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a  b  s  t  r  a  c  t

Although  habitat  management  practices  focussed  on  the  enhancement  of  hunting  and  protection  of
threatened  species  are  common,  the  scientific  validation  of such  practices  is scarce.  The  wild  European
rabbit  Oryctolagus  cuniculus  L.,  a hunted  and  threatened  species  in  its native  range,  is  at  the  same  time
a  key  species  for the  preservation  of  threatened  Mediterranean  predators.  Cereal  sowing  is  one  of the
most  common  practices  to augment  the  food  supply  of rabbits,  and  it is used  not  only  by hunters  but
also  by  conservationists.  At  present,  limited  scientific  information  is available  regarding  the  effective-
ness  of cereal  sowing.  To  evaluate  its effectiveness,  we  analysed  data  on sowing  trials  conducted  in  125
plots,  located  in  14  private  estates  throughout  central  Spain,  most  of  them  with  low  density  populations.
Brush  was  cleared  from  44 of these  plots  prior  to sowing.  Our  results  indicated  that  rabbits  preferen-
tially  selected  sown  areas  over  control  (unsown)  areas.  This  selection  increased  in plots  that  represented
pain suitable  habitats  for rabbits,  such  as  pasturelands,  as  well  as  when  thicket  islands  and  natural  or  arti-
ficial  shelters  were  available  within  the  sown  plots.  Local  enhancement  of  rabbit  populations  was  also
observed.  These  positive  results  were  also  obtained  regardless  of  the  initial  habitat  conditions,  not  only
in  the  treatment  plots  but also  in the  surrounding  area.  Our  recommendations  can  be  broadly  applied  for
managing  rabbit-dependent  threatened  species.
ntroduction

The wild rabbit (Oryctolagus cuniculus L.) is a Near Threatened
ammal  (Smith & Boyer 2008). In its native range it is consid-

red as Vulnerable in Spain (Villafuerte & Delibes-Mateos 2007)
nd as Near Threatened in Portugal (Cabral et al., 2006). And it is
lso the main small game species in Spain (MAGRAMA, 2014). But
t is also one key species in Mediterranean ecosystems (Delibes-

ateos et al., 2007), and several endangered species depend on
t. Among these species are Bonelli’s eagle (Aquila fasciata Vieillot;

oleón et al., 2009), the Spanish imperial eagle (Aquila adalberti
rehm), and the Iberian lynx (Lynx pardinus Temminck; Ferrer
 Negro, 2004). For the preservation of threatened species that
epend on wild rabbits, and considering only projects financed by
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the EU LIFE programme, current funding has reached 100 MD  for
rabbit-dependent species (Life Programme 2011).

The severe decline in wild rabbit populations observed in Spain
during the last half of the 20th century is due primarily to the
outbreak of two  viral diseases, myxomatosis and rabbit haemor-
rhagical disease (Cooke 2002; Virgós et al., 2007), although the
decline cannot be attributed only to diseases. It may also have
been caused by changes in rural environmental management, such
as intensification in pasturelands and agricultural areas or cessa-
tion of production in mountain and forest areas (Delibes-Mateos
et al., 2010), both linked to a high loss of structural environmental
diversity (Pineda 2001). Changes in hunting management prac-
tices during recent decades have also had an influence, including
an increase in game hunting, especially red deer and wild boar
(Cabezas-Díaz et al., 2010; Herruzo and Martínez-Jauregui, 2013),
an intensification in game management (Beja et al., 2009), and,

in many areas, absence of predator control (Banks 2000; Delibes-
Mateos et al., 2008; Fernández de Simón, 2013).

Food quality and abundance controls wild rabbits’ reproduc-
tion (De Blas, 1989; Gonç alves et al., 2002). Breeding season starts

dx.doi.org/10.1016/j.jnc.2014.08.011
http://www.sciencedirect.com/science/journal/16171381
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hen rabbits consume more than a certain value of protein in their
iet (De Blas, 1989). This high value of protein is found on cer-
ain food, such as green grasses or legumes (San Miguel, 2006).
herefore increasing availability of quality food may  enhance rabbit
eproduction index, thus aiding in population recovery (San Miguel,
006).

To solve problems associated with reduced rabbit populations,
any measures have been taken, in the framework of differ-

nt conservation projects and strategies (Moreno et al., 2004;
arcía 2005; San Miguel 2006) and hunting management strate-
ies (Delibes-Mateos et al., 2008). One of the basic results obtained
rom programmes implemented to date is that, in order to enhance
abbit populations, environmental management is a crucial tool
San Miguel 2006; Delibes-Mateos et al., 2008; Godinho et al.,
013). Populations are favoured by different practices applied to
heir habitat (Ferreira et al., 2013), including firebreaks with sow-
ng (Ferreira & Alves, 2009), burning of scrubland in order to
romote pastures (Moreno & Villafuerte, 1995), provision of shel-
er with enclosures (Catalán et al., 2008), or shelter construction
Fernández-Olalla et al., 2010). One of the most frequently used

easures to enhance populations of small game is sowing of food
rops (Delibes-Mateos et al., 2008; Casas & Viñuela, 2010), which
as seldom been considered as a management tool for the threat-
ned predators (but see Guerrero-Casado et al., 2013). Previous
tudies have assessed how habitat selection by rabbits is affected by
ifferent types of crops in small experimental areas (Muñoz 2005).
owever, information on the use of dryland farming is still lacking.

The objective of this study was to evaluate the efficacy of cereal
owing for increasing density of wild rabbit populations. Our initial
ypothesis was that this measure could be considered effective if
abbits preferred the sown areas. Thus, we first assessed whether
abbits select sown over control (unsown) areas. We  then aimed
o determine the characteristics of sowing that influenced a posi-
ive selection by rabbits. After the treatments were implemented,
e evaluated whether differences in the evolution of the relative

bundance of rabbits between treatment and control plots were
vident.

aterial and methods

tudy area

The study was carried out in 14 private estates that are part
f the Natura 2000 network in central Spain (Albacete, Cáceres,
iudad Real, Jaén, and Toledo Provinces; Fig. 1). More precisely, the
tudy plots were located in the following Sites of Scientific Interest
SCIs): Rumblar, Guadalén y Guadalmena basins (four estates), Sierra
orena (three estates), Sierra del Relumbrar y las Estribaciones de

lcaraz (five estates), Montes de Toledo (one estate), and Sierra de San
edro (one estate). Some of these areas are also considered Special
rotection Areas (SPAs).

From a biogeographical point of view, all sites are located
n the western Iberian Mediterranean Province (Rivas-Martínez
t al., 2004) and are characterized by acid lithology and nutrient-
oor soils. The area has a meso-Mediterranean climate, with
mbroclimate from dry to sub-moist, continental, with impor-
ant year-to-year fluctuations, high summer droughts, and year to
ear rainfall variations (MMA  2002). As a result, most of the study
rea is covered by a mosaic of forest (mainly oak thickets in ini-
ial successional states, with rockrose Cistus ladanifer L. and Cistus
onspeliensis L. dominated brush, therophitic herbaceous grasses,
ocky areas, and thick bushes, viz. the so-called Mediterranean
ancha).

The estates’ main use is big game rearing, although most of them
lso secondarily raise livestock (González & San Miguel, 2005). In
servation 22 (2014) 552–558 553

most of the study area, rabbits have low or very low population
numbers (Guzmán et al., 2004), similar to other protected areas
(Delibes-Mateos et al., 2009).

Essay: Cereal sowing

In total, we  sowed 125 plots, hereafter referred to as ‘treatment
plots’. In 44 plots, prior brush clearing was achieved by several
cross-passes with a deep plough. Here, cereal sowing acts to reduce
recolonization by thickets (Muslera & Ratera, 1993) and increases
the availability of high-quality food (fodder during winter and
spring, and grain in summer) for rabbits, big game, and livestock.

Cereals (barley and oat seed) were sown (150 kg ha−1), no fer-
tilizer was used, and only one estate was permanently closed to
grazing. For sowing, we  used a spinning compost machine and cov-
ering. Per estate, the number of treatment plots varied between 3
and 19 (mean ± SD = 8.93 ± 6.04), and plot surface area varied from
0.04 to 43.07 ha (mean ± SD = 2.55 ± 5.54 ha). As a rule, plots were
smaller than those generally used for livestock or big game (San
Miguel 2006). When plot size exceeded 0.5 ha (67 plots), small
thickets inside the sown plot tended to be left as rabbit shelters (at
least 10 m2 and representing at least 5% of the plot surface; these
were provided in 53% of total plots and in the 60% of plots >0.5 ha).
For sowing, we avoided slopes exceeding 10%, and the shapes of
the sown plots were adapted to the local topography. We  preferred
elongated forms in order to obtain a high perimeter/surface rela-
tionship. Sown plots were established in eight estates (n = 46 plots)
during summer 2004, six estates (n = 34) in 2005, and six estates
(n = 45) in 2006.

Field data: Rabbit and treatment survey

To determine positive selection of treatment plots over con-
trol areas, we  established transects to detect signs in both treated
and control areas with similar ecological characteristics. Signs
included the presence of latrines (Mykytowycz, 1968), defined as
an accumulation of at least 20 excrements (Virgós et al., 2003),
which are widely used in studies of habitat use (Palma et al.,
1999; Virgós et al., 2003; Guzmán et al., 2004; Guerrero-Casado
et al., 2013; but see Fernández de Simón et al., 2011). All latrines
observed during transect surveys were counted. The distance cov-
ered along each transect was recorded to standardize effort. To
maximize the probability of finding latrines, transects were estab-
lished along the border of treatment areas (Moreno & Villafuerte,
1995). Transect length was adapted to the treatment area perimeter
(mean ± SD = 0.39 ± 0.35 km). Therefore, transect length increased
with increasing treatment area perimeter, and we attempted to
cover entire perimeters. Transects were also established in the con-
trol areas and covered a similar distance. Control transects were
designed mainly through paths, as rabbits tend to mark on them
(Monclús & De Miguel, 2003), and surveyed the most similar eco-
logical conditions as its equivalent treatment transect. Treatment
and control transects were designed to be spatially close, but with a
separation between treatment and control with at least 200 m.  We
chose this distance because it is considered the longest distance
traversed by rabbits on one day (Lombardi et al., 2003). Monitor-
ing was done during late spring, when rabbit abundance and use of
sowing are generally highest (Beltrán, 1991; Cacho et al., 2002).

In parallel with the treatment survey, wild rabbit abundance
was surveyed at each estate, as this may  influence the use of habi-
tat and feed (Lombardi et al., 2003; Muñoz, 2005). For monitoring,

we basically followed the method proposed by Palomares (2001).
In each estate a net comprising several linear transects was estab-
lished. The number of transects was not homogeneous between
estates (2–15). The season chosen for the survey was  late spring
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ig. 1. Sites of scientific interest (SCIs) included in the study area. Number 1 corresp
rea  (SPA) Sierra Morena, no. 3 SCI Sierra del Relumbrar y las Estribaciones de Alcaraz

nd early summer, as this is considered the season of highest rab-
it abundance (Beltrán, 1991). Transects were walked at dawn or
usk. Transect distance generally ranged between 1.5 and 2 km,  and

ncluded all different habitats existing in the estate. Rabbits were
ounted along fixed 10-m strips. Sampling was repeated at least
hree times per season, and the sampling with the most rabbits
bserved was chosen for the analysis. Thus, we obtained a kilomet-
ic abundance index for each transect, i.e. the maximum number of
abbits per kilometre detected along the paths. For analytical pur-
oses, we only considered the relative abundance of rabbits along
he closest transect to the treatment plot. The remaining transects
t each estate were used as controls. To select the transects, we
sed a space analysis with ArcGIS 9.2.

tatistical analysis

All statistical analyses were conducted in Statistica 7.0 and
.2.15.2 (R Development Core Team 2012) environments, with the
tandard probability (p < 0.05), and considering treatment plots
s sample units. We  used the Wilcoxon sign-rank test to analyse
ifferences in the use of treated and control areas, based on the
umber of latrines found per kilometre (Quinn & Keough, 2002).
ll the results are presented as mean ± SD.

To analyse sowing characteristics that enhanced the use of cer-
ain plots by rabbits, a general linear mixed-effect model was
sed for the dependent variable ‘Selection of treatment plots’. This
ariable was implemented using the number of latrines per kilo-
etre in control (Ccont) and treatment (Ctre) areas, and was  defined

s Ctre/(Ctre + Ccont) (Manly et al., 2002). As random independent
ariables, we included ‘Year’ (2004, 2005, and 2006) and loca-

ion variables, which included the ‘SCI’ where treatments were
mplemented and ‘Estate’ as an expression of the total territory

anagement unit. Thus Estate was a nested variable within SCI.
he other fixed independent variables included in the model were
to SCI Cuencas del Rumblar, Guadalén y Guadalmena, no. 2 SCI and Special Protection
 SCI and SPA Montes de Toledo,  and no. 5 SCI and SPA Sierra de San Pedro.

• Treatment type: categorical variable explaining the treatment
type: only sowing or sowing with clearing.

• Habitat: categorical variable describing the habitat around the
sown area. As a result of the influence of rabbit abundance, habi-
tat was established at four different levels: grassy, cleared brush,
dense thicket, and forest (Lombardi et al., 2003).

• Shelter presence: two  levels were chosen, viz. ‘1′ if natural bushes
or artificial shelters were available inside a sown plot, and ‘0′ if
there were none.

• Rabbit abundance: covariable explaining rabbit abundance in the
closest transect to the sown area, derived from the kilometric
abundance index and expressed in rabbit km−1.

• Perimeter/surface relationship: covariable defined by rp−s =
p/(2�  ×

√
S/�) where p is the treatment perimeter, and S is its

surface area. This relationship was  used as an estimator of rabbit
accessibility to the treatment area (Moreno & Villafuerte, 1995).

For this analysis, we excluded 23 values derived from plots with
no latrines found neither in the treatment areas nor in control areas.
We considered first-order interactions and simplified the models
using parsimony principles (following Crawley 2007) until the best
fitting model was reached. Akaike’s Information Criterion was used
to compare between models. We  used the statistical ‘nlme’ package
(Pinheiro et al., 2012), and ‘lsmeans’ package (Lenth, 2014) for post
hoc Tukey tests (Crawley 2007). Spatial autocorrelation was  dis-
carded using Moran’s I function in ‘ape’ package (Paradis et al.,
2004).

To determine whether sowing had any influence on rabbit
abundance, we  used rabun = (Ab+1 − Ab0)/Ab0 to characterize the
variations in relative rabbit abundance, where Ab0 is the relative

rabbit abundance during spring, and Ab+1 is the relative rabbit
abundance in the following year. We  calculated this index in the
closest transect to each sowing treatment and in control transects,
viz. all the remaining transects in the estate where no treatment
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Table  1
Main estimators of answer variable per estate, including number of treatment plot, evaluation year, and values of answer variable (including average latrine value per Km
and  SD) observed in treatment (treat) and control plots (cont).

Natura 2000 area Estate No. of plots Evaluation year x̄ ± SD treat (latrines/km) x̄ ± SD cont (latrines/km)

Cuencas del Rumblar,
Guadalén y
Guadalmena

1 3 2004 9.7 ± 10.74 1.4 ± 2.43
2  3 2004 20.28 ± 17.2 28.77 ± 38.76
3  6 2006 78.3 ± 65.21 2 ± 0.56
4  18 2004 and 2006 29.88 ± 35.39 1.64 ± 3.33

Sierra  Morena 5 8 2004 and 2005 6.24 ± 7.08 2.03 ± 2.45
6  19 2004 and 2005 117.4 ± 81.29 47.49 ± 40.25
7  2 2005 5.33 ± 0.00 2.13 ± 0.77

Sierra  del Relumbrar y
Estribaciones de
Alcaraz

8 19 2004 and 2005 121.93 ± 108.18 53.95 ± 51.19
9  12 2006 25.38 ± 25.19 14.86 ± 19.87

10  9 2006 3.57 ± 10.70 2.66 ± 5.30
11  5 2006 38.53 ± 39.20 7 ± 14.19
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12  11 200
Montes  de Toledo 13 6 200
Sierra  de San Pedro 14 4 200

as implemented. Plots with no rabbits detected during all years
ere not included in the present study. We  analysed differences in

abun between the closest transects to the treatment plots and con-
rol transects, i.e. the remaining transects in each estate. Differences
ere analysed using the Wilcoxon sign-rank test.

esults

elective use of treatment areas by rabbits

When comparing latrines per kilometre in treatment versus
ontrol areas, we detected a higher use of treatment plots by rabbits
n = 46; Z = −7.135; p < 0.0001). Treatment plots were used more
han control plots in 85 plots as compared to 17 with lower use and
3 with the same level of use (in all of these latter cases, no latrines
ere found in treatments or in control plots). The average latrines
er kilometre in treatment areas are 51.79 ± 73.64, while in control
reas is 19.32 ± 34.07. More detailed information per estate is pro-
ided in Table 1. In all but one estate, the index of average latrines
er kilometre was higher in treatment than in control areas.

elected variables

The model selection procedure involved nine steps (see Table 2).
ariables shown in Table 3 were selected for the final model.
ccording to Tukey post hoc tests, there were differences for most
f the habitats. There are differences between grassy and cleared
rush (p = 0.0248), dense thicket (p = 0.0001), and forest (p = 0.001)
nd between cleared brush and dense thicket (p = 0.0166), but not
etween cleared brush and forest (p = 0.0634) and between dense

hicket and forest (p = 0.953).

The highest values for the variable ‘Selection of treat-
ent plots’ were recorded in plots surrounded by grass-

and (mean ± SD = 0.832 ± 0.226), followed by plots surrounded

able 2
odel selection procedure. The best fit was determined according to the lowest Akaike’s 

odel; d.f., degrees of freedom; LL, log-likelihood ratio.

Step Model steps 

0 Initial model, including all first order interactions 

1  Deleting treatment type and shelter presence interaction 

2  Deleting rabbit abundance and perimeter/surface relationship interac
3  Deleting rabbit abundance and treatment type interaction 

4  Deleting shelter presence and perimeter/surface relationship interacti
5  Deleting rabbit abundance and treatment type interaction 

6  Deleting rabbit abundance and habitat interaction 

7  Deleting rabbit abundance and perimeter/surface relationship as cova
8  Deleting treatment type and habitat as fixed factors 

9  Deleting SCI as random factor 
 2005 17.18 ± 22.50 7.74 ± 11.03
8.25 ± 7.99 0.7 ± 1.72

 2005 3.07 ± 2.76 2.44 ± 2.38

by cleared brush (0.757 ± 0.210), plots surrounded by for-
est (0.733 ± 0.210) and plots surrounded by dense thicket
(0.616 ± 0.396).

Rabbit presence in sown surroundings

The mean (±SD) relative rabbit abundance was
1.33 ± 1.56 rabbits km−1 (max 9.3), in transects closest to treatment
plots during the late spring–early summer, when these plots were
surveyed. In control areas, the mean (±SD) relative abundance was
3.29 ± 4.23. In the following year, mean (±SD) relative abundance
was 1.99 ± 2.92 (max 13.3) and 2.99 ± 3.16 rabbits km−1, respec-
tively. After treatment, differences in rabun between sowing and
control transects were observed (n = 94; Z = 3.527; p = 0.00042).
A relative increase in the rabbit population was observed in the
closest transect in 64 out of 94 plots, and a decrease in 30 plots.

Discussion

Several factors control rabbit population dynamics, including
weather conditions (Bell & Webb, 1991), predators (Banks 2000),
viral diseases (Calvete et al., 2002) and habitat (Lombardi et al.,
2003), as well as interactions among these elements (Calvete
2006). Evaluating the effectiveness of treatments aimed at habitat
enhancement thus becomes difficult. Studies validating the efficacy
of rabbit management are scarce (San Miguel, 2006; Delibes-
Mateos et al., 2008; Ferreira et al., 2013). Our  results offer the first
support for the use of cereal sowing to obtain a positively selected
environment for wild rabbits, as has previously only been suggested
(Martins et al., 2002; García 2005; San Miguel 2006; Ferreira et al.,

2013). Our study evidences the positive influence of shelters and
types of habitat on the level of selection. Our results suggests a sta-
tistically significant difference in rabbit abundance evolution in the
surroundings of treated plots as compared to the rest of the estate.

information criterion (AIC). �AIC, the difference in AIC from that of the best-fitting

AIC �AIC d.f. LL

6.637 10.407 30 –
4.704 8.474 29 0.067

tion 2.774 6.544 28 0.07
1.529 5.299 27 0.755

on 0.098 3.868 26 0.569
0.098 3.868 26 1

−1.77 2.000 23 4.132
riables −1.77 2.000 23 1

−1.77 2.000 23 1
−3.77 0 22 0.0005
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Table  3
Variables included in the final model with interactions, including type, degrees of freedom and statistical values; *for variables with more than one d.f. parameter estimates
are  provided as average ± S.D.

Variable Type d.f. p-Value Parameter estimate*

Intercept – 1 <0.001 0.453
Year  Random factor – – –
Estate Random factor – – –
Shelter presence Fixed factor 1 <0.001 0.146
Rabbit  abundance × shelter presence Interaction 2 0.0004 0.01 ± 0.04
Shelter presence × habitat Interaction 6 0.0578 0.04 ± 0.62
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Habitat × treatment type
Habitat × perimeter/surface relationship Interaction 

Treatment type × perimeter/surface relationship Interaction 

The ability of rabbits to select both feeding areas and types
f food inside these areas has already been established (Soriguer
987; Cacho et al., 2002; Muñoz 2005). Some studies have shown
hanges in rabbit diets in areas with access to sowing (Martins et al.,
002; Ferreira & Alves, 2009). Although according to this manage-
ent evidence, rabbits select sown areas (Barrio et al., 2010), until

ow, the selection of sown areas has not been quantified and fac-
ors influencing this selection have not been described (but see

uñoz 2005). However, this study (Muñoz 2005) had several lim-
tations, as it considered only limited sowing characteristics (i.e.
own species and densities) and was only developed within one
state.

(1) First, with regard to elements that influence habitat selec-
ion, it is important to highlight that our results may  be both
nfluenced by the characteristics of the implemented treatments
nd the survey design. Characteristics and implementation of
he treatments were relatively homogeneous. We  attempted to
mprove their effectiveness for rabbits, considering the a priori
ypothesis that smaller treatment areas are better than larger
reas, and that their efficacy in promoting rabbit populations
ncreases with increased perimeter/surface relationship (Moreno

 Villafuerte, 1995; Villafuerte et al., 2001; San Miguel 2006). Arti-
cial shelters were built, both inside the sown plots and in the
urrounding areas, for all sowing treatments regardless of their
ize. This may  be the reason underlying the fact that the influence
f morphological characteristics (perimeter/surface relationship)
f treated plots was less important than expected (appeared only
n interactions, in treatment × perimeter/surface relationship and
n habitat × perimeter/surface relationship). Moreover, no direct
ifferences were detected between treatment types (i.e. with or
ithout clearing), probably because the treatments were very alike

Delibes-Mateos et al., 2008). Treatment type is included in the final
odel within the interaction factor treatment × perimeter/surface

elationship. We  can consider there might be more adequate sizes
or the different treatments, but this should be confirmed in further
tudies.

The survey design may  have also influenced the results. Latrine
urveys have been extensively used, but there might be several fac-
ors affecting latrines’ distribution. There are social (Ruiz-Aizpurua
t al., 2013), environmental and ecological factors affecting its dis-
ribution (Dominguez-Cebrian & De Miguel, 2013). Border latrine
ounts may  not even be suitable for counting the highest pellet pro-
ortion (Moreno & Villafuerte, 1995). But border latrine counts in
own plots have several advantages: they can be done with inde-
endence of the sowing state of development, they can be easily
epeated and are less time consuming than other techniques, such
s pellet counts.

(2) Our first hypothesis was that sown areas with shelter, either
hicket islands or artificial shelters, would be the most used, as

hese areas are considered the safest, combining thickets and
parsely covered sites (Moreno et al., 1996) as occur under natural
onditions (Palomares et al., 2001). Our results support this hypoth-
sis. For other taxa, e.g. birds, the existence of natural vegetation
4 0.1196 0.41 ± 0.25
4 0.1151 0.13 ± 0.32
1 0.0015 −0.39

elements is essential, mainly in agricultural areas (Vepsäläinen
et al., 2005; Herzon & O’Hara, 2008).

(3) On the other hand, when the treatments were planned, we
searched for areas with high-quality natural rabbit shelters in areas
with scarce thickets (Beja et al., 2007), grasslands, or areas with
granitic stones (Carvalho & Gomes, 2004). Despite our efforts, these
requirements were not always fulfilled and some sowings were
located in less favourable habitats. Our results highlight grasslands
as the most favourable habitat for locating sowings for enhanc-
ing rabbits populations. This might be because of the presence of
refuge, mainly scarce trees, shrubs and rocks (Gea-Izquierdo et al.,
2006). The following habitats are clear brush and forest. The similar
selection values between forest and cleared-brush plots may  be due
to the fact that in most of our cases, the existing forests were old
abandoned pastures and brushwood now covered by sparse thick-
ets (Plienninger 2006). Clear shrubs have been considered as one
of the most favourable habitat for rabbits (Lombardi et al., 2003).
According to our results, dense thickets are the less favourable areas
for locating sown plots. This habitat has already been described as
inappropriate for rabbits (Lombardi et al., 2003; Fernández 2005).
Dense thicket might be selected as refuge for ungulates that are in
competition with rabbits (Soriguer, 1987) or for rabbit predators
(Cabezas-Díaz et al., 2010). Other habitats simultaneously provide
shelter and extra feed to treatment areas (Moreno & Villafuerte,
1995; Lombardi et al., 2003; Cabezas & Moreno, 2007).

The differences between previous results and ours might be due
to two factors: simplification and use. Simplification, because we
have characterized each plot only with one habitat and most of
the habitat selection studies have been developed through radio
tracking (i.e. Lombardi et al., 2003), with a difference in resolution
(Orrock et al., 2000). And use, because our results point out the
most favourable area for locating sowings, not the most favourable
area for rabbits. Therefore, when selecting areas for sowing, it is
important to consider surrounding habitat (Fernández-Olalla et al.,
2010) to cover all rabbit requirements.

Habitat has appeared in the final model within three inter-
actions, the aforementioned habitat × perimeter/surface relation-
ship, in habitat × treatment type and in shelter presence × habitat.
According to this results, we  might conclude that habitat plays a
major role. We  have considered this aspect as a necessity of dif-
ferent treatments in each habitat to reach an ideal rabbit habitat
(Lombardi et al., 2003; Fernández, 2005; Ferreira et al., 2013). So
there might be more adequate treatments for the different habitats
(i.e. sowings might be more usable in areas with lower food levels,
such as forests, or vice versa). As for other interactions, further and
wider studies might confirm this.

(4) Rabbit abundance did not have a strong influence on selec-
tion. Rabbit abundance has appeared in the final model within an
interaction (rabbit abundance × shelter presence). So, according to

our results, in general, in areas with a low abundance of rabbits, the
positive selection of treated areas by rabbits was  relatively inde-
pendent of their abundance. Even considering areas with very low
rabbit abundance (<1 rabbit km−1), rabbits chose treated areas. The
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act that rabbits respond to sowing is relatively independent of their
bundance (in the range considered in this study) is a management
pportunity (Catalán et al., 2008). In contrast, a high rabbit abun-
ance may  have a negative effect on the development of cereal
owing (due to the consumption of the first leaves, even the seed
eaves; Muñoz 2005) and on other crops (such as vineyards; Barrio
t al., 2010), with important social conflicts as a consequence.

(5) We  found a significant difference in rabbit abundance evo-
ution in the treated plots compared to the remaining plots in the
states, which is in contrast with other results. Delibes-Mateos et al.
2008) demonstrated in a large-scale and long-lasting study that no
nhancement in rabbit populations occurred in sites where sowing
as done as a means to enhance rabbit populations. However, we

elieve that the main reason for these opposing results is the dif-
erence in the scales used. Our results suggest positive population
ffects in areas surrounding sowing sites, but not in the rest of the
state. Three complementary hypotheses are considered as possi-
le explanations for our results: (1) Rabbit abundance is directly
etermined by food (Villafuerte et al., 1997), i.e. when quality and
uantity of food increase, rabbit populations increase (Cabezas &
oreno, 2007). (2) Cereal sowing allows reproductive improve-
ent, thus surpassing predation effects (Trout & Tittensor, 1989;

anks 2000). (3) Establishment of an area with mixed shelter and
eeding areas allows for higher rabbit abundance (Lombardi et al.,
003).

onclusions

Threatened species depending on rabbit preservation, such as
he Spanish imperial eagle or Iberian lynx, can be supported by
abitat management measures such as cereal sowing, with or with-
ut prior clearing. However, according to our results, a posteriori
abbit abundances (average 1.3 rabbits km−1 in the summer of the
ear when the sowing is implemented and 1.99 in the follow-
ng year) are insufficient to sustain a reproductive female Iberian
ynx in that area (minimum requirement is 4 rabbits ha−1 dur-
ng summer and 1 rabbit ha−1 during autumn, Palomares et al.,
001). Palomares (2001), stated that 1 rabbit km−1 is equiva-

ent to 0.57 rabbit ha−1. So, 1.99 rabbits km−1 should be close to
he requirements of the Spanish imperial eagle (1 rabbit ha−1;

argalida et al., 2007). Considering that rabbit abundance appar-
ntly has no direct influence on the positive selection of sown
reas, we can assume that activities such as cereal sowing can
avour rabbits, even in cases of low abundance, similar to other
ractices (Catalán et al., 2008; Sarmento et al., 2011). As measures
hat can easily be included in agri-environment programmes, we
uggest a high perimeter/surface relationship and the presence of
atural thicket islands and shelters or construction of artificial shel-
ers. Such treatments, accompanied by other practices such as feed
upplementation can help in the recovery of rabbit populations in
editerranean areas (Catalán et al., 2008; Delibes-Mateos et al.,

008; Fernández-Olalla et al., 2010).
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