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ABSTRACT 

The aim of this study was to evaluate the effects of human-induced landscape changes on the 

composition and structure of terrestrial small mammal communities (O. Rodentia and O. 

Soricomorpha) in central Catalonia for the last 30 years. Barn owl (Tyto alba) pellet analysis 

was applied to study the temporal variations of small mammal communities, by revisiting the 

same roosting places that were previously analyzed.  

Our results point out that habitat loss (crops and meadows) and expansion (forest and urban), 

related to human-induced landscape changes, were main drivers of variations in composition 

and structure of the Mediterranean small mammal assemblages studied. However, climate 

change was assumed to be responsible of the rarefication of some generalist northern species 

with restricted ranges. 

Landscape changes from 1987 to 2002 were mostly consistent between the studied localities. 

While crops decreased a 7.5% and urban areas increased a 6.8%, the forest cover did no show 

consistent patterns. These heterogeneous responses of habitats to the human-induced 

landscape change produced consistent responses of some small mammal species and guilds 

between sampling periods. Forest and synanthropic small mammal guilds increased the 7% 

between both periods, whereas the open guild decreased by 13%. A. sylvaticus increased in 

the three localities with increased forest cover, but decreased in the locality that experienced 

reduced forest cover between sampling periods. Mediterranean small mammal species, 

adapted to warmer and drier climate regimes, showed a significant decrease 

(M.duodecimcostatus, C.russula, and to a lesser extent M.spretus and S.etruscus) that was 

mostly attributed to habitat loss (reduced open habitats like crops and meadows). Conversely, 

the process of afforestation favored forest/shrubland generalist species like the wood mouse 



 
 

(A.sylvaticus), and we hypothesized that this process favored species with mid-European 

requirements (A.flavicollis and M.glaerolus) that will expand their range across moist forest. 

Despite small mammal communities experienced higher heterogeneity/diversity in recent 

samples (coinciding with a similar landscape pattern of change), a trivialization of communities 

was observed with a dominance of synanthropic species without any conservation value (i.e. 

Rattus sp., Mus musculus).   

INTRODUCTION 

Mediterranean ecosystems are currently considered as natural laboratories to study global 

change effects on wildlife, due to its high sensitivity to several global change drivers and their 

interactions (Sala et al., 2000; Doblas-Miranda et al., 2015). The two drivers more studied to 

date have been climate change and land-use change. Temperature is increasing and 

precipitation is decreasing, two factors that would largely determine the fauna and flora of a 

territory. Between 1950 and 2008 temperature in Catalonia has increased at an average rate of 

0.21ºC/decade, reaching 0.35ºC/decade in the summer months. On the other hand, the mean 

annual rainfall has decreased about 1% during the XX century (Peñuelas & Boada, 2003; Llebot, 

2010). Changes in land use are causing wide variations on the ecology and biology of animal 

and plant communities (Debussche et al., 1999; Pausas, 2004; Szpunar et al., 2008). Such 

changes basically consist on the abandonment of agricultural and grazing land, caused by the 

acceleration of rural exodus during the second half of the twentieth century (Duguy, 2003). 

Often, natural vegetation grows back in these abandoned lands, transforming former open 

habitats into forest areas (Debussche et al., 1999). Complex interactions among these drivers 

are expected, through processes such as changes in animal-plant, plant-plant or animal-animal 

interactions (competition, predation and dispersal), or in disturbance (fire) regimes (Doblas-

Miranda et al., 2015). Just documenting patterns of change in relation to drivers is currently a 

primer priority in Mediterranean-type ecosystems, as it is essential to both build-up and test 



 
 

models for the effects of global change and the ways to ameliorate or adapt to it (Doblas-

Miranda et al., 2015). 

To date, most work on effects of global change on Mediterranean biodiversity has been 

focused on plants and birds (Devictor et al., 2012; Matesanz & Valladares, 2014; Parmesan et 

al., 2013), in showy insects such as butterflies (Devictor et al., 2012) or in socially-important 

fresh water fish (Almodóvar et al., 2012). Small mammals, however, have been less studied, 

probably because of the problems associated to just detecting their presence in a given area 

(Torre et al., 2004). Nevertheless, many papers have proven the dependence of small 

mammals on habitat structure and land use (Seamon & Adler, 1996), and on climate (Szpunar 

et al., 2008). Furthermore, small mammals are keystone prey, herbivores or even seed 

dispersers in terrestrial Mediterranean ecosystems (Torre, 2004; Avenant, 2005; Szpunar et al., 

2008). This project aims to determine changes in the composition of the communities of small 

mammals (O. Rodentia and O. Soricomorpha) in a Mediterranean area (counties of Osona and 

Vallès Oriental, Catalonia, NW Spain), and relate such changes to the observed changes in 

general climate and in local landscapes. Community changes were determined using analyses 

of barn owl (Tyto alba) pellets to compensate for low detectability of small mammals with 

conventional sampling methods (livetrapping: Torre et al., 2004). This method, although 

known since long to analyze spatial patterns of small mammal abundance and community 

structure, has been still rarely used to document temporal changes in relation to global change 

(Torre et al., 2013). Our main hypothesis is that generalized abandonment of practices 

maintaining open habitats during the last 30 years (Debussche et al., 1999) would have favored 

forest species in detriment of open-habitats species, thus leading to a change in community 

structure somewhat opposite to that expected from climate change effects (see Seoane and 

Carrascal, 2008 for birds). If this was true, small mammals, as other endotherms, will be 

proven to be more influenced by land use than from climate change (review in Torre et al., 

2014). Accordingly, three main objectives were followed: (1) to characterize landscape use and 



 
 

landscape changes in the study localities; (2) to determine if the small mammal communities 

of these localities have experienced any significant variations in a similar period of time; and 

(3) to analyze whether the two patterns of change were consistent, on the basis of the habitat 

requirements of the involved species (e.g. Torre et al., 2013).   

MATERIALS AND METHODS 

STUDY AREA 

The survey was carried out in different localities in the counties of Osona and Vallès Oriental in 

the province of Barcelona (Catalonia, NE Spain). The climate is generally Mediterranean with 

great variations along the territory owing to its orographic heterogeneity. The altitude of the 

study area can vary from 200 masl in the plains of Vallès Oriental to more than 1,700 masl in 

the summits of the Montseny Natural Park. So, there are both Mediterranean and Eurosiberian 

biogeographic regions with transition zones between them (Baucells et al., 1999). 

Furthermore, it is important to point out the difference between population densities of the 

two study regions. In Vallès Oriental there is 473.6hab/km2 while in Osona there is only 

123hab/km2 (Institut d’Estadística de Catalunya (IDESCAT): http://www.idescat.cat). 

SAMPLING POINTS  

In order to make the data more comparable, the same methodology (barn owl pellets analysis) 

was used in the samples from two periods. Thus, the total number of sampling points 

depended on the availability of old data (70’s and 80’s of the 20th century) provided by this 

methodology (Figure 1). The time elapsed between old and current samples, about 30 (30 ± 7) 

years, can be considered enough to detect significant changes in the small mammal 

communities due to either landscape and climate change (Love at al., 2000; Szpunar et al., 

2008).  



 
 

To obtain current data, we sampled exactly the same places in which old data were obtained 

(Table 1). In four of these sampling locations (Arbúcies, Centelles, Tona and El Brull), we did 

not find evidence of barn owl presence despite there were active nests in previous decades 

(Arrizabalaga et al., 1986). The absence of barn owl activity in these locations is agree with the 

decreasing pattern of this bird of prey in the study area (Ribas, in press) as well as in Catalonia 

(Estrada et al., 2004) during the last three decades.  

DETERMINING THE SMALL MAMMAL COMMUNITY COMPOSITION 

There are different methods to study the composition of small mammal communities which 

have been described in previous studies (Torre et al., 2004; Garden et al., 2007). In this project, 

however, only the analysis of barn owl (Tyto alba) pellets has been used as an indirect non-

invasive method to study the composition of the small mammal communities. The pellets 

produced by barns owls accurately reflect changes in its diet and, at the same time, they would 

reflect changes in prey availability, owing to the generalist predator behavior of the owl (Torre 

et al., 2004; Avenant, 2005). This is a useful method for establishing distribution and 

abundance patterns of small mammals along environmental gradients at different temporal 

and spatial scales (Moreno & Barbosa, 1992; Cooke et al., 1996; Torre et al., 1996; Love et al., 

2000; Rodríguez & Peris, 2007), providing more accurate information than other conventional 

procedures (i.e. livetrapping: Torre et al., 2004; Avenant, 2005).  

The data used in the present investigation comprised 4,277 prey items collected from four 

sites during 1977-1991 (1,069.3 ± 321.6) and 1,804 prey items collected from the same sites 

during 2011-2014 (451 ± 304.1). Mean samples between 200-300 and 500-600 preys are 

considered as representative to characterize the small mammal fauna within a locality (Love et 

al., 2000; Torre, 2001). The analysis was carried out with dry pellets; scattering the pellets and 

separating the remains with tweezers and a teasing needle. The remains were cleaned with a 

brush for making easier the identification process (Gosálbez, 1987). Small mammal remains 



 
 

were identified following Gosálbez (1987) and Arrizabalaga et al. (1999), using the reference 

collection held at the Museu de Ciències Naturals de Granollers when necessary. 

In the old sample of La Vola (Culí et al., 1989) it has not been possible to determine the 

different species of Apodemus (A.sylvaticus or A.flavicollis) because the sample was not 

available for examination and owing to the fact that A.flavicollis was first determined in the 

study area a decade latter (Arrizabalaga et al., 1999). 

DETERMINING LAND USES 

The home range of the barn owl varies from 2 to 7 km2 and it is frequently assumed that a 

radius of 3 km around resting/breeding sites is sufficient to characterize barn owl’s habitat 

(Martinez & Zuberogoitia, 2004; Bond et al., 2005; Szpunar et al., 2008). This area represents 

the hunting territory of the raptor, where the great majority of nesting and roosting activity 

takes place (Szpunar et al., 2008).  

Environmental information from a locality was taken from 5x5 km square UTM units centered 

in that locality (Requejo, 2011; Fernández, 2012), from which a circumference of 2.5 km of 

radius (19.63km2) was drawn (Szpunar et al., 2008) intersecting this area with the land use 

information from the “Land use classification of Catalonia 1987” and “Land use classification of 

Catalonia 2002” (Generalitat de Catalunya, Departament de Territori i Sostenibilitat: 

(http://www20.gencat.cat/portal/site/territori)). In spite of the cartography is not the most 

recent, the methodology used is comparable for the two considered years against the other 

cartographies like “CORINE land cover” or “Land Cover map of Catalonia”. For this reason, is 

considered that the results about land use change between the 1987 and 2002 will be quite 

conservative but representative of the changes in the last 30 years, owing those changes in 

land use showed similar patterns during the last decades (reforestation, urbanization, loss of 

open habitats). A similar approach was performed by the Catalan Breeding Bird Atlas (Estrada 

et al., 2004) to ascertain land use changes within the period 1987-1997.    



 
 

Maps were created by Institut Cartogràfic i Geològic de Catalunya (ICGC: http://www.icc.cat) 

using the data processing by the TematicMapper (TM) sensor from the Landsat satellite.  The 

cartography used consisted in maps in raster format with a 30x30 (900m2) resolution and 22 

categories of land use. Variations occurring during the study period for each land use class 

were calculated by means of ArcMap v.9.3 (ESRI).  

DATA ANALYSIS 

Instead of considering compositional or floristic classifications from the original categories of 

land use cartography, four main categories were considered in relation to habitat structure. 

This is because, at the local scales, habitat structural complexity is more important than 

vegetation composition for the occurrence of terrestrial small mammals (Garden et al., 2007). 

According to this, the following land use categories were defined: (1) Forest, which included 

broad-leaved deciduous forests, broad-leaved evergreen forests, and coniferous forests; (2) 

Crops, that included fruit tree crops, vineyards, rainfed arable crops, and irrigated arable 

crops, which represented open human-induced habitats; (3) Scrub and meadows, which 

represented open natural habitats, and (4) Urban, which comprised commercial and industrial 

areas, roads, towns, and residential areas. The Bare soil and Continental water categories have 

been removed owing to their limited influence in the small mammal community and their 

minimum presence in the territory.  

Likewise, the prey species have been grouped by guilds considering their well-known habitat 

requirements (Gosàlbez, 1987; Torre et al., 2004, 2013). The gathering of species in main 

habitat guilds was performed to have similar categories than in the land use analysis, and 

owing to the fact that localities do not share all the species sampled. According to this, the 

following guilds were considered: (1) Forest guild, composed by Apodemus flavicollis, 

A.sylvaticus, and Myodes glareolus; (2) Open guild, with Microtus agrestis, 

M.duodecimcostatus, Mus spretus, Crocidura russula, and Suncus etruscus; and (3) Urban guild, 



 
 

composed by the species associated with synanthropic areas like Mus musculus, Rattus 

norvegicus, and R.rattus. Other species like Sorex minutus, S.araneus, Arvicola sapidus, and 

Elyomis quercinus were not included in any guild due to their generalist behavior and their low 

abundance and absence in most localities of the study area (Torre et al., 2004, 2013).  

Log-linear analyses were used to determine whether land use and small mammal communities 

differed significantly between the two periods considered. Three factors were considered in 

the analyses: category (land use class or species guild), period, and locality. The units of 

frequency for land use and species guild were Ha and number of individuals, respectively. The 

statistical significance within levels of a factor was verified by examining the components of 

maximum likelihood, comparing these values with the critical level of significance for 1 degree 

of freedom. The statistical analyses were carried out with the software STATISTICA 7 (StatSoft). 

The level of significance to reject  the  null  hypothesis  was  set  at  p  <  0.05  in  all  tests. 

The influence of land use changes on small mammal communities was analyzed by means of 

null models a method more robust than conventional statistical test dealing with low sample 

sizes. Null models are based on the principal of the null hypothesis – that patterns in the data 

do not reflect biological forces, but represent chance variation or sampling effects (Gotelli & 

Entsminger, 2001). 

For comparison of the small mammal community parameters between sampling periods, we 

used statistical rarefaction to provide a meaningful interpretation of species composition and 

abundance within localities when temporal samples differed in the total number of individuals 

collected (Rowe, 2007). The community indexes used were the Shannon diversity index (H) and 

the Dominance index, both indexes showing high stability (i.e. asymptotic behavior) with low 

sample sizes. Rarefaction allows comparison of these indexes between assemblages at the 

same number of individuals. We used Ecosim 7.0 software (Gotelli & Entsminger, 2001) to 

generate individual-based rarefaction curves of the community parameters and the associated 



 
 

variance for the two sampling periods. However, we also used rarefaction to compare the 

landscape composition between the considered periods in every locality. For the landscape 

diversity analysis, all land use categories of the original maps have been used, in order to cope 

more precisely with habitat heterogeneity. To detect significant differences in the community 

parameters between both periods one-way ANOVA with randomization has been carried out 

(Gotelli & Entsminger, 2001). The small sample size did not allow using the Wilcoxon signed-

rank test and the data did not have the parametric conditions for using a conventional ANOVA.   

In order to determine whether the small mammal communities were related to the land use 

composition, redundancy analysis was performed with CANOCO 4.5 for Windows (Ter Braak & 

Smilauer, 2002; Leps & Smilauer, 2003). Due to low sample size, the number of variables was 

reduced by gathering small mammals and habitats in groups. The canonical axes extracted 

explain which part of the variance in the small mammal community composition can be 

explained by the land use variables. Moreover, Multidimensional Scaling analysis (MDS) was 

performed with the rate of change of small mammal community composition and habitats 

between both periods to determine whether small mammal guilds showed consistent 

responses along axes of environmental change. MDS is like a non-parametrical Principal 

Component analysis (PCA) but its graphical results are less clear and interpretable than the 

results provided by PCA. Since both MDS and PCA reported similar results (see Results section), 

we used the latter approach.  

RESULTS 

CHANGES IN LAND USE 

Land-use changes for the considered period were represented by each category of the original 

map using units of occupied area (Ha) and frequency of occurrence (%) (Appendix 1) and 

gathered into four main habitats in Figure 2.    



 
 

A Log-linear analysis allowed determining that land use changes were not consistent in all the 

localities for the period 1987-2002 (G2 = 7606.5; d.f. = 24; p < 0.001). Three out of four 

localities showed the same patterns of habitat change between both periods, but the locality 

of La Vola showed a different pattern in the forest and scrubs and meadows categories (Figure 

2); however, crops and urban areas showed the same pattern of change in all localities, the 

former deceased 7.54% ± 5.51 (SD) on average, while urban areas increased 6.81% ± 4.24 (SD). 

In general, the forest areas increased in this period 1.73% ± 8.7 (SD) on average, and scrubs 

and meadows decreased 1.10% ± 6.13 (SD). The standard deviation is very high for these 

parameters due to the different pattern detected in the locality La Vola.    

Furthermore, a one-way ANOVA with randomization determined that habitat heterogeneity 

(Shannon diversity index) increased (number of permutations improving the observed data = 

23/1000, p = 0.023) whereas Dominance decreased with a marginally significant p-value 

(number of permutations improving the observed data = 57/1000, p = 0.057) along the study 

period (Appendix 1; Figure 2) 

CHANGES IN THE SMALL MAMMAL COMMUNITY 

As a whole, 6,081 small mammal individuals from fifteen species were found in the set of 

samples (Appendix 2; Figure 3). Fourteen species were detected in the old sample, whereas 

only ten species were detected in the new sample. Since differences in sample size were 

evident between both samples, species richness was compared by rarefaction curves 

accounting for the number of individuals sampled. The curves showed that species richness 

was higher in the old sample at the same number of individuals collected (n = 1800 small 

mammals). Ten species experienced negative rates of change between periods, and the 

remainder five species showed positive ones. A log-linear analysis showed that the frequencies 

of occurrence of seven species significantly changed between both sampling periods (G2 = 

219.4; d.f. = 13; p < 0.0001). However, only three species showed significant declines 



 
 

(M.duodecimcostatus, C.russula, and S.araneus: all p < 0.05; S.minutus showed marginally 

significant results: p = 0.07), and four species increased (A.sylvaticus, M.musculus, 

R.norvegicus, and R.rattus: all p < 0.05). C.russula was dominant in the old sample (29% of 

small mammals), closely followed by M.spretus (28%), and A.sylvaticus (23%). In the current 

sample A.sylvaticus was dominant (29%), followed by M.spretus (26%), and C.russula (25%). All 

synanthropic species showed significant increase: M.musculus, from 2.1% to 5.3%, 

R.norvegicus, from 0.05% to 1.8%, and R.rattus, from 1.0% to 2.5%. Some forest species with 

small frequencies also increased (A.flavicollis, from 0.2% to 1.5%), but M.glareolus decreased 

(from 0.1% to 0.0%).     

A log-linear analysis considering the whole data set revealed that small mammal guilds 

changed their frequencies of occurrence between both study periods (Guild x Period: G2 = 

158.8, d.f. = 2, p < 0.0001). The open guild decreased the 13% (from the 73% in the old sample 

to the 60% in the current sample: Chi2 = 32.9, d.f. = 1, p < 0.0001), whereas both the forest and 

the synanthropic guilds increased the 7% (forest guild, from the 24% to the 31%: Chi2 = 21.5, 

d.f. = 1, p < 0.0001; synanthropic guild, from the 3% to the 10%: Chi2 = 94.1, d.f. = 2, p < 

0.0001).  

A Log-linear analysis considering three factors (Species guild x Locality x Period) and their 

interactions allowed determining that changes in guild frequencies were not consistent in all 

the localities for the period 1987-2002 (G2 = 1317.1, d.f. = 17, p < 0.0001). That is, three out of 

four localities showed similar patterns (forest guild increased and open guild decreased), but 

the locality of La Vola showed a reversed pattern (Figure 4). These results showed that the 

small mammal community composition changed by increasing the species of forest and urban 

guilds in 6.24% ± 17.74 (SD) and 3.84% ± 3.73 (SD) on average, respectively, and by decreasing 

of the species associated to open habitats guild in 10.08% ± 20.25 (SD) on average. The large 



 
 

standard deviation is caused by the results in the sample point of La Vola that are again 

opposite to the rest of localities.   

Taking account only the two factors interactive model in the Log-linear analyses (Species x 

Period), the results suggested that significant changes in the small mammal community 

composition between both old and current samples in each locality were detected (Marata: G2 

= 163.9, d.f. = 10, p < 0.0001; Llerona: G2 = 144.8, d.f. = 7, p < 0.0001; L’Ajuda: G2 = 67.9, d.f. = 

7, p < 0.0001; La Vola: G2 = 46.2, d.f. = 10, p < 0.0001). These analyses also allowed 

determining which species in particular have undergone a change in the considered period in 

every locality (Figure 3).  

Small mammal community’ parameters, like the Shannon diversity index, showed interactive 

responses, increasing in three localities (Marata, Llerona, L’Ajuda) and decreasing in the 

remainder one (La Vola). However, changes in community Dominance were consistent 

between both sampling periods in the four localities (all decreased). Nonetheless, one-way 

ANOVA with randomization determined that Shannon diversity index and Dominance of the 

small mammal communities were not significantly different between both considered periods 

(p = 0.245, and p = 0.193 respectively). The lack of statistical differences in Dominance can be a 

consequence of low statistical power due to reduced sample size and extremely low values of 

the parameter (a Wilcoxon matched pairs tests showed marginal differences, Z = 1.82, p = 

0.06).      

RELATION BETWEEN CHANGES IN THE LAND USE AND IN THE SMALL MAMMAL COMMUNITY 

The results of the redundancy analysis determined the influence of land use changes on small 

mammal communities (Figure 5). The first axis extracted was significant (F-ratio = 17.4, 

p=0.036) and the most explanatory in terms of variance (81.3%), and represented a gradient 

from open to forested localities. The second axis showed little variance (1.6%), and was mainly 

related to urban habitats. Furthermore, this axis represented the landscape changes observed 



 
 

between both sampling periods, since the four olds samples were discriminated from the new 

ones along this axis.  

The redundancy analyses indicated that 82.9% of the variance in the small mammal 

community composition was explained by the land use variables. The forward selection 

procedure after 499 permutations showed that open habitats were the most influencing land 

use variables on small mammal communities (79% of variance). Nonetheless, owing to the fact 

that open and forest variables were negatively correlated, changes of small mammal 

communities along the first axis were complementary. The analysis clearly showed the 

relationship between the frequency of occurrence of the three small mammal guilds and their 

associated habitats for the eight samples considered (four old and four current).  

Principal Components analysis determined that temporal rates of change in the frequencies of 

occurrence of small mammals’ guilds were in close agreement with the rates of change of the 

land uses between both considered periods (Figure 6). The first axis extracted was the most 

explanatory in terms of variance (76.73%), and represented a gradient from open to forested 

localities. The second axis showed low variance explained an 18.13% of variance and was 

mainly related to urban habitats. Further evidence of association between small mammals and 

their habitats were obtained after the correlation of community parameters calculated in 

every locality and sampling period (Dominance: r = 0-60, p = 0.11, n = 8; Diversity: r = 0.59, p = 

0.12, n = 8; respectively). Both community parameters showed similar patterns of temporal 

rate of change in habitats and small mammals. While Diversity increased (in all but one locality 

in the case of small mammals), dominance decreased in both small mammals and their 

habitats between periods.  

Spearman rank correlations of the factor coordinates of the variables related with small 

mammals’ guilds rate of change and their habitat counterparts determined that the MDS and 

PCA results were roughly equivalent, with r = 0.77 (p = 0.07, n = 4) for the first axis coordinates 



 
 

and r = 0.94 (p = 0.004, n = 4) for the second axis coordinates. These results suggested the 

possibility of using Principal Components Analysis despite of the impossibility of checking the 

parametrical conditions.  

DISCUSSION 

In this study we have shown the utility of a non-invasive method (barn owl pellet analysis) to 

detect significant shifts in the small mammal community composition and structure. In spite of 

the low number of sampling sites available, observed variations were closely related to land 

use changes. This method has been proved efficient for detecting changes in the small 

mammal frequencies of occurrence in agricultural environments related to different farming 

practices (Cooke et al., 1996; Torre et al., 1997; Rodríguez & Peris, 2007; Millán et al., 2003), 

and is considered as a valuable method for assessing small mammal populations and their 

change over time (Meek et al., 2012). Our results are in close agreement with these previous 

findings, since landscape changes occurred in the area during the elapsed time (monitored at 

the locality level with an average time gap of 30 years) revealed fine-grained patterns of 

habitat change and their direct effects on the small mammal communities. Love et al. (2000) 

showed that barn owl diet varied significantly over a long time period in Great Britain (1974-

1997), and that small mammal communities changed accordingly. However, localities sampled 

between periods were different and landscape changes were assessed by these authors on a 

coarse-grained scale (i.e. landscape units or regions), and some interpretations raised can be 

considered speculative. In this study we have shown for the first time (using this method, as 

far as we know) that small mammal changes over time were strongly correlated with human-

induced habitat changes, owing to the well-known habitat preferences of the species (and 

their expected responses to environmental changes). 

The localities studied can be considered as highly modified ecosystems regulated by human 

activities (agriculture-dominated ecosystems: Seiferling et al., 2014). Despite the low sample 



 
 

size analyzed, landscape changes from 1987 to 2002 were mostly consistent between 

localities. Crops decreased a 7.5% on average (range 2.15%), whereas urban areas increased a 

6.8% (range 4-13%), following the patterns observed in Catalonia (period 1987-1997: Estrada 

et al., 2004) as well as around the Mediterranean Region (Debussche et al., 1999). 

Nonetheless, while forest cover increased in three out of four localities (expected pattern: 

Estrada et al., 2004, Debussche et al., 1999), it decreased in La Vola, considered as a 

seminatural system (Seiferling et al., 2014). Furthermore, the heterogeneous responses of 

some species and guilds between sampling periods closely tracked the heterogeneous 

responses of habitats to the human-induced landscape change. As a whole, the forest and 

synanthropic small mammal guilds increased the 7% between both periods, whereas the open 

guild decreased by 13%. A. sylvaticus increased in the three localities with increased forest 

cover, but decreased in the locality that experienced reduced forest cover between sampling 

periods. These results point out that temporal interactive responses of landscape change can 

be found at small spatial scales (i.e. at the locality level), and their influence on the small 

mammal communities can be overlooked when considering higher spatial scales of analysis. 

Despite small mammal communities are now experiencing a warmer climate in the study area 

(Peñuelas & Boada, 2003), the variations observed between both sampling periods can be 

mainly attributed to landscape changes. Mediterranean species, adapted to warmer and drier 

climate regimes, showed a significant decrease (M.duodecimcostatus, C.russula, and to a lesser 

extent M.spretus and S.etruscus) that can be mostly attributed to habitat loss (reduced open 

habitats like crops and meadows). Conversely, the process of afforestation will favor species 

with mid-European requirements (A.flavicollis and M.glaerolus) that will expand their range 

across moist forest, and this pattern will ameliorate changes of global warming in small 

mammal communities (Rowe, 2007). A similar pattern has been recently demonstrated for 

Spanish birds (Seoane & Carrascal, 2008). 



 
 

There is moderate evidence of a positive relationship between small mammals and the 

landscape for two community parameters analyzed (diversity/heterogeneity, and dominance). 

Landscape increased its heterogeneity and decreased its dominance in the four localities from 

1987 to 2002. On the contrary, a similar pattern was detected for small mammals, with 

diversity increasing (in all but one locality) and dominance decreasing (in all localities). That is, 

small mammal individuals were more evenly distributed among the species in recent than in 

old samples. Since heterogeneous environmental conditions provide more niches and 

resources, an increase in species diversity (Tews et al., 2004), could be expected with elapsed 

time. However, a trivialization of communities was observed (Szpunar et al., 2008), with a 

dominance of synanthropic species without any conservation value (i.e. Rattus sp., Mus 

musculus).   

In the Mediterranean area the so-called global change has two important components: the 

climate change (i.e. increased temperature with the reduction of water availability), and the 

landscape change (Vicente et al., 2014). Despite climate change has been considered as the 

main driver for biodiversity loss in the area during the last decades (Szpunar et al., 2008), 

landscape change has been recently considered (at a more local scale) as important as, or even 

more important than climate change for biodiversity conservation. Despite climate change was 

not assessed in this study, we were able to suspected that small mammal communities 

changes in the studied localities were almost a consequence of landscape change between 

both sampling periods. A redundancy analysis showed strong evidence that frequencies of 

occurrence of three small mammal guilds were strongly associated to habitat features (82.9% 

of variance explained by habitat descriptors) measured in the same localities during two 

different time periods. Contrary to expectations, small mammals with well-known 

Mediterranean requirements as C.russula and M.duodecimcostatus (and to a lesser extent 

M.spretus and S.etruscus) showed significant declines suggesting weak influence of climate 

and pointing on landscape changes as the relevant drivers of variations for those species. 



 
 

These results are contrary to those reported by Szpunar et al. (2008) in Italy, which showed a 

significant raise of termoxerophilic species (i.e. Crocidurinae) during a similar period of elapsed 

time (30 years). Nonetheless, our results also suggested that the decline of S.araneus and 

S.minutus (both habitat generalist species but with mid-European requirements) can be 

associated to climate change. These species have been showed to decline in Italy as a 

consequence of climate warming (Szpunar et al., 2008), but whereas S.araneus declined in 

Great Britain as a consequence of landscape change, the contrary was observed for S.minutus 

in the same study period (Love et al., 2000). 

Our results point out a significant loss of species richness between periods (from 14 to 10 

species), and these results can be interpreted according to a process of extinction (A.sapidus 

can be considered as extinct in the locality of Marata, A.Arrizabalaga pers. com.) or rarefaction 

of some species (i.e. S.araneus) in the study area. Nonetheless, other species with low 

frequencies, like M.glaerolus and E.quercinus, were not detected in the current sample may be 

as consequence of a sampling bias, considering that the current sample had less than half the 

number of individuals analyzed in the old sample (1,804 vs 4,277 small mammals). However, 

the former species has well-known forest requirements in the study area and its presence in 

open habitats (the main hunting habitat for barn owls) can be considered as rare (Torre & 

Arrizabalaga, 2008). Moreover, M.glaerolus is a species with reduced frequencies of 

occurrence in the diet of the barn owl, even in forest environments (1.4% in the Montseny, 

Fernández, 2012). The presence of E.quercinus in the barn owl diet can be considered as 

anecdotal in the study area (Montseny 0.01%: Fernández, 2012; Osona 0%: Requejo, 2011), 

and the same was found when using other sampling methods (Live-trapping 0.1%: Arrizabalaga 

& Torre, 1999; genet scats 0.36%: Torre et al., 2013). The absence of this species in the current 

sample can be associated to sampling biases, but it may well reflect the significant decline of 

E.quercinus population in the Mediterranean area (Moreno, 2007).   



 
 

Our results also showed evidence for the decline of the barn owl population in the study area, 

and as a consequence, we were not able to find nesting places (and hence, recent pellets) in 

half of the localities that were sampled during 1977-1991. The decline of barn owl populations 

seems to be a common pattern throughout Western Europe during the last century (i.e. Great 

Britain: Askew et al., 2007, and references therein). As a general rule, changes in farming 

practices (i.e. from landscapes dominated by ungrazed grasslands and hedgerows, to 

agriculture intensification) are considered to be responsible of such a pattern, mainly due to 

habitat loss for small mammal preys (Percival, 1991). Nonetheless, in our study area the strong 

decline of the barn owl breeding population (which had been estimated about 60% between 

1984 and 2010, Ribas, in press) has a multifactorial origin. The decrease of the crops and 

livestock areas, the trend towards intensive cereals monoculture, the increasing of the urban 

and forest areas, the destruction of nesting sites by remodeling or collapse of rural 

constructions, and the deaths produced in the roads, are the main causes of the decline of this 

species. Furthermore, the barn owl population is also hampered by competition with the 

tawny owl (Strix aluco) which is bigger and better adapted to forest environments (Ribas, in 

press). 

The use of non-invasive methods like the one used in this study can be especially suitable for 

detecting changes caused by human-induced environmental changes (landscape and climate 

change) on the small mammal fauna because of the easy way of replication provided the same 

localities can be resampled. Large samples of small mammal preys can be easily obtained from 

barn owl roosts (average samples from 200 to 600 preys may suffice to characterize 

communities, Love et al., 2000), and hence, small mammals communities’ changes can be 

monitored/characterized with a high degree of certainty. This method offered some 

advantages compared to other conventional procedures, like live-trapping, to which higher 

sampling effort need to be devoted; even, after extensive live-trapping protocols, results 

obtained by both methods are hardly comparable due to important sampling biases associated 



 
 

to live-trapping which produces significant underestimates of species richness (Millán et al., 

2003; Torre et al., 2004; Avenant, 2005; McDonald et al., 2013). Furthermore, the barn owl 

diet underestimates the occurrence of the small mammal fauna from forest habitats and 

overestimates the fauna living in open habitats (Torre et al., 2004), due to the foraging 

strategy of this predator. Nonetheless, this potential bias did not affect the interpretation of 

changes in the small mammal frequencies detected in the present study; it has been recently 

shown elsewhere that the frequencies of occurrence of the small mammal preys in the barn 

owl diet strongly correlated with the frequencies of occurrence of the small mammal preys in 

the diet of the genet (a forest generalist predator) along environmental gradients (Torre et al., 

2013). So, changes in the frequencies of occurrence of forest species in the barn owl diet can 

be also interpreted as responses of prey species to environmental variations due to the 

particular species requirements, even when these species showed small frequencies of 

occurrence (i.e. Apodemus flavicollis: Fernández, 2012).   

CONCLUSION 

- The analysis of barn owl pellets has proven to be a very useful tool to detecting 

changes in small mammal communities caused by human-induced environmental 

changes over a long time period.  

- Changes in the land use composition for a 30 years period were closely related with 

the shifts in the small mammal communities 

- Habitat loss (crops and meadows) and expansion (forest and urban), related to human-

induced landscape changes, were main drivers of variations in composition and 

structure of the Mediterranean small mammal assemblages.  

- Climate change was assumed to be responsible of the rarefaction of some generalist 

northern species with restricted ranges. 



 
 

- Landscape changes from 1987 to 2002 were mostly consistent between the studied 

localities. While crops decreased a 7.5% and urban areas increased a 6.8%, the forest 

cover did no show consistent patterns.  

- Forest and synanthropic small mammal guilds increased the 7% between both periods, 

whereas the open guild decreased by 13%. So, a trivialization of communities was 

observed with a dominance of synanthropic species without any conservation value. 

- The small mammal communities experienced higher heterogeneity/diversity in recent 

samples, coinciding with a similar landscape pattern of change. 
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Table 1: List of localities sampled. The last column shows the sampling years for each locality, old and current 

respectively. 1Source: Montagud & Arrizabalaga, 1980. 2Source: Arrizabalaga et al., 1986 & review for A. flavicollis in 

Fernández, 2012. 
3
Source: Culí et al., 1989. 

4
Source: unpublished data from Museu de Ciències Naturals de 

Granollers  5Source: Requejo, 2011. 

 

 

 

 

 

Locality UTM (1x1) 
Altitude 

(m) 
Place Town 

Samples 

(old-current) 

Marata 31TDG4311 250 
Parish church of Santa Coloma 

de Marata 
Marata 19771 - 2014 

Llerona 31TDG4111 237 
Parish church of Santa Maria de 

Llerona 
Llerona 19781 - 2014 

Arbúcies 31TDG5929 300 
Parish church of Sant Quirze and 

Santa Julieta 
Arbúcies 19832 - 

Centelles 31TDG3527 525 
Parish church of Santa Coloma 

de Centelles 
Centelles 19832 - 

Tona 31TDG3533 600 Church of Sant Andreu de Tona Tona 19832 - 

El Brull 31TDG4229 840 Church of Sant Martí del Brull El Brull 19832 - 

La Vola 31TDG4759 
800 

Clergy house of Sant Andreu de 

la Vola (Cal Sastre) 

Sant Pere 

de Torelló 
19863 – 20115 

L’Ajuda 31TDG3530 587 
Sanctuary of Mare de Déu de 

l’Ajuda 

Hostalets 

de Balenyà 
1991

4 
- 2014 



 
 

Figure 1: Situation of the sampling places. Green dots 

represent the locations with old and current data available, 

whereas localities with only old data are represented with 

black dots.  

Source: Making with ArcMap v.9.3 (ESRI). 
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Figure 2: Relative frequencies of the occupied area by each land use in the different study localities in 1987 and 2002, respectively.  

The figure also shows the values for Shannon diversity index (H) and Dominance, taking account of the 22 categories of the original 

cartography. 
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Figure 3: Relative frequency of the small mammal species in the barn owl pellets in the old and currents samples for the period 1987 and 

2002, respectively. Figure also shown mean Shannon diversity index (H) and mean Dominance calculated for the old and current samples, 

considering the same sample size (190 individuals).  

*Species with significant changes (p < 0.05). 
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Figure 4: Relative frequencies of the small mammal species grouped by guilds (according to their habitat requirements) in the barn owl 

pellets in the old and current samples for the period 1987 and 2002, respectively. 



 
 

  

Figure 5: Representation of the land uses (Open, Forest and Urban) and small mammal guilds (SP-) in the two-

dimensional space created by the first two axes extracted from the redundancy analysis. The location of the 

samples according to the period was also shown like dots (current) or triangles (old). 



 
 

 

                        

 

 

 

 

 

 

 

 

 

 

Figure 6:  Rate of change (%) of small mammal guilds and their main 

habitat (SP-) along the two first axes extracted from the PCA.  
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APPENDIX 

 



 
 

Appendix 1: Absolut (Ha) and relative frequencies (in brackets) of the occupied area by each land use category of the studied cartography. Diversity values (Shannon and 

Dominance) are also shown in the two last rows. 

 

 

 

  

 Marata Llerona L’Ajuda La Vola 

1987 2002 1987 2002 1987 2002 1987 2002 

Continental water 0 
(0.00) 

0  
(0.00) 

0  
(0.00) 

0  
(0.00) 

0  
(0.00) 

5.31  
(0.27) 

0  
(0.00) 

0  
(0.00) 

Bare soil 5.13  
(0.26) 

46.08  
(2.35) 

10.62  
(0.54) 

41.85  
(2.13) 

143.73  
(7.32) 

76.77 
(3.91) 

2.43  
(0.12) 

0  
(0.00) 

Commercial and industrial areas  8.37  
(0.43) 

2.97  
(0.15) 

13.50 
 (0.69) 

114.30  
(5.82) 

1.08  
(0.05) 

18.54  
(0.94) 

0  
(0.00) 

0  
(0.00) 

Residential areas 18.09 
(0.92) 

111.60  
(5.68) 

18.09  
(0.92) 

162.45  
(8.28) 

18.36  
(0.93) 

27.81  
(1.42) 

0  
(0.00) 

0  
(0.00) 

Towns 3.24  
(0.16) 

19.35  
(0.99) 

9.81 
(0.50) 

22.14  
(1.13) 

95.67  
(4.87) 

68.13  
(3.47) 

0  
(0.00) 

0  
(0.00) 

Roads 0  
(0.00) 

0  
(0.00) 

0  
(0.00) 

0  
(0.00) 

0  
(0.00) 

77.85  
(3.96) 

0  
(0.00) 

95.49  
(4.86) 

Broad-leaved deciduous forest 3.06  
(0.16) 

35.37  
(1.80) 

1.35  
(0.07) 

38.97  
(1.99) 

3.51  
(0.18) 

92.25  
(4.70) 

1362.42  
(69.41) 

1110.87  
(56.59) 

Broad-leaved evergreen forest 3.42  
(0.17) 

6.12  
(0.31) 

2.79  
(0.14) 

5.04  
(0.26) 

19.71  
(1.00) 

63.90  
(3.25) 

94.95  
(4.84) 

52.29  
(2.66) 

Coniferous forest 498.87 
(25.40) 

576.63  
(29.36) 

319.50  
(16.28) 

344.16  
(17.53) 

157.14  
(8.00) 

196.56  
(10.01) 

16.20  
(0.83) 

96.93  
(4.94) 

Scrub and meadows 94.14 
(4.79) 

3.24  
(0.16) 

68.76  
(3.50) 

10.08  
(0.51) 

271.98  
(13.85) 

177.57  
(9.04) 

387.18 
(19.72) 

544.77  
(27.75) 

Fruit tree crops 0.27  
(0.01) 

0  
(0.00) 

20.43  
(1.04) 

1.08  
(0.06) 

0  
(0.00) 

0  
(0.00) 

0  
(0.00) 

0  
(0.00) 

Vineyards 0  
(0.00) 

0  
(0.00) 

4.59  
(0.23) 

0  
(0.00) 

0 
(0.00) 

0  
(0.00) 

0  
(0.00) 

0  
(0.00) 

Rainfed arable crops 1139.31 
(58.02) 

890.01  
(45.32) 

1114.65 
(56.79) 

937.71 
(47.77) 

1237.77 
(63.03) 

1138.05 
(57.95) 

99.72 
(5.08) 

62.55 
(3.19) 

Irrigated arable crops 189.81 
(9.67) 

272.34  
(13.87) 

378.81 
(19.30) 

285.12 
(14.53) 

14.85 
(0.76) 

21.06 
(1.07) 

0  
(0.00) 

0  
(0.00) 

         
Shannon (H) 1.15 1.40 1.26 1.57 1.25 1.56 0.92 1.18 

Dominance 0.58 0.45 0.57 0.48 0.63 0.58 0.69 0.57 



 
 

 

Appendix 2: Absolute (individuals number) and relative frequencies (in brackets) of each species found in barn owl pellets. Diversity values (Shannon and Dominance) are also shown in the 

two last rows. 

 

 Marata Llerona L’Ajuda La Vola 

Old Current Old Current Old Current Old Current 

Sorex minutus 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 25 (3.21) 4 (2.09) 

Sorex araneus 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 12 (1.54) 0 (0.00) 

Crocidura russula 410 (32.62) 243 (28.79) 323 (39.53) 84 (15.64) 352 (24.70) 53 (22.84) 162 (20.82) 72 (37.70) 

Suncus etruscus 23 (1.83) 12 (1.42) 15 (1.84) 14 (2.61) 28 (1.96) 1 (0.43) 2 (0.26) 0 (0.00) 

Myodes glareolus 1 (0.08) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 3 (0.39) 0 (0.00) 

Arvicola sapidus 5 (0.40) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 

M.duodecimcostatus 20 (1.59) 52 (6.16) 16 (1.96) 10 (1.86) 479 (33.61) 33 (14.22) 40 (5.14) 25 (13.09) 

Microtus agrestis 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 37 (4.76) 9 (4.71) 

Apodemus flavicollis 0 (0.00) 2 (0.24) 0 (0.00) 0 (0.00) 8 (0.56) 4 (1.72) 
451 (57.97) 78 (40.84) 

Apodemus silvaticus 222 (17.66) 232 (27.49) 106 (12.97) 158 (29.42) 215 (15.09) 75 (32.33) 

Rattus rattus 25 (1.99) 25 (2.96) 17 (2.08) 21 (3.91) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 
Rattus norvegicus 0 (0.00) 27 (3.20) 0 (0.00) 5 (0.93) 2 (0.14) 0 (0.00) 0 (0.00) 0 (0.00) 

Mus musculus 56 (4.46) 63 (7.46) 5 (0.61) 24 (4.47) 27 (1.89) 9 (3.88) 2 (0.26) 0 (0.00) 

Mus spretus 495 (39.38) 188 (22.27) 335 (41.00) 221 (41.15) 314 (22.04) 57 (24.57) 41 (5.27) 3 (1.57) 

Eliomys quercinus 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 3 (0.39) 0 (0.00) 

         

TOTAL  1257 844 817 537 1425 232 778 191 

         

Shannon (H) 1.40 1.69 1.25 1.48 1.51 1.54 1.32 1.29 

Dominance 0.40 0.30 0.43 0.41 0.34 0.32 0.58 0.41 


