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ABSTRACT. Foraging strategies and diet selection play an essential role in individual survival and reproductive success. The study
of feeding ecology becomes crucial when it concerns endangered species such as the Little Bustard (7etrax tetrax), whose populations
are suffering strong declines as a consequence of agricultural intensification. Despite the fact that several populations are overwintering
in areas affected by agricultural transformation, nothing is known about how feeding behavior responds to these changes. We studied
for the first time the winter diet composition of the Little Bustard in Spain and compared it between areas with two different farming
systems: dry and irrigated farmland. Diet was studied through the micro-histological analysis of 357 droppings collected in 16
locations across the wintering range of the Little Bustard in Spain. Up to 62 plant species were identified. Most consumed species
were cultivated legumes (46.7%) and dicotyledon weeds (45.6%), while monocotyledons were scarcely consumed (7.7%). Diet
composition differed significantly between dry and irrigated farmland areas. In irrigated areas, diet was mainly composed of legumes,
in particular alfalfa (Medicago sativa). In contrast, in dry farmland areas diet was more diverse, composed mainly of weeds
(Compositae, Papaveraceae, and Cruciferae) and also cultivated legumes, particularly vetch (Vicia sativa). These results suggest that
legume crops could be an effective measure to improve habitat quality in areas with scarce food resources. However, in the case of
irrigated areas, the strong reliance on alfalfa could make the Little Bustard more vulnerable to changes in land use. This study is the
first step to understand the winter trophic requirements of the endangered Little Bustard, but further research is necessary to
understand the food requirements of this species during the entire annual cycle.

Régime alimentaire d'un oiseau de steppe en diminution, I'Outarde canepetiére (Tetrax tetrax), en
lien avec les pratiques agricoles

RESUME. Les stratégies d'alimentation et le choix du régime alimentaire jouent un role essentiel dans la survie et le succés
reproducteur d'un individu. L'étude de 1'écologie alimentaire revét une importance cruciale lorsqu'il s'agit d'une espece en voie de
disparition telle que 'Outarde canepetiére (Tetrax tetrax), dont les populations subissent des diminutions trés marquées en raison de
l'intensification des pratiques agricoles. Malgré le fait que plusieurs populations hivernent dans des endroits ou se produisent des
changements agricoles, on ne sait pas comment les oiseaux adaptent leur comportement alimentaire face a ces changements. Nous
avons étudié pour la premiere fois la composition du régime alimentaire hivernal de 'Outarde canepetiére en Espagne, et I'avons
comparée dans deux systémes agricoles : des terres cultivées séches ou irriguées. Le régime alimentaire a été¢ examiné au moyen de
l'analyse micro-histologique de 357 féces récoltées sur 16 sites répartis dans l'aire d'hivernage de l'outarde en Espagne. Nous avons
identifié 62 plantes. La plupart des especes végétales consommeées étaient des Iégumineuses cultivées (46,7 %) ou des mauvaises herbes
dicotylédones (45,6 %); les monocotylédones n'ont été que trés peu consommeées (7,7 %). La composition du régime alimentaire a
grandement différé entre les secteurs de terres séches ou irriguées. Dans les secteurs de terres irriguées, le régime était principalement
composé de légumineuses, surtout de luzerne (Medicago sativa). A 'opposé, dans les secteurs de terres séches, le régime était plus
diversifié; il était essentiellement composé de mauvaises herbes (Compositae, Papaveraceae et Cruciferae) et de 1égumineuses cultivées,
surtout de vesce (Vicia sativa). Nos résultats indiquent que la culture de 1égumineuses pourrait représenter une mesure efficace pour
améliorer la qualité de 'habitat dans les secteurs ou les ressources alimentaires se font rares. Toutefois, dans le cas des secteurs irrigués,
la forte dépendance a la luzerne pourrait rendre cette outarde particulierement vulnérable aux changements dans l'utilisation des
terres. La présente étude est une premicre étape dans la compréhension des besoins trophiques de I'Outarde canepetiére en hiver, et
d'autres recherches sont nécessaires si I'on veut comprendre ses besoins alimentaires durant la totalité de son cycle annuel.
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Table 1. Averaged (£SD) habitat composition and configuration of the study sites grouped by irrigated and dry farmland areas.

Irrigated areas Dry farmland areas ~ Mann Whitney U-test p
(n=38) (n=8)
Habitat configuration
Shannon index habitat 1.6£0.2 1.510.3 54 0.024
Field size (ha) 1.3t1.4 2.5%1.6 9 0.015
Land uses (%)
Fallow 4.0£2.6 6.11£6.2 27 0.645
Sown cereal 9.4%5.1 50.8%£18.0 1 <0.001
Ploughed 31.0+18.6 15.0%11.5 50 0.065
Maize stubble 11.5+7.5 -
Cereal stubble 2.0£3.7 26.1+25.3 9.5 0.018
Fruit-tree orchard 18.3+£14.9 -
Legume crops’ 19.4+10.2 0.9£1.6 64 <0.001
Olive and vineyard 3.1£3.2 1.2+1.9 47 0.122

"Legume crops in irrigated areas corresponded to irrigated alfalfa crops (Medicago sativa), whereas in dry farmland, corresponded

to dry legume crops of Vicia sativa, Vicia spp and Pisum sativum.

INTRODUCTION

The Little Bustard, Tetrax tetrax, is a medium-sized Paleartic
steppe bird from the Otididae family that has suffered a strong
population decline during the last century. It is classified as “near
threatened” at the global scale and “vulnerable” in Europe
(BirdLife International 2004, 2016). Nowadays, a significant
proportion of the world’s population is concentrated in the
Iberian Peninsula (Garcia de la Morena et al. 2006, Iiigo and
Barov 2010), where it inhabits extensive pastures and cereal
farmland (Martinez 2008). Studies determining habitat selection
and population trends suggest that the species population decline
has been mainly caused by recent agricultural changes affecting
their foraging habitats (Goriup 1994, Wolff et al. 2001,
Bretagnolle et al. 2011). Land irrigation is one of the most
important alterations in agricultural farmland, mainly through
crop change and intensification, and it is considered one of the
major threats for the conservation of this steppe bird (Brotons et
al. 2004). The negative effect of agricultural transformation
through irrigation schemes has been reported in Little Bustard
and several steppe species (Tella and Forero 2000, Brotons et al.
2004, De Frutos et al. 2015). However, although landscape
transformations and other potential threats in their areas are
thought to contribute to this decline, it is unknown how the
feeding ecology of Little Bustards is affected by these changes. In
fact, although there are numerous studies on Little Bustard
ecology, little is known about the species’ diet. Little Bustards are
omnivorous, their diet consisting mainly of green plant material
followed by arthropods and seeds (Cramp and Simmons 1980).
The only previous studies on the diet of the Little Bustard were
carried out in Russia during the breeding and postbreeding
seasons (Shlyakhtin et al. 2004) or focused only on the animal
component (Jiguet 2002). Most studies of Little Bustard ecology
have focused on breeding and postbreeding ecology (Martinez
1994, Salamolard and Moreau 1999, Wolff et al. 2001, 2002, Silva
et al. 2007, Morales et al. 2008, 2013, Traba et al. 2008, Delgado
et al. 2010), but little information is available on its habitat
requirements during winter (but see Silva et al. 2004, Garcia de

la Morena 2016), when it is congregated in large flocks and food
availability could be a critical factor. Indeed, winter diet
composition, which is presumably mostly herbivorous, is
completely unknown.

We studied for the first time the winter diet composition of the
Little Bustard in two of the main wintering areas for the species
in Spain (Ebro valley and Southern Plateau; Garcia de la Morena
et al. 2006). Furthermore, we explored the effects of irrigation
schemes on diet composition. To do this, we compared the diet
composition between areas under two different farming systems:
dry and irrigated farmland. Our studied dry farmland areas were
characterized by cereal crops in a two-year rotation system, which
generates a mosaic-like agricultural landscape of stubbles,
ploughs, fallows, and sown cereal, along with to a lesser extent,
other crops such as legumes, olive groves, and vineyards. On the
contrary, irrigated farmland areas were dominated by intensively
managed herbaceous crops, e.g., maize, alfalfa (Medicago sativa),
and irrigated cereal, along with fruit-tree orchards, and
characterized by smaller field sizes, and thus greater amount of
field margins, than dry farmland (Table 1). Based on the different
characteristics of each system, we hypothesized that Little
Bustards should change their feeding behavior with the conditions
of each agroecosystem. On the one hand, because the Little
Bustard strongly selects legume crops (Martinez 1994,
Salamolard and Moreau 1999, Bretagnolle et al. 2011), we
expected that their diet should be mainly composed of legumes,
especially in irrigated landscapes where legume crops of alfalfa
are highly available. On the other hand, optimal foraging theory
proposes that as a preferred resource becomes scarce, individuals
tend to open their trophic niche behaving as opportunistic
(Stephens and Krebs 1986), hence in areas with low legume
availability such as dry farmland, we expected that diet diversity
of Little Bustards should be higher. We provide a more
comprehensive understanding of the winter requirements of the
Little Bustard, and other herbivorous birds inhabiting cultivated
farmland in a rapidly changing environment. In this context, the
study of the feeding behavior of an endangered species could be
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Fig. 1. Map of the study area showing the irrigated sampling sites (1: Anglesola; 2: Arbeca; 3: Castellnou de
Seana; 4: Torregrossa; 5: Miralcamp; 6: El Poal; 7: Sidamon; 8: La Puebla de Montalban) and the dry farmland
sampling sites (9: Campo de Calatrava; 10: Campo Real; 11: Valdepiélagos; 12: Cobeiia; 13: Daganzo de Arriba;
14: Valdetorres de Jarama; 15: Villanueva de la Torre; 16: Torrejon de Velasco). Agrarian land-use composition
in 1500 m buffers around the point of dropping collection is shown for two of the 16 sampling points (Torrejon
de Velasco and Arbeca), as an example of each farmland system.
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an essential tool to reverse its negative trend. A precise knowledge
of the diet of species living in changing environments can help to
identify key environmental resources for designing reliable
conservation strategies.

METHODS
Study area

The study was conducted onirrigated and dry wintering farmland
areas within the Spanish Little Bustard range, where populations
of the species have been intensively studied (Fig. 1; Garcia de la
Morena et al. 2007, Ponjoan et al. 2012, Tarjuelo et al. 2013).
Irrigated farmlands were covered by a large variety of crops,
although dominated by winter-sown cereal and maize crops, as
well as alfalfa fields and fruit-tree orchards (Table 1). Sampling
of theseirrigated areas was carried out in seven locations of Lleida
Plains (Anglesola, Arbeca, El Poal, Torregrossa, Castellnou de
Seana, Sidamon, Miralcamp), situated on the northeastern edge
of the Ebro Valley and dominated by small fields linked to gravity-
irrigated agriculture, and one location in the Tagus valley (La
Puebla de Montalban) sited in the Iberian Southern Plateau,
dominated by largepivot-irrigated fields. Dry farmland was
mostly dedicated to cereal production (> 80%), with some olive
groves, vineyards, and leguminous crops (Vicia sativa and Vicia
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spp.; Table 1). Sampling of the dry farmland area was carried out
in eight locations of the Southern Plateau in Madrid,
Guadalajara, and Ciudad Real provinces (Valdepiélagos,
Valdetorres de Jarama, Cobefia, Daganzo de Arriba, Campo
Real, Villanueva de la Torre, Torrejon de Velasco, Campo de
Calatrava).

Diet analysis

The diet was studied using 357 droppings collected in late
November—January between 2003-2013 (Table Al.1.), in the
above-mentioned eight irrigated and eight dry farmland sites
within the study area (Fig. 1). On each site, fresh droppings were
collected at roosting sites at dawn from cereal sown (25.5%),
stubble (37.7%), and leguminous crops (36.8%). Each morning,
we randomly collected 13.2+5.1 (meantSD, range: 6 - 25) fresh
individual droppings per flock (127.5£182.1 individuals per flock,
range: 13 - 500). To avoid pseudo-replication, we collected fewer
droppings than individuals per flock and only those that were at
least 10 m apart. Each dropping was individually stored in a
labeled bag, oven-dried at 60°C within 48 hours, and weighed
afterward (accuracy: 0.001 g).

Each dropping was partitioned into green plant material,
arthropods, and seeds with the aid of a binocular microscope
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(20%). These components were weighed separately and the dry
weight proportion calculated per dropping. Plant species were
identified and quantified by micro-histological techniques using
our reference collection of tissues from the study area (Bravo et
al. 2016; C. Bravo, O. Jordi, F. Cuscé and S. Manosa 2016,
unpublished data). From each sample, 80 fields, i.e., the visible
circle that is observed through the microscope, were examined
with a microscope (40X), recording the presence or absence of
each plant species. We calculated the diet composition as the
occurrence percentage of each plant species per dropping, OD =
n,*100/80, where n, is the number of microscope fields in which
species i occurred in the 80 microscope fields. All identified plants
and their occurrence percentage in the diet (OD) are shown in
Table A1.2.

Habitat configuration and land uses

To describe habitat configuration and proportion of land-use
types of the study area, we delimited a 1500 m buffer around each
dropping collection site (n = 16). Based on ecology movement of
the Little Bustard in the study area (F. Cuscd and S. Maiiosa 2016,
unpublished data, personal observation), we assumed that this
buffer provides characteristic information of the feeding areas on
each sampling point. Indeed, habitat configuration and
proportion of land-use types were also calculated for buffers of
1000 m and 500 m radius to determine whether results were
sensitive to radius choice. Because similar results were obtained,
only results of 1500 m radius are presented. In each buffer area,
the habitat composition was assessed by recording the land-use
type in each field and calculating the proportion of different land-
use types using ArcView 10.2.2 (ESRI 2014). The land-use types
considered were sown cereal crops, cereal stubbles, maize stubbles,
ploughs, fallows, irrigated legume crops (Medicago sativa), dry
legume crops (Vicia sativa and Vicia spp.), olive and vineyards,
fruit-tree orchard crops, and nonused land (shrubland,
infrastructures, etc.; Table 1). Farmers usually plow stubble
during this period. To record the land-use types actually available
for foraging Little Bustards, land-use data were collected on the
same day or a few days around the date of dropping collection.
Habitat configuration on the same buffer areas were estimated
using FRAGSTATS 4.2 (McGarigal et al. 2012) by calculating
the following variables: (i) habitat diversity (SHDI; computed
using the Shannon index and considering the proportional
abundance of each land-use types); and (ii) mean field size (ha)
as a measure of edge density.

Statistical analysis

We examined the overlap in diet composition (percentage of each
plant species per dropping) between and within dry and irrigated
farmland areas using nonmetric multidimensional scaling
(NMDS). NMDS is an ordination technique that uses a Bray-
Curtis matrix of ranked similarities and displays samples in low-
dimensional space while retaining as nearly as possible the
similarity rankings between groups. We chose this method for the
following reasons: (i) avoids the assumption of linear
relationships among variables; (i) nonnormal and nonlinear data
can be used; and (iii) the ordination based on ranks relieves the
“zero-trucation problem” (McCune and Grace 2002). The stress
criterion was used to evaluate goodness of fit for the final NMDS
model. NMDS results were considered to represent a useful model
if two-dimensional stress was less than 0.2 (Kruskal 1964, Clarke
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1993). We then used analysis of similarities (ANOSIM), a
nonparametric test that uses permutations to calculate
significance between groups, to determine if there were differences
in diet composition of dry and irrigated farmland area. The test
statistic was the global R, which can range from -1 to +1, with a
value close to -1 indicating that the variation within groups is
higher than the variation between groups and a value close to +1
indicating that the variation between groups is higher than the
variation within groups (Clarke 1993). If a significant result (p <
0.05) was obtained using ANOSIM, we used analysis of similarity
percentages (SIMPER) to determine which particular plant
species were responsible for the dissimilarity between areas
(Clarke 1993). All analyses above were conducted with vegan
package for R 2.15 (Oksanen et al. 2013).

Diet diversity in the droppings was calculated using the Shannon
diversity index H' = -Y(pi ‘In pi), where pi is the proportion of
species i (plant, animal and seed species) per dropping.
Differences in diet diversity between dry and irrigated farmland
areas were analyzed by the nonparametric Mann-Whitney U test,
based on the mean diversity per sampling site. Also, differences
of diet diversity amongsamplingsites of dry farmland and among
sampling sites of irrigated farmland were analyzed by Kruskal-
Wallis test followed by Dunn’s post hoc multiple comparison test.
Differences in habitat configuration variables, land-use
availability, and differences in dry weight of droppings in the two
agroecosystems were analyzed by means of a nonparametric
Mann-Whitney U test. Results are reported as mean+SD in the
text and tables; and meantSE in the figures.

RESULTS

Dry weight of droppings was 0.95£0.86 g, showing no differences
between the two agrosystems (Mann-Whitney U = 16573, p =
0.43). The dry weight proportions of droppings were 99.998% of
green plant material, 0.001% of arthropod, and 0.001% of seeds.
Most droppings were composed exclusively of green plant
material (96.4%), whereas only 2.8% and 0.8% of total droppings
contained arthropod and seed remains, respectively.

Up to 62 plant species were identified, with an average of 64
species per dropping and 15.8%9.8 species per sampling area (n
= 16). Overall, most species were cultivated legumes (46.7% of
diet composition) and weeds (45.6% of diet composition), with
reduced presence of graminoid species (7.7% of diet composition;
Table Al.1). Arthropod remains corresponded to Coleoptera and
Hymenoptera (Formicidae), 2.2% and 0.6% of droppings,
respectively. Seeds belonged to undetermined weeds, but did not
belong to any cultivated cereal or legume.

Among plants, the high consumption of cultivated legumes was
highlighted (83.2% of total legumes), mainly Medicago sativa and
Vicia sativa. Among weeds, Compositae, Papaveraceae, and
Cruciferae were the most frequent families consumed (Table
A1.1). The main species eaten were Anacyclus clavatus, Papaver
rhoeas, Capsella bursa-pastoris, Diplotaxis erucoides, and
Convolvulus arvensis (Table A1.2). Regarding graminoid plant
species, Hordeum vulgare was the most common in the diet of
Little Bustard (4.9% of diet composition; Table A1.2).

The NMDS analysis of the diet composition showed a clear
spatial separation between diet composition of dry farmland and
irrigated areas (Fig. 2). This was statistically verified with
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ANOSIM test, which showed a significant difference in the degree
of separation between the two assemblages (R = 0.56, p < 0.05).
An additional post hoc analysis, SIMPER, found that the 38% of
the dissimilarity between the assemblages was attributed to the
proportion of Medicago sativa, 11.7% attributed to Capsella
bursa-pastoris, and 6.8% to Vicia sativa. Among dry farmland
sampling sites, ANOSIM test showed no significant difference in
the degree of separation between assemblages of dry farmland
sites (R =-0.011, p > 0.05). Also among irrigated sampling sites,
ANOSIM test showed no significant difference in the degree of
separation between assemblages of irrigated sites (R = -0.072, p
> 0.05).

Fig. 2. Nonmetric multidimensional scaling (NMDS) plot
representing diet similarity for dry farmland (dark grey) and
irrigated areas (light grey).
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Diet diversity was significantly higher in dry farmland area (H":
1.3410.47) than in irrigated area (H": 0.59%0.33, Mann-Whitney
U =2938.5, p < 0.001). Diet in irrigated areas mainly consisted
of legumes (67.1£28.3% of diet composition), followed by
Cruciferae (25.2£25.5% of diet composition; Fig. 3), whereas in
dry farmland area diet was characterized by the presence of
species from Leguminosae, Compositae, Papaveraceae, and
Cruciferae species (Fig. 3). Among irrigated areas, diet diversity
was significantly different between sampling sites (H, = 131.5, p
<0.05); being Arbeca and El Poal significantly more diverse than
Anglesola, Castellnou de Seana, and La Puebla de Montalban
(Dunn’s test p < 0.05). Whereas among dry farmland areas, diet
diversity was also significantly different between sampling sites
(H,=39.4,p<0.05); being Campo de Calatrava and Campo Real
significantly more diverse than the remaining sites, except
Torrejon de Velasco (Dunn’s test p < 0.05).

DISCUSSION

In agreement with previous studies conducted in France and
Russia (Jiguet 2002, Shlyakhtin et al. 2004) on the diet in the
breeding and postbreeding seasons, the winter diet of the Little
Bustard in Spain fundamentally consisted of green plant material,
mainly cultivated legumes (46.7%) and weeds (45.6%).
Monocotyledon species were only seldom consumed (< 8%), in
accordance with what has been reported for related species, such
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as the Great Bustard (Lane et al. 1999, Bravo et al. 2016). This
low consumption is remarkable because the availability of wild
or cropped monocotyledons is very high in the studied farmland
habitats, and is probably the consequence of its low digestibility
and nutritional value compared to weeds and legumes (Smith et
al. 1972).

Fig. 3. Percentage (meantSE) of the main plant families in the
diet of Little Bustards (7etrax tetrax) in irrigated (white
columns) and dry farmland areas (grey columns) in Spain.
Infrequent families (Caryophyllaceae, Boraginaceae,
Dipsacaceae, Euphorbiaceae, Malvaceae, Plantaginaceae,
Primulaceae, Resedaceae, Rubiaceae, Scrophulariaceae) have
been grouped in the “other” category.
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Microhistological analysis is a method widely used to assess diet
composition of herbivorous species (La Morgia and Bassano
2009, Blanco-Fontao et al. 2010, Whitney et al. 2011, Kobayashi
and Takatsuki 2012, Xu et al. 2012, Freschi et al. 2014). However,
results from microhistological analysis of droppings could have
a potential bias derived from differential digestibility of plant
species. For example, graminoids or ligneous species are generally
over-represented in faecal samples (Vavra and Holechek 1980,
Alipayo et al. 1992). Our results showed that diet consisted mainly
of dicotyledon weeds, with smaller proportion of graminoids.
Therefore, unless there are large differences in digestibility
between dicotyledon weed species of our study area, our results
should not differ significantly from the composition of true diet.
In any case, any potential bias should not affect the comparisons
between farming systems, which supports the reliability of our
conclusions. On the other hand, although our sample of
droppings was collected over a long period of time, sample size
did not allow to test for interannual variation. Nevertheless, this
study is the first step to understand the trophic requirements of
Little Bustards and further studies are needed to address the
changes in diet across years as agricultural intensification and
land-use changes are the main threat to this species.

Cultivated legumes were an important winter food resource for
Little Bustard in both irrigated (67%, alfalfa) and dry farmland
(26%, mainly vetch Vicia sativa). This was not surprising on
irrigated farmland, where alfalfa covers up to 19% of land (Table
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1), but it was somehow unexpected on dry farmland, with only a
meagre 1% of legume crop availability (Table 1). This indicates a
strong preference for feeding on legumes, as already suggested by
the reported selection of legume crop areas exhibited by the Little
Bustards (Martinez 1994, Salamolard and Moreau 1999,
Bretagnolle et al. 2011).

In spite of this apparent preference for cultivated leguminous
plants, noncultivated plants were also very important in the winter
diet of the Little Bustard. This dominance of weeds was
remarkable on dry farmland, where Anacyclus clavatus, Papaver
rhoeas, Diplotaxis erucoides, and Capsella bursa-pastoris formed
the bulk of the diet. But it was somehow surprising in irrigated
habitats, where the Little Bustards consumed a remarkable 32%
of noncultivated plants despite that alfalfa crops seemed to
provide a virtually unlimited high quality food supply. We
hypothesized that nutrient requirement cannot be met from a
single plant species (Stephens and Krebs 1986, Raubenheimer
and Simpson 1997) and, consequently, Little Bustards try to
incorporate a greater variety of plant species in their winter diet
to meet a complete range of nutrient needs.

The fact that there were no significant differences in diet
composition between sampling sites among irrigated areas, or
among dry farmland areas, suggests a consistent feeding behavior
within each agroecosystem, regardless of the region (Ebro Valley
or Southern Plateau), hence highlighting the robustness of the
pattern described and indicating that diet composition varied
between agrarian systems rather than between regions. Likely
these differences in diet were the consequence of different land-
use availability between agrosystems (Table 1). On dry farmland
areas, diet composition was much more diverse, being composed
mainly of weeds and legumes. These plants were probably
provided by cereal stubble (Table 1), which hold higher availability
of weeds (Ponce et al. 2014; personal observation). Also, the higher
global dietary diversity on dry farmland areas was both the result
of a higher between and within site variation (Figs. 2 and 3, Table
Al.1). At some sites, such in Valdepiélagos and Valdetorres,
cultivated legumes in diet were dominant (Table A1.1), because
in these areas there was about 2% of surface occupied by V. sativa
crops provided by the agri-environmental scheme programs
(Ponce et al. 2014). In other areas, where these crops were less
available, diet was more diverse, based on a mixture of legumes
and weeds (Campo Real, Villanueva de la Torre), cereals and
weeds (Cobena), or mainly on weeds (Campo de Calatrava,
Daganzo de Arriba, and Torrejon de Velasco), likely depending
on the land-use composition on each site. The Little Bustard
therefore seems to follow the prediction of optimal foraging
theory, which proposes that diet diversity decreases as the
abundance of the preferred resource increases (Stephens and
Krebs 1986). On the contrary, in irrigated areas, despite having
higher edge density and habitat diversity (Table 1), which could
counteract a potentially constrained diet by providing a wider
variety of food resources (Ottens et al. 2014), the dietary spectrum
and diet diversity were always low, mainly composed of legumes
alfalfa or, in one location (Miralcamp), cruciferae (Figs. 2 and 3,
Table A1.1). Therefore, we cannot preclude the possibility that
the low diversity in the diet of Little Bustard in irrigated farmland
is reflecting the reduced availability of alternative resources as a
consequence of agricultural intensification as has been reported
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in other species (Britschgi et al. 2006, Moorcroft et al. 2006,
Cardador et al. 2012).

Although cultivated legumes seem to provide a good food
resource for Little Bustards in winter, we would like to warn about
some potential drawbacks of this dependence. First, the strong
reliance on legumes as a winter food resource, particularly in
irrigated areas, could result in a vulnerable system, being very
sensitive to changes in land uses, because of the lack of alternative
suitable food resources. Alfalfa crops seem to act as a habitat-
island surrounded by unsuitable habitat for Little Bustards, such
as fruit-tree orchard and ploughs (Silva et al. 2004), hence a
decrease in the surface of alfalfa or isolation from each other
could entail the abandonment of the area by the Little Bustard
(Saunders et al. 1991, Brotons et al. 2004), as has been recently
described by Morales et al. (2015) for the Tagus valley. Second,
the benefits of a diverse diet on the fitness, growth, or survivorship
has been reported for several species, particularly herbivorous
ones (Lefcheck et al. 2013) so it is likely that a narrow diet
composed mainly of alfalfa does not meet the complete range of
nutrients needed by Little Bustards. In fact, as stated above, our
results suggests that, even in alfalfa-dominated areas, a high
proportion of weeds are included in the diet, suggesting that the
Little Bustard needs to equilibrate their winter diet with a variety
of plants. Finally, alfalfa monocultures are intensively managed
crops, involving the use of high amounts of pesticides (Barker et
al. 1980, Almacellas and Perdiguer 2007, Cantero and Moncunill
2012). It is well known that the use of these compounds has direct
or indirect effects on avian wildlife, compromising bird survival
or breeding success because of intoxication by the ingestion of
contaminated food, soil, or water (Fry 1995, Lemly et al. 2000).
Thus, the potential negative effects that a high reliance on alfalfa
as a winter food resource may have on the Spanish Little Bustard
population and those of other farmland birds deserve further
attention from an ecological, nutritional, and toxicological point
of view. In the meantime, although the effectiveness of providing
legume crops as a measure to increase habitat quality and carrying
capacity for bustards in agricultural landscape has been well
established (Wolff et al. 2001, Ursua et al. 2005, Bretagnolle et al.
2011, Kovacs-Hostyanszki and Baldi 2012, Ponce et al. 2014), we
suggest that these crops should be included within a web of a
diverse habitat matrix providing different suitable and
complementary habitats such as fallow land (Silva et al. 2004) to
supply alternative and varied food resources.

To summarize, our results show that Little Bustards show a great
trophic plasticity, being able to change their foraging behavior
with the conditions prevailing on each agrarian system. The
conservation of this species in Spain requires the adequate
management of agricultural farmland aiming to meet its food
requirements. In winter, this would involve providing diversified
landscapes, containing large amounts of wild or cropped legumes,
but also many weeds to complement the diet. In areas dominated
with cultivated legumes, fallow land should be promoted. On the
contrary, on cereal- and fallow-dominated areas, plots of legume
crops should be provided. Finally, practices associated to the
intensive treatment of fallows such as repeated tillage of rotatory
fallows should be avoided. This study is the first step to improve
our knowledge about feeding behavior of the Little Bustard in a
changing farmland environment. However, there is still much
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work to be done to understand to what extent the variable
availability of trophic resources might explain the decline of Little
Bustard populations in Spain. This requires improving our
knowledge of the species feeding behavior during the breeding
season and identifying the trade-offs between food intake and
fitness.

Responses to this article can be read online at:
http://www.ace-eco.org/issues/responses.php/938
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Appendix 1: Supplemental material for the paper "Diet composition of a declining steppe bird, the Little bustard (Tetrax tetrax), in relation to
farming practices™ by Carolina Bravo, Francesc Cuscd, Manuel B. Morales and Santi Mafiosa

Table Al. 1. Diet diversity (H') and green plant families identified in Little Bustard diet sorted by irrigated and dry farmland area. Diet composition is shown as

the average (£SD) percentage of microscope fields with presence of each family per dropping. Infrequent families (Caryophyllaceae, Boraginaceae, Dipsacaceae,

Euphorbiaceae, Malvaceae, Plantaginaceae, Primulaceae, Resedaceae, Rubiaceae, Scrophulariaceae) are grouped in "other" category. N represents the total
number of collected droppings and Date represents date of collection.

Diversity Cultivat_ed Weedy Culti\_/ated We(_edy Papave- Compositae Cruciferae Convolvu- Labiatae = Other
Date N (H legumi- legumi- gramineae gramineae  raceae (%) (%) laceae (%) (%)
nosae (%) nosae (%o) (%) (%) (%) (%)

Irrigated area 138 0.6 £0.2 67.0£284 0.1+0.1 07 + 17 09+11  1.2+16 20424 2524255 0.1+0.5 1.4+34 15421
1. Anglesola Jan. 2013 20 04 +0.3 86.7+11.5 05+ 21 0.1+0.3  9.3%8.3 24+38 1.1+23
2. Arbeca Nov/Dec. 2011/12 20 0.8 +0.2 60.6+14.2 0.2+0.6 0.1 +0.3 0.4+0.9 3.9+39 31.8+148 04+1.1 07429 2.1+4.1
3. Castellnou S. Jan. 2012 10 0.3+0.3 90.0+10.6 49 + 9.6 0.1+04  0.2+08 3.3+5.2 1.2#15 0.2+05
4. Torregrossa Dec. 2011 10 0.7+04 79.1+12.7 0.8+1.6 1.7+2.9 0.1+0.4 9.3+5.5 0.1+0.4 8.0£53 1.0+1.2
5. Miralcamp Nov. 2011 13 0.6 + 0.4 0.8+2.0 0.3+0.5 0.1+04 25+46  2.6+7.0 5.2+55 83.9+12.8 0.3+0.8 3.0+50 1.3+16
6. El Poal Nov. 2013 10 0.8 +0.2 68.4+10.6 1.6+49  4.3+52 14425 23.9+7.9 05+1.1
7. Sidamon Jan. 2012 10 0.7 +05 72.4+30.7 23+64  0.0+0.0 55+4.7 18.0+20.0 0.2+05 1.7+29
8. La Pueblade M. Dec/Jan. 2003/05 45 05+ 0.3 77.3+13.2 0.0+0.1 05+09  0.1+04 0.0+0.3 21.8+12.7 02405 0.1+0.2
Dryland area 219 1.3+ 0.4 265+284 2.0+42  11.0 + 106 2.8+25  8.3+19.2 16.3+152 21.6+15.1 1.5+5.1 6.3+13.2 3.9+34
9. C. de Calatrava Dec. 2011 84 1.7+0.3 15.4+14.7 12.0+104 0.0 £ 0.2 1.3+14  9.4+95  29.3+20.7 23.0+17.2 1.6+4.5 49+97 3.2+38
10. Campo Real Nov. 2012 8 1.7 £0.2 20.8+20.0 0.2 +04 70+38  0.2+0.4 1.942.1 35.0+11.1 1.0+0.9 27.9+16.3 6.1+7.4
11. Valdepielagos Jan. 2012 15 0.7 £0.2 69.6+16.0 268 + 169 09+14 09426  0.2+0.6 02404 1.6+3.1
12. Cobefia Dec. 2011 10 1.3+0.3 0.4+0.8 32+30 223 +165 15+22 21.8+17.4 47.1+159 26+45 0.140.4 1.1+0.8
13. Daganzo de A. Jan. 2011 17 12+0.2 1.5+6.4 0.3£0.7 146 £ 103 0.8+16 55.2+12.6 158+12.6 9.5+9.9 0.1+0.6 05+1.2 1.7+29
14. Valdetorres J. Jan. 2010 25 0.9 + 0.4 70.6+23.2 47+54 7.3+85 13.7+15.2 32463 0.6+2.0
15. Villanueva T.  Dec/Jan. 2011/13 54 1.2 + 0.4 259+239 06+33 160+ 256 55+76  0.6+2.2 8.1+8.7 28.6+26.5 04+1.3 13.2+195 1.1+2.2
16. T. de Velasco Nov. 2012 6 1.4 +0.2 7.3+8.2 79 + 6.0 1.0£19  12+15 4504226 155+8.2 21.8+16.2 0.2+0.5
TOTAL 357 09+04 46.7+345 1.0+3.0 58 + 9.0 1.9+21 47+13.7 9.1+12.8 23.4+20.3 1.8+54 41+73 15+15




Table Al.2. Plant species identified in Little Bustard diet sorted by irrigated (n=8) and dry (n=8) farmland areas. Frequency of each plant species is expressed as
the average percentage (xSD) of droppings in which the species appears, and diet composition is shown as the average (xSD) percentage of microscope fields
with presence of each species per dropping. Averages were based on the mean of the 8 sampling sites per agroecosystem.

Frequency (%) Diet composition (%0)

. . Irrigated area Dry farmland Irrigated area Dry farmland
Family Species area area
Boraginaceae Echium plantagineum 40 = 93 0.17 = 0.39

Heliotropium europaeum 01 + 04
Lithospermum apulum 13 £ 33 07 = 21 0.04 + 0.12 0.01 + 0.02
Lithospermum arvensis 17 £ 36 12 + 23 0.05 £ 0.14 0.09 £ 0.16
Caryophyllaceae Stellaria media 13 £ 33 74 + 188 0.03 £ 0.08 0.14 £ 0.34
Compositae Anacyclus clavatus 28.2 + 29.2 58.3 + 42.6 1.68 + 2.00 1153 + 15.06
Andryala integrifolia 254 + 284 262 + 430
Bellis perennis 06 = 1.7 0.01 + 0.02
Calendula arvensis 02 £ 07 0.00 = 0.01
Carthamus lanatus 6.7 £ 11.8 0.16 = 0.34
Cnicus benedictus 21 + 59 0.12 £ 0.35
Crepis sancta 04 = 1.3 0.00 £ 0.01
Crepis vesicaria 14 + 37 11.8 £ 16.0 0.03 =+ 0.09 0.30 + 0.44
Filago sp 70 + 134 0.65 £ 1.71
Picris echinoides 19.7 £ 25.7 0.53 =+ 0.67
Picris sp 19 = 4.2 0.04 £ 0.09
Senecio vulgaris 25 + 43 01 £ 04 0.03 = 0.06 0.00 = 0.01
Silybum marianum 03 £ 0.7 05 £ 1.0 0.00 £ 0.01 0.01 = 0.02
Tolpis barbata 01 + 04 0.01 £ 0.02
Undetermined 7.0 £ 13.0 91 £ 204 0.60 = 1.07 3.30 = 4.09
Convolvulaceae  Convolvulus arvensis 39 £ 50 35.0 £ 36.2 0.09 £+ 0.14 345 + 7.48
Cruciferae Alyssum minus 09 £ 25 0.03 = 0.08
Biscutella auriculata 9.7 + 217 1.11 + 259



Frequency (%)

Diet composition (%0)

Irrigated area

Dry farmland

Irrigated area

Dry farmland

Family Species area area
Brassica repanda 01 + 04 0.02 £ 0.05
Camelina micrarpa 13 + 33 0.01 = 0.04
Capsella bursa-pastoris 911 + 7.8 423 £ 245 24.34 + 25.62 524 + 5388
Cardaria draba 31 + 88 0.64 = 1.80
Descurainia sophia 03 = 0.7 07 = 21 0.00 £ 0.01 0.01 £ 0.03
Diplotaxis erucoides 36.6 = 38.5 8.47 + 15.89
Malcolmia africana 01 £ 04
Neslia paniculata 13.4 + 19.6 1.77 £ 3.69
Raphanus raphanistrum 29 = 45 0.27 + 0.48
Sisymbrium irio 45 + 6.9 3.6 £ 6.8 0.20 £ 0.45 0.71 =+ 1.35
Undetermined 20.1 £ 26.3 269 £ 323 0.22 £ 0.50 0.64 = 1.67
Dipsacaceae Scabiosa sp 32 + 51 0.06 £ 0.11
Scabiosa stellata 13 + 33 02 £ 07 0.02 £ 0.06 0.00 £ 0.01
Euphorbiaceae Euphorbia helioscopia 05 + 14 0.03 = 0.08
Geraniaceae Undetermined 38 £ 70 8.0 £ 17.7 0.09 £ 0.18 186 + 2.53
Gramineae Bromus diandrus 24 + 45 0.09 £ 0.22
Bromus sp 07 = 21 0.02 £ 0.05
Hordeum murinum 6.9 £+ 184 324 + 118 0.31 + 0.89 0.84 + 0.38
Hordeum vulgare 26 + 3.8 55,5 + 445 0.08 + 0.17 10.79 + 10.40
Lolium rigidum 38 £ 70 07 £+ 21 0.46 + 0.87 0.01 + 0.04
Triticum aestivum 38 £ 99 15 + 238 0.61 + 1.73 0.18 =+ 0.35
Undetermined 6.9 + 11.6 279 + 348 0.01 + 0.02 0.00 £ 0.01
Labiatae Lamium amplexicaule 328 + 27.7 344 + 330 195 + 2.67 6.24 + 9.83
Leguminosae Astragalus hamosus 10.3 = 29.0 1.16 + 3.27
Astragalus sp 28 + 7.3 0.03 + 0.09
Medicago polymorpha 25 £ 6.6 0.03 £ 0.08
Medicago sativa 89.0 £ 255 66.90 + 28.34



Frequency (%) Diet composition (%0)

Dry farmland Dry farmland

Irrigated area Irrigated area

Family Species area area
Medicago sp 37.2 £ 28.3 539 + 7.63
Ornithopus compressus 119 = 277 048 £ 1.10
Trifolium angustifolium 35 + 71 0.04 £ 0.07
Trigonella monspeliaca 03 = 0.7 94 + 265 0.00 + 0.01 0.31 + 0.89
Vicia sativa 25.0 £ 45.1 17.15 = 31.39
Vicia sp 38 £ 70 240 £ 304 0.10 £ 0.21 391 + 6.22
Malvaceae Malva sylvestris 35 + 51 0.04 £ 0.06
Papaveraceae Papaver hybridum 6.3 + 17.7 0.15 £ 0.42
Papaver rhoeas 244 + 23.3 276 £ 43.6 117 + 158 8.17 + 19.29
Plantaginaceae Plantago lagopus 09 + 1.7 12 =+ 23 0.02 £ 0.06 0.01 £ 0.02
Primulaceae Anagallis arvensis 02 = 0.7 0.01 £ 0.02
Resedaceae Reseda alba 03 £ 08 0.01 £ 0.02
Rubiaceae Galium tricornutum 40 = 114 0.11 = 031
Sherardia arvensis 03 £ 08 0.00 = 0.01
Scrophulariaceae  Veronica heredifolia 6.3 = 10.2 156 + 18.3 0.13 £ 0.20 0.29 £ 0.36
Veronica polita 14 £ 3.7 01 + 04 0.02 + 0.05
Undetermined Undetermined 20.6 £ 13.0 12.3 + 10.3 0.26 = 0.62 0.29 = 0.69
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