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Abstract. Species distribution patterns are determined not only by habitat preferences but also by biotic factors.
Particularly, the presence of conspecifics may yield different types of benefits and costs for the individuals involved.
This study analyses the spatial distribution of Little Bustard families during the breeding season in relation to the dis-
tribution of male core areas in three Spanish populations of the species. A compositional analysis is used to evaluate
habitat selection and the habitat types most preferred by females with offspring. Spatial analyses were performed to
evaluate the proximity of Little Bustard families to male core areas and male displaying sites. The habitat selection pat-
tern was similar between regions, with semi-permanent vegetation and stubbles as most preferred habitats while oth-
ers, such as ploughed land, were avoided. Families were located closer to male core areas than expected by chance and
were spatially associated to male displaying sites. Little Bustard females may obtain different benefits from this spatial
association such as access to more food resources and chances for second matings after a clutch loss. Also in stubbles,
the capture of prey by chicks would be easier and semi-permanent habitats would serve as shelter. These results high-
light the importance of intraspecific interactions in the definition of the habitat selection pattern of females and fami-
lies. This study shows how spatial point pattern analysis may be a useful tool for integrating landscape and behaviour-
al ecology.
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tat selection
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INTRODUCTION

Habitat selection is one of the most important
processes used to explain and predict the spatial
distribution of species at different scales (Guisan
& Zimmermann 2000, Suárez-Seoane et al. 2002,
Guisan & Thuiller 2005), although biotic interac-
tions may modify the distribution patterns based
on pure habitat requirements (Rosenzweig 1981,
Pearson & Dawson 2003, Araújo & Luoto 2007). In
some cases, aggregated spatial distribution of con-
specifics can be explained as a result of resource
clustering (Cornulier & Bretagnolle 2006), but
individuals can also obtain direct benefits from
settling near conspecifics (Stamps 1988, Reed &
Dobson 1993, Danchin et al. 1998). The presence of

conspecifics can be a cue to habitat quality
(Boulinier et al. 1996, Beauchamp et al. 1997,
Danchin et al. 1998, Serrano et al. 2001, Ward &
Schlossberg 2004) facilitating its assessment,
which is often a difficult and time-consuming
process (Slagsvold 1986). Furthermore, individu-
als may display a clumped distribution pattern as
an antipredatory strategy (Perry & Andersen 2003,
Kullmann et al. 2008) or to gather valuable infor-
mation about mates during the breeding season
(Höglund & Alatalo 1995, Melles et al. 2009). Thus,
it seems necessary to take into account both the
landscape configuration and the behavioural
traits of the species to describe spatial distribution
patterns. However, studies that integrate behav-
ioural ecology with landscape ecology are scarce



due to the difficulties to integrate the different
spatial scales involved in these approaches (Lima
& Zollner 1996, Melles et al. 2009). 

The Little Bustard, Tetrax tetrax, is a medium
sized Paleartic steppe bird whose distribution
ranges from Morocco and the Iberian Peninsula to
Central Asia (Del Hoyo et al. 1996). The popula-
tions of this species have suffered a drastic decline
throughout its range mainly due to agricultural
intensification (Goriup 1994). Nowadays, the
Iberian Peninsula holds more than half of the
world’s population (García de la Morena et al.
2006). The species occupies areas of extensive
grassland or cereal farmland, characterized by a
varying degree of heterogeneity of land uses
depending on the prevailing landscape type
(Morales et al. 2005a, Silva et al. 2010). Habitat
selection patterns of Little Bustard males have
been well studied (Martínez 1994, Jiguet et al.
2000, Morales et al. 2005a, Delgado et al. 2010,
Ponjoan et al. 2012), showing a marked preference
for fallows and legume crops, which can ensure
conspicuousness during the sexual display thanks
to the low vegetation height, but also a high avail-
ability of food (Martínez 1998, Morales et al. 2008).
However, the knowledge of the biology and habi-
tat selection patterns of females is scarce (but see
Salamolard & Moreau 1999, Morales et al. 2008,
Lapiedra et al. 2011), largely because of their
extremely secretive behaviour during the breed-
ing season, which makes female observation diffi-
cult to obtain. Contrary to male preferences,
females seem to select habitats with higher vege-
tation cover and greater amounts of litter and
green weeds which may provide shelter and 
food for themselves and their offspring
(Salamolard & Moreau 1999, Morales et al. 2008).
Understanding the ecology of females, particular-
ly those aspects related with breeding success, is
essential to ensure the viability of Little Bustard
populations (Morales et al. 2005b, Delgado et al.
2009).

The Little Bustard shows sexual dimorphism
and males provide no parental care to offspring
(Cramp & Simmons 1980). The mating system has
been described as an exploded lek (Jiguet et al.
2000), in which resources may influence settle-
ment of male loosely aggregated territories (Traba
et al. 2008), to which females are attracted and in
which they may nest (Jiguet et al. 2000, Morales et
al. 2013). In nidifugous species, such as the Little
Bustard, female decisions at the moment of nest-
ing should be the result of a trade-off between
finding mating and nesting areas but also suitable
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places for rearing fledglings (Blomqvist &
Johansson 2008). However, to our knowledge,
there are no studies that analyze the spatial distri-
bution of Little Bustard families in relation to male
display sites.

The aims of this study are (1) to analyze the
habitat selection pattern of Little Bustard families
during the breeding season; (2) to explore the role
played by intraspecific relationships, namely the
presence of males, to determine their spatial dis-
tribution.

METHODS

Study area
The study was conducted in three areas located in
central and northeast Spain dominated by a cere-
al pseudo-steppe landscape. Two sites were locat-
ed in the Ebro Valley in Catalonia: Bellmunt
(41°47’N, 0°57’E) and Belianes (41°35’N, 0°59’E)
and the other one in the Spanish southern
plateau, in Ciudad Real province (38°57’N, 3°56’E)
(Table 1). The regions are all under dry Mediter -
ranean climate, with annual precipitation means
around 400 mm. These three study sites are
included within important areas for the con-
servation of steppe birds in Spain (Traba et al.
2007).

The three study areas present very little natu-
ral vegetation cover due to changes in land use for
agriculture and are dominated by cereal crops
(more than 50% of their surface). In summer, dry
cereal and legume crops become stubble fields
(ST) after harvesting. Ploughed areas (PL), dry
woody cultures (DWC, including olive groves,
vineyards and almond tree orchards), same-year
fallows (hereafter called simply fallows, F) and fal-
lows older than two years and low height scrub-
lands (both classified as natural vegetation, NV)
were present in every study site. Other minor
substrates (OTHERS) were fruit tree orchards,
pastures and urban areas. In order to determine
the availability of the different habitat types, land-
use maps were drawn by assigning to each field
one of the previous habitat types for each study
area. 

Little Bustard surveys
Little Bustard male surveys were carried out
between April and May 2008, corresponding with
the period of maximum sexual display activity of
males in Spain (Cramp & Simmons 1980). Surveys
consisted of car routes using the existing rural



track and road network, which is dense in the
three areas, completely covering each site, along
which survey points separated by 500 m were
established. Observation time at each point was 10
min, during which all Little Bustard males detect-
ed within telescope reach were recorded. Males
detected acoustically were searched for by tele-
scope in order to determine their actual position,
so that virtually all active males present were
finally detected visually. One survey was made in
each study area with two car-teams surveying
simultaneously. Each survey was made within the
first three hours after daybreak and the three
hours before sunset, these being the period when
males are more active and thus, easier to detect
(see, for example, Morales et al. 2008 and Delgado
et al. 2009 for the same survey methodology). All
the individuals were mapped and finally, maps
were revised to detect potential double counts.
Family surveys were carried out 7–31 July 2008,
following the same procedure described for
males. In this case, the number of fledglings was
recorded and those observations with at least one
Little Bustard fledgling were designated as family.
The detectability of families might differ among
substrate types given the secretive behaviour of
females and chicks. However, cereal and legumi-
nous crops were already harvested when surveys
were carried out, allowing a nearly complete
detection of families on stubbles (the dominant
habitat). Special survey effort was made in the
case of fallows and other habitat types with high-
er vegetation, which were carefully scanned for
families. Productivity was measured as the num-
ber of fledgling per female.

Analysis of habitat selection
Family habitat selection was assessed by means of
a compositional analysis for each area (Aitchison
1986, Aebischer et al. 1993). This analysis compares
the log-ratios of the used and the available habi-
tats, avoiding misinterpretations owing to the lack
of independence among the proportions of differ-
ent types of substrates found inside family home
ranges. Using arbitrary study area boundaries to
obtain the different substrates’ availability may
lead to biases due to the fact that individuals were
only monitored in part of their distribution range,
or to substrate composition dissimilarities
between the predefined boundaries of the study
area and the real distribution of the organisms
(Aebischer et al. 1993). Thus, a Minimum Convex
Polygon (MCP) was drawn using the geo-
references of all male and family locations. Then,

availability of each substrate type was determinat-
ed by extracting the information on land use maps
for the MCP.

In order to establish family home range, each
family observation was assigned a circular buffer
with a 600 m radius. This buffer provides an area
approaching the average Little Bustard family
home range during the rearing period as estimat-
ed from radio-tracking by Lapiedra et al. (2011).
This analysis was repeated for buffers of 400 and
800 m radius in order to determine whether
results were sensitive to radius choice. Since simi-
lar results were obtained, hereafter only results of
600 m radius buffer are presented. The propor-
tions of habitat types used by families were
obtained by superimposing the defined home
range of the families on maps of land use. Since
compositional analysis requires that home range
areas contain all available habitats, those habitat
types not included within the home range were
assigned proportion values of 0.00003, this being
one order of magnitude lower than the minimum
value found different from zero inside the family
buffers (Aebischer et al. 1993, Bingham & Brennan
2004, Delgado et al. 2010). Compositional analysis
was conducted in two stages. First, the existence
of a selection pattern other than random was test-
ed by using Wilks’ lambda (λ) statistic (Aebischer
et al. 1993). Then, if the habitat selection pattern
differed from random, the order of preference of
each habitat type was calculated by constructing a
matrix of means of the differences in the log-ratios
of the proportions of the used and available habi-
tats for all the individuals. A positive value shows
that the habitat is selected, whereas a negative one
indicates habitat avoidance. For each habitat its t-
value was calculated, indicating whether its use
differed significantly from random. Finally, all
habitats were ranked according to the number of
positive values that they contributed to the matrix
(Aebischer et al. 1993).

Spatial distribution pattern
The fixed kernel method with least-square cross-
validation (Worton 1989, Seaman & Powell 1996)
was used to define the distribution of Little
Bustard males during the period of sexual display
from individual observations in each study area.
This method has been frequently employed for
estimating home ranges since it describes a territo-
ry in terms of a probabilistic model and is free 
of parametric assumptions of the data (Worton
1989). Core areas (areas intensively used by ani-
mals) of displaying males were delineated by the
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“change in gradient” technique (Harris et al. 1990),
analysing the number of males accumulation
curve between consecutives isopleths. The core
area was defined by the surface enclosed within
the isopleth in which a first decline in the slope of
the number of males accumulation curve was
observed. Finally, core areas of the Ciudad Real
population enclosed the territory within the 40%
isopleth and core areas of the Bellmunt and
Belianes populations were defined by the territo-
ry enclosed within the 50%. The area enclosed by
the isopleths does not need to be continuous in
space (Harris et al. 1990).

To analyse the spatial distribution of Little
Bustard families in relation to male core areas sev-
eral variables were calculated for each family
observation: 1) The distance from the family
observation to the closest male core area centroid,
2) the probability of male presence in the point
where the family was sighted (calculated by
means of the kernel function), 3) the mean of male
presence probability inside the predefined family
home range, 4) the maximum of male presence
probability inside the predefined family home
range and 5) the coefficient of variation of male
presence probability inside the predefined family
home range. In order to determine whether the
spatial distribution of Little Bustard families fol-
lows a random pattern, 100 series of n random
points (being n the number of families detected in
the corresponding study area) were generated
within each study area. The same variables calcu-
lated for the families were also calculated for each
random point. The mean of the overall random
points represents the mean of a randomly distrib-
uted population. A Hotelling’s t-test was used to
test the hypothesis of different means between
families and the theoretical reference value of a
randomly distributed population for each study
area (Carrascal et al. 2008).

A bivariate Ripley’s K function analysis was
conducted with data from each study area to
assess whether a spatial association between the
location of males and females exists and at what
scales it occurs (Wiegand & Moloney 2004). This
function analyses the spatial association between
two different types of points and detects scale
dependent changes in the spatial pattern. The
null hypothesis of independence between the
male and female point patterns was evaluated.
Ripley’s L function, a transformation of K function
into a linear one, was used since it stabilizes the
variance and makes the results easier to interpret
(Ripley 1981). Since the spatial aggregation

between males and females could arise from a
coincidental habitat selection pattern, we used a
bivariate Ripley’s K function to analyze the degree
of spatial aggregation between females and the
field’s centroids of their preferred habitats, identi-
fied in the previous compositional analysis.

Compositional analysis and kernel smoothing
parameters were performed using the package
“adehabitat” (Calenge 2006) for the R software
v.2.14 (R Development Core Team 2010), while the
ArcGis 9.3 program (ESRI 2007) was employed to
calculate kernels. Spatial variables were calculated
in R software v.2.14, Hotelling t-tests were per-
formed by the package “ICSNP” (Nordhausen et
al. 2012) and Ripley’s functions were performed
by the package “ads” (Pelissier & Goreaud 2010),
both for the R software v.2.14.

RESULTS

Different male, family and fledgling densities
were found between study areas (Table 1).
Bellmunt and Belianes showed similar values of
male density although the highest family and
fledgling density were found in Belianes. Ciudad
Real was the locality with the lowest male, family
and fledgling densities.

Habitat selection pattern
The availability of the different habitats differed
between study areas, although stubbles remained
as the most abundant habitat in all localities 
(Fig. 1). The compositional analysis showed that
habitat selection by Little Bustard families differed
significantly from random in all study areas
(Bellmunt: λ = 0.0596, p < 0.001; Belianes: 
λ = 0.3575, p < 0.001; Ciudad Real: λ = 0.1048, 
p = 0.046). In the three study sites there was a 
positive selection of stubbles and semi-permanent
vegetation habitats (being fallows in Ciudad Real

Table 1. Description of study area with corresponding densities
of males, families and fledglings (in 2008). Productivity (mea-
sured as the number of fledglings per female) and the number
of families are also given.

Study area

Bellmunt Belianes Ciudad Real

Area (ha) 1794 1839 10698

Number of families 12 34 5

Number of males/100 ha 4.24 4.02 2.34

Number of families/100 ha 0.67 1.85 0.05

Number of fledglings/100 ha 1.23 2.39 0.09

Productivity 2.44 1.30 1.11
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Spatial distribution pattern
Families showed distances to male core areas sig-
nificantly lower than expected by chance in all
study areas (Table 3). The probability of male 

and natural vegetation in Bellmunt and Belianes,
Table 2). Ploughed lands and “Others” tended to
be avoided inside Little Bustard family home
ranges (Fig. 1).

Fig. 1. Proportion of available substrates within the total MCP and the mean proportion and standard deviation of the substrates
within the assigned home range of the families in three study areas. F — fallows; NV — natural vegetation; ST — stubbles; PL —
ploughed areas; DWC — dry woody cultures; OTHERS — pastures, fruit tree growing and urban areas. Also the area of each habi-
tat type inside the MCP and the area of the overall family home range surface are provided. Below each graphic a diagram with
the interpretation of the Compositional Analysis is provided complementing results showed in Table 2. Habitats within the same
circle do not differ significantly in their use by Little Bustard families. Arrows represent a gradient from most preferred (+) to less
preferred (-) habitats.

Table 2. Rank matrix of substrates based on the comparison between the proportion of available habitat within the total Minimum
Convex Polygon (minimum area enclosing all the Little Bustard observations) and the proportion inside the home range of the
families in three study areas. Each element in the matrix represents the mean differences between usage and availability replaced
by its sign. Triple sign indicates significant deviation from random with p < 0.05. The rank reflects substrate preference based on
the sum of positive values in each row, where high values indicate a greater preference for that substrate. Substrate abbreviations
see Fig. 1.

Study site
Substrate type 

F NV ST PL DWC OTHERS Rank
(usage/available)

Bellmunt F --- --- - - - 0

NV +++ + +++ + +++ 5

ST +++ - +++ + +++ 4

PL + --- --- - - 1

DWC + - - + - 2

OTHERS + --- --- + + 3

Belianes F - --- + + +++ 3

NV + - +++ + +++ 4

ST +++ + +++ +++ +++ 5

PL - --- --- - + 1

DWC - - --- + +++ 2

OTHERS --- --- --- - --- 0

Ciudad Real F +++ + + + +++ 5

NV --- --- - - - 0

ST - +++ + + +++ 4

PL - + - + + 3

DWC - + - - + 2

OTHERS --- + --- - - 1
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presence in a point where a family was located
was significantly higher than the theoretical value
of a randomly distributed population in Bellmunt
and Belianes but did not differ from random in
Ciudad Real. However, the same trend was found
in the three study sites, with values of male pres-
ence higher than expected by chance. The coeffi-
cient of variation of male presence probability
inside family home range areas presented signifi-
cant differences in all study areas, taking values
lower than expected from random. Likewise, the
mean and maximum of male presence probability
inside the family home ranges were significantly
different from random in Bellmunt and Belianes,
with values higher than reference ones. Thus,
family observations were found closer to areas
which had higher probability of male presence
during the mating period and this probability
showed less variation inside family home ranges
than expected by chance.

Family locations were spatially aggregated
with displaying male locations in all study areas
(Fig. 2). Regarding the spatial relationship
between families and their preferred habitat types
shown by the compositional analysis, stubble field
centroids and Little Bustard broods were signifi-
cantly aggregated (Fig. 2). Little Bustard families
and natural vegetation centroids were independ-

ently distributed in Bellmunt and Belianes (Fig. 2),
although almost the entire area of this habitat fell
within the family home ranges (Fig. 1). However,
in Ciudad Real families were aggregated with fal-
low field centroids (Fig. 2) but there were still
large patches of unused fallows within the
Minimum Convex Polygon (the minimum area
enclosing all the Little Bustard observations, 
Fig. 1).

DISCUSSION 

Our study shows that in different Spanish Little
Bustard populations, females do not establish
their home ranges at random, preferring stubbles
and habitats which offer higher vegetation densi-
ty at low to medium heights, such as fallows and
natural vegetation, which is consistent with
results from previous studies (Jiguet et al. 2002,
Morales et al. 2008, Lapiedra et al. 2011). In addi-
tion, Little Bustard broods were spatially aggre-
gated with male display core areas which may
bring benefits during the rearing period.

We found very low productivity values of
Little Bustard in the three study areas, which is
consistent with information obtained from radio
tagging studies conducted on some of them
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Table 3. Spatial distribution of Little Bustard families in relation to the male core areas for each study site (Mean, standard devia-
tion and Hotelling t-test results, see methods for details). For each variable, the mean value of the families was compared with a
reference value obtained from 100 series of n random points (being n the number of families detected in each study area.
Bellmunt: 12 families; Belianes: 34 families; Ciudad Real: 5 families).

Study site Mean SD Reference value t d.f. P

Bellmunt Distance to the closest male core 

area centroid (m) 658.76 222.05 1211.53 74.37 11 0.0000

Probability of male presence at the 

family observation point 0.1130 0.1189 0.0283 6.08 11 0.0313

Home range mean raster value 0.0672 0.0437 0.0264 10.45 11 0.0079

Home range max raster value 0.1713 0.0903 0.0981 7.87 11 0.0171

CV of the home range 0.6946 0.1828 1.3620 159.95 11 0.0000

Belianes Distance to the closest male core 

area centroid (m) 875.33 412.91 1087.50 8.98 33 0.0052

Probability of male presence at 

the family observation point 0.0327 0.0209 0.0174 18.11 33 0.0002

Home range mean raster value 0.0281 0.0153 0.0169 18.19 33 0.0002

Home range max raster value 0.0588 0.0218 0.0402 24.81 33 0.0000

CV of the home range 0.5754 0.2506 1.0973 147.51 33 0.0000

Ciudad Real Distance to the closest male 

core area centroid (m) 853.94 261.29 1297.23 14.39 4 0.0192

Probability of male presence at 

the family observation point 0.0084 0.0042 0.0043 4.82 4 0.0931

Home range mean raster value 0.0083 0.0051 0.0043 3.5 4 0.1558

Home range max raster value 0.0213 0.0109 0.0112 4.34 4 0.1056

CV of the home range 0.7014 0.2949 1.0942 8.87 4 0.0408



(Lapiedra et al. 2011) and similar to that found in
previous studies in other Spanish populations
(Morales et al. 2007, own unpublished data).
These low productivity values pose a serious
threat to the subsistence of these populations
since productivity has been highlighted as a key
demographic parameter for the viability of Little
Bustard populations (Morales et al. 2005b,
Delgado et al. 2009). Moreover, the number of
families found in these areas seems very low com-
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pared to male densities, as reported in other pop-
ulations of central Spain and France (Inchausti &
Bretagnolle 2005, Delgado et al. 2009). If the sex
ratio is biased towards males, the female shortage
may add a further negative effect to the low pro-
ductivity, increasing even more the extinction risk
of the species in the study areas as shown by pop-
ulation viability analysis (Morales et al. 2005b). 

Little Bustard families presented a similar 
habitat selection pattern in the three study 

Fig. 2. Analysis of Ripley’s bivariate function L(r) for evaluating spatial correlation between 1) family observations and male obser-
vations for Belianes, Bellmunt and Ciudad Real; 2) family observations and centroids of natural vegetation fields (NV) for Belianes
and Bellmunt and families and centroids of fallow fields (F) for Ciudad Real; 3) family and centroids of stubble fields (ST) for the
three study areas. The solid line represents the observed function, the broken line represents the expected function under spatial
complete randomness and dotted lines indicate 95% confidence limits resulting from the randomisation of the distribution pat-
tern. The spatial pattern is random when the observed L(r) falls within the confidence limits, uniform if it occurs below them and
clumped if it occurs above them.
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populations. Semi-permanent vegetation was one
of the most preferred habitat types. Families
selected fallows in Ciudad Real and old fallows
and low height scrublands in Bellmunt and
Belianes. These substrates are characterized by
greater vegetation cover and height than stubbles,
so they could work as concealment places from
predators or bad weather conditions (Silva et al.
2004). In addition, semi-permanent vegetation
harbours a greater amount of green weed cover
and insect availability (Lapiedra et al. 2011) facili-
tating the access of females with offspring to food
resources. Stubble fields, resulting from the har-
vest of cereal and leguminous crops, were also a
selected habitat and comprise more than half of
the available surface within the Little Bustard dis-
tribution range in the study areas during summer.
At this period, stubbles remain as habitat basically
providing food resources (Silva et al. 2007,
Lapiedra et al. 2011). However, other habitat types
are clearly avoided, such as pastures which are
daily grazed by sheeps, fruit tree orchards and
wooded patches, which is in accordance with pre-
vious studies (Salamolard & Moreau 1999, Wolff et
al. 2001). 

The spatial aggregation between Little Bustard
families and the territories previously occupied by
males may bring several benefits to females with
offspring. If females remained and nested close to
male territories as seen in previous studies (Jiguet
et al. 2000, Morales et al. 2013), they would save
energy by avoiding movements to distant places.
During the rearing period, access to food
resources could be crucial for determining female
distribution. The diet of chicks consists of arthro-
pods, mainly orthopterans and large beetles, at
least until 3 weeks old (Cramp & Simmons 1980,
Jiguet 2002). The territories of Little Bustard males
hold more abundance of large beetles than areas
outside them (Traba et al. 2008), though it has
been shown that abundance of food resources
inside male territories does not influence male
attractiveness (Jiguet et al. 2002). However,
females would have access to larger amounts of
food by settling near or within the male core areas
and this could increase the probability of chick
survival and therefore the reproductive success of
females. Moreover, this would be also a good
strategy to acquire new mating opportunities after
a clutch loss, especially in a species like the Little
Bustard with a high rate of first clutch failure
(Lapiedra et al. 2011).

Our results show that the distribution of Little
Bustard families is associated to male display 

locations even though some females with chicks
move considerably far from the nesting site
(Lapiedra et al. 2011). However, the spatial aggre-
gation between families and Little Bustard male
display locations could be due to a coincidental
habitat selection pattern at landscape level.
Although previous studies have shown that males
and females have different microhabitat require-
ments, males requiring habitats that promote con-
spicuousness whilst females select habitats that
guarantee concealment (Morales et al. 2008), at
landscape level a variable degree of overlap in
habitat selection may exist, especially in those
regions affected by agricultural intensification. In
Bellmunt and Belianes indeed, Little Bustard fam-
ily home ranges harbour almost the entire avail-
able surface of semi-permanent vegetation areas
(fallow and natural vegetation) (Fig. 1), which is
also one of the habitat types most preferred by
males for sexual displaying (Martínez 1994,
Morales et al. 2005a, Delgado et al. 2010, Ponjoan
et al. 2012). Thus, when the overall suitable habi-
tat is saturated owing to its scarceness in the land-
scape, we cannot disentangle whether the associ-
ation between brood ranging areas and male dis-
play sites is produced by its use by males or by
coincident habitat preferences of both sexes. In
Ciudad Real, however, Little Bustard broods are
aggregated with fallow fields but, despite the
large available surface of this habitat inside the
MCP (Fig. 1), females with offspring still stay clos-
er to male core displaying areas. Therefore, these
results suggest that display locations of males
could influence the decisions of females regarding
the establishment of their brooding range.

CONCLUSION

The spatial aggregation between Little Bustard
families and male territories found in this study
reflect processes that operate at the individual
level, although they may have effects on the pop-
ulation’s dynamic and, therefore, important
implications for conservation. The management
aiming to enhance the species’ population condi-
tions should bear in mind not only male require-
ments but also the suitable habitat for females
during the chick rearing season. In both cases, it
seems necessary to maintain an extensive farm-
land model that ensures a mosaic landscape of dif-
ferent agrarian substrates, but keeping a certain
proportion of fallows and natural vegetation
areas. Finally, the studies based on spatial point
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patterns may result a useful tool for integrating
behaviour and landscape ecology given that 
they allow to evaluate the consequences of 
individual-level responses on population dynam-
ics, such as habitat use or conspecific attraction, in
this case mediated by mate choice, which could
not be detected by exclusively a behavioural
approach. 
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STRESZCZENIE

[Czynniki wpływające na rozmieszczenie grup
rodzinnych strepeta]
W pracy analizowano wybiórczość siedliskową i
rozmieszczenie przestrzenne rodzin (samic z mło -
dymi) strepeta w odniesieniu do miejsc występo -
wania samców (obserwowanych głównie w okre-
sie toków). Badania prowadzono w trzech popu-
lacjach w Hiszpanii (Belianes, Bellmunt i Ciudad
Real), które różniły się zagęszczeniem strepetów 
i liczbą wyprowadzanych piskląt (Tab. 1). 

W poszczególnych populacjach grupy rodzin -
ne preferowały podobne siedliska — tereny odło-
gowane i ścierniska (Fig. 1, Tab. 2). Samice z
pisklętami stwierdzane były bliżej miejsc wystę -
powania samców i tokowisk niż wynikałoby to 
z losowego rozmieszczenia (Tab. 3, Fig. 2). Autorzy
sugerują, że takie rozmieszczenie przestrzenne
może wiązać się zarówno z dostępem do obfit-
szych zasobów pokarmowych, jak i dawać szansę
samicom na lęgi powtarzane po ewentualnej stra-
cie. Preferowanie ściernisk może wiązać się z
łatwiejszym zdobywaniem pokarmu przez pisklę-
ta, natomiast preferowanie odłogów — z dostęp-
nością miejsc wykorzystywanych jako schronienie.
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