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RÉSUMÉ.— Les facteurs à petite échelle affectent la taille des populations du Mulot (Apodemus sylvaticus) 

dans une île méditerranéenne (Sardaigne).— La variation de la taille des populations de Mulot (Apodemus 

sylvaticus) a été étudiée le long de30 transects indépendants sur l’île de Sardaigne (Italie), avec un accent mis sur 
la relation entre la taille de la population et les variables environnementales (type de boisement, épaisseur de la 

litière, diversité et taille des arbres, nombre de souches, couverture du sol, couverture buissonnante, bois mort). 

Les études ont été conduites selon un protocole de capture-marquage-recapture à l’aide de pièges placés le long 
des transects et surveillés au printemps et en automne. Sept variables environnementales ont été confrontées aux 

estimations de taille de population sur chaque transect, estimations obtenues à partir de cinq modèles 

démographiques distincts pour populations fermées. Des différences inter-saisonnières significatives ont été 
observées dans le nombre de spécimens capturés (pic au printemps) mais, en dépit de variations considérables 

selon les transects, la taille des populations de Mulot ne différait pas de manière significative entre les types 

d’habitats forestiers. La taille des populations de l’espèce est apparue positivement influencée par (i) la couverture 
au sol, (ii) le nombre de souches, et (iii) le % d’Erica arborea ; à l’inverse elle est apparue négativement 

influencée par (a) la hauteur des buissons de Rubus ulmifolius et (b) par le % de Rubus ulmifolius. Les raisons de 

ces patterns sont envisagées et discutées. 

SUMMARY.— The variation of population size of the Wood Mouse (Apodemus sylvaticus) was studied across 

30 independent transects in Sardinia island (Italy), with emphasis on the relationships between population size and 

environmental variables (type of wood, litter depth, tree diversity, tree size, number of stumps, ground cover, 

shrub cover, dead wood). Studies were conducted through a capture-mark-recapture protocol with live traps placed 

along line transects, and surveyed in both spring and autumn. Seven environmental variables were contrasted to 
population size estimates in each transect, with estimates of population size being obtained from five distinct 

demography models for close populations. There were significant inter-seasonal differences in the number of 

captured specimens (peak in springtime), but the population size of the Wood Mouse, despite varying considerably 
by transect, did not differ significantly among types of forest habitats. Population size of this species was 

positively influenced by (i) ground cover, (ii) number of stumps, and (iii) % Erica arborea; conversely, it was 

negatively influenced by (a) height of Rubus ulmifolius bushes and (b) by % Rubus ulmifolius. The possible 
reasons behind these patterns were explored and discussed. 

_____________________________________________ 

The ecological distribution and the relative abundance of small mammals are relevant factors 

in shaping ecosystem structure and functioning (Rosalino et al., 2011). Despite the abundance of 

rodent populations is well known in several ecosystems of temperate regions (e.g., Capizzi & 

Santini, 1997; Amori et al., 2008), there are relatively few studies on the relationships between 

population size and environmental variables of free-ranging rodent species (e.g., Hansson, 1978; 

Mazurkiewicz, 1994; Dickman, 1999; Carey & Harrington, 2001; Pearce & Venier, 2005), 

especially in Mediterranean habitats (e.g., Capizzi & Luiselli, 1996). Indeed, in Italy, all the 

studies concerning the Mediterranean rodent populations have been carried out in mainland Italy 

and in Sicily (e.g., Sarà & Casamento, 1993; Capizzi & Luiselli, 1996; Amori et al., 2008), 

whereas no study has ever been performed in Sardinia. This is surprising because the large size of 
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this latter island may have provided many good environments where to analyse aspects of field 

ecology of the rodent species. Consequently, rodent diversity and relative abundance are poorly 

known in Sardinian forest ecosystems, and fundamentally no knowledge is available on habitat 

requirements of local rodent populations. 

The Wood Mouse Apodemus sylvaticus is widespread across a range of Sardinian forest types 

(Amori et al., 2008). However, nothing is known on the variation of its abundance in relation to 

the various types of island vegetation. To understand determinants of Wood Mouse local 

abundance, we thus analysed the variation of population size across a relatively large number of 

independent transects carried out in several areas of Sardinia, with emphasis on the relationships 

between population size and some environmental variables that were a priori considered of some 

importance for rodent ecology, such as type of wood, litter depth, tree diversity, tree size, number 

of stumps, ground cover, shrub cover, and dead wood (Hansson, 1978; Gurnell, 1985; 

Montgomery & Dowie, 1993; Fitzgibbon, 1997; Tattersall et al., 2001). 

More specifically, we test the following hypotheses:  

(1) Considering that the various forest types can differ remarkably in terms of productivity 

(Scarascia-Mugnozza et al., 2000), is the abundance of wood mice also remarkably variable across 

the various forests?  

(2) Considering that rodents typically respond to micro-scale ecological conditions 

(Panteleyev, 1998), what are the small-scale habitat variables that affect the local abundance of the 

wood mice in Sardinia?  

MATERIALS AND METHODS 

STUDY AREA 

The field study was carried out in 10 distinct areas of Sardinia (Fig. 1), during two survey sessions: one in May-June 
2012 and one in October 2012. All selected study sites were located within regional government property forests, under 

public management by the Ente Foreste della Sardegna. They were also all within mountainous areas and with altitude 

ranging from 625 to 1182 m. Wood mice were known to occur across the whole altitudinal range of our study areas in 
Sardinia (Amori et al., 2008). The various study areas covered a wide variety of forest habitat types available to small 

mammals in Sardinia: (i) pinewood (Pinus spp.; n = 8 transects); (ii) Quercus ilex forests (n = 13); (iii) Quercus suber 

forests (n = 5); and (iv) Castanea sativa forests (n = 4). Thirty distinct transects were surveyed in total (three for each study 
area; Fig. 1). 

SMALL MAMMAL SAMPLING 

The field study consisted of live trapping with traps aligned along line transects, using Sherman, Ugglan and Longworth 

traps (Gurnell & Flowerdew, 1990). We used three trap types to maximize probability success of capturing mice, because 
we were unsure on whether one of the trap types performed better in the island habitats. Each line transect consisted of an 

alignment of 10 trap stations, each one with two traps. Hence, each transect consisted of 20 live traps spaced 10 m apart. In 

each trapping station, there was a Sherman or Ugglan trap and a Longworth trap; hence, the number of used Longworth 
was double to that of the other two types of trap. All traps were baited with chocolate cream and corn cereals. In total, 600 

traps were used for each of the two surveys in spring and autumn.  

Once captured, the individuals were sexed and marked by a hear target (Le Boulengé-Nguyen & Le Boulengé, 1986), 
and then released. Each trapping session consisted of 5 night trappings in spring and 5 night trappings in autumn.  

ENVIRONMENTAL VARIABLES 

The population size of the study species was explored in relation to a suite of environmental variables that were a priori 
considered of some importance for rodent ecology, as described below. We were forced to use some environmental 

variables that were of general importance for rodents instead of using specific variables of interest for the Wood Mouse 

because of the lack of scientific data concerning the ecological requirements of the study species in Sardinia. All 
environmental variables refer to small scale site features and, apart from variable (a) that refers to the main wood type 

present over the transect, they were all measured in 5 squares of 5 x 5 m randomly placed within a rectangle of 120 x 20 m 

surrounding the line transects with live traps aligned. 
The variables that were used for the analysis were the following: 
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a) habitat type (= type of wood). This variable was chosen because it is well known that various types of Mediterranean 

forest communities generally support rather different species, some of which are even exclusive to a certain type of forest  
 

 
 

Figure 1.— Map of Sardinia, showing the 10 study areas and the 30 transects. 

 

(Blasi et al., 2005). The types of wood are as follows: (i) plantations of conifers (both young and mature), (ii) natural 

woodland of holm oak, downy oak and cork oak (managed and unmanaged), (iii) chestnut.  

b) density of trees. This variable is well known to affect populations of forest rodents. For example, low density of trees 

following excessive coppicing may be disadvantageous to the persistence of populations of dormice (Glis glis and Eliomys 
quercinus) in central Italy (Capizzi & Santini, 2007). 

c) litter depth (cm). This variable may influence activities of feeding nesting and breeding of rodents (Bowman et al., 

2000; Carey & Harrington, 2001). We evaluate the variability of the litter depth over the 5 squares mentioned above.  
d) tree diversity. For the same reasons given for the variable (a), it is believed that this variable is important for the 

populations of forest rodents. In general, tree diversity may result in diverse food resources through time, with possible 

positive effects on mice populations. For each transect, we calculated the Shannon diversity index on the count of the 
different species of trees.  

e) tree size. This variable was showed to have a very clear role in the distribution of ecological forest rodents in 

peninsular Italy, with certain species with high environmental requirements (Glis glis) whose presence is linked to the 
presence of very large trees ( Capizzi et al., 2003). Tree size was measured as the diameter of each trunk at breast height. 

f) number of stumps. The presence of stumps could positively affect populations of forest rodents by providing nest 

sites resistant to disturbance. In fact, these animals often build their nests at the foot of these structures (G. Amori et al., 
unpublished data). 

g) ground cover (bare ground, litter, grass, mosses, slashings and rocks), measured as % coverage by visual estimation. 

In the cover "rocks" were considered rocky outcrops and boulders resting on the ground. Such structures can promote the 
establishment of small mammals by providing nest sites resistant to disturbance. 

h) shrub cover. Understorey vegetation has been shown to affect Wood Mouse populations in other studies (Marsh & 

Harris, 2000; Rosalino et al., 2011) and was measured here as % of ground covered by shrubs, with the following 
categories: a) absent, b) covering up to 30 %, and c) more than 30 %. 

i) dead wood. Logs (dead wood on the ground) and snags (standing dead trees) may positively affect Wood Mouse 

densities (Marsh & Harris, 2000). We measured the number of logs, as well as the length and diameter of all logs found 
with a portion inside the sampling units (5x5 m squares). Regarding snags, they were considered if sought within a radius 

of about 15 meters around the sampling unit, and height and diameter were measured. 
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STATISTICAL ANALYSES 

Since we did not recapture any individual across distinct (spring and autumn) surveys but many individuals were 

recaptured within each survey (i.e. across the five trapping nights), to estimate population sizes at each transect we used 
closed capture-recapture models (Nichols, 1992). For all transects, we applied the following models: (i) Equal catchability 

(Mo; Pollock et al., 1990); (ii) Schnabel-Petersen (S-P, Krebs, 1999); (iii) Chao’s model with capture probability varying 

individually (Mh; Chao, 1988); (iv) Chao’s model with capture probability varying with time (Mt; Chao, 1988); and (v) 
Chao’s model with capture probability varying with both individuals and time (Mth , Chao et al., 1992). Confidence 

intervals of the estimates of population sizes were obtained for the five demographic models cited above.  

In some transects (i.e. all transects at Is Cannoneris, Crastazza, and Settefratelli study areas) we did not recapture any 
individual. Hence, population sizes of wood mice were not estimated in these transects by capture-recapture models. In 

these cases, instead, the number of individuals counted was used as best estimate of population size for the analysis of the 

relationships between population size and environmental variables. 
Differences in catchability across individuals were analysed by a Poisson ‘zero-truncated’ test, and the differences in 

catchability between temporal surveys (spring versus autumn) were analysed by a Leslie’s equal catchability test, using the 

software Simply Tagging (version 1.31; Henderson & Seaby, 2002). When in a given transect population size differed 
remarkably (i.e. when the various estimates differed for more than 10 % in terms of generated population sizes), depending 

on the various demographic models, we used the most reliable model as selected by the software CAPTURE (White et al., 

1982) according to a ‘model selection’ algorithm (Otis et al., 1978). 
Observed-versus-expected chi square tests were used to analyse the inter-seasonal differences in the number of captured 

rodents in each transect and study area. A one-way ANOVA was performed in order to analyse the differences in terms of 

number of individuals captured by habitat type (wood type), with 4 transects belonging to the category chestnut wood, 13 
to ilex grove, 8 to pinewood, and 5 in Quercus suber forests. 

Data relative to spring surveys were statistically analysed distinct from data coming from autumn surveys. Alpha was 

set at 5 %, and all performed tests were two-tailed. 

RESULTS 

GENERAL CONSIDERATIONS 

Over a total of 6000 trap nights, we captured 127 different specimens of Apodemus 

sylvaticus, with 85 recaptures. There were no statistically significant differences in terms of 

number of captured specimens by trap type once the different number of traps of the various types 

was taken into account (χ
2
 test, df = 2, P > 0.135) (Fig. 2). There were significant inter-seasonal 

differences in terms of number of captured specimens (χ
2
 = 30.3, df = 1, P < 0.0001), with 60.6 % 

of the individuals captured during the springtime. The distribution of the number of captured 

specimens by transect and by study area, during both spring and autumn, is given in Table I. There 

were no significant differences among wood types in terms of number of captured individuals per 

transect (one-way ANOVA: F3,26= 0,911, P = 0.449). 
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Figure 2.— Numbers of mice captured by trap type as recorded during the present study. 

 

TABLE I 

Distribution of the number of captured Apodemus sylvaticus specimens by transect and by study area (Regional 

government property forests), during both spring and autumn. Recaptures are not included in this table. 

Study area Transect Spring captures Autumn captures 

Montes MO1 0 1 
 MO2 2 0 

 MO4 12 0 

Alase AL1 4 0 
 AL2 2 0 

 AL3 6 3 

Montarbu MA1 2 0 
 MA2 9 4 

 MA3 3 0 

 MA4 11 0 
Monte Arci AR1 1 13 

 AR2 1 13 

 AR4 2 6 
Marganai MG1 0 2 

 MG2 0 2 

 MG3 0 3 
Limbara LI1 2 0 

 LI2 0 0 

 LI3 1 4 
Monte Pisano GO1 0 0 

 GO2 1 0 

 GO3 3 0 
Castrazza TE1 0 0 

 TE2 0 0 

Is Cannoneris IC1 0 0 
 IC2 0 0 

 IC3 8 2 

Settefratelli SF1 2 1 
 SF2 4 0 

 SF3 0 0 
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Figure 3.— Relationships (with 95 % confidence intervals) between used simple indices of relative abundance (number of 

individuals per sampling effort per line) and modelled population sizes. For statistical details, see the text. 

TABLE II 

Spring estimates of population size by transect, according to the five demographic models used in the text. Standard error 

of the estimate is presented in parenthesis. Abbreviations for the demographic models: Equal catchability = Mo; Schnabel-
Petersen = S-P; Chao’s model with capture probability varying individually = Mh; Chao’s model with capture probability 

varying with time = Mt; Chao’s model with capture probability varying with both individuals and time = Mth. 

 

Study area Transect Mo S-P Mh  Mt Mth 

Montes MO1 0 0 0  0 0 

 MO2 2 (0.277) 2 (0.277) 2 (0)  2 (0) 2 (0.525) 

 MO4 10 (1.213) 10 (0.343) 16 (7.552)  14 (3.772) 11 (0) 

Alase AL1 4 (0.392) 4 (0.392) 4 (1.323)  4 (1.323) 4 (0) 

 AL2 0 0 0  0 0 

 AL3 7 (0) 7 (0.004) 7 (0.535)  7 (0.462) 7 (0) 

Montarbu MA1 0 0 0  0 0 

 MA2 11 (1.738) 10 (0.551) 12 (2.646)  11 (1.569) 11 (1.704) 

 MA3 4 (1.983) 4 (1.983) 5 (3.742)  3 (0.816) 3 (5.468) 

 MA4* 13 (2.622) 13 (1.679) 17 (6.481)  15 (3.512) 12 (2.025) 

Monte Arci AR1 0 0 0  0 0 

 AR2 0 0 0  0 0 

 AR4 2 (0.484) 2 (0) 2 (0)  2 (0) 2 (0) 

Marganai MG1 0 0 0  0 0 

 MG2 0 0 0  0 0 

 MG3 1 (0.342) 1 (0) 1 (0)  1 (0) 1 (0.0001) 

Limbara LI1 0 0 0  0 0 

 LI2 0 0 0  0 0 

 LI3 0 0 0  0 0 

Goceano GO1 0 0 0  0 0 

 GO2 0 0 0  0 0 

 GO3 3 (0.856) 3 (0.856) 3 (0)  3 (0) 4 (7.949) 

*denotes that software CAPTURE was used to select the best model. 

 

 

Despite intensive trapping, only 3 specimens of non-target species were captured (2 Rattus 

rattus and 1 Crocidura pachyura). 

POPULATION SIZE BY STUDY AREA 

There were significantly positive relationships between used simple indices of relative 

abundance (number of individuals per sampling effort per line) and modelled population sizes at 

each transect (spring: r
2
= 0.939, P < 0.0001; autumn: r

2
= 0.769, P < 0.0001; Fig. 3). 

The summary of the estimates of population size by transect, and according to the five 

demographic models, is presented in Tables II (spring) and III (autumn). Overall, the transects 

showing the highest population sizes were situated in the study areas of Montes (MO4) and 

Marganai (MA2, MA4) during spring (Tab. II), and of Monte Arci (AR1, AR2, AR4) during 

autumn (Tab. III). 

Modelled population sizes were not influenced significantly by the elevation of the study site 

(Pearson’s r = -0.205, P > 0.05). 

RELATIONSHIPS BETWEEN POPULATION SIZE AND ENVIRONMENTAL VARIABLES 
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Concerning the variables regarding the amount of dead wood on the ground (number of logs, 

diameter, and length), these were statistically inter-correlated (Pearson’s correlation coefficient; 

multiple r = 0.893, F = 153.15, P <0.000001). 

 

TABLE III 

Autumn estimates of population size by transect, according to the five demographic models used in the text. Standard error 
of the estimate is presented in parenthesis. Abbreviations for the demographic models: Equal catchability = Mo; Schnabel-

Petersen = S-P; Chao’s model with capture probability varying individually = Mh; Chao’s model with capture probability 

varying with time = Mt; Chao’s model with capture probability varying with both individuals and time = Mth. 
 

Study area Transect Mo S-P Mh Mt Mth 

Montes MO1 0  0 0 0 0 

 MO2 0 0 0 0 0 
 MO4 0 0 0 0 0 

Alase AL1 0 0 0 0 0 

 AL2 0 0 0 0 0 
 AL3 3 (0.410) 3 (0) 3 (0) 3 (0) 3 (0.536) 

Montarbu MA1 0 0 0 0 0 

 MA2 3 (0.183) 3 (0.003) 3 (0) 3 (0) 3 (0) 
 MA3 0 0 0 0 0 

 MA4 0 0 0 0 0 

Monte Arci AR1* 38 (22.17) 31 (14.86) 43 (28.64) 30 (13.14) 14 (2.24) 
 AR2 15 (2.583) 15 (0.971) 15 (4.84) 15 (2.279) 15 (0) 

 AR4* 8 (2.366) 7 (0.845) 14 (11.66) 9 (4.00) 7 (1.61) 

Marganai MG1 2 (0.277) 2 (0.277) 2 (0) 2 (0.277) 2 (0) 
 MG2 0 0 0 0 0 

 MG3 4 (1.983) 3 (0.002) 5 (3.742) 3 (0.811) 3 (1.087) 

Limbara LI1 0 0 0 0 0 
 LI2 0 0 0 0 0 

 LI3 5 (0.615) 5 (0.003) 5 (0.535) 5 (0.447) 5 (0.572) 

Goceano GO1 0 0 0 0 0 
 GO2 0 0 0 0 0 

 GO3 0 0 0 0 0 

*denotes that software CAPTURE was used to select the best model. 

 

TABLE IV 

Summary of the sign and the statistical significance of the correlations of the individual variables descriptive of ground 
cover in relation to the scores of the first two factors extracted from a PCA. Symbols: 0 = no correlation, - = significantly 

negative correlation between variable and factor; + = significantly positive correlation between variable and factor. 

 

Variable Factor 1 Factor 2 

Litter height 0 0 

% of leaf litter + 0 

Height of the slashings + 0 
% of the slashings 0 0 

% of grass 0 0 

% of soil 0 + 
% of moss 0 0 

Number of stumps 0 + 

Diameter of stumps 0 + 

 

TABLE V 

Summary of the sign and significance of the correlations of the individual variables descriptive of shrub cover in relation to 

the scores of the first two factors extracted from a PCA. Symbols: 0 = no correlation, - = significantly negative correlation 

between variable and factor; + = statistically significant correlation between variable and factor 

 

Variable Factor 1 Factor 2 

Height of Rubus 0 + 

Rubus % 0 + 
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Height of Pyrus + 0 
Pyrus % + 0 

Height of Erica + 0 
Erica % + - 

 

Therefore, we proceeded to perform a PCA in order to compute the scores to be used for the 

analysis of correlation with the population size of wood mice. The scores derived from the first 

two components of this multivariate analysis were not significantly correlated with the modelled 

population size of wood mice per transect (r = 0.036, P = 0.692). The scores derived from the same 

multivariate analysis were not significantly correlated with the modelled population size of wood 

mice in each of the various types of wood (in all cases, at least P > 0.710 at Pearson’s correlation 

coefficient).  

 

 
Figure 4.— Relationship between the ground cover (scores related to Factor 2 of the initial PCA) and density of rodents by 

transect. For statistical details, see the text. 

 

 

 

 

 
Figure 5.— Relationship between shrub cover (scores related to Factor 2 of the PCA of departure) and density of rodents 

by transect. For statistical details see the text. 
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Using the same type of analysis with the variables related to the amount of standing dead 

wood (number of snags, diameter, and height), it resulted that dead wood did not influence the 

modelled population size of rodents either overall (r = 0.096, P = 0.293) or in each of the various 

wood types (in all cases, at least P > 0.155 at Pearson’s correlation coefficient). 

Even the variables relative to ground cover were statistically collinear with each other (e.g. 

height in cm of litter against slashings: r = 0.20, P < 0.05, height in cm of litter against grass %: r = 

0.40, P < 0.01). Therefore, also in this case, were recovered (and used for the analysis) the PCA 

scores between all the variables descriptive of the ground cover. The modelled population size of 

the mice was not significantly correlated with the scores relating to Factor 1 (r = -0028, P = 0.753), 

while it was positively correlated with the scores relating to Factor 2 (r = 0.194, P = 0.031; Fig. 4) 

(see Tab. IV for the variables correlating with the various factors). However, when we excluded 

outliers from the analysis, the correlation became weaker (r = 0.0255, P = 0.251). 

Overall, the population size of rodents was influenced positively by only two variables 

ground cover and number of stumps (Tab. IV). 

As regards the variables describing the tree cover (tree diversity and type of wood) of the 

various transects, also in this case they were significantly collinear (r = 0.349, F = 2.414, P < 

0.00001). Therefore, we recovered the factorial scores obtained by a PCA inclusive of all 

variables. The modelled population size of mice was not correlated with the scores of each of the 

two factors extracted from the PCA (Factor 1: r = 0.019, P = 0.826; Factor 2: r = -0.0053, P = 

0.953; see Tab. IV for the variables explaining each factor). 

The variables that describe shrub cover were also significantly collinear (r = 0.614, F = 11.41, 

P < 0.0131). Therefore, we recovered the factorial scores obtained by a PCA inclusive of all 

variables in question. The modelled population size of mice was not related to scores related to 

Factor 1 (r = -0.055, P = 0.542), whereas it was marginally significant (and thus adversely 

affected) by the scores related to Factor 2 (r = -0.175, P = 0.051; Fig. 5). Once more, the 

significance of this relationship disappeared when outliers were taken into account (r = 0.023, P = 

0.712). 

If we examine the statistical significance and the sign of the correlation of the individual 

variables of shrub cover with the two factors extracted from the PCA, it appeared that the 

modelled population size of rodents was negatively affected by the height and percentage of Rubus 

ulmifolius in each transect, while it was positively influenced by the percentage of Erica arborea 

and of Pyrus sp. (Tab. V). 

DISCUSSION 

Our study showed that there was a widespread presence of A. sylvaticus in Sardinia 

throughout all the types of wood and sites surveyed during the present study. Apparently, the 

ecological distribution of this species was more homogeneous in Sardinia than in woodlands of 

mainland Italy. In these latter regions, inner forests are often occupied by Apodemus flavicollis 

(species absent in Sardinia; Amori et al., 2008). Thus, our data are consistent with the hypothesis 

that A. sylvaticus may fully occupy the forest ecological niche in Sardinia because of the 

concurrent absence of its potential competitor A. flavicollis. The same pattern also occurred in 

Western France, where A. sylvaticus widely occurs in mature forests because of the concurrent 

absence of A. flavicollis (Butet et al., 2006). Nonetheless, our data would verify experimental 

manipulations of wild populations in order to reach definite answers. 

In addition, we observed that the study species was also widespread in forest habitats. 

An interesting result obtained in our study was the lack of effect of forest type on the number 

of captured A. sylvaticus. This evidence does not agree with what has been shown in the literature 

(Capizzi & Luiselli, 1996; Marsh & Harris, 2000; Pearce & Venier, 2005). However, it should be 



67 
 

stressed that ours is the only study of its kind carried out in typically Mediterranean environment 

and insular context. Because the abundance of rodents is highly dependent on the availability of 

seeds of forest plants (Montgomery et al., 1991), it could be argued that such availability may not 

vary significantly among the four types of forests sampled, but of course this point needs 

verification. 

Overall, our study revealed that the population size of Apodemus sylvaticus varied remarkably 

across the various study transects in Sardinia, even when transects were situated very close to each 

other. Thus, it is clear that small scale factors may be responsible for the observed patterns in 

population size. We observed that the population size of this species was positively influenced by 

(i) ground cover, (ii) number of stumps, and (iii) % Erica arborea. On the other hand, it was 

negatively influenced by (a) height of Rubus ulmifolius bushes and (b) by % Rubus ulmifolius. 

From the forestry management point of view, it is noteworthy that our study did not reveal 

any direct effect of the presence of dead wood on the ground or standing on the population size of 

A. sylvaticus in the various transects. Even if it is well known that different species respond 

differently to forest management and keystone structures (Bogdziewicz & Zwolak, 2013; Paillet et 

al., 2010; Tews et al., 2004), this result is somehow surprising if one takes into account the role of 

dead wood for forest ecosystems (Bengtsson et al., 2000; Harmon et al., 1986; Lombardi et al., 

2008), and of previous findings on the Wood Mouse (Marsh & Harris, 2000). Further research 

should be aimed at evaluating experimentally this pattern. In fact, from the data obtained in this 

study, it seems that generally in terms of quantity (on average 0.3 logs and 0.4 snags per plot) and 

quality (average diameter was 17 and 30 cm per logs and snags respectively) dead wood is scarce 

in the surveyed forests. The absence of a relationship between the presence of dead wood and 

small mammal population size could then be linked to the absence of dead wood in adequate 

quantity and quality to provide measurable benefits for small mammals populations at the stand 

level (e.g. refuges). However, it should also be emphasized that the number of stumps has 

positively affected small mammal population size. It seems plausible to assume that the stumps 

provide rodents with a large amount of areas suitable for shelters and dens, particularly important 

in the absence of large amounts of dead wood, and that this aspect favours an increased population 

density. Generally associated with the stumps are in fact portions of dead wood with cavities. The 

positive effect of Erica arborea on the rodent population size could be also due to the provision of 

shelters and dens to these animals. Erica arborea burl, a tumour-like structure growing between 

the roots and stem of the shrub creates abundant refuges for mice populations. As an alternative 

hypothesis, it can be stressed that wood mice preferred sites with Erica arborea because of the 

seeds produced by this plant species. Indeed, there are studies showing that seeds of Erica spp. are 

intensively foraged by Wood Mouse (see Butet, 1986). Also the positive association of wood mice 

with Pyrus sp. may be due to trophic reasons, as these rodents are seed-dispersers of these plants 

(Fedriani & Delibes, 2009). In contrast, the negative association between Rubus ulmifolius and 

small mammal population size is surprising and not explained here, given that the rodents in 

general, and the species of the genus Apodemus in particular, feed regularly on blackberries 

(Moreno & Kufner, 1988). We suggest that Rubus plants were no more interesting at the trapping 

dates because there were no berries available. Our analyses also showed a significant positive 

effect of the ground cover on the population size of small mammals. It is believed here that this is 

due to the fact that abundant soil layers favour the excavation of rodents.  

We suggest that population surveys at other periods of the year would have perhaps showed 

different distribution. For example, it has been demonstrated that, in agricultural landscapes of 

western France, mice move intensively from hedgerows to crop fields according to seasons (see 

Ouin et al., 2000).  

We also observed a number of captured specimens larger in spring than in autumn. This 

pattern is not surprising, as it has previously been pointed out in several studies on the same 

species (e.g., Moreno & Kufner, 1988; Montgomery et al., 1991; Capizzi & Luiselli, 1996). 
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At last, we would also remark that our analyses are based on only two seasons in the same 

year, that may hide population movements between habitats (e.g., Ouin et al., 2000) as well as 

important fluctuations of population size between years (e.g., Pucek et al., 1993). Furthermore the 

whole study has been carried out at the scale of the Sardinian island which leads to a significant 

disproportion between this scale of study and the sample size (127 individuals).  

ACKNOWLEDGEMENTS 

The authors are grateful to Dr Manuela Lai for facilitating the logistics during the campaigns of field data collection, 
Dr Dario Capizzi for useful discussions on the topics of research, Dr Cristiano Foschi and Prof. Mauro Cristaldi (University 

of Rome 'La Sapienza') for having provided some data on the distribution of the species that were collected using own 

funds research. The whole research was funded by Ente Foreste della Sardegna (C.I.G. 0649824BB7). All animals were 
captured under authorization of the Regione Autonoma della Sardegna. Three anonymous referees helpfully commented 

and improved the submitted draft of this paper. 

REFERENCES 

AMORI, G., CONTOLI, L. & NAPPI, A. (2008).— Fauna d’Italia Mammalia II – Erinaceomorpha, Soricomorpha, 
Lagomorpha, Rodentia. Milano: Edizioni Calderini de Il Sole 24 Ore. 

BENGTSSON, J., NILSSON, S.G., FRANC, A. & MENOZZI, P. (2000).— Biodiversity, disturbances, ecosystem function and 

management of European forests. For. Ecol. Manag., 132: 39-50. 

BLASI, C., BOITANI, L., LA POSTA, S., MANES, F. & MARCHETTI, M. (2005).— Stato della biodiversità in Italia. Contributo 
alla strategia nazionale per la biodiversità. Ministero dell’Ambiente e Della Tutela Del Territorio. Direzione Per 

La Protezione Della Natura. 

BOGDZIEWICZ, M. & ZWOLAK, R. (2013).— Responses of small mammals to clear-cutting in temperate and boreal forests 

of Europe: a meta-analysis and review. Eur. J. For. Res., 133: 1-11. 

BOWMAN, J.C., SLEEP, D., FORBES, G.J. & EDWARDS, M. (2000).— The association of small mammals with coarse woody 

debris at log and stand scales. For. Ecol. Manag. 129: 119-124. 

BUTET, A. (1986).— Stratégies d’utilisation des ressources et déterminisme des choix alimentaires d’un rongeur polyphage 
(Apodemus sylvaticus, L.): l’approche énergétique. Acta Oecol., 7: 243-262. 

BUTET, A., PAILLAT, G. & DELETTRE, Y. (2006).— Factors driving small rodents assemblages from field boundaries in 

agricultural landscapes of Western France. Landsc. Ecol., 21: 449-461. 

CAPIZZI, D., BATTISTINI, M. & AMORI, G. (2003).— Effects of habitat fragmentation and forest management on the 
distribution of the edible dormouse Glis glis. Acta Theriol., 48: 359-371. 

CAPIZZI, D. & LUISELLI, L. (1996).— Ecological relationships between small mammals and age of coppice in an oak-mixed 

forest in central Italy. Rev. Ecol. (Terre et Vie) 51: 277-291. 

CAPIZZI, D. & SANTINI, L. (2007).— I roditori italiani Roma: Delfino Editore.  

CAREY, A.B. & HARRINGTON, C.A. (2001).— Small mammals in young forests: implications for management for 

sustainability. For. Ecol. Manag. 154: 289-309. 

CHAO, A. (1988).— Estimating animal abundance with capture frequency data. J. Wildl. Manag., 52: 295-300. 

CHAO, A., LEE, S.-M. & JENG, S.-L. (1992).— Estimating population size for capture-recapture data when capture 

probabilities vary by time and individual animal. Biometrics, 48: 201-216. 

DICKMAN, C.R. (1999).— Rodent-ecosystem relationships: a review. Ecologically-based management of rodent pests. 

ACIAR Monogr., 59: 113-133. 

FEDRIANI, J.M. & DELIBES, M. (2009).— Seed dispersal in the Iberian pear, Pyrus bourgaeana: A role for infrequent 

mutualists. Ecoscience, 16: 311-321. 

FITZGIBBON, C.D. (1997).— Small mammals in farm woodlands: the effects of habitat, isolation, isolation and surrounding 

land-use patterns. J. Appl. Ecol., 34: 530-539. 

GURNELL, J. (1985).— Woodland rodent communities. Symp. Zool. Soc. London, 55: 377-411. 

GURNELL, J. & FLOWERDEW, J.J. (1990).— Live trapping small mammals. A practical guide. Occasional publication No. 3. 
Mammal Society, London. 

HANSSON, L. (1978).— Small mammal abundance in relation to environmental variables in three Swedish forest phases. 

Stud. Forest Snee., 147: 5-39. 

HARMON, M.E., FRANKLIN, J.F., SWANSON, F.J., SOLLINS, P., GREGORY, S.V., LATTIN, J.D., ANDERSON, N.H., CLINE, S.P., 

AUMEN, N.G., SEDELL, J.R., ET AL. (1986).— Ecology of coarse woody debris in temperate ecosystems. Pp 133-

302 in: A. MacFadyen & E.D. Ford (eds). Advances in Ecological Research. Academic Press. 



69 
 

HENDERSON, P.A. & SEABY, M.R.H. (2002).— Simply tagging. Pisces Conservation Ltd., Pennington, U.K.  

KREBS, C.J. (1999).— Ecological methodology, 2nd Edition. Benjamin Cummings Press. 

LE BOULENGE-NGUYEN, P.Y.& LE BOULENGE, E. (1986).— A new ear tag for small mammals. J. Zool. (London), 52: 302-

304. 

LOMBARDI, F., LASSERRE, B., TOGNETTI, R. & MARCHETTI, M. (2008).— Deadwood in relation to stand management and 

forest type in Central Apennines (Molise, Italy). Ecosystems, 11: 882-894. 

MARSH, A.C.W. & HARRIS, S. (2000).— Partitioning of woodland habitat resources by two sympatric species of 

Apodemus: lessons for the conservation of the yellow-necked mouse (A. flavicollis) in Britain. Biol. Conserv., 92: 
275-283. 

MAZURKIEWICZ, M. (1994).— Factors influencing the distribution of the bank vole in forest habitats. Acta Theriol., 39: 

113-126. 

MONTGOMERY, W.I. & DOWIE, M. (1993).— The distribution and population regulation of the Wood Mouse Apodemus 

sylvaticus on field boundaries of pastoral farmland. J. Appl. Ecol., 30: 783-791. 

MONTGOMERY, W.I., WILSON, W.L., HAMILTON, R. & MCCARTNEY, P. (1991).— Dispersion in the Wood Mouse, 

Apodemus sylvaticus: variable resources in time and space. J. Anim. Ecol., 60: 179-192. 

MORENO, S. & KUFNER, M.B. (1988).— Seasonal patterns in the Wood Mouse population in Mediterranean scrubland. 

Acta Theriol., 33: 79-85. 

NICHOLS, J.D. (1992).— Capture-recapture models. BioScience, 42: 94-102. 

OTIS, D.L., BURNHAM, K.P., WHITE, G.C. & ANDERSON, D.R. (1978).— Statistical inference from capture data on closed 

animal populations. Wildl. Monogr., 62: 1-35. 

OUIN A., PAILLAT, G., BUTET, A. & BUREL, F. (2000).— Spatial dynamics of Wood Mouse (Apodemus sylvaticus) in an 

agricultural landscape under intensive use in the Mont Saint Michel Bay (France). Agric. Ecosyst. Environ., 78: 

159-165. 

PAILLET, Y., BERGES, L., HJÄLTEN, J., ÓDOR, P., AVON, C., BERNHARDT-RÖMERMANN, M., BIJLSMA, R.-J., DE BRUYN, L., 

FUHR, M., GRANDIN, U. ET AL. (2010).— Diferencias en la biodiversidad entre bosques manejados y no 

manejados: meta-análisis de la riqueza de especies en Europa. Conserv. Biol., 24: 101-112. 

PANTELEYEV, P.A. (1998).— The rodents of the Palaearctic fauna: composition and areas. Severtzov Institute of Ecology 

and Evolution of Russia, Russian Academy of Sciences, Moscow. 

PEARCE, J. & VENIER, L. (2005).— Small mammals as bioindicators of sustainable boreal forest management. For. Ecol. 

Manag., 208: 153-175. 

POLLOCK, K.H., NICHOLS, J.D., BROWNIE, C. & HINES, J.E. (1990).— Statistical inference for capture-recapture 

experiments. Wildl. Monogr., 3: 1-97. 

PUCEK, Z., JEDRZEJEWSKI, W., JEDRZEJEWSKA, B. & PUCEK, M. (1993).— Rodent population dynamics in a primeval 

deciduous forest (Bialowieza National Park) in relation to weather, seed crop, and predation. Acta Theriol., 38: 

199-232. 

ROSALINO, L.M., FERREIRA, D., LEITAO, I. & SANTOS-REIS, M. (2011).— Usage patterns of Mediterranean agro-forest 

habitat components by wood mice Apodemus sylvaticus. Mamm. Biol., 76: 268-273. 

SARÀ, M. & CASAMENTO, G. (1993).— Analisi del popolamento di topo selvatico (Apodemus sylvaticus) in un querceto 
mediterraneo (Sicilia). Hystrix, It. J. Mammal. 4: 17-27. 

SCARASCIA-MUGNOZZA, G., OSWALD, H., PIUSSIC, P. & RADOGLOU, K. (2000).— Forests of the Mediterranean region: 

gaps in knowledge and research needs. For. Ecol. Manag., 132: 97-109. 

SULLIVAN, T.P., SULLIVAN, D.S. & LINDGREN, P.M.F. (2000).— Small mammals and stand structure in young pine, seed-
tree, and old-growth forest, southwest Canada. Ecol. Applic., 10: 1367-1383. 

TATTERSALL, F., MACDONALD, D.W., HART, B.J., MANLEY, W.J. & FEBER, R.E. (2001).— Habitat use by wood mice 

(Apodemus sylvaticus) in a changeable arable landscape. J. Zool., 255: 487-494. 

TEWS, J., BROSE, U., GRIMM, V., TIELBÖRGER, K., WICHMANN, M.C., SCHWAGER, M. & JELTSCH, F. (2004).— Animal 
species diversity driven by habitat heterogeneity/diversity: the importance of keystone structures. J. Biogeogr., 

31: 79-92. 

WHITE, G.C., ANDERSON, D.R., BURNHAM, K.P. & OTIS, D.L. (1982).— Capture-recapture and removal methods for 

sampling closed populations. Los Alamos Nat. Lab. Publ. LA-8787-NERP. 

 


