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Resource defence on exploded leks: do male little bustards,
T. tetrax, control resources for females?
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In lekking species, female choice of particular males for mating is based on male characters that are not
related to immediate gains such as access to resources. This is, however, unclear in exploded-lekking
species, as male territories may contain resources for females; it is thus the degree to which males regulate
female access to these resources to obtain matings that should distinguish lekking from nonlekking
species. We investigated the relationship between resources for females, male distribution and male
attractiveness in little bustards. One parameter determining resource quality for females was invertebrate
availability: females laid eggs in grassland fields (grass, alfalfa and ryegrass) with significantly higher
invertebrate biomass than others of similar cover but nests were in areas that did not have higher
invertebrate biomass, at a scale of 1 km2. Males set up territories and females laid eggs in areas that had
a high proportion of alfalfa, but not high mean invertebrate biomass. Thus males set up territories at
resources potentially used by females, but that appeared not to be critical for breeding. In addition,
females did not use the amount of resources defended as a criterion for mate choice, as male
attractiveness was not related to various territorial resources. Locating the lek in areas attractive to females
might be a way of increasing the probability of encounter between the sexes.
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The term ‘lek’ is generally reserved to describe the mating
system in species in which a group of males defend small,
clustered courts used by females for mating only (Oring
1982). More generally, Höglund & Alatalo (1995) defined
leks as aggregated male display arenas that females attend
primarily for the purpose of fertilization, subsequently
nesting elsewhere and providing all parental care (Oring
1982). Accordingly, lek territories in many species rarely
contain significant resources, females typically spend
little time feeding there, and manipulating food avail-
ability on the lek does not affect the distribution of
females (Clutton-Brock et al. 1988). Studies of sexual
selection in lekking species have thus to a large extent
been motivated by the assumption that female choice of
particular males for mating is based on male characters
that are not related to immediate gains in fitness such as
access to resources (Reynolds & Gross 1990; Höglund &
Alatalo 1995).

This assumption is unclear, however, for the many
species in which males display on so-called exploded leks
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(Emlen & Oring 1977; Jiguet et al. 2000). In these species,
males are clustered but display in large territories, which
may contain habitats suitable for females. Thus, females
can potentially forage and even nest within a male’s
territory, unlike classical leks (Höglund & Alatalo 1995).
However, resources present in male territories are thought
not to be critical for females and not to influence mate
choice in exploded lek systems. Species where male dis-
play sites are located at resources critical for females are
said to display at resource-based leks, a mating system
described only in insects (Thornhill & Alcock 1983) and
some hummingbirds (Stiles & Wolf 1979). However, it
might not be obvious whether, in these cases, female
mate choice is influenced not only by the male’s charac-
teristics but also by the resources that he defends. Identi-
fying the latter is important, because systems in which
external resources (food or nesting sites) affect female
choice should be treated together with mating systems
where male resources are essential, for example resource
defence polygyny, rather than with lek mating systems
(Andersson 1982; Höglund & Alatalo 1995).

Furthermore, whether the leks are classical, exploded or
resource based, males would benefit from setting up
territories next to resources because this is where females
are likely to be encountered (Bradbury 1981). Therefore, it
is not the absence of resources within territories that
imal Behaviour. Published by Elsevier Science Ltd. All rights reserved.
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should distinguish lekking from nonlekking species, but
the degree to which males regulate female access to those
resources to obtain matings (Bradbury 1985). It is thus
essential, when working on species with nonclassical lek
mating systems, to evaluate whether females use
resources present in males’ territories, whether male dis-
tribution fits the distribution of resources essential or not
for females, and whether these resources influence mate
choice, which can be surrogate variables to assess whether
males control female access to these resources.

The little bustard is a medium-sized steppe-dwelling
bird with exploded-lekking behaviour (Schulz 1985;
Jiguet et al. 2000). Even in intensively cultivated agricul-
tural habitats, male aggregations do not relate to the
patchy distribution of the preferred habitat, and thus are
not landmark aggregations (Jiguet et al. 2000). Our aim in
this study was to evaluate the relationship between
resources for females, male distribution and female
choice, thus also helping to assess the mating system of
the species. We first identified parameters that determine
resource quality for females, in terms of both nesting
habitat and invertebrate food. We also assessed whether it
is overall food abundance (total invertebrate biomass),
abundance of potentially important food types (such as
grasshoppers), or invertebrate richness or diversity (which
may indicate food quality) that is important. Subse-
quently, we tested whether males hold territories in areas
where this resource is richest, and we also considered the
contribution of the defended invertebrate resources to
male attractiveness. Our predictions were as follows: if, to
obtain matings, males regulated access to resources
needed by females (and thus behaved as in a resource-
defence polygyny system), their spatial distribution
would fit the distribution of the resource favoured by the
females, and their attractiveness would be related to the
level of resources found within their territory. If male
spatial distribution fitted the distribution of resources
needed by females to nest, but male attractiveness was
not related to the level of resources, we would be looking
at a resource-based lek. If neither male attractiveness nor
male spatial distribution depended on resources, or male
spatial distribution fitted that of resources used by
females but that were not critical, we would be looking at
a ‘true’ exploded lek system, in which males settle in
those areas that maximize female encounters, in accord-
ance with the hotspot model of lek evolution (Bradbury &
Gibson 1983).
METHODS
Study Area and Species

The study area is in the Département des Deux Sèvres,
central western France (46�15�N, 0�30�W). It covers
ca. 340 km2 of intensive agricultural habitat and holds a
low density of displaying males. Land use in the study
area is a mixture of winter cereal crops (ca. 35% of the
surface), other winter crops such as rape-seed and peas
(ca. 15%), spring-sown crops (sunflower and corn,
ca. 25%), set-aside and grasslands and other crops
directed to livestock rearing (ca. 15%), and ca. 10% of
nonagricultural land use (forests and villages).
Adult little bustards feed mainly on plant leaves and
invertebrates (the latter particularly during the breeding
season). Juveniles feed exclusively on invertebrates until
3 weeks old, before switching to a vegetarian diet (Cramp
& Simmons 1980; Jiguet, in press). Invertebrates are
therefore a critical resource for reproduction. The most
important invertebrate groups in the juvenile diet in the
study area were beetles and grasshoppers (Jiguet, in press).
In western France, the species occupies agricultural habi-
tats, but females apparently preferentially use fields with
permanent cover (i.e. fields that are not ploughed annu-
ally), which may be linked to the high invertebrate
availability in that habitat (Salamolard & Moreau 1999).
The main egg-laying period covers June–July for popu-
lations inhabiting western France.
Distribution, Territory Size and Male
Attractiveness

We collected data during April–July 1998–1999. A team
of three to eight observers checked the whole study area
regularly (at least once a week). Areas where little bustards
were sighted at least once were then monitored at least
twice a week. We mapped all bustard observations
indicating date, sex and position within fields. Males
were identified by plumage characteristics (Arroyo &
Bretagnolle 1999), which allowed longitudinal individual
monitoring (Jiguet et al. 2000). We searched for nests
during the whole breeding season, that is, from April to
August. We plotted bustard observations and nests on a
digitalized map of the study area using a geographical
information system (ARCVIEW 3.b software; Environ-
mental Systems Research Institute Inc. 1996). Male terri-
tories were modelled with the RangesV package (Kenward
& Hodder 1996), using the core-weighting kernel model
as an estimator (Worton 1989) as this model best fits the
biological characteristics of the species (Jiguet et al. 2000).
Distance between neighbouring males was calculated as
the distance between the two territory centres given by
the RangesV package. Male attractiveness was evaluated
as the percentage of observations in the company of
female(s) for a given male. The latter variable is correlated
with copulation frequency, and thus fitness gains, in
several lekking species (Andersson 1992; Rintamäki et
al.1995; see Fiske et al. 1998). It is also considered to be
the best indicator of male mating success in the little
bustard (Jiguet 2001). Whether the number of accom-
panying females was taken into account did not influence
significantly the index value of male attractiveness (Jiguet
2001).
Invertebrate Sampling Techniques and Parameters

We used pitfall traps to catch terrestrial walking inver-
tebrates. The traps were bottoms of 1.5-litre plastic
mineral-water bottles about 15 cm high, buried into the
ground so that the upper opening just reached the
ground surface. The traps were half filled with 30%
alcohol. Three traps were placed for 6 days within each
field, 10 m from each other and from the field edge. In
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the analyses, we used mean values per trap for each field.
As pitfall traps do not catch Orthoptera efficiently, we
censused these invertebrates with a framed square
canvas with sides of 1 m. This canvas was randomly
thrown 10 times in each sampled field, and we counted
all Orthoptera captured within the canvas.

We evaluated invertebrate availability with different
parameters, calculated per pitfall trap or per m2 for
Orthoptera. These parameters were: biomass (in g/pitfall
trap or g/m2 for Orthoptera), richness (number of inver-
tebrate families for terrestrial invertebrates, or number of
species for Orthoptera) and diversity (Shannon–Wiener
index for invertebrate family size diversity for terrestrial
invertebrates, or for species size diversity for Orthoptera).
Invertebrate biomass was estimated from length data of
arthropods, following Hódar (1996). To calculate Orthop-
tera biomass, we collected 20 adults of each species
encountered during the study, killed them with ether,
dried them in an oven, then weighed them; we used
mean weights obtained for each species.
Invertebrate Sampling Procedure

We assessed invertebrate availability in each crop type
(cereal, grass, alfalfa, ryegrass, rape-seed crops, corn, sun-
flower) of the study area in 1998 with pitfall traps in
randomly chosen fields, independently of the presence of
bustards. We sampled 38 fields, each one in June and
July.

At the end of June 1998, we studied invertebrate avail-
ability within the territories of the five most and the five
least attractive males in the study area. We used pitfall
traps in fields randomly chosen within each of these 10
territories (three grass/alfalfa fields, one cereal and one
sunflower field within each territory).

In 1999, we sampled the various permanent or semi-
permanent cover types, such as grass, alfalfa or ryegrass
fields, as these were important for reproduction (see
Results). These land use types (hereafter called grasslands)
are the only ones with some degree of between-year
durability (i.e. they were not ploughed at least once a
year, unlike other crop types). We characterized grassland
fields according to their age (<1 year, i.e. sowed in the
current year, 1–2 years, 3+ years old), their area (<1 ha,
1–3 ha, >3 ha) and their cover composition (dominance
of grasses versus leguminous plants), thus totalling 18
different grassland categories. We then randomly selected
five (rarely six) fields within each of these categories to
assess invertebrate abundance. In total we used 98 grass-
land fields to census Orthoptera. We also used pitfall traps
in 28 (randomly chosen) of these 98 fields. Grassland
units were sampled twice with pitfall traps (28 fields), in
June and July, and in July only for Orthoptera censuses
(98 fields). In addition, fields where bustard nests were
found in 1999 were also sampled in June and July with
pitfall traps, and Orthoptera censuses (in July only). We
used the mean value over the 2 months for a given field
and per pitfall trap for subsequent analyses. We found no
significant difference in terms of invertebrate biomass
between the grasslands sampled in 1998 (N=9) and those
sampled in 1999 (F1,33=3.17, P=0.083). Although we did
not have sufficient data to do the same comparisons for
other cover types, we assumed no significant between-
year differences in invertebrate availability during the
study. Thus for modelling purposes (see below), we used
pitfall data from 1998 (for estimating the quality of all
crop types in terms of invertebrates) or from 1999 (for
estimating the quality of grasslands in terms of inverte-
brates) for both 1998 and 1999.
Modelling Invertebrate Availability

To determine invertebrate availability indices over the
entire study area for all crop types, we first attributed to
each field the mean values obtained for the same crop
type in the randomly sampled fields. For that, we used
only data from pitfalls, since no information was avail-
able for Orthoptera in crops other than grasslands. In
each case, we considered three parameters: biomass, rich-
ness and diversity. To evaluate the robustness of our
models over the whole study site, we compared observed
values for sampled fields with those predicted (the mean
value for all other fields of the same type). All relation-
ships were significant (biomass: Y=0.60X, r14=0.427,
P<0.05; richness: Y=0.99X, r14=0.665, P<0.002; diversity:
Y=0.98X, r14=0.758, P<0.001).

To determine the quality of grasslands (in terms of
invertebrate availability) over the entire study area, we
attributed to each grassland field the mean values
obtained for the same grassland type in the randomly
sampled grasslands. For that, we used data from pitfalls
and from Orthoptera censuses. In each case, we consid-
ered six parameters: biomass, richness and diversity for
Orthoptera and other terrestrial invertebrates. We com-
pared observed and predicted (mean value for all other
fields of the same type: vegetal dominance, age or area)
values of biomass, richness and diversity for each field
sampled with pitfalls. Correlation coefficients were all
significant (invertebrate biomass: Y=0.82X, r26=0.423,
P=0.01; richness: Y=0.97X, r26=0.379, P<0.02; diversity:
Y=0.99X, r26=0.351, P<0.05). We therefore assumed that
all our models were robust.

Second, we calculated three different invertebrate avail-
ability indices in cells of 1 km2 on a superimposed grid.
The formulae were (1) (�n

i=1 BiSi)/�n
j=1 Sj for invertebrate

biomass, richness or diversity in all crop types, where Bi is
the invertebrate biomass, richness or diversity per pitfall
trap of field i, and Si the area of the field, while � Sj is the
total area of the n fields with known crop cover in km2

(thus the total invertebrate biomass per grid cell was
corrected for fields with unknown crop cover); and (2)
�n

i=1 (DiSi/�n
j=1 Sj) for biomass per unit area in grasslands;

where Di is the invertebrate biomass per unit area or
pitfall trap for field i, Si the area of the field i, and �Sj the
total area of the n fields with grassland cover. Thus each
field contributed to the cell indices in proportion to its
surface within the cell; indices were calculated as
weighted means for fields with known cover or of grass-
land habitats.

Finally, we calculated an invertebrate availability index
for each male territory in the study area (in both 1998 and
1999): we attributed to each territorial field the mean
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values corresponding to its crop type (from the three
crops sampled of each crop type), weighted by its area for
biomass, and by the relative crop abundance within the
territory (in percentage of the territory size) for richness
and diversity. We finally summed these index contri-
butions over the complete territory to obtain the final
invertebrate availability indices for each male territory.
Statistical Analyses

The variables Invertebrate biomass and Territory size
were first transformed as log (1+y) to obtain normal
distributions. The variables male attractiveness and pro-
portions of crop covers were transformed as arcsine
(square root y).

We analysed the influence of invertebrates on the
distribution of nests and male territories with backward
logistic regressions. As explanatory variables in the initial
models we used: the availability of displaying and nesting
habitats, that is, of grass, alfalfa, ryegrass and sunflower
fields (see Jiguet et al. 2000, and results below), as propor-
tions of these covers within the grid cells; modelled
invertebrate availability in grid cells (total biomass, rich-
ness or diversity); and indices of the quality of grasslands
in terms of invertebrate availability, as the invertebrate
biomass (Orthoptera and other terrestrial invertebrates
separately) per unit area. As lek and nest distributions
were not different from random over the study area for
the 2 years of the study (Jiguet et al. 2000; Jiguet 2001),
there was no spatial autocorrelation in the data, so that
final models of logistic regressions including potential
spatial autocorrelation did not differ from the final
models presented here.

We analysed the influence of resources on male attrac-
tiveness (with one-way analyses of variance) by compar-
ing indices (calculated per field) for the most and least
attractive males in 1998, the only ones for which we had
direct measures of invertebrate availability (see sampling
procedure above). In addition, to analyse for all males in
1998 and 1999 the relationship between male attractive-
ness and invertebrate availability indices (calculated by
modelling, see above), territory size and percentage of
food and nesting covers (leguminous, grass and sunflower
covers) within the territory, we used correlation tests and
stepwise multiple regression models.
For statistical analyses were used Systat 9.0 (Wilkinson
1990), and SAS 6.11 (SAS Institute 1994) for logistic
regressions. The Catmod procedure on SAS allows the
analyses of categorical other than binomially distributed
data. To calculate the power of the test in ANOVAs, we
used the Pearson & Hartley charts given in Zar (1984).
RESULTS
Choice of Nesting Sites

Nests were found primarily in grass fields (67%, N=27)
and secondarily in alfalfa (26%) or ryegrass fields (7%).
These types of cover were relatively rare in the study area
(<15% of the surface), but held significantly more inver-
tebrates than the other covers in the study area (1998
data, one-way ANOVA: F1,46=8.54, P<0.005). Fields used
for nesting had a significantly higher invertebrate bio-
mass and an almost significantly higher biomass of
Orthoptera, although the power of the test was low (Table
1). Therefore, grasslands (i.e. fields with permanent or
semipermanent cover, including grass, alfalfa and rye-
grass), and particularly the invertebrates they held (but
not necessarily orthopterans), were important resources
used by females for reproduction.

The distribution of nests was significantly related to the
availability of alfalfa crops in both years, and nonsignifi-
cantly to the quality of crops in terms of terrestrial
invertebrate richness in 1998 (Table 2). Of the 27 nests,
17 (63%) were within modelled male territories, although
only 30% were in the field used by males to display at the
time of laying.
Male Distribution

The distribution of males was significantly related to
the availability of alfalfa crops and to invertebrate
richness for all crop types in 1998 and to the availability
of alfalfa in 1999; there was also a nonsignificant relation-
ship to ryegrass availability (Table 3).
Table 1. Differences in terrestrial invertebrate and Orthoptera availability indices between random grassland fields
(with the same cover but no nests) and those used by females to nest

Index Random N Used N Power F P

Invertebrates
Biomass 5.2±4.70 30 12.1±14.20 12 0.8 5.64 0.022
Richness 7.7±2.90 8.3±3.80 <0.2 0.31 0.584
Diversity 2.2±0.50 2.1±0.30 <0.2 0.36 0.553

Orthoptera
Biomass 0.17±0.45 98 0.21±0.29 12 0.4 3.09 0.081
Richness 2.30±1.87 2.67±1.07 <0.2 0.44 0.510
Diversity 0.85±0.73 1.07±0.59 <0.2 0.98 0.324

All values are given as X±SD, and statistical tests are one-way ANOVAs; df=1,40 for tests for invertebrate indices
and 1,108 for tests for Orthoptera indices. Tests for biomass were made on transformed variables.
Male Attractiveness

We compared the invertebrate availability indices
in grasslands, cereal and sunflower fields within the
territories of the five most attractive males (15 grasslands,
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Table 2. Results of backward logistic regressions testing for the
effects of terrestrial invertebrate availability indices (biomass, rich-
ness and diversity), habitat indices (proportion of alfalfa, grass,
ryegrass and sunflower crops) and grassland quality indices (inver-
tebrate biomass per unit area and Orthoptera biomass per unit area)
on the probability of occurrence of a nest (presence versus absence)
in a 1-km grid cell in 1998 and 1999

Variables df χ2 P

1998
Intercept 1 20.60 <0.001
Invertebrate richness in all crops 1 2.98 0.084
Alfalfa cover (%) 1 4.88 0.003
Likelihood ratio 293 85.71 1.000

1999
Intercept 1 64.20 <0.001
Alfalfa cover (%) 1 6.10 0.013
Likelihood ratio 148 49.37 1.000

Only the most parsimonious model (i.e. final model) is presented
(Catmod Procedure on SAS, maximum likelihood approach).
Table 3. Results of backward logistic regressions testing for the
effects of invertebrate availability indeces (biomass, richness and
diversity), habitat indices (proportion of alfalfa, grass, ryegrass and
sunflower crops) and grassland quality indices (invertebrate biomass
per unit area and Orthoptera biomass per unit area) on the prob-
ability of occurrence of a male territory (as 0, 1 or more territories) in
a 1-km grid cell in 1998 and 1999

Variables df χ2 P

1998
Intercept 2 48.87 <0.001
Invertebrate richness in all crops 2 13.14 0.001
Alfalfa cover (%) 2 9.51 0.009
Likelihood ratio 586 263.54 1.000

1999
Intercept 2 94.40 <0.001
Alfalfa cover (%) 2 15.70 0.001
Ryegrass cover (%) 2 5.72 0.057
Likelihood ratio 548 184.56 1.000

Only the most parsimonious models (i.e. final models) are presented
(Catmod Procedure on SAS, maximum likelihood approach).
Table 4. Pearson correlation matrix between male attractiveness, territory size, permanent cover percentage
(separated into leguminous and grass covers), and invertebrate biomass, density, richness and diversity within male
territories

Variables

Male attractiveness Territory size
Leguminous cover

(%)
Grass cover

(%)

r P r P r P r P

Territory size −0.039 NS — — — — — —
Leguminous cover (%) −0.015 NS −0.119 NS — — — —
Grass cover (%) 0.229 NS −0.059 NS −0.421 <0.001 — —
Sunflower cover (%) −0.083 NS −0.212 NS −0.101 NS −0.428 <0.001
Invertebrate biomass −0.129 NS 0.743 <0.001 −0.076 NS −0.011 NS
Invertebrate density −0.049 NS −0.101 NS 0.742 <0.001 −0.200 NS
Invertebrate richness 0.135 NS −0.477 <0.001 0.164 NS 0.720 <0.001
Invertebrate diversity −0.004 NS −0.448 <0.001 −0.255 <0.05 0.439 <0.001

N=71 territories (P values in bold are significant after Bonferroni’s correction).
six cereal and four sunflower fields) and of the five least
attractive males (16 grasslands, five cereal and five sun-
flower fields) of the population in 1998. Invertebrate
biomass was slightly greater in grasslands and sunflower
fields within territories of the least attractive males, as
well as invertebrate family richness in sunflower fields,
but the differences were not statistically significant and
the power of the tests was low (one mean value per
male: F1,8=4.05, P=0.079; F1,7=4.16, P=0.081; F1,7=3.95,
P=0.087, respectively; power of the tests ca. 0.40). No
other difference was found.

Furthermore, we found no significant correlation
between male attractiveness and invertebrate availability
indices, territory size or percentage of permanent cover
within the territory (Table 4). We found significantly
larger invertebrate biomass in larger territories, as
expected, given that biomass index within a territory was
calculated weighing biomass data by field area. We found
lower invertebrate richness and diversity in larger terri-
tories, probably because larger territories included more
intensively cultivated crops (e.g. cereal, corn or sun-
flower; see Jiguet et al. 2000). Given the high correlation
between territory size and invertebrate biomass, when
performing linear models involving the two variables, we
used a new variable ‘invertebrate density’, defined as the
invertebrate biomass per unit area (i.e. the ratio between
the total invertebrate biomass within the territory and
the territory size). The invertebrate density showed no
significant correlation with territory size, but was greater
in territories with a larger proportion of leguminous cover
(Table 4). We performed a stepwise multiple regression
model, with male attractiveness as the dependent vari-
able, and territory size, proportion of grass, leguminous
and sunflower covers, and invertebrate density, richness
and diversity within territories as explanatory variables.
No variables were selected in the final model, which did
not explain significantly the variance in male attractive-
ness (initial model with all variables: r=0.274, F6,64=0.87,
NS).



904 ANIMAL BEHAVIOUR, 63, 5
DISCUSSION

Female nests were found in fields that held high inverte-
brate biomass. In contrast, we found only a slight effect of
Orthoptera abundance indices on the occurrence of nests,
despite the importance of this group in the juvenile diet
(Jiguet, in press). This might be because in western France
Orthoptera numbers peak in July–August, with the disper-
sion of immature and adult Acrididae (Louveaux et al.
1988), later than in southern latitudes (Hugueny &
Louveaux 1986). Nevertheless, access to invertebrates (in
terms of total biomass) appeared potentially critical for
breeding females.

Male location depended mainly on the availability of
the most common, rich and preferred display habitat (i.e.
alfalfa cover; Martínez 1994; Salamolard & Moreau 1999),
which is also an important cover for females, both for
nesting and as a source of invertebrate food. The location
of males depended also (in one year) on terrestrial arthro-
pod richness. Since males display on areas with high
cover diversity (Martínez 1994, 1998; Salamolard &
Moreau 1999), the higher invertebrate richness observed
could well be a result of this as invertebrate diversity is
known to increase with habitat fragmentation in agricul-
tural landscapes (Jonsen & Fahrig 1997; Burel et al. 1998).
Thus, male little bustards displayed in areas with
resources that females use, either for feeding (inverte-
brates and alfalfa) or nesting (alfalfa and ryegrass fields),
but not in areas with maximum animal food resources for
females (i.e. in areas with the highest quality of grasslands
in terms of invertebrate biomass). The majority of nests
were within male territories. However, only a small pro-
portion of nests were in the fields used by males at the
time of laying. Male territories were modelled for the
whole breeding season (i.e. including all locations of
males throughout the summer). In most cases, males
started using the nesting fields after laying had started, so
females were not choosing to nest in fields where males
were present. Habitat limitation could also explain why
some nests are within male territories.

In addition, male attractiveness was not related to any
invertebrate or habitat resource variable, which suggests
that it was probably related to intrinsic male characteris-
tics. A relationship between phenotypic characteristics
and mate attractiveness has been found in this species
(Jiguet & Bretagnolle 2001). Thus, although males display
in areas with resources used by females, they apparently
do not gain fitness by defending food or nesting cover,
given that male attractiveness is probably a good estimate
of copulation success in lekking species (Andersson 1992;
Rintamäki et al. 1995; Jiguet & Bretagnolle 2001; for a
review see Fiske et al. 1998).

Resource-based leks occur when male spatial distri-
bution fits the distribution of resources critical for
females, but male attractiveness is not related to the level
of resources. Such systems have been described in some
hummingbirds, in which females do not nest within male
territories, but depend on the food they find there (Stiles
& Wolf 1979). In these cases, the quantity of resources in
the territories is not a criterion of mate choice, but
females need to visit male territories to obtain food, so
the presence of males near these critical resources
increases the probability of encounter between males and
females (Stiles & Wolf 1979; see also Höglund & Alatalo
1995). Similarly, female yellow-shouldered widowbirds,
Euplectes macrourus, always nest within male territories;
nesting depends on critical resources defended by males
(nesting habitat), although territory quality does not
affect female preferences which are based on the male’s
ability to produce cock nests (Savalli 1994, 1997).

Little bustard males defended resources visited and
used by females, but male attractiveness was not related
to the level of resources in their territories, which could
suggest a resource-based lek mating system. However, we
found no relationship between the most used breeding
habitat (grass fields) or grassland quality (in terms of
invertebrate biomass) and male distribution. Further-
more, access to resources defended by males appeared not
to be critical for females, which were able to find food or
nesting cover outside male territories. Thus, the mating
system of the little bustard seems to accord to a ‘true’
exploded lek. The location of leks in areas where resources
for females are rich might be a way of increasing the
probability of encounter between males and females
(Höglund et al. 1998). For example, in the ruff, Philoma-
chus pugnax, lekking sites are typically near areas where
females feed or are likely to move between feeding sites
(Höglund et al. 1993). We may thus describe the mating
system of the little bustard as exploded leks, that is, as
patches differing in female encounter rate (Höglund et al.
1998), possibly in accordance with the hotspot model of
lek evolution (Bradbury & Gibson 1983). Mate choice in
this species should be studied in relation to intrinsic male
traits, not defended resources (Jiguet & Bretagnolle 2001).
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mécanismes de formation des leks chez l’Outarde canepetière
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