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     Abstract 

 Small-mammal dynamics after a wildfi re were analysed in 
Serra Calderona Natural Park (Valencian Community, Spain) 
over a 11-year period. Burned and unburned sites were sur-
veyed seasonally and the trapping success for  Apodemus 
sylvaticus ,  Mus spretus  and  Crocidura russula  was analy-
sed. Trapping success in both areas, burned and unburned, 
is infl uenced by certain climatic variables, namely minimum, 
average and maximum temperatures, precipitation and rela-
tive humidity. Moreover, in the case of  A. sylvaticus , the most 
captured species along the entire study period, the infl uence 
on capture success of each type of site and the capture period 
were analysed. Twelve years after the wildfi re, both areas pre-
sented the same qualitative and quantitative small-mammal 
composition. However, trapping success for  A. sylvaticus  was 
greater at the burned sites in 6 out of 11 study years, although 
with similar annual fl uctuations in the two areas. The effect 
of the considered climatic variables on small-mammal spe-
cies populations seems to be stronger in the burned area than 
in the unburned area, which is probably due primarily to the 
regeneration process after a wildfi re.  

   Keywords:    Mediterranean ecosystems;   population dynam-
ics;   post-fi re regeneration;   Serra Calderona;   small mammals.     

  Introduction 

 Wildfi res exert a great perturbation capacity in the eco-
systems and in the history of life on Earth (Bowman et al. 
 2009 , Pausas and Keeley  2009 ). Consequently, studying their 
effects as well as the related post-fi re regeneration process of 
the affected ecosystems is of vital importance. When a wild-
fi re takes place, many effects and repercussions directly or 
indirectly affect every geological and biological layer; soil, 
vegetation and fauna. Severe alterations in the succession and 
organisation of vegetational communities take place, modify-
ing the physical conditions of the environment and provoking 
changes in the presence, distribution and density of certain 
species (Bowman et al.  2009 ). As with vegetation, fi res affect 

animals both directly and indirectly. Their response to a wild-
fi re is complex, refl ecting the varying food and shelter require-
ments of some species, their exposure to predation, and other 
factors (Letnic et al.  2005 ). After a fi re, the vegetational and 
animal regeneration of the affected ecosystem start simulta-
neously in a highly variable manner depending on numerous 
external factors, such as edaphology, climate and vegetation 
(Fons et al.  1988 , Fuentes et al.  2000 , Torre and D  í az 2004 ). 

 Numerous studies have analysed the impact of wildfi res on 
soil, vegetation, birds, invertebrates as well as small mammals 
in Mediterranean ecosystems in France (Prodon et al.  1984, 
1987 , Athias -Binche et al. 1987 ; Fons et al.  1988, 1993 ), Spain 
(Arrizabalaga et al.  1993 , Fuentes and Gal  á n-Puchades 1994 , 
Arrizabalaga and Llimona  1996 , Torre and D  í az 2004 , Torre 
et al.  2005 , Pons  2007 , Santos et al.  2009 ), Israel (Haim  1993 , 
Broza and Izhaki  1997 ) and Australia (Fox  1982, 1990 , Fox 
et al.  2003 , Letnic and Dickman  2005 , Letnic et al.  2005 ) as 
well as in other types of ecosystems (e.g., Clark and Kaufman 
 1990 , Brown et al.  1998 , Vieira  1999 , Fisher and Wilkinson 
 2005 , Zwolak and Foresman  2007 ). 

 According to Bomb  í  et al. (2002) , small mammals 
(Soricomorpha and Rodentia) may be considered valuable 
indicators (biological tags) of changes in the productivity of 
an ecosystem as their response correlates with the degree of 
alteration and/or recuperation of forests. Their distribution 
and abundance are basically conditioned by the structure of 
their habitat and vegetational succession stands out as the 
main cause of the changes associated with the small-mammal 
community structure (MacMahon  1981 , Meserve et al.  1995 , 
Arrizabalaga and Llimona  1996 , Monamy and Fox  2000 ). 
Soricomorphs and rodents depend on the availability of suit-
able microhabitats for protection, nesting and food supply, 
which, in turn, depend on the supportive capacity of the habi-
tat. Consequently, forest fi res may exert a strong infl uence on 
the structure and functioning of small-mammal communities 
(Zwolak and Foresman  2007 ). Also, small mammals play a 
vital part in the succession of any perturbed Mediterranean 
environment. They are the main source of food of many forest 
predators (thus representing a link between primary producers 
and secondary consumers), and they intervene in the process 
of seed dispersion and forest regeneration itself (Ord  ó  ñ ez and 
Retana 2004 ). For all these reasons, small mammals are a fun-
damental tool in the post-fi re regeneration process since they 
refl ect the gradual recuperation of invertebrates (in the case of 
insectivores), changes in vegetation (determining food avail-
ability and potential shelter), soil conditions (affecting the 
development of the vegetation) and climatic conditions which 
directly or indirectly affect their behaviour. Hence, the study 
of soricomorphs and rodents is, primarily, a direct analysis of 
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fauna regeneration and, secondarily, an indirect analysis of 
the regeneration conditions of the affected ecosystem. 

 The infl uence of climate on small-mammal population 
dynamics in disturbed areas has rarely been studied, in contrast 
to, for example, vegetation structure. However, as anticipated, 
the dynamics of each small-mammal species is infl uenced by 
climate variations, such as thermal and moisture variances, 
and other abiotic factors in the burned area, especially within 
the fi rst years after the wildfi re. In contrast, these effects are 
less important in the unburned sites, because they are buf-
fered by existent vegetation structure against fl uctuations in 
climate. To confi rm this hypothesis, the present study analyses 
small-mammal dynamics along the post-fi re period at burned 
and unburned sites of the same Mediterranean area.  

  Materials and methods 

  Study area 

 The study area, Serra Calderona Natural Park, is a Spanish 
Mediterranean ecosystem located between the provinces 
of Castell ó  and Val è ncia, Valencian Community (39 ° 35 ′ –
39 ° 51 ′ N, 0 ° 15 ′ –0 ° 43 ′ W) (Figure  1  ). This mountain range, 
with a total surface of approximately 52,000 ha, suffered a 
devastating wildfi re at the end of the summer of 1992 affect-
ing a total of 9500 ha including forests and cultivated land 
which had been left untended. 

 The climate is typically Mediterranean, with irregular rain-
fall and intense summer droughts. The eastern and meridional 
regions correspond to the thermomediterranean bioclimatic 
setting with a dry ombroclimate. In contrast, the westernmost 
and septentrional regions are included in the mesomediter-
ranean bioclimate, with a little more rainfall but not fully 
qualifying as a subhumid ombroclimate (Perez -Cueva 1994 ). 
Chorologically, the vegetation corresponds to the western 
Mediterranean sub-region (Costa  1986 , Garcia -Fayos 1991 ). 
As a consequence of the continuous degradation due to anthro-
ponisation (cultivation, charcoal production, grazing and 
building activities) and numerous wildfi res, potential vegeta-
tion is largely restricted to various substitution stages, prin-
cipally littoral kermes oak ( Quercus cocciferae-Pistacietum 
lentisci ) and continental kermes oak ( Rhamno lycioidis-

Quercetum cocciferae ), along with different types of shrubs 
and pastures.  

  Zoological data 

 A multidisciplinary project on the post-fi re dynamics of small 
mammals was initiated in February 1994, the winter of the 
2nd post-fi re year (PFY), and continued until 2004, the 12th 
PFY. 

 A trapping protocol was established to elucidate and 
compare the community dynamics and structures of small 
mammals within and between burned and unburned sites. A 
comprehensive description of the trapping method and study 
procedures was previously provided by Fuentes et al.  (1998, 
2000)  and Gal  á n-Puchades et al. (1999) . This method is based 
on the square plot (quadrate) technique, on a seasonal basis, 
i.e., four times annually at intervals of 3 months, and depend-
ing on soil and climatic conditions. Fifty-fi ve hand-made 
wire-mesh traps (sized 23×10×10 cm; using bread dipped in 
olive oil as bait) were placed at night within a distance of 
10 – 15 m forming a square at each population study site, and 
the capture-release method was applied. Trapping took place 
on three consecutive days, traps were checked approximately 
every 24 h, and to minimise weather infl uence on the trap-
ping success, trapping sessions were postponed on days with 
heavy rainfall or extreme temperatures. The captured animals 
were identifi ed at species level and weighed, sexual activity 
was determined, they were marked with a lasting colourant on 
different parts of the abdomen and/or the thorax, and released 
at the place of capture. 

 Three trapping sites were set up in the study area: two in the 
burned area and one in the unburned area. The latter site pre-
sented similar ecological conditions as the burned sites before 
the fi re and is situated in a straight line about 6 km away from 
them to minimise nearness effects resulting from the mobility 
of the small mammals. The two burned sites were considered 
as one, as both biotopes are very close and have a great eco-
logical similarity, and their data were pooled.  

  Climate and vegetation data 

 Data on daily maximum, minimum and mean temperatures in 
 ° C, mean monthly precipitation in mm, number of rainy days, 
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 Figure 1    Geographical setting of the study area in the (A) Iberian Peninsula, (B) in the Valencian Community and in (C) Serra Calderona.    
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monthly relative humidity values in % , as well as monthly 
total evaporation in mm, were compiled from three meteo-
rological stations of the Agencia Estatal de Meteorolog í a 
situated within Serra Calderona. 

 Vegetational recovery in the burned area was gradual 
and steady after the 2nd and 3rd PFY, when Mediterranean 
shrubs reappeared and substituted primary succession plants, 
especially grass (Gramineae). Successively, the land was 
re-covered by shrubs, reaching an average height of 60 cm 
between the 11th and 12th PFYs, while pine trees (the Alepo 
pine,  Pinus halepensis , and the maritime pine,  P. pinaster ) 
reappeared, reaching ca. 1.5 m at the end of the current study 
period. However, only vegetational changes related to chang-
ing seasons are noteworthy in the unburned area during the 
study period. Instead of a vegetation recovery index, annual 
NDVI (normalised difference vegetation index) data from the 
burned and the unburned sites were considered in the analy-
sis as an independent variable. This index shows the general 
response of vegetation to rainfall, with values ranging from 
-1.0 to 1.0, where increasing positive values indicate increas-
ing green vegetation and lesser values indicate non-vegetated 
surface features (Eidenshink and Faundeen  1997 ). The data 
were obtained at a resolution of 1 km from AVHRR images 
of the TIROS-NOAA satellite, following the methodology 
described by Fuentes et al.  (2007) . Climate and NDVI data 
compiled since 1991 (1 year before the wildfi re) until Oct 2002 
(10th PFY) were integrated into a multidisciplinary database, 
also including zoological data and other thematic layers.  

  Analysis of small-mammal dynamics 

 Species-specifi c trapping success, climatic and NDVI vari-
ables, site and period of capture were evaluated to analyse and 
compare small-mammal dynamics at the burned and unburned 
sites. The number of individuals captured per 100 trap-nights 
at each site, year and season were analysed together with the 
relative abundance of each species (different individuals of 
each species captured/total number of individuals captured) 
at each site to determine possible differences along the post-
fi re regeneration process by means of the   χ    2   or Pearson’s test 
(Parker  1981 ). Moreover, linear trend,   χ    2    t  , and   χ   2  for depar-
ture from linear trend ,  χ    2    d    =    χ    2   - χ    2    t  , among the annual trapping 
success were calculated (Zar  2010 ). 

 To estimate the possible infl uence of climate and the veg-
etation recovery on the small mammals captured at the stud-
ied sites, simple and multiple linear regressions were carried 
out, using the stepwise method for multiple regressions (which 
includes or eliminates independent variables successively until 
the best model has been obtained). NDVI and climatic vari-
ables corresponding to the year of capture, as well as those of 
the previous year, were used as independent variables, and the 
annual number of individuals of each small-mammal species 
captured per 100 trap-nights, transformed using arc-sin (Zar 
 2010 ), was used as the dependent variable. Moreover, in the 
case of  Apodemus sylvaticus  (Linnaeus, 1758), the precipitation 
values corresponding to the period of April to October (spring/
summer period) of the year of capture as well as those prior to 
the year of capture were also used as independent variables. 

 The infl uence exercised by site type (burned or unburned) 
and capture period on the number of individuals captured per 
100 trap-nights of  Apodemus sylvaticus  was also analysed, 
using a 2- and 3-way ANOVA. Capture period refers to the 
seasonal period (autumn/winter or spring/summer) of each 
PFY. To establish which factors are a source of variation, and 
if these are determined by the post-fi re regeneration process, 
the number of individuals captured per 100 trap-nights was 
analysed on a global level (considering captures at the burned 
and the unburned sites together) as well as separately. 

 Stat View 5.0 (SAS Institute Inc., Cary, NC, USA) and 
SPSS 15.0 (SPSS Inc., Chicago, IL, USA) for Windows were 
used for statistical procedures, statistical signifi cance was 
established at p  <  0.05, co-linearity of the independent vari-
ables was examined and assumptions of normality, linearity, 
homoscedasticity and independence assessed.   

  Results 

  Small-mammal population dynamics 

 During the entire 11-year study period, 1830 small mammals 
(10.84 %  trapping success) of four species were captured: 
the wood mouse,  Apodemus sylvaticus , the Mediterranean 
mouse , Mus spretus  (Lataste, 1883), the greater white-
toothed shrew,  Crocidura russula  (Hermann, 1780), and the 
black rat,  Rattus rattus  (Linnaeus, 1758). The most captured 
species was  A. sylvaticus  (n  =  1552; 9.19 individuals per 100 
trap-nights), followed by  M. spretus  (n  =  137; 0.81 individuals 
per 100 trap-nights) and  C. russula  (n  =  130; 0.77 individu-
als per 100 trap-nights), while  R. rattus  was the species with 
the lowest trapping success (n  =  11; 0.07 individuals per 100 
trap-nights). 

 At the burned sites, 1399 small mammals (12.38 indi-
viduals per 100 trap-nights) were captured.  Apodemus syl-
vaticus  (n  =  1213; 10.73 individuals per 100 trap-nights) was 
the species with the highest capture percentage, followed 
by  Mus spretus  (n  =  96; 0.86 individuals per 100 trap-nights) 
and  Crocidura russula  (n  =  80; 0.71 individuals per 100 
trap-nights). 

 At the unburned site, 431 small mammals (7.73 individu-
als per 100 trap-nights) were captured. Similar to the burned 
sites,  Apodemus sylvaticus  was the dominant species (n  =  339; 
6.08 individuals per 100 trap-nights), followed by  Crocidura 
russula  (n  =  50; 0.90 individuals per 100 trap-nights) and  Mus 
spretus  (n  =  41; 0.73 individuals per 100 trap-nights). 

 The trapping success for  Rattus rattus  was negligible at 
either site and is therefore not included in the study. 

 In general, trap mortality, always below 10 % , was similar 
in both areas, although it was slightly greater at the burned 
sites in the fi rst years. 

  Apodemus sylvaticus     The   χ    2   analysis for the annual 
trapping success showed signifi cant statistical differences 
between PFYs at burned (  χ    2   [10]   =  713.137; p  <  0.0001) and 
unburned (  χ    2   [10]   =  309.448; p  <  0.0001) sites, while the test 
for linear trend showed that there was no linear trend among 
the annual trapping success at burned (  χ    2    d  [9]   =  294.014; 
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p  <  0.0001) and unburned (  χ    2    d  [9]   =  153.504; p  <  0.0001) sites. 
However, when comparing each year with the previous one, 
the signifi cant increase of the trapping success during various 
years in both areas stands out (Table  1  ). In the annual pair-
wise comparison between both areas, the dynamics of the 
annual trapping success for the wood mouse over time (Figure 
 2  ) were very similar. Nevertheless, the trapping success for 
this species at the burned sites was greater in each study year, 
except for the 3rd PFY, in which the trapping success was 
higher at the unburned site. Statistically signifi cant differences 
were detected in 6 PFYs (Table  2  ).  

  Mus spretus     At the burned sites, not only the non-
detection of  M. spretus  until the 3rd PFY is remarkable, 
but also the increase of its trapping success during the 5th 
PFY (  χ    2   [1]   =  4.174; p  =  0.0410) and the 6th PFY (  χ    2   [1]   =  11.012; 
p  =  0.0009) as well as its non-detection in the 8th and the 9th 
PFY. However, it remained undetected at the unburned site in 
6 of the 11 study years, i.e., from the 3rd to the 5th, and the 
7th to the 9th PFY (Figure  3  ).  

  Crocidura russula     At the burned sites, the detection of 
 C. russula  during the fi rst study year (2nd PFY) was rather 
unusual. This soricomorph experienced an increase in the 
5th PFY (  χ    2   [1]   =  14.618; p  <  0.0001), but remained undetected 
during the 7th PFY, and its trapping success remained also 
very low during the next years although slowly and gradually 
recovering. At the unburned site, its trapping success 
remained practically unchanged for a great part of the period 
analysed, although it remained undetected during the 8th and 
the 9th PFYs. In the fi rst study years, the trapping success for 
 C. russula  was relatively similar in both areas (Figure  4  ), 
but its trapping success was higher at the burned sites during 
the 5th PFY (  χ    2   [1]   =  5.675; p  =  0.0172). Furthermore, greater 
trapping success at the unburned site during the 10th PFY 
(  χ    2   [1]   =  9.183; p  =  0.0024) and the 11th PFY (  χ    2   [1]   =  10.859; 
p  =  0.0010) was remarkable.   

  Infl uence of abiotic factors on the trapping success 

  Climate and vegetation recovery     The analysis of NDVI 
and climatic variables infl uencing small mammals in both 
areas (Tables  3   and  4  ) shows that accumulated precipitation 

 Table 1      Statistical differences between annual trapping success for 
 Apodemus sylvaticus  at burned and unburned sites.  

PFYs Burned sites Unburned site

  χ   2 p-value   χ   2 p-value

4th – 3rd 159.544   <  0.0001  –  – 
5th – 4th  –  –    8.713    0.0032
6th – 5th  –  – 23.256   <  0.0001
11th – 10th    53.803   <  0.0001 45.522   <  0.0001
12th – 11th    24.969   <  0.0001    4.418    0.0356

   Highest annual trapping success, years in bold. PFY, post-fi re year; 
degrees of freedom, df  =  1.   

during the period prior to capture had a positive infl uence on 
the three species at the burned sites, but only on  Apodemus 
sylvaticus  and  Crocidura russula  at the unburned site. 
Mean and maximum temperature of the previous year 
exercised a great infl uence on the trapping success for 
 A. sylvaticus  at the burned sites only, while relative humidity 
infl uenced its trapping success in both areas.  Mus spretus  
seemed to be infl uenced by the interaction of maximum and 
minimum temperatures at the burned sites only, however, 
there was no correlation with the variables considered 
at the unburned site, probably due to the low number of 
individuals captured.   

  Site type, PFY and capture period   The PFY and the type 
of site had an important infl uence on the trapping success 
for  Apodemus sylvaticus , as shown by the 3-way ANOVA 
analysis (Table  5  ). In contrast, the type of site and the PFY 
determined the impact of the capture period, which on its own 
did not seem to have any signifi cant effect. 

 The aforementioned results are confi rmed by the 2-way 
ANOVA analysis for each type of site (Table  6  ). At the burned 
sites, the trapping success for  Apodemus sylvaticus  was 
infl uenced by the PFY, the capture period and their interac-
tion, while the only source of variation at the unburned site 
seem to be the PFY.   

  Discussion 

 Limitations resulting from the population estimate have to 
be considered in the analysis of the results obtained in this 
study: fi rst, sources of variation in capture probabilities of 
small mammals between burned and unburned sites in space 
and time can also be associated with the trapping effort and 
weather variations; and, second, as suggested by McKelvey 
and Pearson  (2001) , the use of a population index instead of 
a population-estimation model. Moreover, to interpret the 
infl uence of climate on the regeneration process, the stron-
ger effects of climate variability on the burned sites, due to 
re-growing vegetation which still cannot buffer climate fl uc-
tuations, have to be considered. 

 On a global level,  Apodemus sylvaticus  was the predomi-
nant species in both areas due to its wide distribution in 
Mediterranean forests, the wide range of food it consumes 
(Gos  á lbez 1987 , Torre et al.  2002 ) and its generalist char-
acter (Torre et al.  2001 , Reutter et al.  2003 ), providing it 
with great fl exibility when faced with changes and pertur-
bations of its habitat. Trapping success for  Crocidura rus-
sula  and  Mus spretus  was very similar even at the burned 
sites, although their diets are very distinct (insectivorous 
vs. granivorous), and  C. russula  is ecologically more 
demanding (Fuentes et al.  1998 ). This result may be due 
to the fact that the two species share a similar microhabi-
tat (Torre and Arrizabalaga  2000 ). As both species do not 
compete for food, factors other than food competition are 
likely to be the cause of their dissimilar population dynam-
ics. The comparative analysis between the burned and 
unburned sites showed that 12 years after the fi re, the two 

Bereitgestellt von | De Gruyter / TCS
Angemeldet | 212.87.45.97

Heruntergeladen am | 12.09.12 11:04



S. Sainz-Elipe et al.: Small mammal and wildfi re in a Mediterranean ecosystem  255

0
2nd 3rd 4th 5th 6th 7th 8th

Post-fire year
9th 10th 11th 12th

2
4
6
8

10
12
14
16
18
20
22
24
26
28
30
32
34
36

C
ap

tu
re

s 
pe

r h
un

dr
ed

 tr
ap

s 
ni

gh
t

Burned sites 

Unburned site

 Figure 2    Annual fl uctuation of the trapping success (number of individuals captured per 100 trap-nights) for  Apodemus sylvaticus  at the 
burned sites (uninterrupted line) and at the unburned site (dotted line).    

 Table 2      Statistical differences between  Apodemus sylvaticus  annual 
trapping success at burned and unburned sites.  

PFYs   χ   2 p-value

4th 58.906   <  0.0001
5th 35.508   <  0.0001
7th 12.680    0.0004
8th    4.690    0.0303
10th 23.566   <  0.0001
11th    6.559    0.0104

   Annual trapping success is always higher at the burned sites. PFY, 
post-fi re year; df  =  1.   

small-mammal communities had reached qualitative and 
quantitative similarity. 

 The annual study of the burned sites showed that small-
mammal post-fi re recuperation is characterised by the domi-
nance of  Apodemus sylvaticus  during the entire study period. 
Along the years, this species, already recognised as a post-
fi re colonizer in the regeneration process in Serra Calderona 
(Fuentes et al.  1998 ), had an increasing chance of fi nding 
shelter and food in the burned area thanks to vegetational 
re-growth. At the same time, its exposure to potential preda-
tors was lower for their succession process is usually much 
longer. The growth of the wood mouse population may have 
been related to the aforementioned factors, also refl ected by 
its increased trapping success from the 4th PFY onwards. 
Moreover, its trapping success was almost always greater at 
the burned sites, with signifi cant differences in 6 out of 11 
study years. According to Torre and D  í az (2004)  and Torre et 
al.  (2005) , these results seem to be due to the positive asso-
ciation of small mammals with the shrub-like and low herba-
ceous layers which chara cterise the burned area ’ s transitory 
environment of secondary succession together with a reduced 
predation risk and low predation pressure. However, accord-
ing to other studies, the causes of small-mammal post-distur-
bance dynamics may be more complex, including not only 
factors such as vegetation recovery, climate conditions, food 
availability, predation risk and predation pressure, but also 

changes in the reproductive cycle and a decrease in fecun-
dation capacity, which in turn regulate populational growth 
(Torre and Arrizabalaga  2002 , Torre et al.  2002 , Reed and 
Slade  2008 ). 

 Likewise, the conditions of the burned area seemed to 
favour  Mus spretus  as refl ected by the fact that it was caught in 
8 out of 11 study years, while it was detected at the unburned 
site in only 5 out of 11 years. Although the different frequency 
of capture between the two types of sites was not statistically 
signifi cant, the shrub-like development may have favoured 
 M. spretus , mainly in the fi rst years of the regeneration pro-
cess, which is also in agreement with Torre and D  í az (2004) , 
who suggested a greater mean abundance of this species in 
such areas. 

 Fons et al.  (1988)  reported that the reappearance of 
 Crocidura russula  does not occur until 5 years after the fi re, 
which contrasts with the detection of this soricomorph in 
the burned area of Serra Calderona from the fi rst study year 
(2nd PFY) onwards. Moreover, our fi ndings agree with simi-
lar results obtained by Arrizabalaga et al.  (1993)  and Fons 
et al.  (1993)  in other Mediterranean areas. The annual trap-
ping success for  C. russula  was similar at the two types of 
sites, although it was greater at the burned sites during the 5th 
and 6th PFY. These results are explicable by the persistence 
of this soricomorph, having found shelter among the rem-
nants of walls of untended fi elds. Moreover, they also refl ect 
the quick recovery of the burned area ’ s vegetal cover (Fons 
et al.  1993 ). 

 Carrying out a comparative analysis of the annual trapping 
success for  Apodemus sylvaticus, Mus spretus  and  Crocidura 
russula  for both areas allows for the distinction between 
treatment events (taking place only in the burned area) and 
non-treatment events (taking place simultaneously at both 
types of sites), e.g., the growth rates of all three species reach 
their peaks, in burned and unburned sites, after the 10th PFY. 
This coincidence occurring at the burned and unburned sites 
suggests that their increase is due to climatic factors, namely 
accumulated precipitation and relative humidity, which posi-
tively infl uence food availability and thus the increase of 
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 Figure 3    Annual fl uctuation of the trapping success (number of individuals captured per 100 trap-nights) for  Mus spretus  at the burned sites 
(uninterrupted line) and at the unburned site (dotted line).    
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 Figure 4    Annual fl uctuation of the trapping success (number of individuals captured per 100 trap-nights) for  Crocidura russula  at the burned 
sites (uninterrupted line) and at the unburned site (dotted line).    

 Table 3       R   2    values obtained by simple and multiple linear regressions between the annual trapping success (number of individuals captured 
per 100 trap-nights) at the burned sites, NDVI and climatic variables.   

Small-mammal species Variables  R   2   B   i   SE p-value

 Apodemus sylvaticus Tmean-year before 0.328 -0.088 0.038 0.049
Tmax 0.425 -0.080 0.030 0.034
Tmax-year before 0.406 -0.102 0.038 0.028
PP-year before 0.328    0.001 0.000 0.038
RH 0.501    0.031 0.010 0.020

 Mus spretus PP-year before 0.495    0.00003 0.000 0.014
Tmax 0.510 -0.042 0.014 0.019
Tmax  ×  Tmin 0.722 0.018
Tmax -0.064 0.014 0.006
Tmin    0.061 0.022 0.042

 Crocidura russula PP-year before 0.468    0.00002 0.000 0.029

B  i,   partial regression coeffi cient; Tmean, daily mean temperature ( ° C); Tmax, daily maximum temperature ( ° C); Tmin, daily minimum tem-
perature ( ° C); PP, accumulated precipitation (mm); RH, relative humidity ( % ).
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 Table 5      Infl uence of site type (burned and unburned), post-fi re 
year (PFY) and capture period on trapping success for  Apodemus 
sylvaticus  by means of ANOVA.  

Source of variability Trapping success

df  F p-value

Site type    1 32.281 0.0001
PFY 10 20.345 0.0001
Site type  ×  Capture period    1    6.581 0.0185
PFY  ×  Capture period 10    7.715 0.0001

 Table 6      Infl uence of the post-fi re year (PFY) and capture period on the trapping success for  Apodemus sylvaticus  at each site type (burned 
and unburned) by means of ANOVA.  

Source of variability Trapping success at the burned sites Trapping success at the unburned site

df  F p-value df  F p-value

PFY 10 18.358   <  0.0001 10 6.410 0.0035
Capture period    1 11.820    0.0064    1  –  – 
PFY  ×  Capture period 10 10.278    0.0005 10  –  – 

 Table 4       R   2    values obtained by simple and multiple linear regressions between the annual trapping success (number of individuals captured 
per 100 trap-nights) at the unburned site, NDVI and climatic variables.    

Small-mammal species Variables  R   2   B   i   SE p-value

 Apodemus sylvaticus PP-year before 0.484 0.001 0.000 0.010
RH-year before 0.498 0.033 0.011 0.014
RH×Tmin (year before) 0.699 0.011
RH-year before 0.043 0.010 0.005
Tmin-year before 0.108 0.043 0.044
RH×Tmin×PP (year before) 0.918 0.001
RH-year before 0.032 0.006 0.003
Tmin-year before 0.121 0.022 0.003
PP-year before 0.001 0.000 0.009

 Crocidura russula PP-year before 0.472 0.00004 0.000 0.017

B  i,   partial regression coeffi cient; PP, accumulated precipitation (mm); RH, relative humidity ( % ); Tmin, daily minimum temperature ( ° C).

population density (Meserve et al.  1995 ; Torre et al.  1996, 
2002 , Ernest et al.  2000 ). This postulation is supported by the 
strong increase in precipitation during the 9th and the 10th 
PFY. This result agrees with other authors who also found 
precipitation to have a posi tive infl uence on small-mammal 
dynamics (Torre et al.  1996 , Torre and Arrizabalaga  2002 ). 
Furthermore, the increase in precipitation enhances plant pro-
ductivity in terrestrial ecosystems (Kelt et al.  2004 , Squeo et 
al.  2006 ), leading to a signifi cant increase in ephemeral cover, 
soil seed density (Guti  é rrez and Meserve 2003 , Meserve et 
al.  2003 ) and insects (Fuentes and Campusano  1985 ). On 
the other hand, heavy rainfall may relax territorial behav-
iour and competitive social interactions between individu-
als as increased plant productivity favours an increment of 
the fraction of breeding individuals (Lima et al.  2001 ). In 
fact, according to Torre  (2004) , after periods of high levels 
of cumulative rainfall the breeding activity of females, the 
recruitment of juveniles and the population growth rate are 
signifi cantly favoured. Although the results obtained show 

the importance of accumulated precipitation for the three spe-
cies considered, and also of relative humidity in the case of 
 A. sylvaticus , the infl uence of other climatic factors depends 
on the species and the type of site. The negative infl uence 
of the mean and maximum temperature on the trapping suc-
cess for  A. sylvaticus , exercised solely at the burned sites, 
suggests that features of the affected ecosystem play an 
important role in the dynamics of this rodent. The lack of 
correlation between vegetation data, represented by NDVI, 
and trapping success was surprising, mainly because NDVI 
shows the response of vegetation to rainfall, but also because 
in other studies on burned Mediterranean ecosystems with a 
similar post-fi re vegetal evolution (Arrizabalaga and Llimona 
 1996 ), such a correlation was found. It is likely that annual 
NDVI and trapping success data cannot reliably confi rm 
this potential correlation. Thus, future studies analysing the 
structure of small-mammal populations should also include 
seasonal data of these and further variables. 

 The signifi cant effect of an interaction between PFY and 
capture period on the trapping success for  Apodemus sylvat-
icus , at the burned sites only, demonstrates that the regen-
erative state of the burned area (determined by the PFY) 
conditions the infl uence of climatic factors. The higher 
arboreal development together with the vegetal cover of the 
unburned site alleviate the effects of seasonal variations, 
while in the post-fi re area, still in regeneration, seasonal 
variations may have a direct infl uence on the behaviour of 
the  A. sylvaticus  population. This infl uence could be deter-
mined by the degree of regeneration (the vegetal cover of the 
burned area recovers quickly and in agreement with the typi-
cal vegetal succession of Mediterranean forests affected by a 
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wildfi re) as shown by the greater infl uence that the 
PFY-factor plays at the burned sites. 

 Our results suggest that the succession of soricomorphs 
and rodents can be correlated to vegetal succession after a 
wildfi re, corresponding to the degree of alteration and/or the 
recuperation of forests. Small-mammal population dynam-
ics can be considered a reliable biological tag of the changes 
experienced by perturbed Mediterranean ecosystems, a con-
sequence mainly of climate variations, behind, for example, 
the vegetal regeneration process and food availability, at 
burned sites.   
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