3406/geo.1957.18273
http://dx.doi.org/10.2111/03-147.1
http://dx.doi.org/10.2111/REM-D-09-00184.1
http://dx.doi.org/10.2111/REM-D-09-00184.1
http://dx.doi.org/10.1051/animres:19980501
http://dx.doi.org/10.2111/REM-D-11-00072.1
http://dx.doi.org/10.1657/1523-0430(2007)39%5b34:EOASAT%5d2.0.CO;2
http://dx.doi.org/10.2111/06-159R.1


<bok>Dobson, A. (1990). ‘An Introduction to Generalized Linear Models.’ (Chapman and Hall: London, UK.)</bok> 

<jrn>Dullinger, S., Dirnböck, T., Greimler, J., and Grabherr, G. (2003). A resampling approach for evaluating effects of 

pasture abandonment on sub-alpine plant species diversity. Journal of Vegetation Science 14, 243–252. 

doi:10.1111/j.1654-1103.2003.tb02149.x</jrn> 

<jrn>Dumont, B., Meuret, M., Boissy, A., and Petit, M. (2001). Le pâturage vu par l’animal: mécanismes 

comportementaux et applications en élevage (Grazing from the animals’ point of view: behavioural mechanisms and 

applications to animal husbandry). Fourrages 166, 213–238.</jrn> 

<jrn>Duparc, A., Redjadj, C., Viard-Crétat, F., Lavorel, S., Austrheim, G., and Loison, A. (2013). Co-variation between 

plant above-ground biomass and phenology in sub-alpine grasslands. Applied Vegetation Science 16, 305–316. 

doi:10.1111/j.1654-109X.2012.01225.x</jrn> 

<edb>Erschbamer, B., Virtanen, R., and Nagy, L. (2003). The impact of vertebrate grazers on vegetation in European 

high mountains. In: ‘Alpine Biodiversity in Europe’. (Eds L. Nagy, G. Grabherr, C. Körner and D. B. A. Thompson.) 

pp. 377–396. (Springer Verlag: Heidelberg, Germany.)</edb> 

<jrn>Fajardo, A., Goodburn, J. M., and Graham, J. (2006). Spatial patterns of regeneration in managed uneven-aged 

ponderosa pine/Douglasia-fir forests of Western Montana, USA. Forest Ecology and Management 223, 255–266. 

doi:10.1016/j.foreco.2005.11.022</jrn> 

<jrn>Freléchoux, F., Meisser, M., and Gillet, F. (2007). Succession secondaire et perte de diversité végétale après 

réduction du broutage dans un pâturage boisé des Alpes centrales suisses (Secondary succession and loss in plant 

diversity following a grazing decrease in a wooded pasture of the central Swiss Alps). Botanica Helvetica 117, 37–

56.</jrn> 

<jrn>Gallet, S., and Roze, F. (2001). Resistance of Atlantic heathlands to trampling in Brittany (France). Biological 

Conservation 97, 189–198. doi:10.1016/S0006-3207(00)00111-7</jrn> 

<jrn>Ganskopp, D., and Bonhert, D. (2006). Do pasture-scale nutritional patterns affect cattle distribution on 

rangelands? Rangeland Ecology and Management 59, 189–196. doi:10.2111/04-152R1.1</jrn> 

<jrn>Ganskopp, D., and Vavra, M. (1987). Slope use by cattle, feral horses, deer and bighorn sheep. Northwest Science 

61, 74–81.</jrn> 

<jrn>Garbarino, M., Lingua, E., Weisberg, P. J., Bottero, A., Meloni, F., and Motta, R. (2013). Land-use history and 

topographic gradients as driving factors of sub-alpine Larix decidua forests. Landscape Ecology 28, 805–817. 

doi:10.1007/s10980-012-9792-6</jrn> 

<jrn>Gellrich, M., Baur, P., Koch, B., and Zimmermann, N. E. (2007). Agricultural land abandonment and natural 

forest re-growth in the Swiss mountains: a spatially explicit economic analysis. Agriculture, Ecosystems & 

Environment 118, 93–108. doi:10.1016/j.agee.2006.05.001</jrn> 

<eref>GRASS Development Team (2012). GRASS GIS 6.4.2 Reference Manual. Available at: www.grass.osgeo.org 

(accessed 26 April 2013).</eref> 

<jrn>Hobbs, N. T., and Bowden, D. C. (1982). Confidence intervals on food preference indices. The Journal of Wildlife 

Management 46, 505–507. doi:10.2307/3808667</jrn> 

http://dx.doi.org/10.1111/j.1654-1103.2003.tb02149.x
http://dx.doi.org/10.1111/j.1654-109X.2012.01225.x
http://dx.doi.org/10.1016/j.foreco.2005.11.022
http://dx.doi.org/10.1016/S0006-3207(00)00111-7
http://dx.doi.org/10.2111/04-152R1.1
http://dx.doi.org/10.1007/s10980-012-9792-6
http://dx.doi.org/10.1016/j.agee.2006.05.001
http://dx.doi.org/10.2307/3808667


<bok>IPLA (1982). ‘Piano Naturalistico del Parco Naturale della Val Troncea (Troncea Park Nature Plan).’ (Istituto 

per le Piante da Legno e l’Ambiente: Torino, Italy.)</bok> 

<jrn>Jewell, P. L., Käuferle, D., Güsewell, S., Berry, N. R., Kreuzer, M., and Edwards, P. J. (2007). Redistribution of 

phosphorus by cattle on a traditional mountain pasture in the Alps. Agriculture, Ecosystems & Environment 122, 

377–386. doi:10.1016/j.agee.2007.02.012</jrn> 

<jrn>Jonasson, S. (1988). Evaluation of the point intercept methods for the estimation of plant biomass. Oikos 52, 101–

106. doi:10.2307/3565988</jrn> 

<ths>Kesting, S. (2009). Shrub encroachment of temperate grasslands: effects on plant biodiversity and herbage 

production. PhD Thesis, University of Göttingen, Germany.</ths> 

<bok>Körner, C. (2003). ‘Alpine Plant Life: Functional Plant Ecology of High Mountain Ecosystems.’ 2nd edn. 

(Springer Verlag: Heidelberg, Germany.)</bok> 

<jrn>Laiolo, P., Dondero, F., Ciliento, E., and Rolando, A. (2004). Consequences of pastoral abandonment for the 

structure and diversity of the alpine avifauna. Journal of Applied Ecology 41, 294–304. doi:10.1111/j.0021-

8901.2004.00893.x</jrn> 

<bok>Littell, R., Milliken, G., Stroup, W., and Wolfinger, R. (1996). ‘SAS System for Mixed Models. Cary.’ (SAS 

Institute Inc.: Cary, NC.)</bok> 

<conf>Lombardi, G., Gorlier, A., Lonati, M., and Probo, M. (2011). Pastoral plans to support mountain farming in SW 

Alps. In: ‘Proceeding of the 16th Meeting of the FAO CIHEAM Mountain Pastures Network’. (Agroscope 

Changins-Wädenswil Research Station ACW and Institute of Technology and Life Sciences ITEP: Kraków, 

Poland.)</conf> 

<jrn>MacArthur, R. H., and Pianka, E. R. (1966). An optimal use of patchy environment. American Naturalist 100, 

603–609. doi:10.1086/282454</jrn> 

<jrn>MacDonald, D., Crabtree, J. R., Wiesinger, G., Dax, T., Stamou, N., Fleury, P., Gutierrez Lazpita, J., and Gibon, 

A. (2000). Agricultural abandonment in mountain areas of Europe: environmental consequences and policy response. 

Journal of Environmental Management 59, 47–69. doi:10.1006/jema.1999.0335</jrn> 

<bok>Manly, B. F. J., McDonald, L. L., Thomas, D. L., McDonald, T. L., and Erickson, W. P. (2002). ‘Resource 

Selection by Animals. Statistical Design and Analysis for Field Studies.’ 2nd edn. (Kluwer Academic: Dordrecht, 

The Netherlands.)</bok> 

<jrn>Mattiello, S., Redaelli, W., Carenzi, C., and Crimella, C. (2002). Effect of dairy cattle husbandry on behavioural 

patterns of red deer (Cervus elaphus) in the Italian Alps. Applied Animal Behaviour Science 79, 299–310. 

doi:10.1016/S0168-1591(02)00123-5</jrn> 

<jrn>McCune, B., and Keon, D. (2002). Equations for potential annual direct incident radiation and heat load. Journal 

of Vegetation Science 13, 603–606. doi:10.1111/j.1654-1103.2002.tb02087.x</jrn> 

<jrn>Meisser, M., Tarery, M., Chassot, A., and Freléchoux, F. (2009). PASTO: pasture management and cattle 

behavior in subalpine grasslands dominated by green alder. Agrarforschung 16, 408–413.</jrn> 

http://dx.doi.org/10.1016/j.agee.2007.02.012
http://dx.doi.org/10.2307/3565988
http://dx.doi.org/10.1111/j.0021-8901.2004.00893.x
http://dx.doi.org/10.1111/j.0021-8901.2004.00893.x
http://dx.doi.org/10.1086/282454
http://dx.doi.org/10.1006/jema.1999.0335
http://dx.doi.org/10.1016/S0168-1591(02)00123-5
http://dx.doi.org/10.1111/j.1654-1103.2002.tb02087.x


<jrn>Parolo, G., Abeli, T., Gusmeroli, F., and Rossi, G. (2011). Large-scale heterogeneous cattle grazing affects plant 

diversity and forage value of Alpine species-rich Nardus pastures. Grass and Forage Science 66, 541–550. 

doi:10.1111/j.1365-2494.2011.00810.x</jrn> 

<jrn>Patthey, P., Signorell, N., Rotelli, L., and Arlettaz, R. (2012). Vegetation structural and compositional 

heterogeneity as a key feature in Alpine black grouse micro-habitat selection: conservation management 

implications. European Journal of Wildlife Research 58, 59–70. doi:10.1007/s10344-011-0540-z</jrn> 

<eref>Piemonte, C. S. I. (2005). Digital terrain models from CTR 1:10000 (resolution 50 m). Available at: 

www.sistemapiemonte.it (accessed 23 May 2010).</eref> 

<jrn>Pinchak, W. E., Smith, M. A., Hart, R. H., and Waggoner, J. W., Jr (1991). Beef distribution patterns on foothills 

range. Journal of Range Management 44, 267–275. doi:10.2307/4002956</jrn> 

<jrn>Porté, A. J., Samalens, J. C., Dulhoste, R., Du Cros, R. T., Bosc, A., and Meredieu, C. (2009). Using cover 

measurements to estimate above-ground understory biomass in Maritime pine stands. Annals of Forest Science 66, 

307. doi:10.1051/forest/2009005</jrn> 

<jrn>Probo, M., Massolo, A., Lonati, M., Bailey, D. W., Gorlier, A., Maurino, L., and Lombardi, G. (2013). Use of 

mineral mix supplements to modify the grazing patterns by cattle for the restoration of sub-alpine and alpine shrub-

encroached grasslands. The Rangeland Journal 35, 85–93. doi:10.1071/RJ12108</jrn> 

<jrn>Putfarken, D., Dengler, J., Lehmann, S., and Härdtle, W. (2008). Site use of grazing cattle and sheep in a large-

scale pasture landscape: a GPS/GIS assessment. Applied Animal Behaviour Science 111, 54–67. 

doi:10.1016/j.applanim.2007.05.012</jrn> 

<eref>Quantum Gis Development Team (2012). QGIS User Guide. Release 1.8.0. Available at: www.qgis.org 

(accessed 26 April 2013).</eref> 

<bok>R Development Core Team (2005). ‘R: a Language and Environment for Statistical Computing.’ (R Foundation 

for Statistical Computing: Vienna, Austria.)</bok> 

<jrn>Romero-Calcerrada, R., and Perry, G. L. W. (2004). The role of land abandonment in landscape dynamics in SPA 

‘Encinares del río Alberche y Cofio’, Central Spain. Landscape and Urban Planning 66, 217–232. 

doi:10.1016/S0169-2046(03)00112-9</jrn> 

<jrn>Scherrer, D., and Körner, C. (2011). Topographically controlled thermal-habitat differentiation buffers alpine 

plant diversity against climate warming. Journal of Biogeography 38, 406–416. doi:10.1111/j.1365-

2699.2010.02407.x</jrn> 

<jrn>Scrucca, L. (2004). Qcc: an R package for quality control charting and statistical process control. R News 4, 11–

17.</jrn> 

<jrn>Senft, R. L., Rittenhouse, L. R., and Woodmansee, R. G. (1985). Factors influencing patterns of cattle behavior on 

shortgrass steppe. Journal of Range Management 38, 82–87. doi:10.2307/3899341</jrn> 

<bok>Sokal, R. R., and Rohlf, F. J. (1995). ‘Biometry: the Principles and Practice of Statistics in Biological Research.’ 

3rd edn. (W. H. Freeman and Company: New York, USA.)</bok> 

<bok>SPSS (2010). ‘SPSS, Version 19.’ (SPSS Inc.: Chicago, IL.)</bok> 

http://dx.doi.org/10.1111/j.1365-2494.2011.00810.x
http://dx.doi.org/10.1007/s10344-011-0540-z
http://dx.doi.org/10.2307/4002956
http://dx.doi.org/10.1051/forest/2009005
http://dx.doi.org/10.1071/RJ12108
http://dx.doi.org/10.1016/j.applanim.2007.05.012
http://dx.doi.org/10.1016/S0169-2046(03)00112-9
http://dx.doi.org/10.1111/j.1365-2699.2010.02407.x
http://dx.doi.org/10.1111/j.1365-2699.2010.02407.x
http://dx.doi.org/10.2307/3899341


<jrn>Stewart, K. E. J., Bourn, N. A. D., and Thomas, J. A. (2001). An evaluation of three quick methods commonly 

used to assess sward height in ecology. Journal of Applied Ecology 38, 1148–1154. doi:10.1046/j.1365-

2664.2001.00658.x</jrn> 

<bok>Stoyan, D., and Stoyan, H. (1994). ‘Fractals, Random Shapes and Point Fields: Methods of Geometrical 

Statistics.’ (Wiley: Chichester, UK.)</bok> 

<jrn>Tasser, E., and Tappeiner, U. (2002). Impact of land use changes on mountain vegetation. Applied Vegetation 

Science 5, 173–184. doi:10.1111/j.1654-109X.2002.tb00547.x</jrn> 

<jrn>Tocco, C., Probo, M., Lonati, M., Lombardi, G., Negro, M., Nervo, B., Rolando, A., and Palestrini, C. (2013). 

Pastoral practices to reverse shrub encroachment of sub-alpine grasslands: dung beetles (Coleoptera, Scarabaeoidea) 

respond more quickly than vegetation. PLoS ONE 8, e83344. doi:10.1371/journal.pone.0083344</jrn> 

<jrn>Tomkins, N. W., O’ Reagain, P. J., Swain, D., Bishop-Hurley, G., and Charmley, E. (2009). Determining the 

effect of stocking rate on the spatial distribution of cattle for the sub-tropical savannas. The Rangeland Journal 31, 

267–276. doi:10.1071/RJ07070</jrn> 

<jrn>Ungar, E. D., Henkin, Z., Gutman, M., Dolev, A., Genizi, A., and Ganskopp, D. (2005). Inference of animal 

activity from GPS collar data on free-ranging cattle. Rangeland Ecology and Management 58, 256–266. 

doi:10.2111/1551-5028(2005)58[256:IOAAFG]2.0.CO;2</jrn> 

<jrn>Valentine, K. A. (1947). Distance from water as a factor in grazing capacity of rangeland. Journal of Forestry 45, 

749–754.</jrn> 

<jrn>Walker, J. W., Heitschmidt, R. K., De Moraes, E. A., Kothmann, M. W., and Dowhower, S. L. (1989). Quality 

and botanical composition of cattle diets under rotational and continuous grazing treatments. Journal of Range 

Management 42, 239–242. doi:10.2307/3899481</jrn> 

<jrn>Wiegand, T., and Moloney, K. A. (2004). Rings, circles, and null-models for point pattern analysis in ecology. 

Oikos 104, 209–229. doi:10.1111/j.0030-1299.2004.12497.x</jrn> 

<jrn>Wiegand, T., Gunatilleke, S., and Gunatilleke, N. (2007). Species associations in a heterogeneous Sri Lankan 

dipterocarp forest. American Naturalist 170, E77–E95. doi:10.1086/521240</jrn> 

<bok>Zuur, A. F., Ieno, E. N., Walker, N. J., Saveliev, A. A., and Smith, G. M. (2009). ‘Mixed Effects Models and 

Extensions in Ecology with R.’ (Springer: Heidelberg, Germany.)</bok> 

  

http://dx.doi.org/10.1046/j.1365-2664.2001.00658.x
http://dx.doi.org/10.1046/j.1365-2664.2001.00658.x
http://dx.doi.org/10.1111/j.1654-109X.2002.tb00547.x
http://dx.doi.org/10.1371/journal.pone.0083344
http://dx.doi.org/10.1071/RJ07070
http://dx.doi.org/10.2111/1551-5028(2005)58%5b256:IOAAFG%5d2.0.CO;2
http://dx.doi.org/10.2307/3899481
http://dx.doi.org/10.1111/j.0030-1299.2004.12497.x
http://dx.doi.org/10.1086/521240


Table 1. Management, vegetation, topographic, and climatic characteristics of the study areas used 

in 2010 (continuous grazing systems, CGS) and 2012 (rotational grazing systems, RGS) within Val 

Troncea Natural Park in the south-western Alps of Italy 

  Study area 2010 Study area 2012 

Grazing system CGS RGS 

No. of farms 1 2 

No. of herds 1 2 

No. of pastures 1 6 (3 + 3)
D 

No. of cattle 119 272 (122 + 150)
D 

Season of grazing 13 June–29 September 15 June–23 September 
No. of animal units (AU)

A 105 235 (105 + 130)
D 

No. of cows with GPS-collars 7 14 (7 + 7)
D 

Stocking rate (AUM
B
 /ha

–1
) 0.67 0.81 

Average stocking intensity (AU ha
–1

) 0.18 1.86 

Area (ha) 572.3 591.4 

Grassland cover (%) 49.2 53.1 
Shrub and rock cover (%) 50.8 46.9 

Tree canopy cover (%) 12.9 4.5 

Average aspect
C 0.82 0.87 

Minimum elevation (m) 1855 1911 

Average elevation (m) 2328 2491 
Maximum elevation (m) 2789 2928 

Average slope (°) 23.8 25.7 

No. of salt and mineral mix supplement points 14 16 

No. of vegetation transects 285 317 
A
AU = one mature, non-lactating bovine weighing 500 kg (Allen et al. 2011). 

B
AUM = AU ∙ months of grazing. 

C
Aspect rescaled following heat load index equation by McCune and Keon (2002). The heat load index equation 

rescales aspect to a scale of zero to one, with zero being the coolest slope (north-east) and one being the warmest slope 

(south-west). 

D
Data within brackets are divided for the two farms. 



Table 2. Area, topographic characteristics, grazing schedule, and average pastoral value of the six pastures selected in 2012  

(rotational grazing systems, RGS) within Val Troncea Natural Park in the south-western Alps of Italy 

Pasture Farm Area 

(ha) 
Grassland 

cover (%) 
Grazable 

area (ha) 
Shrub and rock 

cover (%) 
Average 

altitude (m) 
Average 

slope (°) 
Starting 

date 
Ending 

date 
Days of 

grazing 
Average pastoral 

value 

1 Giletta 27.98 0.817 22.87 0.183 2015 24.2 15 June 1 July 17 19.3 

2 Giletta 52.50 0.549 28.85 0.451 2264 26.3 15 July 6 Aug. 23 14.8 

3 Giletta 241.35 0.459 110.71 0.541 2564 26.8 12 Aug. 23 Sept. 43 10.4 

4 Raso 100.07 0.637 63.77 0.363 2482 26.0 11 July 28 July 18 12.9 

5 Raso 118.39 0.496 58.69 0.504 2544 24.0 28 July 10 Aug. 14 14.1 

6 Raso 51.06 0.570 29.09 0.430 2534 23.5 20 Aug. 1 Sept. 13 15.1 

 



 

Table 3. Vegetation ecological groups, vegetation types, phyto-sociological plant communities, and forage pastoral values of continuous grazing system 

(CGS) study area in 2010 and rotational grazing system (RGS) study area in 2012 
Vegetation ecological 

group 

Vegetation type Phytosociological plant communities Forage 

pastoral 

value 

Proportion 

of study 

area CGS 

(%) 

Proportion 

of study 

area RGS 

(%) 

Intermediate meso-

eutrophic conditions 

Dactylis glomerata Polygono-Trisetion 38.0 2.75 0.18 

Festuca gr. rubra and Agrostis tenuis Nardo-Agrostion tenuis 24.9 3.93 0.63 

Festuca gr. violacea Caricion ferrugineae 15.3 6.99 8.52 

Geum montanum Transition between Nardion strictae and Poion alpinae 11.1 0.92 1.77 

Trisetum flavescens Polygono-Trisetion 25.3 0.79 0.76 

Intermediate 

oligotrophic 

conditions 

Calamagrostis villosa Calamagrostion villosae 2.3 5.34 0.00 

Carex sempervirens Caricion curvulae 12.9 8.71 11.22 

Festuca flavescens and Juniperus nana Piceion excelsae 13.0 0.98 0.39 

Nardus stricta Nardion strictae 21.9 5.59 0.97 

Trifolium alpinum and Carex sempervirens Caricion curvulae 19.6 2.24 8.94 

Shrub-encroached 

grasslands 

Juniperus nana Junipero-Arctostaphyletum 14.0 8.46 3.23 

Rhododendron ferrugineum Rhododendro-Vaccinion 5.3 6.66 1.14 

Vaccinium gaultherioides Loiseleurio-Vaccinion 8.2 5.35 6.85 

Snow-bed conditions Alopecurus gerardi Transition between Nardion strictae and Salicion herbaceae 17.2 0.00 3.03 

Plantago alpina Transition between Nardion strictae and Salicion herbaceae 15.9 2.36 2.45 

Salix herbacea Salicion herbaceae 18.5 2.75 9.40 

Salix retusa Arabidion caerulae 7.1 0.39 0.38 

Thermic and rocky 

conditions 

Brachypodium rupestre Bromion erecti 9.2 0.18 0.32 

Carex rosae Seslerion variae 7.6 4.08 1.85 

Elyna myosuroides Oxytropido-Elynion 8.5 2.08 7.02 

Festuca curvula Bromion erecti 16.8 14.88 11.57 

Festuca quadriflora Caricion firmae 4.0 3.02 6.02 

Festuca violacea and Saxifraga oppositifolia Thlaspion rotundifolii 15.3 4.01 7.34 

 Helictotrichon parlatorei Avenion sempervirentis 13.1 1.23 0.90 

 Onobrychis viciifolia Bromion erecti 25.9 0.39 0.00 

 Oxytropis helvetica and Polygonum viviparum Oxytropido-Elynion 14.0 1.18 1.96 

 Phleum bertoloni and Festuca curvula Bromion erecti 22.1 1.13 0.10 



 Salix serpyllifolia Oxytropido-Elynion 10.9 2.16 2.13 

  Sesleria varia Seslerion variae 9.4 1.46 0.95 

 



 

Table 4. The proportion of GPS records and area, preference index (with a 95% confidence interval 

with a Bonferroni adjustment), and standardised index for each vegetation ecological group under 

continuous (CGS) and rotational (RGS) grazing systems 

 CGS RGS 
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Intermediate meso-

eutrophic conditions 
0.315 0.154 2.05 1.99 2.10 0.35 0.125 0.118 1.06 1.02 1.10 0.21 

Intermediate 

oligotrophic 

conditions 

0.171 0.228 0.75 0.72 0.78 0.13 0.225 0.214 1.05 1.02 1.07 0.20 

Shrub-encroached 

grasslands 
0.145 0.205 0.71 0.68 0.74 0.12 0.129 0.112 1.15 1.11 1.19 0.22 

Snow-bed conditions 0.089 0.055 1.61 1.52 1.70 0.27 0.148 0.152 0.98 0.95 1.01 0.19 

Thermic and rocky 

conditions 
0.279 0.358 0.78 0.76 0.80 0.13 0.373 0.404 0.92 0.91 0.94 0.18 

A
Count of GPS records per vegetation ecological group/total count of GPS records. 

B
Extent of vegetation ecological group/total extent of study area. 

C
Proportion GPS records/Proportion area (Hobbs and Bowden 1982). 

D
Preference index per vegetation ecological group/sum of preference indices for all vegetation ecological groups 

(Manly et al. 2002). 

 

  



Table 5. Coefficients for environmental variables affecting spatial use of pastures by cattle under 

continuous (CGS) and rotational (RGS) grazing systems in Negative Binomial models 

  CGS RGS 

 Stand. Β
A s.e.

B P-value Stand. β s.e. P-value 

Intercept 3.65 0.08 <0.001 4.90 0.24 <0.001 

Herbaceous cover 1.73 1.81 n.s.
C –3.61 23.27 n.s. 

Bare ground and rock cover 1.81 1.89 n.s. –4.61 25.79 n.s. 

Shrub cover 1.75 1.82 n.s. –2.64 16.07 n.s. 

Slope –0.23 0.09 <0.01 –0.30 0.07 <0.001 

Forage pastoral value 0.20 0.09 <0.05 0.13 0.08 n.s. 

Height of the herbaceous layer 0.12 0.08 n.s. –0.07 0.08 n.s. 

Distance to water –0.10 0.18 n.s. –0.42 0.12 <0.001 

Distance to salt or MMS points –2.25 0.18 <0.001 –0.25 0.11 <0.05 

A
Stand. β indicates that each coefficient of the variables (β) has been standardised, that is, measured from their means in 

units of standard deviations. 

B
s.e. is of standardised coefficients (β). 

C
n.s. indicates not significant (P > 0.05). 

  



Fig. 1. Bagnouls–Gaussens thermo-pluviometric diagrams for the years 2010 and 2012 in the study area. The sum of 

monthly precipitation (left axis, solid line) and average temperature (right axis, dotted line) were reported using a 2  : 1 

scale, according to Bagnouls and Gaussen (1957). The intersection of the precipitation curve with the average 

temperatures would indicate a drought period. 

 

  



 

Fig. 2. Mean distance travelled and activity measured by motion sensors every 15 min for cows fitted with GPS 

collars during the summer (June–September) in the south-western Alps, Italy. Error bars represent the standard error of 

the means. 

 

  



Fig. 3. Ratio between pair correlation value and confidence envelope [g(r)/CE] against spatial distances (r). 

Continuous lines represent continuous grazing system (CGS), dotted lines represent rotational grazing system (RGS) 

and shades of grey indicate spatial resolutions (10-, 20-, and 50-m pixel size). 

 
  



Fig. 4. Location of vegetation ecological groups in the study area in Val Troncea, Western Alps (in set), Piedmont, 

Italy (UTM zone 32 north, WGS84 datum). 

  



Fig. 5. Monthly variation of preference indices for five different vegetation ecological groups by grazing cattle under 

continuous grazing system (CGS). 
1
Proportion of GPS records in a given vegetation ecological group divided by the 

proportional area of that vegetation ecological group. Error bars represent 95% confidence interval with a Bonferroni 

adjustment (Manly et al. 2002). Dotted line represents the limit between preference (values >1) and avoidance (values 

<1). 

  



Fig. 6. Temporal variation in mean (a) forage pastoral values, (b) distance to salt or mineral mix supplement (MMS) 

placement points, and (c) slope of areas (150 × 150-m grid cells) selected by grazing cattle under continuous grazing 

system (CGS) during 11 10-day periods in the summer season (from 13 June to 29 September 2010). Periods with no 

letters in common were significantly different (P < 0.05). Error bars represent the standard error of the means. 

  



Fig. 7. Temporal variation in mean (a) distance to salt or mineral mix supplement (MMS) placement points, (b) 

distance to water, and (c) slope during the first (period 1) and in the second (period 2) half of the grazing period within 

pastures under the rotational grazing system (RGS). Periods with no letters in common were significantly different (P < 

0.05). Error bars represent the standard error of the means. 

 


