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Abstract: Niche theory predicts that coexisting species will partition resources to limit the effects of interspecific competition.
We examined microhabitat partitioning in six sets of steppe birds associated to agroecosystems in central Spain (female and male
Great Bustards Otis tarda, female and male Little Bustards Tetrax tetrax, Red-legged Partridges Alectoris rufa and Eurasian
Stone-curlews Burhinus oedicnemus) to estimate realized niche breadth, overlap and segregation. Principal Components
Analysis on data from used and random microhabitat locations produced two axes we retained for analysis related with two key
factors: cover-visibility and food availability. Non-parametric kernel density functions were calculated for each of the PCA axes
and species (or sexes), and niche overlap estimated as the area shared between species’ density functions. Null models were run
to evaluate overlap significance. In analyses of microhabitat selection by the six sets of birds, 13 out of 15 pairs had significant
resource partitioning and niche segregation, except for the pairs partridge and female Great Bustard and the two sexes of Great
Bustard. Eurasian Stone-curlew showed wider trophic niche breadth, although segregated from the other species, probably
because of its higher invertebrate requirements. Great and Little Bustards segregated in both niche axes, selecting microhabitat
according to their body size. Accessibility to food resources and shelter seems to be similar for partridges and female Great
Bustards, overlapping in their selection, which may indicate the existence of segregation in other niche factors (e.g., feeding
habits). Great Bustard males showed niche overlap with females. Little Bustard males showed feeding microhabitat selection
patterns similar to those of females, although they preferred more open microhabitats to meet their sexual display requirements.
The entire assemblage had significantly less overlap than expected by chance, suggesting that differential microhabitat selection
and realized niche partitioning may explain coexistence in steppe bird communities. Our results suggest that the maintenance of
different microhabitat structure should be a priority in the management of agricultural environments.

Nomenclature: del Hoyo et al. (2013).

Abbreviations: CM—Camarma de Esteruelas, CR—Campo Real, GLMM-General Linear Mixed Model, PCA—Prinicipal
Components Analysis, VT—Valdetorres de Jarama.

Introduction resource use (i.e., realised niche segregation, Devictor et al.

2010; see also Chase and Leibold 2003) that will allow niche

Niche theory predicts that coexisting species will limit
the effects of interspecific competition through partitioning
of shared resources, which may also select for phenotypic dif-
ferences (Chesson 2000). Resource partitioning may be the
outcome of long-term competitive coexistence over evolu-
tionary time that has shaped the final configuration of species
assemblages (Leibold et al. 2004, but see Hubbell 2001). As a
result of such processes, different species or individuals show
differential success in resource exploitation (Gurd 2008, see
Hromada et al. 2003). Resource partitioning may be primary,
when species do not share their principal resources and are
thus segregated (MacArthur and Levins 1967, Rosenzweig
1981). It may otherwise be secondary, when species overlap
in their preferences for primary or most valued resources
while showing partitioning with respect to less important
ones (Gurd 2008, Rosenzweig and Abramsky 1986). In short,
coexisting species should differ in specific aspects of their

packing among them (niche compression hypothesis, sensu
MacArthur and Levins 1967).

Habitat selection by organisms is the result of an evo-
lutionary compromise between different selection pressures
maximizing survival or reproductive success (Krebs and
Davies 1987). The relative importance of these pressures
differs not just among species but also among conspecifics,
especially among sexes (Morales et al. 2008, Morales and
Traba 2009). Habitat represents a component of environ-
mental availability that a species requires and selects (Chase
and Leibold 2003), so the concept of habitat selection is
highly entangled with that of realised niche (Whittaker et al.
1973). In the present paper, we evaluate niche partitioning
as a main factor for structuring communities using a steppe
bird assemblage as a case study. Steppe birds have singular
ecological and evolutionary characteristics related to their
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Table 1. Height (cm) and mass (g) ranges, and main food resources of the study species (and sexes) (from del Hoyo et al. 2013).

Species (Sex) Height (cm) Mass (g) Main food resource
Eurasian Stone Curlew 40-44 338-535 Insectivorous
Little Bustard (male) 43 794-975 Herbivorous
Little Bustard (female) 43 680-945 Herbivorous
Red-legged Partridge 34-38 391-547 Omnivorous
Great Bustard (male) 105 5800-18000 Herbivorous
Great Bustard (female) 75 4350 (3300-5200) Herbivorous

ground-nesting habits and their preference for structurally
simple habitats (De Juana 2005). Steppes are basically open,
treeless landscapes characterized by a high risk of exposure to
avian predators due to high visibility. Steppe bird species are
naturally associated with grassy pastures and steppes, but in
Europe, particularly in Spain, they are mainly linked to agrar-
ian environments (Suarez et al. 1997, Guerrero et al. 2011).
In addition, they are of high conservation interest given the
severity of their decline across the whole of Europe in recent
years (Tryjanowski et al. 2011, Onrubia and Andrés 2005,
Sanderson et al. 2005).

Studies on the coexistence of steppe bird species in
Europe often assume resource partitioning at the macrohabi-
tat or landscape scale (see e.g., Delgado and Moreira 2000,
Sanza et al. 2012), with each species showing a preference for
particular agrarian substrates, such as stubbles, cereal fields,
or ploughed lands. Nevertheless, during the breeding season
these species are often observed sharing the same macrohabi-
tats, which implies that factors accounting for their coexist-
ence operate at a smaller scale (microhabitat: see Serrano
and Astrain 2005, Morales et al. 2008). In agrarian systems,
microhabitat selection may be interpreted as a preference for
particular vegetation structures, and it may also include ad-
ditional features such as food or shelter availability (Morales
et al. 2008, Morales and Traba 2009). Thus it provides a rea-
sonable approximation to the Hutchinsonian realized niche
(Chase and Leibold 2003, Devictor et al. 2010) and allows the
evaluation of the degree of realized niche overlap and segre-
gation with respect to relevant evolutionary trade-offs in the
life histories of all species.

Several methods for measuring niche breadth and over-
lap have been applied in ecological studies (see a review in
Devictor et al. 2010). In this study we chose a metric that
allows using many original variables related to one or more
ecological gradients (niche axes that explain coexistence),
and permits the comparison among species in an assemblage.
In addition, using null models to compare observed with ran-
dom patterns allows estimating the actual overlap between
pairs of species and for the whole assemblage (Geange et al.
2011, Chase and Leibold 2003).

Therefore, we evaluate the realised niche segregation, es-
timated by microhabitat selection of four steppe bird species,
and the separate sexes of two of them, that are linked to agrar-
ian environments. Following the hypothesis that two species
must differ in their requirements in order to coexist locally
(Chase and Leibold 2003, see however Hubbell 2001), we
predicted that such species would have realised niche segre-
gation (expressed in terms of microhabitat selection) so that

interspecific overlap would be minimised, facilitating coexist-
ence. This segregation could be expressed as either a primary
or secondary microhabitat partitioning. Trade-offs could also
differ between sexes, particularly in sexually dimorphic spe-
cies (Morales et al. 2008). On the other hand, microhabitat
overlap could be an indication of resource abundance, which
limits the potential for competition. We use a novel method
in this context, which allows estimating niche breadth and
the significance of overlapping between pairs of species (or
sexes) and in the entire assemblage.

Materials and methods

Study area

The study was conducted at three sites in the cereal
pseudo-steppes of Madrid (central Spain): Valdetorres del
Jarama (VT; 40.60°N, 3.41°W), Camarma de Esteruelas (CM;
40.56°N, 3.36°W) and Campo Real (CR; 40.31°N, 3.30°W).
The three sites are of high value for steppe birds based on
the diversity and abundance of such species (Traba et al.
2007). They present a flat or gently undulating landscape,
a continental Mediterranean climate with limited precipita-
tion (<600mm year-!) in spring and autumn, and traditional
or semi-traditional agriculture, comprising cereal and legu-
minous crops alternating with fallows, ploughed land and set-
asides (long-term abandoned plots).

Bird censuses

Data were obtained during the breeding seasons (April-
May) of years 2005 and 2006 for four species: Eurasian
Stone-curlews Burhinus oedicnemus, Red-legged Partridges
Alectoris rufa, Little Bustards Tetrax tetrax and Great
Bustards Otis tarda. They represent the entire medium to
large-sized (Table 1) steppe bird assemblage (Traba et al.
2007) that can potentially coexist in these areas (excluding
raptors) and so constitute an assemblage that is suitable for
coexistence and niche overlap evaluation. All four species are
typical of open, treeless zones, where they are often found
in sympatry, as was the case here for the three localities.
Specific habitat selection studies are available for all of them
(see Lane et al. 2001, Moreira et al. 2004, Morales et al. 2005,
Morales et al. 2008, Buenestado et al. 2008, Delgado et al.
2010, Lopez-Jamar et al. 2010, Traba et al. 2012), in which
their preferences for agrarian habitats have been described.
Thus, the Little Bustard usually prefers fallows, the Stone-
curlew prefers set-aside areas and abandoned lands, the Great
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Table 2. Mean and Standard Deviation (SD) of vegetation structure variables measured in 1 m x 1 m sampling squares (n = 420) and
results of the Principal Components Analysis (PCA) conducted to determine independent vegetation structure variables featuring birds

and random locations.

Mean SD Comlg)gr?ent 1 ComI;)gr[?ent 2
Bare ground cover (%) 47.18 34.92 -0.82 -0.46
Litter covers (%) 11.31 19.12 0.00 0.75
Total vegetation covera (%) 46.54 3391 0.91 0.27
Green vegetation cover (%) 31.88 35.01 0.78 0.05
Green weed covera (%) 18.90 27.73 0.08 0.83
Number of contacts below 5 cm height? (cm) 0.97 0.95 0.60 0.62
Number of contacts from 5 to 10 cm height? (cm) 0.18 0.79 0.77 0.42
Number of contacts from 10 a 30 cm heightb (cm) 1.36 1.42 0.90 0.11
Number of contacts from over 30 cm heightb (cm) 1.01 1.62 0.82 -0.24
Maximum vegetation height (cm) 38.51 29.34 0.78 0.10
PCA Eigenvalue -- - 5.14 2.16
PCA Cumulative % variance -- -- 51.44 73.07

aPercentage of ground within squares

bNumber of contacts of vegetation with a 0.5 cm diameter metal rod

Bustard prefers cereals and the Red-legged Partridge selects
field margins and set-asides. Despite these differences in gen-
eral preferences, they are often found together in their distri-
bution areas. In those species where sex can be differentiated
due to the existence of sexual dimorphism (Great and Little
Bustards, Cramp and Simmons 1980), each sex was analysed
separately to detect differences in intersexual niche partition-
ing (see Morales et al. 2008). Both bustards and Red-legged
Partridges are basically herbivorous, with a preference for
leaves for bustards and seeds for the partridge; invertebrates
are also in the diet of partridges, although much less impor-
tant (Cramp and Simmons, 1980). Stone-curlews are mainly
insectivorous, and rarely feed on seeds or plants (Cramp and
Simmons 1980) (Table 1).

Male Little Bustards, and both sexes of Great Bustards,
were censused by car transects throughout the three study are-
as making use of available roads and tracks. Stops were made
every 500 m at which all detected individuals were recorded
and geo-referenced (see Morales et al. 2008 for further de-
tails). A different (but comparable) survey method was used
for female Little Bustards, as well as Stone-curlews and par-
tridges to maximize their detection due to their smaller size
and their cryptic behavior. In this case, censuses consisted of
systematic surveys of 12 randomly determined 500 m % 500
m squares in each site. Each square was surveyed by a walk-
ing team of four to six experienced observers 5-10 m apart,
walking a series of linear parallel transects within the square,
also noting and geo-referencing individuals of all target spe-
cies detected. The use of both methods for bird census has
already been described (see Morales et al 2008, Morales and
Traba 2009, Traba et al. 2012 for further details).

Microhabitat sampling

The microhabitat selected by each species (and sex) was
characterised by sampling the structure and complexity of
vegetation at all the locations where individuals were sighted

(n = 242). Random microhabitat control locations were gen-
erated automatically using ARCGIS 9.3, using a 100 m exclu-
sion buffer around each bird location to reduce the probability
that species were using those parts of the territory. We sam-
pled microhabitat at 178 random points, ~70% of the number
of bird locations. No more control points could be sampled
due to the fast structural changes in microhabitat (cover and
height) during the reproductive season. Microhabitat sam-
pling was conducted no later than 7 days after bird censuses.
Five 1 m x 1 m quadrats were located at each microhabi-
tat sampling point: a central quadrat at the precise sampling
location and four more points placed at 10 m north, south,
east and west from the central point. Ten vegetation variables
describing horizontal and vertical structure were measured in
each quadrat (Rotenberry and Wiens 1980, 2009, Davis 2004)
(Table 2). Average values among the five 1 m x 1 m quadrats
were used for analysis (Table 2).

Statistical analyses

A Principal Components Analysis (PCA) using vegeta-
tion structure variables of observation and control points for
both years and study areas was conducted to determine in-
dependent variables that could be interpreted as ecologically
significant gradients. Varimax rotation was applied in order
to facilitate axes interpretation. Only axes with eigenvalues
>1 were selected. The scores of each observation for the PCA
axes were used to interpret the microhabitat utilisation gra-
dients (i.e., realised niche) for each set of birds. Interspecific
and sex differences in realised niche were evaluated by means
of'a General Linear Mixed Models (GLMM) on selected PCA
axes (after log-transformation). Factors Year (2005 and 2006)
and Locality (VT, CM and CR; see Study Area) were included
in the model as random factors, while type of bird was in-
cluded as a fixed one. Between-set of birds differences were
tested a posteriori using the Fisher LSD test (see Traba et al.
2013, for a similar analysis). These analyses were carried out
in the Statistica program (Statsoft 2007).
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Table 3. Results (probability values P) of the Fisher LSD a posteriori test used to compare pairs of means after the MANOVA over the
two Principal Components Analysis components (PCA Component 1: below diagonal; PCA Component 2: above diagonal). Asterisks

indicate P <0.05.

Component 2

Species (sex) Control Eurasian ~ Great Bustard Great Bustard Red-lggged Little Bustard Little Bustard
Stone-curlew  (female) (male) Partridge (female) (male)
Control --- <0.01%* 0.36 0.30 <0.01%* <0.01* <0.01%*
_. Eurasian Stone- curlew <0.01* - <0.01* <0.01* <0.01* 0.02%* <0.01*
g Great Bustard (female) 0.03* <0.01* - 0.14 0.05 0.03* 0.02*
§_ Great Bustard (male) 0.49 <0.01%* 0.26 --- <0.01%* <0.01* <0.01%*
g Red-legged Partridge 0.62 <0.01* 0.13 0.80 - 0.73 0.91
© Little Bustard (female) 0.11 <0.01* 0.53 0.56 0.35 - 0.77
Little Bustard (male) 0.28 <0.01* 0.01* 0.19 0.23 0.03* -—-

We used a complementary analysis to estimate niche
breadth and overlap between pairs of species and sexes, and
for the entire assemblage. We estimated a non-parametric
kernel density function per PCA axis and set of birds, us-
ing a method developed for the estimation of functional trait
distances among species (Mouillot et al. 2005). According to
this, niche overlap (either for pairs of species or for the en-
tire assemblage) can be estimated as the area under overlap-
ping kernel density functions of different species (i.e., under
the smaller of different species’ specific density functions,
Mouillot et al. 2005, Geange et al. 2011, Mason et al. 2011).
The use of kernel distributions avoids the assumption that the
values of species in the PCA axes are normally distributed
and provides a better estimation of the overlap among spe-
cies than Gaussian distributions (Mouillot et al. 2005). In or-
der to evaluate if observed overlap is different from random
overlap, we followed the null-modelling approach proposed
by Geange et al. (2011). In this approach, the observations
of all the possible pairs of set of birds are pooled, and the
set of birds’ labels are randomized, to test the null hypoth-
esis of no niche differentiation between pairs of species and
sexes. Additionally, we performed a similar simulation with
all the set of birds together to evaluate the niche overlap for
the whole community. We performed a total of 10,000 rand-
omizations for each pair of species and for the whole commu-
nity, calculating each time the overlap between the simulated
probability density distributions. This procedure allowed us
to calculate a p-value for each of these parameters by rank-
ing the observed overlap value against the simulated values.
Significant differences for a pair or for the whole assemblage
imply that the observed overlap is significantly smaller than
that expected by random (i.e., segregation).

Afterwards, in order to determine the overlap in the most
preferred microhabitats we characterized the core area for
each species (or sex) and PCA axis. We defined the core area
of a species as the narrowest interval (or intervals in the case
of multimodal density distributions) in the PCA axis that en-
closes 50% of the species” density distribution. We estimated
niche breadth for each species as the distance between coor-
dinates defining its core area. Thus, units of niche breadth are
the same as the original PCA axis and are thus comparable
among species. The 50% core area avoids the effect of outli-
ers, using only the more consistent locations in the defini-
tion of the niche breadth (Worton 1989). Finally, to define

the common realised niche for the entire assemblage, we cal-
culated axis intervals at which all sets of birds were present,
i.e., the extremes of the overlapping area for the six density
distributions. To calculate the overlap among species and for
the whole assemblage we used the ‘trova’ function (De Bello
et al. 2013) in the R environment (v.2.13.1, R Development
2011)

Results

The PCA of the vegetation structure variables extracted
two axes after Varimax rotation with eigenvalues >2, that
together accounted for 73% of the variance (Table 2). The
first axis (51,44% of the variance) was negatively associated
with bare ground cover and positively associated with total
vegetation cover, with green vegetation cover, with the num-
ber of contacts from 5 to 10 cm height, with the number of
contacts from 10 to 30 cm height and with the number of
contacts from over 30 cm height. This axis may be interpreted
in terms of a visibility/cover gradient because it distinguishes
areas with high plant cover and vegetation density from those
with a large extent of bare ground. The second axis (21.63%
of the variance) was positively associated with green weed
cover and litter cover. This axis may be interpreted in terms
of a food availability gradient because weeds comprise a high
proportion of the diet of most of the study species (Cramp
and Simmons 1980, Green 1984, Lane et al. 1999, Jiguet
2002). On the other hand, substrates with large amounts of
litter tend to offer a greater abundance of arthropods (Clere
and Bretagnolle 2001), which is the principal diet element of
the Stone-curlew (Green et al. 2000, Giannangeli et al. 2004),
as well as an important diet component for the other species
during the breeding season (Green 1984, Lane et al. 1999,
Jiguet 2002). Thus, as a whole, these two PCA axes may be
interpreted as realised niche axes in a Hutchinsonian mode.

GLMM results showed that Locality was not significant
for any of the PCA axes (First axis: F = 0.8453; P=0.430;
Second axis: F=0.087; P=0.610), while Year showed signifi-
cant differences only for the First axis (First axis: F = 5.093;
P<0.05; Second axis: F= 0.770; P=0.381). GLMM showed
significant differences between sets of birds and control loca-
tions for both axes (First axis: F = 5.396 P<0.0001; Second
axis: F=10.210; P<0.0001), indicating that together these sets
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Figure 1. Centroids of species’ observations 1.8
for the four species and for control locations

(= SE) within the space defined by the first two

PCA axes (after Varimax rotation).

2 - food availability gradient
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of birds exhibit differences in their realised niche (Figure 1).
The a posteriori Fisher LSD analysis of the first axis showed
differences from control points only for Stone-curlews and
female Great Bustards (Table 3). Nevertheless, for the second
axis, differences from control points were found for all sets
of birds except for both sexes of the Great Bustard (Table 3
and Figure 1).

The a posteriori test also enables discrimination between
sets of birds (Table 3). Thus, the Stone-curlew had a charac-
teristic microhabitat use pattern (realised niche) that differed
from the other birds for both axes, occupying an exclusive
space defined by high food and low cover availability (Figure
1). The Red-legged Partridge, and both Little Bustard males
and females, occupied the centre of the space defined by both
axes. Male and female Little Bustards selected locations that
were very similar to those selected by partridges, especially in
relation to food availability; male Little Bustards showed dif-
ferent habitat selection patterns from Great Bustards both in
relation to cover (with females) and to food availability (with
both sexes; Figure 1 and Table 3). Finally, Great Bustard lo-
cations were characterised by a subspace dominated by high
cover availability but with low food availability (Figure 1).

The results of the analyses of overlap between set of
birds’ density functions supported the previous analyses,
clarifying the patterns about species segregation and overlap.
The Stone-curlew was the species with more marked species-
specific preferences, having low mean overlap with the other
species (51.9% for the first axis; 65.7% for the second one;
58.8% for the grand mean; Figure 2). In contrast, Red-legged
Partridge was the species with the largest mean overlap with
the other species (grand mean: 76.2%; Figure 2). But in gen-
eral, all the pairwise overlaps between species were very
similar and apparently high (grand mean = 66.7%; Figure 2).

1,2 14 1,6 1.8

1 - visibility - shelter gradient

Table 4. Niche breadth per set of birds, for the two gradients:
cover-visibility, and food availability. Niche breadth is estimated
as the distance between coordinates defining each 50% core area.
Units of niche breadth are the same as in the original PCA axis
and must be used in between-species comparative terms

Species (sex) Cover-visibility Food availability

niche breadth niche breadth
Eurasian Stone Curlew 0.34 0.63
Great Bustard (female) 0.56 0.42
Great Bustard (male) 0.63 0.23
Red-legged Partridge 0.64 0.44
Little Bustard (female) 0.31 0.32
Little Bustard (male) 0.28 0.43

The results of the null models showed that nearly all the
pairs of species had an overlap significantly smaller than ex-
pected from random, for both of the axes or at least for one
of them, which indicates a niche segregation pattern (Figure
2). Only the pairs Red-legged Partridge / Great Bustard fe-
male, and Great Bustard male / Great Bustard female did
not show niche segregation (Figure 2). The rest of the pairs
supported the hypothesis of niche segregation in a competi-
tively structured assemblage. Moreover, eight pairs out of 15
showed segregation in both components, 4 out of 15 in just
the first one, and only one pair (Red-legged Partridge / Great
Bustard male) showed segregation just in the second compo-
nent (Figure 2).

The examination of the core areas showed marked bimo-
dality for Red-legged Partridge and Great Bustard male, while
the others had unimodal core areas (Figure 2). Differences
in the distribution of core areas could have favoured signifi-
cance of segregation. For instance, the valley of the bimodal
distribution of Great Bustard and Partridge coincided with
the peak of the distributions of both sexes of Little Bustards
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(Figure 2); accordingly, null models indicated the existence
of niche segregation between bustard species. Compared with
males, female Little Bustards had a relatively greater pref-
erence for microhabitats with high cover availability, and a
smaller niche overlap with the rest of species (Table 4).

The results of the null models for the entire assemblage
showed a significantly smaller overlap among set of birds
than the randomly expected one, which indicates a communi-
ty structured by competitive interactions (Figure 3). The com-
mon niche for the entire assemblage, that is, the overlapping
area of all the six species and sexes together, was 31.34% and
40.28% for axis 1 and 2, respectively, much lower than ran-
dom expectations (axis 1: 69.10% + 5.81%; axis 2: 68.64% =+
5.90%, after 10000 iterations; P <0.001; Figure 3).
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Red-legged Partridges had the largest cover niche breadth
(i.e., generalist) while Little Bustard males showed the small-
est one (specialist) (Table 4). In contrast with its rather small
cover availability requirements, among the studied set of
birds the Stone-curlew had the largest breadth for food avail-
ability, while in this case the male Great Bustard was the most
specialized (Table 4).

Discussion

The present study provides empirical evidence for real-
ised niche packing during the breeding season according to
the microhabitat selection (i.e., realised niche) of four spe-
cies and the separate sexes of two of them. This arrangement
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Table 5. Summary of resource partitioning in all species pairs according to their segregation along microhabitat axes.

Validate niche

Species pairs First axis Second axis segregation hy Type of resource
o D - o
segregation? segregation? pothesis? partition
Little Bustard female .
/ Eurasian Stone-curlew p pLi pL: Primary
Little Bustard female / .
Great Bustard female YES YES YES Primary
Little Bustard female / .
Great Bustard male YES YES YES Primary
Little Bustard female / .
Red-legged Partridge YES YES YES Primary
Little Bustard male / YES YES YES Primary
Eurasian Stone-curlew
Little Bustard male / :
Great Bustard female YES NO YES Primary
Little Bustard male / .
Great Bustard male YES YES YES Primary
Little Bustard male / .
Little Bustard female YES NO YES Primary
Little Bustard male / .
Red-legged Partridge YES NO YES Primary
Great .Bustard female / YES YES YES Primary
Eurasian Stone-curlew
Great .Bustard male / YES YES YES Primary
Eurasian Stone-curlew
Great Bustard male /
Great Bustard female NO NO NO None
Red-legged Partridge / YES NO YES Primary
Eurasian Stone-curlew
Red-legged Partridge /
Great Bustard female NO NO NO None
Red-legged Partridge /
Great Bustard male NO YES YES Secondary
25 Community overlap = 31.34 %; p < 0.001 '
2.0

Figure 3. Overlap between probability
density distributions of all the six spe-
cies and sexes together in the PCA axis
1 (Cover availability; above) and the
PCA axis 2 (Food availability; below).
In gray: total overlap area (expressed as
a percentage inside each plot). Different
gray levels indicate different species.
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would allow interspecific coexistence at medium and large
spatial scales (Chase and Leibold 2003), reducing spatial and
trophic overlap among species. Furthermore, the microhabi-
tat selection of these four species (and sexes) shows how they
address the evolutionary trade-off between choosing food-
rich habitats and those with high shelter availability in which
predation risks are lower. The resolution of this trade-off is a
function of their reproductive and life strategies and of their
morphology (Morales and Traba 2009). In addition, this is, to
the best of our knowledge, the first time that methods devel-
oped for evaluation of functional traits distance among spe-
cies (Mouillot et al. 2005) has been used to estimate niche
breadth, overlap, and segregation between pairs of set of birds
and for an assemblage as a whole.

Thus, as predicted, the six set of birds generally showed
primary resource partitioning according to their microscale
habitat preferences (Table 5), the outcome being a small in-
terspecific spatial and trophic overlap that enables their coex-
istence at larger scales. Because PCA component 1 accounted
for 51% of the total variance explained, it can be interpreted
as a primary resource for the steppe bird assemblage. It sug-
gests that the species tend to minimise predation risks, even at
the theoretical cost of lower access to food supplies, a finding
that was particularly evident in the Great Bustard. Thus, this
group of steppe birds appears to favour antipredator strategies
over foraging strategies (Table 5), as has been shown in other
species (Roberts and Liebgold 2008). Previous studies have
demonstrated how predation pressure has been a driving fac-
tor in habitat use by foragers (e.g., Milinski and Heller 1978,
Werner et al. 1983, Gilliam and Fraser 1987, Lima and Dill
1990, Kullberg 1998).

The Stone-curlew, the most cryptic of the study species
(McMahon et al. 2010) and the hardest one to detect, was
found at points along the gradient that were associated with
areas with greater amounts of bare ground and low vegetation
structure complexity, and thus with low cover availability.
The Stone-curlew had a clear pattern of segregation with all
the rest of the species in this primary shelter-visibility axis.

In turn, the Great Bustard, and particularly the females,
tended to occupy points along the gradient that offered much
more shelter, although they had the largest cover niche breadth
in the assemblage. This may be explained in relation to the
large size of this species (Table 1) and the need for incubating
females to conceal themselves from potential predators. As
Red-legged Partridges also require anti-predator concealment
when nesting, they showed a big overlap in their distributions
with female Great Bustard, but they occupied intermediate
positions along the gradient, which seems to correspond with
their smaller size (Table 1). Little Bustard females, however,
showed clear niche segregation with Great Bustard females,
in spite of their needs of concealment for nesting. As in fe-
males, Great and Little Bustard males seem to select different
microhabitat locations, as shown by peaks and valleys in their
density functions (Figure 2), which is reflected in the respec-
tive core areas (Figure 2).

With respect to intersexual differences, although male
and female Little Bustards share a large extent of their core
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areas, males differed significantly from females in seeking
less concealment than the latter, as might be expected in a
species whose reproductive strategy involves a costly and
conspicuous sexual display by males, both to attract females
and for territory defence (Cramp and Simmons 1980, Jiguet
and Bretagnolle 2014). Male Great Bustards also employ a
conspicuous sexual display but they are much larger than
Little Bustards (Table 1) and so do not find themselves forced
to seek out more exposed locations (Olea et al. 2010).

The interspecific segregation detected on the second PCA
axis, representing a food availability gradient, seems to be
related to the selection of different feeding areas. This food
availability gradient could be interpreted as a secondary re-
source for the steppe bird assemblage, because it accounted
only for 22% of the total variance explained. Once again,
the Stone-curlew occupies a different sub-space from those
of the other species. This may be due to its different trophic
requirements given that it is the only one of the four species
that is almost exclusively insectivorous (Green et al. 2000,
Giannangeli et al. 2004). The pair formed by Red-legged
Partridge and Great Bustard male showed no primary parti-
tion, but it did show a secondary one resulting in niche seg-
regation related to food availability. The other pairs showing
secondary partitioning supported the previous results.

Only two pairs showed no partitioning at all: both sexes
of Great Bustard and the female Great Bustard with Red-
legged Partridge. As seen on axis 1, Red-legged Partridges
and Great Bustards seems to select similar locations in rela-
tion to the food availability gradient, and overlap in their sub-
space, which may indicate a low level of interspecific com-
petition between them due to a different resource partition
(MacArthur and Levins 1967, Rosenzweig 1981). Although
these species seem to share preferences for vegetation struc-
ture and therefore occupy areas offering similar cover and
food availability, they probably differ in the use that each
one makes of these resources, perhaps due to dietary differ-
ences (Cramp and Simmons 1980) or similar fitness values
(Chesson 2000) that would allow them to coexist. On the oth-
er hand, both male and female Great Bustards overlapped in
both primary and secondary resources, occupying sectors of
the gradient where food availability was lower, and thus be-
ing more segregated from the other species. This may be due
to a smaller importance of habitat differentiation for sexual
display than for Little Bustards, and also to their much larger
size (Table 1), which results in a smaller energy requirement
(and thus, food intake) per unit of body mass due to the lower
metabolic rate that is associated with larger body size. In the
same sense, the segregation of core areas in the kernel den-
sity functions of Great and Little Bustard seems to be related
to a differential microhabitat selection, which can facilitate
coexistence, in large parts of their distribution ranges (Chase
and Leibold 2003).

Remarkably, microhabitat preferences for the steppe
bird assemblage showed no significant differences among
localities. In this sense, the processes of microhabitat parti-
tion shown here, whose outcome is the segregation of real-
ised niches (MacArthur and Levins 1967, Rosenzweig 1981),
would be relatively independent of the ratio of resource
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density to competitor density, because this overlap would be
predictably higher when this ratio is high (Gurd 2008). This
means that segregation will be most marked where there is
greater pressure on resources (if they are scarce or competi-
tors are numerous, Gurd 2008).

In general, the present study suggests that competition
may possibly have led to the development of dual mecha-
nisms that allows coexistence. On the one hand, it may have
resulted in primary resource partitioning by segregation of
microhabitats, and hence of realised niches on the basis of
an antipredatory strategy (Table 5). This should have oc-
curred over evolutionary time between both closely related
species, such as the two bustards, and distant species such as
the Stone-curlew, involving marked character displacement
(Dayan and Simberloff 2005). On the other hand, in the eco-
logical scenario (sensu Gurd 2008), competition may have
led to secondary resource partition (for example, in relation
to diet) among species that overlap in their microscale spatial
use and hence in their realised niches (Leibold 1998, Gurd
2008), as it occurs between the Great Bustard males and the
Red-legged Partridge.

The need to conserve the typically Iberian agrarian mo-
saic in its entirety is evident if the species conservation is also
to be ensured. When identifying and applying specific conser-
vation measures, the steppe bird assemblage has often been
represented by its flagship species, the Great Bustard, which
has been prioritised by conservation programmes (Moreno et
al. 2010). However, the present study shows, on the one hand,
that different species differ clearly in their ecological niches
and that it is therefore necessary to ensure that the needs of
other steppe bird species are not overlooked (Moreno et al.
2010, Concepcion and Diaz 2011). Indeed, the community
overlap was about 36%, and it was much lower than random
expectations, indicating a low level of coincidence in the mi-
crohabitat selection of the entire assemblage. In addition, the
results of niche breadth estimation showed that Red-legged
Partridge, and especially Great Bustard, were the more adapt-
able (generalist) species, while the Stone-curlew and the
Little Bustard seem to be the most restrictive (specialist)
ones. Species with limited ranges of resource use are expect-
ed to be more sensitive to disturbance than generalists (Evans
et al. 2005). On the other hand, this study allows the defini-
tion of the microhabitat features (based on the PCA axes) that
are common to all the studied species (and sexes). The micro-
habitat structures where all species in this assemblage overlap
coincide with those typical of fallows, which is the habitat
type more clearly selected by Little Bustards (Morales et al.
2005, Delgado et al. 2010, Morales et al. 2013). This provides
further support to the role of fallows as a key habitat for birds
in agro-ecosystems (Delgado and Moreira 2000, McMahon et
al. 2010, Traba et al. 2013). The maintenance and provision
of this microhabitat structure should be considered a priority
in the management of agricultural environments.
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