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AbstrAct
Intensive livestock grazing is a major force in shaping ecosystems, especially where topography and 
soil features preclude other farmland practices. In subalpine landscapes, it may be the main dis-
turbance agent. Nevertheless, information on the impact on some species, especially mammals, is 
lacking. Here, we investigate whether the abundance of rodents in subalpine grasslands of the Alps 
is related to the intensity of livestock grazing, determined according to the dominant pastoral types. 
Using Generalized Linear Models, we compared a site intensively grazed until recently (“formerly 
intensively grazed area”, Dactylis glomerata L. pastoral type), with an area that experienced little or 
no grazing in past decades (“lightly grazed area”, Carex sempervirens Vill. pastoral type). Data were 
collected during three trapping sessions during summer 2011, using a sampling design based on 
small trapping plots. Rodents (Apodemus spp. and Eliomys quercinus Linnaeus, 1766) were mainly 
trapped in the lightly grazed area. They were almost absent in the formerly intensively grazed area, 
where tall-herbs and megaforb locally prevail over other grassland species. Our results suggest that 
the abundance of rodents in grasslands is influenced by grazing history. Even adaptable rodents like 
Apodemus spp. are rare in the formerly intensively grazed site, despite its suitable vegetation cover. 
This result should encourage natural resource managers to carefully consider and act on the spatial 
distribution of grazing pressure.
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résumé
Les rongeurs dans les habitats de prairies : quel est le rôle du pâturage ? Une comparaison de deux sites alpins 
ayant des histoires de pâturage différentes. 
Le pâturage intensif du bétail peut jouer un rôle important pour le maintien des écosystèmes, en particulier 
lorsque les caractéristiques topographiques et pédologiques empêchent d’autres pratiques agricoles. Dans 
les paysages subalpins, il peut être le principal agent de perturbation. Néanmoins, les informations sur 
l’impact sur certains espèces, en particulier les mammifères, sont mal connues. Au cours de ce travail, 
nous testons l’hypothèse que l’abondance de rongeurs dans les prairies subalpines des Alpes peut être 
liée à l’intensité du pâturage, et déterminée en fonction des types pastoraux dominants. En utilisant 
des modèles linéaires généralisés, nous avons comparé un site intensivement pâturé jusqu’à récemment 
(« zone autrefois intensivement pâturée », type pastoral à Dactylis glomerata L.), avec un site qui a connu 
un pâturage faible ou pas de pâturage au cours des dernières décennies (« zone modérément pâturée », 
type pastoral à Carex sempervirens Vill.). Les données ont été recueillies en trois sessions de capture 
au cours de l’été 2011, par un protocole expérimental basé sur de petites parcelles d’échantillonnage. 
Les rongeurs (Apodemus spp. et Eliomys quercinus Linnaeus, 1766) ont été capturés surtout dans la 
zone modérément pâturée, et ils étaient presque absents dans la zone autrefois intensivement pâtu-
rée, où les hautes herbes ou mégaphorbiaies prévalent localement sur d’autres espèces des prairies. 
Nos résultats suggèrent que l’abondance de rongeurs dans les prairies est influencée par l’histoire 
de pâturage. Même les rongeurs adaptables comme Apodemus spp. sont rares dans le site autrefois 
intensivement pâturé, en dépit de sa couverture végétale convenable. Ce résultat devrait encourager 
les gestionnaires de ressources naturelles à examiner attentivement et à agir sur la répartition spatiale 
de la pression de pâturage.
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INtRODUCtION

Grazing by both domestic and wild large herbivores is known 
to strongly affect vegetation cover and structure in grasslands. 
Large herbivores may affect plant diversity in these habitats 
(Olff & Ritchie 1998) and their grazing may reduce the 
overall degree of vegetation height and cover (Schmidt et al. 
2005; Bakker et al. 2009). Changes in vegetation structure 
produced by large herbivore grazing may also be a consequence 
of the modifications it induces on physical and mechanical 
soil properties (e.g., compaction induced by trampling) and 
their interactions, with a variety of effects depending on the 
grazing intensity (Schmidt et al. 2005; Zhao et al. 2007; 
Zhou et al. 2010; Gan et al. 2012). Changes in the chemical 
properties of soil and, especially, potential N fertilization as a 
consequence of grazing may also have potential affects on plant 
species composition and growth (Binkley et al. 2003; Wesche 
et al. 2010). Via these processes and because of the feeding 
selectivity of herbivores (Augustine & McNaughton 1998), 
grazing produces long-lasting changes in landscape patchiness 
and in vegetation structure and composition within patches 
(Putman et al. 1989; Golodets & Boeken 2006). Changes in 
soil properties and plant cover will in turn affect other animal 
populations inhabiting grazed areas, since they ultimately 
depend on soil and vegetation for food and cover (Gibson 
et al. 1992; Eccard et al. 2000; Vandenberghe et al. 2009).

In particular, for small terrestrial mammals (Soricomorpha 
and Rodentia), cover and vegetation height have been shown 
to be the main factors affecting population densities that 
are changed by livestock grazing (e.g., Bakker et al. 2009). 

Reductions in vegetation cover and complexity may increase 
small mammal exposure to predation (Flowerdew & Ell-
wood 2001), decrease food quality and lead to exploitative 
competition (Keesing 1998; Vroni 2007). trampling, causing 
a reduction of suitable soil for burrow systems, has also been 
identified as a grazing-induced factor affecting small mammal 
communities (torre et al. 2007). Negative consequences of 
herbivore grazing on small mammals have been investigated 
and reported in several ecosystems (Eccard et al. 2000; Chap-
man & Ribic 2002; Beever & Brussard 2004; Schmidt et al. 
2005; torre et al. 2007; Wheeler 2008; Muñoz et al. 2009). 
The assessment of the consequences of livestock grazing on 
small mammal communities is fundamental because small 
mammals are key species in grazed ecosystems: they have 
top-down effects on plants (Manson et al. 2001; Bagchi et al. 
2006; Roth et al. 2009; Scheper & Smit 2011) and inver-
tebrate populations (Churchfield et al. 1991; Elkinton et al. 
2004), and they are an important prey source for birds and 
other mammals (Hanski et al. 2001; taylor 2004).

In spite of this, livestock grazing in the Italian Alps with 
respect to vertebrates has been studied mainly for its con-
sequences on avian diversity (Laiolo et al. 2004; Rolando 
et al. 2006) and for potential competition with mountain 
ungulates (Mattiello et al. 2003; Rüttimann et al. 2008; La 
Morgia & Bassano 2009), whereas little attention has been 
paid to its effects in small mammals. This lack of knowledge is 
particularly relevant, since traditional land uses, such as sheep 
and cattle grazing, have deeply modified the landscape of the 
Alps, with the result that a large part of their biodiversity is 
linked to these human practices (Chemini & Rizzoli 2003).
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In this paper we aim to investigate whether the current 
abundance of rodents in subalpine grasslands is related to 
disturbance and changes in vegetation due to intensive graz-
ing in the past. We focused on a recently abandoned grazing 
site, with highly depleted vegetation (hereafter “formerly 
intensively grazed area”), and we compared it to a neighbor-
ing area that experienced little or no grazing in past decades 
(hereafter “lightly grazed area”). taking into account the fact 
that communities of small mammals in grassland habitats 
may be primarily determined by structural attributes of the 
habitat (Grant et al. 1982), we investigated whether vegeta-
tion changes caused by grazing in the formerly intensively 
grazed area negatively affected the presence and abundance 
of rodents. We tested this hypothesis by trapping rodents in 
an experimental area in the Alpi Marittime Natural Park, 
south-western Italian Alps, where a detailed characterization 
of the vegetation (pastoral types) was already available (Ca-
vallero et al. 2003, 2007).

MAtERIAL AND MEtHODS

The present work was carried out as part of the “All taxa 
Biodiversity Inventory” (AtBI) within the framework of 
the transboundary Integrated Action Plan (transboundary 
Cooperation Programme Italy-France Alcotra 2007-2013), 
funded by the European Commission from 2010 to 2012. 
The AtBI project aims at identifying all living species that 
exist within a given area, but also promotes the monitoring 
and study of the factors affecting biodiversity conservation 
(Deharveng et al. 2015; Villemant et al. 2015, this issue). 
The European Distributed Institute of taxonomy (EDIt) 
stimulated the first European AtBI+M in the Alpi Marittime 
and Mercantour Natural Parks, where the critical situation of 
several pastures lead us to set ecological studies to evaluate the 
influence of grazing history on biodiversity, using also other 
taxa as key groups (e.g., Paschetta et al. 2013).

The data collection was carried out at the locality of Gias 
della Luja, near the village of Palanfrè, Vernante municipali-
ty, Vermenagna Valley (Province of Cuneo, Piedmont, Italy; 
44°11’57”N, 7°29’50”E). Here, cows actively grazed pastures 
over much of the last century. The grazing pressure (exerted 
from July to October each year) was not uniformly distrib-
uted across the study area, with some areas heavily trampled 
and vegetation deeply modified by past livestock grazing and 
some areas only occasionally grazed by cattle, as documented 
by the Park and confirmed by informal questioning of live-
stock farmers.

In order to assess the vegetation composition of sites with 
different grazing histories within our study area, we referred to 
Cavallero et al. (2003, 2007). They determined the vegetation 
composition (pastoral type) by means of the Daget-Poissonet 
method (Daget & Poissonet 1971), i.e. via an inventory of 
the species along homogeneous linear transects. According to 
their definition, in some cases, pastoral types approximately 
overlap the traditional phytosociological associations that we 
report hereinafter.

The lightly grazed area (Fig. 1) is characterized by a Carex 
sempervirens (CS) pastoral type (Cavallero et al. 2003). It in-
cludes herbaceous vegetation of moderate height (10-30 cm), 
very limited presence of bare ground and presence of rocks or 
stones over less than 10% of the area. Carex sempervirens Vill., 
Anthoxanthum alpinum Á.Löve & D.Löve, Festuca gr. viola-
cea and Nardus stricta L. are the dominant species (Cavallero 
et al. 2007). In particular, the pastoral type of our study area 
is characterized by the presence of both Carex sempervirens and 
Plantago serpentina All., whose specific contributions are 25% 
and 14% respectively (Cavallero et al. 2007). Other detected 
species are Nardus stricta (6%), Trifolium alpinum L. (4%), 
Festuca gr. ovina L. (3%), Helianthemum oelandicum (L.) 
(2%), Avenella flexuosa (L.) (2%), Potentilla crantzii (Crantz) 
Beck ex Fritsch (2%), Agrostis tenuis L. (2%) and Festuca gr. 
violacea (2%). This pastoral type is related to the Caricetum 
sempervirentis phytosociological association, Caricion curvulae 
(Cavallero et al. 2007). The soil supporting this pastoral type 
is a middle-altitude, gently sloping, acidified and moderately 
evolved soil, characterized by oligotrophic conditions.

The formerly intensively grazed site (Fig. 1), which was 
intensively grazed until a few (< 5) years before the study, 
is of the Dactylis glomerata L. (DG) pastoral type (Cavallero 
et al. 2003). It is characterized by herbaceous vegetation with 
a height of 40-80 cm, very limited presence of bare ground 
(less than 5%) and the absence of rocks or stones. The Dactylis 
glomerata type is typically eutrophic since it usually derives 
from N soil enrichment due to intense grazing activities. Dac-
tylis glomerata (specific contribution: 15%) is the dominant 
species in this pastoral type, which is also characterized, in 
the Palanfrè area, by Ranunculus acris L. (11%) and Trisetum 
flavescens (L.) P.Beauv. (6%). Other species are Achillea gr. 
millefolium (5%), Trifolium pratense L. (4%), Anthoxanthum 
odoratum (L.) (4%), Alchemilla gr. vulgaris (4%), Geranium 
sylvaticum L. (3%), Taraxacum officinale F.H.Wigg (3%) and 
Rumex acetosa L. (3%). This pastoral type is often typical of 
resting areas near livestock folds, and a recolonization by tall-
herb, megaforb vegetation (including Urtica and Rumex spp.) 
is also often observed. According to Cavallero et al. (2007), 
this pastoral type is directly related to the phytosociological 
alliances of Arrhenatherion Koch, 1926 and Polygono-Trisetion 
Braun-Blanq. & tüxen ex Marshall. The soil supporting this 
pastoral type is a middle-lower slope, gently or very gently 
sloping, evolved soil, characterized by eutrophic conditions 
and a poor skeleton.

Both of the study areas are located at 1350-1400 m a.s.l., 
on a south-east facing slope, above the tree line. Beech (Fagus 
sylvatica L.) is the dominant tree species in the neighbouring 
woodlands, but hazels (Corylus avellana L.), willows (Salix 
spp.), elders (Sambucus racemosa L.) and golden chains (La-
burnum alpinum (Mill.) Bercht. & Presl) are also widespread 
along the main streams. Wild ungulates, including ibex (Capra 
ibex Linnaeus, 1758) and chamois (Rupicapra rupicapra Lin-
naeus, 1758) (Cetartiodactyla, Bovidae) are also present in 
the study area.

to collect data on rodents, we established a sampling de-
sign based on small trapping plots. As in torre et al. (2007), 
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height traps were used in each plot, according to a 4 × 2 trap-
ping grid with traps spaced 10 m apart. We set up six plots: 
three in the lightly grazed area and three in the formerly in-
tensively grazed area. Replicated plots for each grazing level 
were set up to avoid a confounding effect of plot location 
on collected data. We used Sherman traps (Large Folding 

Aluminum traps, 7.5 × 9 × 23 cm) whose locations were 
marked with bamboo stakes and individually labeled. Mini-
mum distance between plots was set to about 100 m (Negro 
et al. 2009) to ensure data independence. trapped animals 
were also fur marked (Gurnell & Flowerdew 2006) in or-
der to detect any movement between plots during trapping 
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Fig. 1. — Simplified land use in the study area overlaid onto a topographic map. Sampling plots were located within the lightly grazed and in the intensively grazed 
areas. For the latter areas, in particular, plots were located in sites not used by cattle at present. Plot locations are approximate since we could not leave traps 
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 sessions. Three trapping sessions, consisting of five consecu-
tive nights, were carried out at the beginning of July, August 
and September 2011, relocating trapping plots using a GPS 
device. traps contained dry hay for bedding and were baited 
with a mixture of rolled oats, chocolate and anchovy paste, 
and a piece of apple. They were camouflaged and thermally 
insulated using herbs or small rocks. They were checked daily 
at dawn and at dusk. Captured animals were identified, fur 
marked and then released at the point of capture.

We tested grazing effects on rodents in a Generalized Linear 
Model framework (McCullagh & Nelder 1989). In particular, 
we tested the affect of grazing on the trap Night Index (tNI), 
i.e. the number of individuals captured per 100 trap-nights 
(Gurnell & Flowerdew 2006), calculated by pooling the data 
for all species. The trapping Success (tS) for each species, cal-
culated as the number of individuals captured over the number 
of trap-nights (see Simonetti 1986), was not considered to be 
a suitable variable because for some species no captures were 
made in the overgrazed areas (see Results section below). For the 
statistical analysis, the tNI response variable was modeled as a 
Poisson variable, as opposed to a proportion, because the capture 
probability was very small relative to the number of trials. The 
confounding effect of trapping sessions (July, August, September) 
was tested by including the month of capture as fixed factor in 
GLMs (as in torre et al. 2007). taking into account both the 
explanatory variables relating to the potential effect of grazing 
on rodents and that relating to the trapping session, we thus 
developed the four candidate regression models (Burnham & 
Anderson 2002) shown in table 2. We selected the best model 
according to the AIC values (Akaike 1974). Once the final mod-
el structure was selected, we fitted a quasi-Poisson and a zero 
inflated model to test whether the potential overdispersion of 
count data and the large number of zeros in our dataset affected 
the results of the analysis (Zeileis et al. 2008).

In order to quantify the difference in vegetation composition 
of the lightly and formerly intensively grazed areas, we consid-
ered the data on the frequency of detection of plant species as 
provided in the work of Cavallero et al. (2003, 2007). From 
these data, we calculated the Jaccard (1901) and Sørensen 
(1948) asymmetric binary similarity indices. to take full ad-
vantage of the quantitative information concerning pastoral 
types, we also applied the Kulczynski (1928) and Rudjichka 
(Goodall 1978) asymmetric coefficients. Finally, to quantify 
and compare the diversity and heterogeneity of each pastoral 
type, we calculated the Shannon-Weaver (Shannon 1948) and 
Pielou (1966) indices and displayed abundance data via rank/
abundance plots (Magurran 2004).

RESULtS

We caught 34 rodents during the study period, for a total effort 
of 720 trap-nights. Most individuals trapped (29) belonged to 
the genus Apodemus Kaup, 1829 (Rodentia Bowdich, 1821, 
Muridae Illiger, 1811), while 5 of them were garden dormice 
(Eliomys quercinus Linnaeus, 1766) (Gliridae). Among the Ap-
odemus spp., one individual could be classified as yellow-necked 

fieldmouse A. flavicollis (Melchior, 1834), but its discrim-
ination from A. sylvaticus (Linnaeus, 1758) and A. alpicola 
(Heinrich, 1952) on the basis of external characters was not 
possible and none of morphometric, biochemical or molecular 
analyses needed for a reliable identification (Michaux et al. 
2001; Barčiová & Macholán 2006; Capizzi & Santini 2007; 
Gornung et al. 2009) was performed. Only two Apodemus 
mice were caught in the formerly intensively grazed area and 
all the garden dormice were trapped in the lightly grazed one 
(Fig. 2). We recorded four recapture events involving Apode-
mus, but no movement between plots was detected. The overall 
tNI, expressed as number of captures per 100 trap-nights, 
was 5.3 and we did not detect the presence of rodents in most 
of the plots located in the abandoned grazing area (table 1).

All candidate models supported the hypothesis of a strong 
effect of grazing level on the abundance of rodents. Indeed, 
the model selected according to AIC values was the one that 
included only grazing level as an explanatory variable (table 2), 
while the one attempting to explain the number of captured 
rodents on the basis of the month only had the biggest AIC 
value. According to the selected model, the estimated regression 
coefficient for lightly grazed areas vs. formerly intensively grazed 
ones was 2.77 ± 0.73 SE. The results of the corresponding 
quasi-Poisson model and of the zero-inflated regression were 
consistent with those obtained via the simple Poisson model.

The values of indices calculated to quantify the similarity 
of the Carex sempervirens (CS) and Dactylis glomerata (DG) 
types are reported in table 3. The diversity and evenness of 
the two pastoral types were also similar, at least according to 
the values of the Shannon-Weaver diversity index (5.06 for 
the CS type, 5.10 for the DG type) and according to the 
Pielou rank/abundance plots (Fig. 3). Although the relative 
abundance of the dominant species was higher in the CS 
type than in the DG one, both curves can be attributed to 
log normal or even broken stick models, with shallow slopes.
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Fig. 2. — Box and whisker plots showing the median, first and third quartile 
and the minimum and maximum values for the log of the captured animals in 
each plot. Outliers are plotted as open circles.
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DISCUSSION

As a disturbance agent in ecosystems, grazing by domestic her-
bivores is likely to induce changes in the vegetation patterns of 
the landscape and alter ecological processes (Fleischner 1994). 
In the case of small mammals, the effects of livestock pres-
ence have been documented in a wide range of ecosystems 
and mostly attributed to changes in habitat structure (tabe-
ni & Ojeda 2003). In spite of this, in Alpine environments 
and in the Alps in particular, livestock grazing has only been 
studied with reference to its potential impact on birds and 
mountain ungulates (Mattiello et al. 2003; Laiolo et al. 2004; 
Rolando et al. 2006; Rüttimann et al. 2008; La Morgia & 
Bassano 2009). Limited attention has been directed to other 
vertebrate taxa, which may be strongly affected by grazing, even 
at small spatial scales, because of their ecology and behavior, 
and especially because of their limited dispersal abilities. As a 
consequence, the drawing-up of well-informed management 
policies is hampered by this lack of knowledge.

In the geographical context of the present study, the lack of 
data on livestock effects on small mammals may also be due to 
the usually low trapping success recorded in alpine, subalpine 
and montane belts (as defined by Pedrotti 2013). In our study, 
we caught 34 animals and recorded four recapture events (out 
of 720 trap-nights). Similar values have been recorded in other 
studies (Hadley & Wilson 2004; Negro et al. 2009; Novara et al. 
2013). In the Western Italian Alps, Patriarca & Debernardi 
(1997) captured 27 individuals (out of 1502 trap-nights) in 
habitat types similar to those sampled in our study (ecotones, 
shrubwoods and open habitats). Moreover, based on the liter-
ature data we did not expect high species diversity because of 
the relatively high elevation of our study area (Lomolino 2001; 
McCain 2005). But in this respect, we should also mention 
that in similar habitats Patriarca & Debernardi (1997) also 
caught bank voles, Myodes glareolus (Schreber, 1780) (Roden-

Table 1. — Number of animals captured per 100 trap-nights for each trapping 
session and for the six different plots (three in intensively grazed and three in 
lightly grazed areas; survey effort was 40 trap-nights for each plot and session). 
Recapture events are not included.

Grazing level Trapping session
July August September

intensively grazed  2.5 0 0
0  2.5 0
0 0 0

lightly grazed  7.5 12.5 10.0
12.5  7.5 17.5
0  2.5 10.0

Table 2. — Model structures and AIC values of GLMs (Poisson error and log 
link) hypothesized to explain the number of rodents caught in sampling plots. 
The first and second models consider both explanatory variables, but the first 
one also includes their interaction term.

Model structure AIC
Grazing level * Month 56.72
Grazing level + Month 55.15
Grazing level 52.91
Month 85.08

Table 3. — Values of indices calculated to quantify the similarity of the Carex 
sempervirens and Dactylis glomerata types.

Jaccard Sørensen Kulczynski Rudjichka
Index value 0.16 0.28 0.25 0.14
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Fig. 3. — Rank/abundance plots for the Carex sempervirens (CS) and Dactylis glomerata (DG) pastoral types. Plots are based on data published by Cavallero et al. 
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tia, Cricetidae), snow voles, Chionomys nivalis (Martins, 1842) 
(Cricetidae), common shrews, Sorex areneus (Linnaeus, 1758), 
and pigmy shrews, S. minutus (Linnaeus, 1766) (Eulipotyphla, 
Soricidae). In our study, we did not record the presence of either 
voles or shrews. These negative results may be attributable to the 
limited sampling effort and the use of a single trap type. Indeed, 
the use of pitfall traps could have increased the probability of 
capturing shrews (Gurnell & Flowerdew 2006), although with 
the same Large Folding Sherman traps (7.5 × 9 × 23 cm) and 
similar sampling efforts we were able to capture Crocidura sua-
veolens Pallas, 1811, Crocidura leucodon Hermann, 1780 and 
Sorex alpinus Schinz, 1837, as well as voles, in other sampling 
areas (Balbo 2008; Novara et al. 2013).

Concerning the captured species, our study sites evidently 
contained suitable habitat for both Apodemus (Fig. 4) and the 
garden dormouse. The latter is less arboreal than some other 
dormice, often being found on the ground (Bertolino et al. 
2003). It has been recorded from sea level (Capizzi & Santini 
2007) to about 2200 m (Patriarca & Debernardi 1997). The 
genus Apodemus is ecologically flexible. Apodemus sylvaticus and 
A. flavicollis are closely related species occurring from plains to 

about 2000 m a.s.l. (Capizzi & Santini 2007). They are usually 
found in forested areas, but they can be more associated with 
forest edges than other woodland species (Hille & Mortelliti 
2010). The presence of the alpine mouse is linked to bushy 
forests, shrublands, alpine meadows (grazed and rocky), rivers 
and permanent snow (Reutter et al. 2003).

Our results do not provide an unbiased estimate of species 
composition in our study area because of the use of only one 
trap type (large Sherman) and because the sampling effort was 
not calibrated to produce a stable estimate of species richness 
(Conard et al. 2008). Our study should thus be regarded as a 
preliminary attempt to investigate whether grazing activities 
influence the presence of rodents in subalpine grasslands. 
Given the simple comparison of two sites, we are not able to 
exclude the affects of other factors, such as soil type, on the 
observed differences in vegetation and, subsequently, on the 
abundance of rodents. In order to generalize our findings, 
further investigation and replication are needed.

Nevertheless, evidence of the role of cattle grazing has been 
provided by Cavallero et al. (2003, 2007). These authors 
showed that the Dactylis glomerata pastoral type, character-

Fig. 4. — Apodemus spp. caught during the study.
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istic of our intensively grazed site, with a high abundance 
of zoogenic and anthropogenic species (Festuca gr. rubra, 
Agrostis tenuis, Phleum alpinum L., Trifolium alpinum and 
Rumex spp.) unquestionably results from the impact of live-
stock grazing. The differences in vegetation observed between 
the intensively grazed and the lightly grazed sites cannot be 
explained without reference to intensive grazing. The latter 
probably interacted with other site characteristics, such as 
soil type, to determine the final outcome in terms of both 
vegetation structure and composition, and hence the presence 
and abundance of small mammals.

As expected, for the Dactylis glomerata pastoral type, we 
observed a significantly lower abundance of rodents than in 
lightly grazed areas, as is evident from data shown in table 1. 
All candidate regression models confirmed a strong effect of 
grazing level on the abundance of rodents. In our analyses, we 
also tested for the month effect because many small mammal 
populations exhibit cycles, with peaks in densities (Crawley 
1970; Gurnell 1978), which may also occur within the same 
season (e.g., Stradiotto et al. 2009). In our study, we recorded a 
slight increase in the tNI from July to September but, because 
of the low number of (re)captures, we could not estimate the 
population density. We therefore limited our consideration 
to the increase in the number of different animals captured 
(Mt+1), another abundance index for small mammals that 
is likely to perform as well as mark-recapture estimates when 
the trapping protocols remain constant (Slade & Blair 2000). 
Although we initially hypothesized a relationship between 
the increase in the number of animals and the progress of the 
breeding season, this trend was not significant.

In conclusion, our results suggest that the presence and 
abundance of rodents could be related to vegetation differ-
ences in the sampling sites, which can in turn be related to 
grazing history, excluding a significant effect of the month 
on the number of captured individuals. Although the limit-
ed sampling effort and the lack of replication do not allow 
a generalization of these results, our findings are consistent 
with literature documenting the effect of livestock grazing on 
small mammals due to changes in vegetation structure. Even 
though Bakker et al. (2009) suggested a positive connection 
between vegetation height and small mammal presence, here 
we observed that rodents were almost absent in formerly in-
tensively grazed areas, despite the increase in tall herbs. till 
now, no evidence of this grazing impact had been given for 
the grassland habitats of the Alps. Also, it has been recognized 
that small mammal species can respond quite differently to 
grazing, depending on habitat type and on species ecology 
(tabeni & Ojeda 2005; tabeni et al. 2007; Buesching et al. 
2011). Because our abundance data mainly refer to Apode-
mus spp., our results point out that even ecologically flexible 
species suffer from the deep vegetation changes observed after 
intensive grazing. Given that negative consequences of large 
herbivore grazing on small mammal populations may occur 
only above particular threshold ungulate densities (Steen et al. 
2005), this result should encourage natural resource managers 
to carefully consider and act on the spatial distribution of 
grazing pressure, especially within protected areas.

Acknowledgements
The  All taxa Biodiversity Inventory + Monitoring Mercan-
tour/Alpi Marittime was launched by the European Distrib-
uted Institute of taxonomy (EDIt) project (2006-2011). 
The AtBI was coordinated by M.-F. Leccia (Parc national 
Mercantour) and M. De Biaggi (Parco Naturale Alpi Marit-
time), who provided the relevant permits.

The present work was carried out in the framework of 
the transboundary Integrated Action Plan (transboundary 
Cooperation Programme Italy-France Alcotra 2007-2013), 
funded by the European Commission from 2010 to 2012. 

Thanks are due in particular to Luca Giraudo, Cati  Caballo 
and Laura Martinelli for their support, and to Barbara Rizzioli 
(University of turin), for useful information on the study area 
and for liaising with local farmers. We are also grateful to 
Dario Masante for his revision of the description of pastoral 
types provided in this paper. Finally, we thank two anonymous 
reviewers for their useful comments.

REFERENCES

AkAike H. 1974. — wA new look at the statistical model identi-
fication. IEEE Transactions on Automatic Control 19: 716-723.

Augustine D. J. & McnAugHton s. J. 1998. — Ungulate effects 
on the functional species composition of plant communities: 
herbivore selectivity and plant tolerance. Journal of Wildlife 
Management 62: 1165-1183.

BAgcHi s., nAMgAil t. & RitcHie M. e. 2006. — Small mam-
malian herbivores as mediators of plant community dynamics in 
the high-altitude arid rangelands of trans-Himalaya. Biological 
Conservation 127: 438-442.

BAkkeR e. s., olff H. & gleicHMAn J. M. 2009. — Contrasting 
effects of large herbivore grazing on smaller herbivores. Basic & 
Applied Ecology 10: 141-150.

BAlBo c. 2008. — Biopermeabilità delle fasce perifluviali dei torrenti 
Orba e Piota: i micromammiferi come indicatori. Master’s degree 
thesis, University of turin, 199 p.

BARčiová l. & MAcHolán M. 2006. — Morphometric study of 
two species of wood mice Apodemus sylvaticus and A. flavicollis 
(Rodentia: Muridae): traditional and geometric morphometric 
approach. Acta Theriologica 51: 15-27.

BeeveR e. A. & BRussARD P. f. 2004. — Community-and land-
scape-level responses of reptiles and small mammals to feral-
horse grazing in the Great Basin. Journal of Arid Environments 
59: 271-297.

BeRtolino s., coRDeRo n. & cuRRADo i. 2003. — Home ranges 
and habitat use of the garden dormouse (Eliomys quercinus) in 
a mountain habitat in summer. Acta Zoologica Academiae Scien-
tiarum Hungaricae 49: 9-16.

Binkley D., singeR f., kAye M. & RocHelle R. 2003. — Influence 
of elk grazing on soil properties in Rocky Mountain National 
Park. Forest Ecology & Management 185: 239-247.

BuescHing c. D., newMAn c., Jones J. t. & MAcDonAlD D. w. 
2011. — testing the effects of deer grazing on two woodland 
rodents, bankvoles and woodmice. Basic & Applied Ecology 12: 
207-214.

BuRnHAM k. P. & AnDeRson D. R. 2002. — Model selection and 
multimodel inference: a practical information-theoretic approach. 
2nd edition. Springer Verlag, London, XXVI + 488 p.

cAPizzi D. & sAntini l. 2007. — I Roditori italiani. Ecologia, 
impatto sulle attività umane e sugli ecosistemi, gestione delle pop-
olazioni. Delfino Antonio Editore, Roma, 400 p.



579 

Rodents in grassland habitats: does livestock grazing matter?

ZOOSYSTEMA • 2015 • 37 (4)

cAvAlleRo A., Aceto P., cugno D., loMBARDi g., BRAcHet 
contol M., AltARe D. & gilARDi M. 2003. — Analisi della 
situazione alpicolturale attuale e redazione del piano di gestione 
pastorale del comprensorio pascolivo di Palanfrè. Università degli 
Studi di torino, Dipartimento di Agronomia, Selvicoltura e 
Gestione del territorio, turin, 55 p.

cAvAlleRo A., Aceto P., goRlieR A., loMBARDi g., lonAti M., 
MARtinAsso B. & tAgliAtoRi c. 2007. — Tipi pastorali delle 
Alpi piemontesi. Vegetazione e gestione dei pascoli delle Alpi occi-
dentali. Alberto Pardisa Editore, Bologna, XII + 467 p.

cHAPMAn e. w. & RiBic c. A. 2002. — The impact of buffer strips 
and stream-side grazing on small mammals in southwestern 
Wisconsin. Agriculture, Ecosystems & Environment 88: 49-59.

cHeMini c. & Rizzoli A. 2003. — Land use change and biodiver-
sity conservation in the Alps. Journal of Mountain Ecology 7: 1-7.

cHuRcHfielD s., HollieR J. & BRown v. k. 1991. — The effects of 
small mammal predators on grassland invertebrates, investigated 
by field exclosure experiment. Oikos 60: 283-290.

conARD J. M., BAuMgARDt J. A., giPson P. s. & AltHoff D. P. 
2008. — The influence of trap density and sampling duration 
on the detection of small mammal species richness. Acta The-
riologica 53: 143-156.

cRAwley M. c. 1970. — Some population dynamics of the bank 
vole, Clethrionomys glareolus and the wood mouse, Apodemus 
sylvaticus in mixed woodland. Journal of Zoology 160: 71-89.

DAget P. & Poissonet J. 1971. — Une méthode d’analyse phy-
tologique des prairies. Critère d’application. Annales Agronom-
iques 22: 5-41.

DeHARveng l., BeDos A., DAugeRon c., villeMAnt c. & JuDson 
M. l. i. 2015. — Organization, usefulness and limitations of an 
AtBI (All taxa Biodiversity Inventory): the inventory of terrestrial 
invertebrates in the Mercantour National Park, in DAugeRon c., 
DeHARveng l., isAiA M., villeMAnt c. & JuDson M. (eds), 
Mercantour/Alpi Marittime All taxa Biodiversity Inventory. 
Zoosystema 37 (1): 9-30. http://dx.doi.org/10.5252/z2015n1a1

eccARD J., wAltHeR R.& Milton s. 2000. — How livestock grazing 
affects vegetation structures and small mammal distribution in 
the semi-arid Karoo. Journal of Arid Environments 46: 103-106.

elkinton J., lieBHolD A. & MuzikA R.-M. 2004. — Effects of 
alternative prey on predation by small mammals on gypsy moth 
pupae. Population Ecology 46: 171-178.

fleiscHneR t. l. 1994. — Ecological costs of livestock grazing 
in Western North America. Conservation Biology 8: 629-644.

floweRDew J. R. & ellwooD s. A. 2001. — Impacts of woodland 
deer on small mammal ecology. Forestry 74: 277-287.

gAn l., Peng X., PetH s. & HoRn R. 2012. — Effects of grazing 
intensity on soil thermal properties and heat flux under Leymus 
chinensis and Stipa grandis vegetation in Inner Mongolia, China. 
Soil & Tillage Research 118: 147-158.

giBson c. w. D., BRown v. k., losito l. & McgAvin g. c. 
1992. — The response of invertebrate assemblies to grazing. 
Ecography 15: 166-176.

goloDets c. & Boeken B. 2006. — Moderate sheep grazing in 
semiarid shrubland alters small-scale soil surface structure and 
patch properties. CATENA 65: 285-291.

gooDAll D. w. 1978. — Sample similarity and species correla-
tion, in wHittAkeR R. H. (ed) Ordination of plant communities. 
W. Junk, The Hague, Boston: 99-149.

goRnung e., cRistAlDi M. & cAstigliA R. 2009. — Compara-
tive cytogenetic analysis of the “Sylvaemus” group of Apodemus 
(Rodentia, Muridae): A. sylvaticus from Sicily and A. flavicollis 
from the central Apennines. Acta Theriologica 54: 267-275.

gRAnt w. e., BiRney e. c., fRencH n. R. & swift D. M. 
1982. — Structure and productivity of grassland small mammal 
communities related to grazing-induced changes in vegetative 
cover. Journal of Mammalogy 63: 248-260.

guRnell J. 1978. — Seasonal changes in numbers and male 
behavioural interaction in a population of wood mice, Apodemus 

sylvaticus. Journal of Animal Ecology 47: 741-755.
guRnell J. & floweRDew J. R. 2006. — Live trapping small mam-

mals, 4th Revised ed. Mammal Society, Southampton, 48 p.
HADley g. l. & wilson k. R. 2004. — Patterns of small mammal 

density and survival following ski-run development. Journal of 
Mammalogy 85: 97-104.

HAnski i., Henttonen H., koRPiMäki e., oksAnen l. & tuRcHin P. 
2001. — Small-rodent dynamics and predation. Ecology 82: 
1505-1520.

Hille s. M. & MoRtelliti A. 2010. — Microhabitat partitioning 
of Apodemus flavicollis and Myodes glareolus in the sub-montane 
Alps: a preliminary assessment. Hystrix Italian Journal of Mam-
malogy 21: 157-163.

JAccARD P. 1901. — Étude comparative de la distribution florale 
dans une portion del Alpes et du Jura. Bulletin de la Société vau-
doise des Sciences naturelles 37: 547-579.

keesing f. 1998. — Impacts of ungulates on the demography and 
diversity of small mammals in central Kenya. Oecologia 116: 
381-389.

kulczynski s. 1928. — Die Pflanzenassoziationen der Pieninen. 
Bulletin International de l’Acadamie polonaise des Sciences et des 
Lettres, Classe des Sciences mathématiques et naturelles, (B) suppl. II 
(1927): 57-203.

lAiolo P., DonDeRo f., ciliento e. & RolAnDo A. 2004. — Con-
sequences of pastoral abandonment for the structure and diversity 
of the alpine avifauna. Journal of Applied Ecology 41: 294-304.

lA MoRgiA v. & BAssAno B. 2009. Feeding habits, forage selection, 
and diet overlap in Alpine chamois (Rupicapra rupicapra L.) and 
domestic sheep. Ecological Research 24: 1043-1050.

loMolino M. 2001. — Elevation gradients of species-density: 
historical and prospective views. Global Ecology and Biogeogra-
phy 10: 3-13.

MAguRRAn A. e. 2004. — Measuring biological diversity. Blackwell 
Science Ltd, Oxford, 264 p.

MAnson R. H., ostfelD R. s. & cAnHAM c. D. 2001. — Long-
term effects of rodent herbivores on tree invasion dynamics along 
forest-field edges. Ecology 82: 3320-3329.

MAttiello s., ReDAelli w., cRiMellA M. c. & cARenzi, c. 
2003. — Dairy cattle husbandry and red deer utilization of a 
summer range in the Central Italian Alps. Mountain Research & 
Development 23: 161-168.

MccAin c. M. 2005. — Elevational gradients in diversity of small 
mammals. Ecology 86: 366-372.

MccullAgH P. & nelDeR J. A. 1989. — Generalized Linear Models. 
2nd edition. Chapman & Hall/CRC, Boca Raton, xix + 532 p.

MicHAuX J. R., kinet s., filiPPucci M. g., liBois R., BesnARD A. & 
cAtzeflis f. 2001. — Molecular identification of three sym-
patric species of wood mice (Apodemus sylvaticus, A. flavicollis, 
A. alpicola) in western Europe (Muridae: Rodentia). Molecular 
Ecology Notes 1: 260-263.

Muñoz A., BonAl R. & DíAz M. 2009. — Ungulates, rodents, 
shrubs: interactions in a diverse Mediterranean ecosystem. Basic & 
Applied Ecology 10: 151-160.

negRo M., isAiA M., PAlestRini c. & RolAnDo A. 2009. — The 
impact of forest ski-pistes on diversity of ground-dwelling arthro-
pods and small mammals in the Alps. Biodiversity & Conservation 
18: 2799-2821.

olff H. & RitcHie M. e. 1998. — Effects of herbivores on grass-
land plant diversity. Trends in Ecology & Evolution 13: 261-265.

novARA c., tosAtto e. & lA MoRgiA v. 2013. — Micro-
chip tagging and spatially explicit models to optimize data 
collection: new procedures for the snow vole. Abstracts, II 
Convegno Nazionale del Gruppo Piccoli Mammiferi (GPM) 
dell’Associazione teriologica Italiana (AtIt), 24-25 ottobre 
2013, Ercolano: 21.

PAscHettA M., lA MoRgiA v., MAsAnte D., negRo M., 
RolAnDo A. & isAiA M. 2013. — Grazing history influences 
biodiversity: a case study on ground-dwelling arachnids (Arach-

http://sciencepress.mnhn.fr/en/periodiques/zoosystema/37/1/organisation-interet-et-limites-d-un-atbi-all-taxa-biodiversity-inventory-l-inventaire-des-invertebres-terrestres-dans-le-parc-national-du-mercantour
http://dx.doi.org/10.5252/z2015n1a1


580 ZOOSYSTEMA • 2015 • 37 (4)

La Morgia V. et al.

nida: Aranea, Opiliones) in the Natural Park of Alpi Marittime 
(NW Italy). Journal of Insect Conservation 17: 339-356.

PAtRiARcA e. & DeBeRnARDi P. 1997. — Insectivora, Chiroptera, 
Lagomorpha, Rodentia and Carnivora of the Gran Paradiso 
National Park: checklist and preliminary ecological characteriza-
tion. Ibex Journal of Mountain Ecology 4: 17-32.

PeDRotti f. 2013. — Mapping vegetation zones and belts, in 
PeDRotti F. (ed.) Plant and Vegetation Mapping. Geobotany 
Studies, Springer, London: 225-231.

Pielou e. c. 1966. — The measurement of diversity in different types 
of biological collections. Journal of Theoretical Biology 13: 131-144.

PutMAn R. J., eDwARDs P. J., MAnn J. c. e., How R. c. & Hill 
s. D. 1989. — Vegetational and faunal changes in an area of 
heavily grazed woodland following relief of grazing. Biological 
Conservation 47: 13-32.

ReutteR B. A., HelfeR v., HiRzel A. & vogel P. 2003. — Mod-
elling habitat-suitability using museum collections: an example 
with three sympatric Apodemus species from the Alps. Journal of 
Biogeography 30: 581-590.

RolAnDo A., DonDeRo f., ciliento e. & lAiolo P. 2006. — Pas-
toral practices and bird communities in Gran Paradiso National 
Park: management implications in the Alps. Ibex Journal of 
Mountain Ecology 8: 21-26.

RotH g. A., wHitfoRD w. g. & steinBeRgeR y. 2009. — Small 
mammal herbivory: feedbacks that help maintain desertified 
ecosystems. Journal of Arid Environments 73: 62-65.

RüttiMAnn s., giAcoMetti M. & Mcelligott A. g. 2008. — Effect 
of domestic sheep on chamois activity, distribution and abundance 
on sub-alpine pastures. European Journal of Wildlife Research 54: 
110-116.

scHePeR J. & sMit c. 2011. — The role of rodents in the seed 
fate of a thorny shrub in an ancient wood pasture. Acta Oeco-
logica 37: 133-139.

scHMiDt n. M., olsen H., BilDsøe M., sluyDts v. & leiRs H. 
2005. — Effects of grazing intensity on small mammal popula-
tion ecology in wet meadows. Basic & Applied Ecology 6: 57-66.

sHAnnon c. e. 1948. — A mathematical theory of communica-
tions. Bell System technical Journal 27: 379-423, 623-656.

siMonetti J. A. 1986. — On the assessment of trapping success. 
Acta Theriologica 31: 171-175.

slADe n. A. & BlAiR s. M. 2000. — An empirical test of using 
counts of individuals captured as indices of population size. 
Journal of Mammalogy 81: 1035-1045.

søRensen t. 1948. — A method of establishing groups of equal 
amplitude in plant sociology based on similarity of species con-
tent and its application to analysis of the vegetation on Danish 
commons. Biologiske Skrifter 5: 1-34.

steen H., MysteRuD A. & AustRHeiM g. 2005. — Sheep grazing 
and rodent populations: evidence of negative interactions from a 
landscape scale experiment. Oecologia 143: 357-364.

stRADiotto A., cAgnAcci f., DelAHAy R., tioli s., nieDeR l. & 
Rizzoli A. 2009. — Spatial organization of the yellow-necked 
mouse: effects of density and resource availability. Journal of 
Mammalogy 90: 704-714.

tABeni s. & oJeDA R. 2003. — Assessing mammal responses to 
perturbations in temperate arid lands of Argentina. Journal of 
Arid Environments 55: 715-726.

tABeni s. & oJeDA R. A. 2005. — Ecology of the Monte Desert 
small mammals in disturbed and undisturbed habitats. Journal 
of Arid Environments 63: 244-255.

tABeni s., MAstRAntonio l. & oJeDA R. A. 2007. — Link-
ing small desert mammal distribution to habitat structure in a 
protected and grazed landscape of the Monte, Argentina. Acta 
Oecologica 31: 259-269.

tAyloR i. 2004. — Barn Owls: Predator-Prey Relationships and 
Conservation. Cambridge University Press, Cambridge, 324 p.

toRRe i., DíAz M., MARtínez-PADillA J., BonAl R., viñuelA 
J. & fARgAllo J. A. 2007. — Cattle grazing, raptor abundance 
and small mammal communities in Mediterranean grasslands. 
Basic & Applied Ecology 8: 565-575.

vAnDenBeRgHe c., PRioR g., littlewooD n. A., BRookeR R. & 
PAkeMAn R. 2009. — Influence of livestock grazing on meadow 
pipit foraging behaviour in upland grassland. Basic & Applied 
Ecology 10: 662-670.

villeMAnt c., DAugeRon c., gARgoMiny o., isAiA M., DeHAR-
veng l. & JuDson M. l. i. 2015. — The Mercantour/Alpi 
Marittime All taxa Biodiversity Inventory (AtBI): achievements 
and prospects, in DAugeRon c., DeHARveng l., isAiA M., vil-
leMAnt c. & JuDson M. (eds), Mercantour/Alpi Marittime 
All taxa Biodiversity Inventory. Zoosystema 37 (4): 667-679.  
http://dx.doi.org/10.5252/z2015n4a10

vRoni R. 2007. — Forage competition between livestock and Mon-
golian Pika (Ochotona pallasi) in Southern Mongolian mountain 
steppes. Basic & Applied Ecology 8: 147-157.

wescHe k., RonnenBeRg k., RetzeR v. & MieHe g. 2010. — Effects 
of large herbivore exclusion on southern Mongolian desert steppes. 
Acta Oecologica 36: 234-241.

wHeeleR P. 2008. — Effects of sheep grazing on abundance and 
predators of field vole (Microtus agrestis) in upland Britain. Agri-
culture, Ecosystems and Environment 123: 49-55.

zeileis A., kleiBeR c. & JAckMAn s. 2008. — Regression mod-
els for count data in R. Journal of Statistical Software 27: 1-25.

zHAo y., PetH s., kRüMMelBein J., HoRn R., wAng z., stef-
fens M. HoffMAnn c. & Peng X. 2007. — Spatial variability 
of soil properties affected by grazing intensity in Inner Mongolia 
grassland. Ecological Modelling 205: 241-254.

zHou z. c., gAn z. t., sHAngguAn z. P. & Dong z. B. 2010.  — 
Effects of grazing on soil physical properties and soil erodibility 
in semiarid grassland of the Northern Loess Plateau (China). 
CATENA 82: 87-91.

Submitted on 11 February 2014; 
accepted on 13 January 2015; 

published on 31 December 2015.

http://sciencepress.mnhn.fr/en/periodiques/zoosystema/37/4/mercantour-alpi-marittime-all-taxa-biodiversity-inventory-atbi-achievements-and-prospects
http://dx.doi.org/10.5252/z2015n4a10

