J Ornithol (2007) 148:39-52
DOI 10.1007/510336-006-0098-9

ORIGINAL ARTICLE

Habitat use and mating system of the houbara bustard
(Chlamydotis undulata undulata) in a semi-desertic area
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Abstract Studies of the movements and home-ranges
of houbara bustards (Chlamydotis undulata undulata)
showed sexual and seasonal differences in the use of
space, with a polygynous mating system similar to an
‘exploded-lek’ or a ‘resource-defence-polygyny’, that
remains undefined. We used the arthropod biomass as
an index of the trophic quality of six defined habitats
and we radio-tracked 7 females and 13 males to test
whether sexual and seasonal variations in habitat use
were related to resource availability, and to verify if
critical resources for breeding females were monopo-
lised by males. We analysed habitat selection in both
sexes separately. We used the habitat type composition
of buffer zones around radio-locations to study annual
and seasonal habitat selection and to identify preferred
habitats, using the chi-square goodness-of-fit test.
Habitat use between sexes and between seasons were
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compared using MANOVA based on log-ratios of
habitat proportions. During the year, and in each sea-
son, both sexes appeared to be significantly selective
for habitats in comparison to their availability. But
males avoided esparto grass, while females used all
habitats. Habitat use differed between sexes in the
breeding season, but not in the non-breeding season. In
spring, when food resources were abundant and uni-
formly distributed in space, males preferred ‘tempo-
rarily flooded areas’ and females preferred ‘reg with
tall perennials’ that offered both food and cover for
brooding. Critical resources were not monopolised by
males and the mating system fulfilled the definition of
the ‘exploded-lek’. Leks are key sites for reproduction
and should be considered as priority areas in further
conservation plans.

Keywords Exploded-lek - Seasonal variations -
Sexual differences - Trophic resources

Introduction

Identifying habitat use is a fundamental ecological
requirement in the understanding of a species’ biology.
It is also essential for much population conservation
and management, particularly in the case of endan-
gered species where knowing what determines species
distribution is necessary to mitigate its decline (Rush-
ton et al. 2004).

The houbara bustard (Chlamydotis undulata) has
suffered a major decline due to over-hunting, poaching
and habitat degradation in all parts of its range, from
the Canary Islands, through North Africa to Mongolia
(Collar 1980; Lavee 1985; Combreau et al. 2001;
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Tourenq et al. 2005). To support conservation action
plans on the houbara bustard (Combreau et al. 1995;
Seddon et al. 1995), several studies have been under-
taken in the last decade on houbara biology and ecol-
ogy. However, all studies of habitat use and selection
refer to the migratory Asian species, Macqueen’s
bustard (Chlamydotis macqueenii) (Seddon and Van
Heezik 1996; Combreau and Smith 1997; Launay et al.
1997; Osborne et al. 1997; van Heezik and Seddon
1999; Combreau et al. 2000; van Heezik and Seddon
2002; Yang et al. 2002; Yang et al. 2003) and to the
Canarian houbara bustard (Chlamydotis undulata fu-
erteventurae), which has adapted to cultivated land
(Collins 1984; Martin et al. 1996; Medina 1999), but
none concerned the African houbara bustard (Chlam-
ydotis undulata undulata) which occupies semi-desert
habitats in North Africa.

Previous studies on houbara bustard breeding biol-
ogy reported the existence of a ‘polygynous’ or ‘pro-
miscuous’ mating system (Ponomareva 1983; Collins
1984; Launay and Loughland 1995), with the absence
of any male parental care (Gaucher 1995). In polygy-
nous birds, habitat requirements might be different
between sexes, at least during the breeding season
(Emlen and Oring 1977). Despite this, all studies on
houbara bustard habitat selection were performed at
the population level without segregating sexes or ages.

Knowledge of the polygynous strategy of the hou-
bara bustard was recently improved in eastern Mor-
occo, where data collected on the distribution of
breeding birds showed strong differences in the use of
space, with an aggregation of males on traditional
display sites that females visited for the purpose of
mating before nesting elsewhere without any male
parental care (Hingrat et al. 2004). These behaviours
apparently fulfilled the definition of the lek mating
system (Hoglund and Alatalo 1995). However, males
aggregated in a dispersed fashion, called ‘exploded-
leks’, compared to true leks where display males are
separated by only a few metres (Bradbury 1981; Oring
1982). Consequently, the space between males may
offer suitable habitats where females can forage or
even nest. In this case, when males defend habitats and
the resources they shelter, the mating system is called a
‘resource-defence polygyny’, i.e. where males indi-
rectly control access to females by monopolising criti-
cal resources (Emlen and Oring 1977). In the houbara
bustard, owing to a lack of knowledge on habitats, food
availability, and bird habitat requirements during the
breeding season, no valid conclusion can as yet be
drawn on the species’ mating system.

In this paper, we analysed habitat use and selection
in male and female houbara bustards at different spa-
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tial and temporal scales in order to answer the fol-
lowing questions: (1) were there sexual differences and
seasonal variations in habitat use in the houbara bus-
tard in eastern Morocco and, (2), if so, are these vari-
ations related to food availability? This work helped us
understand habitat selection in our population and
identify suitable habitats for conservation planning.
Furthermore, habitat use and bird behaviour during
the breeding season, related to resource availability,
improved our knowledge of the species’ mating system.

Therefore, throughout one complete year, we stud-
ied habitat use and selection of a wild population of
adult male and female houbara bustards in an area
were food availability was simultaneously measured.
We used the arthropod activity biomass as an index of
the overall food resource for two main reasons: (1) in
semi-desert habitats, vegetation is patchily distributed
and closely related to water availability (Le Houérou
1986; Ali et al. 2000; Kutiel et al. 2000), with strong
positive relationships between vegetation and arthro-
pods in terms of diversity, phenology and biomass
(Crawford 1981; Seymour and Dean 1999); and (2),
despite the omnivorous diet of the houbara bustard,
arthropods probably represent the main daily energy
intake in adults (Tigar and Osborne 2000), and females
are supposed to feed their chicks entirely with arthro-
pods in the first few weeks following hatching (Collar
and Goriup 1983). We investigated annual habitat
selection using the habitat type composition of buffer
zones around radio-locations, and we studied whether
selected habitat types were used disproportionately to
their availability (study area composition) (Neu et al.
1974). We also tested whether males and females were
selective in their habitat use in the four seasons (au-
tumn, winter, spring and summer). Differences be-
tween sexes and seasonal variations in habitat use were
then investigated using multiple comparisons based on
log-ratios of habitat proportions (Aitchison 1986). Fi-
nally, in each season, habitat preferences or avoidances
were compared to food availability. The conservation
implications of our results are discussed, with special
reference to houbara bustard habitat and population
management and hunting pressure in eastern Morocco.

Methods

Study area

The study was undertaken in a piedmont named Al
Baten, which encompasses 663 km? of desert steppe

habitat situated on the east side of the Middle Atlas
along the Moulouya river. It is centred at 33.23°N,
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03.94°W, 130 km south-east of Fez (Fig. 1). The cli-
mate is semi-desertic with a hot summer and a cold
winter. Rainfall is irregular with less than 200 mm per
year, with a peak in autumn and a second in spring
(April-May). The topography is gentle, with altitudes
ranging from 800 to 1,700 m asl. Erosion processes
have created undulating gravel plains, called reg,
crossed by a dense drainage network of wadis tempo-
rarily flooded by irregular rainfalls (Raynal 1961). In
this arid ecosystem, the vegetation is mostly concen-
trated in wadis and characterised by high bushes such
as Zizyphus lotus (Ramnaceae) and Retama sphaero-
carpa (Fabaceae). In contrast, the reg is covered by a
shorter sparse shrubby vegetation dominated by asso-
ciations of Lycium intricatum (Solanaceae) with vari-
ous Salsolaceae. Steep slopes above 1,000 m asl are
densely covered by esparto grass (Stipa tenacissima,
Poaceae), while, in gently sloping areas, merging wadis
create large temporarily flooded areas. In these irreg-
ularly flooded areas, sedimentation of silt and clay
provide deeper soils densely covered by Salsola verm-
iculata associated with Atriplex halimus. These pro-
ductive areas are often ploughed by locals to cultivate
wheat in small ‘rainfed fields’. Otherwise, most of the
human livelihood relies on livestock grazing. We chose
Al Baten because it harbours a breeding population of
houbara bustards, which has been surveyed and pro-
tected from hunting since 1996 (Lacroix 2003).

Habitat types definition

To investigate relationships between habitat use and
food availability, we used the results from a habitat
classification of Al Baten made in 2002 (Hingrat et al.
2006). During this previous work, ordination methods
(Anderson and Robinson 2003; Anderson and Willis
2003), based on vegetation structure and arthropod

species assemblages, provided an a posteriori classifi-
cation of six habitat types: (1) esparto grass steppes on
hills, (2) cultivated fields, (3) temporarily flooded areas
(TFA), (4) wadis, (5) reg with short perennials (RSP),
and (6) reg with tall perennials (RTP). The average
vegetation height and cover of each habitat types cal-
culated in Hingrat et al. (2006) are summarised in the
Table 1.

Habitat types were delineated during field surveys
using a Global Positioning System (GARMIN 2+ GPS
locator) and an habitat map was drawn using a Geo-
graphic Information System (GIS, ArcView 3.2; Envi-
ronmental Systems Research Institute, Redland, Calif.,
USA). Linear habitat features such as wadis were ex-
tracted on the GIS from a topographic map at a
1:100,000 scale (Agence Nationale de la Conservation
Fonciere, du Cadastre et de la Cartographie) (Fig. 1).

Food availability

In each habitat type, arthropod availability was mea-
sured using pitfall traps of 10-cm diameter buried so
that the upper opening just reached the ground surface.
Note that because the six defined habitat types resulted
from a previous habitat classification (see Habitat
types definition), the number of traps per habitat type
was not equal (Table 1). Traps were installed 25 m
apart with one on bare soil and the other one at the
foot of a bush. Traps were filled with 30 ml of ethylene
glycol and emptied twice a month from November
2001 to October 2002. Except for spiders that were not
identified, and Collembola and small Acarians that
were not counted, all specimens were identified to
species when possible or otherwise to morphospecies
and labelled as ‘‘recognisable taxonomic units”
(RTUs) (Oliver and Beattie 1993). This method avoids
the use of fine-scaled formal taxonomy down to species

Fig. 1 Al Baten study area i
(663 km?): location in eastern
Morocco and habitat
composition. The buffer zone
represents the enlargement of
a sampled area (1 km radius
buffer zone) which highlight
details on the delimitation of
point and linear habitats
(fields and wadis). The 100%
Minimum Convex Polygon is
based on all radio-locations of k
wild houbara bustards
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(n = 5,543)
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Table 1 Characteristics of
the six habitat types defined
on Al Baten (663 km?)

The mean vegetation cover
and height (+SD) are
indicated for the six habitat

Habitats types Area No. No. Cover SD Height SD
(km?) traps transects (%) (cm)
Esparto grass 61 4 4 35.0 17.7 42.7 6.6
Fields 33 12 6 12.0 12.0 19.3 133
Temporarily flooded areas 106.7 12 12 22.3 19.0 12.2 6.9
Reg with short perennials 314.3 10 16 3.0 2.6 4.9 2.1
Reg with tall perennials 151.2 6 10 3.0 2.4 10.5 9.5
Wadis 26.5 20 12 104 7.8 24.4 355

types

level, and is considered adequate for the detection of
differences among assemblages (Oliver and Beattie
1993; Oliver and Beattie 1996).

The overall sample of arthropods was dominated by
ants (82%) and beetles (8%) (Hingrat et al. 2006). The
dominance of these two groups is a characteristic of
arthropod assemblages in semi-desertic and desertic
areas (Tigar and Osborne 1997; Seymour and Dean
1999; Tigar and Osborne 1999; Dangerfield et al. 2003).
The houbara bustard is an opportunistic bird and its
diet reflects this dominance of ants and beetles (Collins
1984; Saint Jalme and Van Heezik 1996; Tigar and
Osborne 2000). Thus, we used ants and beetles as
indicators of food availability in the six habitat types.

Using pitfall traps to assess food availability, inver-
tebrates caught are both diurnal and nocturnal (Tigar
and Osborne 1999). Houbara bustards forage mostly
after the sunset and before sunrise, but can also forage
at night (Combreau and Launay 1996). In our study,
direct searches of dwelling invertebrates conducted
during the pitfall-trap sampling period showed that
whether the two methods resulted in the collection of
different arthropod assemblages, the dominant ones
(ants and beetles) were shared by both (Hingrat et al.
2006). Thus, we assumed that ants and beetles caught
using pitfall traps were representative of the food
availability where houbara bustards forage during the
day.

As stated above, the sampling effort was not equal
between habitat types (Table 1). Thus, to test for sea-
sonal and spatial variations in food availability we
computed an index of ant and beetle activity-biomas-
ses, from the biomass of individuals trapped per
effective trap per trap day. The biomass was estimated
by weighting the abundance of each RTU by its body
length (in mm).

Bird trapping, tracking and breeding behaviour
We trapped adult houbara bustards in the Al Baten
study area in three consecutive breeding seasons, from

2000 to 2002. We used nylon snares placed around the
nest or surrounding a wild caught chick to catch fe-
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males (Launay et al. 1999; Seddon et al. 1999; Hingrat
et al. 2004), while snares were placed around a dummy
female on displaying sites to catch males. Two different
types of battery-powered transmitters were used: solar
backpacks (45 g, Advance Telemetry System) and
necklaces (18 g, 36 months, HSL. RI-2CSP; Holohil
System, ON, Canada). During 1 year, 7 females and
13 males were radio-tracked on Al Baten with a mean
of 46 (+9.5) radio-locations [range (30-66)]. Houbara
bustards were monitored from the ground and by aerial
telemetry. Ground radio-tracking was undertaken by
direct observation with four-wheel-drive vehicles using
a portable scanner-receiver and a 3-element yagi an-
tenna (AF Antronics, Urbana, Ill., USA). Aerial
locations were taken from a Maule-7 B-235 aircraft
using one 2-element yagi antenna fixed to each wing
strut. A 4-element yagi antenna (AF Antronics) fixed
on the right wing strut and pointed forward allowed
signals to be received from as far as 45 km at an alti-
tude of 1,800 m. Aerial and ground radio-tracking
were both generally carried out weekly.

During the breeding season, males were regularly
located early in the morning in order to assess their
display site fidelity. In females, we tried to obtain at
least two locations each week in order to locate their
first nest and eventual replacement clutches.

In addition, we used nest and display site census
data collected between 2001 and 2002 (Hingrat et al.
2004) to explore the breeding cycle of adult houbara
bustards in relation to food availability (arthropod-
activity biomass).

Annual habitat use and selection

In order to estimate habitat use, we calculated the
proportions of habitat types within buffer zones of 100-
m radius around birds’ radio-locations. We preferred
using such zones instead of the exact locations them-
selves because of the following biases in location
recordings: (1) observer accuracy, (2) avoidance
movements of birds during ground tracking, (3) the
speed and altitude of the plane during aerial tracking,
and (4) the intrinsic accuracy of the global positioning
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system (White and Garrot 1990; Gantz and Stoddart
1997; Hulbert and French 2001).

Habitat selection was examined for males and fe-
males separately using the ‘Neu method’. This test is
based on the chi-square goodness-of-fit analysis (Fleiss
1981), coupled with the placement of Bonferroni con-
fidence intervals around proportional use, to estimate
which habitats were selected disproportionately (pre-
ferred or avoided) to their availability (Neu et al.
1974). To circumvent problems linked to the definition
of habitat availability due to the delineation of an
arbitrary study area (Aebischer et al. 1993; Litvaitis
et al. 1996), we followed the recommendation of
McClean et al. (1998) by delimiting a minimum-sized
study area using the outermost boundary of a 100%
Minimum Convex Polygon (MCP) based on all hou-
bara bustard locations recorded since 1996 (n = 5,543)
on Al Baten (Fig. 1).

The difference in habitat use between sexes was
compared using one-way MANOVA based on log-ra-
tios of habitat proportions within buffer zones
(Aitchison 1986). The log-ratio transformation over-
comes the problem of lack of independence between
the proportions of habitat types used that sum to 1
(unit-sum constraint) by converting the (n-1) log ra-
tios, using one habitat proportion (here Field) as the
denominator (Aitchison 1986; Aebischer et al. 1993).

Seasonal habitat use and selection

For comparisons between habitat use and seasonal
food availability, all birds included in the analysis were
resident males and females of Al Baten area, radio-
tracked from November 2001 to October 2002. Each
bird sample of radio-locations was divided into four
seasons: autumn (October-December), winter (Janu-
ary—March), spring (April-June) and summer (July-
September). In each season, we recorded a mean of 12
(+4.6) radio-locations per individual. For each sex and
in each season, we used the ‘Neu method’ to investi-
gate habitat selection (Neu et al. 1974). As in the an-
nual habitat selection analysis, the habitat availability
was restricted to the 100% MCP based on all houbara
bustard locations (see above).

Differences in habitat use between sexes within
seasons and between seasons for each sex were com-
pared using one-way MANOVA based on log-ratios of
habitat proportions within buffer zones (Aitchison
1986).

The areas of each habitat within the study area and
the buffer zones were calculated using a Geographic
Information System (GIS, ArcView 3.2; Environmen-
tal Systems Research Institute). Chi-square goodness-

of-fit analyses were performed using RSW (Resource
Selection Analysis Software for Windows) (Leban
1999). Mean comparisons were conducted using SY-
STAT 7.0 (http://www.spss.com).

Results
Breeding behaviour

Display counts indicated that males started displaying
in January and continued to late May, with a peak in
April (Fig. 2). However, radio-tracking surveys
showed that one male reached its display site earlier, in
December. In addition, from November, we observed
several tagged males performing courtship displays
outside their respective display sites, when they were in
flocks of both sexes. These displays were often fol-
lowed by agonistic behaviours between males. In Jan-
uary, the 13 males behaved more solitarily and were
faithful to the site where they were trapped in 2000 or
in 2001.

Radio-tagged females nested from 20 February to
early June. During nest surveys, we did not find any
houbara bustard nests before this date. The latest nest
was found on 20 June, and the laying peak occurred in
May (Fig. 2).

The reproductive success of females was very low,
since only two females reared two chicks each to
fledging. Chicks spent between 6 and 10 weeks with
their mother. In cases of clutch or brood predation,
most females laid replacement clutches. In fact, six of
the seven females laid a second clutch at least 15 days
after the loss of the first one, and four of them even laid
a third clutch. The nest of the seventh female was
found in June and we probably missed its first breeding
attempts.

Annual habitat use and selection in males
and females

During the year, males and females were observed
mainly in the reg with short perennials (RSP), in
temporarily flooded areas (TFA) and in the reg with
tall perennials (RTP) (Fig. 3). Wadis and fields were
less used and esparto grass totally unused by males.

The chi-square goodness-of-fit test showed that
males were selective for habitats because habitat pro-
portions within buffer zones differed significantly from
habitat availability (y* = 434.06, df =5, P < 0.001).
According to Bonferroni confidence intervals TFA was
significantly preferred, whereas RSP and esparto grass
were significantly avoided (Fig. 3).
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Fig. 3 Annual habitats used by 13 male and 7 female houbara
bustards compared to habitat availability. Habitat availability
was delimited by a 100% Minimum Convex Polygon based on all
radio locations of wild houbara bustards collected since 1996
(n =5,543). Bars represent mean proportions (xSD) of each
habitat type within buffers (100 m radius) around annual birds’
radio-locations. Subscript letters indicate a significant difference
between the use and the availability (P < 0.05), with P for
habitats preferred and A for habitats avoided
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P < 0.001).

Seasonal variation in habitat use and selection
by males and females

In the four seasons, habitat selection by each sex ap-
peared to be significantly different from habitat avail-
ability (Fig. 4). Throughout the seasons, we observed a
significant variation in habitat use in males (MANO-
VA: F=1.85 df=3, P<0.05) and in females
(F=1.85, df =3, P <0.01). However, in males, pair-
wise comparisons (Bonferroni adjustment) showed no
significant differences in the use of each habitat type
between the four seasons, indicating that males used
them in similar relative proportions throughout the
year. Compared to their availability, TFA was signifi-
cantly preferred, while esparto grass was significantly
avoided in all four seasons by males. Males also sig-
nificantly avoided RSP in autumn, winter and spring.
In winter, the preference for RTP appeared significant
and wadis were significantly avoided (Fig. 4).

In females, the observed significant seasonal varia-
tion in habitat use was related to a significant increase
in the use of RTP from winter to spring and a signifi-
cant decrease in summer (Bonferroni adjustment). In-
deed, in spring, RTP was significantly preferred by
females. Otherwise, the use of other habitats did not
differ significantly between seasons.

Comparisons between sexes in each season showed
that habitat use differed significantly between males
and females in winter (F=5.32, df=5, P < 0.001),
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Fig. 4 Habitat use by 13 male (white bars) and seven female
(grey bars) houbara bustards compared to habitat availability
(black bars) in the four seasons (seasons were defined as in
Table 2). Habitat availability was delimited by a 100% Minimum
Convex Polygon based on all radio locations of wild houbara
bustards collected since 1996 (n = 5,543). Bars represent mean
proportions (+SD) of each habitat type within buffer zones
(100 m radius) around seasonal radio-locations. The results of
the chi-square goodness-of-fit test (Neu et al. 1974) are shown on

spring (F =848, df=5, P<0.001), and summer
(F =286, df =5, P <0.05), but did not differ in au-
tumn (F = 1.63, df =5, P = 0.15).

By excluding esparto grass, habitat use also differed
significantly between males and females in winter
(F =646, df =4, P <0.001), spring (F = 6.75, df = 4,
P <0.001) and summer (F=2.83, df =4, P <0.05),
but did not differ in autumn (F=0.42, df=4,
P =0.79).

Food availability

During the annual cycle, the activity-biomass varied
significantly for ants (ANOVA: F=104, df =11,
P < 0.001) and beetles (F =21.1, df = 11, P < 0.001).
For both groups, we observed an increase in arthropod
biomass from winter to summer with a subsequent
decrease from summer to autumn (Fig. 2). However,
these seasonal fluctuations differed between ants and
beetles. Indeed, although the activity-biomass of the
two groups increased significantly between April and

each graph and for each sex. This test indicates whether birds
were selective for habitats in comparison of their availability.
Subscript letters indicate a significant difference between the use
and the availability (P < 0.05), with P for habitats preferred and
A for habitats avoided. In each season, we indicated the mean
ant (filled square) and beetle (open triangle) activity-biomass
within the six defined habitats: esparto grass on hills (Esparto),
fields, temporarily flooded areas (TFA), reg with short perennials
(RSP), reg with tall perennials (RTP) and wadis

June (Bonferroni adjustment, P < 0.001), it decreased
suddenly from June to July for beetles (P < 0.001),
whereas in ants the activity-biomass stayed at a high
level during summer and only decreased in autumn
(Fig. 2).

Seasonal variations of ant and beetle activity-bio-
masses were also significant in all habitat types (Ta-
bles 2, 3). A means comparison also showed significant
variations in ant and beetle activity-biomass between
habitats within seasons (Tables 2, 3).

However, for ants, among comparisons between
habitats within seasons, only two means were signifi-
cantly higher than all other habitats: the mean fields
ant biomass in winter and the mean RSP ant biomass in
summer. In this latter case, the mean had a high stan-
dard deviation (96.8 + 193.1) (Table 2).

For beetles in autumn, the activity-biomass was
similar in fields and TFA, and significantly greater than
in all other habitats, which did not differ between
themselves (Table 3). In winter, the beetle activity-
biomass was also significantly greater in fields, but
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Table 2 Means of ant activity-biomasses (xSD) in the six defined habitats for each season

Esparto Fields TFA RSP RTP Wadis U P value
Autumn
n 12 37 33 26 17 48
Mean + SD 2.0 +29° 11.9 + 32.3¢ 44 +£48%° 197 £ 467> ¢ 6.0+76%>° 102+114° 159 0.007
Winter
n 27 53 52 52 33 93
Mean + SD 14 +£13%° 112 + 11.49 3.1 +3.0° 22+ 412 11«17 45 +74>°¢ 723 <0.001
Spring
n 25 63 49 46 28 87
Mean + SD 199 + 124* % 435+ 58 36.3 + 45.7° 472 +143.6%° 527 +1783°  30.6 + 393> 133 0.02
Summer
n 21 47 51 38 22 9
Mean + SD 132 + 9.5° 249 £21.8° 288 +28.0° 96.8 + 193.1° 246 £232%° 277 +259° 256 <0.001
U 51.6 60.0 93.7 83.5 423 1103
P value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

The six defined habitats are: hills covered by esparto grass (Esparto), fields, temporarily flooded areas (TFA), reg with short perennials
(RSP), reg with tall perennials (R7P) and wadis. Means were compared between habitats within each season. Seasons were defined as
follow: autumn (October-December), winter (January-March), spring (April-June) and summer (July-September). Means were
compared between habitats within each season. Means within lines that share similar superscript letters did not differ significantly

(Mann-Whitney U test, P>0.5). n is the number of functional trap events per habitat and per season

Table 3 Means of beetle activity-biomasses (+SD) in the six defined habitats for each season

Esparto Fields TFA RSP RTP Wadis U P value
Autumn
n 12 37 33 26 17 48
Mean + SD 0.6 + 0.8° 6.1 +6.1° 6.1 +7.5° 2.0 +3.0° 0.8 + 0.7% 33+7.1% 395 <0.001
Winter
n 27 53 52 52 33 93
Mean = SD 1.0 + 328 41 + 4.7¢ 22 +24° 13 £23%¢ 15175 ¢ 1.6 £20>° 497 <0.001
Spring
n 25 63 49 46 28 87
Mean + SD 45 +48%°  17.6 +29.9° 53+ 6.9° 2.5 +24° 6.8 +11.5%° 63 +84%% 260 <0.001
Summer
n 21 47 51 38 22 9
Mean + SD 1.6 £ 2.8° 10.7 + 12.6° 52+ 6.0° 1.8 £2.7° 1.6 £2.7° 2.9+ 422 471 <0.001
U 182 13.9 10.8 11.3 32.8 47.5
P value <0.001 0.003 0.013 0.010 <0.001 <0.001

The six defined habitats are: hills covered by esparto grass (Esparto), fields, temporarily flooded areas (TFA), reg with short perennials
(RSP), reg with tall perennials (RTP) and wadis. Means were compared between habitats within each season. Seasons were defined as
follow: autumn (October-December), winter (January-March), spring (April-June) and summer (July-September). Means were
compared between habitats within each season. Means within lines that share similar superscript letters did not differ significantly

(Mann-Whitney U test, P > 0.5). n is the number of functional trap events per habitat and per season

appeared similar across the five other habitats. Then, in
spring, the biomass was homogeneous across most
habitats, except in RSP which had a significant lower
beetle activity-biomass than fields, TFA, RTP and
wadis. In summer, the beetle activity-biomass was
again significantly higher in fields, followed by TFA,
which together were significantly different from all
other habitats.

Thus, in autumn, winter, and summer, greater
amounts of ants were found in fields and wadis and
RSP (Table 2), whereas beetles were most abundant in
fields, wadis and TFA (Table 3).
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Note that, in most cases, esparto grass had the
lowest ant and beetle activity-biomasses. In spring,
these differences disappeared and, despite the overall
significant variation in means of beetle and ant
activity-biomasses, we did not find significant differ-
ences in pair-wise comparisons of habitat types. In
fact, resource availability increased in all habitat
types, but in an unequal manner. For example, in
esparto grass and RTP, the ant activity-biomass was
respectively 14-fold and 48-fold greater in spring than
in winter, whereas in fields the increase was less than
4-fold (Table 2). Consequently food resources
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appeared to be uniformly distributed throughout the
study area in spring.

Relationship between habitat use and food
resources

Two main results emerged from comparisons of habitat
use and food availability (Fig. 4). Firstly, despite their
high ant and beetle activity-biomasses, fields were un-
used by both sexes most of the year, except in summer
by females. Secondly, habitat use by adult houbara
bustards seemed to better reflect variations in beetle
activity-biomass than in ant activity-biomass, except in
winter when arthropod resources were very low and
when both taxonomic groups fluctuated similarly be-
tween habitats.

When fields were excluded, in autumn, spring and
summer, habitat types with the highest beetle activity-
biomass were preferred by houbara bustards and those
with the smallest beetle biomasses were avoided. For
example, in spring, RSP had the lowest beetles biomass
and was significantly avoided by both sexes (Table 3;
Fig. 4). The preference for esparto grass by females in
autumn was an artefact due to one female which
exclusively used this habitat type for several weeks.

For ants, we observed a weak relationship between
the habitat types used by adult houbara bustards and
their amount of food resources (Table 2; Fig. 4). In
autumn, the richest habitat types (field and RSP) were
respectively unused and even avoided by both sexes.
However, in winter, TFA, RSP and wadis had a similar
ant biomass, but both sexes preferred TFA, while
males avoided RSP and wadis. In summer, the highest
ant abundance occurred in RSP, but both sexes pre-
ferred TFA. In spring, despite the uniform availability
of ants, the greatest increase was observed in RTP,
which was preferred by females. At this time, most
females were nesting, with a peak in May that pre-
ceded the peak in arthropod biomass in June (Fig. 2).

Discussion

The spatial and seasonal patterns of habitat use and
selection by male and female houbara bustards in
eastern Morocco supported our hypothesis of a sexual
difference in habitat requirements linked to repro-
ductive needs and social organisation.

The houbara bustard annual cycle

Clearly, male and female houbara bustards behaved
differently most of the year. In adult males, the year

could be divided in two distinct periods: (1) a non-
breeding period, in summer and autumn, when males
foraged in flocks of both sexes and juveniles, and (2)
the display period, in winter and spring, when males
were territorial and defended their display site, but
could forage in small groups of neighbouring males
(Hingrat et al. 2004). In adult females, the pattern was
more complicated and variable throughout the year,
and between individuals. In the most simple case, a
female that bred successfully at its first attempt had
four main periods in its annual cycle: (1) the non-
breeding period, when the female foraged with males
and juveniles, (2) the mating or pre-laying period,
when the female visited males solitarily and made its
mate choice, (3) the nesting period, when the female
incubated its eggs for about 23 days (Gaucher 1995),
and (4) the brooding period, when the female reared its
chicks. However, this division of the year into four
successive periods was not so simple because (1) fe-
males appeared asynchronous in their breeding at-
tempts (from February to June), and (2) the breeding
success was low with several replacement clutches.
Thus, in a case of successive broods, periods (2) and (3)
were repeated in the season, which increased the var-
iability in habitat requirements between months and
between females. Although replacement clutches have
been reported for the Asian houbara bustard (Comb-
reau and Launay 1999; Combreau et al. 2002), this
remains poorly documented, especially in the case of
the African houbara bustard. Here, we showed that
replacement clutches were common in our population.
Moreover, recent surveys of radio-tagged breeding
females in spring 2004 (South-East Morocco) showed
that, under highly favourable environmental conditions
(heavy rain in spring), females can rear two successive
broods to fledging (unpublished data).

Habitat use and selection

Owing to the observed differences in behaviour be-
tween sexes, we expected differences in habitat use
between males and females. Our results confirmed our
hypothesis, at least from winter to summer, i.e. a per-
iod that covers the entire breeding season for both
sexes. In contrast, in autumn, habitat use in males and
females did not differ. From autumn, we observed a
significant decrease in food availability in all habitats,
and houbara bustards formed foraging flocks com-
posed of both sexes and juveniles. In birds, flocking
occurs when resources are low and/or patchily distrib-
uted, and help individual survival by increasing forag-
ing efficiency and predator detection (Pulliam 1973;
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Gardner 2004). As a consequence, males and females
foraged in the same habitat types.

The next step of our study was to answer the fol-
lowing questions: which habitats were preferred by
each sex, when and why, and can these preferences be
related to food availability?

In terms of their annual habitat use, females were
selective compared to habitat availability. However,
they did not show any preference in their annual
habitat requirements. This can be explained by the
great diversity of behaviours in their annual cycle (see
above). Habitat requirements might have varied be-
tween activities such as foraging, mating, nesting or
feeding chicks. Consequently, the females’ annual
range composition may have reflected this variability.
In addition, as previously shown, females had larger
home-ranges than males, owing to large movements
when visiting males aggregate for the purpose of mat-
ing and when travelling from separate wintering and
nesting areas (Hingrat et al. 2004). Consequently,
during these movements they were able to cross the
entire study area in a day and their range might have
included all available habitat types.

When each season was considered separately, fe-
males appeared selective with regard to habitat avail-
ability and, despite their asynchrony in laying, we
found a significant variation in habitat use throughout
the seasons. This variation was mainly due to a sig-
nificant preference for the reg with tall perennials
(RTP) in spring. In fact, females increased their use of
RTP when arthropod activity-biomass increased, indi-
cating that this habitat type was probably used by fe-
males only when food resources were abundant.
However, in spring, arthropods were abundant every-
where and RTP was probably chosen for additional
key factors. Note that RTP was mainly used by the two
females that reared broods. Because chicks are unable
to fly until 1 month old, during the first few weeks
following hatching they are easy prey for foxes or
raptors (Saint Jalme and Van Heezik 1996; Combreau
et al. 2002). At this stage, the female relies entirely on
the chicks’ camouflage and ability to freeze motionless
to avoid detection (Combreau et al. 2002). In addition,
in the first weeks, the chicks’ diet is supposed to be
essentially composed of invertebrates (Collar and
Goriup 1983). In our study, the laying peak in May that
preceded the peak in arthropod activity-biomass in
June supported this hypothesis. Assuming an incuba-
tion period of 23 days, most hatchings on Al Baten
probably coincided with the peak in arthropod avail-
ability. Thus, RTP (mainly composed of associations of
Lycium intricatum with esparto grass, Launea arbo-
rescens, or Noaea mucronata) probably offered both a
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high abundance in food resources and a suitable veg-
etation cover and height (Tables 1, 2, 3).

Males appeared to be selective in the composition of
their annual range and in each season. This was mainly
due to their avoidance of esparto grass and preference
for temporarily flooded areas. Surprisingly, whereas
Hingrat et al. (2004) showed that the display behaviour
in adult males resulted in a significant decrease in their
home-range size, here we found that, throughout the
seasons, males used the same habitats in similar rela-
tive proportions. Thus, despite changes in use of space
and behaviour, the habitat type selected seemed to
remain constant in males. In fact, we noted that even if
males did not display from June to December, they
were sedentary and faithful to their display site sur-
roundings. These results, added to the clumping
behaviour of display males, underlined the importance
of display site selection in determining male distribu-
tion, home-range size, shape and composition. In
China, Yang et al. (2002) studied display site selection
in males and showed that, even though males con-
ducted their courtship in open areas with a low vege-
tation cover, they were also close to well-vegetated
patches for foraging or escaping from predators. In our
study, during the breeding season, males avoided open
habitats (reg with short perennials) and preferred
temporarily flooded areas. However, in our sampling
design, we deliberately located birds at different hours
of the day in order to consider all their daily activities.
Consequently, the preferences observed in males re-
flected a usage of habitats, not solely for displaying, but
also for feeding, roosting, hiding, etc. As a result, the
probable low proportion of radio-locations recorded
while the males were displaying, added to the small
sample of birds (n = 13), possibly underestimated the
importance of open habitats such as reg with short
perennials for displaying males in the breeding season.
Obviously, more studies at the scale of the display site
are needed to fully understand habitat selection in
breeding males.

Mating system of the houbara bustard

All these results on behaviour and habitat use helped
us to conclude that an exploded-lek mating system
existed in our houbara bustard population. In lekking
species, female choice of particular males for mating is
based on characters that are not related to immediate
gains such as access to resources (Emlen and Oring
1977). But these criteria appear to be unclear in
exploded-lekking species, as male territories may
contain critical resources for females (or their brood)
(Bradbury 1981; Oring 1982). Emlen and Oring (1977)
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argued that, when resources are abundant and uni-
formly distributed in space, there is little opportunity
for resource monopolisation by males. Such conditions
were met in our study, with a similar amount of food
resources among habitat types during the breeding
season. However, breeding success might not rely solely
on food availability, but also on cover and height of the
vegetation in particular habitat types (here, RTP). In
the breeding season, habitat use differed significantly
between sexes and, while females selected preferen-
tially RTP, males preferred temporarily flooded areas
(TFA). This indicated that the critical resources used by
females were not defended by males, and the mating
system of the houbara bustard in eastern Morocco
fulfilled the definition of a true exploded-lek.

Human disturbance

A surprising result in our study was the avoidance of
fields by both sexes, although this habitat type had the
highest ant and beetle activity-biomasses (Tables 2, 3).
In the Canary Islands, Medina (1999) reported that
houbara bustards foraged in cultivated fields which
produce an environment with a high food availability
(Dominguez-Casanova 1989). However, Medina
(1999) failed to find any relationship between houbara
bustard habitat use and arthropod availability and ar-
gued that birds used cultivated fields in relation to al-
falfa (Medicago sativa) cover. In our study area, the
main crop was wheat, which is probably less attractive
for houbara bustards than alfalfa. In addition, these
artificial habitats were probably less secure than other
habitat types, since they were distributed close to
roads, villages and isolated farms. Furthermore, a re-
cent study in the same area highlighted the negative
impact of the human presence on houbara bustard
distribution (Le Cuziat et al. 2005).

Conservation implications

In eastern Morocco, concern over the decline of the
houbara bustard led in 1996 to the establishment of the
Emirates Center for Wildlife Propagation (ECWP)
near Missour. The aim of the ECWP is to secure self-
sustaining wild populations and it has identified as re-
search priorities the ecology and behaviour of wild
populations, and the study of their habitats (Lacroix
2003). Studying a species’ mating system and assessing
mechanisms of male and female habitat selection, as
well as the processes determining choice and the role
of resources, is obviously of value for conservation
(Hoglund 1996; Morales et al. 2001).

Our study showed that male and female habitat
requirements were not similar. Thus, conservation
measures directed to increase female breeding success
might be different from those associated with male
occurrence.

In terms of habitat management, we showed that
birds preferred temporarily flooded areas and avoided
fields because of human disturbance. To date, fields
account for approximately only 0.5% of the study area,
and temporarily flooded areas 13% (Table 1). As
farmers cultivate within temporarily flooded areas for
their deep soil properties and higher moisture level
(Fig. 1), we must pay attention to a possible expansion
of cultivated areas which may lead to a loss of suitable
habitats and an increase in human disturbance (Le
Cuziat et al. 2005).

In terms of population management, the houbara
bustard remains the favoured quarry of Arab falconers
in eastern Morocco and excessive hunting is thought to
be the major cause of population decline (Collar 1980;
Goriup 1997; Bailey et al. 1998). Effective control of
hunters is difficult and we do not have accurate esti-
mates of past and present hunting pressures. An
unpublished report by the local forestry authority
(Ministere Délégué Chargé des Eaux et Foréts) related
that falconers took on average 121 houbara bustards
each year around Missour between 1983 and 1997
(range 35-443). On Al Baten, point-counts conducted
in winter 2001 showed a density of 0.14 houbara bus-
tards per km?> (ECWP, unpublished data). Further-
more, Hingrat et al. (2004) reported that about 40 adult
males displayed on traditional display sites in spring
2001. In view of the low population density, the
breeding site fidelity of birds and their low reproduc-
tive rates, repeated hunting in the same area, without
any game management, could have drastic effects on
residual populations and rapidly lead to their local
extinction. Fortunately, on Al Baten, hunting stopped
following the creation of the ECWP and the area has
been protected since 1996 (Lacroix 2003). In 1996, 10
displaying males were counted on the area compared
to more than 50 today (ECWP, unpublished data),
indicating a probable local increase of the population
density.

However, a local increase in density is a poor indi-
cator of population health, especially in lekking spe-
cies. As pointed out by Alonso et al. (2004) for the
lekking great bustard (Otfis tarda), the fidelity to tra-
ditional sites and the strong conspecific attraction of
birds might increase extinction risks. When a lek dis-
appears, individuals do not tend to colonise vacant
suitable areas but might concentrate in already occu-
pied ones, i.e. joining remnant leks (Alonso et al.
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2004). The result is an increased concentration of
populations and, consequently, a greater vulnerability
of the species to local catastrophes (Alonso et al. 2000,
2004).

Because of the importance of breeding sites in this
lekking bird, leks should be recognised as priority areas
for conservation planning, and we urgently need
intensive surveys throughout eastern Morocco to lo-
cate traditional display sites.

Zusammenfassung

Habitatnutzung und Paarungssystem der
Kragentrappe (Chlamydotis undulata undulata) in
einer Halbwiiste Nordafrikas: Konsequenzen fiir
ihren Schutz

Untersuchungen zu Bewegungsmustern und Grofie
der Streifgebiete der Kragentrappe zeigten ge-
schlechts- und jahreszeitenabhingige Unterschiede in
der Flichennutzung mit einem polygynen Paarungs-
system, das dhnlich einem Typ ‘“‘erweiterte Balzarena”
oder einer Ressourcenverteidigungs-Polygynie ist, aber
bisher noch nicht gekldrt war. Wir verwendeten die
Arthropoden-Biomasse als Index fiir die trophische
Qualitdt von sechs definierten Habitaten, und wir
telemetrierten sieben Weibchen und 13 Méinnchen, um
zu untersuchen, ob jahreszeitliche Variation in der
Habitatnutzung mit der Verfiigbarkeit von Ressourcen
zusammenhing, und um festzustellen, ob fiir briitende
Weibchen kritische Ressourcen von Miénnchen
monopolisiert wurden. Wir untersuchten die Habit-
atwahl in beiden Geschlechtern getrennt. Die Zu-
sammensetzung des Habitattyps in Pufferzonen um die
telemetrierten Aufenthaltsorte herum nutzten wir, um
jahrliche und saisonale Habitatwahl und bevorzugte
Habitate mit einem y°-Anpassungstest zu untersuchen.
Habitatnutzung zwischen Geschlechtern und zwischen
Jahreszeiten verglichen wir mit einer MANOVA auf
der Grundlage von log-Verhiltnissen von Habit-
atanteilen. In allen Jahreszeiten schienen beide Ge-
schlechter signifikant selektiv zu sein fiir bestimmte
Habitate, gemessen an ihrer Verfiigbarkeit. Jedoch
mieden Minnchen Espartogras, wiahrend Weibchen
alle Habitate nutzten. Die Habitatnutzung unterschied
sich zwischen den Geschlechtern wihrend der
Brutsaison, aber nicht auferhalb. Im Friihjahr, wenn
Nahrung reichlich und gleichméfig verteilt war,
bevorzugten Mainnchen zweitweilig iiberflutete
Gebiete, und Weibchen bevorzugten Gebiete mit hohen
mehrjéhrigen Pflanzen, die sowohl Nahrung als auch
Deckung fiirs Briiten boten. Kritische Ressourcen
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wurden von den Minnchen nicht monopolisiert und
das Paarungssystem erfiillte die Definition des Typs
“erweiterte Balzarena”. Balzarenen spielen eine
Schliisselrolle bei der Fortpflanzung und sollten bei
zukiinftigen SchutzmaBBnahmen beriicksichtigt werden.
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