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Foreword

Paul F. Donald

Few bird families illustrate the world’s conservation problems better than the
bustards. Of the 26 species recognized by BirdLife International, more than half
are globally threatened or near threatened with extinction. They owe this parlous
conservation status to the full panoply of threats facing wildlife today: habitat loss,
degradation and fragmentation, hunting, infrastructure (particularly power lines),
disturbance, agricultural intensification, road traffic, predation and climate change
have all played a part in driving many species to the edge of extinction. Bustards
have few natural defences against predators and therefore rely on flat, open
undisturbed expanses of grassland or other low habitats that allow them to see,
and keep, danger at a distance. Unfortunately, these are exactly the sorts of habitats
that are most easily converted to other purposes, and many of the natural grasslands
of Europe and Asia have been ploughed up for arable cultivation. Some African
species remain relatively common and thrive in large national parks and undisturbed
desert and semi-desert areas, but all the European and Asian species are now listed as
globally threatened or near threatened.

Despite their often large size (the family contains the world’s heaviest flying
birds), an evolutionary trajectory that has placed a great deal of emphasis on crypsis
means that bustards are often hard to observe and to study, and our state of
knowledge for many species is poor. It has only been in the last few years, for
example, that satellite tracking has revealed that, outside the breeding season, Bengal
floricans leave the few protected areas they still nest in and move considerable
distances into quite different habitats. The little bustard, being as its name suggests
one of the smaller members of the family, is particularly hard to study, but this has
not prevented a great deal of research effort being invested in the species, particu-
larly in the European parts of its range. Here, its population has collapsed due to
changes in agriculture, and little bustard has become a model species in research
assessing the environmental impacts of farming, as the skylark has become

vii



viii Foreword

elsewhere in Europe. It is therefore both a species of high conservation concern in its
own right and an important indicator of the health of the wider landscape. The last
two decades have seen a surge in research work on this species, particularly in Spain,
Portugal, France and Italy, where it is now restricted to an isolated and threatened
population on Sardinia. The recent loss of the species from mainland Italy marks the
most recent extinction in a long-term decline that has seen the little bustard being lost
as a breeding bird from Germany, Greece, Poland, Slovakia and a number of other
European countries. It is no wonder that the little bustard has attracted so much
attention from the continent’s ornithologists. The results of all their work have thus
far been published largely in scientific articles, spread across many national and
international journals. What has been lacking, until now, is a comprehensive syn-
thesis of this great body of research.

The western European population is extremely important, but the bulk of the little
bustard’s global population lies far to the east, especially in the vastness of the
Pontic-Caspian steppes. These cover an area of nearly a million square kilometres
between eastern Europe and western China. Here, the species is even more difficult
to study; not only are these areas remote and often inaccessible but many populations
are migratory, adding a further complication to assessing their conservation status
and exposing them to many more threats. Massive changes in steppe management
since the collapse of the Soviet Union have led to both gains and losses for little
bustards in this region, but much of this information has until now been buried in
scientific papers (including in the Russian journal Strepet, the local name for little
bustard).

This remarkable publication, 6 years in the making, represents a landmark in the
study of little bustards, for it collects and summarises this mass of disparate
information between the covers of a single book, and then uses this synthesis to
identify research and conservation priorities to guide future work. The book’s
chapters are authored by the world’s leading authorities on the species and between
them they cover a very wide range of subjects, from sexual dimorphism to sex ratios,
from phylogeography to phenology, and from national populations to national action
plans. What makes the book even more authoritative is that all the chapters have
been independently reviewed by other experts in the ecology and conservation of
farmland and steppe birds, thus bringing in an even wider range of expertise. This
book will serve as the primary reference on the little bustard for many years to come,
and I am delighted to have been asked to introduce it.
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In its full nuptial plumage the male of this species is to my mind the most beautiful of game-
birds found in Europe. It is extremely abundant on the low undulating hills and grass-grown
plains of south-west Andalucia, but owing to its peculiar habits of flight is very rarely shot by
the sportsman

This is how the British soldier, writer and naturalist Willoughby Verner began his
chapter on the little bustard Tetrax tetrax in his memoir “My Life among the Wild
Birds of Spain”, published in 1909. Verner summarizes in a short paragraph all the
little bustards’ traits that have attracted the attention of ornithologists and naturalists
for years, both professional and amateur: their beauty, despite being a bird of flat and
treeless landscapes, their surprising behaviour, and their once incredible abundance.
We would dare to say that these are, in short, the main motivations to write and edit
this book. As ornithologists, we are ceaselessly amazed by the male’s clownlike
postures and the astonishing camouflage of the females. As ecologists, we have
always been fascinated by the species’ morphology and spectacular displays, the
products of the evolutionary forces at play in its peculiar mating system. As
conservation biologists, we see in its current population crash a perfect though
pitiful example of the “abundant species paradigm”: it is not the scarcity but the
speed of decline of a species that should warn us, as mere numbers can be misleading
when considering species still abundant in at least some areas, as they can suggest
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only a minor conservation emergency. There is perhaps, a fourth motivation. For us
editors, and for sure for all contributors to this monograph, the little bustard is an
icon of the vanishing traditional agricultural landscapes of Europe and other parts of
the world, once biologically so rich and diverse, and currently so sadly replaced by
industrial farmland. This book is a plea for urgent action to recover a biologically
friendly agriculture compatible with the existence of the little bustard and so many
other wonderful farmland and steppe species.

The little bustard was so common in France and Iberia until the late 1960s and
1980s, respectively, that nobody would have ever believed that the situation could
become so critical in only about 15-20 years. However, this is what happened: in
Italy, France, Spain, Portugal and Morocco, at slightly different times but during
periods that never exceeded two decades, the little bustard populations of these
countries just crashed, and in some cases vanished. The red flag was first raised in
France, with warning signals by ornithologists in the late 1980s, when the little
bustard became scarce or even extinct in former strongholds in the country. This and
other bustard species were already the focus of a small network of scientists and
conservationists concerned about the alarming status shown by bustards worldwide.
They edited a dedicated journal, Bustard Studies, published irregularly when funds
were available, which contributed to an increased awareness of the fragile conser-
vation status of several bustard species and helped creating an IUCN specialist
group. In 1990, the situation was seriously alarming for the little bustard in France,
although admittedly, at that time, trend data or long-term surveys were still not
available. Thanks to pioneering conservationists a first LIFE programme was set in
1996 in France and dedicated solely to the conservation of the little bustard, a project
that included a significant part of research on basic breeding biology, virtually
unknown at that time.

The dramatic situation of the little bustard was however not restricted to France.
In 1997, a technical international workshop was held in Trujillo, Spain, to discuss the
global status of the little bustard in Europe, and to establish conservation priorities.
In 2001, as an output of this workshop, a preliminary draft of the European Species
Action Plan was elaborated (De Juana 2001). This document highlighted the threat-
ened conservation status of the species in Europe, even though at that time the
Iberian population was considered healthy and abundant, and encouraged public
administrations to take a series of urgent measures to avoid local and regional
extinctions (De Juana 2001). Such actions targeted little bustard habitat, considering
the Common Agricultural Policy (CAP) as a potential key tool to promote environ-
mentally friendly practices as well as, at the same time, banning harmful subsidies
such as those for afforestation or sunflower crops in steppe or pseudosteppe areas in
Spain (De Juana 2001).

In 2010, the European Species Action Plan (SAP) was finally officially released
(Ifigo and Barov 2010), trying to put forward specific actions and measures in order
to reverse the now dramatic trend undergone by the species during the previous
20 years in most of its range. In 2011, a rapid assessment of the implementation of
such measures revealed that almost none of the targets of the draft SAP from 2001
had been achieved, and recommended revising the conservation status category of
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the species, as well improving implementation of measures throughout the whole
range of the species (Barov and Derhé 2011).

Twenty-three years after the 1997 workshop, the situation of the little bustard in
Europe has worsened, mainly as a result of continuing destruction of favourable
habitats (particularly after the suppression of CAP mandatory fallows after 2008,
Traba and Morales 2019), and increasing agricultural intensification at field and
landscape scales (to be described in this volume). Results of the second Spanish
census of the species, carried out during 2016, revealed a dramatic decline in its main
stronghold in Western Europe, with a reduction of 50% in just 10 years (Garcia de la
Morena et al. 2018; see also chapter “The little bustard around the world: distribu-
tion, global conservation status, threats and population trends”). Wintering censuses
showed very similar trends (Garcfa de la Morena et al. 2018), as well as an extremely
worrying bias in sex-ratio. Indeed, all factors already mentioned in the first draft of
the SAP (De Juana 2001) threatening little bustard populations are still active
(Morales et al. 2015). Main measures aimed at improving the conservation status
of the little bustard were related to land-use policy and modifications of the CAP
(Barov and Derhé 2011). However, as necessary as they are, their implementation in
a multinational context has proved difficult, due both to the complexity of European
legislation and to national particularities. As a consequence, land management
measures addressing little bustard conservation have been of limited success, espe-
cially outside protected areas. And currently all countries in the Western Palearctic
have seen either sharp declines or extinction of the little bustard over the last
75 years, some of them quite recent, like extinctions in north Africa and continental
Italy (Morales and Bretagnolle 2021). However, some successful conservation pro-
jects were implemented during that period, which provides some hope.

When a species is declining rapidly, there is in general an increase in research
effort, both on the causes of decline and on basic breeding biology (to better target
conservation effort). The little bustard is no exception. Almost nothing was known
of its breeding biology, either in France or in Spain, in the 1980s. Then, following
some pioneering studies (e.g. Schulz 1985; De Juana and Martinez 1996; Salamolard
and Moreau 1999), the interest in the species has significantly grown, as shown by
the papers published in scientific journals (Fig. 1).

Beside conservation issues, the little bustard is an interesting study model for its
rather unusual mating system, its suitability to study aspects of sexual selection
given its features intermediate between classical leks and resource-based polygyny,
and its rather complex habitat requirements and migration patterns (Collar et al.
2016). The biological interest of the little bustard has stimulated a good deal of basic
and applied research, as summarized below and displayed throughout this book. The
interest is regionally biased, however, as studies carried out in Spain account for
nearly 44% of the total number of published papers, France 21% and Portugal 20%
(Table 1). This geographic bias is even higher when considering that 89% of the
literature comes from the western range of the species, while only 11% comes from
countries in the eastern range, which highlights the knowledge gap regarding eastern
populations and the need to fill it. In a literature survey aimed at identifying priorities
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Fig. 1 Cumulative number of published papers per year (1977-2019) about little bustard Tetrax
tetrax in scientific journals until 2019. Source search: Web Of Science (WOS) with keyword: “little

bustard” (updated April 2020)

Table 1 Number of papers
published per country
between 1978 and 2019

N studies % Distribution range
Azerbaijan 1 0.7 East
Europe 2 1.5 West
France 29 21.2 West
Iran 2 1.5 East
Italy 2 1.5 West
Morocco 1 0.7 West
Portugal 28 20.4 West
Romania 1 0.7 East
Russia 11 8.0 East
Spain 60 43.8 West

Same source as Fig. 1

in conservation-oriented research about steppe birds in Spain, Morales and Traba
(2016) considered that little bustard had received a level of scientific attention
consistent with its conservation status as Vulnerable in Spain. Research on little
bustard has covered all major topics, including population sizes, habitat selection,
habitat management, agri-enviromental schemes associated with the CAP and its
effects on the species, movements, food requirements, breeding biology and behav-
iour. In addition, a rather high number of PhD theses have been defended in recent
years (Table 2). As a consequence of this collective effort, our knowledge about the
basics of the species and its requirements is high enough to propose and implement
science-based conservation measures.



Why a Monograph on Little Bustard? 5

Table 2 Number and dates of PhD thesis dedicated to little bustard

Country Author Year
France Frédéric Jiguet 2001
France Axel Wolf 2001
France Alex Villers 2010
France Pierrick Devoucoux 2014
Spain Paula Delgado 2009
Spain Anna Ponjoan 2012
Spain Rocio Tarjuelo 2015
Spain Eladio L. Garcia de La Morena 2016
Spain Francesc Cusco 2019
Portugal (though defended in Germany) Holger Schulz 1985
Portugal Joao Paulo Silva 2010
Portugal (though defended in Spain) Nuno Faria 2015

It was therefore time to synthesize all this breadth of information. The idea of
writing this book first came in 2006, when an international workshop was organized
in Chizé at the end of the second French LIFE project. Then, Vincent Bretagnolle
and Manuel B. Morales thought about writing a monograph on Western Palearctic
bustards. However, the idea did not develop, but was never entirely dropped. So,
when Beatriz Arroyo and Jesis T. Garcia, as editors of the Wildlife Research
Monographs Series, suggested that we could perhaps think of such a book, but
focused on little bustard, a very rapid decision was made between all of us: go ahead.
It took however 2 further years to gather all authors, write and review the 12 chapters
forming the core of this volume.

This book collects, reports and updates all the available information on the
species, putting everything together in a comprehensive and compact volume. It
starts with a necessary full review of the Otididae family, including origins, phy-
logeny and systematics (chapter “The little bustard and its family: an overview of
relationships™) and continues with two general chapters about life history traits
(chapter “Natural history of the little bustard: morphology, biometry, diet, sexual
dimorphism, and social and breeding behaviour”) and the most updated data about
distribution, global conservation status, threats and population trends (chapter “The
little bustard around the world: distribution, global conservation status, threats and
population trends”). Chapter “Breeding biology and demographic traits: population
parameters, reproduction and survival” deepens our knowledge of breeding biology,
providing recent and novel results about nesting phenology, clutch size, mating
system, sex-ratio, productivity and survival rates. Some of these demographic
parameters, which are key for population viability, seem to be severely skewed
(sex-ratio) or show poor values (productivity), critically affecting recruitment and
long-term persistence (see also chapter “Little bustard population dynamics™). The
low availability and quality of preferred habitats is behind this poor demographic
performance, as the little bustard is a specialist of natural and agrarian steppes and
grasslands. Chapter “Habitat selection and space use” makes a thorough revision of
habitat selection at large and local scales. Post-breeding movements and migration,
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which show differences among individuals and populations, are analysed in chapter
“Migration, movements and non-breeding ecology”. All other aspects relating to
behavioural ecology, such as sexual display, mate choice, territoriality and personality
traits, are included in chapter “Behavioural ecology of the little bustard: sexual selection
and mating systems”. Interspecific relationships, including predation, competition with
coexisting birds and the effects of parasites, are treated in chapter “Interspecific
relationships: predation, competition or coexistence, parasites”’. Chapter “Captive
breeding, handling and care, and the impact of releases on wild populations” evaluates
the experience of captive breeding and population reinforcement carried out in France.
This chapter also provides useful information about individual handling (capture and
tagging). Chapter “Little bustard population dynamics” aims to evaluate population
viability, highlighting the effect of key demographic parameters (see above) as well the
effects of density dependence, and to explore the causes of adult and chick mortality
and dispersal (natal and adult). The relationships of the species with humans are
analysed in the next two chapters: chapter “Threats affecting little bustards: human
impacts” is centred on threats, reviewing the general causes of the species’ decline, as
well as recent results about anthropogenic disturbance and stress responses.
Chapter “Little bustard and humans: conservation and management” makes a thorough
review of conservation initiatives specifically addressing the species, including
protected areas, agri-environmental schemes, action plans and LIFE projects. It pro-
vides some insights for the European CAP regulations after 2020 to improve the
conservation status of the little bustard: mainly, agrarian extensification and the main-
tenance of fallows, set-asides and grazed pastures, which means a drastic reduction in
the application of agrochemicals. Chapter “Conclusions and perspective” summarizes
the main conclusions of the book and provides a general prospectus of the species’
future.

At this very moment, in winter 2021, there is no doubt about the critical status of
the species and the urgent need to undertake major conservation measures. At the
time of writing these lines, the little bustard has been included in Appendix I of the
Convention on the Conservation of Migratory Species of Wild Animals (CMS),
which requires parties to the convention to provide it with the strictest protection. In
Spain, an academic initiative has drafted the National Conservation Strategy of the
species, in the hope of facilitating public administrations to evaluate periodically the
status and viability of the population, its distribution changes, habitat extent and
quality and risk factors, and successfully requested the re-listing of the species as
“Endangered” in Spain. So far, too few national and international initiatives have
been implemented, perhaps with the exception of some LIFE projects in France and
Portugal. We hope this book, by providing the most up-to-date review of knowledge
of the biology, threats and conservation initiatives for the little bustard all over the
world, will boost new projects and management programmes. The decline of little
bustard is an allegory of the dramatic decay of natural and agrarian steppes in
Europe, and probably in the rest of the world. Little bustard is a recipient not only
of the usual threats to agricultural systems, such as agricultural intensification, but
also of new ones, such as the expansion of large solar photovoltaic and wind energy
installations. The little bustard is an ecological umbrella species; but we confidently
feel it is also a conservation umbrella species, representing many others showing the
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same or even worse trends, perhaps even better than other famous species (Tarjuelo
et al. 2014), as its specific habitat requirements match those of other threatened
steppe birds such as pin-tailed and black-bellied sandgrouse (Pterocles alchata and
P. orientalis), Eurasian stone-curlew (Burhinus oedicnemus), great bustard (Ofis
tarda), Montagu’s harrier (Circus pygargus) and several passerines (Morales and
Bretagnolle 2021). The conservation of the little bustard means the conservation of
the steppe bird community and their habitats. It has to be now.

To end, we the editors wish to thank the numerous researchers, from many
countries and institutions, who have contributed selflessly to this book. Similarly,
every chapter has been revised by external reviewers, to which we want to extend
our thanks. Nigel Collar, besides being the main author of chapter “The little bustard
and its family: an overview of relationships”, made a thorough English revision of
the book, and made many important comments. Nigel has also been keen on bustard
conservation worldwide, a leader in bird conservation and BirdLife International,
and has inspired all of us for the many years we have spent in bustard conservation.
We owe him a particular thank you.
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The Little Bustard and Its Family: )
An Overview of Relationships e

Nigel J. Collar and Manuel B. Morales

The Bustard Family: General Traits

The little bustard belongs to the Otididae, a distinctive Old World family of
non-passerine birds known in English as bustards, floricans and korhaans, and
comprising (by the most recent taxonomic arrangement) 26 species in 12 genera
(del Hoyo and Collar 2014; see Table 1 for some of their basic morphological,
biological and ecological traits). The earliest presumed bustard fossil dates from the
Middle Eocene (48—38 million years ago) (Olson 1985), although now-discredited
DNA-DNA hybridisation techniques suggested the family arose as many as 77 mil-
lion years ago (Sibley and Ahlquist 1985).

Members of the bustard family share a range of features which, in combination,
are fully diagnostic, involving moderate to very large body sizes, rather long necks
and legs, relatively short bill (never more than the length of the head), powder-down
and photoreactive porphyrins at the base of feathers, no uropygial gland, no hind toe
(hence no ability to perch in trees) and nidifugous young. They occupy habitats from
dry open woodland and high scrub through savanna and steppe to semi-desert and
the fringes of desert, based mainly in Africa: the genera Lissotis (two species), Neotis
(four species), Lophotis (three species), Heterotetrax (three species), Afrotis (two
species) and Eupodotis (two species) are confined to the Afrotropical region, while
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Ardeotis has two species in the Afrotropics (one penetrating the Arabian peninsula),
one in the Indian subcontinent and one in Australia and southernmost New Guinea.
The monotypic Tetrax and Otis plus Chlamydotis (two species) are Palearctic, but all
have populations in North Africa; only Sypheotides and Houbaropsis occur entirely
outside Africa, both in the Indian subcontinent but the latter also in Cambodia
(Table 1).

Phylogenetic Relationships and Life-History Traits

Unsuspected Relatives

Increasingly confident broad-scale studies of the relationships of birds have in the
past 10 years redefined the longstanding working assumption in avian taxonomy that
bustards are part of or close to the Gruiformes (cranes, crakes and various allies).
Hackett et al. (2008) located ‘Choriotis’ (= Ardeotis) and Eupodotis between
Opisthocomus (Hoatzin) and the Cuculiformes (cuckoos), with ‘Gruiformes’ (sic,
in inverted commas) sister to Cuculiformes and with Musophagiformes (turacos)
also distantly indicated. Building on this, McCormack et al. (2013) found ‘surpris-
ingly close relationships between phenotypically divergent bird families, such as
bustards (Otididae) and turacos (Musophagidae)’. Moreover, Prum et al. (2015)
produced a cladogram which inserts Ardeotis between the turacos and the cuckoos
in what they call an ‘Otidimorph’ clade, sister to a ‘Columbimorph’ clade of mesites,
sandgrouse and pigeons and grouping with these latter in a wider category named
‘Columbaves’, this being sister to Gruiformes on the one side and to ‘Strisores’
(nightjars, hummingbirds, swifts) on the other. These are unsettling findings: the
notion that bustards are potentially closest to such ecologically and phenotypically
divergent birds as cuckoos and turacos is very hard to credit, but the evidence
appears to be consistent (Jetz et al. 2012; Jarvis et al. 2014; Prum et al. 2015).

An Unresolved Family Tree

No satisfactory molecular phylogeny of the Otididae has been published, and the
work that has been done to date leaves as many questions as answers over the
relationships of the species. Two papers appearing within a year of each other have
been the only contributions that address the family as a taxonomic entity. Pitra et al.
(2002), using both mitochondrial (cytochrome b, cyt_b, for all taxa, and control
region for a subset of 10 taxa) and nuclear (CHD1_Z intron, for 9 taxa) evidence,
sampled the most species, only missing two (Heterotetrax humilis and H. vigorsii).
Based on cyt_b evidence, they found that the genera Neotis and Ardeotis did not
separate out into two clades; in their tree Neotis heuglinii sits between the two
Afrotropical Ardeotis and the two from Asia and Australia (the latter two are very
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similar but structurally very distinct from the Afrotropical species, and very possibly
merit their own genus); the two Lissotis were sister to the clade with Neotis and
Ardeotis. In a separate clade from all these came Otis and Chlamydotis, as sisters,
along with Afrotis and Eupodotis (sensu del Hoyo and Collar 2014); Houbaropsis
and Sypheotides were—albeit not closely—related to each other and together were
sister to Lophotis, while Tetrax emerged as an isolated form but sister to the previous
three genera. Most unexpectedly and inexplicably, Eupodotis (now Heterotetrax)
rueppelii was recovered as basal to all other bustards.

Broders et al. (2003) used only the cytochrome b gene to determine the relation-
ships of seven genera, but the sequences were more than twice as large as Pitra et al.
(2002), i.e. 1143 bp instead of 444. They also found that Otfis and Chlamydotis
cluster together, and again detected a link between Lophotis and Tetrax. However, in
their tree Afrotis emerged as basal to the other taxa studied, while Eupodotis (now
Heterotetrax) rueppelii was sister to Ardeotis (at least the two Afrotropical species);
they judged that rueppelii’s anomalous position in the Pitra tree was probably
attributable to degraded DNA or a mislabelled sample. However, Eupodotis
senegalensis emerged as the next closest relative of Afrotis and far from
E. rueppelii, and for this reason Broders et al. suggested the adoption of Heterotetrax
for rueppelii and its relatives (a proposal followed by Dickinson and Remsen 2013;
del Hoyo and Collar 2014).

It is the inconsistencies rather than the consistencies between these two studies
that matter; they undermine the confidence with which any of the findings can be
treated. Regrettably this did not trigger a more comprehensive review of the family,
but one further piece of work produced another unexpected result. In seeking to add
Heterotetrax humilis to the Pitra et al. tree, and using the same sequence and bp
length from cytochrome b as in that study, Horreo et al. (2014) discovered that much
its closest relative was Tetrax rather than other Heterotetrax. The authors therefore
speculated that these two species, very different phenotypically, shared a recent
common ancestor and that the distinct sexual plumage dimorphism in Tetrax must
have evolved over a very short period of time (riskily inferring that ‘many of the
phenotypic traits used to classify members of the Otididae are not phylogenetically
informative’). However, they also wisely concluded that errors in process may have
occurred and ‘further analyses including additional sequence from unlinked nuclear
genome markers will be necessary to confirm phylogenetic relationships in the
family Otididae’. Figure 1 compiles the phylogenies, respectively, produced by
Pitra et al. (2002), Broders et al. (2003) and Horreo et al. (2014), highlighting the
position of the little bustard in each tree.

In fact, advances of this type had already been made, but the results have so far
remained unpublished except as a PhD thesis. Cohen (2011) used mitochondrial and
nuclear DNA (5341 nucleotide bp; three mitochondrial markers: cyt_b, NADH,
Ctr_II; five nuclear markers: Fib5, TGFB,GAPDH, ODC, CHD1Z) as well as a
morphological/behavioural dataset of ‘all 27 species of Otididae’ (he recognised
Eupodotis senegalensis barrowii as a full species) to arrive at a series of alternative
but largely complementary conclusions concerning the relationships of the bustards,
synthesised in a consensus phylogenetic tree, reproduced in Fig. 2. In his phylogeny



16

g9 93 Chlamydoris u. undulata
100 [‘ﬂcu dotls .

N. J. Collar and M. B. Morales

62 1]
. — Chiamydotis v macqueenii
~ [~ s £, dyboveskit
* Chis 1. tarda
9%

Afroris afra
Afrotis afraoides

Ei tis senegalensis
Tetrar ictrax

i wharopais bemgalensis
i Sypheotices indica
1 9% i
L 100 P Lophotis ruyficrista
T Lophatis gindiana
Lophoris savilel

¥

Lizsotis melanoparter
Lizzotis harslaubii

Neoris miba
Neotis d. denbami
Neagis d jacksoni
Neotis luchwigii
—— Ardeotis arabs
Ardeoiis kori

l_!_m Neotts beuglinid

1 E — Ardeatis ausiralis
= dArdeotis nigriceps

Enpodatis rueppellii
Fulica cristata

Tinamus
Gallus

_|4ﬁm afracides 6892
Afrotis afracides 7586

Ardeotis arabs 8485

Ardeotis arabs 8487

Ardeotis kovi 6877

Ardeotis kori 8879

Eupodatis rueppellii 7560
Enpodotis rueppellii 7561

Ch dotis u. undulata 7266 Alg
Chlamydotis u. undulata 7264 Alg
Chiamydotis u. fuerteventurae 7879 Fue
Chlamydatis macqueenii 7065 Sad
Chiamydotis macqueenii 7066 Sad
Chiamydotis macqueenii 7246 Sin
Chigmydotis macqueenii 7247 Sin
Oxis tarda 7273 Hungary
Otis. tarda Spain
Lophotis ruficrista 6891

Laphotis ruficrista 7576
Tetrax tetrax 1736
Tetrax tetrax [736 d
Eupodoris semegalensis 7277
Eupodotis sencgalensis 7178
= 0.01 substitutions/site

AJSV143T Ardeotis arabs

1w
x| AJS11438 Ardoolis arads
azran | | g WF137562 Archectis kori

AJ 51140 Ardeotis ko

mmﬁmmwm
1.

L kr13888 Chismycotis undulsts
w e e AVOTEERE Oie fnete
1 ¢.4751803 Ol rarde
108 AY256922 Eupodofis seoagalensis

tuin WF 137500 Eupadohis senegaisnsis
| i AJS 11446

mr-l AFIZTONG Arofis afre
AFITI019 Afrotis afracides

087 i | | AJST1430 Afrofis afracides

ol AJS11428 Afrolis afrmoides

L vey

1 o0 [~ AFIT20M Lophotis uficrists

)

ArITEO

aie i L AFIT2038 Lophots savile
FITE0841 Badoarica roguicrum
FUTE0854 Grus antigone

Fig. 1 Compilation of three phylogenetic trees of the Otididae using the mitochondrial cyt_b
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Fig. 2 Variation of sexual size dimorphism (SSD; present: +, absent: —), type of sexual display
(GC = ground-calling) and mating strategy across the bustard phylogenetic tree (based on the
consensus phylogeny provided by Cohen 2011, see text for details). On the basis of values provided
in Table 3, a species is considered dimorphic when the percentage difference is larger than 10% for
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Table 2 Position of genus Tetrax in bustard phylogeny according to existing studies

Source Position in phylogenetic tree Closest genera

Pitra et al. | Derived isolated single-genus clade Houbaropsis, Sypheotides,
(2002) Lophotis forming sister clade
Broders In small clade sister to large one formed by Lophotis as sister genus in

et al. Ardeotis, Heterotetrax rueppelii, Chlamydotis and | clade

(2003) Otis

Cohen In small basal clade Otis and Chlamydotis in sis-
(2011) ter sub-clade

Horreo In small derived clade sister to H. rueppelii Heterotetrax humilis as sister
et al. in clade

(2014)

Sources are ordered chronologically

Lissotis tended to emerge as basal, Tetrax (highlighted) grouped with Otis and
Chlamydotis, Neotis and Ardeotis again failed to emerge as two separate lineages,
and the split between Eupodotis and Heterotetrax was upheld, albeit with H. humilis
proving close to both H. rueppelii and H. vigorsii and having nothing to do with
Tetrax. Table 2 summarises the different positions of Tetrax, the genus of our subject
species, assigned in the four phylogenetic studies reviewed here.

Yang et al. (2010) sequenced the whole mitochondrial genome (16,849 bp) for
Otis tarda, and used 125, 16S and VAL sequences on four other bustard species to
produce a tree, in which Tetrax tetrax was basal. The sequence of species generated
by Pitra et al. (2002) formed the basis for the treatment of the family in Dickinson
and Remsen (2013), whereas Cohen’s (2011) multiple arrangements were used to
decide the sequence in del Hoyo and Collar (2014). This latter places the little
bustard first, implying a basal position. Next to it is the great bustard Otis tarda,
reaffirming a relationship that was expressed for many decades by the frequent
placement of little bustard in Otis (an assuredly mistaken habit which persisted
into the 1970s; see, e.g., Harrison 1978). These two species share several character-
istics: a relatively short bill with distinctly decurved upper mandible, a proportion-
ately rather less elongate neck and slightly shorter legs than in other species,
stockier, less tapered build, marked seasonal sexual plumage dimorphism, and
largely overlapping herb-rich steppeland/farmland habitats and distributions. They
diverge sharply in their self-advertisement behaviour (Table 3 and Fig. 2), the little
bustard performing a striking but little-known display that involves accelerating
food-stamping, a little leap, wing-flash and simultaneous call from a small prepared
display-point in low light conditions (see chapter ‘Natural history of the little
bustard: morphology, biometry, diet, sexual dimorphism, and social and breeding
behaviour’), the great bustard undertaking a celebrated ‘balloon-display’ with
extraordinary contortions of wings and tail at various apparently random points
within a lekking ground (see, for example, Cramp and Simmons 1980).

The African Houbara Chlamydotis undulata and Asian Houbara C. macqueenii,
clearly very closely related to each other, replace the great and little bustard in the
more arid areas of the Palearctic. There is some potential for temporary sympatry
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Table 3 Degree of body weight and wing length sexual dimorphism, dominant mating system and
type of courtship display in bustard species

Species Weight Wing length®

Common dimorphism | dimorphism Mating Type of

name Scientific name | (%) (%) system displayb

Little Tetrax tetrax 9.11¢1 0.99 Exploded Jumping and

bustard lek® ground-
calling

Great Otis tarda 176.74° 21.26 Exploded Balloon

bustard lek"

African Chlamydotis 72.41¢ 8.7 Exploded Running

houbara undulata lek® &

Asian Chlamydotis 72.41° 8.7 Exploded Running

houbara macqueenii lek"

Hartlaub’s | Lissotis - 7.4 (Exploded Aerial and

bustard hartlaubii lek)® ground-
calling

Black-bel- | L. melanogaster | 60.71° 8.26 Exploded Aerial and

lied bustard lek® ground-
calling

Ludwig’s Neotis ludwigii | 56.92° 15.97 Exploded Balloon

bustard lek®

Denham’s | N. denhami 216.67° 17.35 Exploded Balloon

bustard lek®

Heuglin’s N. heuglinii 114.29¢ 14.53 Exploded (Balloon)

bustard lek®

Nubian N. nuba - 15.25 (Exploded (Balloon)

bustard lek)®

Arabian Ardeotis arabs | 74.44° 13.04 (Exploded Balloon

bustard lek)®

Kori A. kori 77.121 16.12F Exploded Balloon

bustard lek®

Great A. nigriceps 119.51°¢ 27.00 Exploded Balloon

Indian lek®

bustard

Australian | A. australis 106.06° 11.5 Exploded Balloon

bustard lek!

Bengal Houbaropsis —25.32¢ —19.04 Exploded Aerial

florican bengalensis lek®

Lesser Sypheotides - —6.38 Exploded Jumping

florican indica lek®

Savile’s Lophotis savilei | — - (Exploded (Aerial)

bustard lek)®

Buff- L. gindiana - - (Exploded Aerial

crested lek)®

bustard

Red-crested | L. ruficrista - 291 Exploded Aerial

bustard lek®

(continued)
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Table 3 (continued)

Species Weight Wing length®

Common dimorphism | dimorphism Mating Type of
name Scientific name | (%) (%) system displayb
Karoo Heterotetrax 18.52° 6.5 Monogamy® | Ground-
bustard vigorsii calling
Riippell’s H. rueppelii - 4.76 Monogamy® | Ground-
bustard calling
Little H. humilis - 1.96 Monogamy® | Ground-
brown calling
bustard

Southern Afrotis afra - 3.03 Exploded Aerial
black lek®

bustard

Northern A. afraoides - - (Exploded Aerial
black lek)®

bustard

White-bel- | Eupodotis - 8.26 Monogamy® | Ground-
lied bustard | senegalensis calling
Blue E. caerulescens | — 0.99 Monogamy® | Ground-
bustard calling

Degree of dimorphism is calculated as the percent increase of male relative to female body weight.
Data used for weight calculations are the median of male and female weight ranges provided in
Table 1, while those for wing length are based on Johnsgard (1994), except for the case of Kori
bustard, which are provided by Osborne and Osborne (1998). Dashes denote insufficient informa-
tion for dimorphism calculation. Parentheses in mating system and display type categories indicate
only (educated) guessed information

“Johnsgard (1994)

®Osborne et al. (1984)

“Collar et al. (1986)

9M. B. Morales unpublished data

°Corresponding reference in Morales et al. (2001)

fMorales and Martin (2002)

#Hingrat and Jalme (2005)

"Riou and Combreau (2014)

{0sborne and Osborne (1998)

iZiembicki (2010)

between members of these four species in places, but the ecological niche of
Chlamydotis is distinct; the ability of bustards to survive without water is particularly
marked in these two species and in their Sahelian equivalent the Nubian bustard
Neotis nuba Collar et al. (1986). Male Chlamydotis perform a remarkable self-
advertising display in which they erect their black-and-white neck-side ruffs so
that these billow over the retracted head while the bird runs at speed, seemingly
unable to see where it is going but in fact highly alert to the environment, in lines and
circles across a considerable area of terrain (for differences in the displays of the two
species, see Collar and Combreau 2017).
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Despite the conspicuousness of this breeding-season display, it was virtually
unobserved and unrecorded by any ornithologist anywhere across the vast range of
the two species until performances by captive birds in Israel led to its first serious
description as little as 40 years ago (Mendelssohn et al. 1979). The facts that such a
distinctive behaviour could go undocumented for so long in this genus, and that the
full male display repertoire of the little bustard was only first reported even later, in
Cramp and Simmons (1980), may help explain why it is that the displays of the
African bustards remain so poorly documented, as reflected in Table 3. Bustard
displays take place at times of day when—or in parts of the landscape where—
human observers are not usually present. The displays of all Neotis and African
Ardeotis bustards are very poorly described—an astonishing thing in the case of the
well-known and conspicuous kori bustard A. kori—while the repertoires of Lissotis,
Afrotis and Lophotis are no fully known.

This dearth of information is a serious drawback to our appreciation of the
species, and it denies us the opportunity to make comparisons (see section ‘“Relation-
ships between mating strategies, courtship display and sexual-size dimorphism”)
which might, in the absence of molecular analyses, provide phylogenetic insights.
Twenty years have passed since Collar et al. (1986) expressed the hope that the
taxonomic position of the seemingly anomalous Chlamydotis might be resolved as
more information emerged on the displays of other bustard species, notably those in
Neotis, but the record has remained depressingly blank. Collar et al. (1986) specu-
lated that the Nubian’s replacement of the African Houbara in the southern fringes of
the Sahara might indicate a closer relationship than appearances would allow, but the
genetic evidence, although weak, tends to reject the speculated close relationship
between Chlamydotis and Neotis.

Little bustard and lesser florican Sypheotides indicus, the two smallest and
lightest members of the family, are the only two species of bustard that perform
brief display-leaps on a fixed spot, in both cases in fairly rapid succession (unlike in
Afrotis, Lophotis and Houbaropsis, in which the aerial displays are much longer in
both duration and periodicity), and this evidently led Collar et al. (1986) to assume a
potential phylogenetic link between them. Such a link seemed also to be indicated by
the molecular analyses of Pitra et al. (2002). However, no such relationship emerged
in Cohen’s (2011) phylogeny, and it is instead perhaps just as likely that the two
species evolved on-the-spot display-leaps independently. In the case of the florican,
the leaps are made from within the concealment of vegetation; in the case of the little
bustard, they are made from within the semi-concealment of half-darkness (see
chapter ‘Behavioural ecology of the little bustard: sexual selection and mating
systems’).

These leaps are evidently used by females in the area to assess male quality. Only
the pale-bellied and sometimes group-living Eupodotis and Heterotetrax species,
which defend territories by calling but are not known to perform any other kind of
self-advertisement display, aerial or terrestrial, are believed to form monogamous
pair-bonds and to tend offspring jointly, although male kori bustards will offer food
items to females and male Denham’s bustards Neotis denhami have been observed
apparently attending nests, as if some pair-bond might sometimes exist Collar et al.
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(1986). The males of all other bustard species appear or are known to play no part in
the rearing of their young, and are, therefore, subject to scrutiny and evaluation by
the females they seek to attract and fertilise, resulting in the striking variety of male
plumage pattern and size increment (Table 3). In the non-passerines only the families
Phasianidae (pheasants, partridges, turkeys and grouse), Anatidae (ducks, geese and
swans) and Trochilidae (hummingbirds) reflect similar levels of plumage and/or size
dimorphism based on sexual selection (see, for example, Johnsgard 1994). The
breeding male little bustard, with its modified seventh primary for sound production,
longer neck feathering and black-and-white gular and pectoral pattern unique in the
plumages of birds, certainly represents one of the most divergent and distinctive
evolutionary entities within the remarkable radiation of the Otididae.

Relationships Between Mating Strategies, Courtship Display
and Sexual Size Dimorphism

A remarkable behavioural trait of the bustard family is the dominance of socially
polygynous species, particularly those that gather in exploded leks (Morales et al.
2001, see also Table 3 and chapter ‘Behavioural ecology of the little bustard: sexual
selection and mating systems’). In lek mating systems, displaying males closely
aggregate to attract females, which select mates based only on male phenotypic
quality (thus, seeking good genes), while in exploded leks male clustering is much
looser and females may also use the resources defended by the displaying males as a
means of assessing their quality (Bradbury 1981; Ligon 1999). Although bustards
are among the few avian families in which lek-like mating tends to be the rule
(Johnsgard 1994), as mentioned above some species have been cited as monoga-
mous: those formerly composing the genus Eupodotis (Collar et al. 1986), that is,
E. senegalensis and E. caerulescens, plus the three species currently classified in
Heterotetrax (H. vigorsii, H. rueppelii and H. humilis).

However, the degree to which mating system may reflect phylogenetic proximity
remains unclear. In the first place, the phylogenetic position of genera, including
Tetrax, differs between studies. Second, both monogamous and lekking genera have
been considered basal according to different authors (Heterotetrax in the former
case, Afrotis, Lissotis, Tetrax, among the latter). Finally, the supposedly socially
monogamous mating strategy (i.e. with shared parental care) assigned to Eupodotis
and Heterotetrax still needs to be confirmed through field studies, as does the
exploded lek behaviour attributed to some scarcely known species of polygynous
genera. In this regard, it is important to bear in mind that mating systems can be
highly plastic within species and populations, varying with local factors such as
population density and resource distribution (Emlen and Oring 1977; Ligon 1999).
Therefore, the information provided for the least known species (e.g. most African
bustards) in Table 3 must be considered preliminary. By contrast, the mating
strategies of the four Palearctic species, namely great bustard, little bustard, African
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houbara and Asian houbara, are fairly well known and have been studied under
different population and environmental conditions (Jiguet et al. 2000, 2002; Morales
et al. 2003, 2014; Hingrat and Jalme 2005; Alonso et al. 2010; Riou and Combreau
2014).

As is the case in other avian families where polygyny is the prevailing mating
system, bustard species tend to be sexually dimorphic (e.g. Johnsgard 1994). In
addition to plumage dimorphism, moderate to strong male-biased body size dimor-
phism seems to be the rule. Nevertheless, among species where information is
available (see Table 3 and Fig. 2), the percent increase in male in relation to female
size ranges from strongly pronounced (e.g. Denham’s and great bustard) to negative,
the latter indicating inversed size dimorphism (e.g. the Bengal florican Houbaropsis
bengalensis). However, it is difficult to infer a clear relationship between mating
strategy and degree of sexual size dimorphism in the family from existing informa-
tion on species’ morphology and breeding behaviour. For instance, at least one
supposedly monogamous species, karoo bustard Heterotetrax vigorsii, is moderately
dimorphic in weight (18.52%) and slightly in wing length (6.5%, see Table 3), while
the polygynous (exploded-lekking) little bustard is practically size-monomorphic
(9.11% and 0.99% for body weight and wing length, respectively), according to the
criteria for size dimorphism in birds proposed by Hoglund (1989). Nevertheless, in
the extremely size-dimorphic great bustard, mating success is usually highly skewed
among lekking males, and body mass clearly plays a role in this pattern (Alonso et al.
2010).

Sexual size dimorphism has also been related to the type of sexual display, both in
some bustards and in other avian groups (Johnsgard 1994; Székely et al. 2000), so
that males of species that perform acrobatic courtship behaviour tend to be smaller in
relation to females than species with ground display. However, the information
compiled in Table 3 does not allow any clear conclusion in this regard. Although
ground displays (balloon, running and ground-calling) are dominant in the family, in
some species males perform leaps and acrobatic flights. The degree of sexual size
dimorphism among ground-displaying species ranges from moderate to strongly
marked. However, among jumping and aerially courting bustards, we find all
patterns of size dimorphism, from monomorphic and inversely dimorphic species
(little bustard and floricans, respectively) to the black-bellied bustard Lissotis
melanogaster, a species showing clear male-biased size dimorphism. The latter
species probably shares male-biased weight dimorphism with its congeneric
Hartlaub’s bustard L. hartlaubii. The variation in sexual size dimorphism and type
of sexual display across the family’s consensus phylogeny produced by Cohen
(2011) is shown in Fig. 2. Again, future field and comparative research on bustard
breeding ecology and behaviour will hopefully help clarify the evolutionary relation-
ships between mating strategies and sexual size dimorphism in the family.
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Little Bustard Phylogeography

What is the phylogenetic diversity within the subject species of this book, the little
bustard? As described in the next chapter, the little bustard was historically split into
two subspecies (T. t. tetrax and T. t. orientalis), based on slight morphological
differences, a distinction that seems no longer supported (Cramp and Simmons
1980; Collar et al. (1986); Dickinson and Remsen 2013; del Hoyo and Collar
2014). However, the large range and the variety of bioclimatic regions occupied
by the little bustard suggest that the species should exhibit a relatively high level of
genetic diversity.

The use of molecular markers to unravel the degree of genetic relatedness
between the species’s populations across geographical space, that is, its
phylogeography, has been so far restricted to a sector of the western sub-range
(see chapter ‘Natural history of the little bustard: morphology, biometry, diet, sexual
dimorphism, and social and breeding behaviour’)—more precisely, to a subset of
populations across Spain and France, from Andalusia (southern Iberia) to Poitou-
Charentes (central-western France), including intermediate sites such as Galicia
(north-western Iberia), Catalonia (north-eastern Iberia) and Mediterranean France.
Garcia et al. (2011), using a mitochondrial DNA marker, found very low genetic
diversity (only four haplotypes) and no strong genetic structure, that is, differentia-
tion, across these populations, which form the core of the species’s western range.
One haplotype was common to, and dominant in, all populations, but no haplotype
was exclusive to a single population. Nevertheless, some geographical differences
appeared: one haplotype was only present in Iberian populations and another was
particularly frequent in Mediterranean France. Populations from Galicia and Cata-
lonia were the most genetically diverse because they had both exclusively Iberian
haplotypes and haplotypes found there and in French populations. Moreover, Cat-
alonia shared a haplotype exclusively with Mediterranean France.

Based on these genetic diversity patterns and making use of the molecular clock,
Garcia et al. (2011) also estimated the historical periods of the species’s population
expansion and contraction during the Pleistocene (see also chapter ‘Migration,
movements and non-breeding ecology’). Expansion corresponded to cold periods
of Pleistocene glacial stadials during which cold steppe ecosystems reached their
maximum extent south of the European ice sheet (Pons and Reille 1988; Allen et al.
1999). Conversely, during warmer interstadials forest ecosystems expanded north-
wards from Mediterranean refugia, leading to the population contraction of the little
bustard and other steppe fauna (Geroudet 1961; Santos and Suéarez 2005). The
periods of little bustard population expansion identified by Garcia et al. (2011)
occurred at different Pleistocene temperature minima, ranging from around
228,000 years ago to approximately 108,000 years ago. This scenario prompts the
consideration that, had the anthropogenic expansion of open agricultural habitats not
occurred, Palearctic bustards and other steppe fauna would currently be confined to
scattered relic steppes associated with local microclimate and particular edaphic
conditions (Bennett and Provan 2008).
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Genetic diversity in newly colonised areas is usually a subset of the diversity
found in refugia (Hewitt 1996). Based on this principle, but also on their finding that
northern Iberian populations harbour higher diversity than others, Garcia et al.
(2011) outlined a scenario in which the little bustard populations of Galicia and
Catalonia represent admixture zones where birds confined to southern refugia during
interstadials came into contact with individuals from outside Iberia during periods of
range expansion. Furthermore, the north-eastwards increase in the frequency of
haplotypes shared between northern Iberia and France suggests the existence of a
refugium in Central or Eastern Europe.

Even so, the phylogeographic picture of the little bustard remains largely incom-
plete, lacking information from south-western Iberia (Extremadura and Portugal) and
Sardinia, which still hold viable populations. In addition, the now virtually extinct
populations in the western sub-range, in Morocco and continental Italy (see chapter
“The little bustard around the world: distribution, global conservation status, threats
and population trends’), are important missing pieces. Finally, the genetic structure of
the eastern sub-range is still entirely unexplored. An unpublished study by Garcia
(2017) filled some of these gaps. He gathered 212 Tetrax tetrax specimens collected in
15 different countries across the species range, both from historic (museum) and
contemporary (field-collected) specimens. Only eight haplotypes were found
concatenating ND2 and COI1 genes (for a total of 1722 bp), highlighting a low level
of variation. One haplotype was shared by 101 of 117 individuals (Garcia 2017).
These results were further supported by microsatellite (13 loci) data and analyses.
Population genetic analyses confirmed overall a slight, but significant, geographic
structuring among populations from Spain, France and Kazakhstan (Garcia 2017).
Future genetic analysis of these eastern populations should address at least three
questions. First, it should be possible to refute (or confirm) the existence of a distinct
eastern race or subspecies. Second, the phylogeographic position of geographically
intermediate but now extinct populations (Panonian region, the Balkans) could be
assessed with the use of museum specimens. And, third, the phylogeography of the
eastern range should be resolved using samples from southern Russia, Kazakhstan and
western China. Such a complete picture would provide the criteria for determining and
prioritising genetically defined management units (i.e. evolutionarily significant units
[ESUs]: Moritz 1994) which could be integrated in a global conservation strategy for
the species.
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Natural History of the Little Bustard: )
Morphology, Biometry, Diet, Sexual ekl
Dimorphism, and Social and Breeding
Behaviour

Vincent Bretagnolle, Santi Maiiosa, and Manuel B. Morales

Introduction

The little bustard Tetrax tetrax belongs to the family Otididae, a family that used to
be placed within the order Gruiformes. However, more recent avian phylogenies
have quite dramatically reshaped sister relationships between bustards and other
birds, placing them in their own order Otidiformes (see details in chapter “The little
bustard and its family: an overview of relationships”). Indeed, bustards have many
unique life history traits, which are reflected in their anatomy, biology, and ecology.
We present here some main characters and life history traits of the species, detailing
in particular those that are not covered in other chapters; but since mating system and
mate choice, habitat selection, breeding biology, fecundity, survival and movements
are all covered in other chapters they will not be dealt with here. This chapter should
not either be considered as a detailed natural history account of the species (despite
the fact that none is unfortunately yet available). Rather it describes some general life
history traits that have not been covered so far in great detail. Other general accounts
of little bustard general habits, breeding biology and behaviour can be found in

V. Bretagnolle (P<1)

Centre d’Etudes Biologiques de Chizé, CNRS & La Rochelle Université, Beauvoir sur Niort,
France

e-mail: vincent.bretagnolle@cebc.cnrs.fr

S. Maiosa

Departament de Biologia Evolutiva, Ecologia i Ciéncies Ambientals, Institut de Recerca de la
Biodiversitat (IRBio), Universitat de Barcelona, Facultat de Biologia, Barcelona, Catalonia,
Spain

e-mail: smanosa@ub.edu

M. B. Morales

Terrestrial Ecology Group, Departamento de Ecologia & Centro de Investigacion en
Biodiversidad y Cambio Global (CIBC), Universidad Auténoma de Madrid, Madrid, Spain
e-mail: manuel.morales @uam.es

© Springer Nature Switzerland AG 2022 29
V. Bretagnolle et al. (eds.), Little Bustard: Ecology and Conservation, Wildlife
Research Monographs 5, https://doi.org/10.1007/978-3-030-84902-3_3


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-84902-3_3&domain=pdf
mailto:vincent.bretagnolle@cebc.cnrs.fr
mailto:smanosa@ub.edu
mailto:manuel.morales@uam.es
https://doi.org/10.1007/978-3-030-84902-3_3#DOI

30 V. Bretagnolle et al.

Cramp and Simmons (1980), Schulz (1985), Boutin and Métais (1995), Glutz and
Bauer (1994), and Collar in del Hoyo et al. (1996).

Morphology and Anatomy

The little bustard is one of the smallest species of the Otididae family (25-27
species, see chapter “The little bustard and its family: an overview of relation-
ships”). Its body size is about 40—45 cm, for a wingspan of 110 cm (see section
below on biometrics) and an average weight of about 850-900 g (Cramp and
Simmons 1980; see also below for details). It is the smallest of the three species
of bustards found in the western Palearctic (there were formerly four, but Arabian
bustard Ardeotis arabs has been extirpated: Cramp and Simmons 1980). Like most
bustard species, the little bustard is highly dimorphic, and more specifically, sexu-
ally dichromatic (Plate 1a, b).

General morphology in bustards, and the little bustard in particular, is character-
ized by small head, long neck, and long legs. The little bustard is a relatively heavy
bird for its size. Like all bustards, little bustards are terrestrial birds that do not use
trees, and thus do not perch. They lack a hind toe, have broad claws and long toes.
They have very slender necks, especially females. They have a powerful flight, with
very little gliding: although little bustards spend most of their time on the ground,
they are not reluctant to fly and can actually cover very large distance without

Plate 1 Little bustard adults and young; (a) (i) adult male in breeding plumage (Photo: Vincent
Bretagnolle), (ii) adult breeding male showing inflated neck while singing (Photo: Carlos Palacin);
(b) (i) adult female and (ii) adult female and few-days old chicks (Photos: Carlos Palacin); (¢) detail
of male wing showing emarginated seventh primary feather (Photo: Eladio Garcia); (d) adult female
(1) and male (ii) in winter plumage (Photos: Vincent Bretagnolle); (e): juvenile during first autumn
(Photo: Carlos Palacin)
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stopping (see chapter “Migration, movements and non-breeding ecology” on migra-
tion). A unique trait of male little bustards is the short fourth primary that produces a
whistling sound when they are flying, regardless of season (Plate 1c).

Bustards in general have several peculiar anatomical characters, which were
noted by early anatomists and have actually obscured their phylogenetic position;
they were once placed close to cranes—see Yang et al. (2010)—although they are
now classified closer to turacos (Prum et al. 2015, chapter “Migration, movements
and non-breeding ecology”). Bustards are almost unique among birds for their
hexagonal scales and scutellations on the legs (Collar in del Hoyo et al. 1996). Little
bustards (like all bustards) lack an oil-preen gland, and have a pink powder-like
down at the base of their feathers. Although the mechanism behind the coloration of
this down was long known (it is based on porphyrin pigments), the function of pink-
powder down has remained unclear. A recent study on great bustard Ofis tarda, in
which porphyrin pigments were demonstrated to disappear very rapidly (no more
than 12 min), suggested that males showing females such pigments around cloaca
were thus virgin, and may be preferred by the females (Galvan et al. 2016).
However, since other bustard species have also porphyrin pigments but do not
perform such displays, limits the generality of this explanation. Little bustards also
show a particular digestive anatomy and tract (Bailey et al. 1997). Bustards do not
possess a crop (Bailey et al. 1997), and in general have two, relatively long, intestinal
ceca (review in Clench and Mathias 1995, see Plate 2). For example, the length of
ceca from an adult female little bustard found dead in Malpartida de Caceres
(Extremadura, Spain) was 15 and 19 cm, which represents 19% and 24 %, respec-
tively, of the animal’s intestine length, while ceca from an adult male little bustard
recovered dead near Toledo (central Spain) were 34 and 30 cm long, representing
33% and 29% of its total intestine length (M.B. Morales unpubl. data). These figures,
even if isolated, suggest that the species’ size dimorphism (see below) may have
correlates at the physiological level and point to the greater importance of herbivory
in males in summer. The function of long ceca is not very well known, although it is
most likely involved in the digestion of cellulose and fibre, and possibly also in water
retention. Long ceca were suggested in great bustard to lower seed germination
capacity in Solanum nigrum (Bravo et al. 2016). Sexual anatomy has not been
studied in detail in little bustard, nor its physiology such as endocrine and hormones,
although studies are available for other species of bustards, like Kori Ardeotis kori
(Penfold et al. 2013) and great (Bautista et al. 2013) bustards.

Little bustard identification is easy, at least in spring. Males are black and white
on the neck and head, brown on the dorsal parts, and white on the ventral, while
females are brown and cream with many dots and vermiculated feathers (Plate 1a, b).
Within the species, age and sex identification is however more complicated, espe-
cially in winter plumages, as detailed below.
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Plate 2 Little bustard stomachs, intestines, and stomach contents; (a) female stomach and intestine
(1: proventriculus; 2: stomach; 3: intestine; 4: intestinal ceca; 5: cloaca); (b) male stomach and
intestine (the difference in relative size of ceca in relation to female is remarkable); (¢) Dissected
proventriculus (6) and stomach (7); (d) example of stomach contents (winter), dominated by plant
shoot and leaf material but with non-negligible presence of coleopterans (8) and seeds (9). Photos
by Carolina Bravo

Biometry and Variation in Size

Taxonomy and Subspecies

There were formerly two recognized subspecies of little bustard (7. f. tetrax from
France, Iberia, Italy, and North Africa) and T. . orientalis for the rest of its current
distribution (see chapter “The little bustard around the world: distribution, global
conservation status, threats and population trends” for distribution maps). Where
exactly the two subspecies were supposed to split is difficult to assess because
bustard populations have gone extinct from all countries where they were recorded
between France and Ukraine (see chapter “The little bustard around the world:
distribution, global conservation status, threats and population trends”). Since the
geographical range of the Little Bustard was less fragmented than it is today (it was
more or less continuous in the Mediterranean), the location of the historical split is
not quite obvious. The taxon orientalis was said to be slightly larger, paler on the
back (greyer), with more or coarser marks. The two subspecies are no longer
recognized in recent checklists, owing to large overlap in biometrics and individual
variation in colouration (see Cramp and Simmons 1980).
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Specimens were measured in Berlin, Tring (UK), Paris, Vienna, Coimbra,
New York, and Madrid museums of natural history, yielding a grand total of
125 adult specimens, by far the largest sample size gathered so far for such an
analysis. The assignation of specimens to one or other subspecies was not easy in
some cases (even though museum labels often contained an indication of subspe-
cies). The extreme case was represented by two birds shot in the UK in winter and
tentatively assigned to orientalis (as were birds seen and shot in winter in the
Netherlands or Germany; see Cramp and Simmons 1980). We therefore conducted
a descriptive analysis, with no a priori assignment to any form, using either country
or subcontinental area. Previous analyses suggest that there is clinal variation in size,
with south-western birds (Iberia, Italy) being overall smaller than eastern birds
(Russia, Central Europe). Table 1 provides average values of measurements from
the literature (Cramp and Simmons 1980) and our own. Although orientalis is said to
be larger, this is actually only true for wing and tail lengths; tarsus length does not
differ between former subspecies, and actually bill (culmen and bill depth) is larger
in fetrax than in orientalis. Therefore the magnitude and trend in the cline varies with
biometric character, since culmen length is actually larger in south-western birds
(Fig. 1). Although bill measurements from Cramp and Simmons (1980) differ from
our own measurements, fetrax birds have larger bills, in both sexes and whatever the
data set used (see Table 1). Using wing length and culmen size, birds from the two
putative subspecies were plotted in a scatter plot. Substantial variation occurs, but on
a bivariate plot the two forms can be actually separated (Fig. 1). There are, however,
some misclassified individuals. This does not mean that the subspecific designation
should be kept, but further investigation in regard to morphometrics and genetic
markers is clearly required, especially because these two populations (Western
Europe and Asia) currently face strongly diverging and opposed fates (chapter
“The little bustard around the world: distribution, global conservation status, threats
and population trends”).

Geographical and Seasonal Variation in Size Within Iberia
and France

Table 2 provides average biometric measurements for several populations studied in
France and Spain. There is little variation among populations. In particular the three
French populations, despite the fact that one is migratory while the other two are
sedentary, show almost identical measurements, except for body weight where the
La Crau population is on average 100 g lighter, but these birds were all captured and
measured in winter (see below). In addition, as found in museum specimens, Spanish
birds are smaller than French ones.

Seasonal variation in body weight is known for some species (and may be up to
50% in Australian bustard Ardeotis australis: Collar in del Hoyo et al. 1996). We
found slight evidence of such pattern in the Little bustard (Fig. 2), since in two study
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Fig.1 Scatter plot showing variation in culmen versus wing length among little bustard males and
females belonging to western (fetrax subspecies) and eastern (orientalis subspecies) populations.
While few sexual differences are apparent, fetrax individuals of both sexes present overall larger
culmens and shorter wings than orientalis birds. All measurements from museum specimens (see
text)

sites in France males and females were slightly heavier in April and May, respec-
tively. This corresponds to the peak activity of display and mate choice, with
1 month lag between these two study sites. In winter, birds lose weight. Interestingly,
there is some support from the graph that birds tend to lose weight just prior to
migration, since even the sedentary birds from southern France make some move-
ments in March and late August (P. Devoucoux unpubl. Data; see chapter “Migra-
tion, movements and non-breeding ecology’). Female weight measurements from
Lleida (Catalonia) are substantially smaller than elsewhere, in both absolute and
relative terms (Table 2). A possible explanation for this lower mass of Catalonian
females is that they were captured and weighed in early summer (late June—early
July), when rearing chicks. Their lighter weight might be the result of mass loss
during incubation and chick rearing, suggesting the existence of potential breeding
costs.
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Table 2 Measurements of Little bustard, by sex, obtained from several studies carried out in
different regions of France and Spain

Population

Culmen

‘ Wing

‘ Tarsus

| Body weight

France

Deux Sevres®

Males

25.0 + 1.4 (18)

249.4 + 4.9 (18)

65.8 + 3.1 (18)

908.0 + 72.2 (18)

Females

247+ 1.6 (12)

246.8 £ 5.0 (12)

65.7 +3.9 (12)

883.4 + 86.7 (12)

Crau (winter)*

Males

23.7+ 1.7 (31)

250.5 + 6.0 31)

68.8 £3.0 (31)

802.8 + 89.3 31)

Females 243 +£1.9(38) |2482+£53(38) | 66.1 £3.0(38) |783.3 £ 68.9 (38)
Gard®

Males 259+ 1.7(36) |2492+5.6(36) | 66.6+2.5(36) |892.9 +80.7 (36)
Females 260+ 1.5(7) |2459+£33(7) 64.6 £33 (7) |843.6+66.3(7)
Spain

Galicia®

Males _ 2415+£35(Q2) 68 + 0.7 (2) 851 + 7.1 (2)
Castilla y Le6n®

Males _ _ 717 £ 14Q2) 909 & 63.6 (4)
Navarra®

Males _ 1245.0 (1) ] 745(1) | 912+113(2)
Catalufia®

Males 249 + 18 (31) 74 + 4 (33) 923 + 74 (34)
Females 243 + 8 (25) 68 & 3 (26) 684 + 46 (28)
Madrid®

Males 213+£323) |2453+£69(17) 69 3.6 (16) |911.6 £ 70.1 (13)
Females 22+£02(2) 241.0 (1) 634+03(2) | 70541457 (2)
Toledo (winter)b

Males 223422 [2464£50(10) | 69.3£3.5(10) |836.8 &+ 46.3 (10)
Females 243 (1) 240.6 £ 5.5 (5) 663 +£2.9(5) |786.0 = 80.0 (5)

Ciudad Real (winter)®

Males

22.8 (1)

240 £ 11.7 (8)

68.6 + 6.3.2 (8)

795.8 £ 52.7 (9)

Females

238.9 £ 6.1 (9)

732 £ 8.7 (8)

726.4 £ 36.0 (8)

Data are provided as mean £ SD (sample size)

V. Bretagnolle, A. Wolff and P. Devoucoux unpublished data
"M.B. Morales and E. Garcia de la Morena, unpublished data
“S. Mafiosa and G. Bota, unpublished data

Sexual Dimorphism, Seasonal Variation in Plumage,
and Moult

The major seasonal change in social behaviour is accompanied by changes in male
plumage, which shifts from highly conspicuous (for the purpose of display) during
the breeding period to camouflaged in winter (Plate le). In contrast, female and
juvenile birds remain in camouflaged plumage in both winter and summer (Plate 1d
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Fig. 2 Seasonal (months indicated by their number) variation in average body weight of adult little
bustards (M: males; F: females) from two different French populations, one migratory (Deux-
Sévres) and one resident (South; two localities: La Crau and Nimes). In total, 124 birds of either sex
and populations were captured and used here. Data provided in part by Axel Wolff, Pierrick
Devoucoux, and Alex Villers

(i), e). Perhaps one of the most striking features of the Little Bustard is the
emarginated fourth primary (when counting from wing tip, seventh primary other-
wise). Fledgling and 1-year-old males lack this feature; it comes after the 1-year-old
completes its moult in late summer (Géroudet 1978; Jiguet and Wolff 2000), so is
only found in mature males, i.e. from 16 to 18 months onwards, in both summer and
winter (Duquet 2018; Plate 1c). Winter and summer plumages are usually alike in
bustards, and little bustards show perhaps the most extreme case of seasonal change
in plumage, possibly in relation to the fact that more northerly populations are
migratory, while the other species are mostly or entirely sedentary. In the field,
fledglings (up to first-winter), first-year males in spring, females, and winter-
plumage adult males can all be distinguished by plumage. The most difficult task
is to separate fledglings from adult females in autumn post-breeding flocks
(September—November). Making this distinction is important, since in many
populations and field surveys it is the only way to estimate productivity at the
population level.

Jiguet and Wolff (2000) have described the autumn—-winter male, female, and
juvenile plumages in detail and include drawings and photos of such plumages. In
winter adult males there is a sharp change from the brown chest to the white belly,
and their dorsal plumage, as in spring, shows a fine vermiculated pattern; the breast
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shows two triangular brown patches, sometimes separated from the neck by a cream
band. Frequently, adult males exhibit patches of nuptial feathers on the lower neck,
either as remnants of previous nuptial plumage or, in late winter, first signs of newly
developing ones (Plate 1e). Finally, the male silhouette is more robust than that of
females, showing broader necks and heads. In adult females, there is a gradual
plumage transition from neck to chest, which shows black dots scattered over the
whitish or greyish ventral parts (Plate 1b, d). The contrast between neck and ventral
parts is a fairly reliable criterion to distinguish wintering males from females and
juveniles in the field.

In lateral view, females show a few black-dot alignments and their dorsal parts
and underwing-coverts show much thicker vermiculation, with black dots mixed
with paler areas. The overall female colouration is darker than in males, but more
reddish than in young birds, which present an ochre tone in early autumn. Juveniles
younger than 60 days can be visually distinguished from adult females due to their
smaller size and more gracile silhouette (see appendix in Bretagnolle et al. 2018).
Since their plumage is completely new, they present a single generation of feathers.
Their underwing-coverts are beige or ochre. However, this trait becomes useless
when covert growth is completed. The middle coverts show an x-pattern close to
their tip, which contrasts with the beige background (Plate le). After their first
autumn moult, these traits become undetectable and differentiation between young
and adult females becomes impossible.

The species’ moult pattern is described in some details in Cramp and Simmons
(1980), thus we will not extensively deal with it here. To summarize, there is a
complete moult after breeding (i.e. July—September), except perhaps for some
primaries (the last three or four). These are not moulted in winter, since moult
stops completely between October and spring; thus they are moulted the following
year. Body feathers are moulted again in early spring, just after arrival from
migration in earliest birds, when they acquire their breeding plumage. Those arriving
later from migration have already moulted their body feathers. Fledgling birds moult
in winter, and usually complete their moult by December or January.

One of the most striking features of feather growth in chicks is that primaries are
the first feathers to grow, and by the age of 15-20 days chicks are able to fly over
short distances (20-30 m maximum) to escape predators. Their body is still covered
with down at this age. Then, with age, body and tail feathers start to grow.

Natural History: Habitats, and Social and Breeding
Behaviour

Habitats

Little bustards live in open habitat, including steppe, pseudosteppe, low and open
scrubland, and extensive as well as intensive agricultural habitats. They avoid
mountainous areas (avoid slopes higher than about 10°), although they can be
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found up to 2000 m asl. They also avoid marshlands (although they can winter, for
instance, in Spain, in wetlands and very close to water), and forested areas. They
therefore select large open and flat or nearly flat areas. A peculiar characteristic of
little bustard ecology is that habitat selection depends on sex, particularly at fine
scale (e.g. Morales et al. 2008; review in Devoucoux et al. 2019), and season
(Suéarez-Seoane et al. 2008). More details on habitat selection are provided in chapter
“Habitat selection and space use”.

Despite the fact that little bustards are large birds that live in fairly open habitats
they can be surprisingly well hidden in the vegetation—not only females and young
with their highly cryptic plumages, but even breeding plumage males. In the latter,
although head and neck are basically black and white, birds can hide in vegetation by
lowering their head, thus concealing the black and white colouration.

Most studies of Little Bustard ecology have focused on the breeding and post-
breeding periods (Martinez 1994; Salamolard and Moreau 1999; Wolff et al. 2001,
2002; Silva et al. 2007; Traba et al. 2008; Morales et al. 2008, 2013; Delgado et al.
2010). Far less information is available on winter ecology (but see Silva et al. 2004;
Garcia de la Morena 2015; Cusc6 et al. 2018), when bustards congregate in large
flocks. Breeding and winter ecology are indeed different, in terms of social behav-
iour (i.e. gregariousness), food preferences and foraging (Bravo et al. 2016, 2017),
home range size and daily activity patterns (Wolff 2001). There is a strong seasonal
variation between sexes (Tarjuelo et al. 2013; Morales et al. 2008). In spring, males
and females differ not only in plumage but also in relation to their habitats (Traba
et al. 2015; see chapter “Habitat selection and space use”). Sex differences in spring
and summer result from the species’ mating system, which is an exploded lek system
(Jiguet et al. 2000; Jiguet and Bretagnolle 2006). Indeed, females visit leks solely for
the purpose of mating, and they will remain hidden in the vegetation most of the
time, for nesting and rearing the chicks. Conversely, males remain mainly in open
habitats, in order to be visible to females, and to attract them. Females and males
therefore respond to rather opposite habitat characteristics. This results especially in
strong habitat differences between the sexes in arable habitat, where the mosaic of
crops results, at almost any time in the season, in a variety of crop heights.
Conversely, in pastureland, which is more homogeneous at a large scale, vegetation
growth is more or less simultaneous, and differences between the sexes at a macro-
habitat scale are less pronounced (Devoucoux et al. 2019; see also chapter “Habitat
selection and space use”).

General Social Behaviour

Basically, birds of both sexes are more or less solitary in spring and summer (Morales
et al. 2005), and become gregarious in winter. Flock size can be huge in winter, and
although the average is usually around 100-200 birds (Garcia de la Morena 2015)
there are repeated records of flocks of thousands in south-west Asia (e.g. Gauger
2007), but also in Iberia (Garcia de la Morena 2015) and southern France (Wolff
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2001; Devoucoux 2014). Social bonds between breeding males and females are
minimal. Both sexes tend to aggregate by sex, males in exploded leks (Ponjoan et al.
2012; see below), and females visiting leks in small groups, often 3—7 individuals.
When males and females do encounter each other in spring, males very often harass
females for copulations, so females try to avoid them. Males, despite their territorial
behaviour, congregate in loose leks (Jiguet et al. 2000; see section “Spacing behav-
iour” and chapter “Behavioural ecology of the little bustard: sexual selection and
mating systems”). Their densities were regularly monitored in Portugal over 7 years
and shown to vary between years according to rainfall as well as percent grassland
cover (Delgado and Moreira 2000). Weather influence on annual density was also
recorded in central Spain (Delgado et al. 2009).

Other social bonds include family behaviour. Females alone incubate the clutch
and rear their chicks, so family bonds are restricted to relationships between the
mother and her chicks (Lett et al. 2000; Silva et al. 2014). These relationships are
strong, since females take care of the brood for about 55-65 days. Females do not
seem to feed chicks (except at the very first stage, until the age of about 7 days, as
observed in captivity: V. Bretagnolle, pers. obs.), but show them insects that they
will eventually catch. Females also guard their brood, and do not hesitate to take
risks in face of predators (raptors, mammals) including humans. For instance, several
females have been seen using the broken-wing display of many waders to draw
predators or danger away from their chicks. Females also use particular alarm calls to
warn the chicks, and chicks have also special contact calls (a whistle) to keep contact
between themselves and with their mother. Scientists actually use these various
behaviours by breeding females, particularly with chicks, to locate nests or at least
the fields within which a nest or a brood is located (see Bretagnolle et al. 2018).

In winter, birds of either sex or age aggregate in flocks. Apart from some agonistic
inter-individual interactions, there are no particular bonds or social links between
birds in wintering flocks, either between sexes or between adults and first-year birds.
Although wintering birds often commute between foraging areas (fields) and roosts,
anecdotal evidence gathered from La Crau and Lleida with radio-tagged birds
showed that groups are not constant in composition, so that from day to day
individual birds change roosts and foraging fields, and thus the individual compo-
sition of flocks changes every day (Wolff 2001; S. Maiiosa, G. Bota and F. Cusco,
unpublished data). In any case, little bustard winter habitat use seems to be largely
constrained by the species’ characteristic behavioural traits, such as conspecific
attraction and site fidelity; wintering females exhibit inter-individual consistency
in habitat selection, in regard to terrain slope, alfalfa, corn stubble, and irrigated
cereal stubble availability, but these interact strongly with social factors (Cuscé et al.
2018).
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Spacing Behaviour

During the breeding season, displaying male little bustards concentrate in more or
less loose aggregations (Schulz 1985; Jiguet et al. 2000). The nature of these
aggregations, and how variable this pattern might be, are still a matter of study
and debate (see, e.g., Morales et al. 2001, 2014; Jiguet and Bretagnolle 2006, 2014).
The causes of such clumping (present in all lekking species) have long intrigued
behavioural ecologists, and some research on this subject has been conducted with
the little bustard as well. One possibility is that male aggregation is simply the result
of some kind of habitat clumping (landmark aggregation hypothesis: see Hoglund
and Alatalo 1995), which means that one of the conditions of lekking—namely, that
male aggregation must be independent from habitat features—would not be fulfilled.
Nevertheless, although habitat may obviously cause some degree of aggregation at
larger scales, several studies have revealed that male little bustards aggregate even
within patches of homogeneous habitat where there is no apparent habitat clumping
(Jiguet et al. 2000), which discounts the possibility of landmark aggregations in
these circumstances. However, it is not always easy to separate the effect of habitat
clumping in the aggregation pattern. In highly intensified agricultural habitats,
optimal patches for display or feeding might be highly clumped, promoting a higher
aggregation pattern than would be expected otherwise. An experimental manipula-
tion of lek size using male decoys in various habitat landscapes (Jiguet and
Bretagnolle 2006) seemed however to rule out this possibility (see chapter
“Behavioural ecology of the little bustard: sexual selection and mating systems”
for more results).

Conversely, females seem to be territorial in the breeding season, particularly
when incubating. Although they do not defend territories with fixed boundaries like
many other birds such as passerines or raptors, there are many examples and
instances of females chasing other females, especially at the laying period, presum-
ably to avoid or reduce intra-specific competition for food during chick rearing.
However, there is also repeated evidence of females nesting in the same field
(e.g. Devoucoux et al. 2019; Bretagnolle et al. 2018). M.B. Morales and
E.L. Garcia found two active nests in the same small fallow field in 2002, and up
to three active nests were found in the same small alfalfa field in 1998 by F. Jiguet
and V. Bretagnolle. Interestingly, those nests were found because the field was
mown, i.e. females were very much hidden in the field at the time of laying. Such
observations therefore raise the possibility of egg dumping (a female laying in
another female’s nest, i.e. a kind of parasitism), a phenomenon observed in captive
breeding little bustard programmes in a single large aviary in Chizé (France)
between 1997 and 2003, when we found eggs from different females (recognized
by colour pattern, size, and shape) in the same nest (they were not incubated by a
female as they were removed to be artificially incubated).

Overall therefore, in spring and summer (breeding season), males aggregate in
loose concentrations where they defend small territories, while females do not
aggregate (except when visiting leks) and repel each other, although not necessarily
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defending a fixed territory but simply excluding other females at close range. Both
sexes become highly gregarious in winter, and gather in medium to large flocks.

Breeding Behaviour and Life History Traits

Extremely little is known about copulations in Little Bustard, and indeed bustards in
general. Copulation has been either described or filmed only in Great bustard
(Hellmich 1991) and Kori (Hellmich 1988), as well as both species of houbara
(mostly in captivity). However, in the little bustard there is no single published
description of copulation behaviour, and we know only a few instances when
observations of this behaviour have been reported in the wild. This is strange,
since copulations in lekking species are usually numerous (Hoglund and Alatalo
1995), and should be observable. Therefore, copulation probably takes place at a
time where it is very difficult to watch, probably just before night in the evenings, or
even at night. Interestingly, although there are nowadays several facilities where
little bustards are kept in captivity for conservation purposes, sometimes in fairly
large numbers, copulations have not been seen either. Alternatively, copulations in
this species may not be so common, which would be inconsistent with the observa-
tions that suggest a relatively important sperm competition (see below and chapter
“Behavioural ecology of the little bustard: sexual selection and mating systems”).

Once copulation has been achieved, females search for a place for nest location.
Anecdotal evidence (Jiguet and Bretagnolle, unpubl. data) based on radio-tracked
females suggest that there may be up to 2 weeks between copulation time and egg
laying, leaving enough time for sperm competition to arise (see also chapter
“Behavioural ecology of the little bustard: sexual selection and mating systems”)
and suggesting that females can store male sperm for some time. Nests are very
simple, only built by females (which take care of all breeding tasks), and consist
usually of a scrape in the ground, sometimes with a few pieces of vegetation added
(see chapter “Breeding biology and demographic traits”).

Clutches are comprised of large eggs, oval and green (presumably coloured
mostly if not only with biliverdin). There is, however, a wide range of shading,
even within a clutch, from dark olive eggs to very pale ones, perhaps especially so in
captive-bred females. There is some evidence that late eggs within a clutch are paler
than first-laid eggs, suggesting that females, who synthesize pigment, may become
short of it. Although egg colouration in little bustard may not appear as cryptic as in
other species (e.g. stone curlew Burhinus oedicnemus), eggs are very difficult to see
in the nest, which is most often in the shadow of vegetation.

Little bustards are rather long-lived birds. Males usually do not breed in their first
year (i.e. they do not display nor copulate), although there are rare exceptions. In the
captive breeding facilities at Chizé (Deux Sévres, France), some 1-year-old males
have displayed in their first spring, despite being in first-year plumage. Some of them
are even able to perform calls. There is even evidence (also from captive breeding
stock in Chizé) that these first-year males are actually able to mate with females and
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fertilize eggs. Finally, there is at least one observation of a wild male juvenile
performing the jump display (see below) during the breeding season of 2017 in
Lleida (north-eastern Spain; G. Bota personal communication). Females, on the
other hand, are able to breed in their first year of life, since radio-tagged birds
from France were shown to nest successfully (Jiguet and Bretagnolle unpubl. data).

Survival rates are dealt with in detail in chapter “Breeding biology and demo-
graphic traits”. Longevity is known for captive birds: the oldest male in a captive
breeding stock in France is at least 17 years old, and several males in the same stock
have reached the age of 14. In the wild, a male (incidentally, a captive-raised bird)
survived until 15 years old, but the current oldest-recorded birds are two GPS-tagged
males, one in Deux Sevres (France), which was 18 years old in 2018, and a male in
Lleida (Mafosa et al. 2018), which was re-observed in spring 2019 (Roger Guillem,
pers. comm.) as a 15-year-old. Causes of mortality have been studied in detail in
birds equipped with VHF, satellite, and GPS transmitters (Marcelino et al. 2017). Of
151 birds tracked over 12 years, collision with powerlines was found to be the cause
of death of many birds (3.4-3.8%/year), followed by illegal killing (2.4-3%/year).
Poaching was however the main cause.

Parental Care and Lekking

There is general agreement about the fact that little bustard males do not perform any
sort of parental care (Schulz 1985; Jiguet et al. 2000). This is the dominant pattern
among bustard species, in most of which males take no part in protecting and rearing
their offspring (see chapter “The little bustard and its family: an overview of
relationships™), and it is also found in some other avian groups such as the
galliforms, waders, and ducks (Johnsgard 1994). Why is this so? In fact, this is an
exception among birds where, in most species, males contribute to some extent to
nest building, incubation, food provisioning and/or protection of the female and
young, or other sorts of parental care. However, little bustard chicks are precocial,
and can feed by themselves early in life, so it is possible that male assistance is of
little help during the brooding phase, although males of certain other precocial
species, such as partridges, do give parental care. Other factors are thus probably
involved. The more or less strict herbivorous diet of adult little bustards may play
some role, as grasses and weeds are relatively abundant and easy to find around the
nests, so that incubating females can feed by themselves relatively easily, and thus
the help of a provisioning or an incubation-sharing male would be of little value. In
these circumstances, a little bustard male may obtain much greater fitness benefits by
trying to mate with as many females as possible (hence a positive selection for the
lek mating strategy) and leaving them in charge of egg and chick caring, than by
getting involved in parental care of a single or several broods. Theoretical, empirical,
and even experimental studies have been performed in order to better understand
why little bustards show an exploded lek mating system (Morales et al. 2001; Jiguet
and Bretagnolle 2006, 2014).
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Lekking is a peculiar type of polygynous mating system in which males aggregate
and defend small territories that females visit only with the purpose of mating
(Hoglund and Alatalo 1995). Lekking is thus a non-resource-based mating system
in which females select mates among males (Bradbury and Gibson 1983). In such
systems, males have no, or very little, contribution to their offspring fitness, apart
from their genes. But males have evolved a suite of characters (morphological,
behavioural) that signal their “good” genes in order to attract females (Andersson
1994; Hoglund and Alatalo 1995). In the Little Bustard, males have evolved
particular distinctive plumages, call and display activities (see below). But another
striking peculiarity is that lekking in the Little Bustard is associated with territorial
defence of rather large territories, in a particular form of lekking, the exploded lek,
that is best characterized by male spacing behaviour. Exploded leks are intermediate
between classical leks, in which males are highly clumped, and resource-based
polygyny, in which females benefit from resources controlled by territorial males
(Hoglund and Alatalo 1995). The variation between these three types of mating
systems (that should rather be seen as a gradient) is explored in more details in
chapter “Behavioural ecology of the little bustard: sexual selection and mating
systems”.

Foraging, Diet, and Feeding Behaviour

Diet

Almost all bustards are omnivorous and, considering the whole life cycle, this is also
the case for the little bustard. Quantitative studies on little bustard diet have been
conducted in France and Spain (Jiguet 2002; Bravo et al. 2017), but in general most
information is based on casual data and qualitative assessments, obtained from field
observations or stomach content analysis (Table 3). The scarcity of diet studies is
surprising given the relatively large number of works on little bustard ecology
(Morales and Traba 2016) as well as the species’ own ecological flexibility. Little
bustard diet consists mainly in green plant material (leaves, stems, and shoots), seeds
and arthropods (Cramp and Simmons 1980), with very rare use of vertebrates.
However, this general description hides seasonal, sexual, and age-related variation
in diet.

Diet during the breeding season has been quantitatively studied in western France
(Jiguet 2002). The proportion of plant material was >97% in adult faeces, the rest
being arthropod remains. No difference was found in this respect between males and
females, but the proportion of arthropods was significantly higher in summer than in
spring. In the Transvolga region, Shlyakhtin et al. (2004) also found a preponderance
of plant material (>90%) in adult faeces early in the breeding season, which
decreased to 66% in the post-breeding season. However, there are reports of little
bustards consuming large amounts of locusts (Devishev 1958), in Shlyakhtin et al.
2004), indicating that the little bustard can adapt its feeding habits to the availability
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Table 3 Little bustard diet across the species’ range. Data are obtained from different studies in
France and Spain, based on either stomach or faeces contents. The average percentage of abundance
of each diet component is provided (& SD when available) at the family level

France Spain

Stomach® Stomach®

(Breeding, Faeces® (March— (Winter, Faeces® (Winter,
Taxon N =3)* October, N = 388)* N =3 N = 357)°
Plants
Asteraceae _ _ 27.0+£29.6 [9.1 +12.8
Brassicaceae _ _ 119 £11.8 [23.4 £203
Caryophyllaceae | _ _ 1.3+233 |0
Convolvulaceae | _ _ 0 1.8t54
Fabaceae _ _ 53.1 £31.6 [46.7 +34.5
(cultivated)
Fabaceae (wild) | _ _ 0 1.0 +£ 3.0
Labiatae _ _ 0 41+73
Papaveraceae _ _ 1.7+ 1.5 4.7 +13.7
Plantaginaceae _ _ 1.0+ 1.7
Poaceae _ _ 0 5.8 +9.0
(cultivated)
Poaceae (wild) _ _ 3.54+3.14 19 +2.1
Scrophulariaceae | _ _ 0.5+0.9 0
Others _ _ 0 1.5+15
Invertebrates
Coleoptera 67.3 £ 34.1 55.9 476 £442 | _
Carabidae _ _ 125 +16.6 |_
Crisomelidae _ _ 149 258 | _
Curculionidae _ _ 203 £31.2 | _
Dermaptera 44 +49 20.6 0 _
Orthoptera 21.4 £+ 34.1 11.0 0 _
Hymenoptera 0 8.1 19.0 £23.0 |_
Formicidae 0 _ 19.0 = 23.0 | _
Lepidoptera 1.2 £2.1 3.1 0 _
Heteroptera 5.6 +£5.0 0.4 0 _
Diptera 0 0.4 0 _
Opilionae 0 0.6 0 _
Araneidae 0 0.2 0

“Based on Jiguet (2002)
"M.B. Morales and C. Bravo, unpublished data
“From Bravo et al. (2017)
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of food resources and/or its dietary needs. The plant component of the diet of
breeding adults varies according to the availability of plants in any particular region,
but is dominated by annual dicotyledonous plants (basically legumes) and grasses
(Gramineae), but also brassicaceae, asteraceae, chenopodiaceae, and papaveraceae
(Cramp and Simmons 1980; Glutz von Blotzheim and Bauer 1994; Boutin and
Meétais 1995; Shlyakhtin et al. 2004).

Chicks and fledglings are almost exclusively insectivorous during the 2-3 first
weeks of life. Jiguet (2002) found a predominance of coleopterans, followed by
orthopterans, dermapterans, and himenopterans (mainly ants). The relative propor-
tion of each group changed over the season, with orthopterans increasing in relative
importance during the chick rearing stage.

In autumn and winter all birds, regardless of sex or age, become fully folivorous,
although on warm days they can eat some insects such as ants. Diet during winter in
the Iberian Peninsula is almost entirely based on herbs and annual plants of different
families (Fabaceae, Brassicaceae, Asteraceae, and Amarantaceae, subfamily
Chenopodioideae), but with a preference for legumes (Fabaceae) (Bravo et al.
2017). As during the breeding season, the taxonomic composition varies at a
regional level and depends on the availability of plants, which is also influenced
by the farming regime. In some steppe or semi-desert areas of Azerbaijan, Little
Bustards have been observed feeding on Artemisia during the winter (Gauger 2007),
and the main plant eaten in the Transvolga region in autumn was the asteracean
Lactuca tatarica (Shlyakhtin et al. 2004). The stomach examination of two adult
males and one female found dead in winter in central and western Spain
(M.B. Morales and C. Bravo, own unpublished data) showed that 89% of contents
was plant material (plant leaves and shoots: 84.7%; seeds: 2.9%; flowers: 1.3%),
while only 8% consisted of insects and 3.1% of small pebbles (presumably to grind
vegetation to help with digestion). Moreover, analysis of winter diet has shown a
marginal presence of seeds in little bustard droppings (seeds present in 0.8% of
357 droppings, with mean dry weight proportion of 0.001%: Bravo et al. 2017).

Foraging

Foraging behaviour in the little bustard has not received strong attention. One main
driver of foraging behaviour relies obviously on prey type, as foraging on highly
mobile and agile grasshoppers requires different behaviour compared to rapeseed or
alfalfa leaves. Indeed, associated with variability of diet, foraging behaviour is also
variable. Little bustards capture grasshoppers by sight (no evidence of hunting by
ear, as in other birds), often running after them, depending mainly on grasshopper
age since very young grasshoppers are easier to catch. They prey upon coleopterans
opportunistically, pecking animals as they see them or foraging actively by walking.
The relatively high percentage of ants in the total of arthropods, revealed by the
examination of some stomachs’ contents (Table 3), suggests that birds may in some



Natural History of the Little Bustard: Morphology, Biometry, Diet, Sexual. . . 47

Fig. 3 Mean £+ SD 100 -
(N = 13) percentage of time ..
dedicated[zo differint 90 1 -wglla-nce
activities by little bustard 80 A oforaging
males during daily activity 70 . msexual display
peaks of the mating season. mpreening
Overall differences were 60 4 magonistic behaviour
statistically significant 50 oflight
(ANOVA F;s 7, = 499.72,
p < 0.0001). Only the 40 1
percentage of time devoted 30
to sexual display differed 20 4
significantly between
individuals (see text) 10 A

0 S

instances peck for long periods at the entrance to ant nests, as observed in the great
bustard (Lane et al. 1999).

Foraging times and diurnal rhythm have been little studied (but see Jiguet and
Bretagnolle 2001). M.B. Morales made a complete account of breeding males’ time
budget during the peaks of diurnal activity (early mornings and late afternoons) in
April and May 2001, based on focal observations (30 min of continuous recording)
of 13 males identified by phenotype (Arroyo and Bretagnolle 1999). As shown in
Fig. 3, males devoted 13% of their time to foraging activities. Casas et al. (2009)
studied the trade-off between vigilance and other activities, including feeding,
during the hunting season in France (early October to early December) and found
that the frequency of flights and vigilance time increased on hunting days to the
detriment of resting time, although no significant decrease in time devoted to
foraging was detected (see also chapter “Migration, movements and non-breeding
ecology”).

Metabolism and Food Requirements

We know almost nothing about Little Bustard energy requirements. There has been
no measure so far of either Resting Metabolic Rate or Basal Metabolic Rate (BMR).
Some data are available on energy requirements on a daily basis, at least for chicks.
Whatever their age, chicks need on average 200 grasshoppers per day, the size of the
grasshoppers being adjusted to chick age, that is, they feed on juvenile grasshoppers
(c. 1 cm body length or even less) in their first days, medium-sized individuals at
1 month of age (1-2 cm body length), and larger adult grasshoppers afterwards. For
instance, adult or large chicks often eat large Calliptamus italicus females, often
longer that 3 cm (Jiguet 2002). Daily foraging time has been little investigated (but
see Casas et al. 2009).
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In winter, presumably, little bustards require more food. However, evidence
gathered from non-migrating birds that winter in Deux Seévres (France) suggests
rather that birds try to minimize their energy expenditure. For instance, in 1997, a
small group of three birds spent the entire winter in a single oilseed rape field, and
within that field mostly remained within an area not larger than 1000 m?. They were
only eating rapeseed leaves. Sedentary behaviour is a common feature now in
south-western France, and little bustards can rather easily tolerate negative temper-
atures (V. Bretagnolle pers. obs.). However, they strictly avoid snow; in snowy
episodes, they move south. Evidence obtained with GPS-tagged birds has shown
that on such occasions birds only move 100 or 200 km south, and come back to their
usual wintering field as soon as snow has melted. In many areas of the Spanish
northern plateau, where snowfalls are not uncommon, the species is absent in winter
(Garcia de la Morena et al. 2015, see also chapter “Migration, movements and
non-breeding ecology”).

Daily Activity Patterns

Based on M.B. Morales’ 2001 study, males devote most of their time to vigilance
(78%), followed distantly by foraging (13%) and sexual display (5.4%), while the
time devoted to other activities was marginal (agonistic interactions: 1.1%; preening:
1.6%; flight: 0.4%; Fig. 3). Most of the time between the morning and evening
activity periods is devoted to resting, though there is very little quantitative infor-
mation on little bustard activity during the day, particularly in the breeding season.
Moreover, female activity, either during or between display peaks is largely
unexplored. General description of daily activity patterns are found in Jiguet and
Bretagnolle (2001), Silva et al. (2015), and Gudka et al. (2019). The most studied
activity has been calling rate (snort call, see below) in males. In a detailed study on
the effects of ambient air temperature of male general activity, including breeding
and non-breeding season, Silva et al. (2015) found that temperature was a main
driver and trigger of several behaviours in males. Calling rate varies throughout the
season, with a gradual increase at the start of the breeding season (Gudka et al.
2019); it peaks at sunrise and sunset, as in other bustard species, but unlike other
bustards calling continues all day long (at least under mild climate, since tempera-
tures above 25 °C were shown to limit, or even stop, any activity: see Silva et al.
2015; Gudka et al. 2019). M.B. Morales found marginally significant differences
between the 13 individuals sampled in snort call rate and the total percentage of time
devoted to display (Kruskal-Wallis test, H (12, 34) = 21.09, p = 0.05 and H
(12, 34) = 20.98, p = 0.05, respectively). However, no differences were found
between individuals in the percentages of total observation time of either vigilance,
foraging, preening, agonistic interactions, or flight. High inter-individual variability
in snort call rate was also found in another study population of central Spain, where
this rate and acoustic snort call traits were analysed in 17 males in relation to
anthropogenic noise (Barrero et al. 2021). In a recent study using GPS data and
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accelerometer (Gudka et al. 2019), snort-call display was found to decrease with
increasing temperature, especially above 30 °C; birds snorted more in the early
morning, while daily snort call activity (proportion of display events in each day)
also decreased with increasing daily mean daytime temperature.

Visual Displays and Calls

The first very detailed description of little Bustard behaviour was published by
Schulz (1986). Male visual displays of bustard are quite spectacular, and this is
also the case for the little bustard. There are however surprisingly few descriptions
and accounts of little bustard male displays (but see Cramp and Simmons 1980;
Schulz 1986; Jiguet and Bretagnolle 2001), which appears to be both variable and
complex. Indeed, there is a gradient of male sexual displays, with not all males using
the same display types. There is also within-male variation. The function of each
display is not well known (see also chapter “Behavioural ecology of the little
bustard: sexual selection and mating systems”). Only two studies attempted to
describe displays in detail and provide their function (Jiguet and Bretagnolle 2001,
2014). Visual displays during breeding can be split into five categories:

Neck Display Males have the ability to erect some feathers of their neck, to a
varying extent (see Plate 3a for a range of such displays). When resting, all collar
feathers lie along the neck (left of Plate 3a). In slight erection only some feathers are
erected. A paroxysmal version of this display can occur when males chase other
males out of their territory, or when they pursue females for copulation, and also in
flight (see extreme right on Plate 3a). When chasing females, males adopt a slightly
different version of the neck display in which the neck is not elongated at all and
feathers are erected at their maximum.

Plate 3 Little Bustard visual and acoustic displays. (a) various postures and variation in neck
display, from normal (vigilance) posture to flight escort or female pursuit (Photos: Vincent
Bretagnolle). (b) snort call display (Photo: Carlos Palacin). (¢) wing-flash display (Photo: Didier
Buysse). (d) jump display (Photo: Louis-Marie Preau). (e) males fighting (Photo: Vincent
Bretagnolle)
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Fig. 4 Acoustic display (I)
(snort call) of a little bustard
male recorded in the field:
(1) Oscillogram and

(ii) spectrogram. Modified
from Barrero et al. (2021)
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Snort call is the basic display, consisting of a brief vocalization uttered with a
sharp toss of the head (Plate 3b). Males stand upright with slightly flattened wings,
usually (but not always) with the neck display, and then at frequent intervals jerk
back their head and utter a monosyllabic snort “prret”’, which although not very loud
can be heard at quite long distances. The sound is to some extent “ventriloquial”,
because it sounds alike whether at 25 or 500 m, and can give the impression that a
bird calling may come from different locations. The snort call consists of three notes
whose sound frequency ranges from ca. 1500 to ca. 7000 Hz and are separated by
intervals of ca. 0.025 s, so that the entire call duration is ca 0.06 s. Maximum
acoustic energy is concentrated in the range of ca. 4000-6000 Hz. Figure 4 shows
the oscillogram and spectrogram of the snort call by a particular male recorded in the
field (see also Barrero et al. 2021). The snort call can be preceded by 1-4 stereotyped
foot steps (stamped snort call). Actually, because males usually use the same well-
defined display sites, grass tends to get beaten down and the area covered becomes
bare ground (see photos in Boutin and Métais 1995). Snort call rates apparently do
not differ whether a female is close to the male or not (Jiguet and Bretagnolle 2001).
The snort call display is mainly a territorial behaviour, as suggested by playback
tests of snort call on territorial males that always respond with a snort call; in
addition, males perform the snort call display almost all day long, indicating that
the snort call is mainly involved in male-male interactions (Jiguet and Bretagnolle
2001, 2014). Whether the snort call also has an intersexual function is not known,
although it cannot yet be discarded (Morales et al. 2014).

Wing-flash display (called wing-beat display in Schulz 1985), in which the bird
stamps its feet on the ground, utters the snort call and then beats its wings with feet
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still touching ground, producing a characteristic whistle from the seventh primary
(Plate 3c). The wing-flash is always preceded by foot stamping, of variable duration.
It results in a sudden white flash which is highly striking, especially in twilight.
Wing-flash display, conversely to snort call, has mainly a sexual function and is
involved in intersexual communication. First, it is most likely performed when a
female visits the display site (Jiguet and Bretagnolle 2001), although it is not known
whether female presence is the cause or a consequence of this behaviour. Vegetation
height was also found to affect the occurrence of wing-flash display, and it is likely
that in habitats that preclude the propagation of visual cues (e.g. high vegetation)
males will not invest in wing-flash display and may be more inclined to use the jump
display: indeed there is anecdotal evidence that the wing-flash display is compara-
tively rarer in southern France than in Deux-Sévres, contrary to the jump display
(pers. obs.). Wing-flash display is more costly to produce than the snort call, and
actually some males were never seen to use this display; it also reduces snort call rate
when used (Jiguet and Bretagnolle 2001). Schulz (1986) proposed that the wing-
flash display had also a territorial (thus intra-sexual) function. Jiguet and Bretagnolle
(2001) also found that the probability that a given male used wing-flash display
increased with group size (see also Petretti 1993), thus supporting a territorial
function for this display, depending on local population density (i.e. lek size).
Jump consists of foot stamping, snort calling and finally a jump with the wings
beating to enhance both the whistle and the visual signal of the white wings (Plate
3d). The height of the jump varies from 20 to 100 cm, and usually the bird lands at
the very same position. The jump display has an obvious intersexual function, as it is
only performed in the presence of a female, whatever the time of the day (conversely
to wing-flash which is restricted to early morning and late evening), although it is
observed more often in the morning or in the evening (Schulz 1986; Petretti 1993;
Jiguet and Bretagnolle 2001). The jump display can be seen in direct response to the
arrival of a female on the display site, although it is not systematically performed in
such circumstances. It is the most extravagant display, highly variable between but
not within individuals, and is the best candidate of all behaviour traits to be involved
in active female attraction (Jiguet and Bretagnolle 2001, 2014). Moreover,
M.B. Morales analysed the frequency of jump displays among the focal males
whose activity time budget is described above (see Foraging) in relation to the
symmetry of their neck design (Arroyo and Bretagnolle 1999), and found that
symmetric males jumped significantly more often than asymmetric ones (Fisher’s
exact probability test, p = 0.03, N = 13). Symmetry in bilateral phenotypic traits is
correlated with the individual’s capacity to maintain homeostasis (Mgller 1990;
Mgller and Hoglund 1991; Andersson 1994), and symmetric traits have been
associated with increased fitness (Badyaev et al. 1998), so that they may function
as an honest signal of individual quality. Therefore, neck-symmetric little bustard
males would be in better condition to perform this costly intersexual display at
higher frequencies. Indeed, Jiguet and Bretagnolle (2006) experimentally showed
that leks containing more symmetric male decoys were more attractive to females.
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Agonistic Behaviour Males are often seen in agonistic behaviour. It starts with an
aggressive posture (Schulz 1986), which differs from the alarm posture (see below)
by the angle of the neck and bill. Threat display includes wings opened and running.
Fights occur quite often between males (and sometimes, although rarely, between
females), and are usually preceded by a side-by-side or face-to-face position, at 1 m
from each other (Plate 3e). If no male flees (usually by flight), then a fight occurs (see
description in Schulz 1986). In the course of different capture attempts and exper-
iments using male decoys to attract territorial males, the latter have been heard to
produce a prolonged agonistic groan accompanying the aggressive posture
(M.B. Morales, G. Bota and E. Garcia de la Morena own observations).

Submissive or Fleeing Behaviour Satellite males (or sneakers, see chapter
“Behavioural ecology of the little bustard: sexual selection and mating systems”),
do not usually display (but see exceptions mentioned above), and are always hiding,
or moving slowly within the vegetation cover. The neck is never elongated, and they
walk slowly and gently.

Tail Raised Display This display is mostly used by females, but 1-year-old males
also use it when chased by adult males, and on some occasions adult males also
perform it. It is also often seen in post-breeding groups, by all sexes and ages. The
meaning of the display is unclear: females use it clearly against pressing males, and
thus it could be interpreted as a threat display against copulation. But both males and
females also use it sometimes outside the copulation period.

Ritualized Flight In the breeding season, males often fight on the displaying site.
Quite often one of the males, and in many cases two, take flight. They engage in
escort flight, in which a territorial male pursues in flight an intruder, escorting him
outside his territory. Escort flight is known in many species, but in little bustard it is
ritualized as males keep a particular posture. Males also use escort flight toward
females, but for exactly the opposite reason, since they try to keep the female or the
female group within their territories. In such cases, they usually do not use the
ritualized flight posture.

Alarm Posture Neck elongated at maximum and head pointing slightly above
horizontal, with all feathers of the body and the neck pressed against the body.
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The Little Bustard Around the World: )
Distribution, Global Conservation Status, %
Threats and Population Trends

Manuel B. Morales and Vincent Bretagnolle

Current World Range and Large-Scale Distribution Features

The world range of the little bustard encompasses a vast longitudinal belt of the
Palearctic biogeographical region, lying between 30° and 55° north and extending
from Portugal to north-western China. Although the flat and open landscapes
dominated by the steppes, grasslands and cereal farmland preferred by little bustards
are widespread throughout this range, the species’ current distribution is far from
continuous. Two main, markedly disjoint, sub-ranges exist: the western breeding
range, whose core is located in the Iberian Peninsula, but which also includes the
populations still remaining in France, Italy and Morocco, and the eastern breeding
range, which harbours the populations of south Russia, Ukraine, Georgia, Kazakh-
stan, Kyrgyzstan, north-west China, northern Iran and Turkey (Fig. 1). Formerly, the
populations comprising these two nuclei were assigned to different subspecies,
respectively, named T.t. tetrax and T.t. orientalis (see also chapters “The little
bustard and its family: a review of relationships” and “Natural history of the little
bustard: morphology, biometry, diet, sexual dimorphism and social and breeding
behaviour”), based on the larger size and somewhat darker underparts of the latter,
but nowadays the species is considered monotypic (Collar 1996). This is, in fact,
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Fig. 1 Approximate world distribution of the little bustard. Green patches represent areas where
the species is mainly resident and yellow ones correspond to areas where it is basically a breeding
visitor. Blue patches indicate wintering areas. Based on Ifiigo and Barov (2010)

consistent with the presence of now extinct little bustard populations in central and
eastern European countries such as Germany, Hungary, Serbia and Bulgaria (Cramp
and Simmons 1980), once probably connecting the extremes of the species’ range.
Nevertheless, genetic studies examining the relationships between western and
eastern populations may eventually change this view.

The distribution range described includes migratory as well as resident populations
(see chapter “Migration, movements and non-breeding ecology”), and both types of
strategies are present in the western and eastern sub-ranges. In fact, each sub-range
encompasses most of the wintering areas used by its corresponding migratory
populations. For example, all migratory individuals breeding in France and northermn
Spain winter in the southern half of Iberia (Villers et al. 2010; Garcia de la Morena et al.
2015), and the migrants from central Asia most probably winter close to breeding areas
south of the Caspian Sea (Gauger 2007; Sehhatisabet et al. 2012), although wintering
sites as far south as southern Pakistan have been cited (BirdLife International 2020).

The areas occupied by the little bustard over its breeding range are characterized
by their flat or gently undulating relief and low human population density and occur
over a broad altitudinal range, from sea level to nearly 2000 m.a.s.l. (Delgado et al.
2011; Estrada et al. 2016). In terms of climate, these areas show relatively low
annual precipitation, although little bustards tend to avoid sites with too little or too
high soil moisture, which indicates a preference for breeding grounds of moderate
primary production (Delgado et al. 2011). They prefer relatively high temperatures
during the breeding season, although the relationship between little bustard habitat
favourability and breeding season (April to July) temperature is unimodal, so that the
species tends to avoid too cool or too warm breeding areas. Indeed, Silva et al.
(2015) found that breeding and post-breeding little bustards markedly reduced their
activity when summer temperatures rose above 25° C, which in the face of global
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warming and the expected temperature trends in large parts of the species’ range
might imply a strong constraint on breeding activities and thus a significant loss of
those areas’ suitability (see Estrada et al. 2016 for distribution maps under climate
scenarios). Little bustards also prefer small annual temperature ranges (Delgado
et al. 2011; Estrada et al. 2016). In fact, in those breeding areas where climate is
markedly continental, the little bustard behaves as a typically migratory bird,
travelling south to mild winter sites (Garcia de la Morena et al. 2015; Heiss 2013).
Similarly, in dry Mediterranean areas, little bustards perform summer post-breeding
movements to fresher localities at higher latitudes or altitudes, or to irrigated
farmland, where primary productivity is higher (Garcia de la Morena et al. 2015).

Global Conservation Threats and Status

Despite the size of its range, the little bustard exhibits worrying and even alarming
trends in many areas, mainly in the western sub-range (see below). However, the
situation in the eastern range is poorly known. For that reason, the little bustard is
globally classified as Near Threatened in the [IUCN Red List (BirdLife International
2020). Its decline throughout Europe, however, has led the species to be listed as
Vulnerable there, as well as specifically in the European Union (BirdLife Interna-
tional 2015), and it is listed in Annex I of the European Union (EU) Birds Directive
as well as in Annex II of the Bern Convention. Finally, it has been included in
Annexes I and II of the Bonn Convention on Migratory Species (https://www.cms.
int/en/species/appendix-i-ii-cms). As discussed below and in later chapters, the main
cause of the species’ decline is the transformation of extensively (i.e. traditionally)
managed grasslands and cereal farmland into intensive agrarian landscapes that has
occurred in most of Europe over the second half of the 20th and the first decades of
the present century (see also Collar et al. 2016). Agricultural intensification has
brought loss of habitat diversity at both landscape (loss of natural grasslands and
fallows, spread of irrigation and woody crops) and small spatial scale (homogeni-
zation of vegetation structure, disappearance of wild plants and arthropods through
increased herbicide and pesticide application), reducing the availability of key
resources such as insect food, cover and adequate nesting sites, and thus of suitable
habitats (see chapters “breeding biology and demographic traits” and “Little bustard
population dynamics”). Food reduction, particularly of insects, has a direct negative
impact on juvenile survival and thus population recruitment, which is a key param-
eter for population growth (Morales et al. 2005; Inchausti and Bretagnolle 2005).
The conversion of extensively farmed landscapes into intensive croplands and
irrigated fields reduces nesting habitat suitability (Brotons et al. 2004; Morales
et al. 2013), negatively affecting breeding success, while the use of modern
harvesting machinery is an important source of female and juvenile mortality, as
well as nest failure (Inchausti and Bretagnolle 2005; Faria et al. 2016; Bretagnolle
et al. 2018), which could also account, at least partially, for the strongly male-
skewed sex ratios observed in many populations (see chapter “Breeding biology and
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demographic traits”’), another important constraint of population viability (Morales
et al. 2005).

Urban and infrastructure development have been identified as another threat to
little bustard habitats in certain areas where urban sprawl has been important in
recent years, for example, before the global economic crisis of 2008 in Spain. The
Madrid region, in central Spain, provides a good example of infrastructure develop-
ment followed by unplanned urban growth causing direct habitat disappearance and
loss of suitability due to habitat fragmentation and edge effects, since breeding little
bustards avoid the proximity of large linear infrastructures and urban areas (Sudrez-
Seoane et al. 2002, 2008; Silva et al. 2010). In addition, disturbance caused by
human presence, which increases near urbanized areas, has been shown to induce
physiological stress responses in little bustards (Tarjuelo et al. 2015), a threat
difficult to assess at large scale, but potentially important in the increasingly
human-frequented European rural landscape.

Land-use changes also threaten the species in northern Africa (see below) and
central Asia. In this latter region, after a period of agricultural abandonment follow-
ing the fall of the Soviet Union, which appears to have benefited many steppe birds
in countries such as Russia and Kazakhstan (Shlyakhtin et al. 2004; Kamp et al.
2011), the recent resurgence of intensive agriculture seems certain to decimate
eastern populations of little bustard and other steppe birds (Kamp et al. 2011;
Collar et al. 2017).

Another global process threatening the little bustard throughout its range is
climate change. As noted, the species’ climate niche requirements may not be met
under the conditions forecasted for the end of this century in its current range (Gudka
et al. 2019). In fact, the species’ European range was predicted by Huntley et al.
(2007) to shift northwards (see also Estrada et al. 2016), so that it would disappear
from many southern areas, but could colonize northern European regions. However,
when forecasts incorporate suitable habitat availability and spatial constraints related
to philopatry and conspecific attraction, the favourable range remains fairly
unchanged (Estrada et al. 2016), which means that the little bustard will be left
stranded in regions increasingly mismatching its climate niche requirements.

Changes in land-use and climate are not, however, the only global threat to little
bustard populations. Hunting pressure and collision with powerlines, among other
factors, have been identified as relevant risks in different European countries
(De Juana and Martinez 2001; Idigo and Barov 2010; Silva et al. 2010). For
example, Marcelino et al. (2018) found that 42% of mortality events recorded in a
large sample of birds (N = 139) satellite and radio-tracked in Spain and Portugal
were human-induced, with poaching as the leading cause (32% of total mortality),
although collision with powerlines (see also Silva et al. 2010) and vehicles also
accounted for a significant share of the casualties (6.45 and 3.23%, respectively).
While shooting is probably linked to poaching and opportunistic hunting in Europe
(De Juana and Martinez 2001), legal hunting pressure may still be an important
threat for eastern populations, particularly on the wintering grounds. For instance,
the species is legally shot in Iran, although authorities banned little bustard hunting
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from 2006 to 2009 due to the perceived risk of an avian influenza outbreak
(Sehhatisabet et al. 2012).

Historical Distribution and Population Trends

Until the early twentieth century, the little bustard was probably present throughout
the longitudinal belt defined above, breeding in most countries of southern and
central Europe, northern Africa, the Middle East and central Asia (Cramp and
Simmons 1980). As regards the western Palearctic, and according to Schulz
(1985), until 1940 the species still bred in large areas of the Iberian Peninsula,
France, the Pannonian region and Danube valley, Ukraine and southern Russia, and
maintained more restricted ranges in north-eastern Germany, Italy (on both the
continent and the two large islands of Sicily and Sardinia) and northern Greece, as
well in north-western Morocco, northern Algeria, Tunisia, western Anatolia, Syria
and the Caucasus. However, by 1980, the little bustard breeding range in the western
Palearctic had dramatically shrunk (Schulz 1985). Apart from the strongholds of the
Iberian Peninsula and southern Russia, the species had disappeared from most of its
European domains. The German populations were extinct, while the Pannonian
region and Ukraine still presented two relict nuclei in Hungary and Crimea, respec-
tively. The small breeding range of northern Greece had also vanished, and the
Italian populations were confined to two remaining nuclei: a relict one with at most a
few tens of individuals in Apulia (south-eastern Italy), and the Sardinian population
which still seemed to include 1500-2000 individuals (Petretti 2006; Santangeli et al.
2010) though more recent estimates suggest that less than 500 birds may persist
(Nissardi and Zucca 2011). The species’ range in France had also notably contracted
(see the species’ historical distribution in Yeatman 1976), being reduced basically to
the west central plains of the country, some site close to the Massif Central, and the
Mediterranean fringe of the country (Issa and Muller 2015). Basically, this was the
European distribution reflected in the first European Atlas of Breeding birds, which
compiled data from the previous 25 years up to the mid-1990s (Hagemeijer and
Blair 1997). Similarly in northern Africa and the Middle East, by 1980 only three
relict nuclei remained in northern Morocco, while the persistence of the species in
Turkey and Syria could not be confirmed (Schulz 1985; Palacin and Alonso 2009).

In summary, over the twentieth century the geographical range of the little
bustard underwent a dramatic process of fragmentation and contraction leading to
the current extremely disjunct distribution formed by the eastern and western
breeding sub-ranges. In this process the species’ extinction has been verified at
least in nine countries of the western Palearctic (Table 1) and has probably also
occurred in different eastern Palearctic regions. Below we review trends over recent
decades in those countries or regions where the data are sufficient to determine the
fate of the populations.
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Table 1 Year or decade of
breeding little bustard extinc-
tion over the twentieth century
in different countries of the
western Palearctic

M. B. Morales and V. Bretagnolle

Country Year
Germany 1907

Poland 1909
Austria 1921
Former Czechoslovakia 1945
Hungary 1970s
Moldova 1930

Sicily 1950s
Greece 1950s
Serbia 1948
Rumania Before 1900
Bulgaria 1950
Tunisia 1930
Algeria Before 1990
Azerbaijan 1940s

Compiled from Schulz (1985), Snow and Perrins (1998) and
Patrikeev (2004) for Azerbaijan

Table 2 Different historical estimates of the Spanish breeding and wintering little bustard

populations
Estimate
Year |Breeding Winter Remarks Authors
1985 |50,000-70,000 Individuals Schulz (1985)
1996 | 100,000-200,000 Males De Juana and
Martinez (1996)
2006 |71,112-147,763 Individuals Garcia de la
Based on an estimated sex ratio | Morena et al.
of 1.4 males per female (2006)
2006 |43,000-71,700 Individuals Garcia de la
Re-estimated with updated Morena et al.
habitat availability (2006)
2006 16,429-35,929 | Individuals Garcia de la
Morena et al.
(2006)
2016 |51,808 Individuals Garcia de la
Based on an estimated sex ratio | Morena et al.
of 1 female every 3 males (2018)
2016 6668-29,848 | Individuals Garcia de la
Morena et al.
(2018)

Little Bustard Trends in Spain

Schulz (1985) estimated the Spanish little bustard population at 50,000-70,000
individuals (Table 2). The species was considered widespread in the country’s
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main agricultural plains, i.e. the Northern (Castilla y Leén) and Southern (Castilla-
La Mancha and Madrid) Plateaus, Extremadura, and the Ebro and Guadalquivir
valleys. However, on the basis of censuses carried out in 1993 and 1994 in known
little bustard sites distributed over those regions, De Juana and Martinez (1996)
reached a much higher estimate and extended the species’ range in Iberia to the south
and east. This geographical distribution was confirmed by the Spanish Atlas of
Breeding Birds (Garcia de la Morena et al. 2003). According to De Juana and
Martinez (1996), Spain harboured between 100,000 and 200,000 singing males
(Table 2). On the other hand, there was no information at that time about what the
trend of such large population could be, although De Juana and Martinez (1996)
already detected a pattern of population fragmentation and isolation, particularly in
peripheral areas that had been previously considered important for the species such
as the Northern Plateau, Andalucia and the Ebro Valley.

In the following years, various local studies yielded population size and trend
estimates in different regions where little bustards were still present, including those
with relict and isolated presence, such as Galicia in the north-west. These studies
were reviewed by Garcia de la Morena et al. (2004), confirming the range fragmen-
tation process indicated by De Juana and Martinez (1996). This review highlighted
the negative trends of the little bustard in most Spanish regions during the 1990s and
early 2000s, both in peripheral populations (Galicia, Andalucia, Navarra, Catalufia)
and in more central ones, such those of the Northern Plateau and Extremadura.
Garcia de la Morena et al. (2004) provided an accurate idea of this general regression
process: in Extremadura, a traditional stronghold of the species in Iberia, the
population declined by 40% in 9 years, with a density decrease from 6 to 2.4
individuals/km® in Llanos de Céceres, one of its main nuclei (Lépez Avila and
Hidalgo de Trucios 1998), while in the peripheral populations of Navarra and
Catalufia the species decreased by 27% in 4 years and 25-54% in 6 years, respec-
tively. However, no reliable trend could be estimated for the entire country, largely
due to the lack of information on the Southern Plateau, which harboured the bulk of
the Spanish population.

The first Spanish national breeding census was carried in 2005, resulting in a new
but broad estimate of 41,482-86,195 singing males and 71,112-147,763 total
individuals (Table 2; see Garcia de la Morena et al. 2006 for estimate calculations).
The highest mean density was recorded in provinces of the Southern Plateau (Toledo
and Ciudad Real), with 3 males/km?. In another 8 provinces (including core and
peripheral ones), mean density was 1-2 males/km?, while in the remaining 26 it was
below 1 male/km?. However, these figures were considered to be overestimations
resulting from the extrapolation of observed numbers to an outdated surface area of
presumed suitable habitat. Indeed, when these extrapolations were made in regions
where updated information on suitable habitat availability existed (Northern Plateau
and Aragoén in the Ebro valley), estimates turned out to be much smaller because the
area of suitable habitat in those regions had clearly decreased in recent years.
Conservatively assuming an equivalent habitat regression in the rest of the country,
Garcia de la Morena et al. (2006) corrected their estimate down to 43,000-71,700
individuals (Table 2).
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Although the corrected estimate reached from the national census results cannot
be directly compared to that provided by De Juana and Martinez (1996) due to
important methodological differences, the much lower values of the former clearly
suggested an overall decline of the species in Spain between the mid-1990s and the
mid-2000s, which was consistent with the regional decreases that were being
reported in that period (Garcia de la Morena et al. 2006). The national census also
allowed the detection of other worrying patterns. On the one hand, it confirmed the
fragmentation and isolation of populations in peripheral areas like Galicia and the
south-east. It also showed an increasing rarity in traditional core areas like Extre-
madura and the Northern Plateau, many of whose 10 x 10 km?, although occupied at
the time of the breeding atlas, contained no individuals during the national census
(Garcia de la Morena et al. 2006).

A national winter census was also carried out during the winter 2005-2006. The
total area covered was determined on the basis of historical records of wintering
birds (Garcia de la Morena et al. 2006; Garcia de 1a Morena 2015). This census
yielded a markedly smaller estimated range of 16,429-35,929 individuals (Table 2).
Again, significant methodological differences between the breeding and winter
censuses may explain the difference between the corresponding total estimates
(see details in Garcia de la Morena et al. 2006), raising the obvious question of
which total estimate should be considered more reliable. Given that the difference
between estimates roughly ranges from 38 to 50%, the answer has clear conservation
implications both at national and international levels.

In the years following the Spanish national census, evidence from different
regions has continued to indicate an alarming general decline. De Juana (2009)
reported a steady significant decline of 65% in the number of males in Extremadura’s
best areas for the species between 1993 and 2008 (some local densities in these areas
had historically reached 24 males/km?). Morales et al. (2007) detected a mean
decline of 61% in the number of breeding males (ranging from 30 to 100%) in
eight localities of the best cereal steppe areas of Madrid province, protected as a
Special Protection Area (SPA), between 2000 and 2007. A formerly important area
for the little bustard, Campo de Calatrava, also protected as a SPA, sited in the
Southern Plateau (which hosts the bulk of the Spanish population), witnessed a
density decline of roughly 55% (Casas et al. 2019). Finally, Mafiosa et al. (2015)
reported a 50% regression in the number of singing males but an estimated 75% fall
in the number of breeding females between 2002 and 2014 in the cereal steppes of
Lleida, in the Catalonian sector of the Ebro valley. This last result is particularly
worrying, since strong female shortages can seriously compromise populations’
potential for recovery (Morales et al. 2005). Surveys of females at other study
sites show the same trend (Morales et al. 2007; Casas et al. 2019; Serrano-Davies
et al. submitted, see also chapter “Little bustard population dynamics”). According
to the results of the Spanish Common Breeding Bird Monitoring Programme
(SACRE), coordinated by SEO/BirdLife and involving surveys since 1998, the little
bustard in Spain showed an overall population trend of —76.19%, and a mean yearly
population trend of —5.4 (CI: —6.3, —4.5) (SEO/BirdLife 2018, see Fig. 2), which
indicates an alarming population decrease.



The Little Bustard Around the World: Distribution, Global Conservation. . . 65

_10 4
=20 4
.30 4
40 4

-50 4

TRIM Population Index

70 4

-80 T T T T T T T T T T T T T T T T T T T d

19981999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 201020112012 2013 2014 20152016 2017

Fig. 2 Little bustard trends in Spain between 1998 and 2017 calculated as TRIM population index
from data provided by the Spanish Common Bird Monitoring Programme (SACRE, SEO/Birdlife
2018). Annual change values with respect to the first year of the series are shown
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Fig. 3 Evolution of little bustard wintering numbers in different localities of central Spain between
winters 2003-2004 (red bars) and 2013-2014 (white bars). Numbers above bars indicate the
percentage of increase (+) or decrease (—) in the number of individuals. Based on Morales et al.
(2015)

Winter surveys further confirmed these trends. A comparison of winter censuses
carried outin 14 10 x 10 km Atlas squares of Madrid and Toledo (Southern Plateau)
in 2003-2004 and 2013-2014 indicates an overall decline of 76% even in some of
the best wintering areas for the species in Spain (Morales et al. 2015, Fig. 3).
Therefore, little bustard population trends in Spain are clearly negative in most
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parts of its range, both central and peripheral, although distribution shifts due to
land-use changes occurred in the last decade may partly account for the species
regression or disappearance in some sectors.

A new Spanish national breeding census and another winter survey were carried
out in spring 2016 and winter 20162017, respectively (see details in Garcia de La
Morena et al. 2018), allowing the real magnitude of the little bustard decline in its
main historical stronghold to be assessed. This second national census yielded an
estimate of 38,856 breeding males (27,037-59,136), which would imply a total
population of 51,808 individuals (after applying a mean sex ratio of one female
every three males; see Garcia de la Morena et al. 2018 for details). Eighty-seven
percent of the population was concentrated in the cereal steppes of the southern half
of the country. Castilla-La Mancha was the region with the greatest population,
harbouring about 65% of the total census. The population of the northern half was
considerably smaller, with most of the birds concentrated in the Ebro valley,
followed by some areas in the north-western fringe of the Duero valley. The winter
mean total population estimate was 14,643 (6668-29,848) individuals. The estimate
of the total population of breeding males in Spain declined by 48% in 11 years,
which corresponds to an average yearly decrease of 5.7%. On average, male
densities decreased by 38% (25-67%). As regards the wintering population, it
declined from 28,775 to 15,022 individuals, which also implies a decrease of
roughly 48% in 11 years, and an average yearly decrease of 5.7%, which was
particularly strong in the Southern Plateau and the Ebro Valley, traditional wintering
headquarters for the species in the Iberian Peninsula. Overall, these figures again
point out to a crash in population size.

Little Bustard Trends in Portugal

Portugal holds the second largest little bustard population in the species’ western
range. In fact, it is largely connected with the Spanish population of Extremadura
and could be considered as a part of the little bustard metapopulation of south-
western Iberia (Silva 2010). First published estimates of this population’s size were
between 10,000 and 20,000 individuals (Goriup 1994), although several nineteenth
century reports indicate that the little bustard was extraordinarily abundant in central
and southern Portugal, and a widely hunted game species (Smith 1868). The first
national census, carried out between 2003 and 2006, provided an estimate of 17,515
breeding males, which would imply a total of 35,030 individuals assuming a 1:1
adult sex ratio (Silva and Pinto 2006). However, this latter figure should be treated
with caution given the biased sex ratios detected in other Iberian and European
populations (see above and Silva 2010). Between 90 and 95% of this population
occurs in the Alentejo region, south of the Tagus River, where the little bustard is
widespread and presents some of the highest known local breeding populations
worldwide, with 9-10 males/km? in the Castro Verde area and a mean regional
density of 4.8 males/km” (some earlier studies report local densities at Castro Verde
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of 26 males/km?) although in some sites densities are under 1 male/km? (Silva and
Pinto 20006).

As in the case of Spain, the result of this first Portugal-wide census cannot be
directly compared with previous estimates due to methodological differences, and
thus it was difficult to be confident of the population trend (Silva 2010). However,
important land-use changes have recently occurred in the Alentejo (spread of
irrigation and olive groves, grassland-use intensification, Faria 2015), and the
inference of a decline, at least since the early 2000s, was fully justified. Moreover,
a second national census conducted in 2016 provided directly comparable results
and confirmed the negative population trend (Silva et al. 2018): the current popula-
tion estimate is 8900 breeding males (95% CI: 5008-12,836), which corresponds to
an overall 49% decline in that country between 2005 and 2016. Interestingly, the
percentage decline was greater outside SPAs, but the absolute reduction in male
density was higher within those protected areas (Silva et al. 2018). These alarming
figures are consistent with and directly comparable to those obtained for Spain.
Moreover, since these censuses are simultaneous to that performed in France, it is
now possible to estimate the size and global trend of the entire Iberian and Western
Europe’s population as presented in Table 3.

Little Bustard Trends in France

France is probably the country where the little bustard decline can be most reliably
tracked. National censuses were carried out in 1978, 1985, 1995, 2000, 2004, 2008,
2012 and 2016, along with several distribution surveys published in the French Bird
Atlas in 1976, 1994 and 2015. Moreover, published records date back to the late
nineteenth century (Ternier 1892). According to Yeatman (1976), the species was
common, although irregularly distributed, over most of the country’s agricultural
plains until at least the mid-1930s, with declines as well as population recoveries at
least until the 1950s. In other words, the species was not rare in France during the
first half of the twentieth century, although it experienced population fluctuations
and probably local extinctions and recolonizations, trends that may partly reflect its
status as a game species (Yeatman 1976). The little bustard was distributed over all
main agricultural plains, including Poitou-Charentes, Beauce and Champagne,
respectively, from western to central and northern parts of the country, the pastures
of Limagne and les Causses, close to the Massif Central and the lower valleys of
Rhéne and Durance in the Mediterranean arch that ranges from Narbonne to
Camargue (Languedoc and Provence regions, Yeatman 1976; see also map
reproduced in Issa and Muller 2015).

A national census of the species was carried out a few years later, in 1978-1979,
and provided the first quantitative estimate of the little bustard population in France,
yielding 7200 singing males (André 1985). This study confirmed the species’
distribution in two main nuclei whose populations differed in their ecology and
migration behaviour: a northern population extending from central-western to
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Table 3 Summary of national and regional little bustard population estimates across the spe-
cies' world range in number of breeding males (western sub-range) or total individuals (breeding
and wintering estimates in eastern sub-range). Bolds indicate totals for each su-range and the world

Current estimate Percentage
Country/ of world
region males individuals total® Trend References
Spain 38,856 |57,118 13-39 Negative | Garcia de la Morena
(48% in et al. (2018)
11 years)
Portugal 8900 13,083 2-8 Negative | Silva et al. (2018)
(49% in
13 years)
France 2455 3609 1.1-1.6 Stable in | Gendre et al. (2018)
last
8 years
Negative
in last
16 years
Italy 352 517 0.2 Stable Nissardi and Zucca
(2011)
Total west- | 50,563 1649 -
ern Europe
North Extinct? - - Palacin and Alonso
Africa (2009)
Western 50,563 16-49 Negative
range total
Russia 17,000-121,000 5-54 Positive Collar et al. (2017) and
Oparin et al. (2018)
Ukraine 100 0.03-0.05 | Unknown | Andryushchenko and
Stadnichenko (1999)
and BirdLife Interna-
tional (2020)
Kazakhstan 20,000 6-9 Positive Collar et al. (2017) and
and BirdLife International
Kyrgyzstan (2020)
China <1000 0.32-0.50 | Unknown | Collar et al. (2017)
Other Asian 100 0.03-0.05 Unknown | BirdLife International
countries (2020)
Eastern 38,200-142,200 | 12-64 Positive
range total
(breeding)
Eastern 171,700-207,000 | 54-93 Positive
range total’
(wintering)
World 222,900-317,000
total®

Total number of individuals for the western range has been calculated using the median proportion
of 0.47 adult females plus female-like individuals provided by Serrano-Davies et al. (under review).
The estimate of world total uses breeding individuals from western range plus wintering individuals
for the eastern range, as the most reliable in each case. The corresponding minimum-maximum
ranges of this world estimate percentage are also provided, along with population trends
“Conservatively calculated to maximize possible range of variation

PBased on winter counts in Azerbaijan and Iran (Heiss 2013 and Yousefi et al. 2017, respectively)
“Based on the sum of Western range breeding total and Eastern range wintering total
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Fig. 4 Trends in number of breeding little bustard males in France from 1978 to 2016. Red bars:
number of males in the western population; white bars: number of males in the Mediterranean
population (values from 2004 to 2016 correspond to the median of the minimum-maximum
interval); blue bars: total number of males in France (values from 2004 to 2016 correspond to the
median of the minimum-maximum interval). Based on data from Jolivet and Bretagnolle (2002) and
Gendre et al. (2018)

eastern France, consisting of migratory birds inhabiting intensive cereal farmland,
which we will simply call ‘western population’, and a southern sedentary one located
in the Languedoc and Provence regions and occupying dry Mediterranean grass-
lands, which will be referred to as ‘Mediterranean population’. According to these
census results, the Mediterranean population accounted for 400 breeding males,
while the western population comprised 6800 males. A second estimate yielded a
total of 5000 breeding males in 1985, 400 of which belonged to the Mediterranean
population (Jolivet and Bretagnolle 2002), while a new national census carried out in
1995-1996 allowed a national estimate of 1460 breeding males (Jolivet and
Bretagnolle 2002, revised in Gendre et al. 2018), 648 of which belonged to the
western and 812 to the Mediterranean population. A third national census performed
in 1999-2000 yielded a total of 1300 singing males, 460 of which belonged to the
western population and 840 to the Mediterranean one (Jolivet and Bretagnolle 2002).
To summarize, the little bustard population of western France had experienced a
94% drop in 22 years, while at the national scale the decrease was 82%, the steepest
decline of a bird species ever documented in France (Jolivet and Bretagnolle 2002).
The Mediterranean population, however, remained fairly stable over that period and
even slightly increased at the end of it (Fig. 4).

After year 2000, and thanks to a combination of conservation measures (from
agri-environmental contracts with farmers to population reinforcement)
implemented since 1997 in the context of different EU LIFE programmes (see
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chapter “Little bustard and humans: conservation and management”), the French
western population seems to be stabilized at around 340 breeding males, as indicated
by the last three national censuses carried out in 2004, 2008 and 2012 (Gendre et al.
2018). However, the Mediterranean population has experienced a steady and marked
increase from the 1114-1283 males estimated in 2004 to the 1329-1483 and
2021-2331 males calculated for 2008 and 2012, respectively (Fig. 4). Total
minimum-maximum ranges were thus 1453-1626, 1664-1830 and 2360-2674,
respectively, for 2004, 2008 and 2012. Such positive growth of the Mediterranean
population is probably associated with the abandonment of traditional vineyards and
other agricultural crops that occurred in that region over the last decade due to EU
agricultural policy, as well as to land expropriation for the building of a high-speed
railway communicating Nimes and Montpellier (Devoucoux 2014). The latest
national census, carried out in 2016, supports those trends, although a slight decrease
in relation to 2012 has occurred in both the Mediterranean and western populations,
while the species has practically disappeared from elsewhere in France (Gendre et al.
2018). According to the results of this survey, the total number of breeding little
bustard males in France is 2455, 313 of which belong to the western population and
2142 to the Mediterranean population (Gendre et al. 2018, see Fig. 4).

Little Bustard Trends in Italy

Historically, little bustards were locally common in the main flat areas of central and
southern continental Italy and the two largest islands of Sardinia and Sicily. In the
continent, the species was consistently found in the region of Apulia, which hosted
the bulk of the continental population, as well as in Abruzzo and Molise, where the
species had locally nested until the end of the 1960s, but it was also irregularly
recorded further north, in the eastern Padanian plains (Petretti 2007). The total range
occupied by the species in continental Italy was around 50,000 ha in 1950, but
decreased to only 1200 ha by the 1980s (Petretti 1985). In Apulia, population was
roughly estimated at between 10,000 and 100,000 individuals in the early twentieth
century, although it began to decline when extensive and transhumant livestock
rearing was replaced by intensive farming during the 1940s, so that by the 1960s the
population had dropped to around 1000 individuals (Petretti 2006) distributed over
the plateau area known as Tavoliere of Gargano (in Gargano National Park), close to
the Adriatic coast of the Manfredonia Gulf. That was already the last population of
the species in continental Italy, which continued to decrease to 1000-500 birds
during the 1970s, and over the remaining years of the twentieth century, to the 15-20
little bustards reported in 2005 (Petretti 2006). Little bustard densities reported in
this population during the 1980s and 1990s ranged from 1.4 to 2.0 males/km”
(Petretti 1991). Nowadays this relict population, totally isolated from the rest of
the species’ range, can be considered virtually extinct, since there have been no
sightings of birds since 2010 (G. Palumbo pers. comm.).
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The little bustard has also vanished from Sicily, where it was considered extinct in
the late 1960s (Snow and Perrins 1998; Massa and La Mantia 2007). As a result,
Sardinia hosts the only significant little bustard population remaining in the country,
which was estimated at 15002000 individuals in the mid-1980s (Schenk and Aresu
1985). These numbers are distributed over several localities in central-western
Sardinia, all characterized by extensive pastoral and arable landscapes, in both
coastal lowlands and inner plateaus (Santangeli and Dolman 2011). The Sardinian
population seems to have declined during the last decades to only 352 breeding
males (Nissardi and Zucca 2011) due to, among other factors, land-use intensifica-
tion (Santangeli et al. 2010). In these populations, little bustard density varies from
0.1-0.2 to 2.7-3.4 males/km?> (95% confidence intervals, Santangeli and Dolman
2011).

Little Bustard Trends in Northern Africa

According to historical reports, the little bustard was a common breeder in cultivated
plains of north-western Africa, ranging from Tunisia through northern Algeria to
north-western Morocco (Cramp and Simmons 1980; Schulz 1985). The species was
also a common winter visitor throughout the same range, at least until the 1970s
(Cramp and Simmons 1980; Palacin and Alonso 2009). For example, Thévenot et al.
(2003) reported the presence of 1000 wintering birds near Larache (Morocco) in
1964. However, during the last decades of the twentieth century little bustards
became extremely scarce in the region, both as breeders and winter visitors, although
the exact trend is difficult to track due to the paucity of data. According to Palacin
and Alonso (2009), the decline can be attributed to both land-use transformations
(agricultural intensification, irrigation, infrastructures) and hunting pressure. These
authors extensively reviewed the species’ trends in north-west Africa, highlighting
the speed and extent of its decline throughout the region. It became extinct both as a
breeder and wintering visitor in Algeria during the 1990s (Isenmann and Moali
2000), and nowadays it can also be considered extinct in Tunisia (Isenmann et al.
2005).

As regards Morocco, the little bustard historical range encompassed two disjoint
areas, one in the north-west between Tangier in the north and El Jadida in the south,
and another in the north-east close to the Algerian border and presumably connecting
with historical nuclei in that country (Palacin and Alonso 2009). There are no recent
records of the species in the latter area, suggesting it is probably extinct there.
However, little bustards were still present until 2005 in five localities in the north-
western range, four of them between the Hachef and Loukos rivers, with the fifth
some kilometres south of the latter river (Palacin and Alonso 2009). Later records are
extremely scarce and no reports have been published since 2009. The numbers
provided by Palacin and Alonso (2009) for those five localities in the pre-breeding
season (early March—early April) total 47 birds observed in 4 consecutive years
(1999-2003). These authors also provided an estimated trend for birds wintering
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around the locality of Larache for the last four decades of the twentieth century. The
steepest fall occurred during the 1960s and 1970s, when the number of observed
wintering birds dropped from 1000 to 100. This number was maintained through the
1980s but finally collapsed to extinction in the 2000s. In summary, the little bustard
in northern Africa is on the brink of extinction, although such an assertion would
require confirmation by further fieldwork.

Little Bustard Trends in the Eastern Range

Here we will refer to those regions within the eastern range of the little bustard for
which at least some information is available, including southern Russia and Ukraine,
central Asian countries and Turkey. As already mentioned, available information on
little bustard numbers and trends in the species oriental range is scarce. Moreover,
breeding and wintering estimates largely differ. Winter ones rely on the counting of
birds migrating across main flyway passes and staying at winter quarters. These
counts yield much larger numbers than breeding estimates.

Historically, the little bustard in Russia distributed across the country’s steppe
belt, penetrating even in the forest-steppe (Spangenberg 1951). However, over the
twentieth century the species disappeared from many regions, so that the current
range mainly comprises the Volga—Don interfluve, the Volga—Ural interfluve and
eastern Cis-Caucasia (see review in Oparin et al. 2018). For Russia, BirdLife
International (2020) provides the figure of 14,000-17,000 individuals only for the
Orenburg oblast, in the south-eastern limit of European Russia (Antonchikov 2011).
This area, together with the Saratov oblast, sited further west in the Volga Valley and
for which Shlyakhtin et al. (2004) report 5900 birds, seems to hold the bulk of the
species’ population in Russia.

Shlyakhtin et al. (2004) also provide a range of little bustard breeding density
values in the Saratov oblast, varying from 0.01 + 1.1 individuals/km? in cereal
fields, perennial grass prairies and northern steppe to 0.8 = 0.3 individuals/km® in
southern steppes. According to these authors, the population there seems to have
been increasing since the early 1980s. Such an increase is consistent with reports
from elsewhere in Russia over roughly the same period, involving the
re-colonization of large areas by the species (Collar et al. 2017). For example,
Fedosov et al. (2017) reported a population of 75,000 individuals in the eastern
part of the Orenburg oblast (see reference in Collar et al. 2017) and Korovin (2014)
refers to significant increases in breeding male densities from 0 to 5 individuals/km?
between 1990 and 2010 further east, in the trans-Ural region of Chelyabinsk.
Although the reasons for this are unclear, the abandonment of intensive agriculture
after the fall of the Soviet Union may have contributed (Kamp et al. 2011). A recent
survey conducted in fall (October), i.e. just after breeding and previous to migration,
in the Saratov oblast concluded that about 25,000 birds (95% confidence interval
15,015-46,225) were present (Oparin et al. 2018). Since counts were repeated
(although irregularly) between 1997 and 2016, maximum numbers at the level of
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the Saratov oblast peaked at c. 50000 individuals in 2014 (Oparin et al. 2018).
Therefore, a significant increase in the little bustard population occurred there in the
first decade of the current century. Oparin et al. (2018) attribute this population
growth to an increase of 20% in land area of secondary virgin territory suitable for
nesting in 1990s-2000s. In addition, there was a significant decrease in the grazing
load in the Saratov Trans-Volga region. Overall, if little bustard numbers from the
core of the species’ range in Russia (i.e. Saratov and Orenburg) are summed, the
population size range would be 17,000—121,000 individuals, with a median value of
around 69,000 individuals.

The situation in Ukraine is unclear but discouraging. The population estimate
provided by Andryushchenko and Stadnichenko (1999) and referenced in BirdLife
International (2020) is for 100-110 individuals remaining in the Crimea. However,
this estimate is most probably outdated, and no trend figure is currently available for
the country. For Kazakhstan and Kyrgyzstan, BirdLife reports a joint figure of
20,000 individuals widespread over those countries’ steppe areas (Wassink and
Oreel 2007; Wassink 2016), while the breeding numbers in north-west China, Iran
and Turkey are residual (5-50 males, BirdLife International 2020). Collar et al.
(2017) reviewed recent reports from China and concluded that probably fewer than
1000 birds remained, restricted to Xinjiang province and Ningxia Hui region in the
north-west and north of the country, respectively. Iran historically hosted a small
breeding population, spread across the lowlands south-east of the Caspian Sea
(Evans 1994; Scott 1995), but although the presence of breeding birds has not
been confirmed in recent times, careful prospection is needed before their disap-
pearance from the country can be presumed (Sehhatisabet et al. 2012). As regards
Turkey, breeding presence has been recorded in Inner Anatolia near Tuz lake (Eken
and Magnin 2000; Kirwan et al. 2008). Observations consisted of a few and
displaying males and some female, so the species has been considered as breeder
in the area (Eken and Magnin). Some birds were observed in post-breeding period in
eastern Anatolia, although breeding there was not confirmed, and a few sporadical
observations were made in the early 2000s in the Black Sea coast and the Mediter-
ranean district, all out of the breeding season (Kirwan et al. 2008). No population
estimates or trends are available.

Nowadays, however, the most reliable overall account of the eastern population
probably comes from wintering population estimates. As mentioned above, the main
wintering grounds for eastern little bustards are located south of the Caspian Sea in
the Transcaucasian region and northern Iran. Azerbaijan hosts the bulk of this
wintering population, with 150,000 birds occupying shrub (Arfemisia and
Chenopodiaceae-dominated) and grass steppes, as well as cereal fallows from the
Caspian coastal plains to the Greater Caucasus foothills (Gauger 2007). Historically,
Azerbaijan seems to have harboured up to 200,000-300,000 wintering individuals
before 1930, as well as some breeding nuclei persisting up to the early twentieth
century (see revision in Patrikeev 2004). Winter little bustard densities in these areas
can be quite high, with an average value of 55 birds/km?, but rising to 100 in the
smaller concentration sites, and flock size may reach several tens of thousands of
individuals, although the most frequent size is under 100 birds (Gauger 2007). The
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area of Besh Barmag Mountain, close to the Azerbaijan Caspian coast, is an
important bottleneck for migratory eastern Palearctic birds (Heiss 2013). In the
particular case of the little bustard, Heiss (2013) estimated that 105,895 to 123,491
birds crossed this bottleneck in the autumn migration of winter 2011-2012.
According to this author, that figure represents 41-48% of the species’ world
population and 71-82% of the contingent using this flyway (however, the number
of little bustards crossing the bottleneck in the spring migrations is only of a few
thousands, Heiss 2013; see also chapter “Migration, movements and non-breeding
ecology”). The number of little bustards wintering in Azerbaijan seems to have
increased during the early 2000s (Gauger 2007), which could reflect the population
recovery reported in breeding areas after the abandonment of intensive agriculture
following the Soviet Union’s breakdown.

Wintering grounds in Iran are located in the north of the country, along the
Caspian coast, but also in its north-west end, close to the Azerbaijan border and
the north-eastern regions bordering Turkmenistan and Afghanistan (Yousefi et al.
2017), although historical observations from more central parts of the country have
also been reported (Sehhatisabet et al. 2012). In spite of this more widely spread
winter range, Iran harbours a wintering population preliminarily estimated by
Sehhatisabet et al. (2012) as 5000—10,000 individuals. According to these authors,
wintering little bustards occupy a variety of habitats including farmland and grazed
grasslands, although halophytic shrub steppes associated with wetlands are pre-
ferred. The area surveyed in Iran has increased more recently and Yousefi et al.
(2017) report 57,000 birds. In addition, habitat changes may have favoured shifts of
wintering quarters. Therefore, the magnitude of little bustard winter numbers in Iran
may require further assessment. As in Azerbaijan, the Iranian wintering population
seems to have recovered in recent times, both in numbers and geographical range,
after a period of decrease in the mid- and late twentieth century. Sehhatisabet et al.
(2012) attributed this recovery to the hunting ban enforced by the Iranian govern-
ment from 2006 to 2009 as a measure to prevent an avian Influenza outbreak,
although the agrarian changes on the breeding grounds have most probably also
contributed.

Summing up the Iranian and Azerbaijan contingents yields 155,000-160,000
little bustards overwintering south of the Caspian Sea and provides a minimum
estimated size of the species’ eastern population. This figure exceeds the summed
estimate for the Iberian Peninsula, so far considered the species’ global stronghold,
as well as that of the entire western range (Table 3). Furthermore, while most western
populations are in decline, eastern little bustard numbers seem to have increased as a
result of a de-intensification of agricultural practices which are now, however, being
re-intensified.
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Conclusions

The different regional trends reviewed in this chapter clearly show that the conser-
vation status of the little bustard in the world has markedly changed in the last two
decades. According to the current EU Action Plan for the species (Ifiigo and Barov
2010), south-western Europe still was thought to harbour 60% of the world popu-
lation, mostly concentrated in the Iberian Peninsula. However, the updated informa-
tion reviewed here indicates that the species is rapidly decreasing throughout its
western range, particularly in Iberia, a trend that was already suggested in the Action
Plan (Iiigo and Barov 2010). The recent results of the last Spanish and Portuguese
national censuses have confirmed that trend, with an alarming reduction of the
Iberian population size (Table 3). This review also suggests that the eastern popu-
lation might be in better health than previously thought (at least in terms of
population size), a conclusion based on increasing winter counts in Azerbaijan and
Iran. In fact, the global population account presented here strongly suggests, based
on winter estimates, that the eastern population might have outnumbered the western
one (Table 3), although more precise breeding population estimates based on
standard and comparable methods are required for eastern countries (basically
Russia and Kazakhstan).

Before the Soviet Union’s collapse, ploughing was the major threat to the
maintenance of Russian and central Asian steppes. For example, in 1990 almost
one million hectares of Russian steppe were converted to arable land (Smelansky
and Tishkov 2012). However, the breakdown of socialist economies favoured the
abandonment of agricultural activities in natural steppe regions of former Soviet
countries (Kamp et al. 2011), particularly in the less productive areas, so that
between 1991 and 2007 more than 26 million hectares of cultivated steppe were
abandoned in Russia (Smelansky and Tishkov 2012). But since 2007 this tendency
has changed and nearly one million hectares have been put back into cultivation in
that country, affecting some regions considered key for the little bustard, such as
Orenburg province (Smelansky and Tishkov 2012). Therefore, it is critical to assess
current land-use changes and agricultural trends in those countries, in order to
forecast future availability of suitable habitat for the eastern population of the
species, as well as to evaluate their impact on population trends, which could rapidly
turn into declines if habitat changes mirror those in the west. In summary, a
re-thinking of both the world and national strategies for the species’ conservation
is required.
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Breeding Biology and Demographic Traits: )
Population Parameters, Reproduction e
and Survival

S. Maiiosa, G. Bota, A. Villers, Vincent Bretagnolle, and Manuel B. Morales

Introduction

The fate of any living population is ultimately determined by the balance between
reproduction, emigration, immigration and death. Understanding these processes, in
both quantitative and qualitative terms, is essential for the appropriate management
and conservation of animal populations. It is however surprising how little quanti-
tative information exists about the vital parameters of the little bustard, despite being
such an unusual bird in terms of its mating system, and how much evolutionary and
conservation biologists can learn from it. While the details of the complex breeding
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behaviour and mating system of the little bustard are dealt with in other chapters of
this book, here we summarize what is known about some aspects of the breeding
biology and vital rates of the species. Although early studies on this topic considered
eastern populations in Asia, most recent quantitative information on breeding and
demographic parameters comes from western populations in France and the Iberian
Peninsula. Our aim is to provide an overview of the variation of the vital parameters
of the species across its distribution range, an essential basis for understanding the
varying fate and life history strategies of extant little bustard populations, as well as
for identifying gaps in our knowledge that future research can plug.

Breeding Densities

Most information about little bustard breeding densities involves densities of
displaying males, which may not necessarily reflect the real status of the populations,
since male and female densities can be very different in some populations (see
below). However, owing to their secretive behaviour the actual density of females,
which is a key (if not the most important) parameter in terms of demography, is
unknown in most cases (but see Devoucoux et al. 2019 for an exception). It is in any
case important to use the concept of density with caution in this species, as it is
known to exhibit a clearly aggregated distribution pattern, resulting from underlying
habitat and social factors (see chapters ‘“Habitat selection and space use” and
“Behavioural ecology of the little bustard: sexual selection and mating systems”,
respectively). This means that density estimates are very sensitive to the spatial scale
of the study and the statistical tools used to compute it, which are therefore crucial to
consider when comparing different sites. Density estimates tend to increase expo-
nentially as the sampled area in the studies becomes smaller (Table 1 and Fig. 1), so
that comparing male densities between study sites is not always straightforward.
This is probably because studies based on small sampled areas reflect a focus on the
most favourable habitats for the species and also because studies based on progres-
sively larger areas may include areas of unfavourable habitats. The effect is accen-
tuated by the lekking behaviour of little bustard males, which causes them to
congregate. For the same reason, extrapolating breeding density estimates obtained
at a local scale to a larger geographical area will result, in most cases, in an
unrealistic evaluation of population size, particularly when extrapolations are done
regardless of habitat suitability or within well-defined distribution ranges.

Data on male densities have been estimated in several western European
populations, most of them in farmland areas. The lowest absolute male densities
(not corrected for the size of the sampled area), fluctuating between 0.13 and 1.5
males/km” have been recorded in farmland areas of western-central France (Boutin
and Metais 1995; André 1985; Jiguet et al. 2000). The highest are those reported in
farmland areas in the Nimes region in south-eastern France (Devoucoux et al. 2019),
where up to 23.4 males/km? have been observed, compared to those of 5—14 males/
km? in traditional pastures and ‘montados’ (open green oak forest) of the Alentejo
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Table 1 Male densities in several regions of the little bustard’s western range, in relation to the size
of the area sampled in each study site

Area Males/
Site (ha) km?® References
1. Sardinia 250 2.4 Petretti (1993)
2. Nimes (SE France) 409 23.44 Devoucoux et al.
(2019)
3. Apulia (SE Italy) 520 1.5 Petretti (1993)
4. Castro Verde (S Portugal) 900 7.50 Silva et al. (2014)
5. Valdetorres (C Spain) 1500 1.93 Morales et al. (2008a)
6. Campo Real (C Spain) 1600 2.40 Morales et al. (2008a)
7. Bellmunt (NE Spain) 1794 4.24 Tarjuelo et al. (2013)
8. Belianes (NE Spain) 1839 4.02 Tarjuelo et al. (2013)
9. Abbasanta (Sardinia) 4314 3.02 Santangeli and
Dolman (2011)
10. Cabrela (S Portugal) 4653 0.50 Faria et al. (2012a)
11. Crau (SE France) 6080 2.70 Wolff et al. (2001)
12. Campeda (Sardinia) 8712 0.13 Santangeli and
Dolman (2011)
13. Ciudad Real (C Spain) 10,698 2.34 Tarjuelo et al. (2013)
14. Campidano (Sardinia) 11,281 0.31 Santangeli and
Dolman (2011)
15. Crau (SE France) 16,050 | 2.00 Wolff et al. (2001)
16. LTSER Zone Atelier Plaine & Val de Sévre 34,000 | 0.15 Jiguet (2001)
(CW France; 1996)
17. LTSER Zone Atelier Plaine & Val de Sevre 43,000 | 0.065 | Bretagnolle (unpubl.)
(CW France; 2018)

In the site LTSER Zone Atelier Plaine & Val de Sévre, two values are reported (one in 1996, one in
2018), since this site has seen strong variation in population size (see Bretagnolle et al. 2018)

(Portugal) (Schulz 1985; Silva et al. 2014). Most Iberian traditional cereal farmlands
hold intermediate male densities ranging from 1.9 to 4.0 males/km?> (Morales et al.
2014). In Crau, SE France, densities range from 1.0 to 8.0 males/km” (Cheylan
1985; André 1985; Wolff et al. 2001), while in Sardinia 0.8-3.1 males/km? have
been reported (Schenk and Aresu 1985; Petretti 1993). In the virtually extinct
population in Apulia (southern Italy), Petretti (1993) reported a local density of
1.5 males/km® in Asphodelus pastures. The residuals of the regression points in
Fig. 1 (how far each point is from the regression line in the vertical axis and whether
it is above (higher density than predicted) or below (lower density than predicted))
can be used as a comparable relative density estimate between the points in the
graph. Although somewhat simplistic, this approach may tentatively indicate that the
populations above the line—some areas in Ciudad Real and Catalonia (in Spain),
some in Sardinia (in Italy), Castro Verde (in Portugal) and the French Mediterranean
area—actually hold relatively dense populations in comparison to the populations
below the line—Apulia, Sardinia (in Italy), Cabrela (in Portugal) and Deux-Sévres
(in France).
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Fig.1 Relationship between recorded male densities and the size of the area sampled in each study
site. Point numbers refer to region, as in Table 1

Although eastern European and Palearctic populations represent a huge part of
the world distribution range of the species, much less information exists about male
densities there. In this region, the little bustard breeds mainly on natural or pastural
steppes and in arable (mainly fallow) land. In Russia, according to the surveys
conducted in 1975-1980 by Belik (1992) in the Rostov Oblast (south-eastern
Russia), densities could vary from 0.1 male/km® in the steppes between the Sal
and Don River to 6-10 males/km? on sandy steppes, or 6-20 males/km? in alfalfa
fields. Amazingly high densities of 60 males/lkm” were reported in 1985 in the
Saratov region (Moseykin 1992), but this probably reflects a very local estimate.

In Kazakhstan, mean breeding density in Karaganda and Kostanay was estimated
at 0.30 birds/km?> (81% males), with big differences depending on habitat. Thus,
1.35 birds/km?” were estimated in old and recently mown perennial grass fields, 0.53
birds/km? in abandoned arable fields, 0.26 birds/km? in pristine steppe and only 0.07
birds/km? in active arable fields (Koshkin 2011). A more recent survey conducted in
the Aktobe region in 2017 (S. Mafiosa, F. Cuscé, G. Bota and R. Urazaliyev,
unpublished data) by means of distance sampling revealed an average density of
males (£SE) of 0.138 + 0.45 males/km?.

Because of the difficulty of counting females in the field, very little information
exists on female densities. Devoucoux et al. (2019) reported local female densities of
24.9 females/km? but, at larger spatial scales, a usual female density estimate range
of between 0.25 and 6 females/km? or even lower (Table 2). At plot scale the density
of females and nest has been found to be associated with the density of displaying
males (Wolff et al. 2002; Tarjuelo et al. 2013; Devoucoux et al. 2019). This



Breeding Biology and Demographic Traits: Population Parameters,. . . 85

Table 2 Female little bustard densities reported in several western European study sites (in central-
western France site, minimum-maximum density values presented, depending on year)

Area Females/
Site (ha) km? References
Cabrela (S Portugal) 1590 0.25 Faria et al.
(2012a, b)
Crau (SE France) ~ 1800 |~ 0.5-6.0 Wolff et al. (2002)
Campo Real (C Spain) 275 1.4 Morales et al.
(2008b)
Valdetorres (C Spain) 300 0.54 Morales et al.
(2008b)
Alentejo (S Portugal) 12 7.3 Silva et al. (2014)
Nimes (SE France) 409.51 |[24.9 Devoucoux et al.
(2019)
Lleida Plain (NE Spain) 0.05-2.70 Bota et al. (2015)
LTSER Zone Atelier Plaine & Val de Sévre 43,000 |0.028-0.056 | Bretagnolle
(CW France) unpubl.

relationship is globally true, as well, at regional scale. In the Lleida Plain, in
Catalonia, little bustard counts conducted in seven different Special Protection
Areas in 2002, 2009 and 2014 revealed that spring female densities also tend to be
higher at sites where male densities are high (Fig. 2), although in some cases low
male density areas may hold relatively high female densities.
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Fig. 2 Relationship between recorded male and female densities in seven sites in the Lleida Plain
(Catalonia, NE Spain) in 2002, 2009 and 2014. Each point represents a site and year. Drawn from
data taken from Bota et al. (2015)
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Breeding Phenology, Laying Dates and Re-nesting

Breeding phenology may differ between populations, depending on latitude and
climate, as well as on the specific migratory behaviour in each one. In the migratory
population of western-central France, males arrive first, between March and April,
with some individuals displaying directly upon arrival, while females arrive from
April onwards (Bretagnolle and Inchausti 2005). Then males remain in the study
area and display until early July, although there are seasonal movements by some of
the males, presumably tracking sites with females. Display rates by males are almost
stable between early May and late June (Jiguet and Bretagnolle 2001). In the
migratory Atlantic population of Galicia (north-west Spain), the earliest sightings
take place in early May (Rivas et al. 2005). In the mainly sedentary population of
Catalonia (north-east Iberia), wintering groups break up progressively from late
January to early April, and males settle on their breeding territories and start
displaying in early April, with maximum displaying activity reported in late April
and early May. Depending on their age and/or social status (Ponjoan et al. 2012),
males remain on their lek all through the breeding season, and leave for the post-
reproductive grounds in late May or early June. In this area, it is not rare to observe
some males still displaying in late June or early July, chasing females with chicks. In
central and western Spain, display periods have been reported during April and May
(Martinez 1994) with maximum intensity in May (Delgado et al. 2010), similar to
what is described in southern Portugal (Faria et al. 2012a; Moreira et al. 2012). In
Sardinia, bustard displaying activity is concentrated between April and June (Petretti
1993). However, inter-annual phenological displacements may occur within sites, as
at Valdetorres (central Spain, Delgado et al. 2010), which probably reflect inter-
annual differences in weather conditions (Fig. 3). Indeed, it has recently been shown
that little bustard activity level is strongly determined by temperature (Silva et al.
2015).

Egg-laying starts in late April (Lett et al. 2000; Moseykin 1992; Bretagnolle et al.
2018; Lapiedra et al. 2011; Cuscé et al. 2021), but may continue up to late July
(Bretagnolle et al. 2018). The earliest start of laying has been reported in the Lleida
cereal plains, in Catalonia, where radio-tracking and GPS tagging have revealed that
laying takes place between 17 April and 13 July (first and replacement clutches
included) (Lapiedra et al. 2011; Cuscé et al. 2021), but concentrates in May. In the
migratory populations of western-central France, Bretagnolle et al. (2018) recorded
laying dates for 105 nests between 1997 and 2009, ranging from 2 May to 22 July,
but with a median on 11 June, which is consistent with previous records for three
radio-tracked females (20 May-25 June; Lett et al. 2000). However, they found that
egg-laying showed a very clear bimodal pattern, with 42% of clutches being laid
from 1 May to 15 June, and 58% from 15 June to 22 July. The second mode is likely
constituted by replacement clutches. Using a 5-year sliding window they further
showed that in the early years the second mode was higher, while more recently the
first mode was higher, suggesting a trend in laying to occur earlier every year
(Bretagnolle et al. 2018). The most retarded reported dates for the start of laying
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Fig. 3 Territory occupancy of male little bustards in Valdetorres (Central Spain) in 2001 and 2002
(white and black bars, respectively). Week 1 corresponds to the last week of March [Based on
Delgado et al. (2010)]

have been found in the Saratov region, in south-western Russia (Moseykin 1992),
where the egg-laying period covered 17 May—19 June, which suggests that the
nesting period can be considerably concentrated in some regions or latitudes.

Re-nesting is common after clutch loss (but probably not after chick loss) and late
clutches (June—July) reported in many areas are probably in most cases replacement
clutches, although limited nest-site availability in farmlands as the season progresses
may reduce the possibility of re-nesting. Lett et al. (2000) reported a radio-tracked
female laying a first clutch on 1 June and a replacement clutch on 24-25 June.
According to Boutin and Metais (1995), replacement clutches can be found as late as
early August in France. In Lleida Plains, as many as three successive clutches can be
laid by a single female (Cuscé et al. 2021). In this area, a radio-tracking study by
Lapiedra et al. (2011) found that 2 of 9 little bustard females (22%) that lost their first
clutch produced a second clutch. Subsequent research based on GPS tagging in the
same area found that among 16 failed first and second clutches, 10 were replaced
(63%), while failed third clutches were never replaced (Cuscé et al. 2021).

Taken globally, all this information suggests earlier laying in the southern and
sedentary populations as compared to northern and migratory ones. On the other
hand, the longer laying period reported in western-central France may reflect the
prolonged suitable conditions provided by Atlantic weather systems compared to
those under Mediterranean or continental climates, where harsh winters and/or
extreme summer temperatures may limit the onset and/or the end of the laying
season.
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Nests

Eggs are laid in concealing vegetation on the ground, on a shallow, 4-9 cm deep
round depression, 18-21 cm in diameter, usually lined with a few sticks and
fragments from the surrounding vegetation (Plate 1) and frequently also some female
feathers (Dementiev and Gladkov 1951; Cramp and Simmons 1980). The nest cup is
usually built in flat ground, and females take care not to remove vegetation screening
the nest. In most cases, nests are concealed from above by herbaceous cover and
shadow (Plate 1a), and are usually just deep enough for the back of the incubating
female to be confounded with the surrounding ground. Vegetation cover around the
nest has to be tall enough to conceal the nest and protect the eggs and the female
from the sun, the rain and aerial predators, but the females seem to avoid too dense
swards, which impair walking to and from the nest, which is always accessed by foot
(Bretagnolle et al. 2018).

In Deux-Sévres, 53.8% of the nests were found in alfalfa fields, 20.1% in
set-aside fields and 23.4% in other meadows including 12.6% in artificial meadows
(such as ray grass) and 10.1% in permanent meadows (n = 119 nests in 1997-2009);
70.5% of nests were in either pure or mixed leguminous fields, and only 27.7% were
in pure grass meadows (mostly set-asides). The habitat used for breeding represented

Plate 1 Examples of little bustard nests from central Spain; (a) well camouflaged nest with four
eggs in an old fallow field (Photo by M.B. Morales); (b) nest with two hatched eggs in old fallow
field (Photo by M.B. Morales); (c) nest with two eggs in natural shrub-steppe vegetation (Photo by
Jesus Herranz); (d) empty nest whose simple structure can be appreciated (a 1 euro coin was placed
to provide an idea of dimensions; Photo by M.B. Morales)
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a mere 14% of that available (Bretagnolle et al. 2018). Vegetation height at laying
was 38.7 £ 19.6 cm (n = 62, range 5-105.8 cm). In the dry extensive pseudo-
steppes of the Lleida plains (Catalonia), females positively select fallow land to nest,
although most nests are set in dry cereal fields, which is the dominant land cover and
are in general less than 40 cm tall and of relatively low stem density (Lapiedra et al.
2011; Cuscé et al. 2021). In central Spain, Morales et al. (2013) found that long-term
fallows are the main agricultural habitat type used and positively selected by
breeding little bustard females for nesting, followed in importance by young fallows.
Cereal fields are also used, but clearly less than expected based on its availability. In
more intensive farmland areas in western France, however, most nests are found in
alfalfa, set-aside and fallow land (Jolivet 1994; Bretagnolle et al. 2018), probably
because cereal crops are taller and thicker than in Mediterranean areas. In Iberian
‘paramos’ (semi-natural cold steppes in the Iberian highlands), little bustard nests
have also been found in natural shrub-steppe vegetation (Plate 1c¢) (J. Herranz pers.
obs.).

In grassland fields in the Alentejo (Portugal), the probability of occurrence of
potential nesting females was higher in the largest fields, as well as in grassland
20 cm tall as compared to 40—60 cm tall (Silva et al. 2014), but selection for larger
fields has not been detected in other areas. Indeed, size did not have any effect on
nesting field selection in Deux-Sévres (average size of fields with nests was 3.56 ha,
range 0.47-26.6 ha; Bretagnolle et al. 2018). In two separate studies conducted in
western France (Bretagnolle et al. 2018) and the Lleida Plain (Cuscé et al. 2021) no
trend was found to place the nest close to field margins than expected by random. For
example, in western France, the average distance from the nest to the nearest margin
was 26.1 m, range 0—-100 m, which did not differ from random.

Male territories contain resources that may be used by the females (Traba et al.
2007), although this does not seem to increase male attractiveness (Jiguet et al.
2002). Although male and female little bustards have been described as selecting
different microhabitats during the breeding season (Morales et al. 2008a; Silva et al.
2014), this seems to be more the result of their different roles in reproduction, rather
than of different feeding or physiological requirements. This difference is probably
not sufficient to generate a spatial segregation at meso-scale, so that nests and
families are more frequently found inside rather than outside male territories
(Morales et al. 2013) and nests were found closer to displaying males than random
in Portuguese grasslands (Faria et al. 2012a; Silva et al. 2014). Lett et al. (2000) also
reported that, after mating, females nest in general 100-1000 m from the display
sites, but Bretagnolle et al. (2018) provided several cases in which females laid at
5-10 km from males. Indeed, GPS tracking in Lleida Plain (unpublished data)
indicates that some females travel more than a hundred kilometres in the days
prior to laying, suggesting the possibility that laying may occur far from mating
sites on some occasions.
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Eggs and Incubation

Eggs are unspotted variable olive-brown due to biliverdin deposition (Plate 1) and
have a variable, but always very light, brownish patterning. They are 47-58.2 mm
long, 35-41 cm wide and weigh around 41 g (Dementiev and Gladkov 1951; Cramp
and Simmons 1980; see also chapter “Captive breeding, handling and care, and the
impact of releases on wild populations”). Clutch size is 1-6 eggs, usually 3—4
(Cramp and Simmons 1980). An average clutch size of 3.09 eggs (range 2-5) has
been reported in western France (Bretagnolle et al. 2018). Boutin and Metais (1995)
reported an average clutch size of 3.7 eggs in France. A one-egg clutch was found
also in Deux-Sevres (France), but it was probably a replacement, and was finally
abandoned. Extreme clutches of 9 and 11 eggs, supposedly laid by a single female,
have also been reported (Dementiev and Gladkov 1951), but they are probably the
result of intraspecific brood parasitism. A captive hen laid 11 eggs consecutively
(Von Frish 1976), but recent captive breeding has shown some females can lay up to
20 (chapter “Captive breeding, handling and care, and the impact of releases on wild
populations”). Clutches of 5 eggs were reported as the commonest in Portugal
(Labitte 1955; Ferguson-Lees 1967 in Cramp and Simmons 1980). Some field
evidence suggests that 1-year-old females may lay smaller clutches (one egg less
on average) than older ones (Bretagnolle and Inchausti 2005). Labitte (1955)
reported replacement clutches of 2, which suggest smaller size than first clutches,
but in Catalonia replacement clutches of 3, the usual size of first clutches in the area,
have been recorded (S. Mafiosa and F. Cusc6 unpublished data).

Eggs are probably laid at 2-day intervals (Von Frish 1976); this is supported by
observations on captive females (chapter “Captive breeding, handling and care, and
the impact of releases on wild populations™). Incubation lasts for 20-22 days and, as
no pair bond exists, is conducted exclusively by the female. Although it has been
suggested that incubation may begin before the last egg is laid (Cramp and Simmons
1980), a study conducted in Catalonia, where 28 clutches were monitored by means
of GPS tagging (Cuscé et al. 2021) showed that the period of full nest attention lasts
for about 21-22 days, suggesting that incubation begins with the last egg. According
to this study the females spend on average 87% of the daytime on the nest. During
the day, breaks from incubation were more frequent in the morning and early
evening, and nest attendance was maximum over midday and during the late
evening. A similar pattern was also observed in western France as indicated by
temperature recorders placed in dummy eggs (Villers and Bretagnolle unpublished
data). Temperature constraints and predation risk are probably the factors that shape
this behavioural pattern. During incubation, females do not go far from the nest. In
central France, Lett et al. (2000) reported Minimum Convex Polygon ranges of
11-12 ha during the laying and incubating phase, but most activity (90-95%) was
concentrated on 2-3 ha around the nest, a value similar to the average (£SD) of
1.4 £+ 2.0 ha (n = 27) obtained in the Lleida Plains (Catalonia) by GPS tagging
(Cuscé et al. 2021).



Breeding Biology and Demographic Traits: Population Parameters,. . . 91
Laying Rates, Nest Survival and Hatching

In a given breeding season not all females necessarily lay eggs. In a radio-tracking
study conducted in Lleida Plains (Catalonia) in 2006-2008, Lapiedra et al. (2011)
found that as many as 5 of 22 (22.7%) hens monitored by VHF transmitters alive at
the start of the breeding season (1 April for convention) did not lay (one because it
died and the other four for no apparent reason). A similar 16% value was obtained
for a different set of 19 females monitored by GPS in the same area in 2010-2016
(Cusco et al. 2021), indicating a relative consistency of this parameter. Females that
do not lay may be younger and less experienced, older or simply in poorer body
condition.

In the stable population of La Crau, southern France, where females nest in fallow
and steppe, Wolff (2001) estimated that nest survival from laying to hatching was
about 65%. In the smaller populations of the agricultural region of Poitou-Charentes,
in western-central France, the estimated nest survival was 58.4—64% (Bretagnolle
et al. 2011, 2018). Of the total nest losses, 93% were due directly or indirectly to
farming practices (i.e. harvest), causing the destruction of the nest or desertion by the
incubating female, and 7.5% to predation (Bretagnolle et al. 2011, 2018). This
means that, in this area, 33.5% of all nests are lost to harvest operations. This
proportion was even higher (50%) between 1997 and 2004, before the establishment
of an agri-environmental scheme (AES) in the area. In Portugal, where little bustards
nest mainly in natural or semi-natural pasture, Boutin and Metais (1995) report that
of 25 nests only 11 (44%) hatched. In this case, the main cause of nest losses was
nest trampling by livestock (50%), followed by predation (36%) and farming
practices (14%). These authors reported that nest destruction was commoner in
pasture than in cereal crops. In the cereal pseudo-steppes of Lleida, in Catalonia,
nest survival is also relatively low, at 32.1-47.1% (Lapiedra et al. 2011; Cuscé et al.
2021). In this area, however, farming operations account for a lesser proportion of
nest losses, only 33—44% of all of them, the remainder being attributed to predation
or other causes not related to human intervention (Cuscé et al. 2021).

Chick Growth and Care

Eggs hatch synchronously, all in the same day, allowing the chick and the hens to
leave the nest. Chicks are precocial and nidifugous, and are brooded and cared for
exclusively by the hen. Before 5 days old, they are fed bill-to-bill by the female.
Chick food consists exclusively of arthropods (mainly coleopterans and orthop-
terans), at least until they are a few weeks old (Jiguet 2002). According to measure-
ments obtained in captivity (Bretagnolle et al. 2018; Ivanova 1992; Alex Llopis,
unpublished data), chicks grow slowly until 5 days old, but their daily weight gain
increases thereafter to an average rate of 13.2 g/day (range 2.1-26.2 g/day for two
Lleida chicks) (Fig. 4). Although full size is not attained until 50-55 days (Fig. 5),
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Fig. 4 Weight gain of little bustard chicks. (Top) Drawn from data in Ivanova (1992), assuming an
average egg weight of 41 g (triangles), and on the measurements of 2 little bustard chicks hatched in
captivity in the Vallcalent Wildlife Recovery Center (Lleida, Catalonia) in 2006, raised and
measured by Alex Llopis (diamonds and squares). (Bottom) Based on measurements of 41 little
bustard chicks measured in captivity in 1997-2004 [Based on Bretagnolle et al. (2018)]

they can fly as early as 25-30 days old because tarsus length and wing length are
attained much quicker (Fig. 5).

During the rearing period, if feeding conditions are adequate for both the chicks
and the hen, little bustard families can remain in a very small area of only a few
hectares. However, if they are disturbed (e.g. by farming operations) or the avail-
ability of food is low, the families are obliged to move from patch to patch, covering
an overall much larger range. Chicks can walk relatively large distances from a very
early age, although this may have a survival cost (Bretagnolle et al. 2011; Lapiedra
etal. 2011). In central France, Lett et al. (2000) reported Minimum Convex Polygon
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Fig. 5 Tarsus and wing length growth (mm) of 41 little bustard chicks measured in captivity in
1997-2004 [Based on Bretagnolle et al. (2018)]

(MPC) ranges of 20-25 ha during the brooding phase, but most activity (95%) was
concentrated within a 10—15 ha range (n = 3). In the Lleida cereal plains (Catalonia),
families had much larger average home ranges (MPC) of 136.9 ha (range 10—432 ha,
n = §; Lapiedra et al. 2011). These ranges included 1-3 activity areas ranging from
2.7 to 106 ha each, separated 290-676 m from each other.

Brood and Chick Survival

Chick mortality is probably high during the first days of life. Although the average
clutch size is between 3 and 4 eggs, it is usual to see families of only one or two fully
grown chicks. In southern Portugal, brood size reduced from 2.3 chicks in 2-week-
old broods to 2.1 chicks in 4-week-old broods (Boutin and Metais 1995). In the
Poitou-Charentes region of western-central France in 1997-2001, average family
sizes also showed strong evidence of brood reduction (Bretagnolle et al. 2011): the
average (£SD) number of chicks per family (including total brood failure) averaged
1.32 £+ 1.35 for families 7 days old, 0.77 £ 1.20 at under 15 days of age,
0.51 £ 1.00 at 15-30 days, 0.49 £ 1.00 at 30-45 days, and 0.36 £+ 0.97 at more
than 45 days (see also Bretagnolle et al. 2018 for updated figures). In this area, no
evidence of chick predation was found, and all the chicks that were recovered dead
showed signs of starvation. In spite of this, in about 60% of broods at least one chick
survived from hatching to fledging in this area (Berthet et al. 2012). Anecdotal
observations have shown that chicks can be predated by raptors such as marsh
harrier Circus aeruginosus (S. Manosa and F. Cuscd, pers. obs.), Montagu’s harrier
C. pygargus and hen harrier C. cyaneus (B. Arroyo, pers. com.).
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In the cereal pseudo-steppes of Lleida (Catalonia), 33—-62.5% of broods survived
to fledge some chicks (Lapiedra et al. 2011; Cuscé et al. 2021). In this area, earlier
broods had higher survival probabilities than later ones, which seems to be related to
the decline of the availability of cover as the season progresses and cereal harvesting
advances, leaving the families with less protection and food and forcing them to
perform long displacements between the few small remaining patches of suitable
vegetation (Lapiedra et al. 2011). Families keeping within a smaller area during the
whole rearing period successfully fledged twice as many young as families forced to
wander, which made faster and longer movements that cause a progressive increase
in the area used through the rearing period (Lapiedra et al. 2011). In fact, chicks are
able to travel long distances early after hatching, as has been found in western France
by Bretagnolle et al. (2011). When grasshopper abundance was low, radio-tracked
females with chicks younger than 10 days old could travel 1-2 km a day in search of
food. This resulted in losing one chick every 2 days and sometimes in the loss of the
whole brood.

Final Breeding Success and Productivity

Breeding success can be defined as the percentage of females present in a given area
at the start of the breeding season that manage to fledge at least one young. Reported
figures for this parameter oscillated between 7 and 61% on seven sites monitored in
1997-2000 in western France (Morales et al. 2005), where the inter-population
median average was 33.2%. In the Lleida Plains (Catalonia) breeding success
among 42 breeding females tracked in 2006-2016 was even lower, at only
15-23% (Lapiedra et al. 2011; Cusco6 et al. 2021).

Very few data exist on the productivity (average number of chicks fledged per
breeding female) of the little bustard. This is because it is very difficult to estimate
breeding success in such a shy, precocial species. Estimates based on family counts
have been used in some studies, but the values obtained are only an indication of the
real production of young per successful female. In this way, in western-central
France, between 1991 and 1994, the average size at fledging of 30 families (thus
excluding complete failure) was 2.2 fledglings per family, similar to results found in
Portugal, where values of 2.1 fledglings per family were reported (Boutin and Metais
1995). Post-breeding counts conducted in 2008 in Iberian cereal pseudo-steppes
gave much lower average values, of 1.11 chicks/family in Ciudad Real, and
1.30-1.83 in Lleida Plains (Tarjuelo et al. 2013).

On eight study sites monitored in western France between 1997 and 2002,
Morales et al. (2005) and Bretagnolle and Inchausti (2005) reported average pro-
ductivity values ranging from 0.108 to 1.028 fledglings/female (thus including
complete failure), with a median of 0.501 and 0.384, respectively. These figures
were obtained by dividing the number of fledglings by the number of females
recorded in each study site. In the agricultural region of Poitou-Charentes, in western
France, the estimated productivity based on a sample of 87 families recorded
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between 1997 and 2008 was 0.1 chicks/female (Bretagnolle et al. 2011). Using
similar calculations, Morales et al. (2008b) obtained equivalent values of 0.3 and 0.4
between 2005 and 2006 in Campo Real and Valdetorres (Madrid, central Spain),
respectively. By following the fate of nests discovered before hatching in one of
these areas between 1997 and 2009, Bretagnolle et al. (2018) determined produc-
tivity values of 0.62 fledging per female and year, but this included active clutch
protection through a breeding centre (see chapter “Captive breeding, handling and
care, and the impact of releases on wild populations”). Using an unbiased method-
ology based on radio-tracked or GPS-tagged females conducted in the Lleida
population in Catalonia, the average number of young raised per female was 0.27
(n = 22) and 0.25 (n = 20) in two separate studies conducted in 2006-2008 and
2010-2016 (Lapiedra et al. 2011; Cusc6 et al. 2021).

It has been suggested that, on an individual basis, the number of chicks produced
may be partially related to age, younger birds producing on average 15% fewer
fledglings than older ones (Bretagnolle and Inchausti 2005). Average (£=SD) fecun-
dity values for younger females was assumed to be 0.28 £ 0.18 fledglings per female
for 1-year-old females and 0.44 + 0.26 for older females (Inchausti and Bretagnolle
2005). On a population basis, the number of fledglings raised in a given year seems
to be related to grasshopper abundance in the western-central French population
(Bretagnolle et al. 2011).

Sex Ratio

Considering the polygynous mating system of the little bustard, the proportions of
females to males in the population is a parameter of outstanding demographic
relevance (Morales et al. 2005). However, this ratio is difficult to establish, because
females are difficult to observe and count. Boutin and Metais (1995), by counting the
number of males that followed overflying females, reported a ratio of 209 males for
66 females, that is 0.32 females per male in Deux-Sévres in the 1990s (western
France). Although this method may bias estimates in favour of males, Cheylan
(1985) obtained a similar 0.33 females per male value by counting pre-nuptial
groups in La Crau, south-eastern France. Both are, indeed, very low female
sex-ratios if, according to the modelling approach of Morales et al. (2005), the
mid-term viability of little bustard populations declines sharply when the proportion
of females for every male in the population is less than 1.0. A less unbalanced
sex-ratio of 0.68 £ 0.08 females for every male was estimated in the Poitou-
Charentes region, in western-central France, in 1997-2003, consistently similar
across years and sites (Inchausti and Bretagnolle 2005; Jiguet and Bretagnolle
2014). By systematically searching 0.25 ha plots in spring in two study areas in
Madrid province (central Spain), Morales et al. (2008b) obtained sex-ratio values of
0.72 and 0.54 females per male, respectively. In the Saratov region, based on data
collected in 1985, Moseykin (1992) reported a sex-ratio of 0.4 female per male.
However, in the Alentejo (Portugal), where some of the highest local male and
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female breeding densities of little bustard have been recorded in the world, 1.3
females per male ratio was reported (Silva et al. 2014). Spring counts over 400 1 ha
quadrats in the Nimes area (southern France) gave equal densities of male and
females, suggesting a more or less balanced sex-ratio (Devoucoux et al. 2019). In
a recent compilation of sex-ratio data across several western European populations
in France, Spain and Portugal, Serrano-Davies et al. (submitted) found that most
populations had an unbalanced sex-ratio in favour of males, and that this low
proportion of females positively correlates to low young ratios in the populations.

It thus seems that demographically healthy populations (i.e. Alentejo, Mediter-
ranean France) exhibit more or less balanced sex-ratios or even female biased ratios,
while the typical pattern in declining populations is a more or less pronounced lack
of females (Serrano-Davies et al. submitted). However, the reasons for this male-
biased sex-ratio in some populations are unknown. The secondary sex-ratio, that is,
the proportion of sexes at hatching, is usually assumed to be 1:1 (Inchausti and
Bretagnolle 2005). However, this might not be the case, as Von Frish (1976), in La
Crau, reported only three females among 17 chicks artificially raised up to maturity.
If we assume 1:1 sex-ratio at hatching, then biased tertiary sex-ratios observed in
some populations should be related to differential survival of the sexes (see below).
Alternatively, this sexual bias may be due to an uneven spatial distribution of the
sexes, deriving from the different ecological requirements of males and females, or
to the peculiar social aggregation patterns and mating system of the species.

Maturity, Survival and Senescence

Females are sexually mature and can breed in their first spring, whereas males are not
mature usually before their second year, when they acquire their breeding plumage
for the first time (Schulz 1985; Bretagnolle and Inchausti 2005). However, immature
males have been observed trying to copulate with decoy females during trapping
sessions (Eraud and Villers, pers. obs.) or displaying (G. Bota, personal observa-
tion). In a necropsy of a first-year male with juvenile plumage the gonads were found
to be active (G. Bota, personal observation).

Very little published information exists on annual survival rates for the little
bustard. The oldest recorded birds in the wild are two GPS-tagged males, one in
Deux Seévres (France), which was at least 18 years old in 2019 since it was captured
already as adult, and a 14-year-old male observed in Lleida (Mafiosa et al. 2018)
which was seen again in spring 2019 (Roger Guillem, personal communication) as a
15-year-old bird. However, lifespan may usually go no further than 10 years. Indeed,
Inchausti and Bretagnolle (2005) calculated that no more that 5% of the little
bustards in a stable population in western-central France would be older than
9 years. Although some authors have assumed that birds younger than 1 year may
have a very high mortality rate, of up to 75% (Morales et al. 2005), the few data
available on this aspect in western-central France, based on a sample of 35 ringed
and radio-tagged adult birds between 1998 and 2002 (Inchausti and Bretagnolle
2005), indicated that the best fit to the survival data was obtained by assuming
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constant survival over time. However, in many bird species immature birds survive
less well than adult birds. Annual survival rates of released fledglings in western
France (2002-2013) was c.45%, which gives a survival probability of c.55% once
taking into account recapture probability (calculations made by R. Fay using
V. Bretagnolle’s unpubl. data). Therefore 1-year-old birds have slightly lower
survival rates than adults. Inchausti and Bretagnolle (2005) assumed that annual
survival rates for birds older than 8 years was 60%, slightly lower than that the
average 70% obtained for younger age classes. Data collected in the same study area
(Inchausti and Bretagnolle 2005) indicated that average (£SD) annual survival rate
estimates were lower for females (68% =+ 11%) than for males (72% =+ 11%),
although this difference was not significant. These data are the only available to
suggest that female survival is lower than male survival in this species. Reduced
female survival could be associated with their higher exposure to predation or
mowing during incubation or to carry-over effects of reproductive costs. This was
confirmed by more recent estimates based on a larger sample of birds (2002-2018),
with adult survival rates slightly higher, 80% for adult males versus 72% for adult
females (calculations made by R. Fay using V. Bretagnolle, unpubl. data).

In Iberia, an adult survival rate estimate based on a larger sample size of
151 radio-tagged adult birds captured in Spain and Portugal between 2001 and
2013 (Marcelino et al. 2017) produced a value of 67%, only slightly lower than
the estimate produced in France. In any case, both values are below the minimum of
ca. 0.80 threshold in annual adult survival necessary to ensure population mid-term
survival (Morales et al. 2005), especially for females, and well below the estimates
obtained in stable or increasing populations of other bustard species, such as the
great bustard Otis tarda (90%, Alonso et al. 2004) or the African houbara bustard
Chlamydotis undulata (75-86%, Hardouin et al. 2015).

Therefore, in spite of the very different conditions in the breeding grounds of the
Iberian and central-western France populations, both seem to have similar adult
survival rates. It is worth noting that bustards from the western-central France
population overwinter in Iberia (Villers et al. 2010), where they might be subject
to similar causes of mortality, and that costs associated with migration might be
limited for these individuals, since they usually reach their wintering grounds in a
couple of night flights of ~300—400 km per night (Villers et al. 2010). As estimated
by Marcelino et al. (2017), half of this mortality might be of anthropogenic origin,
mainly poaching and powerline collision casualties. The elimination of this mortality
would probably raise survival to acceptable values, guaranteeing population
viability.

Concluding Remarks

Although the amount of available quantitative information on the demographic
parameters of the little bustard has increased in recent years, it comes from relatively
few areas and very little is known about how these parameters change in response to
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environmental variables. Information is, however, far scarcer in the eastern
populations of Russia and Kazakhstan. Current evidence indicates that most studied
populations in western Europe exhibit low breeding success and male-biased
sex-ratios. They also present survival rates lower than expected from potential
longevity, which is consistent with their current declines. Further studies are needed
to increase our knowledge on the breeding biology and demographic traits of the
species and to better understand how these parameters vary within and between
populations, as a prior step to understanding how we can ensure the viability of the
little bustard populations across its large distribution range. In particular, unbiased
productivity estimates in different areas and over many years are needed to better
understand which factors determine the temporal and spatial variation in breeding
success and productivity values. Studies of survival rates are also needed to provide
further insight into mortality and causes of death, and particularly to identify, and
eventually understand, the origin of sex biases in survival rates.
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Introduction

The distribution of a species is the result of evolutionary, ecological and/or anthro-
pogenic processes that operate at different spatial and temporal scales. The way a
species uses and selects a habitat influences its survival and reproductive perfor-
mance and, therefore, its spatial persistence. This field has been largely studied in the
little bustard. Thus, we start this chapter by establishing definitions of terms used
here. Habitat refers to a distinctive set of physical environmental factors that a
species uses for its survival and reproduction (Block and Brennan 1993). Habitat
selection refers to the hierarchical process of behavioural responses by which a
species chooses between distinct available resources (Johnson 1980), and which
result in the disproportionate use of particular habitats, thus influencing survival and
fitness of individuals (Block and Brennan 1993).
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Two other aspects related to the habitat selection process (Jones 2001) should be
considered when reading this chapter in the framework of habitat selection theory:
(1) it is a decision-making process, and individuals may face other possibilities that
differ in structure and/or quality; (2) it is an adaptive process, and in general we
assume that individuals’ choices are related to increased fitness in certain habitats.
Unfortunately, researchers often lack the information to evaluate habitat selection
through measures or indicators of increased fitness. Besides, this process may not be
independent of many other non-habitat factors which can influence habitat selection
patterns: predation, intra- and interspecific competition, conspecific attraction, site
fidelity, food availability, personality traits. To integrate all previously mentioned
aspects, in this chapter we consider habitat selection as a complex process including
all the responses of an individual when using a particular habitat.

Habitat selection is typically a process involving decisions at several spatial
scales (Morris 1987). This multi-scalar process ranges from the macroscale to
macro- and microhabitat. Macroscale habitat refers to continental and regional
factors that determine, to a large extent, species distribution. Macrohabitat is taken
here as the area in which organisms carry out their biological functions (Morris
1987; see also the section Macrohabitat below, and all the references therein).
Macrohabitat is therefore related to landscape configuration and composition. On
the other hand, we refer here to microhabitat as the horizontal and vertical structural
characteristics, and food availability of those locations actually perceived and finally
chosen by an organism (Morales et al. 2008). Finally, we review variation in habitat
selection according to sex, as well to seasonal and regional differences.

Factors Influencing Little Bustard Macroscale Distribution

When analysing a species’ distribution pattern, both ecological and evolutionary
factors have to be considered. These two types of drivers of species-specific space
occupancy reflect the influence of local, mainly biotic, fine-grained factors, which
modulate the effect of those others acting on a much greater scale (Ricklefs 1987).
Species distribution at a macroscale (continental, for example) seems to be
influenced by abiotic, mainly climatic, factors (Thuiller et al. 2005).

Delgado et al. (2011) carried out a complete analysis of the climate niche of little
(and great) bustard at a Western Palearctic scale (see chapter “The little bustard
around the world: distribution, global conservation status, threats and population
trends” for distribution range). These authors revealed a relatively constrained
climate niche for the species, due to its association with both temperature and
precipitation-related variables (see also Estrada et al. 2016). The little bustard
seems to prefer somewhat oceanic climates, with lower temperature range and
milder winters than those preferred by the great bustard. The strong negative
association between little bustard presence and temperature range suggests the
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avoidance of marked continental climate, at least for the Iberian population (Delgado
et al. 2011). Mean temperature during the breeding season has a non-linear but
predominantly positive effect on the distribution pattern of the species, suggesting a
preference for warm springs, although this variable had relatively lesser importance.
In addition to pure thermic constraints, little bustard presence seems to be associated
with soil moisture (measured by the SMI index which describes the amount of soil
water available), which is related to primary production (Delgado et al. 2011). The
relationship between little bustard presence and soil moisture showed a typical
peaking pattern, with an apparent optimum at mean values of this variable, which
suggests the avoidance of both extremely dry and wet soils (see also De Juana et al.
1988). This result, however, contrasts with that for annual rainfall, which showed a
U-shaped response, the slope being negative for the lower and positive for the higher
extreme values of the variable. These results could be indicating the combined effect
of both temperature and precipitation in shaping little bustard distribution, although
some methodological biases related to the greater number of presence cells in Iberia
should be considered. However, the effect of climate on habitat configuration could
be behind these results, as the optimal habitat for the species, namely treeless, open
herbaceous vegetation, can appear in both high precipitation areas, like southern
Russia, or drier ones, such as the Mediterranean.

Climate modulates habitat, and consequently, plant growth and invertebrate food
availability (Noy-Meir 1973). Therefore, species’ distribution constraints are mod-
ulated by large-scale climate factors. Large-scale predictive models built for conti-
nental Spain have shown the effect of habitat type and topography on the presence of
little bustard during the breeding season (Sudrez-Seoane et al. 2002). In general, the
species’ probability of occurrence decreases as overall greenness increases,
suggesting some kind of preference for arid areas, at least in the Iberian context. A
complementary explanation suggests a preference for areas where the habitat is
suitable throughout the whole breeding season, such conditions being coincident
with areas where agriculture remains extensive (i.e. avoiding intensification). In
summary, little bustard selects areas dominated by dry crops and pastures with
low values of greenness (see also Suarez-Seoane et al. 2008). The effect of climate
has been also found at smaller spatial scale, as precipitation during the breeding
season and the previous months seems to have positive effects on population size,
probably due to its effect on primary productivity and food availability (Delgado
et al. 2009).

The species’ probability of occurrence seems to show a typical optimum peak in
the 300-700 m range, with a long tail through higher altitudes (Suarez-Seoane et al.
2002, 2008), although this could be context-dependent. For instance, French little
bustard populations are essentially found near sea level in southern France (i.e., 99%
under 100 m in Costiere Nimoise and in La Crau; pers. obs.). However, this last
effect could presumably reflect a proxy variable for climate, which ultimately affects
plant productivity and invertebrate availability for the birds. Little bustards prefer
gently undulating terrain (Sudrez-Seoane et al. 2002; Osborne and Sudrez-Seoane
2007), although this can be also a habitat-related feature, as grass-steppes and
cultivated areas are usually located on flat or near to flat areas.
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Suérez-Seoane et al. (2002) also found some effect of anthropogenic disturbance
on little bustard distribution, with birds preferring areas far from roads, although the
importance of this in determining little bustard occurrence was much lower than that
of the above-mentioned habitat-related variables (see however Silva et al. 2004,
Arcos and Salvadores 2005; Osborne and Sudrez-Seoane 2007). Again, this seems to
be a context-dependent effect, as some populations seem to be highly impacted by
human infrastructures. This is the case of Costiere Nimoise (southern France), an
area with high densities of little bustards where preliminary studies reveal that the
effects of railways, roads and paths are even higher than those of habitat composition
(Devoucoux 2014).

Other factors influence the species’ distribution at a large scale. Historical
restrictions, behavioural constraints such as conspecific attraction, and local pro-
cesses such as the availability of optimal habitat, and local extinction and coloniza-
tion, limit the space occupied by a species (Estrada et al. 2016). Indeed, when other
factors are included in the analyses, climate continues to be the main driver of the
present distribution of the little bustard, but other non-climatic factors also contrib-
ute, namely a preference for areas dominated by dry crops, the avoidance of high
human population density (Estrada et al. 2016; see also Sudrez-Seoane et al. 2002,
2008, for a lower-scale analysis) and intra- and intersexual relationships (Devoucoux
et al. 2018; see below). However, the importance of geographic predictors, i.e. the
proximity between occupied locations, was, by far, the most relevant factor in
explaining the current distribution of little bustard at a European scale (Estrada
et al. 2016). Specifically, geographic factors could reflect its absence from some
regions, perhaps due to direct human pressure or habitat loss over the past 2000
years. Besides, the species has a tendency to aggregate in reproductive nuclei (see
chapter “Behavioural ecology of the little bustard: sexual selection and mating
systems”), showing strong philopatry. This suggests that the current distribution of
little bustard at this scale is spatially constrained beyond the effect of environmental
variables. As a consequence, dispersal constraints and site fidelity may restrict the
future distribution as climate change pushes the species’ optimal climate conditions
northwards (Estrada et al. 2016). Finally, a simpler distribution pattern has been
found for winter, as only habitat and climate variables explain the species’ distribu-
tion at a regional scale (Suarez-Seoane et al. 2008).

Macrohabitat Selection

Although the original habitat of the little bustard is natural herbaceous steppes
(Cramp and Simmons 1980), in Western Europe the species preferentially uses
both extensive croplands and grasslands (Garcia de la Morena et al. 2006). It
occupies many habitats resembling its original steppe-like habitat, such as the
extensive sheep and cattle pastures of Sardinia, southern France, southwest Iberia
and Central Europe, extensive cultivated areas in Spain, but also more intensive
croplands in France (Salamolard and Moreau 1999; Bretagnolle et al. 2018).
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The statement that little bustards prefer areas dominated by dry crops may sound
rather general. Fortunately, this is a well-investigated pattern, as habitat preference
studies have usually been centred on the type of land cover or crop used by the
species. More specifically, little bustards usually avoid cultivated cereals but select
legume crops, specifically alfalfa, and more or less long-term abandoned fields and
fallows in Spain and Portugal, set-aside or natural vegetation in France (Martinez
1994; Salamolard and Moreau 1999; Wolff et al. 2001; Morales et al. 2005, 2006;
Moreira et al. 2012; see however Devoucoux et al. 2018), and mainly flat landscapes
(Tarjuelo et al. 2014). There is an overall tendency for little bustards to select
extensive agricultural farmland, with higher male densities in such habitats (Wolff
et al. 2001), though local male density may not be always the best proxy for optimal
habitat (see, e.g., Garcia et al. 2007). Devoucoux et al. (2018) in southern France
mention probably the highest little bustard density in Western Europe (mean male
density: 23.44/100 ha; mean female density: 24.91/100 ha; totalling up to 50 birds
per 100 ha) linked to small and heterogeneous fields and land abandonment.

In general terms, the abundance of little bustard males seems to be positively
correlated with heterogeneous landscapes with small fields and high habitat diversity
or some degree of mosaic structure (Martinez 1994; Wolff et al. 2001; Morales et al.
2006; Delgado et al. 2010; Santangeli and Dolman 2011; Devoucoux et al. 2018),
which may reflect habitat complementarity or habitat supplementation. In the Iberian
range, the preference for a typical mosaic of habitats created by extensive cereal
farming, sometimes called pseudo-steppes (Suarez et al. 1997), could be simply a
selection of optimal habitats, but restricted to the few, small scattered fields
remaining in the landscape. Wolff et al. (2001) suggest three processes, not mutually
exclusive, behind habitat complementation: (1) natural habitats may be scarce, or do
not provide sufficient resources during the breeding season, so males need to extract
food from adjacent agricultural habitats; (2) for the same reason, natural habitats may
be a poor nesting habitat for females, prompting males to display in the vicinity of
better nesting habitats where they are likely to attract more females; (3) other
agricultural land uses may be selected outside the breeding season. Despite this
consideration, bird density may also reach very high values in Western Europe
within landscapes dominated by large fields (Moreira et al. 2012). Silva et al.
(2010) indeed detected a preference for large homogeneous grassland fields in
southern Portugal, perhaps because where little optimal habitat remains, little bus-
tards may include other, suboptimal habitats in their territories. Alternatively, large,
apparently homogeneous grassland fields may be considerably heterogeneous in
terms of vegetation structure, owing to extensive grazing, thus also providing
microhabitat complementary resources for breeding birds (Silva et al. 2010), more
similar to the original true steppes. In these last cases, little bustards use stable
habitats (old or young fallows), which they will keep using over the years, leading to
a typical territorial system that, in turn, will attract satellite males (Silva et al. 2007),
consequently leading to a high-density system with overlapping ranges.

There is some constancy in the pattern of habitat selection between years, which
suggests a strong habitat fidelity to permanent and semi-permanent habitats
(Delgado et al. 2010). Both the polygynous mating system and the marked
philopatry of the little bustard could be behind this inter-annual repeatability of
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observations in similar locations, even though land cover may greatly change
between years (Delgado et al. 2010). Indeed, if the habitat is inter-annually stable,
they may show habitat and site fidelity at a very local scale, using the same locations
as in previous years (Silva et al. 2007). When the habitat changes between years,
males slightly modify locations from year to year, in order to find the optimal
habitats that meet their requirements (Morales et al. 2005; Delgado et al. 2010). At
certain spatial scales (below 1500 ha), the space use of male little bustards could be
driven largely by habitat preferences rather than by factors associated with its typical
mating system, such as presence of other males. This pattern may be associated with
low density of males, when the number of birds is not large enough for all the
optimum areas to be occupied, and the area is not saturated (Delgado et al. 2010). In
contrast, changes in male displaying locations between consecutive years after site
destruction by a High Speed Railway were less than 500 m, thus leading to an
intensification of intrasexual competition due to high male density (Devoucoux et al.
unpubl). In this case, when males reach high density and optimal habitat is saturated,
they are forced to use suboptimal habitats, and spatial distribution seems to be driven
by female presence and other males’ density (Devoucoux et al. 2018).

Most habitat selection studies have considered the focal location of the bird to
establish habitat preferences (see for instance Martinez 1994; Salamolard and
Moreau 1999; Wolff et al. 2001; Santangeli and Dolman 2011; Delgado et al.
2010). However, little bustard territories are greater than the precise location of the
display ground (Jiguet et al. 2000), and therefore may include a mosaic of crops and
field types. For this reason, findings on habitat selection of little bustard males in
highly cultivated landscapes, when just the precise location of the male is consid-
ered, have to be considered with caution.

Although fallows and old fallows show great inter-annual stability in plant
structure, which explains why they are preferentially used by little bustards, they
also depend on grazing or cutting to prevent plant succession and excessive vege-
tation height (see below, Microhabitat selection). Finally, in relation to human
disturbance, whereas some studies reveal no particular response of little bustards
to roads, villages or inhabited houses (Martinez 1994; Faria and Rabaga 2004), other
studies suggest the contrary (Suarez-Seoane et al. 2002; Silva et al. 2004, 2010;
Arcos and Salvadores 2005; Osborne and Suarez-Seoane 2007; Garcia et al. 2007;
Santos et al. 2016). For instance, comparing locations of displaying males with
random points without males, Arcos and Salvadores (2005; NW Spain) found
significant differences in distance to roads (576.93 + 68.85 m with males,
287.54 4+ 77.86 m without males) and to paths (141.4 £+ 14.4 m with males,
65.62 + 12.1 m without males). Moreover, Silva et al. (2004; South Portugal)
found that little bustards are sensitive to inhabited houses and road proximity.

Regional Differences in Habitat Selection

Little bustards occupy extensive (non-intensive) grasslands or cereal farmland, with
varying degrees of land-use mosaics, depending on the prevailing landscape type
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(Morales et al. 2005, 2006; Silva et al. 2010). In this sense, habitat selection is
modified by regional differences in habitat availability. Unfortunately, most infor-
mation comes from studies in Western Europe, while information from farther East
is very scarce. A brief review is presented here.

In France, displaying males prefer extensive agricultural habitats (Wolff et al.
2001; Devoucoux et al. 2018); in intensive farmland habitats, they need alfalfa and
set-aside, though they also use spring crops (flax, sunflower) or even wheat very
early in the spring season (Salamolard and Moreau 1999; Bretagnolle et al. 2018),
although these latter crops rank low on the list of preferred habitats for Spanish birds
(Delgado et al. 2010). In summer, more intensive crops, such as cereals or oilseed
rape, are always avoided (Salamolard and Moreau 1999; Wolff et al. 2001). Sun-
flower and maize are also avoided when tall, although they might be used and
actually preferred transiently in their early stages of development, when lower
than 30 cm (Rivas et al. 2005). Little bustards also seem to avoid hedges and
woody areas in some parts of France where hedges against winds effects on crops
(3-5 m in height, mainly cypress) are numerous (Devoucoux 2014).

In the northwest Iberia population, whose cereal farmland presents some simi-
larity with that of western France, the species selects semi-permanent crops such as
raygrass and alfalfa as well as pastures (Arcos and Salvadores 2005; Rivas et al.
2005), but also uses more intensive fields, such as maize crops (Rivas et al. 2005),
although retaining a preference for short vegetation. In the central part of Iberia the
species uses the mosaic landscape associated with extensive cereal farming,
selecting mainly fallows and extensive pastures (Martinez 1994; Suérez et al.
1997; Morales et al. 2006; Silva et al. 2014; Tarjuelo et al. 2013, 2014), although
some more intensive cereal-dominated farmlands also hold important populations, as
in Lleida plains (Lapiedra et al. 2011). The species can tolerate around 20% of dry
woody cultures and orchards (Tarjuelo et al. 2014).

In Sardinia, where the only Italian population remains (see chapter “The little
bustard around the world: distribution, global conservation status, threats and pop-
ulation trends”), the species selects fallows and extensive pasturelands during the
breeding season, and avoids either arable, hay meadow or others land uses
(Santangeli and Dolman 2011), although it may also avoid fallows in the summer
(Santangeli and Cardillo 2012). This discrepancy has been explained by the differ-
ential effect of livestock grazing through the year: in spring, grazing shapes habitat
structure for displaying males, while in summer it depletes the already limited food
resources (i.e. green plants) available (Santangeli and Cardillo 2012). However, this
is a site-specific process, depending on the traditional grazing management carried
out in each region (Silva et al. 2007).

In Portugal, males select large homogeneous fields in contrast to the mosaic
landscape that can constitute male territories elsewhere (Silva et al. 2010; Moreira
et al. 2012). Female preference for Fabaceae-dominated sites has been recorded
(Faria et al. 2012), which seem to be related to the high nutrient content of these wild
plants, largely consumed by little bustards (Bravo et al. 2017).

Finally, in southern Russia, where some extension of natural steppe remains, little
bustard populations occupy natural steppes, but also occupy farmland areas where
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they prefer fields sown with winter crops or stubble fields (Shlyakhtin et al. 2004). A
similar habitat use pattern has been described for little bustard populations in
Kazakhstan (Kamp et al. 2011). In Iran, a high concentration of wintering little
bustards seems to be related to a combination of available winter crops close to
non-hunting areas (Yousefi et al. 2017).

Seasonal Differences in Macrohabitat Selection

Some changes in habitat selection pattern may occur over the year. During summer,
there are no clear overall patterns regarding little bustard macrohabitat selection,
although some preference for melon fields has been observed (Silva et al. 2007). In
central Spain, little bustard females and families seem to prefer semi-permanent
vegetation and stubbles while ploughed lands are avoided (Tarjuelo et al. 2013).
During Mediterranean summers, little bustards (as other birds) experience food
shortages, which may explain why they perform post-reproductive movements
towards areas with greater food availability (detailed in chapter “Migration, move-
ments and non-breeding ecology”). However, they may be still forced to occupy
suboptimal habitats, resulting in daily movements between areas with high cover of
green plants and dry fallow lands. In this sense summer habitat selection may be
quite distinct from the other seasons.

Autumn habitat selection has been studied by Faria and Silva (2010) in southern
Portugal. During this season, males prefer cereal stubbles and fallows and, in
general, more productive fields. Cereal stubbles, with little or no herbicide treatment,
generally show a fast growth of weeds after the first autumn rains. Fallows also show
a higher availability of green plants, suggesting the importance of feeding require-
ments above others once the breeding period has ended.

Microhabitat Selection

At a fine scale, vegetation height, as well as vegetation structure and floristic
composition within preferred grassland fields (mainly pastures and fallows of vary-
ing ages) are the main traits that affect little bustard occurrence (Morales et al. 2008;
Faria et al. 2012; Silva et al. 2014; Traba et al. 2015). Vegetation height selection
patterns have been studied in detail in Devoucoux et al. (2018), who found that
vegetation height affected both males and females probability of presence, with a
significant negative correlation between vegetation height and presence. However,
the effect of vegetation height differed between sexes: whereas females showed a
quadratic response to vegetation with an optimal height estimated at around 30 cm,
males showed a strict decrease in presence probability with vegetation height.

The preference of little bustard for pastures, legume crops and fallows has been
related to the greatest availability of trophic resources, especially cultivated legumes
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and wild herbs, and invertebrates, in these fields (Martinez 1994; Wolff et al. 2001;
Santangeli and Dolman 2011), but also to both vertical and horizontal vegetation
structure (Morales et al. 2008; Morales and Traba 2009; Traba et al. 2015). In
addition, a few studies have focused on plant composition in the habitat selection
by little bustard (Faria et al. 2012). Despite the importance of food in any habitat
selection process, only a few studies have estimated differences in food availability
between land uses and/or between little bustard territories and control locations
(Martinez 1998; Salamolard and Moreau 1999; Traba et al. 2008; Faria et al.
2012; Devoucoux et al. 2018), and only two have directly evaluated little bustard
diet through stomach and faeces analyses (Jiguet 2002; Bravo et al. 2017). Several
microhabitat studies have highlighted the importance of arthropod availability (Mar-
tinez 1998; Jiguet et al. 2002; Traba et al. 2008; Faria et al. 2012; see however
Devoucoux et al. 2018). For instance, alfalfa fields and natural grasslands have been
considered to harbour the highest number and diversity of invertebrates (Salamolard
and Moreau 1999).

Tarjuelo et al. (2019) studied the relationships between horizontal and vertical
plant structure and food availability (weed and arthropod biomass). To do so, in
spring 2013, they sampled 30 random points in one typical extensive farming area of
central Spain and recorded variables about horizontal and vertical structure and
complexity of the vegetation, and vegetal and arthropod biomass. They found that
(1) bare ground cover is significantly and negatively correlated with all the items of
food availability; (2) as weed and litter cover increases in any particular location,
weed biomass (food source for adult little bustards) increases as well. In contrast, as
vertical complexity of vegetation is greater, only a weak relationship with weed
biomass exists; (3) however, arthropod biomass is not related to any of the plant
structure variables, neither positively nor negatively, which seems to suggest that
arthropod availability is modulated by field management (herbicide and pesticide
treatment, ploughing, etc.) more than by vegetation structure (Table 1 and Fig. 1).

Several studies have analysed differences between intensive and extensive agri-
cultural landscapes (see, for instance, Guerrero et al. 2011). Extensive, traditional
agricultural habitats hold higher plant diversity and arthropod biomass and diversity,
providing food for both adults and chicks (Emmerson et al. 2016). In addition,
extensive agriculture has lower, less uniform and/or less dense vegetation, which
might better match the trade-off little bustards need between refuge and visibility
(Morales and Traba 2009). In summary, vegetation structure seems to be more
important than the type of vegetation (plant composition), or even the type of
agrarian use (i.e. fallow land or pasture) (Morales et al. 2008; Silva et al. 2010),
although its role is always modulated by the intensity of field management.

Finally, a few microhabitat studies have focused on the importance of local plant
composition during the breeding season (Martinez 1998; Faria et al. 2012), but they
consistently suggest that little bustards select sites with high floristic richness
(Martinez 1998) and an abundance of Fabaceae species, although with some differ-
ences between the sexes (see below).
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Table 1 Spearman correlations (and p-values in parenthesis) between vertical and horizontal plant
structure and food availability variables, in 30 microhabitat locations in Central Spain

Fresh plant Dry plant Fresh weed Arthropod
biomass biomass biomass biomass
Bare ground cover —0.459 —0.449 —0.789 —0.12
(<0.05) (<0.05) (<0.001) (0.552)
Green vegetation cover 0.687 0.679 0.596 0.072
(<0.001) (<0.001) (<0.001) 0.721
Litter cover 0.457 0.450 0.681 0.16
(<0.05) (<0.05) (<0.001) 0.426
Weed cover 0.241 0.210 0.849 0.127
(0.200) (0.266) (<0.001) (0.528)
Number of contacts 0.355 0.328 0.738 —0.038
<5cm (0.054) (0.077) (<0.001) (0.851)
Number of contacts 0.589 0.557 0.600 0.100
5-10 cm (<0.01) (<0.01) (<0.01) (0.621)
Number of contacts 0.651 0.645 0.654 0.165
10-30 cm (<0.001) (<0.001) (<0.001) 0.412)
Number of contacts 0.924 0.923 0.062 0.369
>30 cm (<0.001) (<0.001) (0.749) (0.058)
Maximum vegetation 0.706 0.713 0.463 0.300
height (<0.001) (<0.001) (<0.05) (0.129)

Based on unpublished data from J. Traba and M.B. Morales, and Tarjuelo et al. (2019)
Bold indicates significant relationships

Fig. 1 Mean value of three < —

potential food resources for B Cereal

the little bustard—Biomass — 8 Ploughed land
of orthoptera (mg), seed O Natural vegetation
volume (mm®) and ratio of 0 —

dry/wet vegetation— ]
measured in different —
agricultural habitats (cereal,
ploughed land and natural
vegetation formed by
fallows of different ages and i
short shrubs). Based on
unpublished data from
R. Tarjuelo, J. Traba,

L. Arribas and M. B. |
Morales, and Tarjuelo et al.
(2019) o I : I

Biomass of Seeds Ratio dry/wet
Orthoptera vegetation

Mean
2
|




Habitat Selection and Space Use 111

Sexual Differences in Microhabitat Selection
Breeding Season

Whereas the habitat preferences of breeding male little bustards have been relatively
well studied, thanks to their conspicuousness, habitat selection by females has been
addressed in only a few studies. These all confirm the different choices of the sexes,
with males seeking habitats with high detectability and females looking for secluded
areas to place their nests, feed their chicks and avoid both predators and sexual
harassment (Morales et al. 2008, 2013; Tarjuelo et al. 2013; Traba et al. 2015). Even
so, Devoucoux et al. (2018) found only vegetation height differs between the sexes
at a microhabitat scale, although these results may be influenced by the extremely
high density of birds, perhaps the highest ever recorded for this species at around
50 individuals per 100 ha of suitable habitat.

During the breeding season, males court females and defend their territories from
other males, both activities requiring habitats with good visibility, defendability
from other males and rapid detection of females (Salamolard and Moreau 1999;
Morales and Traba 2009; Traba et al. 2015), plus abundant food (Wolff et al. 2001;
Traba et al. 2008). Both sexes seem to select similar feeding microhabitat features
related to food availability (Morales and Traba 2009; Traba et al. 2015).

The driver of habitat selection by displaying males is the physical architecture of
the location site, specifically the height of vegetation with crop height being more
important than crop type (Martinez 1998; Moreira 1999; Salamolard and Moreau
1999; Morales et al. 2008; Devoucoux et al. 2018), as calling males usually avoid
cereal crops since plant height is already too tall during the breeding season,
reducing visibility. On the other hand, ploughed fields are also poorly represented
in display sites since, although they offer high visibility, they provide neither
sufficient protection nor food resources (Morales et al. 2008; Morales and Traba
2009; Traba et al. 2015). Calling males use different kinds of crops in the early stages
of growth, and avoid them when the vegetation height exceeds 30-40 cm
(Salamolard and Moreau 1999), preferring heights around 15-20 cm (Martinez
1994; Moreira 1999).

Male territories include a high diversity of crops, some of them scarce at the
landscape scale, as alfalfa crops or long-term fallows (Wolff et al. 2001; Delgado
et al. 2010). These kinds of fields offer a high content in plants and invertebrates,
especially nutritive for both adults and fledglings. As already said, invertebrate
abundance in alfalfa fields is higher than in other cultivated crops such as cereals
or sunflower (Salamolard and Moreau 1999). Short- and long-term fallows offer
high wild invertebrate diversity (Traba et al. 2008), and they are frequently incor-
porated into the core areas of displaying males. During breeding, little bustard males
adopt a loose aggregation system (exploded leks, see chapter “Behavioural ecology
of the little bustard: sexual selection and mating systems’). This arrangement could
allow males to hold large territories, so they can include not only the preferred
displaying habitat but also optimal conditions for female foraging and nesting (Jiguet
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et al. 2000; Jiguet 2002; Morales et al. 2008, 2013; Morales and Traba 2009).
Although the home ranges of adult males during the breeding season may be as
large as 40 ha (Ponjoan et al. 2012; 27-83 ha, in Schulz 1985; 19 ha, Jiguet et al.
2000), core areas, which can be considered as exclusive male territories, are highly
variable and site-specific differences have been found, from 1.5 ha (Delgado et al.
2010) to 9 ha (Ponjoan et al. 2012). Finally, during the breeding season, males
usually prefer to occupy open areas on low rises, which provide greater visibility for
the reproductive display (Silva et al. 2004).

For their part, females are cryptic and secretive, and thus their habitat selection
has been little studied (but see Salamolard and Moreau 1999; Morales et al. 2008,
2013; Lapiedra et al. 2011; Tarjuelo et al. 2013; Devoucoux et al. 2018; Bretagnolle
et al. 2018). In contrast to males, females need shelter, but with sufficient visibility to
allow surveillance (vegetation height around 30 cm, Devoucoux et al. 2018; over
30 cm in Morales et al. 2008; under 42 cm in Silva et al. 2014), and food for brood
rearing, thus preferring habitats with higher vegetation cover and greater amounts of
litter and green weeds (Morales et al. 2008, 2013; Lapiedra et al. 2011; Traba et al.
2015). In the vineyard plains of southern France, females tend to select vegetation
height around 30 cm (Devoucoux et al. 2018).

During the pre-nesting, nesting and post-nesting stages, little bustard females
select sites of male concentration (Wolff et al. 2002; Silva et al. 2014; Tarjuelo et al.
2013). That is, females visit places located in areas that increase the probability of an
encounter between sexes (Jiguet et al. 2002). Besides, male territories provide more
food (large beetles) than other (with no male) areas (Martinez 1998; Traba et al.
2008; Faria et al. 2012), which suggests that, although males do not provide parental
care, females locate their nests in sites with a potentially higher fledging survival.
Recently, local habitat selection by both sexes has been shown to be strongly
positively correlated with the abundance of the other sex (Devoucoux et al. 2018).
In this sense, the exploded lek mating system attributed to the little bustard, where
males provide only their genes to the females, could, under some circumstances
(e.g., low density), be a resource-defence polygyny system (Delgado et al. 2010;
Morales et al. 2013), with males offering and actively defending good nesting
places.

In summary, females prefer set-aside and long-term fallows more than males do
(Salamolard and Moreau 1999; Morales et al. 2013; Tarjuelo et al. 2013). In any
case, females are more mobile than males during the breeding season, and they can
nest several kilometres outside the courtship area.

Nesting Microhabitat Preferences

Either near or far from male display territories, nests are located in habitats with low
risk of predation and high food availability for the precocial downy young (Lapiedra
et al. 2011; Bretagnolle et al. 2018), characterized by a mixed herb—grass vegetation
(Shlyakhtin et al. 2004). Vegetation height is however highly variable between nests,
from less than 20 cm at laying up to about 1 m (Bretagnolle et al. 2018), suggesting
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weak selection for this habitat parameter. Two post-hatching space-use patterns have
been described in little bustard families: sedentary, that is centred around the nesting
place, or wandering, which seems to depend on the quality of nesting habitats and
their food availability (Lapiedra et al. 2011). In Portugal, nesting and brood-rearing
females prefer large grassland fields, with vegetation height around 40 cm and plant
cover around 75% (Silva et al. 2014), avoiding bare ground (Moreira 1999). This is
not necessarily the case in intensive farming habitat in western France, where
families are often seen in stubble (Bretagnolle et al. 2018) or alfalfa at any vegetation
height (Bretagnolle et al. 2011). Under certain circumstances, such as very extensive
traditional cereal farming on unproductive soils, or conversely in highly intensive
farming, females could nest in cereal fields (Delgado and Moreira 2000; Bretagnolle
et al. 2018). In central Spain, somewhat shorter plant height is preferred by females
(up to 30 cm), avoiding dense vegetation above this height (Morales et al. 2008).
These vegetation features are found in both short- and long-term fallows, which
provide high floristic and invertebrate diversity and protection due to the vertical
heterogeneity of the vegetation (Morales et al. 2008, 2013; Tarjuelo et al. 2013).
Since the choice of nesting habitat also depends on landscape configuration, in areas
of Iberia where agricultural intensification has been greater than elsewhere, females
nest more frequently in cereal fields, as reported for Catalonia (Lapiedra et al. 2011).
In the intensively cultivated cereal plains of central France, females nest mostly in
multi-annual crops such as alfalfa fields as well as grasslands and set-asides
(Salamolard and Moreau 1999; Berthet et al. 2012; Bretagnolle et al. 2018).

The ecological conditions required for nesting are different from those needed to
rear chicks (Lapiedra et al. 2011), which adds more evidence to the need of mosaic-
complex landscapes or vegetation heterogeneity for the conservation of this (and
other) farmland species. During the brood-rearing period, families avoid habitats
subjected to higher levels of disturbance, such as sheep-grazed pastures, fruit-tree
orchards (Tarjuelo et al. 2013) or harvested cereal fields, where visibility is higher
(Lapiedra et al. 2011), although the last seems to be site-specific, as females with
families select stubbles during summer in Central Spain (Tarjuelo et al. 2013) and in
southern (P. Devoucoux, pers. obs.) and western France (V. Bretagnolle, pers. obs).
In this period, families (females and chicks) are also found near the previous male
concentration sites (Tarjuelo et al. 2013), which suggests a preferential utilization of
these areas, in accordance with their higher food availability (Traba et al. 2008). In
cereal-dominated sites, as in the Catalonian Lleida plains, broods preferentially use
cereals before harvest. After harvest, broods increase the use of field margins and
fallows (Lapiedra et al. 2011) and stubbles (Tarjuelo et al. 2013), where the
arthropod availability is higher than in cereal crops (Traba et al. 2008), although
this result depends on the management intensity in each field. Certainly, the need to
include both high-quality feeding and nesting habitats must be crucial in the final
configuration of brood ranges, which can vary between 3.1 ha (n = 1, Schulz 1985)
to 10430 ha (mean = 137 ha; n = 8, Lapiedra et al. 2011), although these huge
differences are partially due to different home range estimation methodologies.
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Sexual Differences in Plant Structure and Composition and Between
Seasons

In relation to plant composition, males prefer high-diversity sites, especially of
Asteraceae (Martinez 1998; Faria et al. 2012), but when these are scarce they use
sites dominated by Ornithopus compressus and some clover (Trifolium spp.) species
(Fabaceae) (Faria et al. 2012). Females select Fabaceae-dominated places (Faria
et al. 2012). These intersexual differences in plant composition reflect the differential
selection related to the structural characteristics of the vegetation (Morales et al.
2008) and are probably due to contrasting sexual behaviours and breeding require-
ments (Morales and Traba 2009). When such natural vegetation is absent, little
bustards may alternatively use alfalfa fields, which resemble the architecture of
natural vegetation (Salamolard and Moreau 1999; Jiguet et al. 2002).

In relation to plant structure, the occurrence of males increases with shorter
vegetation and greater legume and green herb cover (Moreira 1999; Santangeli
and Dolman 2011; Faria et al. 2012). This preference is not confined to the
reproductive period. During summer, males are associated with areas with short
vegetation, below 30 cm tall, but with high cover of green plants, which possibly
means food resources for the little bustard (Rivas et al. 2005; Silva et al. 2007).
During autumn, males still prefer short vegetation around or below 10 cm (Faria and
Silva 2010), which is even shorter than that described for the winter and breeding
seasons (10-30 cm; Silva et al. 2004; below 40 cm; Silva et al. 2010; Morales et al.
2008), although this could be an effect of the range of plant height available during
this season. More details on habitat selection out of the breeding season can be found
in chapter “Migration, movements and non-breeding ecology”.

Sexual Differences in Arthropod Biomass in Occurrence Areas

As we have mentioned above, fields selected by little bustards seem to be associated
with high biomass of arthropods, although with some differences between the sexes
(Faria et al. 2012). Both sexes use sites with high abundance of Acrididae and
Formicidae (Faria et al. 2012), although little bustards seem to reject ants from their
diet (Jiguet 2002). Males select territories which include large beetles such as
carabids (Traba et al. 2008), or large orthopterans such as bush -crickets
(Tettigoniidae, Faria et al. 2012) and grasshoppers (Acrididae, Martinez 1998).
Females prefer locations with high abundances of Coleoptera (Faria et al. 2012) or
grasshoppers (Badenhausser and Bretagnolle 2005; Badenhausser et al. 2009).

In summary, breeding males select territories with enough food to cope with
energy-consuming courtship activity, but also for use by potentially nesting females,
thus contributing to increased mating success (Morales et al. 2008). This kind of
microhabitat selection pattern remains constant both over the entire breeding season
and among study sites, suggesting that little bustard preferences in plant structure are
independent of habitat composition at the landscape level (Morales et al. 2008).
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Once breeding has ended, plant food requirements increase in importance and males
occupy the bottom of hills, which seems to be related to the availability of green
plants as food (Silva et al. 2007; more details in chapter “Migration, movements and
non-breeding ecology”).

Less is known about the preferences of females. As mentioned above, during the
breeding season they prefer sheltered sites, i.e. locations with vegetation cover and
spatial density at low to medium heights (up to 30 cm above ground), and high litter
and green weed cover, thus suggesting that the females microhabitat selection is
determined by two main constraints: the need for shelter and anti-predator surveil-
lance, and the need for food for them and their young (Morales et al. 2008).

Concluding Remarks

Some general trends on macro- and microhabitat selection emerge from this review
(Fig. 2). First, the strong relationship of little bustard distribution with temperature-
related variables suggests the sensitivity of the species to temperature changes
(Delgado et al. 2011). Besides, its dependence on both conspecific attraction and
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Fig. 2 Schematic representation of hierarchical multiscale process of little bustard habitat selec-
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land use makes it especially vulnerable to climate change (Estrada et al. 2016), due
to its strong philopatric tendency.

Second, this chapter provides support for the role of long-term fallows as a critical
habitat for little bustards, and reinforces the role of young fallows as an alternative
habitat, especially when they offer inter-annual stability. In a summarizing work,
Traba et al. (2015) examined microhabitat preferences of little bustard and other
coexisting medium- to large-sized steppe birds in typically extensive agrarian
landscape mosaics in central Spain. They found two main ecological gradients,
one related to variation in cover and the other related to food availability. The
position in such habitat space of both the agrarian habitats and the species is
shown, providing a link from micro- to macrohabitat in relation to each species’
preferences (Fig. 3). Both little bustard male and female preferences are close to the
centroid of a triangle formed by the three main field types in these extensive
agrosystems: cereal crops, ploughed fields and long-term fallows. Such results
highlight the importance of mosaic dry cereal farmland for this species, at least in
microhabitat terms.

The strong relationship between little bustard and other steppe birds and exten-
sive farmland, and their negative response to agricultural intensification, were
established when the transformation of fallows and low-yield cereal crops into
intensive crops dramatically reduced the population of little bustard. This intensifi-
cation produced a rapid change, as fallows and old fallows vanished from the
agricultural landscape, being replaced by more productive land uses. As a conse-
quence, since the 1970s and 1980s, habitat loss and degradation has been the most
important factor affecting little bustard abundance in Europe, especially in France
(Schulz 1985; Goriup and Batten 1990; Jolivet 1997: Traba and Morales 2019). The
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management of fallows is a critical point for optimum habitat conservation, as both
over- and undergrazed fallows and pastures can become unsuitable as breeding
habitat for little bustard females (Faria et al. 2012). In central Spain, sheep grazing
has practically disappeared from many areas, leading to vegetation succession in old
fallows and thus decreasing their suitability for the species. In this situation, young
fallows remain the only (even if suboptimal) habitat available for nesting and brood-
rearing (Morales et al. 2013).

However, in recent years a new, rather steep population decline has been
observed in Spain and Portugal (see chapter “The little bustard around the world:
distribution, global conservation status, threats and population trends”), attributed at
least partially to a second phase of the intensification process (Morales et al. 2015;
Traba and Morales 2019). This includes increased use of herbicides and other
agricultural pesticides (Martinez and Tapia 2002; Morales et al. 2015), affecting
not only crops but also stubbles and young fallows. These effects on the wild flora
and invertebrate fauna typical of farmlands are not sufficiently known, but seem to
affect landscape for long periods of time (Geiger et al. 2010). Despite the scarcity of
species-specific studies about the effect of intensification on little bustard density
(but see Wolff et al. 2001; Garcia et al. 2007; Bretagnolle et al. 2018), the general
conclusion is that little bustard density is higher in low-intensive sites than in
intensive ones (Wolff et al. 2001; Martinez and Tapia 2002; Moreira et al. 2012).

Third, this review has also shown that little bustards select a rather specific range
of vegetation structure as a result of several trade-offs between anti-predator vigi-
lance, food requirements and sexual constraints. This selection pattern goes beyond
landscape composition, and relies on microhabitat characteristics, independent of
particular land use. However, with increasing farming intensification, vegetation
structure becomes more uniform across fields, and thus the chance to find optimum
microhabitats decreases. In this sense, the loss of optimal habitat diversity in
intensive areas could facilitate the predation of chicks, as the spatial heterogeneity
associated with fallows and pastures seems to be important in reducing nest preda-
tion (Martinez and Tapia 2002). The breeding success of little bustard, and conse-
quently the total productivity of the species, could be decreasing in parallel with the
decrease of long-term fallow lands, the preferred nesting place for the species. Thus,
the conservation of the little bustard is inevitably linked to the conservation of its
habitats. Managing young fallows extensively could still meet this challenge, by
providing an adequate plant structure for nesting and feeding, and minimizing agro-
chemical inputs to avoid undesirable trophic effects on weeds and insects (Moreno
et al. 2010; Traba and Morales 2019).
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Introduction

The study of species’ post-breeding ecology has become a rapidly growing field in
avian biology as researchers have realized its relevance, not only in completing our
picture of species’ annual biological cycles, but also in our understanding of their
breeding biology and population dynamics, and thereby for their conservation and
management (Sherry and Holmes 1996; Newton 1998). Therefore, the identification
of species’ requirements and threats outside of the reproductive season is crucial to
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the development of effective conservation strategies that take those requirements
into account (Vickery et al. 2014). Birds inhabiting dynamic and seasonally chang-
ing landscapes such as cereal farmland in temperate and Mediterranean climates are
faced with rapid oscillation in the availability of limiting resources, and knowing
how they cope with these natural and human-induced changes beyond the breeding
season is essential if their currently declining trends are to be reversed (Suarez 2004).

Birds and other animals usually respond to environmental changes through their
propensity to move to a different area, offering individuals better survival or
breeding opportunities (Newton 2010). This tendency to migrate is usually adaptive
and thus genetically fixed in most populations. Consequently, migratory behaviour
has evolved in many species whenever adequate selection pressures are present
(Berthold 1993; Newton 2010). Moreover, experimental evidence has proved that
migratory behaviour can evolve in a sedentary population or be lost in a migratory
one in a relatively short time period (even decades in short-lived species) if selective
advantages leading to enhanced breeding performance and/or survival are strong
(Berthold et al. 1992; Pulido 2007; Pulido and Berthold 2010).

In the present chapter, we focus on two main and intrinsically linked aspects of
little bustard post-breeding biology. First, we describe the little bustard seasonal
movements and migration, highlighting the diversity of movement patterns found
across the species’ distribution range. Then, we synthesize post-breeding habitat and
resource use, which includes habitat selection and diet composition, as well as
flocking behaviour and home range features. After reviewing little bustard post-
breeding biology, we finish by discussing some of the main threats faced by the
species, specifically outside the breeding season, as well as the conservation mea-
sures that can be applied to minimize them.

Little Bustard Seasonal Movements

Overview

Animals undertaking a regular annual return movement from reproductive to post-
breeding areas are usually regarded as migratory (Bernis 1966a; Sinclair 1983;
Terrill and Able 1988). In the case of birds, when this movement occurs after the
breeding season in a restricted range of directions (usually north to south and vice
versa in the higher latitudes of the Northern Hemisphere), associated with seasonal
changes in the conditions for survival and involving variable distances (from tens to
thousands of kilometres), it is known as typical or directional migration, and it
usually produces massive displacements of birds and a corresponding geographical
shift of populations (Newton 2010). However, bird species show a huge range of
movement patterns (Berthold 1993; Newton 2010): at the opposite end of that range,
populations whose individuals perform much shorter displacements, so that their
distributions remain unchanged within and across years, are considered resident or
sedentary (Newton 2010). Bird migratory behaviour is largely determined by genetic
adaptation to local environmental conditions, which generates an enormous
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Table 1 Comparison of the main winter ecological and conservation aspects revised in this chapter
between the two little bustard distribution sub-ranges

Western range

Eastern range

Migration Resident, partially and fully Fully migratory north of Black and

status migratory Caspian Seas; Resident in the Middle
East and Iran?

Migration Autumn migration, summer Autumn migration, Summer migration?

patterns migration, nomadic movements, Nomadic?

sedentary

Main wintering
habitat

Extensive cereal farmland
Intensive irrigated (alfalfa)
farmland

Grazed grass and shrub-steppe, littoral

shrub-steppe

Other ecologi-
cal features

Frequent association with
pin-tailed sandgrouse
(commensalism)

Unknown

Habitat-related
threats

Land-use changes, Intensive irri-
gation methods

Overgrazing, desertification, others not

evaluated

Human- Legal hunting activity, other lei- Hunting, poaching
induced sure activities, poaching, agricul-
disturbances tural works

Anthropogenic
mortality

Shooting, wire collision, wind tur-
bine collision?

Shooting, falconry, others not evaluated

sources

intraspecific variation, particularly in species with large distributions (Alerstam et al.
2003; Pulido 2007). Differences in migration behaviour may be found even within
populations so that those where all individuals leave breeding localities are known as
annual or fully migratory populations, while those where only some individuals
migrate and others do not are called partially migratory (Chapman et al. 2011).

As introduced in chapter “The little bustard around the world: distribution, global
conservation status, threats and population trends”, the little bustard’s world range,
comprises both migratory and sedentary populations. In general terms, most
populations currently representing the western sub-range are considered sedentary
(Snow and Perrins 1998, see Table 1). Little bustard populations of central-western
France are the exception since they are mainly fully migratory, using areas in central
and southern Iberia as wintering quarters (Villers et al. 2010). Different authors have
speculated about the possible wintering of European little bustards in North Africa in
historical times, although no evidence based on radio/satellite tracking, ring recovery
or direct observation of birds crossing the Mediterranean has ever been provided (see
review in Palacin and Alonso 2009).

Remaining little bustard populations from the eastern sub-range, conversely, are
considered mainly migratory (Snow and Perrins 1998). Birds from southern Russia
and Central Asia have long been known to leave their breeding grounds during the
harsh winters typical of those regions (e.g. Shlyakhtin et al. 2004), and large winter
concentrations have been observed south of the Black and Caspian Seas (Gauger
2007; Sehhatisabet et al. 2012; Yousefi et al. 2017). In addition, there are historical
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records of massive autumn migration at bottlenecks along the main eastern flyways
(Phillips-Wolley 1881; Heiss 2013). Nothing is known about the seasonal move-
ments of the marginal populations that might still breed in Iran and other parts of the
Middle East (see chapter “The little bustard around the world: distribution, global
conservation status, threats and population trends”), although similar patterns to
those found in western Mediterranean populations might be expected (Table 1).

Nevertheless, recent studies based on radio and satellite tracking have shown that
little bustard seasonal movements can be quite diverse and that populations once
considered sedentary in fact exhibit a variety of movement patterns associated with
different local or regional-scale factors. Some of these populations are far from seden-
tary (Garcia de la Morena et al. 2015). Such intraspecific diversity of movement has also
been described in other bustards and steppe birds (e.g. Morales et al. 2000; Alonso et al.
2001; Palacin 2007; Limifiana et al. 2008; Combreau et al. 2011) and, as mentioned, is
generally found in species whose extensive distributions encounter a large variety of
seasonal environments (Newton 2010). On the other hand, in spite of the spatial
segregation and different behaviour of the sexes during the breeding period (see chapter
“Habitat selection and space use”), male and female little bustards form mixed post-
breeding flocks and, although much of what we know from their movements are based
on tagged males, there is no evidence of differential migration of the sexes, as described
for other bustard species (e.g. Morales et al. 2000; Alonso et al. 2000). In this section,
we review and discuss, in the framework of bird migration theory, the whole variety of
seasonal movement patterns, from typical directional migration to strictly sedentary
behaviour, shown by the little bustard across its entire range.

Long-Distance Directional Migration: Eastern Range

As stated above and reviewed in chapter “The little bustard around the world: distri-
bution, global conservation status, threats and population trends”, basically all little
bustard breeding populations found north of the Black and Caspian Seas, in the species’
eastern sub-range, are considered fully migratory (e.g. Martin et al. 2018). This
conclusion is based on the following observations: (1) disappearance of birds from
breeding grounds during winter to avoid snow cover or heavy frost, (2) the concentra-
tion of very large numbers of birds south of those seas, mainly in eastern Azerbaijan
(150-200,000 individuals, Gauger 2007), and northern Iran (up to ca. 57,000 in recent
years, Yousefi et al. 2017), and (3) the passage of very large numbers of migrating little
bustards flying through the Besh Barmag bottleneck of the Caucasus migration flyway
(Heiss 2013). Therefore, this seems to be a typical north—south autumn migration
between breeding and wintering areas, likely comprising a few thousand kilometres.
In spite of these reports, no attempt to radio or satellite-track little bustards during
their migration movements in Central Asia has yet been made. Therefore, their precise
migration routes, stopovers, and timing, as well as their degree of breeding and
wintering site fidelity and possible pre-migratory movements, are unknown. These
birds seem to stay on the Iranian wintering grounds from November to February
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(Sehhatisabet et al. 2012), and apparently through March at the Azerbaijani ones
(Heiss 2013), although supplementation in this latter area by birds returning from
further south or south-east (Iran) during the spring migration cannot be discarded.
Information on dates of departure from, and arrival in, breeding areas is scarce.
According to Shlyakhtin et al. (2004), little bustards breeding in the Transvolga region
of southern Russia undertake their autumn migration from early October to early
November, flying south to the northern Caspian region and then south-west to
Ciscaucasia (northern Caucasus). These birds would likely join the contingents pass-
ing through the Besh Barmag bottleneck (Heiss 2013). Shlyakhtin et al. (2004) also
report the arrival of little bustards on their nesting grounds in the second half of April,
although this might occur as late as early May in higher latitudes such as northern
Kazakhstan (Snow and Perrins 1998). Since these dates may imply some level of
timing mismatch between departure from winter quarters and arrival at breeding sites,
and the numbers passing through the bottleneck are far fewer in spring, different and
less direct spring flyways (e.g. associated with prospecting trips) could exist and be
revealed with the use of adequate tracking technology, as described in other Central
Asian migratory birds (Terraube et al. 2012; Kessler et al. 2013).

Although the numbers mentioned above clearly suggest that Azerbaijan and Iran
hold the bulk of the eastern winter population of the species, additional records
indicate that other regions in Central Asia receive smaller but still significant
numbers of wintering little bustards. In fact such information has existed since the
early and mid-twentieth century (e.g. Zarudny 1915, Ivanov 1940, Maslov 1947),
although its limited availability to non-Russian speakers and the real population
changes that have occurred since then have not allowed greater clarity on the
evolution of wintering numbers in the region. E.A. Kreutzberg (pers. comm.) reports
a flock of 1500 little bustards near Termez, Uzbekistan, at the border with Afghan-
istan in February 2001. This observer reports smaller numbers (120-140 birds) at the
same site the following winter and has compiled observations of small flocks (from a
few individuals to a few tens) of migrating and wintering little bustards in Uzbek-
istan during the early twenty-first century. Observations of migrating birds mainly
involve central Uzbekistan (Kyzylkum desert region), and wintering flocks tend to
be located in the southern Surkhandarya province, close to the Afghan border. In this
latter region, more recent observations of large flocks have been reported by A. Ten
and V. Soldatov (pers. comm.), who found a winter roost with 1400 little bustards
near the Amu Darya river and a flock of 1980 birds north-west of that area in January
2018. Gavrilov and Gavrilov (2005) report on the regular concentration of several
hundreds of birds from the second half of August to early May in southern Kazakh-
stan, close to the Kirgiz border, although there are no more recent records from this
area (E.A. Kreuzberg, pers. comm.). Finally, in south-western Tajikistan, the little
bustard seemed to winter in relatively large numbers in the Javan valley where
1500—4000 individuals were regularly observed between 2004 and 2010 according
to R.S. Muratov (pers. comm.), who reports however that the amount of birds
wintering there decreased to 300-500 in later years. This observer also reports
migration and irregular wintering in the Sir Darya valley in northern Tajikistan.
Overall, these observations indicate the existence of several minor but still
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significant little bustard wintering areas in Central Asia, as well as migration flyways
different from the main one that runs west of the Caspian Sea and through the
Caucasus to Azerbaijan and northern Iran, which should be confirmed in the future
through the use of satellite telemetry. Nevertheless, it is worth noting that the total
latitudinal range of migration movements of little bustards in the eastern range is
quite similar to that observed in the west (see below), ranging from around 50°N
(e.g. northern Kazakhstan or former breeding areas in north-western Europe) to
around 37°N (e.g. wintering grounds in Central Asia or southern Iberia).

Long-Distance Directional Migration: Western Range

In the western sub-range, little bustard populations of central-western France have
always been known to desert their breeding areas in autumn (see, for example Snow
and Perrins 1998), although some individuals may overwinter close to them (Villers
et al. 2010). It is thus reasonable to assume that all populations historically breeding
in central-western, northern, and eastern France performed similar movements. In
the early twentieth century, little bustards also bred in south-western France, where
they are now extinct; their winter movements were unknown. Although French
populations were suspected of overwintering in Iberia (e.g. Bernis 1966b), their
precise winter quarters were not revealed until radio, and satellite tracking was
applied. Using data provided by 32 radio- and satellite-tracked birds tagged between
1997 and 2007, Villers et al. (2010) showed that the great majority of little bustards
breeding in central-western France (fitted in Poitou-Charentes and Centre regions)
perform a typical directional migration to overwinter in central and south-western
areas of the Iberian Peninsula. Additional data from birds tracked after 2010 have
confirmed these patterns.

According to Villers et al. (2010) and other cited reports, five main wintering
areas of French little bustards in Iberia can be distinguished (Fig. 1). One is the river
Duero basin in the Spanish Northern Plateau. This area was also used by birds as
stopovers on their further route south (Delgado et al. 2010; Villers et al. 2010). The
second is the Spanish Southern Plateau, mainly the valleys of the rivers Tagus and
Jarama, but also farther south in La Mancha region (Morales et al. 2002). The third is
Extremadura, also in Spain, a large region with different wintering sites, located
mainly in the Tagus basin, but also in its south-eastern confines, in La Serena
(Delgado et al. 2010). A fourth wintering area is located around the Tagus estuary
in Portugal. Finally, a fifth site was found in the Lleida plains in Catalonia (north-
eastern Spain). Stopover sites used during both the autumn and spring migrations
were also identified (Fig. 1). Stopovers were located mainly in northern Spain (both
during autumn and spring migration, Villers et al. 2010), mostly in the Northern
Plateau, but also in the Ebro valley (Morales et al. 2002; Delgado et al. 2010; Villers
et al. 2010). However, some stopover sites were also identified in northern Extre-
madura during both autumn and spring migrations and the Southern Plateau during
the spring migration (Delgado et al. 2010). A few birds also regularly stop at French
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Fig.1 Precise migration routes, stopovers, and wintering sites of French little bustards wintering in
the Iberian Peninsula provided by GPS telemetry. Significant regions and geographical features
mentioned in the text are shown. Based on Villers et al. (2010) and updated with unpublished data
from V. Bretagnolle and A. Villers

sites before crossing the Pyrenees. During their stay in wintering areas, French little
bustards join Iberian birds in wintering flocks (Delgado et al. 2010). At least some
French birds perform smaller-scale movements, changing overwintering sites
(Morales et al. 2002) in a rather nomadic way (sensu Newton 2010), as also often
observed in Iberian birds.

Little bustards from central-western France leave their breeding grounds during
October and early November. These departures involve most birds from a given
area, which indicates that French little bustards migrate in flocks (Villers et al. 2010)
as observed in the eastern populations. Using data from GPS-satellite transmitters,
Villers et al. (2010) showed that migration to Iberian wintering quarters is generally
accomplished in a single or two consecutive night flights (Villers et al. 2010). The
flights were ca. 450 km long if they were direct and 330-380 km if consecutive, with
total distances ranging from 600 to 1178 km (Villers et al. 2010). Two main flyways
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were identified and confirmed by more recent GPS-tagged birds (Fig. 1). One
included birds flying over land and using passes in the western Pyrenees. The
other included bustards that entered the Peninsula through the eastern Cantabric
coast, crossing the Bay of Biscay in about 4 h. One particular individual flew at
64 km/h and at a maximum distance from the coast of 66 km (Villers et al. 2010).
The existence of one or more sea flyways is consistent with the relatively high
number of historical little bustard observations along the Spanish Cantabric coast
compiled by Garcia de la Morena (2015). Although, to date, only four migratory
French little bustards have been tracked in at least 2 consecutive years (Villers et al.
2010, V. Bretagnolle and A. Villers unpublished data), data suggest high variability
in migratory behaviour both between and within individuals, with some birds using
different flyways in consecutive years, while others have crossed the Pyrenees via
the exact same pass for 2 consecutive years, only to switch to a different route for
another two spring migrations.

Directional migration, however, is not exclusive to French little bustards within
the species’ western range. Using radio, satellite and GPS-satellite tracking, Garcia
de la Morena et al. (2015) have identified different populations in Iberia where little
bustards perform a typical north—south autumn migration from their breeding or
post-breeding sites to winter quarters several hundred kilometres distant. These
populations breed in areas of northern and central Spain where spring and summer
productivity is high, but winters are cold. Such localities spread over a large region
ranging from Galicia, in north-western Spain, to the Ebro valley in the north-east,
and comprise the Spanish Northern Plateau and the high-altitude plains (paramos) of
the Central and Iberian ranges (Fig. 2). Birds tagged in these populations leave
breeding or post-breeding summer grounds during late September, October, and
November to spend the winter in thermo and meso-Mediterranean localities in the
southern half of Iberia, from Alentejo (southern Portugal) to Extremadura and the
Spanish Southern Plateau (Fig. 2a), where they join local populations in relatively
large flocks (from tens to several hundreds, historically even a few thousands of
individuals, Otero 1985; Garcia de la Morena 2015). Birds return to their breeding
sites during March and April (Fig. 3a), although some may reach lekking areas as
late as June in Galicia. In this respect, it is worth noting that two adult males captured
as breeders in Galicia were located as late as 15 May in Alentejo and Extremadura at
lekking sites where local males were calling to attract mates. Their movements in
this period, as revealed by GPS locations, suggested that they might be attempting
breeding in those localities (own unpubl. data). These two birds later flew north to
their capture sites, where other males were at their lekking territories throughout
June. This movement behaviour resembles that of common quails (Coturnix
coturnix), which in western Europe are known to track favourable reproductive
environmental conditions (ecosystem productivity) from wintering quarters in north-
ern Africa up to France and through Iberia, breeding successively along the way as
those conditions are met (Sarda-Palomera et al. 2012). Nevertheless, these males
may have still been too young to be definitely established as territorial breeders.

Little bustards completely or almost completely leave their breeding or post-
breeding sites in the northern half of Iberia, where they are basically spring and
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Fig. 2 Simplified migration movements performed by some little bustards radio- and satellite-
tracked in Iberia, and representing the two migration types described in this chapter. Stars show
locations where breeding birds were captured, and red arrows indicate wintering or summering
movements. (a) typical autumn migration; (b) summer migration by pure summer (dashed arrows)
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summer visitors, although, in some localities of the Spanish Northern Plateau, some
wintering or stopover visitors may be observed (Garcia de la Morena 2015 see also
above). The only reported exceptions are populations in Catalonia, in the eastern
Ebro valley, where breeding little bustards overwinter in irrigated alfalfa fields a few
kilometres away, and only a few birds sporadically undertake long-distance migra-
tion to central and southern Iberia (S. Mafiosa and co-workers’ unpublished data,
Sampietro et al. 2013). In cases when individuals could be tracked for more than a
year, they displayed between-year fidelity to both breeding and wintering grounds,
although some visited different sites during the winter (Garcia de la Morena et al.
2015, own unpubl. data). It can be therefore concluded that these northern or high-
altitude central Iberian populations can be considered totally or partially migratory
(Fig. 2a).

The average distance travelled by birds performing long-distance autumn migra-
tion in Iberia is 319 km (SD = 148), with a recorded maximum of 565 km (Garcia de
la Morena et al. 2015, own unpubl. data). These migration flights occur basically at
night. As flapping flyers, little bustards can reach relatively high instant speeds. For
example the mean speed of birds migrating from northern Spain to their wintering
grounds in south-western Iberia was 85 km/h, but maximum speeds reached 98 km/h
in a male flying with a tailwind during spring migration from his wintering site in
western Andalusia to his breeding territory on the Iberian high plateau (Garcia de la
Morena 2015, authors’ own unpubl. data). French little bustards were regularly
recorded flying over 90 km/h during migration, and one individual travelled as fast
as 137 km/h during spring migration, probably thanks to a strong tailwind. Birds
flew at a mean altitude (relative to ground level) of 326 + 273 m, and flying altitude
did not seem to be affected by relief, although variance in relative altitude tended to
be lower when birds crossed higher areas (mean 4 SD for ground altitudes <500 m.
a.sl. = 326 £ 320 m and mean £ SD for ground altitudes >1000 m.a.s.L
319 £+ 180 m).

Migration movements usually involved one stopover before crossing the main
mountain ranges encountered by birds. Little bustards tagged in Galicia and the
Northern Plateau crossed the Iberian Central Range using the natural passages of its
western sector (altitudes 9101275 m.a.s.l., see Fig. 2a). Stopovers on the autumn
migration were located near the northern slopes of the range, while in spring, birds
usually used stopovers near the southern slopes (own unpubl. data). Birds migrating
from the Ebro valley used natural corridors of the Iberian System at ca. 1218 m.a.s 1.,
Fig. 2a). Although the wintering locations of tracked little bustards were concen-
trated in south-western Iberia (Alentejo, Extremadura and adjacent areas of the

Fig. 2 (continued) and winter-summer migrants (solid arrows). Ellipsoids roughly represent the
areas where the different migration patterns described for Iberian little bustards are dominant (see
text for details). Solid: the dominance of full autumn migration; pointed: the dominance of partial
autumn migration; dashed: coexistence of partial autumn and summer migration, receiving winter
migrants; dashed and pointed: the dominance of partial summer migration, receiving winter
migrants. Based on Garcia de la Morena et al. (2015) and Garcia de la Morena (2015)
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Fig.3 Migration patterns described for the little bustard in the Iberian Peninsula according to mean
distance to breeding sites of 47 radio- and satellite-tracked birds (bars indicate 95% confidence
intervals). (a) typical autumn migration (N = 6); (b) pure summer migration (N = 5); (c, d, e)
summer-autumn migration (see text for differences, N = 15, 6, 7, respectively); (f) sedentary
(N = 8). Based on Garcia de la Morena et al. (2015)

Southern Plateau and Andalusia), birds breeding in more eastern populations also
wintered in more eastern quarters (Fig. 2a). These long-distance directional migrants
represented 24% of the 71 birds monitored by Garcia de la Morena et al. (2015).

Other Migration Patterns

Garcia de La Morena et al. (2015) showed that Iberian little bustards might perform a
second type of seasonal movement, not described in other parts of the species’ range
and depicted in Fig. 2b. It is a post-breeding summer movement undertaken by birds
breeding in areas of very low summer productivity typical of the semi-arid Medi-
terranean climate of the southern half of Iberia. Birds may also completely leave
these breeding areas and fly to northern and/or higher-altitude localities, where
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summer productivity can still provide feeding resources (it should be recalled that
the Spanish Northern Plateau is notably higher than the Southern Plateau: 850 vs.
550 m.a.s.l. on average, respectively; see also Garcia de la Morena et al. 2015). In
fact, many 10 x 10 km Atlas squares in the northern half of Spain possess exclusive
summer records of the species (Garcia de la Morena 2015). However, some sum-
mering sites were not located in more northerly or higher areas but simply coincided
with places offering enhanced summer primary production (e.g. areas with deeper,
more productive soils, irrigated farmland, Silva et al. 2007, own unpubl. data).
Individuals from the same breeding locality may visit quite different summering
sites, and distances travelled are shorter than those recorded for autumn migration,
reaching a reported maximum of 162 km (but most often only several tens of km).
Unlike typical autumn migration, birds do not usually gather in large flocks but
spend the summer in small dispersed groups and often solitarily (own unpubl. data).
Therefore, although this summer migration shares some features with the typical
directional migration (i.e. geographically biased spread of movement directions,
complete disappearance from some breeding areas), it closely resembles the
so-called dispersive migration described in different seabird species (Newton
2010). Since birds undergo a partial moult during this phase (Cramp and Simmons
1980), it also somehow parallels the moult migration performed by many waterfowl
(Newton 2010), although the large concentrations observed in those species do not
occur in the little bustard. Birds performing summer migration were a majority in the
sample monitored by Garcia de la Morena et al. (2015), representing 75% of all
individuals. In fact, the vast majority (ca. 77%) of 10 x 10 km Atlas squares in Spain
with the presence of the species at some time of the year do not hold little bustards
during summer, which means that birds leave these squares to summer elsewhere
(Garcia de la Morena 2015; see Silva et al. 2007 for Portugal). This indicates that the
summer movement may actually be a dominant pattern in Iberia. However, summer
migrants tagged were mainly males, which moved from lekking sites while breeding
females were still rearing their chicks. Therefore, female movement patterns in these
populations are poorly known and might differ from those reported for males.
Summer migrants may follow three different patterns of movement after the
summer period (Garcia de la Morena et al. 2015, Fig. 3). Some return directly to
their breeding areas, where they stay for the rest of the year (Fig. 3b), while others
stay through the winter at summering localities (Fig. 3¢) or fly south to overwinter
before returning the following spring (Fig. 3d, e). The former ‘pure’ summer
migrants may start leaving breeding sites in May and begin their return in
September. These individuals usually breed in localities where conditions are ade-
quate for foraging and survival also in the winter, common in the Spanish Southern
Plateau and Extremadura. Those staying at summering sites through the winter
return to breeding sites during March. Among birds moving in autumn to a different
overwintering site, called summer—winter migrants by Garcia de la Morena et al.
(2015), these authors identified two groups, those travelling to summering sites
further away from the breeding grounds than the wintering areas (Fig. 3d), and
those moving to relatively nearby summering sites (Fig. 3e), but overwintering in
much more distant areas. Birds in this latter group usually belong to breeding
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populations where winters are cold, as it is usually the case in central Spain, but are
close to higher-altitude areas or even irrigated farmland that can provide food
resources during the summer drought period.

Sedentary Populations

Little bustard breeding localities where the species is present throughout the year
(Fig. 3f), and thus can be considered sedentary, are spread across southern Iberia
(Portuguese Alentejo, Extremadura, Spanish Southern Plateau, and Andalusia) and
the Ebro valley (Silva and Pinto 2006; Garcia de la Morena 2015), all under semi-
arid meso- or thermo-Mediterranean climate conditions (Garcia de la Morena et al.
2015). However, and at least in Spain, the number of 10 x 10 UTM squares
monitored for national atlases where little bustards are strictly resident is a minority
compared to those where they present a different movement status (Garcia de la
Morena 2015). These localities offer little bustards adequate habitat and resources
throughout the year, and they either possess particularly benign climate conditions
(e.g. thermo-Mediterranean areas with oceanic influence) or contain cultivated
habitats exploitable by birds during both winter and summer, like irrigated alfalfa
fields. In the study of Garcia de la Morena et al. (2015), birds that never moved at a
rate faster than 8 km/day were always considered to remain within the same area
(Shimazaki et al. 2004) and thus classified as sedentary. These birds represented
11% of the total sample studied (N = 8). Nevertheless, it is important to highlight
that, in all populations where sedentary individuals were tagged, at least some of
them left the area in summer, thus undertaking dispersive summer migration (Garcia
de la Morena et al. 2015).

The little bustard is considered sedentary also in Sardinia and Mediterranean
France (Snow and Perrins 1998). In Sardinia, published information about move-
ments is completely lacking. In southern France, nearly 100 birds were tagged (VHF
and GPS tags) over the course of two PhD studies (Wolff 2001; Devoucoux 2014),
showing that patterns described for Spanish birds seem to hold also in this region.
Post-breeding movements have been found for birds fitted with GPS in Costiere de
Nimes (Devoucoux et al., unpubl.), as well as regular migration between Costieres
and La Crau (in both directions). However, the majority of birds are sedentary,
staying in wintering locations within an 8 km radius. This non-migratory status has
also been assumed for the virtually extinct populations of continental Italy and
northern Africa, as well as for those relict ones in Turkey and the Middle East,
including Iran (Snow and Perrins 1998). However, the latter are geographical and
climatically heterogeneous regions, and it is possible that radio-tracking studies there
might have eventually revealed a diversity of movement patterns similar to that
found in Iberia.
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Historical Hypotheses on the Evolution of Current Diversity
of Little Bustard Migration Patterns

Little bustards seem well adapted to migration. Like all members of the Otididae
family, they are suited to maintaining highly energy-demanding flapping flights
thanks to their large heart relative to body size, well above the general allometric
relationship described for birds (Bishop 1997). In addition, existing evidence from a
translocation experiment, in which birds hatched from eggs collected in resident
Spanish populations and released in post-breeding flocks of French migratory
populations retained sedentary behaviour, indicating that migration is, at least
partially, genetically controlled in the little bustard (Villers et al. 2010), and thus
subject to natural selection. Therefore, the diversity of seasonal movement patterns
described above for the little bustard, a species that occupies a vast range in the
Palearctic and thus has faced different selection pressure regimes during its history,
should not be a surprise.

However, the particular environmental and evolutionary changes through which
such variation in movement patterns has developed remain almost entirely unknown,
and explanatory hypotheses are largely speculative. In a phylogeographic study,
Garcia et al. (2011) used mitochondrial DNA markers to identify two historical
periods of population expansion and genetic diversification in the little bustard: the
cold periods just before and after the Last Glacial interstadial (127-111 Ky BP, see
chapter “The little bustard and its family: an overview of relationships”). During
such cold stadials, and throughout their Eurasian distribution range, little bustards
must have left their northernmost breeding grounds to winter as far south as possible,
where they probably joined local birds. When the climate warmed during the
interglacial periods, forests expanded northwards, and steppe habitats must have
been confined in certain continental climate areas of eastern Europe and Central Asia
(e.g. Siimegi et al. 2013), as well as in some Mediterranean enclaves where saline or
gypsum-rich soils, drought and continentality had preserved open vegetation habi-
tats (e.g. saline basins in central Iberia; Suarez et al. 1992; Sainz-Ollero 2013). Such
areas likely functioned as interglacial refugia for steppe-dwelling species, promoting
the genetic isolation of populations (Hewitt 2001; Garcia et al. 2011). During these
phases, little bustard populations outside the Mediterranean Region (i.e. eastern
Europe and Central Asia), which faced much harder winters, likely became totally
migratory, using Mediterranean steppes as wintering grounds. Conversely, sedentary
behaviour spread in Mediterranean populations. With the return of glacial condi-
tions, all populations expanded and came into contact again. Such a scenario is
consistent with the relatively higher haplotype diversity detected by Garcia et al.
(2011) in areas intermediate between central France, where little bustards are totally
migratory, and southern Iberia, where sedentary birds are dominant. These areas
correspond to populations breeding in the northern fringe of Iberia, from Galicia to
Catalonia, where migration patterns are totally or partially migratory (see above).
Indeed, Garcia et al. (2011) infer that a genetic admixture occurred in those inter-
mediate areas when birds from different interglacial refugia came into contact. This
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Fig. 4 Depiction of the hypothetical scenario explaining the evolution of migratory and sedentary
little bustard populations in Europe during the Quaternary as suggested by Garcia et al. (2011).
Light blue area: regions covered by ice at the last Glacial Maximum (20,000-18,000 y BP).
Pointed line: southern limit of permafrost. Solid line: limit of forested areas in Mediterranean
Glacial refugia. The area between pointed and solid lines: open vegetation and steppes. Dashed
circles: interstadial refugia (R1: Iberian refugium, R2: inferred north-eastern refugium). Dashed
ellipsoid: genetic admixture area. Ice sheet, permafrost, and vegetation type covers are based on
Tarbelet et al. (1998), and Garcia-Antén et al. (2002) for the particular case of Iberia. See text for
details

hypothetical past scenario, which is depicted in Fig. 4, could explain the diversity of
movement strategies observed today in the western extreme of the species’ range,
although the role of present-day declines and recent extinctions cannot be ruled out
in explaining the genetic impoverishment of some populations (e.g. central France,
Garcia et al. 2011). Moreover, the scenario must be completed with genetic data
from central Europe, Italy, and northern Africa.

Post-Breeding Ecology

Although studies on flocking behaviour, space use and habitat needs of the little
bustard out of the breeding season are still scarce, an important research effort has
been made in recent years to improve knowledge of these topics and contribute to a
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more complete conservation strategy that integrates the problems faced by the
species over the entire annual cycle. In what follows, we synthesize the main results
and conclusions of that research, which concern aspects ranging from home range
size variation and habitat selection at different scales to interspecific interactions and
human-induced disturbance. It is important to keep in mind, however, that such
information comes primarily from populations of the species’ western range. As in
many other aspects of their biology, the post-breeding ecology of eastern little
bustards remains largely unknown.

Flocking Behaviour and Space Use

Outside the breeding season, little bustards are gregarious birds, gathering in flocks
of variable size that include males and females, as well as juvenile individuals.
Flocking starts in early summer (later as latitude increases) when males abandon
their lekking sites to associate with one another and with non-breeding individuals
such as first-year males and unsuccessful females. These birds may also completely
leave their breeding grounds and migrate to their post-breeding summer areas or
directly to their winter quarters (see Sect. “Other migration patterns”). At this time,
most breeding females are still rearing their chicks in isolation (Tarjuelo et al. 2013),
but as chicks grow and their size approaches that of adult females, families also
gather in larger groups that may eventually be joined by adult males and
non-breeding individuals (Cramp and Simmons 1980, own unpubl. data). These
post-breeding summer flocks are usually small, ranging from a few birds to several
tens, although they can eventually be much larger. In migratory populations, basi-
cally, all local individuals congregate in summer flocks before departing for the
wintering grounds. For example groups of up to 200 individuals are regularly
observed in Poitou-Charente, central-western France (V. Bretagnolle and
A. Villers, unpublished data). In the 1950s and 1960s, such flocks frequently peaked
at thousands of birds (Boutin and Métais 1995).

In wintering quarters that receive migrants from different breeding populations,
the size of flocks and their level of aggregation increase as autumn progresses. For
example in a Spanish wintering area of the mid-Tagus valley (see below), flocks
attained their maximum size (200-300 individuals) in early December, when the
number of existing flocks oscillated between one and two (own unpubl. data).
Between January and February, these compact groups tended to split into smaller
ones, while the total number of wintering birds decreased in March when little
bustards started to return to breeding areas (own unpubl. data). Flock size also
varied daily (own unpubl. data). The smallest flocks were observed early in the
morning (ca. 100 individuals) when birds were still on the roosting sites, but their
size increased steadily over the day to reach a maximum during the evening foraging
and roosting periods (over 150 individuals). This circadian increase in flock size may
be related to anti-predator strategies like enhanced vigilance or dilution of predation
risk at roosts. In fact, the smaller morning flock size suggests group fragmentation
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overnight, perhaps caused by the attacks of nocturnal predators like red foxes
(Vulpes vulpes). More detailed studies are needed to understand the origin of
circadian variation in flock size.

These flocks tended to routinely commute between roosts and foraging sites
(Wolff 2001, own unpubl. data). The former were usually ploughs or stubbles
(irrigated cereals, maize) where birds probably seek high visibility to detect potential
terrestrial predators, while foraging areas were basically located in large pivot-
irrigated alfalfa fields, a preferred habitat where birds find both food and cover
(see section “Overview”). In La Crau (southern France), roosts are often located in
highly grazed grasslands, while foraging areas are often in rapeseed or mixed cereal
and alfalfa crops. The size of these routine core areas (defined using 75 and 50%
kernel area estimators) was much smaller than the total range of flock movements,
measured as maximum convex polygons (MCP). For example over the course of the
2003-2004 wintering season, the mean size of core areas used by flocks in the
mid-Tagus valley was estimated as 91 and 366 ha for 75 and 50% kernels, respec-
tively, while the mean MCP size was 540 ha (own unpubl. data). The larger size of
MCPs than estimated core areas usually reflects displacements caused by direct
disturbance (generally human-induced) or changes in habitat availability
(e.g. ploughing of preferred fields). Overall, the range of flock movements decreased
from autumn (October—December) to winter (January—March) as the availability of
alfalfa also decreased in the area (due to ploughing), although core areas notably
increased in March (own unpubl. data), presumably associated with the start of
pre-breeding migration. The fact that little bustard winter movements are mainly
confined to a relatively small core range, even when the preferred habitats are largely
available, suggests an influence of the species’ social dynamics (conspecific attrac-
tion, site fidelity) on its habitat and space use. In this line of evidence, Cusco et al.
(2018) found that individual space use of GPS satellite-tracked female little bustards
in the irrigated wintering areas of the Ebro valley was markedly constrained by
spatial variables related to social and historical factors, which explained 47% of the
variance in the probability of individual female occurrence.

Post-Breeding Habitat Requirements
Landscape Scale Preferences

Little bustards breeding in agricultural landscapes in western Europe continue to be
linked mainly to such habitat after the breeding season. For example Suarez-Seoane
et al. (2008) used landscape scale variables to spatially model and compare the
potential breeding and winter distributions of little bustard males in central Spain and
found high levels of niche overlap and habitat connectedness between seasons.
Moreover, breeding habitat was a good predictor of winter distribution, although
the converse relationship was weaker. This means that the preference of breeding
birds for diversified agricultural landscapes (see chapter “Habitat selection and space
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use”) generally holds also for the rest of the year. This has clear conservation
implications, suggesting that preserving breeding sites closer to wintering grounds
would allow the protection of a larger share of the total range. However, the species’
habitat niche seems to present fewer constraints during the post-breeding period,
thus increasing its width (Suarez-Seoane et al. 2008), which may reflect the absence
of the more compelling habitat requirements related to reproduction and/or the need
for birds to use a wider range of habitats to satisfy their food demands. Indeed,
according to the study in question, breeding distribution was predicted only by
habitat variables, while winter distribution was determined more by climate vari-
ables. Therefore, little bustard winter distribution in central Spain was determined
not only by landscape composition variables such as the cover of dry arable crops
and long-term fallows but also by mean rainfall and net radiation (Sudrez-Seoane
et al. 2008).

Non-breeding habitat must basically fulfil two key requirements with impact on
survival: the need for food to overcome the adverse conditions associated with
summer drought (in Mediterranean regions), winter cold, or both, and security
from predators and other sources of disturbance (caused by humans, including
poaching). For example little bustards may be more tolerant of the proximity of
human infrastructures outside the breeding season than in spring (Garcia de la
Morena et al. 2007; Silva et al. 2007), if it implies better feeding or security
conditions. They may also be less dependent on diverse landscapes with comple-
mentary habitats if a single habitat providing both food and security against preda-
tors is largely available. One such habitat may be stubbles (cereals, rapeseed,
legumes) from late summer up to ploughing time (Silva et al. 2004, 2007; Faria
and Silva 2010), in which birds can find sprouted weeds and crop plants (Bravo et al.
2017), along with shelter provided by standing straws (Martin et al. 2010; Garcia de
la Morena 2015). Another is fallows of various ages: Bravo et al. (2017) found that
in wintering areas with a significant fallow cover, little bustards consumed a
remarkable diversity of wild plants, particularly Cruciferae, Compositae,
Leguminosae, and Papaveraceae, although cultivated legumes were also consumed
if present. A third relevant habitat for wintering little bustards is alfalfa, particularly
in irrigated landscapes (Cuscé et al. 2018, own unpubl. data), which provides anti-
predator cover (Garcia de la Morena 2015) as well as abundant protein-rich food in
the form of leaves and shoots. It is worth noting here that, although alfalfa forms the
bulk of the species’ diet in irrigated wintering sites, wild plants like Cruciferae still
have a significant role, accounting for around 25% of diet composition (Bravo et al.
2017).

Security from predators and human disturbance can also be provided by the
topographic features of some wintering areas, where birds can benefit from the use
of gentle hilltops for surveillance if they also offer an appropriate vegetation
structure, as shown by Silva et al. (2004) in Alentejo. In synthesis, post-breeding
areas must guarantee food resources and protection from disturbance and predation
to support the little bustard, although whether they are fully suitable or not often
depends on smaller-scale factors as already pointed out and described below.
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Microhabitat Requirements

Little bustards must balance food availability with anti-predator safety when
selecting suitable habitats for overwintering. The study by Silva et al. (2004) on
winter habitat selection showed that wintering little bustards select food-rich habitats
offering intermediate vegetation height that allows both visual surveillance and
concealment. In the extensive dry farmland of Alentejo, such microhabitat structure
is provided by grazed fallows and stubbles. However, in other post-breeding and
wintering areas, other agricultural substrates can play that role. Such is the case of
irrigated alfalfa fields in the mid-Tagus valley (central Spain) and Catalonia (Garcia
de la Morena 2015; Cuscé et al. 2018). Therefore, wintering little bustards select
certain features of vegetation structure rather than habitat typologies, as has also
been shown for the breeding season (see chapter “Habitat selection and space use”).
For example Garcia de la Morena (2015) shows that in the food-rich irrigated alfalfa
fields of the Tagus valley, little bustards prioritize anti-predator cover, selecting
higher and denser vegetation than the mean, as well as seeking good visibility by
maximizing their distance to topographic horizons. Similar microhabitat features
were selected in fallow fields of the dry farmland of the Spanish Southern Plateau,
where sprouted weeds also provided abundant food for wintering birds (Garcia de la
Morena 2015). Therefore, very similar microhabitat selection patterns were found in
two wintering sites dominated by quite different habitats and agricultural systems.

The little bustard in Iberia often shares wintering habitat with the smaller-sized
pin-tailed sandgrouse (Pterocles alchata), frequently forming mixed flocks (Cramp
and Simmons 1980). The studies by Martin et al. (2010) and Garcia de la
Morena (2015) have shown that little bustard microhabitat selection patterns do
not differ between single-species and mixed-species flocks, while sandgrouse asso-
ciated with bustards can access food resources in habitats they would otherwise
avoid. For example, single-species sandgrouse flocks were very rarely seen in
stubbles or alfalfa fields because vegetation there is too high to allow them anti-
predator surveillance. However, mixed-species flocks were always found in those
habitats, so that pin-tailed sandgrouse could exploit their abundant food resources
while benefiting from little bustard surveillance effort and greater detection ability
due to its larger size. This pattern was found in both dry cereal farmland and irrigated
alfalfa fields (Garcia de la Morena 2015). In this context, the little bustard would
behave as the leader species (Sridhar et al. 2009), whereas the sandgrouse would be a
follower species (Garcia de la Morena 2015). Therefore, while this interspecific
interaction is beneficial for the pin-tailed sandgrouse, it is rather neutral for the little
bustard and could be considered a form of commensalism (see chapter “Interspecific
relationships”). Nevertheless, certain advantages could also be expected for bus-
tards, such as predator confusion or predation risk dilution due to enlarged group size
(Terborgh 1990; Quinn and Cresswell 2005). Further research would be required to
assess these possibilities.
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Little Bustard Conservation in Winter

In this final section of the chapter, we review the main threats and conservation
problems faced by the little bustard outside the breeding season, which can be
grouped in two categories: direct human disturbance and landscape modification.
The threats posed by these processes on little bustards are direct consequences of the
species’ winter behaviour and ecology described in the preceding sections and their
interaction with humans and human land management. Therefore, we believe the
reader will appreciate this overview of winter conservation issues after considering
the species’ post-breeding ecology, given the specific threats faced by the species
during winter (more general threats and those specific of breeding populations are
addressed in chapter “Threats affecting little bustards: human impacts”).

Direct Human Disturbance and Shooting

While post-breeding little bustards may be able to minimize predation risk by raptors
and terrestrial enemies through the landscape scale and microhabitat selection
behaviour described above, they might still have to deal with other sources of
disturbance, such as those associated with human activity in an increasingly human-
ized countryside. Human activities in farmland areas in autumn and winter are
diverse, ranging from different agricultural labours (ploughing, agrochemical appli-
cation, sowing, mowing) to leisure activities (walking with or without dogs, running,
biking), including, of course, various forms of hunting. Humans engaged in these
and other activities can be perceived as predators by animals, which often modify
their behaviour accordingly.

Hunting is a major source of disturbance for wintering birds, both game and
non-target species (Madsen and Fox 1995), although very few studies have paid
attention to the effect of hunting on protected species. In one such study, Casas et al.
(2009) showed that small game hunting altered the spatial distribution and behaviour
of little bustards gathered in pre-migratory flocks in cereal farmland of central-
western France. These authors compared flock activity on hunting days with that
of days before and after hunting and found that flights occurred only on hunting
days. Little bustards also increased the time devoted to vigilance on hunting days
relative to days before and after and decreased the time spent resting. However,
foraging time was not directly affected by hunting activity but varied with flock size,
increasing with the number of individuals but decreasing in the largest flocks,
presumably due to interference among birds (Sansom et al. 2008). Overall, these
changes represent important alterations of the process of energy storage to prepare
for their migration to Iberia, and even the lack of a negative response in foraging time
could be partly due to a compensation effect to restore the energy lost in flights
(Blanc et al. 2006). Also, as a consequence of hunting, little bustards concentrate in
hunting-free areas set up as reserves for the game. Although these areas can
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adequately work as refuges for a threatened non-game species like the little bustard,
they might not be large enough to fulfil all the requirements of birds throughout this
preparatory migration period (Casas et al. 2009).

Besides these behavioural alterations, Tarjuelo et al. (2015) proved the existence
of a stress response to increased human presence during weekends in a little bustard
wintering area in the Spanish Southern Plateau. Not only does hunting take place
mainly on weekends in this study area, but also other leisure activities then occur,
such as walking with dogs, biking, and different agricultural activities. Tarjuelo et al.
(2015) quantified corticosterone metabolites in little bustard faeces collected before,
during and after weekends as a measure of physiological stress response to distur-
bance. The short-term release of glucocorticoids allows the reallocation of energy to
improve survival possibilities (Sapolsky et al. 2000), although their continued
secretion due to prolonged exposure to stressors reduces reproductive capacity and
immunological competence (Romero et al. 2009). Apart from the behavioural
changes observed in other studies (i.e. Casas et al. 2009), Tarjuelo et al. (2015)
found a significantly higher physiological stress response during weekends, with
increased levels of faecal corticosterone metabolites associated with an increase in
human activities related to hunting. Therefore, the effect of prolonged hunting
disturbance (from October to February plus the weeks of ‘media veda’ or half-
season in countries like Spain, from mid-August to mid-September) on little bustards
at wintering sites might adversely affect these populations (Tarjuelo et al. 2015),
which still must face their return to breeding areas and the subsequent effort of
reproduction.

Beyond behavioural and physiological stress responses, direct mortality caused
by illegal hunting or poaching has been proved to be a major cause of human-
induced mortality in the little bustard. Based on 139 radio, GPS or satellite-tracked
little bustards, Marcelino et al. (2017) found that 32% of all known mortality records
were due to poaching. Although those authors could not analyse mortality rates
seasonally, it is reasonable to assume that most of that mortality occurs in the
non-breeding season (summer, autumn, and winter), during hunting periods.

The impact of hunting during wintering and migration (legal and illegal),
although not quantified, also seems to be very important in the eastern sub-range
of the species. Ifligo and Barov (2010) list poaching on wintering grounds among the
main global threats for the little bustard, with an estimated 30,000 migrant little
bustards illegally hunted during migration, mainly in Azerbaijan. The killing of
migrant birds has also been recorded in Lebanon in recent years (Ramadan-Jaradi
et al. 2017), indicating high winter hunting pressure also in the Middle East (Collar
et al. 2017). Such high hunting pressure is also reported for the above-mentioned
wintering sites in Central Asia, where little bustards have traditionally been hunted
by local people using various means of capture (E.A. Kreuzberg, A. Ten,
V. Soldatov and R.S. Muratov, pers. comm.). In Iran, hunting pressure seems to
have shaped the species’ winter distribution since flocks are mainly found within
borderland areas surveyed by the military and thus free of hunter presence (Yousefi
et al. 2017). More recently, increasing use of falconry for hunting little bustards in
Azerbaijan and other wintering areas has been detected (J. Burnside pers. comm.).
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The impact of this pressure on population trends has not been assessed, but it may
help explain the mentioned decrease in wintering numbers in some wintering sites
from Central Asia.

Landscape Transformations

Little bustard wintering areas in the species’ western sub-range have experienced
significant land-use changes in the last two decades. In dry farmland areas, practices
like early stubble ploughing or old fallow elimination clearly reduce their suitability
as non-breeding habitat for little bustards (Silva et al. 2004; Garcia de la Morena
2015). Nevertheless, the strongest transformations at the landscape level generally
occur on irrigated farmland, where existing suitable crops may be totally replaced by
alternative cultures depending on market-regulated demands. For example the pivot-
irrigated alfalfa fields of the central Tagus valley in Spain, a traditional little bustard
non-breeding site (from summer to late winter; Garcia de la Morena 2015), have
been largely replaced by other crops, such as irrigated olive groves, that are
unsuitable as habitat for the species (Morales et al. 2015). In addition, sprinklers,
which are clearly avoided by birds (pers. obs.), have replaced pivots in most
remaining alfalfa fields. As a result, the number of birds wintering in the area has
decreased from around 1000 in the late 1990s (Garcia de la Morena et al. 2007) to
ca. 50 in 2014 (own unpubl. data). Similar changes could potentially take place in
other irrigated wintering sites, like those of the Ebro valley in Catalonia, where
nearly the entire Catalonian population concentrates after breeding (Mafiosa et al.
2015). It is, therefore, important that such non-breeding sites are shielded from the
expansion of crops that are completely unsuitable for the little bustard such as fruit-
tree orchards, nowadays increasing their cover in the Ebro valley.

It is also important to recall that irrigated landscapes involve high human influ-
ence and are prone to anthropogenic disturbances like those described above. In
addition, irrigation facilities require high densities of electric powerlines, which
increase the risk of bird collision (Silva et al. 2010), another significant cause of
mortality in the little bustard (Marcelino et al. 2017), which is also a threat during
migration (Voronova et al. 2012 in Collar et al. 2017). In any case, a significant
proportion of the little bustard population in Western Europe summers and winters in
irrigated farmland, where birds can spend up to 8 months of their year, so appropriate
management of these areas is required, even if they are excluded from SPAs and
other protection measures. In this context, the maintenance of preferred feeding
habitats (i.e. alfalfa fields) with compatible irrigation systems (pivots, gravity irri-
gation), anti-poaching vigilance to keep disturbance to a minimum, creation of
hunting reserves in areas used by bustards, and burying dangerous power lines
represent desirable measures for these areas. Most of these recommendations also
hold for non-breeding sites in dry farmland, where some of them are already
included in current EU agri-environmental schemes (e.g. delayed stubble
ploughing). Given the importance of leguminous plants in the diet of little bustards
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wintering in Iberia (Bravo et al. 2017), increasing the cover of dry leguminous crops
(vetch, chickpea, or rain-fed alfalfa) would notably improve the quality of these
landscapes as non-breeding habitat for the species.

Beyond Western Europe, very little is known about the fate of little bustard
wintering areas in Azerbaijan, Iran, and other Asian regions (Table 1). However,
given the large number of birds known to overwinter in some of them (see above and
chapter “The little bustard around the world: distribution, global conservation status,
threats and population trends”), as well as the recent agricultural changes (i.e. the
return of intensive agriculture) reported in breeding grounds (Kamp et al. 2011),
particular attention should be paid to these areas. Little bustard winter habitat in
Azerbaijan is mainly grazed steppe, and relevant overgrazing problems favouring
desertification have already been detected (Gauger 2007). The habitat occupied by
the wintering flocks reported from Central Asia by E.A. Kreuzberg, A. Ten,
V. Soldatov and R.S. Muratov (pers. comm.) is basically irrigated farmland (winter
crops or cotton and cereal stubbles) on the banks and floodplains of main rivers, such
as the Amu Darya in Uzbekistan, or the Javan and Sir Darya in Tajikistan. This
habitat use clearly resembles that of western birds, which largely occupy irrigated
crops in winter. As regards northern Iran, little bustards wintering there use mainly
marsh steppe and rice stubbles (Sehhatisabet et al. 2012), although very little
information about the potential threats associated with agricultural management in
that region is available.
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Behavioural Ecology of the Little Bustard: )
Sexual Selection and Mating Systems e

Vincent Bretagnolle, Santi Mafiosa, Francois Mougeot, and
Manuel B. Morales

Introduction

Some aspects of little bustard behaviour are already dealt with in chapter “Natural
History of the Little Bustard: Morphology, Biometry, Diet, Sexual Dimorphism, and
Social and Breeding Behaviour”, such as those mainly relating to general behaviour
(display, calls) and social behaviour. In this chapter, we focus on sexual behaviour,
and more specifically on the lekking and mating behaviours, which are so remarkable
in bustards in general and in the little bustard in particular (Morales et al. 2001). We
thus cover mainly the behavioural ecology of the species (i.e. how behaviour relates to
ecology and evolution). We particularly emphasize the species’ lekking behaviour and
its variation and the evolutionary forces that drive this particular mating strategy and
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analyse it within a sexual selection theory framework. At the end of the chapter, we
also explore other, less well-studied aspects of little bustard behavioural ecology.

Sexual selection is a mode of natural selection in which members of one sex
choose mates of the other sex to mate with (intersexual selection), while they
compete with members of the same sex for access to the opposite sex (intrasexual
selection). These two forms of selection mean that some individuals have better
reproductive success than others within a population. Therefore sexual selection
results either from unequal access of one sex (generally males) to individuals of the
opposite sex through competition or from one sex generating selection on the
opposite sex through mate choice, with females being the choosy sex in polygynous
species (Andersson 1994). Females may mate randomly (i.e. no choice) or select
amongst many mates based on a comparative assessment using one or several
relative preference criteria (Janetos 1980). A better understanding of mating strate-
gies depends on the identification of characters associated with male and female
mating success. Traits involved in female choice are expected to be more variable
among than within males, allowing reliable cues of male identity and quality to be
available for prospecting females (Gibson and Bradbury 1985). Such traits include
plumage coloration and extravagance in ornaments or display performance and are
usually condition-dependent, i.e. males with better body condition develop traits
preferred by females (Carranza and de Trucios 1993; Andersson 1994; Sard-
a-Palomera et al. 2011; Morales et al. 2003). In the little bustard, mating success is
probably highly skewed among males (see below, and Jiguet and Bretagnolle 2006),
and thus females likely exert strong selection pressure on male traits.

Leks
What Are Leks?

Leks are clusters of displaying males that females visit solely for the purpose of
mating (Hoglund et al. 1995). In birds characterized by a lekking mating system,
males provide females with no other resources than their gametes. Male reproductive
success (number of offspring sired) shows the high variance in lekking species
(Fiske et al. 1998). In typical (also known as classical) leks, females have the
opportunity to assess simultaneously multiple potential mates and are supposed to
choose freely among them (Bradbury and Gibson 1983). Lekking species are
generally sexually dimorphic as a result of intense sexual selection (Payne 1984;
Hoglund 1989; Oakes 1992). Several studies have identified male traits that correlate
with male mating success in lekking species, such as displays and calls (Gibson
1996), plumage (Gibson and Bradbury 1985; Petrie et al. 1991) or even territorial
behaviour (Hoglund and Robertson 1990). In lek mating systems, females show a
strong discriminating capacity to select mates, sometimes reaching high levels of
consensus (e.g. Payne 1984; Gibson and Bradbury 1985), unlike resource-based
mating systems, in which the benefits for females of mating with a male defending a
good territory are more important than mate choice (Thornhill 1976).
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In birds, lekking is rare and has been described only in a handful of avian families
(Hoglund and Alatalo 1995; Jiguet et al. 2000), including grouse (e.g. black grouse
Tetrao tetrix), scolopacids (ruff Philomachus pugnax, great snipe Gallinago media),
birds of paradise, cotingas, and manakins (see review in Hoglund and Alatalo 1995).
Bradbury (1981) suggested that lekking species should fulfil four criteria: (1) no
male parental care (males only contribute their gametes); (2) males aggregate at
specific sites for display (the lek arenas); (3) the only resource females find at a lek
are the males themselves; and (4) females can select their mate(s), although this
latter criterion has been debated (see Hoglund and Alatalo 1995). Some bird species
present lek-like mating systems that do not completely fulfil Bradbury’s conditions,
although they are still considered lekking. One of the main categories of such
non-classical leks is the so-called “exploded” or “dispersed” lek (Gilliard 1969;
Emlen and Oring 1977; Hoglund and Alatalo 1995). In exploded leks, males are
separated by larger distances than in classical ones. Aggregation still exists, although
it might not be detectable until males are carefully mapped over a large area
(Bradbury 1981), and spatial statistics is carried out in order to detect non-uniform
and aggregated distribution. Thus, in exploded leks, males can hold large territories
within which females may forage or even nest (Ligon 1999), therefore failing to fulfil
Bradbury’s third criterion. As reviewed in chapter “Natural History of the Little
Bustard: Morphology, Biometry, Diet, Sexual Dimorphism, and Social and Breed-
ing Behaviour”, bustards (Otididae) are one of the avian families in which exploded
leks seem to be most widespread (Jiguet et al. 2000; Morales et al. 2001; Hingrat
et al. 2008).

When resources critical for breeding are patchily distributed so that males
aggregate on patches that females need to use to breed, the mating system becomes
what has been called a resource-based lek (Alexander 1975). Finally, another
interesting form of male breeding aggregation is represented by the so-called
“hidden leks,” in which territories of socially monogamous males are clumped in
order to favour the pursuit of extra-pair copulations (regardless of territory quality)
by their owners (Wagner 1998), as described in several passerines (Tarof et al.
2005). Many behavioural and evolutionary predictions of classical leks also hold for
hidden leks.

Evolutionary Forces Shaping Leks

Two aspects of lek evolution deserve attention: the lek paradox and the aggregation
(clustering) of males. Both led to several theories and arguments that we will briefly
summarize here. The lek paradox (Borgia 1979) arises from the intensity of female
mate selection on males’ secondary sexual characters and the choice for “good
genes:” if females consistently choose males with the most exaggerated secondary
sexual trait as a cue for the genes of the highest quality, the unanimous female choice
for these males would lead to a rapid loss of variation in male genetic quality and,
subsequently, females would gain nothing from their choice (Kirkpatrick and Ryan
1991). Pomiankowski and Mgller (1995) proposed a solution to this paradox:
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genetic variability of secondary sexual traits is higher than that of non-sexual ones.
That would explain the absence of fixation of advantageous male traits despite the
extreme consensus of female choice found in leks. Their conclusion is, therefore,
that no lek paradox exists. A proposed mechanism to maintain genetic variability
that has received support on both empirical and theoretical grounds was proposed by
Hamilton and Zuk (1982): coevolutionary cycles with short-lived parasites or
pathogens continuously select for new variation for resistance and thus for fitness.
Since parasites continuously modify their infective method, there is always selection
pressure to show a healthy condition (Boyce 1990; Balenger and Zuk 2014).
However, the issue is still open, and other solutions include a female preference
for outbred sires (Neff and Pitcher 2008), condition-dependent traits, or that indi-
vidual body condition shows high genetic variance, therefore maintaining secondary
sexual trait variability (Miller and Moore 2007; see Chargé et al. 2010 for a study in
the houbara bustard Chlamydotis undulata).

Male clustering in leks has been explained by four basic theoretical models:
hotspot, female preference, hotshot, and black hole (Hoglund and Alatalo 1995;
Ligon 1999). According to the hotspot model (Bradbury and Gibson 1983), males
cluster in areas where female density is highest. In the female preference model
(Bradbury and Gibson 1983; Beehler and Foster 1988), females prefer to mate with
males in larger leks in which the costs associated with searching or assessing
potential mates are reduced. The hotshot model proposes that females prefer to
mate with a high-quality male (hotshots) and that suboptimal males aggregate
around such males to parasitize their attractiveness (Beehler and Foster 1988);
hotshots are therefore attractive to females, but also to males. Finally, the black
hole model proposes that females avoid sexual harassment by certain males and
leave their territories (Clutton-Brock et al. 1992), and leks arise because the prob-
ability that males retain females is higher if males are clustered than if they are
solitary (Stillman et al. 1993). Few studies have tested, empirically or experimen-
tally, these different evolutionary models, but studies conducted on little bustards
have provided novel insights into the processes shaping male clustering in leks
(Jiguet et al. 2000; Jiguet and Bretagnolle 2006, 2014; Morales et al. 2014).
Exploded leks, in which males defend territories with resources, further raise the
question of whether territory quality per se (size, food resources) might also be
selected by females (Jiguet et al. 2002; Traba et al. 2008).

The Little Bustard Mating System

Little bustards are characterized by an exploded lek mating system (Schulz 1986;
Jiguet et al. 2000, 2002; Morales et al. 2001; Lett et al. 2000). Early reports described
the species as socially monogamous, i.e. forming pairs tied by permanent bonds
lasting until the chick-rearing period (Dementiev and Gladkov 1966), with males
contributing some sort of parental care (probably general protection of the brood).
However, nest attendance and chick-rearing are conducted only by the females:



Behavioural Ecology of the Little Bustard: Sexual Selection and Mating Systems 155

males try to attract and mate with as many females as they can without providing any
sort of parental care (Schulz 1986). They establish their dispersed territories at the
beginning of the breeding season, and they defend these throughout the mating
period (Schulz 1986; Jiguet et al. 2000). However, varying degrees of within-season
territorial turnover and satellite behaviour have also been described (Jiguet and
Bretagnolle 2001; Ponjoan et al. 2012, see below). The size of these territories can
be quite variable, ranging 0.7-66.6 ha (mean £ sd = 18.7 4+ 16.2 ha) in western
France, although the most frequent values were around 5 ha (Jiguet et al. 2000). In
Catalonia (north-eastern Spain), Ponjoan et al. (2012) report core breeding male
ranges of 17 £ 17 ha (mean + sd), with the most frequent values below 20 ha.
Delgado et al. (2010) calculated display areas of 1.73 = 2.18 haand 1.49 4+ 1.12 ha
in two consecutive years, although these figures cannot be compared with the
previous two due to methodological differences. In any case, these reports indicate
mating territories large enough to encompass food and other resources valuable for
females. Nevertheless, all the criteria that Bradbury (1981) used to define a lek
mating system seem to be fulfilled in the case of little bustards, except for the third
criterion (“the only resource females find at a lek are the males themselves”).
Consequently, the critical point in such non-classical leks is not the level of male
aggregation or the presence of resources per se, but whether or not resources play a
determinant role in shaping the male distribution and female mate choice, i.e. the
degree to which males regulate female access to those resources in order to obtain
copulations (Bradbury 1985). If some kind of resources were key to male mating
success, a resource-based polygyny system would be a better description of the
species’ mating system.

Jiguet et al. (2000) tested whether male little bustards in western France defend
and/or provide resources in their territories and whether these influence female
choice. They determined the degree of male clustering and tested the independence
of male spatial distribution with respect to that of suitable display habitat as a way to
discard the possibility of landmark aggregations. Jiguet et al. (2000) found that
resources were mainly selected according to males’ requirements (food and display
traits) rather than females’ requirements (food and shelter for nests, provided by
permanent crops). Furthermore, females did not apparently use the amount of
resources in the defended territory as a criterion for mate choice, as male attractive-
ness and resources within the territory were unrelated. Consequently, they concluded
that lekking behaviour was truly a characteristic of the species.

Male Spacing Behaviour: Why Males Aggregate in Leks

According to Jiguet et al. (2000), displaying male little bustards attract each other,
and larger leks might be more attractive to females than smaller ones, as predicted by
the female preference model of lek evolution (Bradbury et al. 1986). However,
Jiguet et al. (2002) suggested that aggregations occur as males concentrate in areas
where females are more likely to be encountered, for example due to the presence of
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resources (hotspot model). Later on, Jiguet and Bretagnolle (2006) used an experi-
mental approach and little bustard decoys (see Plate 1) and showed that males were
not attracted to female decoys. The results of this experiment supported the hotshot
model of lek formation: male aggregations appear around a hotshot (preferred) male,
with less attractive males concentrating around the hotshot in order to obtain
matings. Indeed, the experiments showed that both males and females were attracted
to decoys featuring particularly attractive male traits (Jiguet and Bretagnolle 2006).
The female preference hypothesis, which states that females prefer clustered males,
has also received mixed support. The local density of females has been found to
increase with the density of displaying males (Wolff et al. 2002; Devoucoux et al.
2018), and decoy experiments conducted by Jiguet and Bretagnolle (2006) showed
that females were more attracted to a particular lek size of four male decoys. Jiguet
and Bretagnolle (2014) later showed that individual male attractiveness did not
increase with (natural) lek size. The black hole model states that, in a situation
where females exhibit no male choice and are highly mobile, for example as a result
of male aggressiveness and harassment, the optimal male spacing involves reduced
nearest-neighbour distances (Hoglund and Alatalo 1995). This model was only
weakly supported by the experiments carried out on little bustards: although male
harassment clearly occurs in this species, females do exhibit some mate preferences
(Jiguet and Bretagnolle 2006). In fact, each of the proposed mechanisms contributes
to explaining the lekking behaviour of the little bustard, but at different spatial
scales. At larger scales, female mobility may induce male aggregation, as suggested
by the black hole hypothesis. At smaller scales, female preference for particularly
attractive males or lek sizes may induce male clustering, which would further be
maintained and structured as a result of the hotshot mechanism.

Plate 1 Two examples of male decoys attracting real Little Bustard males, the second one even
showing a male displaying next to the decoy (lower photo)
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During displays, male little bustards are aggregated (see Jiguet et al. 2000;
Ponjoan et al. 2012), but they are also highly territorial and aggressive to each
other, each one defending a more or less restricted area within the lek from the
intrusion of other males (i.e. a territory). The intensity of the agonistic response to
experimentally placed male decoys has been shown to be density-dependent
(Morales et al. 2014), which clearly indicates that males are defending some kind
of resource from other males. However, it is not clear if this behaviour is related to
the defence of the feeding resources or habitat themselves or if this is to prevent the
access of other males to visiting females. Resources clearly play a role in the little
bustard mating system, although, in principle, they are not used as a criterion in
female choice as expected in exploded leks (Hoglund and Alatalo 1995; Ligon
1999). Little bustard males prefer food-rich territories, perhaps first as a way to
afford the costs of the mating activity (Jiguet et al. 2000, 2002; Traba et al. 2008;
Faria et al. 2012). Food-rich male territories may also allow females to forage within
these territories, at least while visiting leks (Jiguet et al. 2000), or perhaps even to
nest (Morales et al. 2013), although there is no evidence that females use territory
resources as a criterion in mate choice or that resources are controlled by males to
improve their mating success. Moreover, Jiguet et al. (2000, 2002) showed that this
was not the case in populations of central-western France.

The Flexible Exploded Lek of the Little Bustard

In species with exploded leks, males defend territories and are only loosely aggre-
gated (Gilliard 1969; Hoglund and Alatalo 1995). In some species, males can hold
large territories containing resources potentially exploitable by breeding females
(Hoglund and Alatalo 1995; Ligon 1999), although female use of male territory
resources is unclear in the little bustard (Jiguet et al. 2000; Morales et al. 2001).
Recent evidence suggests that the lekking behaviour of little bustards varies geo-
graphically, depending on environmental conditions (landscape characteristics) and
endogenous factors (little bustard density). Where habitat suitability is strongly
impaired due to agricultural intensification, exploded leks can shift to resource-
based mating systems as a result of female concentration in high-quality patches
and subsequently of displaying male concentration within the few remaining patches
of suitable habitat. This occurred in a rapidly declining population of little bustards
in Deux-Sévres, western France, where the existence of resource-based leks was
reported (Jiguet and Bretagnolle 2006, 2014). Following a further decline in bird
density, the mating system could even shift from resource-based leks to resource-
based polygyny, in which females are attracted to the best territories rather than to
the males displaying the best attributes. Delgado et al. (2010) and Morales et al.
(2014) suggested that changes from exploded leks to so-called resource-based leks
or polygyny could also be occurring in the increasingly intensified Spanish cereal
steppes as well, although the results of Ponjoan et al. (2012) in Lleida (north-eastern
Spain) do not support this possibility. However, in more or less intensified farmland
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areas, which are nowadays the most frequent landscapes where little bustards occur
in the species’ western range, favourable habitats for males and/or females are
progressively clumped and limiting. If males concentrate in the few suitable habitat
patches for display but distribute uniformly within those patches, this could lead to
“landmark aggregations” of males (a situation that has not yet been described in the
species). If, on the contrary, females concentrate in a few good patches for breeding
or feeding, and males consequently concentrate in such places (where males inev-
itably will compete—and may also fight—for accessing and controlling the
females), then female-defence polygyny may be favoured. Both are superficially
similar to classical leks, in terms of their degree of male aggregation, but result from
strong habitat concentration and subsequent male and female clumping.

Decoy experiments conducted with little bustards have revealed that male terri-
tory defence intensity is density-dependent in exploded leks, pointing to flexibility in
territorial behaviour. Morales et al. (2014) have shown that, after a simulated
territorial intrusion (decoy presentation), males responded more intensively and
took less time to return to their display sites when male and female abundances
were higher. Such flexibility in territorial behaviour may be considered as evidence
supporting density-dependent models of lek formation, such as the female prefer-
ence and hotshot models (Bradbury 1981; Beehler and Foster 1988; Hoglund and
Alatalo 1995).

Overall, current levels of habitat fragmentation and degradation may constrain
little bustard mating systems, such that exploded leks, resource-based leks and even
solitary polygyny successively occur when population density declines and/or
resources diminish (Jiguet et al. 2000; Morales et al. 2001; Delgado et al. 2010).
In very intensive agricultural habitats with very low bustard density, the mating
system could even shift to resource-based monogamy, although without male
parental care (Jiguet et al. 2000; Morales et al. 2001). Classical monogamy involving
male parental care has never been described in the little bustard (but see Dementiev
and Gladkov 1966). Conversely, in populations with very high density (e.g. southern
France: Devoucoux et al. 2018), classical lek systems may occur, in which males do
not defend territories and are mobile (e.g. change their display sites from day to day).
Such variability has been observed in other lekking species, like great bustard Ofis
tarda (Carranza et al. 1989) or fallow deer (Clutton-Brock and Parker 1992). In
Fig. 1, we propose a general framework linking little bustard mating system flexi-
bility to variations in habitat quality as well as bird density, which co-vary to some
extent. This framework is based on both correlational and experimental evidence
(Jiguet et al. 2000; Jiguet and Bretagnolle 2006, 2014; Morales et al. 2001, 2014).

Relatively little is known regarding lek formation in little bustards. A recent study
conducted in Portugal used high-resolution GPS tracking to study male movements
at lekking sites (Silva et al. 2017). Within a breeding season, only one-third of little
bustard males remained constantly territorial, while others exhibited a floating
behaviour, similar to that described by Ponjoan et al. (2012), or shifted between
being a floater and territorial. From 1 year to the next, males showed territorial site
fidelity, and floating males reduced their movement to establish a territory. Both
processes may explain the temporal persistence of leks within stable habitats (Silva
et al. 2017).
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Fig. 1 A theoretical framework describing little bustard mating system flexibility in relation to
density and degree of continuity of preferred habitat. Question marks indicate mating strategies
theoretically possible within the framework but not actually demonstrated in the little bustard. Red
arrows connect each mating strategy with its corresponding most suitable conservation approach
(dashed rectangles). The mating strategies represented are described in the text. Here we mention
their main traits to aid figure interpretation: (1) Classical lek: males aggregate closely to attract
females regardless of preferred habitat distribution (here assumed continuous); high variation in
female attraction among males. (2) Exploded lek: males aggregate loosely defending larger
territories in fragmented preferred habitat. Females have the opportunity to use resources in habitat
patches but do not use them as mate choice criterion. Considerable variation still exists in female
attraction success among males. (3) Resource-based lek: males aggregate loosely defending larger
territories in further fragmented preferred habitat, which becomes scarce. Females use resources in
habitat patches as mate choice criterion. Variation in female attraction success among males
decreases. (4) Resource-based polygyny: Males disperse (non-aggregated) over further fragmented
and scarce preferred habitat. Females use resources in habitat patches as mate choice criterion,
breeding in habitat patches. Some variation in female attraction success among males exists.
(5) Resource-based monogamy: Solitary males occupy the few remaining preferred habitat patches.
Females are also so scarce that they mate with the few solitary males but with no stable male—female
bond and no male parental investment. No variation in female attraction success among males
exists. (6) Classical monogamy: Females form a stable bond with solitary males, but irrespective of
preferred habitat distribution (here assumed continuous). Some degree of male parental investment
is expected. (7) Landmark aggregations: males congregate on remaining preferred habitat patches,
although not necessarily in a spatially aggregated manner within the patch, which is also visited by
females for mating
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Male Attributes and Attractiveness

Several studies have attempted to identify which male traits females use during mate
choice, and therefore which male attributes could predict their mating success. Since
copulations are very seldom observed in little bustards (chapter “Natural History of
the Little Bustard: Morphology, Biometry, Diet, Sexual Dimorphism, and Social and
Breeding Behaviour™), Jiguet and Bretagnolle (2014) compared males that were
visited by females or not during observations (an attractive male was defined as one
that attracted at least one female). Lek attendance (measured as the duration of stay),
wing flash rate (but not snort call rate), and body condition were significantly greater
for attractive than non-attractive males. Lek attendance is regarded as the main factor
involved in mating success on leks (Fiske et al. 1998; Hill 1991; Rintamiki et al.
1995), and early breeding is usually associated with higher breeding success in birds
in general (Price et al. 1988). Males arriving earlier may also be able to choose
central positions on the lek, although it is not known whether they actually fight for
those positions. Invertebrate availability in grasslands and in sunflower fields,
territory size, proportions of grass and sunflower cover were also investigated as
proxies of resources defended by males (i.e. male territory quality), but none of these
parameters discriminated between attractive and non-attractive males (Jiguet and
Bretagnolle 2014). Moreover, and perhaps more surprisingly, no studied plumage
traits (except for the symmetry of the neck collar, see below) differed significantly
between attractive and non-attractive males, nor did any of the acoustic call param-
eters analysed. Other parameters that varied to a lesser extent with male attractive-
ness were the symmetry of the neck collar pattern and the performance of the jump
display (for a subset of males only). The black and white neck collar pattern is
displayed by males during courtship when males erect their neck feathers laterally so
that the “V-shape” pattern is made very obvious to a female standing in front of a
male (see chapter “Natural history of the little bustard: morphology, biometry, diet,
sexual dimorphism, and social and breeding behaviour”). The symmetry of the neck
collar may therefore be easy to assess for a female. Fluctuating asymmetry has been
suggested as a female choice criterion in the peacock Pavo cristatus (Swaddle and
Cuthill 1994), in which the symmetry of a male’s train increases with the number of
eye-spots (Manning and Hartley 1991) and influences male mating success (Petrie
and Halliday 1994). In a sample of 13 little bustard males (central Spain), males with
a greater neck collar symmetry also showed a higher frequency of jump displays
(M. B. Morales, unpubl. data). Using a sample of males for which all phenotypic
traits were recorded simultaneously, Jiguet and Bretagnolle (2014) also found
evidence for correlations among traits involved in male little bustard attractiveness.

Females in leks are expected to choose among males using several uncorrelated
traits (Andersson 1994), as this should decrease the probability of choosing mates
based on a dishonest signal (Pomiankowski and Mgller 1993; Johnstone 1995).
Given this dependence on multiple criteria, Jiguet and Bretagnolle (2014) proposed a
scenario in which male snort call rate may be used during the earliest stages
(on arrival from migration) for intrasexual competition and female attraction. Snort
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call may primarily be used in male—male contests (Jiguet and Bretagnolle 2001), and
males with lower snort call rates may attract more females because they have been
able to defend their territory without fighting, and those territories may appear as
safer places (Alonso et al. 2012). Once the female visits the male territory, other male
traits could be used by the female to assess its quality, especially the symmetry in
ornaments and the wing flash or jump display rates, the latter two displays occurring
especially in the presence of a female (Jiguet and Bretagnolle 2001). The proportion
of males displaying symmetric collar patterns was found to increase with lek size in
the population studied by Jiguet and Bretagnolle (2014) in central-western France,
being highest in leks of size four. It is noteworthy that in experimental work with
decoys in that particular study area, females preferred a lek size of four males.

In other bustard species, males use calls for intrasexual competition and to attract
females. For instance, male houbara bustards perform low-frequency booming calls
that not only attract females from very long distances but also convey information
about the quality of the caller, informing other males about its competitive ability
(Cornec et al. 2014, 2015, 2017). Great bustard males position themselves relative to
the sun during displays so that their white plumage is maximally detectable by
distant females (Olea et al. 2010).

Female Mating Behaviour

Leks may evolve without female choice, e.g. if the female has no other choice than
mating with the dominant male (Clutton-Brock et al. 1992), such as in the black hole
model. Alternatively, male territory quality may play some role: a radio-tagging
study in Lleida, north-eastern Spain (Ponjoan et al. 2012) showed that older (and
probably higher status) males defended smaller and higher quality territories
(in terms of habitat composition) than younger males, which spent much less time
on the lek and were classified as satellites (see also Moseykin 1992). This is in
agreement with the results of Traba et al. (2008), who found that displaying males
settled in territories with a higher abundance of coleopterans than expected from a
random distribution (see also Faria et al. 2012). Such evidence suggests that habitat
quality and resources within male territories are variable and influence male settle-
ment but says nothing about their role in female choice. Therefore, whether females
use resource information remains an open question, although females tend to nest
close to or within male territories in France (Lett et al. 2000; Jiguet et al. 2002) and
central Spain (Morales et al. 2013). Little bustard broods also tend to be found closer
to male territories than expected by chance in central (Ciudad Real) and north-
eastern (Lleida) Spain (Tarjuelo et al. 2013). Such associations may, however,
simply be the result of a common habitat selection pattern by males and females at
the landscape level. In Ciudad Real, these associations occur even within large
patches of optimal homogeneous habitat, so females may obtain some benefits
from nesting next to male territories. These observations support a resource-based
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scenario, even if there is no evidence yet for female mate choice to be influenced by
the amount of resources contained within male territories (Jiguet et al. 2000, 2002).

The question of whether or not the female choice is active is of critical impor-
tance, although hard to demonstrate. In most lekking species, the female choice
seems to be based on an array of criteria (Gibson et al. 1991; Hoglund and Alatalo
1995), but experimental evidence for active female choice exists only in a few
species (Clutton-Brock et al. 1989; Gibson 1989; Hoglund et al. 1990; Petrie and
Halliday 1994; Sather et al. 2000). Experimental results using little bustard decoys
with different neck coloration patterns established that female attraction depends on
the symmetric pattern of plumage ornaments (Jiguet and Bretagnolle 2006), a result
confirmed with observations of wild birds (Jiguet and Bretagnolle 2014). Observa-
tions also indicate that females seem to prefer males with higher wing flash display
rates (Jiguet and Bretagnolle 2014). There is theoretical support for the prediction
that less fit males display less symmetrical ornaments (Mgller 1990) and evidence
consistent with this prediction has been found in the closely related houbara bustard
(Chargé et al. 2010). In the red-legged partridge A. rufa, a condition during moult
was shown experimentally to affect the expression of a neck plumage pattern
(Perez-Rodriguez et al. 2013). The symmetry of the neck collar pattern displayed
by male little bustards could similarly be affected by male body condition during
moult and thereby reliably indicate male condition and quality. Indeed, the devel-
opment of morphological sex traits (e.g. plumage patterns and symmetry) and
display performance (e.g. ability to display at a regular rate without having to
feed) of lekking great bustards have been shown to be condition-dependent (Car-
ranza and de Trucios 1993; Morales et al. 2003).

Measuring mating success by copulation rate, which is easily done in classical lek
species where males display and females mate on the arena, is less easy in exploded
lek species in which males are dispersed and thus cannot be monitored simulta-
neously. Moreover, copulations are rarely seen in bustards: in the great bustard,
during observations of 17 radio-tagged males in Villafafila, north-western Spain,
only five copulations were recorded, two of them performed by the same individual
(Morales 2000). The scarcity of copulation records is even more important for the
little bustard, where only one copulation was observed during a 4-year study in
western France (Jiguet 2001). One possible explanation for this could be that
copulations occur mainly at night (although light conditions should allow females
to use visual cues for mate choice, for example on full-moon nights), which deserves
further research. Male mating success has not been assessed directly through the
proportion of offspring sired by each male using DNA fingerprinting of hatchlings, a
seemingly impossible task in the little bustard. Only one study has used microsat-
ellite markers and paternity analyses to study reproductive skew in a bustard species.
Lesobre et al. (2010) studied houbara bustards in Morocco and, contrary to expec-
tations, found no evidence for reproductive skew. The results rather suggest a
successful off-lek male mating strategy, with no apparent reproductive benefit of
lekking, and provide evidence for polyandry and sperm competition. There is a need
for more studies assessing paternity and reproductive skew in other bustard species,
and in a wide range of contexts, to fully understand mating system variation.
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Conservation Implications of Lekking Behaviour

Basic ecological knowledge has proved critical in establishing efficient conservation
and management strategies (Caro 1997). Studying a species’ mating system and
evaluating mechanisms of male and female distributions, as well as the processes
determining mate choice and the role of resources, indeed provides useful conser-
vation cues. The study of little bustard mating systems has helped define effective
conservation measures for the species in highlighting that males and females have
different requirements, and thus that conservation measures directed to improve
reproductive success might be different from those aimed at favouring males abun-
dance. In addition, the fact that females are less attracted to small leks indicates that
declines may be faster than expected from usual population dynamics since breeding
areas will be deserted when male density falls below a given threshold value, a kind
of Allee effect (see chapter “Little bustard population dynamics”).

Studies on the closely related great bustard have also emphasized the importance
of understanding mating systems for conservation. Both males and females show a
strong conspecific attraction and a high inter-annual fidelity to lekking and nesting
sites (Alonso et al. 2000; Morales et al. 2000). As a result, individuals do not
colonize vacant patches of suitable habitat but instead, concentrate in already
occupied areas. Therefore, when a lek disappears due to habitat change or human
disturbance, dispersing great bustards do not form new leks in suitable empty habitat
(Lane et al. 2001) but join the closest and largest already existing leks (Alonso et al.
2004), as predicted by theoretical models of conspecific attraction (Reed and Dobson
1993). Such a process of population concentration increases their vulnerability to
local catastrophes, as well as the risk of genetic diversity loss, eventually leading to
the extinction of smaller and more peripheral leks (Alonso et al. 2004). Even
growing populations may not necessarily imply healthy meta-populations in such
circumstances (Alonso et al. 2004; Morales et al. 2001). Although such processes are
not yet documented in the little bustard, all the patterns described for the great
bustard do exist in the former species. Indeed, there is anecdotal evidence that
similar processes occur in little bustards, where solitary displaying males are
extremely rare, and where apparently suitable habitats, or places which were previ-
ously occupied by leks, are deserted even when little bustards occur nearby
(V. Bretagnolle, pers. obs.).

Other, Less Studied Aspects of Little Bustard Behavioural
Ecology

Although most behavioural research on the little bustard has focused on the species’
mating system within the framework of sexual selection theory, other aspects have
also been investigated, such as non-breeding flocking behaviour and interaction with
human disturbances (chapter “Migration, movements and non-breeding ecology”),
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or behaviour-mediated interactions with other species (chapter “Interspecific rela-
tionships™). Other aspects, very little studied, and also rooted in sexual selection
theory, including sperm competition and parent—offspring and sibling conflicts
(Andersson 1994; Birkhead 2000; Birkhead and Mgller 1992). These remain unstud-
ied mostly because of important methodological challenges. Nevertheless, the
existing knowledge of the species’ breeding biology, life history and behaviour,
along with findings in related species, allows some reasonable speculation about
what future studies may tell, should challenges be overcome.

Sperm Competition

As mentioned in chapter “Natural history of the little bustard: morphology, biome-
try, diet, sexual dimorphism, and social and breeding behaviour”, the scarce and
rather anecdotal evidence regarding sperm competition is contradictory. The appar-
ently long time elapsing between copulation and egg-laying would allow for poten-
tial cryptic female choice through sperm competition (Birkhead and Mgller 1992).
However, the very low rate of observed copulation seems to contradict the possibil-
ity of intense sperm competition. Inspection of female reproductive tracts allows us
to infer the level of sperm competition in a species from the number of spirals and
pockets present, whose function is storing sperm from different males and stimulat-
ing their competition within the tract (e.g. Brennan et al. 2007). Unfortunately, no
such study has been done in the little bustard, although evidence for sperm compe-
tition has been provided for the houbara bustard (Chargé et al. 2010; Vuarin et al.
2018, 2019). An alternative paternity guard to frequent copulation is, however, mate
guarding (Birkhead and Mgller 1992). The latter does not seem to be a frequent
behaviour in male little bustards, since males have to attend their lek position, given
that male attractiveness relates to male lek attendance. Nevertheless, female-pursuit
flights by males are quite common and could be reasonably interpreted as an
escorting flight behaviour aimed at preventing access of competing males to visiting
females, as commonly found in ducks.

In addition, sperm competition has been suggested to be high in the closely
related houbara bustard, in which genetic analyses proved the existence of multiple
paternity in a majority (60%) of clutches and thus the occurrence of polyandry in the
species (Lesobre et al. 2010). Nevertheless, and although a detailed genetic finger-
printing of wild little bustard chicks seems unfeasible, the importance of multiple
paternity (and thus the potential for sperm competition) could be assessed through
the use of DNA micro-satellites sampled from a large enough number of captured
families and putative male sires (Beebee and Rowe 2004). This type of information
would help in completing our current view of the evolution of little bustard mating
strategies and behaviour.
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Personality Traits

Personality has so far never been investigated in any bustard species. Unpublished
information on little bustards, however, strongly suggests that males behave very
differently from each other and do so consistently: behavioural differences among
individuals are, to some extent, repeatable. Decoy presentation to male little bustards
in Deux-Sevres, France, showed that some males flee, some approach the decoy,
crouch and remain on the ground, and others behave agonistically and call (snort
call). Similar differences are also obvious when undertaking playback experiments
with snort calls and recording male responses (V. Bretagnolle, unpubl. data). These
behavioural characteristics seem to be consistent, at least over one breeding season.
In addition, males vary strongly in the way they perform their mating displays (see
chapter “Natural history of the little bustard: morphology, biometry, diet, sexual
dimorphism, and social and breeding behaviour” for a description of display varia-
tion). Again, it seems that males differ in the type of display they perform and
consistently perform certain types of display. Jump displays, for instance, seem
restricted to a few males per breeding season (typically, no more than 15-20% of all
males), and the males that perform jump displays do so repeatedly within a breeding
season. All these observations suggest that male little bustards do show different
personalities, though one may argue that display categories may differ according to
male age. In fact, age has been identified as a determinant factor in male display and
mating performance in the houbara bustard (Preston et al. 2011, 2015).

Females also seem to exhibit different personalities. We have been able to
observe these different personalities when capturing female little bustards with
funnel traps (Ponjoan et al. 2010). Some are very confident and do not hesitate to
enter the funnel. Others are very distrustful and reluctant to approach the trap,
consistently flying away as we tried to shepherd them into it. However, previous
experiences, age, or genetic traits may also shape these differences in behaviour, and
further research is needed on this topic.

Parent (Female)-Offspring Interactions

Little bustard families are inconspicuous and try to keep concealed in relatively
dense vegetation while chicks are smaller than their mothers. When fledglings attain
their mother’s size, families gradually integrate into post-breeding flocks, joining
other families as well as adult males and non-breeding individuals, so that
distinguishing between chicks and mothers is extremely difficult. Thus,
documenting mother—offspring or inter-sibling interactions is problematic, and no
information on these aspects is so far available. The larger size and less secretive
female-and-chick behaviour of other bustard species like the great bustard have
allowed the study of maternal care and competition between siblings, as well as the
timing and drivers of juvenile dispersal. In the great bustard, mother—offspring bonds
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last beyond the formation of post-breeding flocks, so that young and female tend to
remain close to each other within the flock, and mothers may even continue to feed
them through the non-breeding period, although at a steadily declining rate (Martin
and Martin 1997). Whether and to what extent these bonds are maintained in little
bustard post-breeding flocks is largely unknown, but careful observations of such
flocks in Deux-Sevres, France, suggest that family interactions do not occur (fledg-
lings indeed tend to gather together in such flocks, without adults; V. Bretagnolle
unpublished data).

The observation of female great bustard chick-feeding behaviour has also
revealed the existence of size-based competition between siblings for access to
food items (Alonso et al. 2018). This may also occur in the little bustard since
there is variation in chick size within families. Although all chicks hatch within a few
hours, within-brood competition for food creates some size differences. The cur-
rently ongoing captive breeding programmes might consider incorporating ade-
quately designed behavioural studies in their activities in order to tackle these and
other knowledge gaps, and this might also provide insight for conservation mea-
sures. In the great bustard, young males become independent earlier than young
females, possibly responding to a pressure to integrate into the hierarchy of male
groups as soon as they acquire the size and condition to do so. Young males usually
join distant leks, while females tend to remain around natal ones to benefit from
acquired knowledge on the local environment, so they maximize the time they
remain with their mother (Alonso et al. 1998). The use of increasingly lighter GPS
devices might allow investigating temporal and spatial dispersal patterns in juvenile
little bustards and would provide insights into juvenile behaviour during the
pre-dispersal and natal dispersal phases.

Concluding Remarks on Little Bustard Behavioural Ecology

The little bustard mating system is described in most localities as an exploded lek
strategy but can be quite flexible, and a variety of scenarios, ranging from resource-
based monogamy to classical leks, has been suggested historically by different
authors. All (non-exclusive) theoretical models of lek formation proposed are
consistent, to some degree, with the little bustard’s lekking behaviour. However,
two of them seem to fit particularly well at different spatial scales: the hotshot and the
black hole models. On larger scales, female mobility and harassment by individual
males may induce male aggregation as described by the black hole mechanism. At
smaller scales, female preference for particularly attractive (hotshot) males or certain
lek sizes may induce an initial clustering, which would be further maintained and
structured as a result of the hotshot mechanism.

Overall, the female choice seems to be based on multiple criteria (male snort call
rate, neck collar symmetry and displays). Habitat quality and resources within male
territories are variable, and evidence suggests that these determine male settlement,
although existing evidence does not support a decisive role of resources in mate
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choice. Evidence on sperm competition in little bustard is scarce and contradictory.
The apparently long time elapsing between matings and laying would allow for
potential cryptic female choice through sperm competition, but the apparently low
rate of copulation suggests that sperm competition may not be intense in little
bustards. Decoy experiments and observations suggest that male and female little
bustard behaviours (displays, behaviour during captures) are variable but consistent
within individuals and may define individual personalities. These aspects of little
bustard behaviour, and their relevance for conservation, require further research.
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Introduction

The distribution of species at different temporal and spatial scales is partly governed
by the physical characteristics of the environment (Pearson and Dawson 2003; Chen
et al. 2011). However, organisms do not live in isolation. They interact with
individuals of other species in many different ways, for instance, impeding the use
of resources or facilitating the establishment of new species by modifying environ-
mental conditions (Martin and Martin 2001; Ellis et al. 2011). Biotic interactions are
ubiquitous and therefore are a crucial force shaping population dynamics and
community structure (Ellis et al. 2011; Martinez-Padilla et al. 2014). The effects
of biotic interactions are not only restricted at local scales or ecological times
(Pearson and Dawson 2003); indeed they can scale up and influence the presence
or abundance of species at broader scales and induce evolutionary change (Grant and
Grant 2006; Heikkinen et al. 2007). Despite the great influence of biotic interactions
at shaping species distributions, this topic remains largely unexplored for the little
bustard compared to other ecological aspects of the species, such as its habitat
preferences.
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The present chapter describes the existing knowledge about the interactions
established between the little bustard and other species and the potential implications
for its conservation. It begins by introducing the scarce available information on
predation and parasitism, two types of biotic interaction that may negatively affect
the little bustard’s population dynamics. We summarize the potential predators and
parasites studies to date and how they can impact the species at individual and
population levels. Next, we focus on competitive interactions, in particular with the
co-occurring great bustard (Ofis tarda), the effects on density-dependent habitat
selection and ecological niche, and how competition can affect the conservation of
the little bustard. Finally, we provide details on the formation of mixed flocks with a
sympatric steppe bird species and the potential anti-predator benefits obtained by this
association.

Predation

The prominent role of predator-prey interactions in population, community, and
evolutionary ecology has been extensively described in the literature. The predator
obtains energy by consuming all or part of another organism, the prey (Begon et al.
2006). Predation exerts an evident and direct negative effect on the prey
(i.e. mortality), but there are many other indirect effects associated with predation
risk—such as energy investment in anti-predator behaviours, changes in habitat use,
reduced foraging in favour of vigilance, movements towards safe but low-quality
areas—that may reduce growth, reproduction, or even survival (Creel and
Christianson 2008). The impacts of predation go beyond population levels and
scale up to community structure. For instance, a predator can regulate competitive
interactions between different prey (Chase et al. 2002), and particularly intriguing is
the role of top predators on trophic cascades that control the abundance patterns
across levels in a food web (Pace et al. 1999; Ripple et al. 2014). However, little is
known about the role of predation in the little bustard’s population dynamics. This
section summarizes the information available in the literature.

Predation Rates and Types

Most predatory events documented in the literature correspond with rough analyses
of marks on isolated carcasses or observations of unsuccessful predatory attacks.
However, very recent studies directly addressing the effects of predators on little
bustard populations have yielded novel insights. Predation appears as a major cause
of natural mortality in the little bustard (Schulz 1985; Marcelino et al. 2017).
Marcelino et al. (2017) estimated that predation causes around 8% of adult annual
deaths in Iberian populations. They recorded data from 151 radio-tracked birds over
more than a decade throughout the southwest, central, and northeast regions of the
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Fig. 1 The relative 2 -
incidence of different
predators on the mortality of
little bustard adults across
several Iberian populations
[Undet refers to predation
events for which the
predator type could not be
determined; after data
provided by Marcelino et al.
(2017)]
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Iberian Peninsula. From a total of 82 dead birds, 26% of radio-tracked adults were
killed by predators against 18% of birds that died due to anthropogenic causes, such
as collision with powerlines or illegal hunting (Fig. 1).

Beyond the sporadic records described in the literature (see Table 1 for a review
on predation events published), they showed for the first time that the main predators
of the little bustard in Iberian populations are birds of prey, secondarily mammals
(55.6% and 38.9% of predation events respectively) (Marcelino et al. 2017). How-
ever, these numbers are likely to vary depending on the particular predator commu-
nity coexisting with little bustards. For instance, 90% of little bustard carcasses
observed in Azerbaijan seem to be predated by mammals (Gauger 2007). Among
them, the red fox (Vulpes vulpes) appears as a key predator for little bustards.
Verestchagin (1940) found evidence of little bustard remains in the stomach content
of eight foxes shot in the Shirvan steppe (Azerbaijan). The role of red foxes as
predators affecting the dynamics of little bustard populations has not yet been
studied in Western Europe, but recent evidence suggests that this predator may
influence the distribution of the species. Hunting estates in central Spain where fox
control (legal culling of red foxes) is applied more intensively have a higher
abundance of little and great bustards than hunting estates where fox control is
less intense (Estrada et al. 2015), although additional studies confirming these
positive trends are required to clarify how predation by red foxes influences popu-
lation dynamics of the little bustard.

Differential predation risk to males, females, and juveniles may critically impact
the population dynamics of a species (Newton 1998). This could be particularly
relevant in the case of the little bustard, as many of their populations in Western
Europe are currently biased toward males (Inchausti and Bretagnolle 2005; Morales
et al. 2005a, 2015; but see Silva et al. 2014). If predation pressure is higher for
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Table 1 Predatory events on little bustards recorded in the literature or provided by observers

Species

Observation

References

Eagle owl (Bubo
bubo)

Adult remains in the nest of an eagle owl in Por-
tugal (found by the photographer M. D. England)

Ferguson-Lees
(1967)

Spanish imperial
eagle (Aquila
adalberti)

Predated adult found in the nest of an imperial
eagle in Dofiana (Spain)

Valverde (1967)

Booted eagle
(Hieraatus pennatus)

Juvenile remains in nest in Central Spain

Garzon (1974)

Egyptian vulture
(Neophron
percnopterus)

Adult remains in nest in Central Spain (probably
scavenging)

Garzén (1974)

Eagle owl

Hellmich (1984)

Spanish imperial
eagle

Predatory attacks and used as a food resource for
chicks in Central Spain

Veiga (1985)

Montagu’s har-
rier (Circus
pygargus)

Remains of eggs found in Montagu’s harrier’s
pellets and nests.

Corbacho et al.
(2005)

Hen harrier (Circus Unsuccessful hunting attempts on little bustards Gauger (2007)
cyaneus)

Peregrine falcon Hunting attempts Gauger (2007)
(Falco peregrinus)

Eastern imperial Hunting attempts Gauger (2007)

eagle (Aquila heliaca)

Spanish imperial
eagle

Successful predatory attack in Central Spain

J. Martinez-Padilla
(pers. obs.) (2003)

Red fox (Vulpes Remains of little bustards in red foxes’ stomachs

vulpes)

Verestchagin
(1940)

females than for males, then predation would create an unbalanced sex-ratio and
could jeopardize the species’ recovery. Unfortunately, no studies have analysed this
important issue for the conservation of the species, and additional research is
urgently required to elucidate the factors underlying the extremely low abundance
of little bustard females in Western Europe (see chapter “Little bustard population
dynamics”).

Low productivity values, like low female abundance, seem to be rather the norm
in most Iberian populations (Lapiedra et al. 2011; Tarjuelo et al. 2013). Factors
associated with agricultural intensification are among the major causes underlying
productivity declines (Lapiedra et al. 2011; Bretagnolle et al. 2011), but the potential
effects of predation on nest and chick survival are largely unstudied. Predation seems
to be responsible for a minimum of 42.8% of nest failures in a population located in
the Lleida Plains, Catalonia (Lapiedra et al. 2011). Predation rate on clutches was,
however, below 8% in Western France (N = 67 nests; Bretagnolle et al. 2018), and
there was little predation on chicks in the same study. Indeed, studies in Western
France provided only anecdotal evidence of active predation of chicks by mammals.
However, on post-gathering flocks (August—October), predation of fledglings
(in particular released birds; see chapter “Captive breeding, handling and care, and
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the impact of releases on wild populations”) by domestic cats (Felis silvestris catus)
and foxes seems to be rather high (e.g. about half of the fledglings were predated by
mammals in 2017; V. Bretagnolle, pers. obs.). Another study conducted by
Corbacho et al. (2005) also indicates that Montagu’s harrier (Circus pygargus)
predates little bustard nests, consuming the eggs (9.7% of total biomass found in
food remains and pellets). Opportunistic mammals, like red foxes, feral dogs (Canis
lupus familiaris) and cats, may exert high predation pressure on the nests of this
ground nesting species, as in other steppe birds (Sudrez et al. 1993; De Borbén et al.
1999b; Calero-Riestra et al. 2013).

Anti-predator Behaviours

The evolution of anti-predator behaviours and other phenotypic adaptations allow
individuals to cope with potential predators (Begon et al. 2006). The little bustard
has a cryptic plumage that, as in many other steppe species, reduces its conspicu-
ousness in order to avoid predators in an open landscape with few secure shelters
(De Juana 2005). The cryptic coloration consists in vermiculated sandy-brown
upperparts, white underparts and black tips in the wings, a pattern that resembles
the colour of those substrates occupied by the species (Cramp and Simmons 1980).
The little bustard also displays behaviours against predators, although this is an issue
poorly explored from an ecological and evolutionary perspective. Little bustards are
gregarious during winter, with adults and juveniles congregating in large flocks that
dilute individual predation risk (Garcia de la Morena 2015). During the breeding
season, however, adults are solitary and may avoid a predator simply by flying up or
running into areas of dense vegetation (Cramp and Simmons 1980). Nesting females
show different anti-predator behaviours to divert predators’ attention from nests or
chicks. For instance, they move a short distance from the nest before flying away and
show distraction behaviours or a special shock display, similar to that of the great
bustard, in which the bird ducks, raising and fanning its tail, shaking its wings, and
pointing the bill at the source of the threat (Cramp and Simmons 1980). Females
with chicks also make rushes with the head lowered at potential predators (Cramp
and Simmons 1980). Other anti-predator behaviours displayed by little bustards
from very early stages include jumps, mid-air twists, and zigzag runs (Cramp and
Simmons 1980).

Predators also shape species’ habitat selection (Morris 2003; Creel et al. 2005)
(for a detailed description of which, see chapter “Habitat selection and space use”).
The preference of little bustards for flat areas (Tarjuelo et al. 2014) and for semi-
permanent vegetation types of a certain height, such as fallows, pastures, and short
shrubs (e.g. Morales et al. 2005b; Delgado et al. 2010; Faria et al. 2012), may have
evolved to facilitate the detection and avoidance of predators. The vegetation height
of the little bustard’s most preferred habitats enables birds to survey their surround-
ings and detect the approach of aerial or terrestrial predators. Likewise, the selection
of flat areas offers higher visibility to monitor larger proportions of the terrain.
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Interestingly, the segregation between breeding males and females at the micro-
habitat scale may reflect a different trade-off between concealment and food acqui-
sition, with males and females displaying different strategies against predation risk
(Morales et al. 2008). During the breeding season, males perform their sexual
display within their territories to signal individual quality to potential mates and
other competing males. The reproductive success of males in a species without male
parental care depends on the number of successful mating events attained (see, for
example Kruijt and de Vos 1988), which is directly linked to the quality of the sexual
display (Morales et al. 2003; Jiguet and Bretagnolle 2014). This energy-consuming
activity may push little bustard males to establish their territories in sites not only
containing a great abundance of food resources (Morales et al. 2008; Traba et al.
2008) but also ensuring their visibility over considerable distances, at the cost of
increased predation risk (Morales et al. 2008). In contrast, female reproductive
success relies on offspring survival (Clutton-Brock 1988). Little bustard females
trade-off the search for food and the need for cover against predators (Morales et al.
2008; Traba et al. 2015). They use patches of dense high vegetation that constitute
good nesting sites but allow to evaluate the quality of potential mates (Morales et al.
2008, 2013; Lapiedra et al. 2011; Traba et al. 2015).

Little Bustard as a Predator

Little bustard adults are mainly herbivorous, but they also incorporate arthropods
into their diet during the breeding season (Cramp and Simmons 1980), although in a
very low proportion, around 2% of faeces content (Jiguet 2002). The proportion of
arthropods in diet, however, seems to be higher when using metabarcoding analyses
(Cabodevilla 2021). Most of the arthropods taken by nesting females are used to feed
their chicks, which are also able to capture their own prey from their fifth day (Cramp
and Simmons 1980). Chicks only consume this food resource during the first
3 weeks (Cramp and Simmons 1980; Jiguet 2002). According to Jiguet (2002),
Coleoptera is the order most represented in the little bustard’s diet, of both adults and
juveniles (more than 56% of the total number of arthropods present in faeces).
Dermaptera and Orthoptera are also common prey (around 20% and 10% of the
total number of arthropods found in faeces, respectively). During the summer, the
proportion of Orthoptera found in faeces increases (13% of the total number of
arthropods), coinciding with the peak of the abundance of this arthropod group in
regions of southwestern Europe (Badenhausser et al. 2009). There are very few
studies investigating chick diet: however, based on focal observations, as well as
some studies carried out in captive breeding flocks, there is strong evidence that
chicks feed almost exclusively on insects, particularly grasshoppers (genus
Cortypus, Eucortypus, and Calliptamus). In captivity, chicks can feed on 200 grass-
hoppers per day, the grasshopper size depending on chick age (larger items at later
age; V. Bretagnolle, pers. obs.). Species of Hymenoptera are also present in little
bustard faeces (8% of total arthropods found in faeces during winter), but they
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remain almost intact, indicating that they are a poorly digestible food resource for the
little bustard, and hence of extremely low quality. Jiguet (2002) also found that little
bustard eats arachnids (Opiliones and Araneidae), Lepidoptera, Heteroptera and
Diptera, but these groups represented less than 5% of the arthropod number detected
in faeces. The sporadic consumption of small vertebrates (small frogs, field voles)
has also been reported (Cramp and Simmons 1980; but see below).

Parasites

Parasitism also plays a key role in host population and community dynamics. As in
predation, the parasite obtains benefits because it extracts energetic resources from
its host or uses it as a habitat for survival and reproduction (Begon et al. 2006). When
parasite abundance exceeds the load supported by the host, the host may suffer a loss
of body condition that can alter its behaviour, reduce opportunities for reproduction
or offspring survival, and eventually result in death. These effects may scale up and
greatly affect population dynamics and even community processes by, for instance,
changing the functional role of the host within the community (McCallum and
Dobson 1995; Poulin 1999; Hudson et al. 2006). Despite the diverse impacts of
parasites on population regulation, our knowledge of parasitic diseases affecting the
little bustard and how they impact individual conditions and population-level pro-
cesses is almost non-existent. Only two published studies document infection events
in little bustards by two different parasite species (Lopez-Neyra 1944; Villanua et al.
2007).

The first parasite ever described for the little bustard is the cestode Hispaniolepis
villosa (Lépez-Neyra 1944). This parasite has been found in the intestine of little
bustards but also in the guts of great bustards (Lépez-Neyra 1944). The second
parasite reported in the literature is Eucoleus contortus, a capillarid nematode that
typically parasitizes regions of the gastrointestinal tract in bird species (Yabsley
2008). This nematode was reported for the first time in the corpse of a little bustard
male that died during his capture in winter in central Spain (Villanda et al. 2007).
The autopsy revealed five adults—three males and two females—of this parasite
within the bird’s crop. This infected bird was close to a hunting estate on which 8%
of widely released farm-reared red-legged partridges (Alectoris rufa) carried
E. contortus. This capillarid nematode was detected in partridges only on hunting
estates where farm-bred juveniles were released (Villanda et al. 2008), and seems to
be almost exclusive to farm-reared individuals (Millan et al. 2004). Villanta and
collaborators suggested that the most plausible cause of this condition in the little
bustard was a heterospecific transmission from the red-legged partridge (Villanda
et al. 2007), a very likely scenario given the broad range of hosts of E. contortus,
which has been found in at least nine orders of birds (Yabsley 2008).

These findings are clearly relevant to the ecology and conservation of the
declining little bustard because this parasite may affect the host’s body condition
(Bosch et al. 2000), induce severe pathologies (Cruz et al. 2016), and increase
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predation risk for its host (Millan et al. 2002). The infected little bustard presented a
28% poorer body condition, measured as weight over cube tarsus length, than the
other 15 birds captured during the same winter (Villanda et al. 2007). However,
direct links between parasite presence and weakened body condition remain to be
demonstrated.

The case of E. contortus transmission to a wild bird focuses attention on the
absence of information on the parasitic community of this and other threatened
species. Further understanding of the parasite burdens of little bustard populations
and how they affect survival and reproductive success are needed in order to gain a
clear understanding of the biotic threats impacting little bustard populations.

Interspecific Competition

In natural communities, ecologically or phylogenetically closely related species may
engage in competition if they share limited resources (Begon et al. 2006). Interspe-
cific competition may affect the abundance of the species involved, their spatial and
temporal distributions, and drive evolutionary change (Ziv et al. 1993; Adams 2004;
Cooper et al. 2007). The community of birds co-occurring with the little bustard in
natural or anthropogenic landscapes such as extensive cereal croplands in Europe is
diverse and belongs to several families and genera (De Juana 2005). Some species
are not confined to steppe-like environments, while others are tightly linked to these
kinds of landscapes, as so-called “steppe birds.” Different species from these
families have evolved particular adaptations to survive in steppe-like landscapes,
including cryptic plumage, ground nesting, and short incubation and fledgling
periods (De Juana 2005). Steppe-like landscapes are characterized by their low
productivity and the lack of secure sites for nesting, so that organisms inhabiting
them are likely to experience sparse availability of critical resources like food or safe
nesting sites. Therefore, the competition must have occurred in the past between
steppe bird species sharing similar ecological requirements, and especially between
closely related ones, playing a major role in biodiversity maintenance in these bird
communities by, for instance, favouring the differentiation of their breeding phenol-
ogies, habitat preferences, or diet (Morales et al. 2006; Benitez-L6pez et al. 2014,
2017; Tarjuelo et al. 2017a, b).

Under current processes of global change, many populations may lose their
ecological equilibrium due to habitat alteration or destruction (Auer and Martin
2013) and thereby affect the stable coexistence with competitors. Farmlands in
Western Europe, where the little bustard maintains a high proportion (chapter
“Natural history of the little bustard: morphology, biometry, diet, sexual dimor-
phism, and social and breeding behaviour”) of its global breeding population, have
undergone important changes in the structure and dynamics of habitats due to
agricultural intensification since the middle of the last century (Robinson and
Sutherland 2002; Benton et al. 2003), resulting in an overall decrease in food
resources, nesting sites, or good quality territories for little bustard males
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Fig. 2 Temporal variation in population index (%) for the little (solid line) and great bustards
(dashed line) calculated with TRIM (Pannekoek and Van Strien 2005) from data from the Spanish
common bird monitoring programme (SACRE) conducted during the breeding season from 1998 to
2016. Dotted line indicates no variation in population numbers from the first year of surveys in 1998
[Based on data provided by SEO/BirdLife (2012) and updates]

(Bretagnolle et al. 2011; Morales et al. 2013) (see chapter ‘“Habitat selection and
space use”). This reduced availability of shared resources may intensify competitive
interactions with other steppe bird species, which can be resolved by density-
dependent habitat selection (Morris 2003).

Although two studies have explicitly explored the effects of intraspecific compe-
tition on habitat selection by little bustards (Delgado et al. 2010; Morales et al.
2014), the role of interspecific competition on population regulation of this species
remains mostly unknown. To date, only three studies have directly investigated the
existence of competition between the little bustard and a closely related species, the
great bustard (Shlyakhtin et al. 2004; Tarjuelo et al. 2017a, b). Both species are
members of the Otididae family and coexist in many regions across their geographic
distribution (Del Hoyo and Collar 2014). Both species inhabit mainly open grass-
lands and extensive cereal croplands in Western Europe, which account for a large
proportion of their global breeding population (Cramp and Simmons 1980) and most
conservation efforts to aid in their recovery (see chapter “Little bustard and humans:
conservation and management”). Over the twentieth century, populations of little
bustard and great bustard have declined abruptly, and nowadays are classified as
“Near Threatened” and ‘“Vulnerable” respectively, according to TUCN criteria
(IUCN 2016). Monitoring programmes in Spain suggest a recovery in the great
bustard’s populations over recent years (results from SACRE program, SEO/Bird-
Life-MAPAMA, Spain), probably owing to targeted conservation policies, whereas
the little bustard maintains its declining trends (see chapter “The little bustard around
the world: distribution, global conservation status, threats and population trends”;
Fig. 2).
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Although both species occupy the same landscapes at the regional scale, studies
of habitat selection during the breeding season indicate different preferences at the
landscape scale (Lane et al. 1999; Morales et al. 2006; Delgado et al. 2010). The little
bustard shows a more specialized habitat selection, using preferentially semi-
permanent habitats with a low height and dense vegetation structure like fallows
of different ages, legume crops, pastures, and short shrubs (Salamolard and Moreau
1999; Morales et al. 2005b; Garcia et al. 2007). In contrast, the great bustard behaves
as a generalist with no clear preferences for particular agrarian substrates (Lane et al.
2001; Morales et al. 2006; Tarjuelo et al. 2017b). Although great bustards are
frequently observed using mostly cereals, their habitat use depends more on the
particular landscape configuration and the availability of different habitats within the
landscape (Lopez-Jamar et al. 2011; Tarjuelo et al. 2014). However, this segregation
of their habitat preferences does not prevent current competitive interactions
between the two species. Two recent studies address the existence and effects of
competition between little bustard males and great bustards in dry cereal croplands
during the breeding season by evaluating changes in their habitat use.

Theories of habitat selection assume that stable coexistence occurs when com-
petitors spatially segregate in their preferred habitats (Rosenzweig 1981; Morris
1988). However, competitors can coexist by adjusting the use of their preferred
habitat in a density-dependent manner (Morris 1999). Tarjuelo et al. (2017b)
addressed the existence of interspecific competition between little bustard males
and great bustards by using habitat isodars, the set of densities in occupied habitats
such that an individual’s expected fitness is equal in each habitat (Morris 1987).
These authors found that the little and the great bustard compete in an asymmetric
manner: the little bustard’s habitat use is altered by the abundance of great bustards,
whereas great bustards do not change their habitat use in the presence of the little
bustard. Interspecific competition is not widespread and only occurs in cereals, a
suboptimal habitat for the little bustard (see chapter “Habitat selection and space
use”), and apparently by both exploitation and interference. As the density of great
bustards increases in this habitat, little bustards progressively abandon it and con-
centrate in fallows, natural vegetation, and legume crops, their preferred habitats
(Fig. 3). The presence of great bustard leks or great bustard nesting females may
reduce opportunities for little bustard males to establish territories, not only because
the space is already occupied but also because the chance of encounters decreases the
attractiveness of cereals as male display sites (Tarjuelo et al. 2017b).

Another study further explored the potential effects of intra- and interspecific
competition (with great bustard) on the little bustard’s ecological niche (Tarjuelo
et al. 2017a). They found that the degree of niche overlap with great bustard did not
correlate with the density of competitors (Tarjuelo et al. 2017a). This result appar-
ently contradicts classic competition theory that predicts a decrease in niche overlap
as the intensity of competition rises (Pianka 1974). The authors argued that this
result could be due to unresolved competition between the species.

Tarjuelo et al. (2017a) also investigated how the habitat niche of little bustard
males varies between sympatry and allopatry with great bustard and whether niche
shifts are density-dependent. The little bustard’s niche breadth tended to be wider in
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Fig. 3 Multispecies isodar for male little bustards considering fallows as the preferred habitat and
cereals as the secondary habitat choice. The isodar is the set of join densities in two habitats such
that individuals’ expected fitness is equal in each (Morris 1987). The regression model is displayed
with significant (p < 0.05) coefficients in bold type. The model shows a positive effect of great
bustard density in cereals on the little bustard’s habitat selection (point size reflects the density of the
great bustards in this habitat). As great bustard density increases in cereals, little bustards use a
greater proportion of fallows. The negative slope of the isodar points to additional competitive
effects with great bustard due to interference (modified from Tarjuelo et al. 2017b)

sympatry than in allopatry, although this result was only marginally significant. In
addition, the little bustard niche also shifted toward increased use of natural vege-
tation when in sympatry. Interspecific competition may restrict the use of those
particular habitats where competition occurs (i.e. cereal crops), displacing little
bustards toward one of their most preferred habitats, natural vegetation
(e.g. Delgado et al. 2010), which could be close to saturation levels. However, the
increased use of the species’ preferred habitat may intensify processes of intraspe-
cific competition. In order to mitigate increased levels of intraspecific competition in
the preferred habitat, some birds may occupy low-quality habitats that otherwise
would be avoided.

Although the little bustard’s niche breadth tended to be narrower in allopatry than
in sympatry, the authors also found that niche breadth varies in a density-dependent
manner with the density of great bustards (Tarjuelo et al. 2017a). Niche breadth
decreases with the increased density of great bustards in regions where both species
occur. Little bustards seem to reduce the proportional use of shared habitats where
they compete for resources with great bustards because the increased presence of the
latter progressively limits their capacity to exploit resources.
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These patterns of density-dependent habitat selection are clearly relevant for the
conservation of little bustards, given that one of its key habitats, fallows, has been
greatly reduced due to agricultural intensification (see chapters “Habitat selection
and space use” and “Threats affecting little bustards: human impacts”) and the
populations of its competitor, the great bustard, have been steadily increasing in
recent years (SEO/BirdLife 2012; Fig. 2). The lack of little bustard breeding
territories of high quality caused by the decrease of fallow fields may intensify
intraspecific competition, which can be mitigated by increased use of cereals
(Tarjuelo et al. 2017b). However, in regions where great bustard density is also
high, interspecific competition may prevent the exploitation of cereal habitats by
little bustards, forcing them to occupy the scarce fallow fields and suboptimal
habitats like ploughed lands (Tarjuelo et al. 2017a, b). Little bustard’s reproductive
success may thus be compromised, which could eventually translate into further
population declines.

These studies provide insight into the effects of interspecific competition on little
bustard males, but nothing is known about how competition, either intra- or inter-
specific, could affect females’ ecology. The secretive behaviour of females imposes
a major constraint on robust scientific research, but it is crucial to face this challenge
to improve conservation strategies that can reverse the current negative trends,
particularly if we take into account the importance of female reproductive success
for the population viability (Morales et al. 2005a).

Competition between these two bustard species may also occur at a finer scale.
Both are mainly herbivorous but consume arthropods during the breeding season,
especially their chicks (Cramp and Simmons 1980; Lane et al. 1999; Jiguet 2002;
Bravo et al. 2012). Shlyakhtin et al. (2004) evaluated dietary segregation between
little and great bustards by analysing the content of faecal samples collected in
regions where both species exist, finding only slight differences in their diet.
Although the proportion of plants in faeces was greater in the little bustard (90%)
than in the great bustard (75%) during the mating period, the lack of statistical
significance prevented the authors from identifying a clear trophic segregation.
Interestingly, the two species differed in the type of insect they capture. The great
bustard preys on bigger insects than the little bustard and the presence of vertebrates
such as lizards and voles in the diet has been confirmed in the great bustard but not in
the little bustard (Lane et al. 1999; Shlyakhtin et al. 2004). Future studies should
clarify whether interspecific competition for food occurs and the potential role of diet
segregation mediating the coexistence of these bustard species.

Another coexisting species that deserves further attention in relation to competi-
tion with the little bustard is the red-legged partridge. This latter is widely distributed
in the Iberian Peninsula, largely overlapping with little bustard distribution (Del
Hoyo and Collar 2014) and reaching high densities in the extensive cereal farmlands
also occupied by the little bustard (Carrascal and Palomino 2008). However, we still
do not know whether interspecific competition may be operating between them, but
it is certainly a real possibility due to their similar body size and use of similar
habitats and food resources in Mediterranean farmlands (Morales and Traba 2009;
Traba et al. 2015).
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Other Interactions

Not all is conflict in nature, and positive interactions in which all interacting parts
obtain benefits are widespread and crucial for the well-being of communities (Bruno
et al. 2003). Reduced predation risk, use of cues, or creation of favourable environ-
ments (exploitation of resources not previously available) are only a few examples of
how organisms can benefit by interacting with other species. To date, two studies
conducted by Martin et al. (2010) and Garcia de la Morena (2015) directly addressed
the existence of positive interactions between the little bustard and the also threat-
ened pin-tailed sandgrouse (Pterocles alchata). The pin-tailed sandgrouse is a steppe
bird that inhabits farmlands and natural steppes and frequently co-occurs with the
little bustard. Mixed flocks formed by little bustards and pin-tailed sandgrouse are
common in cereal landscapes in the Iberian Peninsula and can concentrate several
hundreds of birds of both species (De Borbon et al. 1999a; Martin et al. 2010). The
formation of mixed flocks can produce several benefits related to foraging efficiency
and decreased predation risk (Greenberg 2000; Sridhar et al. 2009). Mixed flocks of
little bustard and pin-tailed sandgrouse can be found from October to March, but
their proportions, as well as their size, vary greatly between seasons (Martin et al.
2010). At the end of the breeding season, little bustards aggregate in flocks formed
by males, females, and juveniles (Garcia de la Morena 2015). However, it is during
the autumn and winter months when the association of little bustards and pin-tailed
sandgrouse is more frequent in dry cereal landscapes of central Spain (Martin et al.
2010). Wintering mixed flocks usually involve larger numbers than monospecific
flocks (Martin et al. 2010; Garcia de la Morena 2015). Moreover, mixed flocks
involve higher numbers of birds of each species than single-species flocks. By
gathering in mixed flocks, both little bustards and pin-tailed sandgrouse may obtain
anti-predator benefits because either more individuals are vigilant against potential
predators (Lima 1995) or individual predation risk diminishes (Hamilton 1971).
During winter, little bustards and pin-tailed sandgrouse in mixed flocks behave as
members of one group, coordinating activities like feeding or flying (Martin et al.
2010). Habitat selection differs in these mixed flocks but only for the sandgrouse,
which adopts the habitat use by little bustards and thus diversifies the spectrum of
habitats they can exploit, in particular those characterized by high vegetation (Martin
et al. 2010; Garcia de la Morena 2015). Vegetation height, body size, and predator-
avoidance strategy are factors highly related to the predation risk facing species
living in open landscapes (Whittingham and Evans 2004; Butler et al. 2005).
Habitats with high vegetation may provide more food but hinder the early detection
of predators. On the other hand, they provide shelter for species capable of efficiently
scanning the surroundings (Butler et al. 2005). Pin-tailed sandgrouse in mixed flocks
are able to occupy high vegetation they would otherwise avoid because they can take
advantage of the superior abilities of longer-necked, longer-legged little bustards to
detect aerial and terrestrial predators. For instance, pin-tailed sandgrouse preferen-
tially forage in stubbles when associating with little bustards, whereas they forego
this option in single-species flocks (Martin et al. 2010). The preferential use of this
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habitat by pin-tailed sandgrouse is apparently determined by the little bustard’s
habitat use during winter, which involves substrates of relatively tall vegetation
such as fallows, alfalfa, and stubble, which may provide shelter against predators
(Leitdo and Costa 2001; Silva et al. 2004; Garcia de la Morena 2015). Similarly, the
use of irrigated crops by pin-tailed sandgrouse almost exclusively occurs in mixed
flocks (Garcia de la Morena 2015).

The formation of mixed flocks by little bustards and pin-tailed sandgrouse seems
to provide asymmetrical benefits. These studies suggest that pin-tailed sandgrouse
encounter clear anti-predator and foraging benefits when associating with little
bustards. The benefits for the little bustard remain less clear, but they might be
related to reduced individual predation risk. Indeed, Tarjuelo et al. (2015) found that
after anthropogenic disturbance events, the proportion of little bustards being vigi-
lant decreases as flock size increases. Future studies should explore the role of
positive interactions with the pin-tailed sandgrouse and other species inhabiting
steppe landscapes. Nevertheless, increasing group size may also impose foraging
costs when competition for food exceeds anti-predator benefits (Clark and Mangel
1986; Sansom et al. 2008). The different diets of little bustards and pin-tailed
sandgrouse—the former feeding mainly on green plants during winter and the latter
mostly on seeds—may prevent competition for food resources and facilitate the
association between them.

Concluding Remarks

In summary, the role of biotic interactions in regulating little bustard population
dynamics remains one of the most unexplored issues in the ecology of this species.
Recent works shed some light on this topic, but future studies are needed to
determine the relative importance of different biotic interactions on population
dynamics to improve the design of conservation strategies for this declining species.
Competition has recently received increasing attention, and studies conclude that
little and great bustards compete asymmetrically. The little bustard changes its
habitat use in a density-dependent manner when in sympatry with great bustards.
Great bustards force the much smaller little bustards to abandon cereals, a secondary
habitat occupied to mitigate intraspecific competition, in favour of the species’
preferred habitats as fallows, natural vegetation, and legume crops. However, the
extent of these habitats has been reduced in recent years (Traba and Morales 2019),
and thus increased intraspecific competition may jeopardize the recovery of little
bustard populations. Predation seems to be the main cause of natural mortality for
the species, with raptors and opportunistic mammals being the most important
predators, at least for little bustard adults. Of particular interest is the role of red
foxes, a key predator on Asian steppes that deserves further attention in hunting
regions inhabited by little bustards because of the potential effects that may cause
hunting management practices such as predator control. Parasites may also play a
role in little bustard mortality. The presence of Eucoleus contortus in a corpse of a
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little bustard male with a poor body condition indicates the possibility that new
pathogens are being introduced into little bustard populations due to the release of
farm-reared red-legged partridges for hunting activities. Although positive interac-
tions are ubiquitous in nature, these remain to be confirmed between the little bustard
and co-occurring species. The formation of mixed flocks with the pin-tailed sand-
grouse could be understood as a mutualism in which the pin-tailed sandgrouse
obtains the major advantage (access to a food resource), whereas the little bustard
appears only to benefit by reduced individual predation risk.
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Captive Breeding, Handling and Care, )
and the Impact of Releases on Wild e
Populations

Carole Attié, Alicia Munoz, Oriane Chevasson, and Vincent Bretagnolle

Introduction

Many bustard species in general, and the western-Europe population of little bus-
tards in particular, are currently endangered and threatened with extinction. Among
the several conservation strategies that may be put in place to reverse documented
declines, captive breeding, reintroduction, or the reinforcement of local populations,
also called “supportive breeding” (Chargé et al. 2014), have been repeatedly tried in
various bustard species, including the little bustard. In this chapter, we review the
reasons why, as well as the way, captive breeding has been or might be successfully
carried out in this species.
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Reasons for Little Bustard Captive Breeding: The Case
of France

The little bustard was historically present in most agricultural plains in France, but its
population faced a major crash between the 1970s (with ¢.10,000 males: Yeatman
1976) and the 1990s (c.1300 males in 2000, i.e. an 87% decline: Jolivet and
Bretagnolle 2002). A particularly severe decline occurred in central-western France
(Poitou-Charentes region), from 6000 males in 1985 to only 250-300 males by 2000
(see chapter “The little bustard around the world: distribution, global conservation
status, threats and population trends”). A conservation plan was prepared for the
species in central-western France by LPO (French BirdLife partner), CNRS and
Ministry of Environment (DREAL Poitou-Charentes), and evaluated several alter-
native management interventions. Regulatory measures (e.g. nature reserves) for the
protection of habitats are ill-suited for cultivated plains, and a land-sparing strategy
was rejected (Bretagnolle et al. 2011). Therefore, agri-environmental measures
(AES), as a land-sharing strategy, were considered as the main if not the only tool
for implementing environmental restoration measures in favour of farmland birds.

However, AES measures are not only slow to apply because of their implemen-
tation mechanism, but they are also contractual in nature and cannot be imposed on
farmers (Bretagnolle et al. 2018). Their application requires negotiation with
farmers, and measures are only contracted for short time periods, usually, 5 years,
and they often change markedly between Common Agricultural Policy (CAP)
reforms. The little bustard in the centre-west lowlands of France is now largely
restricted to 10 Special Protection Areas (157,000 ha) where farmers can subscribe
to agri-environment measures. Such measures have proved effective in stopping the
decline: numbers have been more or less maintained between 2004 and 2018 thanks
to the implementation of the Natura 2000 network with ¢.10,000 ha of agri-
environment measures (Bretagnolle et al. 2011, 2018). But the decoupling of CAP
subsidies (2006), the abandonment of compulsory set-aside in order to facilitate the
deployment of energy crops (2007), the high prices of cereals (e.g. in 2009) and the
last CAP reform (2014) strongly limited the effectiveness of these measures. Thus,
despite four European and National Action Plans with two successive LIFE projects
in western France, the decline continues (300 males in 2009, 244 males in 2014,
Gendre et al. 2018), and little bustard populations still face a high risk of extinction
(Inchausti and Bretagnolle 2005). Another strategy was thus tested in the second
LIFE project (RENF TETRAX n ° LIFE0O4 NAT/FR/000091, 2004-2009):
reinforcing the little bustard’s migratory population by supportive breeding to
compensate for the lack of agri-environment measures, with the constitution of a
conservatory breeding stock (2009), the building of a breeding centre, and the
release of captive-raised fledglings into the wild.

Before any captive breeding programme is initiated, in particular when endan-
gered species or populations are involved, a careful examination of alternative
strategies is needed (see Dolman et al. 2015 for an evaluation of a possible captive
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breeding programme for the Indian great bustard A. nigriceps). A feasibility study on
the breeding of bustards in captivity was thus led in 2002 by LPO, CNRS, and the
Museum National d’Histoire Naturelle (MNHN), at the request of the French
Ministry of Environment. The purpose of this feasibility study was to show that
reinforcing populations of little bustards, in parallel with environmental manage-
ment measures, would be necessary to avoid the extinction of the species in French
farmlands. Population reinforcement was therefore not meant to replace or be done
at the expense of other conservation actions, but rather as a complement to accom-
pany them temporarily, as the total area under agri-environmental contracts was
insufficient to halt the decline and was obviously not improving the species’
conservation status. Simulation studies (Bretagnolle and Inchausti 2005; Inchausti
and Bretagnolle 2005; Bretagnolle et al. unpubl. report) showed that without rein-
forcement this ‘flagship’ species, the particular target of the NATURA 2000 desig-
nations, was paradoxically likely to disappear at the precise moment when these
designations came into force. The feasibility report indicated that the major cause of
the decline was a sharp decrease in female productivity due to the destruction of
nests during agricultural work and the high mortality of chicks due to lack of food
(productivity per female fluctuated between 0.3 and 0.5 chicks per year, i.e. less than
half the productivity required for population stability: Morales et al. 2005). Increas-
ing productivity was not achieved sufficiently by AES (e.g. Bretagnolle et al. 2018)
except locally in a few cases, so artificially increasing the production of chicks
within these populations through captive breeding and release of fledglings appeared
to be a promising solution. The study proposed both to take eggs from the wild,
rearing the chicks in order to supplement populations directly and to captive-breed
adult birds and release their offspring for the same purpose. This action was only
feasible if pursued within a policy of conservation, part of the national restoration
plan, and if adopted by the Ministry of Environment, following the opinion of the
National Council for the Protection of Nature (CNPN).

Captive Breeding of Bustards

Great Bustard

Between 1973 and 1981, in former East Germany, the systematic destruction of great
bustard nests during agricultural work motivated egg collecting from the wild in
order to rear chicks in captivity for later release. By 1982, nearly 500 eggs had been
artificially incubated, producing 190 juvenile birds which were released but with
unknown fate (Martin et al. 1996). Up to 2017, 1070 chicks had been reared at the
Buckow Nature Conservation Centre and released during 1980-2017, while adults
in captivity produced additional chicks that were later released (Langgemach 2008).
Hatching success of fertilized eggs improved from 64.7% in the 1980s to 79.9% in
2010-2017, as did the percentage of released birds from hatched eggs, 53.6% in the
1980s and 85.4% for 2010-2017. In addition, measures such as the prohibition of
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aircraft flights over core areas (2300 ha bought or leased in two SPAs) significantly
reduced disturbance and improved egg fecundity in the wild, from 74% in the 1980s
t0 93% by 2017. Correspondingly, the wild population increased from 55 to 283 indi-
viduals during 1995-2017 (https://www.tierpark-berlin.de/en/nature-and-species-
conservation/worldwide/great-bustard).

Similarly, in the 1980s in the former USSR, a number of eggs were taken from the
wild, e.g. 81 chicks were born in captivity at the Severtsov Institut (from the Russian
National Academy of Science) and subsequently released, but unfortunately again
without post-release monitoring (Martin et al. 1996). In total, between 1973 and
1994, over a thousand great bustard eggs were collected in conjunction with
agricultural work. The hatching rate was 57%, whereas the survival rate was 24%
(for a summary, see Martin et al. 1996).

In the UK, the great bustard became extinct in the nineteenth century, but in 2003
a reintroduction programme was established, with the Severtsov Institute providing
chicks between 2004 and 2012. In total, 428 eggs were collected in Russia, resulting
in 308 chicks (72% hatching success), of which 167 were released in the UK
(Burnside et al. 2012). After 2013 eggs were collected in Spain, with 33 juveniles
being released in 2014 (hatching success of 44/56) and 29 released in 2015. The last
bird was released in 2019. Despite changes in rearing and release strategies, initial
post-release survival remained consistently low, with only 11.3% of 167 bustards
surviving from release to 1 year post-release between 2004 and 2014 (Ashbrook
et al. 2016). The first reproduction in the wild occurred in 2007 on Salisbury Plain.
The objective of the project is to reach 100 adult bustards in the wild; in 2018, the
UK population of great bustard was around 75 individuals on Salisbury Plain, and by
2020, the total population is said to have reached 100 birds, with second-generation
breeding. However, survival of young birds after release remains the most difficult
issue, with failure mainly attributable to the lack of maternal guidance and protec-
tion: in the wild, chicks associate with their mother for 275-330 days, while the
captive-reared chicks are all released at 90 days (Martin et al. 1996). The future of
this reintroduced population, therefore, appeared uncertain (Ashbrook et al. 2016),
but in 2020, the adult population passed the threshold of self-sustainability, with
about 20 nests.

Captive breeding in great bustard first took place in East Berlin Zoo in 1970 with
four chicks (Ardamatskaya 1992). Twenty years later, Godollo University of Agri-
culture (Hungary), in collaboration with the Budapest Zoo, tried natural reproduction
in captivity. After several years of unsuccessful attempts, the use of artificial
insemination allowed four females to produce broods from 7.2 eggs on average
(Modlinger et al. 1998). In Spain, the Breeding Centre for Steppic Birds (a private
centre in Jerez de la Frontera) has successfully bred captive great bustards, also using
artificial insemination, as did, in 2017, the Centre for Wildlife Recovery and
Environmental Education ‘Los Hornos’ in Sierra de Fuentes (Céceres, Spain)
which obtained a chick from a pair reared in captivity. Overall, captive breeding in
great bustard is challenging, and reinforcement, supportive breeding or
reintroduction of populations in the wild has provided mixed results (Dolman
etal. 2015). For instance, the Pannonian population of great bustard seems to survive
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through in situ conservation efforts without the help from either captive breeding or
supportive breeding (Raab et al. 2010).

Houbara Bustard

In response to environmental degradation and excessive hunting pressure, by the
beginning of the 1980s, the resident houbara bustard population in Saudi Arabia was
on the verge of extinction. In 1986, captive breeding was launched at the National
Wildlife Research Centre (NWRC) in Taif (Saint Jalme et al. 1996). The original
stock consisted of eggs collected in Baluchistan (Pakistan) and Algeria (Saint-Jalme
and van Heezik 1996). In 1995, another captive breeding centre, the Emirates Centre
for Wildlife Propagation (ECWP) started in Morocco (Chargé et al. 2014). The
founder stock came from wild-caught birds provided by the NWRC from collecting
expeditions in Algeria in 1986 and 1987, their descendants born in Taif and
repatriated to Morocco, and eggs taken from Morocco (Chargé et al. 2014). At
these two centres, the hatching success of wild bird eggs was higher than 85%. An
artificial insemination programme was used to fertilize captive females, and as early
as 1993, 285 chicks were produced with fertility rates as high as 90% (e.g. van
Heezik et al. 2002). At ECWP, the first releases started in 2000 (Lesobre et al. 2010),
and after 6 years of the programme the production of chicks was around 1000 birds
per year, which rapidly increased wild populations. Currently, ¢.10,000 chicks are
produced yearly. These birds are primarily produced for hunting purposes and to
support an off-take of around 2000 birds per year (Bacon et al. 2019). The release of
thousands of fledglings each year in Morocco has not, however, translated into a
major increase in the wild population (L. Bacon, unpubl. PhD thesis).

In Saudi Arabia (though recognized as a different species now), the first bustards
resulting from the rearing of eggs collected in Baluchistan were reintroduced
successfully into a reserve in 1993 and 1994, and the first record of reproduction
in the wild was in 1995 (Gelinaud et al. 1997). However, the success of releases
heavily depends on founders learning anti-predator behaviour, whereas minimizing
contact with humans had no effect on survival after release (van Heezik et al. 1999).
Many other breeding centres have now been established, e.g. in 2007 by the
Emirates Bird Breeding Centre for Conservation (EBBCC) in Uzbekistan, and in
the UAE, where a resident breeding population once existed. There, since 2004, the
National Avian Research Centre (NARC) had released over 13,000 captive-bred
houbara by the end of 2016 in a network of protected areas (Azar et al. 2018). In the
latter case, it was found that group size at release and food availability in release sites
affected survival probability (Azar et al. 2016), although this may not be the case on
other life-history traits, such as fecundity parameters in released females (Bacon
et al. 2017). Whether resident houbara populations can be sustained by released birds
from captive breeding or whether releases can mitigate or compensate for hunting
mortality has been assessed (Burnside et al. 2017; Azar et al. 2018; Dolman et al.
2018). Such studies, however, concluded that supportive breeding to reinforce
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exploited populations over the long term is a high-risk strategy, so long as source-
sink dynamics operate between hunted and non-hunted areas (Hardouin et al. 2015).

Little Bustard

Captive breeding in the little bustard has been achieved in at least two places before
it started under the second French LIFE project. In Spain, in Jerez de la Frontera, a
small farm held at least two pairs and a group (1 male and 4 females) in covered
aviaries. Birds were habituated to captivity, and one of the two males displayed. The
two females produced on average eight eggs, and three chicks were reared in total
(pers. comm. of the owner). The four females kept in a group with the male never
laid eggs. The second case is the Centre for Biological Studies of Chizé (CEBC-
CNRS) in France, which successfully reared several chicks from abandoned,
destroyed nests during the first French LIFE Programme (1997-2001). In total
31 eggs from the Poitou-Charentes region, but also some from neighbouring regions,
were incubated at CEBC; all chicks raised were released at the post-breeding
gathering site of a wild bustard population in Poitou-Charentes; 78% of eggs brought
back to CEBC yielded fledglings. Based on this latter trial experience, and the
feasibility study, a decision was made to start a captive breeding programme in
Poitou-Charentes in 2002—-2003, and a second LIFE project was submitted to Europe
by LPO in 2004.

Buildings and Infrastructures for Little Bustard Captive
Breeding

Legal Aspects of Breeding Centres

A national exemption was established on 4 June 2010, by the Ministry of Environ-
ment, allowing the collection, transport, and keeping of bustards throughout the
Poitou-Charentes region. This was regularly updated and is still valid in 2020. All
birds kept in the various breeding centres have been the subject of Intra Community
Certificates (CIC) issued individually (i.e. for each bird or chick to be kept in the
captive breeding stock) by the competent authorities from the DREAL Poitou-
Charentes. Since 7 September 2011, by order of the Ministry of Environment,
LPO, and now the Zoodyssée Team were authorized to proceed with the release of
50-100 young bustards per year for the period 2010-2016, extended in 2017 to
2022. An “Arrété Prefectoral” provides the list of all sites where birds can be
released, as decided within the framework of the National Action Plan, and an ad
hoc scientific committee that was created in 2018 and which is directed by the
DREAL.
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Facilities at the Successive Breeding Centres

During the LIFE project (2005-2009), a first breeding centre was established (the
Sainte-Blandine breeding centre). It belonged to and was maintained by LPO. After
the end of the LIFE project, in 2009, a new structure was used, the breeding centre
for the preservation of farmland birds (CEPOP hereafter), a property of the Conseil
Général des Deux Sevres (CD79), based at Zoodyssée Centre, and financially and
logistically supported by the CD79, the DREAL Poitou-Charentes, and the Ministry
of Environment. CEPOP was still under the responsibility of LPO, however, but in
2014 LPO transferred this responsibility to CD79. Since 2006, another breeding
centre was used in the “La Haute Touche” Park, managed by MNHN. In 2012 the
very small breeding centre at CEBC-CNRS was closed, and the females were
transferred to CEPOP. Since 2014, therefore, only two breeding centres have been
maintained in France, Zoodyssée (former CEPOP) and La Haute Touche (MNHN).

In the first breeding centre (established 2005, Sainte-Blandine), facilities
consisted of 11 aviaries 20 x 6 m, an office, a breeding room for the chicks, an
insect farming room and a sheltered aviary 4 x 5 m. Transferred to Zoodyssée in
2010, the breeding centre was housed in a temporary structure (until 2014) com-
prising three rooms, a kitchen, an air-conditioned incubation room and office, a
breeding room, and a land of c.1 ha. At the same time, outdoor structures evolved
from 11 to 23 aviaries of 20 X 6 m, 7 aviaries 18 x 6 m and 2 aviaries 10 x 6 m. This
was completed by a small aviary of 2 x 5 m for the chicks. In 2015, the centre moved
again to its current site, a plot of 1 ha with a permanent building dedicated to the
incubating and rearing of small chicks. It consists of an incubation and hatching
room of 5 x 2.5 m, two breeding rooms for chicks (5 x S mand 4 X 5 m), a
farmhouse kitchen (4 x 5 m), a storage room for food and small equipment
(5 x 2.4 m), an office and desk facilities, and finally 17 outdoor aviaries for the
breeders and the young, of which 8 aviaries were split into two smaller ones (half-
size). Attached to the building is an outdoor aviary arranged for young chicks
(2 x 5 m, semi-covered with a hard structure and natural ground). In 2015, a hangar
was built to house an aviary (20 x 6 m), connected to 6 outdoors aviaries of
12 x 6 m, this being established to protect the birds during winter, even under
snow. Since 2017, therefore, 17 aviaries 12 x 6 m have been created, 8 being split
into two smaller ones, one aviary with a roof, and two isolated aviaries for late chick
rearing. In 2019, the floor of the outdoor aviary for young chicks was covered with a
geotextile with a new substrate each year to improve sanitary conditions and
preserve non-concrete soil for chicks.
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Eggs and Incubation

Origin of Eggs

Eggs can either be taken from the wild or come from captive breeding stock. Each of
these strategies has advantages and disadvantages. In 2002, when the decision was
made to have a breeding centre, an evaluation of whether eggs could be taken from
Spain was tested under a pilot study. Spain was chosen because, a priori, the number
of eggs available was potentially high, egg collection was facilitated by high little
bustard breeding density, and the impact on the source population would be low
given the Spanish population size. On the other hand, the complexity of the
international administrative procedures and the legislation in this area constituted a
serious obstacle. In addition, given that the Spanish population of little bustards is
largely sedentary (see chapter “Migration, movements and non-breeding ecology”),
there were risks in terms of migration and genetics since the reinforcement project
specified that the migratory behaviour of the western France population should be
absolutely preserved, as it is a biological trait specific to this population and likely
under selective pressure (Villers et al. 2010). Birds from Spain might not perform
winter migration or could be genetically too different from French bustards. A trial
was thus conducted in 2003, with seven eggs brought from Spain, incubated,
hatched, and raised in France. Five fledglings were released and fitted with GPS.
The result was that these birds actually did not migrate (Villers et al. 2010), so this
solution was discounted. In 2005 and 2006, five more eggs were collected, but
chicks were not released but were kept in the breeding stock (see the section below).

An alternative source population had to be considered targeting the Poitou-
Charentes region itself. The possibilities to collect eggs were indeed fewer and the
impact on the population potentially greater, but there was no risk in terms of
migration and genetics since it was the source population. There were two options
for the removal of eggs. The first was to collect whole clutches in order to induce
replacement laying, while the second was to collect only a part of the clutch to allow
the female to continue incubation. The latter option was preferred since very few
females were shown to fledge four or even three chicks successfully, most families
being one or sometimes two fledglings per female (Bretagnolle et al. 2011, 2018). It
would then be possible to take one or two eggs without affecting the status of wild
populations.

A third possibility consisted in having a breeding stock of females laying their
eggs in captivity. Although not mutually exclusive, the constitution of the captive
stock (a priority) would be to some extent at risk of compromise by the releasing of
captive-reared fledglings to the wild (for a detailed examination of the trade-off
between strategies, see Dolman et al. 2015). However, a decision was made to
establish this breeding stock, and three captive populations were available or con-
stituted in 2005: CEBC-CNRS (with 2-3 females only), La Haute Touche (MNHN,
with 3—10 females), and CEPOP (see section Composition for the number of females
in the breeding stock). The three centres produced a large number of eggs, with
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variable hatchability (see below, Table 1). We ended up mixing the second and third
strategies: for example in 2005 and 2006, of the 206 total eggs, 108 were collected in
the field (52.4%). The collection rate varied between sites and years (Table 1).
Between 2005 and 2008, an experiment was conducted to preserve the clutches in
the wild, in which eggs were removed from the nests when found, replaced by
dummy eggs (which were incubated by the female), while the real eggs were
incubated at the breeding centre. Fertile eggs were returned to the nests 24 h before
hatching. During the trial, of 49 eggs (8 in 2005, 15 in 2006, 18 in 2007 and 8 in
2008), only three were abandoned by the female.

Egg Laying by Captive Females

The breeding period in captive females is rather extended, although not necessarily
more than in the wild (see chapter “Breeding biology and demographic traits” and
Bretagnolle et al. 2018). Indeed, based on available data, females in captivity lay
their eggs at about the same time as wild ones since the extreme dates are almost
identical to those obtained in the wild (Bretagnolle et al. 2018). There were also
inter-annual differences in both the first laying date and span of the laying period
(Table 2). Little bustards of Spanish origin in the French breeding centers tended to
breed earlier than their French counterparts, by about 2 weeks, suggesting there may
be a genetic component in breeding phenology.

The average number of eggs produced per captive female was also quite variable
(Table 3). Care was taken to stop laying in females that had laid over ten eggs, in
order to avoid exhaustion. The maximum number of eggs laid by a female was 19 in
a single year and 55 in a lifespan.

Based on data collected from 2016 to 2019, there was weak evidence of
age-related breeding investment in females, since from 2 to 5-6 years of age, females
tended to increase their clutch investment, then it stabilized with a tendency to
decrease, though non-significantly, after 10 years (Fig. 1), in a possible senescence
pattern (Fig. 1a). There was also a weaker tendency for male age affecting female
clutch size, but male and female ages in aviaries were correlated.

There was, however, an extreme heterogeneity between females in the schedule
of laying, as shown below (Fig. 2).

The average volume of eggs from females in the captive stock is ¢.35.1 cm®,
i.e. about 3.0 cm’ less than wild eggs. More importantly, the average volume of eggs
produced by captive females has constantly been decreasing over the years (Fig. 3).
Egg volume was determined by measuring the length and width of eggs and using
the following equation: volume = length x (width)*> x 0.507/1000 (Hoyt 1979).
This negative trend highlights that the egg volume of captive females is smaller than
that of wild females and that this difference increases with age.
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Incubation Techniques and Parameters

Eggs are laid in the aviaries, usually in concealed nests, so the precise date of laying
is often unknown. Therefore, signs of females having laid (such as escaping from
males) are used to detect the start of laying, and then, daily or every 2 days,
inspections of aviaries are organized to collect eggs. After the first egg is laid,
aviaries are inspected every 48 h or every 3 days (since little bustard females lay
every 2 days); eggs are then removed from the aviaries and put into incubators. On
day 10 of incubation, eggs are candled to see if they have been fertilized.

At La Haute Touche, eggs were incubated in automatic turning Grumbach
incubators (chicks were later transferred to CEPOP). After disinfection and
weighing, eggs were placed in a “dry” incubator for 3 days. The incubation temper-
ature was 37.7 °C. In order to adjust the relative humidity of the incubators to an
average weight loss of 15% over the duration of the incubation, one of the incubators
was set for a relative humidity of 40% and the other to 50%. They were again
weighed on the third day, and, in relation to percent weight loss, they were either
kept in the same incubator or transferred to the wet incubator.

At CEPOP and then Zoodyssée, eggs were incubated in two Grumbach incuba-
tors with manual turning, and eggs were weighed every day to monitor weight loss
and regulate temperature and humidity in the incubator. Large eggs were incubated
at a higher temperature and a lower hygrometry than small eggs (T °C = 37.6
hygrometry = 40% vs. 37.5 and 50%) located in a ventilated and thermally stable
room. The eggs are moved to a manual hatcher as soon as they are pipped, or the
chicks’ calls are audible through the shell (T °C = 37.5, hygrometry = 60%).
Hatching usually occurs within 12 h of the eggs’ pipping. After this time, the chicks
are usually too weak to break the shell, and they die of exhaustion. In 2016
incubation parameters were set at 37.7 °C for all eggs, but in 2018 we changed the
parameters to delay slightly the hatching date, which appeared to be too early
(by c.1 day). Incubation temperature was reduced by only 0.1 and 0.2 °C, which
delayed the hatching date to the expected correct day (21st day). Only 32% of eggs
hatched at 21 days in 2016, 40% in 2017, 59% in 2018 and 67% in 2019, indicating
that correcting for incubation temperature achieved the desired effect. Since 2018 the
CO; level was also increased during the first 3 days of incubation because, in the
wild, eggs are exposed to limited aeration with, therefore, a relatively high level of
CO,. The limitation of the oxygen level at the beginning of the embryonic devel-
opment allows a better development of the chorioallantoic (vascular) membrane, the
lungs and the heart.
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Chicks and Chick Rearing

Hatching Rate and Hatching Failure

Hatching rates varied between centres and years; overall, hatching rates from eggs
laid by captive females varied between 33.3 and 66.7% (see values in Table 1),
which are low compared to eggs laid by wild females (see chapter “Breeding biology
and demographic traits”). The eggs laid in the CNRS breeding centre had a higher
hatching rate (65.4%), hence presumably higher fertilization rate, probably due to a
more stable environment with little stress and the same person caring for the birds
every day. Unfertilized eggs were removed from the incubators and systematically
autopsied. Eight eggs from the wild were also autopsied, and they all were fertile.
Between 2005 and 2019, 402 unhatched eggs were opened to check for embryo
presence: 43.0% were fertile. Unfertilized eggs accounted for 41.9% in 2017
(N = 186), 41.4% in 2018 (N = 87) and 37.3% in 2019 (N = 102). Fertilization
failure was possibly related to non-mating (no copulation), male sterility (either
temporary or complete) or some form of genetic incompatibility due to inbreeding.
Part of this might be accounted for by the senescence of both males and females from
the breeding stock, as shown for houbara bustard (Preston et al. 2015). Senescence
may also be at play in the little bustard. Indeed, the age of the birds from the breeding
stock has markedly increased over the last 10 years, because only very few birds of
wild origin joined the stock (see Table 4). Senescence is apparently quite strong in
houbara bustard, affecting not only hatching rate but also chick growth curves and
presumably survival; senescence is moreover detectable from the age of c.6 years
old, or even earlier in males (Preston et al. 2015).

Based on 2016-2018 data (N = 164), we found a significant relationship between
egg weight (at laying) and hatchling weight (Fig. 4), the former predicting the latter
with over 75% confidence. Hatchling weight is an important feature since it predicts
to some extent hatchling survival to fledging. In 2005-2015, the average weight at
birth was 27.0 g (N = 398) for the chicks which survived at least 3 months and 26.2 g
(N = 127) for those which did not. Using data from 2017 and 2018, an increase by
1 cm® in egg volume translates into 0.57 g increase in hatchling weight (0.41 g in
2018, 0.75 g in 2017). Using 2016-2019 data, we found that the hatchling weight of
surviving chicks was 23.9 g (N = 124) while that of hatchlings that later died was
229 g (N = 57); in addition, while egg volume did not predict hatching rate
(Estimate = —0.004, Chi® = 0.03, p = 0.87), hatchling weight did (estimate = 0.08,
Chi* = 4.43, p = 0.035). Hatching at the right age (21 days) also increases the
likelihood of survival. The hatchling survival rate is reduced by 5% if hatching
occurs 1 day earlier and by 30% if 2 days earlier.
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Fig. 4 Hatchling weight in relation to egg weight (all data from French captive breeding
programme, 2016-2019)

Conditions for Caring Chicks According to Age

Once hatched and dry, the chicks are marked with coloured felt (since 2017,
coloured elastic bands have been used), and placed in small equal-age groups of
2-5 (max 6), in individual boxes (I x w x h=1 x 0.60 x 0.40 m). Boxes are lined
with absorbent tissues. In the first 3 days, the chicks seek to snuggle together, and
they are placed under a small cover at night before turning off the lights; since 2016,
they have been placed next to an open washcloth. They are very sensitive to cooling
during this period, and it is therefore important to avoid water presence within the
box. Plastic carpets and grilled floors are also to be avoided, the first for reasons of
hygiene and the second for safety. Boxes are equipped with a removable mesh cover,
a heat lamp (35 °C) switched on 12 h/24 (24/24 for hatchlings), as well as, within the
same box, a cooler place (c.24 °C) so they can self-regulate their temperature. The
heat lamp is a UV lamp with a dose of about 150 UVA-B. The temperature is
maintained between 35 and 37 °C during the first week after hatching and then
regularly lowered during the second week until the lamp is removed when the chicks
are 15 days old. Artificial lighting runs from 7 am to 9 pm. When they are 3 days old,
chicks can stay outside when the air temperature allows it, but always with a heat
lamp. By days 7-10 the chicks need exercise and should be moved outside in a larger
enclosure, equipped with a shelter they can use during hot hours or in case of rain. At
that age, groups should preferably contain chicks of various ages, the oldest showing
the smallest how to feed themselves, for instance. Heating cannot be completely
removed at night (given the latitude of Poitou-Charentes). When chicks are 20 days
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old, they are grouped (10 maximum) in an outdoor aviary of 10 x 6 m and height
2-2.5 m, with food and water at will.

Depending on the expected fate of the chick (i.e. either released in the wild or kept
for the conservation centre), rearing differs quite dramatically. For birds scheduled
for release, care is taken to avoid human contact completely from day 15, up to
which time they have been held in wooden boxes. From 15 to 20 days old, they are
transferred to outdoor aviaries, which are quite isolated and far from the building.
Food is provided twice a day at this age. However, chicks are caught regularly
(i.e. every 2-3 weeks) to monitor their biometrics. The rarity of handling events,
coupled with the birds’ isolation from humans, cause any familiarity with humans to
disappear within a month, although only if chicks are reared in groups (chicks reared
alone to learn more slowly to fear man). Around 60-80 days old, bustard chicks can
be released into the natural environment and are usually placed in pre-release
aviaries installed in fields (see below). For birds scheduled to be kept in the rearing
centre, chicks are raised in boxes with transparent facades, they are handled before
each meal, and a daily “game” is played when they are in outdoor aviaries. From
2005 to 2015, we also tried to have the females not only laying but also incubating
their own eggs and rearing their chicks. Ten females successfully overcame the
stress of captivity. The hatchability was 70% (N = 40 eggs), and the females were
able to rear 19 youngsters.

Table 4 presents the fate of the chicks from hatching until they fledge, and they
are either released in the wild or kept in the captive breeding stock. Of 709 hatched
chicks, 496 (c.70%) survived until fledging, and 325 were released in the wild
(i.e. 46% of hatchlings), while 195 were incorporated into the captive stock (this
includes however many fledglings which could not be released because of injuries or
malformation, and which did not survive their first winter).

Food for the Chicks

The diet has been progressively developed since 1996 at the CEBC, then at the
CEPOP/Zoodyssée. This diet, mainly based on proteins, is supplemented by plants
(alfalfa and clover) and calcium. For 16 years, we almost continuously experimented
with combinations of food, with important constraints such as a diet being poor in
salt and not too rich in carbohydrates (e.g. cereals) in order to avoid kidney and liver
damage. Between 2006 and 2015 the birds were fed with insects, alfalfa and
commercial cat (Flatazor), and parrot pellets (Nutribird) were added in 2014 which
the chicks found very palatable. Until 2017 we provided the identical diet to chicks
and adults, only the proportions of different foods differed between them.

During the 24—72 h following hatching, the chicks are fed exclusively on locusts,
mealworms, and crickets, which are proportional in size to chick size. Insect heads
are removed (to avoid ingestion of chitin) and are presented using a pair of tweezers.
The chicks are stimulated frequently (i.e. one, up to five times per hour between 7 am
and 9 pm, 8 am-8 pm since 2017), but later, to teach them to feed themselves, the
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feedings are spaced every hour at 5 days old and then every 2 h from 4-6 days old.
Meals are progressively decreased from 10 to 4 meals with age. The birds are
weighed every morning before the first feeding. At each feeding, they are stimulated
by humans and food is distributed ad libitum in a dish. Under these conditions,
chicks begin to feed alone from the seventh—ninth day, although they must regularly
be encouraged for feeding four times a day until the age of 15, which allows
checking it is feeding normally. The quantities of insects required to rear a chick
are such (around 150-200 insects/day/chick) that it is necessary to find substitutes in
the form of hydrated granules. By the third day, the diet was diversified with cat
pellets, replaced since 2017 by a mixture of granules for pheasants and trout, plus
mealworms and green vegetation (clover, alfalfa). Since 2018 a new diet has been
specifically developed by WildNutrition for the little bustard, and these pellets are
given to the chicks from their second day (in small proportions) and increased with
age. Granules are made available to the chicks continuously, and insects are added.
The ratio pellets/insects is around 0.66/0.33. Vitamin and calcium supplementation
of Vitalos type is recommended. By the end of the first week, the insects are
gradually replaced by pellets, but insects are maintained in the diet at low rate. On
day 15, when transferred to outdoor aviaries, chicks feed alone. Alfalfa and grasses
have been planted in aviaries and can be consumed at will as soon as the birds move
into the outdoor aviary.

Problems Frequently Encountered During Chick Rearing

The main problems encountered during chick rearing include fractures (legs, wings),
illness, and several anatomical and physiological weaknesses. Fractures may occur
in a fairly large proportion of chicks in a given year (Table 5). From 2005-2019,
fractures mainly occurred at 30-50 days old and mainly concerned wings. However,
leg fractures have increased recently (since 2016), occurring at a younger age, on
average 25 days old (Table 5). Fractures appear to be of pathological origin (vitamin
D deficiency due to lack of UV exposure and/or poor phosphorus-calcium ratio
caused by ingested insects). Fractures often lead to the death of the chick, not as a
direct consequence but rather as a delayed effect (with euthanasia). A combination of
UV lamp use, appropriate food and outdoor exercise is the best way to prevent
fractures. In sunny years, even 1-day-old chicks should be put outside to sunbathe. If
this is not possible, sunlight should be substituted by UV lamps and exercise to
prevent bone weakness. The type of UV lamp is also important. Allowing chicks to
go outside as soon and as often as possible and using proper UV light has reduced the
number and proportion of fractures: 12 deaths in 2017 (22% of chicks born), one in
2018, and none in 2019 (despite 5 fractures). Recurrent disease (such as aspergillo-
sis, which occurred in 2010 and 2016) can be lowered with the introduction of strict
sanitary measures, such as complete sanitization of incubators and hatchers twice a
week, and the wearing of gloves when manipulating eggs or feeding small chicks,
etc. “Angel wings” may also occur in little bustard. This deformation of one or both
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Table 5 Types and frequency of problems encountered by chicks reared under the French captive
breeding programme 2004-2019

No. chicks Wing fracture Leg fracture % with problems No. dead
2004 9 1 0 11.1 0
2005 34 1 2 8.8 2
2006 58 0 0 0 0
2007 67 0 0 0 0
2008 76 4 0 53 3
2009 93 3 1 43 2
2010 45 13 3 35.6 4
2011 32 6 1 21.9 3
2012 25 7 0 28.0 0
2013 14 0 1 7.1 0
2014 40 4 0 10.0 0
2015 17 0 0 0 0
2016 34 6 6 26.0 0
2017 85 25 26 40.0 12
2018 34 7 14 38.0 1
2019 36 1 4 12.0 0

wings during growth is attributed to a diet too high in carbohydrates and proteins,
which is corrected by providing more green food. The weight of the growing flight
feathers stresses the muscles, causing twisting. The problem was regularly encoun-
tered in fat chicks that experience temperature or food stress. Young birds can easily
be treated in the early stages by binding the wing with a band-aid, but occasionally
birds with this problem can break the wing.

Releasing Fledglings

Starting with two chicks in 1997, the release protocol for young bustards has been
elaborated and improved from year to year (although further improvements can be
made). Fledglings are released when they reach adult size, which is attained between
days 50 and 60 (see also chapter “Breeding biology and demographic traits”),
although releasing birds at later age is also possible. At this age, they are able to
feed themselves and fly perfectly, but they, of course, need training before migration.
They were systematically ringed and banded with coloured two-legged rings (since
2018, colour rings have been replaced by alphanumeric rings) and, for a proportion
of them (depending on years), small VHF, GPS, or GPS-GSM transmitters. They are
transported in fully closed cardboard (to prevent injury and death) boxes to the post-
breeding flock site and are released at midday or in the morning. This hour was
preferred since nightfall or very early morning releases may favour flying, which is
to be avoided as they must remain in the group and be adopted by flocks of wild
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birds. Until 2018, pre-release aviaries were systematically used, identical to those
used at the breeding centre. Release aviaries were tunnel greenhouses 20 x 6 m, and
can accommodate at least 12—-15 young bustards (up to 20). To avoid any risk of
predation, each aviary was protected by an electric fence powered by a battery.
Young bustards were housed in aviaries for up to 10 days. Pre-release aviaries were
thought to improve familiarity with the release site, fixing them and allowing them to
have a landmark after the release. Pre-release aviaries were abandoned in 2018
following a very high rate of predation in 2017 during three releases sessions,
where a fox and several cats and dogs specialized in hunting released bustards
around aviaries.

Released individuals have usually been monitored daily until the departure in
migration, first of all, to check their location, survival, and fitness, but also their
capacities to feed in the wild as well as to join with the groups of wild birds. Released
birds were usually seen at the flocking site in flocks more than 40 days after release.
Causes of casualties include predation (the main cause of death), shooting (few
cases), collision with fences or powerlines, and the inability to stay in the wild
(in 1998 and 1999, at least two birds returned to release aviary).

The French Captive Stock

Composition

The first little bustards kept in captivity for breeding were held at CEBC-CNRS, in
2004. There, up to six birds (three males and three females) were kept until 2012.
The CEPOP captive stock started in 2005 (the first year of the LIFE project). In the
first years, the captive stock was derived from wild eggs and hand-raised captive
chicks. Later on, most of the new birds joining the captive stock came from captive-
bred birds (i.e. eggs laid in the captive breeding centres). From 2014 on, we again
tried to include wild birds (i.e. eggs laid in the wild) to diversify the gene pool. In
2019, the French captive breeding stock was composed of 42 birds held at
Zoodyssée, 28 of which were born in the captive breeding centre and 14 from the
wild (none of Spanish or hybrid origin), and 23 birds at La Haute Touche (of which
18 come from the Zoodyssée breeding centre and were moved in 2018). In total,
therefore, the captive stock is 65 birds (33 males and 32 females, Table 6).

Food and Care of Adults in the Rearing Centre

Adults consume mainly pellets and vegetable matter, but this diet is supplemented
by insects during the breeding season, which is supposedly important for female
egg-laying. This seems to represent a balanced diet for the bustard and is mainly
based on proteins (insects, cat granules) supplemented by parrot pellets, alfalfa, and
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calcium. At La Haute Touche breeding centre, the diet of the bustards has been the
subject of several modifications: in 2007, it was as developed at CEPOP, but in 2008
a new food composition was developed with a mixture of granules for cranes
(Mazuri ©) and pellets developed for the houbara bustard by the company
Guyomarch. The aviaries were also planted with grasses in the expectation the
birds would eat them, and mealworms were distributed once a day during the
breeding season. However, little bustards did not consume the houbara feed. Thus
in 2009, the diet was modified by adopting a food formula based on a mixture of cat
cakes “Flatazor ©” and granules for cranes “Mazuri ©.” The granules were moist-
ened before distribution, and cruciferous plants were added (e.g. broccoli), as well as
mealworms and crickets at a rate of about 10 crickets/bird/day. Water and pellets
were provided ad libitum and renewed every day. Sand and crushed oyster shells
were also distributed in aviaries to provide grit and calcium intake, respectively, to
avoid egg-laying deficiencies. At Zoodyssée, in 2018, new pellets confected by
WildNutrition and St Laurent, consisting of alfalfa, oat, wheat, soya, peas, vitamins,
and minerals, were tested in winter, while in summer, more animal proteins were
added (worms, insects). In addition, fresh plants (broccoli, salad, young rapeseed,
etc.) are also now provided.

Threats at the Captive Breeding Centre

Since its installation, the breeding centre has repeatedly faced the problem of
predators, such as buzzards B. buteo that often forage near or even perch on the
aviaries. Raptor presence causes stress to bustards: disturbed several times a day,
they do not feel safe. Furthermore, they fly into the aviaries as soon as a buzzard
appears, which may cause injury or even accidental death, in addition to severely
disrupting reproduction, as happened in 2011. Other raptors may also frighten the
birds, such as hen harrier Circus cyaneus or goshawks A. gentilis. In spring 2012, a
fox managed to enter the centre and killed 14 bustards, including 8 females and
4 males, raised specifically for breeding. In summer 2015, another fox killed some
young bustards about to be released.

Moreover, bustard food competitors may create serious problems: voles Microtus
arvalis or house sparrows Passer domesticus, for instance may eat most food
deposited for the bustards (pellets and insects), and the abundance of these small
animals may even attract the attention of weasels. The only way to deal with all these
issues is electric fences for larger carnivores, capture for smaller carnivores (and
release elsewhere), vole trapping (and release elsewhere), and rodenticides (without
poison). No strategy has been found for raptors.
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Captive Breeding as a Conservation Strategy

Compatibility with IUCN Criteria

Captive breeding, reinforcement, or reintroduction projects all need to meet the
criteria established by the Species Survival Commission of the International Union
for Conservation of Nature (IUCN). Indeed, the feasibility study carried out in
2003-2004 strictly evaluated the IUCN criteria and how much the project of the
captive breeding centre met them. A captive breeding programme should aim to
strengthen populations that are in sharp decline and in danger of extinction in the
near future. Releases should be done in areas still frequented by wild populations and
under some degree of protection (e.g. NATURA 2000 sites or with high AES
measures). Individuals in the breeding stock must not differ genetically from the
wild population they are to join and must not be genetically impoverished. We,
therefore, maintained a small number of birds of wild origin in the captive stock, if
possible, every year. Finally, we determined that a reinforcement project would
definitely reduce the significant risk of extinction that was facing the French
populations of little bustards within the next 20 years. All these criteria were met
during the course of the conservation project in place since 2004.

Impact of Egg Collection on Wild Populations

The impact of removing eggs (either temporarily or totally; see section “Legal
aspects of breeding centres”) was evaluated by CNRS during the LIFE project
(2005-2010) and subsequently by two different approaches: first, by comparing
the reproductive success of females that have not undergone egg removal compared
to those that have; second, by estimating the probability of an egg, depending on the
laying date and clutch size, producing a chick. This was analysed using data
collected in 2005 and 2006 (N = 61 nests for which brood size was known). For
13 of them (21.3%), no collecting at all was done. We further removed from analyses
nests completely destroyed by agricultural work. Thus, a final sample of 34 clutches
was partially collected (9 clutches of 1 egg, 21 of 2, and 4 of 3). For comparison,
only five broods with no collecting and with known fate for the whole family are
available. Based on this limited sample size, we found no statistical effect of egg
collecting. The hatching rate was 75% (N = 24 with collecting) or 80% (N = 5)
without collecting. To investigate further, the larger CNRS database on bustard nests
was used (Bretagnolle et al. 2018) over the period 1998-2004: hatching rate of this
sample was 79% (N = 28), a value almost identical to the small sample size of
5 nests. It can therefore be reasonably concluded that the collecting of eggs (partial
collection of eggs within a brood) had no detectable effect on the probability of
hatching, nor on nest abandonment or predation rate (25% with egg collecting, 21%
without sampling between 1998 and 2004; compared to 20% without collection in
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2005 and 2006). At the egg level, out of 27 eggs (neither destroyed, predated, nor
abandoned), 24 eggs (88%) hatched. Using data available from nests in 1998-2006
where no partial collecting was done, 67 of 73 eggs hatched (91%), a difference
which is not significant (Chi? = 0.20, p = 0.65).

Therefore, removing part of the clutch for incubating eggs safely and hand-raise
the chicks did not decrease, the hatching rate at brood or egg levels. On the other
hand, it did not increase it either. Indeed, it might be expected that a female having to
raise two chicks would have higher fledging success per capita than a female having
to raise four chicks (with subsequent brood reduction). But this was not apparent
from data collected in the field: of the 7 clutches monitored by CNRS, 4 families
(1, 2, 2, 0; average 1.64) with partial collecting (2 eggs) were monitored throughout
the breeding season. The family size of the non-collected broods (including some
discovered at chick stage) was 1.5 chicks on average (N = 6), i.e. slightly lower. This
difference was, however, not significant (Kruskal-Wallis test, Chi® = 0.06, p =0.8),
but sample sizes were very low. Before egg collecting was in place, between 2000
and 2004, the average family size was 1.84.

In conclusion, on the basis of these analyses, neither collecting full clutches for
artificial incubation and bringing them back to the nest just before hatching nor
partial collecting of a clutch, have little if any impact on the local bustard population.
There was no impact on hatching rate and a slight positive (but not significant) effect
on productivity. However, for the few nests where the dummy clutch was destroyed
by agricultural works or predated, the full clutch was preserved in the rearing centre
and the chicks hand-raised and eventually released in the field, and this was indeed a
positive effect on population productivity. There was, therefore, no negative effect of
nest searching and active conservation, at least at this single site in 2005 and 2006
and with the limited available data (23 eggs in total); and at this site, it is unlikely that
in the absence of egg harvesting, the population growth rate would have been higher.
Moreover, it does not seem strictly necessary to replace the eggs with dummy eggs
since an experimental test showed that the females do not desert when some of their
eggs are removed (irrespective of the stage of incubation, except during laying).
However, fake eggs are needed when the whole brood is taken to be incubated safely
and put back in the nest at hatching.

Survival of the Released Birds

The last but most important issue in a reinforcement programme is to judge its
efficiency in regard to local population growth rate, which means ultimately to be
able to evaluate, as accurately as possible, the survival probability and subsequent
breeding of released birds. However, this simple task remains difficult to achieve,
owing to the secretive habits of little bustards (in particular the females) but also to
their highly dispersive behaviour. In addition, this requires constant search effort,
both in space and time, to ensure a high probability of recapture. An alternative
method is to use radio tags or even GPS, but this has potentially huge costs, and it
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may also impair the survival chances of the very birds whose survival we wish to
measure, although Burnside et al. (2019) found no detectable effect of backpack
satellite transmitters on any breeding parameters of houbara bustards. Below we
present some lines of evidence that released birds survive quite well, at least under
some conditions (in our case until 2016), breed, and thus contribute to local
population dynamics. In addition, although the likelihood of resighting a released
bird far from the release site (and the CNRS study site) is low, about 15% of the birds
have been resighted outside their SPA release site, suggesting that releasing indi-
viduals also helps support neighbouring little bustard populations within the
metapopulation, as was predicted (Bretagnolle and Inchausti 2005). The maximum
distance travelled between the release site and display breeding site (for males) was
100 km.

The first line of evidence comes from simple visual recapture rates (i.e. sightings
of colour-ringed released birds), which can be interpreted as the minimum number of
bustards that have survived at least 1 year. This is a proxy of the survival rate. These
data come from a file of over 5000 observations of which a third were provided by
the CNRS team within the period 2005-2011. A total of 226 bustards were released
in the wild during this period, of which 95 were resighted at least once and at least
1 year after release (see Table 7 for resighting rates in the first year after release). The
observed survival rate is thus about 42% after 1 year. This rate, however, varies
according to annual cohorts (groups of young bustards released each year; see
Table 7). Average yearly recapture rates provide a slightly different value (38.3%),
with high year-to-year variation: 18.8% in 2010 and 56% in 2008. From a subsample
of 109 birds, 50% of the released bustards were resighted at one site, their release
site, and 43% were contacted in two different SPAs.

The second line of evidence comes from radio-tracked birds. VHF radio was
mostly used during the LIFE project to check whether birds migrated and where they
spent winter. It showed that released birds migrated to Spain in areas where adults
from French populations were also wintering (EL Garcia de la Morena and MB
Morales, unpubl. data). In addition, a combined dataset with released birds from the
CNRS study site and re-sightings of these birds in this and other study sites (thus
accounting to some extent for dispersal), allowed us to gather 10,717 resighting data
with 442 individuals x sites for 379 different individual birds (323 released and
56 wild birds). Rémy Fay analysed data with Capture-Mark-Recapture software’s
RMark. He found that survival rates after 1 year, mixing both released and wild
birds, differ between the sexes even when accounting for sex-biased recapture rate
(males 0.605; females 0.495). There was little difference, however, between wild
(0.513) and released birds (0.529). Together, these data indicate that the proxy of
recovery rate is lower than survival rate estimated by the proper method, as expected.
The survival rate of fledglings is about 0.5 and is not affected by captive rearing and
release (actually released birds have slightly higher survival rates).

The third line of evidence comes from birds fitted with GPS or GPS/GSM
loggers, which were only recently used. Since 2017, however, the predation rate at
release sites has increased markedly, for reasons not yet understood. Such predation
rate has been, in some years, over 50% (like in 2017), and survival rates of released
birds from cohorts 2017-2019 is about 15%.
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Table 7 Fate of fledglings released each year in the French little bustard captive breeding
programme

Fitted |Fitted |Dead Resighted
N. males | N. females with with in following
released | released N. unsexed | Total | GPS VHF autumn | year

1997 2 (16) 2 0 2 1 0
1998 11 11 0 11 3 1
1999 4 4 0 0 ? 0
2000 0 0 0 0

2001 0 0 0 0

2002 7 7 1 4 ? 1
2003 | 5 1 0 6 2 4 0 4
2004 | 7 2 0 9 0 0 ? 0
2005 |10 12 0 22 4 17 4 6
2006 |19 14 0 33 0 25 3 11
2007 |28 13 0 41 2 4 ? 13
2008 |29 21 0 50 0 0 ? 23
2009 |21 18 4 43 0 0 ? 15
2010 | 9 3 3 15 0 0 ? 1
2011 | 7 10 2 19 0 0 ? 1
2012 | 4 1 3 0 0 0 0 0
2013 | 1 0 5 6 1 0 0 1
2014 | 6 4 1 18 0 0 ? 1
2015 | O 0 0 0 0 0

2016 | O 0 0 0 0 0

2017 |21 20 1 42 11 0

2018 |11 11 3 25 14 0 8 3
Conclusions

Supportive breeding is particularly challenging when applied to migrating
populations, given the risk of higher mortality rates as well as the loss of the
migrating behaviour if entirely or partly learned from conspecifics, since in houbara
bustards, at least, migrating behaviour has been shown to be partly altered by captive
breeding (Burnside et al. 2017) and, despite care, there is an alteration of genetic
traits (Chargé et al. 2014). Captive breeding in bustards is furthermore a difficult
task, and this is the case for the little bustard. The main difficulties currently
encountered concern egg fertility and fecundity, egg size (which predicts hatchling
size, hence survival) and bird release. Up to now, no particular attention has been
given to genetic issues (see Chargé et al. 2014), apart from excluding Spanish birds
in the captive breeding stock and avoiding sib-sib and parent-offspring mating. One
of the reasons for neglecting genetics is that the captive breeding stock is currently
quite small, and short-term and may not currently be subject to these issues. Another
reason is that other problems had to be solved. Releasing has been a particularly
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delicate task, since migratory behaviour is apparently partly innate but partly learned
as well since solitary or late fledglings do not migrate (Villers et al. 2010), and the
success of migration in captive-bred birds relies on whether they join a wild flock or
not. Released birds which remain alone or in flocks of other released birds do not
migrate, but if they do, they generally die in winter.

Predation has also been identified as a major threat to released little bustards, as it
has been for houbara bustards, where the predation rate on released birds is about
38%, most being killed by mammalian predators, mainly red fox (van Heezik et al.
1999). Indeed, survival rates of released bustards from captive breeding stocks are
usually low: in Asian houbara bustards, of 65 released birds, 58 died (27 in summer
and 31 in winter), many prior to migration (Burnside et al. 2016). The proportion of
surviving birds from release to next spring was only 0.108 (se 0.039), although the
mean survival of released birds until migration was 58.5% (Burnside et al. 2016).
Resident Asian houbara bustards released in Saudi Arabia had 47.5% survival
probability in the first 3 months, despite predator-aversion training to increase
survival probability (Saint-Jalme and van Heezik 1996). Survival of released
captive-bred African houbara bustard at 3 months ranged between 19 and 93%
(Hardouin et al. 2014). In addition, after 10 years in Abu Dhabi reserves, captive-
bred houbara bustards were shown to survive (annual survival of 0.48 + 0.12 in first
year and 0.54 £ 0.08 thereafter) and breed (Azar et al. 2016, 2018). However, there
is still uncertainty about the balance between the long-term efficiency of such costly
(in both logistics and money) programmes, and indirect negative externalities such
as a global fitness reduction of captive-bred birds released in the wild that may
impact wild individuals. In the case of houbara bustards, several studies have warned
about the use of annual supplementation to reinforce hunted populations over the
long term (Burnside et al. 2017; Azar et al. 2018; Dolman et al. 2018).

Nevertheless, captive breeding and bird release in the Poitou-Charentes region
has been successful, since, for instance, up to 12% of males displaying in the CEBC-
CNRS study site came from the captive programme. These birds also dispersed to
other places in the region, suggesting that the initial idea of releasing 100 fledglings
per year (which has, however, never been attained) would be a significant asset in the
conservation of little bustard in this and possibly other regions. However, so far there
has been no significant impact of the reinforcement programme on the general
population dynamics of little bustard in this region (although the aim of the rein-
forcement programme was simply to avoid extinction). To compare the alternative of
finding nests and protecting them in order to improve breeding success, a cost-
benefit analysis would be necessary since finding nests requires a team of four
trained people working full time all over the season. Finding a nest with drones
(equipped with infra-red cameras) is perhaps a promising alternative. Preliminary
trials carried out in Poitou-Charentes by LPO with funds made available by the
Action Plan (Ministry of Environment and DREAL Poitou-Charentes) is not yet
fully conclusive.
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Check for
updates

Manuel B. Morales and Vincent Bretagnolle

Introduction

The study of population dynamics describes the way in which the size and structure of
populations change over time (Fryxell et al. 2014). This process is largely determined
by each species’ characteristics, particularly life history traits, but also by the envi-
ronmental conditions faced by each population, so that patterns of population growth
and their underlying mechanisms may not only vary between species, but also between
populations of a species. Therefore, to apprehend adequately a species’ population
dynamics, it is important to gain a good knowledge of its life history traits and the
range of their variation, as well as of the heterogeneity of conditions under which the
species may occur (De Roos et al. 2003). Likewise, our ability to predict what the
future of a given population may be, in order to either manage or simply conserve it,
requires such information to be as accurate as possible. Previous chapters have already
tackled little bustard life history (chapter “Natural history of the little bustard: mor-
phology, biometry, diet, sexual dimorphism, and social and breeding behaviour”) and
breeding biology and demography (chapter “Breeding biology and demographic
traits”), as well as the range of environmental conditions in which the species is
found (chapters “Habitat selection and space use” and “Migration, movements and
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non-breeding ecology”). In the present chapter, we address little bustard population
dynamics. We specifically examine population dynamic models in little bustard
populations with different trends, that is, in expanding as well as in declining
populations. We will review different types of density-dependent effects and evaluate
the species’ demographic strategy in the context of r and K selections. We describe the
species’ population phenology, particularly the pattern of territory occupation and the
turnover of individuals within populations. Then we review the main results of
different population viability analyses (PVA) performed on little bustard populations,
identifying key parameters and thresholds, and synthesize results to extract lessons for
conservation. We finally broaden the spatial scale of our review to examine the
species’ metapopulation dynamics.

Population Growth Models for the Little Bustard

Population Growth Rates in Expanding Little Bustard
Populations

Breeding little bustards in southern France, and particularly in the SPA Costiere
Nimoise (Department of Gard), represent an extreme case of population increase in
the species, because between 1998 and 2012 the number of males went from 130 to
over 700 (Fig. 1). The little bustard in Gard had even been considered marginal (c. 10
males) until the mid-1990s (Devoucoux 2014), when the species’ local population
started a process of marked (exponential) increase, as in other areas of southeastern
France (see chapter “The little bustard around the world: distribution, global con-
servation status, threats and population trends”). The transformation to cereal crops
of parts of the grazed steppe of La Crau, known as coussoul, along with the
abandonment of traditional vineyards and other cultivated areas in Gard, seems to
have boosted the little bustard population growth in southern France (Wolff et al.
2001; Devoucoux 2014). Devoucoux (2014) examined this increase in Gard, eval-
uating how the relationship of population size with time fitted either the exponential
or the logistic growth model, separately examining the breeding season (population
size estimated as the number of displaying males) and winter (population size
estimated as the total number of individuals). He found that in the period
1998-2014 the logistic model slightly better explained the growth of the little
bustard breeding population in both Gard and the SPA, although the differences
between models were not statistically significant. Interestingly, although it is quite
reasonable to expect growth rate to slow down as the population approaches carrying
capacity, the observed population size in 2012 slightly exceeded the carrying
capacity estimated from the logistic model, before returning below it afterward,
suggesting a density-dependent adjustment to habitat resource availability expected
to generate yearly fluctuations around the predicted carrying capacity. After 2014,
the observed population size, however, sharply decreased to levels below the
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Fig.1 Logistic growth of the little bustard population of Costiere Nimoise SPA (Gard Department,
southeastern France) between 1998 and 2016 following crop abandonment due to expropriation to
build a high-speed railway. The adjustment of population carrying capacity (from K to K') due to
the start of works in 2012 and the resulting percentages of K reduction are illustrated. Black dots
indicate population size up to 2012 and show an oscillation around K (656 males) from 2010 to
2012. Red dots represent population counts from 2013 to 2016 and show a stabilization of
population size at ca. 580 males (K’). Based on Devoucoux (2014) and updated by P. Devoucoux
(unpubl. data)

estimated carrying capacity, but this was indeed related to habitat degradation
associated with the start of a large infrastructural installation (a high-speed railway).
Approximately 20% of the male population (150—170 males) was lost and numbers
never recovered to the levels of the former carrying capacity (Fig. 1). This popula-
tion response, therefore, suggests an adjustment to a lower habitat carrying capacity,
which would also support a logistic-growth response of the population.

Devoucoux (2014) further contrasted exponential and logistic models to fit
growth curves back to 1980 and up to 2020. Over this longer period (40 years),
the logistic model showed a better fit to the data, predicting a rapid stabilization of
population growth. When he evaluated the growth of the wintering population, he
also found a better fit with the logistic model, particularly in the SPA, although this
was also true at the larger spatial scale of Gard department. In fact, winter population
sizes exceeded estimated carrying capacity in three different winters, suggesting that
favourable years can boost population growth beyond local carrying capacity, which
should be expectedly followed by density-dependent adjustments.

The population dynamics revealed by Devoucoux (2014) indicate that little
bustard populations can grow quite rapidly when conditions are favourable. They
can reach extremely high densities from very low numbers in less than two decades,
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with a population growth rate of 4 = 1.08 and even 1.2 from year to year, so that
growth curves tend to show a marked exponential phase. Density-dependent effects
may occur later, with a slowing down of growth rate and the stabilization of the
population at carrying capacity, as expected from logistic models. The rapid recov-
ery of some populations in central-western France following the application of
adequate agri-environmental measures in the early 2000s (Bretagnolle et al. 2011)
points in the same direction, although in that case, populations were simultaneously
being reinforced with captive-bred individuals.

Population Growth Rates in Declining Little Bustard
Populations

Between the late 1970s and 2000, the little bustard population breeding in the
intensive cereal croplands of central-western France experienced one of the steepest
decreases ever documented in a bird species (Jolivet and Bretagnolle 2002). Using
national census data, we have modelled such decline over the period 1978-2012 (see
data presented in chapter “Natural history of the little bustard: morphology, biom-
etry, diet, sexual dimorphism, and social and breeding behaviour”), based on the
exponential growth model (Fig. 2). According to this model, the population declined
at a yearly discrete rate (lambda) of 1 = 0.926, which corresponds to an intrinsic
growth rate of » = —0.077 individuals/individual and year and an annual decrease
percent rate of —7.4%. As shown in Fig. 2a, the values recorded over this period for
the whole of central-western France, obtained in national censuses in 1979, 1982,
1986, 1996, 2000, 2004, and 2008-2017, fitted the population size trajectory
predicted by this negative exponential growth model, showing a highly significant
correlation with predicted population sizes (simple regression GLM, R* = 0.98,
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Fig. 2 Decline of the little bustard population of central-western France, modelled with the
exponential growth model (4 = 0.926): (a) Observed population size estimated from national
censuses (black dots) in relation to the predicted population trajectory (dashed line); (b) Lin-
ear regression fit between population size observed in national censuses from 1978, 1985, 2000,
2004, 2008 and 2012-2017, and values predicted by the exponential growth model for those years.
Regression curve (dashed line) and fitted GLM equation are shown
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p < 0.001, Fig. 2b). Moreover, the weighted mean yearly lambda calculated from the
size of seven local populations annually monitored from 1997 to 2000
(V. Bretagnolle unpublished data) also yielded a value of 0.918 (r = —0.086
individuals/ individual and year) and a weighted mean annual decrease percent
rate of —8.2% (although each population’s individual trajectory varied in sign and
slope; two of them remained stable and a third one slightly increased). These are
similar values to those yielded by the exponential model for the entire region over
the whole 40-year period (1978-2017), mentioned above.

The strong decline of the species’ populations across Spain between 2005 and
2016 corroborates this pattern, with several regional populations declining at yearly
rates over 10% and a global overall decrease of 59% in that 11-year period (Garcia
de la Morena et al. 2018). These results indicate that little bustard population
decreases tend to be markedly exponential rather than steady or slowly accelerated
when environmental conditions become adverse to their reproductive success and
survival, which poses a problem to conservation strategies since declines may be
faster than expected by managers, particularly in their initial stages. And more
generally, increasing and decreasing population growth rate models indicate that
this species can show extremely rapid and even abrupt population changes according
to habitat quality, which is probably related to their rather large clutch size for a bird
of this size (four eggs) but at the same time a rather high sensitivity to adult mortality
(see below).

Density Dependent Effects on Little Bustard Population
Parameters and Behaviour

Many aspects of little bustard biology and behaviour seem to be density dependent,
that is, sensitive to changes in population density (e.g. Newton 1998) For example,
the above-mentioned levelling-off of the exponential population growth of the little
bustard population in the Costiere Nimoise as it approached habitat saturation is a
typical density-dependent response (Devoucoux 2014). However, the effect of
change in population size on little bustard behaviour and population dynamics was
best explored by Villers (2010). He analyzed the change over time of different
behavioural traits and population parameters over an 11-year period (1998-2009)
in a French little bustard population going through two contrasting population
growth stages: a declining phase followed by a period of recovery. Various life
history traits were inspected for signs of density dependence. He found that the sex
ratio in that population became more male biased as the population increased
(recovery phase). He also found that this recovery was mostly due to local recruit-
ment, which suggested that male bias was largely due to female dispersal outside the
study area, or possibly to differential mortality. The number of long-staying territo-
rial males (i.e. those which remained in the study site for a month or more) also
increased as the population recovered, implying less turnover in the leks. However,
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with the number of long-staying males, short stayers also increased, which is
consistent with the key role of conspecific attraction expected in lek formation
(Widemo and Owens 1995), a typical density-dependent process (e.g. Wagner and
Danchin 2003) that increases male attractiveness and lek attendance (see also Jiguet
and Bretagnolle 2006). The fact that no significant change in the frequency of
different quality-related male phenotypic traits could be detected within any of the
two phases suggests that the observed increase in male attractiveness (measured as a
number of accompanying females) was due to female density rather than improved
male attractiveness. Unsurprisingly, Villers (2010) found that snort-call rate, a
display mainly involved in male-male territorial interactions (Jiguet and Bretagnolle
2001), was lowest when the population reached its minimum. In addition, the degree
of male aggregation decreased during the declining stage and became stronger as the
population recovered. Altogether, these findings show the density dependence of
male reproductive success.

The Allee effect (e.g. Courchamp et al. 1999) is a particular case of positive
density dependence in declining populations. It has not been described so far in the
Little Bustard, although it was considered when modelling little bustard populations
(see Inchausti and Bretagnolle 2005) and was actually shown to increase extinction
rate. There is indirect evidence that an Allee effect may occur in this species. For
instance, solitary males (i.e. bustard lek with a single male) display much less than
those with neighbour males (Jiguet and Bretagnolle 2006; see also chapter
“Behavioural ecology of the little bustard: sexual selection and mating systems”),
and therefore are presumably less attractive to females. Indeed Jiguet and
Bretagnolle (2006, 2014) have experimentally shown using decoys that leks com-
posed of single males were far less attractive to females than leks of four males
(average size of leks in Deux-Sévres, France).

The density dependence of little bustard breeding behaviour was also shown in
the experimental study of Morales et al. (2014). They placed male decoys in the
territory of individually identified males to evaluate their response in relation to
immediate conspecific (males and females) abundance and territory habitat features.
The time taken by males to return to their territories after experimental decoy
intrusion was shorter when the local abundance of males and females was higher.
Consistently, the intensity of their aggressive response to decoys increased with the
abundance of conspecifics of both sexes. The snort-call rate of experimental males
decreased with their degree of clustering with neighbours. Moreover, more aggres-
sive males called at lower rates, which suggests that snort-call rate could also
function as a cue of territory safety for females (as in other lekking species, female
harassment is frequent in the little bustard). Nevertheless, the study by Morales et al.
(2014) also showed that habitat features played a role in male territorial response,
whose intensity was positively correlated with habitat quality indicators such as
herbaceous vegetation cover.

As a concluding remark on population growth rates in the little bustard, many
aspects of the species’ ecology are largely governed by density dependence. Accord-
ingly, the little bustard is close to typical K-strategists as defined in the theoretical
framework developed by MacArthur and Wilson (1967) and Pianka (1970).
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However, the fast recovery capacity shown by the species when favourable condi-
tions are met would place it closer to r-strategists according to the same framework.
Of course, these kinds of classifications must always be used with caution and in
relative terms, but they are useful to evaluate how a species is placed along the r-K
population strategy gradient, in relation to other ecologically similar species. Ambiv-
alence in the classification of the little bustard within the r—K gradient may be
paralleled with the ambivalence within the specialist-generalist classification in
regard to habitat: little bustard is a specialist of grassland-dominated landscapes
(and thus limited by the availability of these landscapes) at a large scale, but a
generalist species at a smaller scale, being able to exploit a variety of habitats
providing suitable conditions (see Villers 2010; Bretagnolle et al. 2018).

Territory Turn Over, Natal and Adult Dispersal

Delgado et al. (2010) report a maximum length of male territory occupation of,
respectively, 9 and 11 weeks in two consecutive breeding seasons in a population in
central Spain, so that territories were occupied from the last week of March to the last
week of May in the first year, and from the last week of March to the second week of
June in the second (see also chapter “Breeding biology and demographic traits”).
The maximum proportion of territories occupied during those periods was reached in
the seventh and eighth weeks (second and third week of May, respectively). After
those peaks, territories began to be more or less gradually deserted by males. Similar
values were obtained in Deux-Sévres (France), although about a third of the males
had polynuclear territories (i.e. constituted by several disjoint areas, see Jiguet et al.
2000). Males usually display within a very limited space within fields, and most
surprisingly male identification (through colour rings or comparing digital photo-
graphs) has revealed that often two or even three males may use exactly the same
location consecutively during a breeding season. Territory switch may be the rule
rather than the exception, as further revealed by GPS tracking, which suggests that
males, even though faithful to their main territory during a complete breeding
season, regularly visit other males’ territories, leading to fights between males and
escort flights.

Although the between-year territory fidelity of males is relatively high, some
inter-annual turnover of breeding males also takes place. In a breeding population of
west-central France, Jiguet and Ollivier (2002) found male territory fidelity of 57 and
53% in 2 consecutive years, while recruitment rate was only 17-19%. GPS tracking
performed in Deux-Sévres (France) confirmed that males can sometimes shift to a
distant secondary territory, often 5 km but up to 20 km or more. Thus, males shifting
between populations are not rare. Such movements are also documented in females,
based on colour ringing, with up to 80 km distance within and between years
(V. Bretagnolle, unpubl. data).

Natal dispersal has only been documented based on colour ringing programs
involving captive-reared released birds, within the framework of the reinforcement
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program in Poitou-Charentes (see also chapter “Captive breeding, handling and care,
and the impact of releases on wild populations”). Despite very high heterogeneity in
recapture rate and observation effort, there are many cases of long-range natal
dispersal (20-80 km), both in males and in females (V. Bretagnolle and A. Villers
unpublished data). Given the higher probability of recovering or re-sighting of males
compared to females, and despite the fact that more males were re-sighted at longer
distances than females, females might likely disperse more than males in this
species.

Lessons from Population Viability Analyses

Key Parameters and Thresholds

As a threatened species, the little bustard has been the subject of different Population
Viability Analyses (PVAs) with the aim to identify the population parameters that
are central in explaining population trends and dynamics, as well as the threshold
values of those parameters that have to be avoided or reached in order to ensure
population persistence. These PV As were also used to predict population trajectories
under various scenarios of landscape and climate change, public policies or conser-
vation strategies.

Two studies on the breeding populations of central-western France (Morales et al.
2005a; Inchausti and Bretagnolle 2005) identified local fecundity, estimated as the
number of fledglings (chicks surviving at least 30 days) per adult female, adult
survival and initial population size as strongly influencing the extinction risk of
populations. Using these three parameters, Delgado et al. (2009) simulated different
scenarios for two populations in central Spain, additively increasing the value of one
parameter at a time. The parameter that most positively impacted population survival
when its corresponding increase was added in the PVA model was fecundity,
suggesting its critical importance in population persistence. Morales et al. (2005a)
and Inchausti and Bretagnolle (2005) also found that, in the case of west-central
France, fecundity presented high capacity to reverse population trends although the
capacity of adult survival was even higher according to sensitivity analyses. In a
conservation context, however, these authors acknowledged the practical difficulties
of managing populations to guarantee high adult survival rates, and concluded that
conservation strategies should better focus on fecundity parameters.

According to the sensitivity analyses performed by Morales et al. (2005a), adult
survival values between 60 and 80% increased the probability of population persis-
tence from less than 0.3 to 0.98, above which improvements are obviously marginal.
Therefore, survival rates over 60% would be required for avoiding rapid population
extinction, if other parameters are held at viable values. In this respect, a PVA of
Spanish populations (both at national and at regional levels) based on the results of
the second national census (Garcia de la Morena et al. 2018) showed that improving
adult female survival by 25% would halt current declines in all populations over the



Little Bustard Population Dynamics 233

0,4119x* +0,3021x-0,873 »
R? = 0,9937 P

40 + -
30 4 2
20 A

10 -1 Piae

0 T T T T T )
0 2 4 6 8 10 12

OBSERVED INITIAL POPULATION SIZE

FORECASTED POPULATION SIZE

Fig. 3 Relationship between population sizes predicted by PVA after 7 years for nine populations
of central Spain and the corresponding observed initial sizes, all other parameters kept at viability
values. The quadratic fit line and equation are also shown. Based on Morales et al. (2008a)

Table 1 Minimum threshold

! Population parameter Threshold value
values of ke?y populanon Adult survival 60%
parameters identified by - -
means of PVA to guarantee Fecundity 0.9 Fledglings/female
little bustard population per- Population size 20 Individuals
sistence (see text for details) Sex ratio 0.3-0.5 Males/total individuals

Based on Morales et al. (2005a)

minimum viable population size (see below; Traba et al. 2020, unpublished report).
A fecundity rate of one fledgling/female would assure a population survival proba-
bility very close to 100%, while rates below 0.9 fledglings/female would lead to a
marked fall, so that for rates of 0.4 fledglings/female population survival is already
under 10%. The PVA based on the second Spanish census consistently showed that
increasing fecundity by 50%, combined with a 25% female survival increase, would
reverse the current declining trends to positive growth, except for populations below
the minimum viability size (Traba et al. 2020, unpublished report). Indeed, popula-
tion persistence increases rapidly with population size, so that a population of only
20 individuals reaches a nearly 100% survival probability, if other parameters
remain at viability values.

The importance of initial population size is illustrated in Fig. 3, which shows how
the final population size forecasted by PV A for nine nuclei in central Spain (Morales
et al. 2008a) increases exponentially with observed initial size, if all other parameters
remain at viability values. These thresholds, summarized in Table 1, seem consistent
with the classification of the little bustard as a K-strategist whose population growth
rate is based on high adult survival and low reproductive rates, as well as with the
importance of density dependence in the species’ ecology and population dynamics
mentioned above. In this latter respect, Inchausti and Bretagnolle (2005) showed that
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the lek mating system of the little bustard implies a significant increase of population
extinction risk in relation to a scenario in which the social structure was not taken
into account, which points to an Allee effect on breeding rate mediated by conspe-
cific attraction due to the dispersal of individuals when total abundance is too low.
Indeed, Inchausti and Bretagnolle (2005) reported the abandonment of leks in
populations where lek size was below six individuals (males and females cumu-
lated). This kind of response would thus be typical of lekking species (Alonso et al.
2004; Morales et al. 2001; Dale 2001), resulting in the extinction of small
populations and the accumulation of individuals in the largest nuclei, as described
in the great bustard (Alonso et al. 2004; Pinto et al. 2005). In the sensitivity analysis
of Morales et al. (2005a), the degree of polygyny, i.e. the proportion of males
fertilizing females, had little influence on population viability, which is also consis-
tent with the strong mating bias usually found in lek mating systems (Hoglund and
Alatalo 1995).

Other parameters identified as relevant in PV A sensitivity analyses were juvenile
survival and sex ratio (Morales et al. 2005a). Population viability increases steadily
(almost monotonically) with juvenile survival, and thus it is not possible to identify
thresholds. On the other hand, sex ratio, calculated as the number of males relative to
total population size, had a non-linear influence on population survival rates, which
showed significant decreases for values in the proportion of males below 0.3 and
above 0.5 (Table 1), while it remained very close to 100% between those values.
Again, consistent with lek dynamics, little bustard populations seem to tolerate
relatively small male numbers, but they rapidly approach extinction when even a
small shortage of females occurs.

Metapopulation Dynamics

Populations tend to be connected to greater or lesser degrees through the dispersal of
individuals of both sexes and different ages, which is the core process in
metapopulation dynamics (Hanski 1999). This happens to be the case for the little
bustard as suggested by PV As, which depict quite dramatically different trajectories
when involving metapopulation dynamics or not. As predicted by the
metapopulation theory, dispersal is the key driver of such dynamics, and opposed
trajectories occur when the dispersal rate increases and exceeds a threshold value.
Morales et al. (2005a) addressed this issue and analyzed the effect of population
connectivity by simulating the impact in population survival of different migration
rates between two hypothetical populations, associated with different survival rates
during migration. They found that connection favoured metapopulation persistence
if survival was over 90%. However, metapopulation persistence dropped signifi-
cantly when migration survival was below that value, particularly for high migration
rates, a pattern consistent with the existence of ecological traps (Fig. 4). In a more
elaborated simulation accounting for the level of environmental correlation between
the two hypothetical populations, as well as for the potential differences in
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Fig. 4 Relationship of population survival probability with the rate of migration between two
hypothetical little bustard populations. Each curve corresponds to a different rate of survival
associated with migration, indicated by the corresponding percentage value. Based on Morales
et al. (2005a)

population dynamics (a source and a sink population vs. two populations with
similar trends), Inchausti and Bretagnolle (2005) found that the extinction risk of
the metapopulation decreased with dispersal of both adults and young, regardless of
sexual differences in dispersal rate. However, when dispersal was incorporated into
the PVA for the real little bustard populations of west-central France,
metapopulation extinction risk was higher than for the model without dispersal.
They explained such an effect by the fact that, in the absence of dispersal, the largest
subpopulations do not function as a source of juveniles for other nuclei that would
otherwise act as sinks. At the local population level, they found that for small
populations with low fecundity dispersal decreased extinction risk, while for large
populations with high fecundity (and thus functioning as sources), dispersal
increased extinction risk.

Altogether, these results illustrate the relevance of population connectivity in the
dynamics of both little bustard local populations and metapopulations. Dispersal can
be detrimental for a source population if it is not compensated by local recruitment or
immigration, but contributes to the rescue of sink populations that otherwise would
decline to extinction. Therefore, these classic metapopulation dynamics (see Hanski
1999) seem to adequately describe what has been observed in the species. They also
highlight the importance of guaranteeing a secure landscape matrix for dispersing
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birds, given the impact of mortality during the dispersal process (see results in
Marcelino et al. 2017). However, a source-sink or a metapopulation model may
become an ecological trap model if a given habitat shows very high attraction while
being unable to provide sufficient numbers of fledglings. Such a pattern has been
described for the little bustard south of Deux-Sevres (Bretagnolle et al. 2018) and is
further discussed in section “Predicted impact of land use and climate change on
observed and modelled population dynamics”.

Predicted Impact of Land Use and Climate Change
on Observed and Modelled Population Dynamics

We have already referred to the capacity of little bustard populations to recover when
habitat improves and thus its carrying capacity for the species increases. The
spectacularly high densities reached in Costiére Nimoise after agricultural abandon-
ment, or the rapid recovery of populations in Poitou-Charentes following the spread
of alfalfa (Bretagnolle et al. 2011), are good examples and bring hope for currently
declining little bustard populations. However, land use changes do not only lead to
changes in the trends of particular populations, but may also have larger-scale
(i.e. regional) effects concerning metapopulation dynamics. For example, the com-
parison of the species’ distribution in Spain at 10 x 10 km square resolution between
the first and second national censuses, carried out in 2005 and 2016, respectively,
indicates not only a range contraction due to a global population decline but also the
concentration of high-abundance squares in regions where suitable habitat has
persisted, as well as the appearance of presence squares in areas where agricultural
abandonment has favoured the spread of uncultivated grassy habitat (SEO/BirdLife,
unpublished data). These large-scale changes can have effects on metapopulation
dynamics, for example if dispersing individuals cannot reach peripheral or isolated
populations, leading to the latter’s extinction if local recruitment is insufficient, or
halting their functioning as population sources.

Such processes can be further intensified by density-dependent mechanisms.
Morales et al. (2008a) reported on the decline of 8 little bustard populations in the
region of Madrid after comparing local censuses carried out, respectively, in 2000
and 2007 (mean decline of 61.5%, range 30-100%, which included a local extinc-
tion event), while another population, the largest one surveyed in 2000, increased by
29%. This suggested that the regional metapopulation could be undergoing a
density-dependent concentration in the largest nuclei, which was supported by the
location in the latter population of some radio-tracked individuals captured in other
populations in previous years. Nevertheless, it is important to bear in mind that little
bustard abundance can vary annually within and across neighbouring nuclei follow-
ing changes in the availability of suitable habitat, as shown by Morales et al.
(2005b), also in central Spain, where permanent grassland habitat is scarce and
birds rely on rotational fallow, so that part of the differences observed when
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comparing censuses from different years could be attributed to these rather cyclic
changes.

But inter-annual variation in little bustard abundance does not only respond to
land use change. Another environmental factor known to exert such effects is
weather and, in the long run, climate. Based on a 7-year series of census data,
Delgado et al. (2009) showed the positive influence of total rainfall in each year’s
October—May period on little bustard abundance in two populations of central Spain,
as well as a negative effect of mean April temperature in one of them. These results
highlight the importance of primary production for the species as the main bottom-
up ecosystem process governing the availability of food resources, either plant or
animal (i.e. invertebrates). This is particularly true for Mediterranean populations,
where rainfall is limited to certain periods of the year, and it is further supported by
the role of April temperature in one of the study sites, whose calcareous soil favours
water drainage and thus greater substrate drought. Because of the importance of
vegetation structure for little bustard microhabitat selection (Morales et al. 2008b;
Silva et al. 2014), weather, and more precisely precipitation, also influences the
species’ habitat choice and space use. For example, in the Mediterranean grasslands
of southern Portugal, the response of little bustard abundance to stocking rates
depends on each year’s rainfall, so that females and chicks are more abundant in
lightly to moderately grazed pastures in dry years, but shift to more heavily grazed
fields in wetter ones (Faria and Morales 2017). Therefore, we should keep in mind
that management of habitat for little bustard breeding success and thus population
growth needs to be sensitive to weather conditions, particularly in Mediterranean
regions where between-year weather variability is high.

Temperature has also been shown to influence little bustard breeding perfor-
mance. Silva et al. (2015) showed that the display activity of GPS-tagged breeding
males markedly dropped above 25 °C. Climate models for the coming decades
forecast a marked decrease in mean precipitation and an increase in mean temper-
ature in Iberia and other parts of the species distribution range, and this is expected to
have a negative impact on its breeding success and population trends. Consequently,
stocking rates should be lowered in drier years in order to favour juvenile survival.
The provision of permanent grassland habitat such as rain-fed alfalfa fields in sites
with deeper and wetter soils is an interesting alternative in Mediterranean areas with
suitable climate conditions for this culture.

Conclusions: Conservation Strategies and Demographic
Ecological Traps

Ecological traps have received more theoretical attention (Battin 2004; Robertson
and Hutto 2006) than empirical support (review in Suvorov and Svobodova 2012),
despite their strong conservation consequences (Delibes et al. 2001). Ecological
traps are expected to occur in rapidly changing habitats under strong anthropogenic
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influence (Suvorov and Svobodova 2012). Farmland is one of these habitats and
ecological traps are strongly suspected for farmland species like skylarks Alauda
arvensis breeding in cereals (Poulsen et al. 1998; Donald et al. 2002), meadow birds
such as corncrake Crex crex or whinchat Saxicola rubetra (Griiebler et al. 2012), or
medium-sized mammals such as hare Lepus spp. (Reid et al. 2010).

In response to the little bustard decline in Deux-Sevres (France), which has
mainly been attributed to a food deficit for chicks (Jiguet 2002) and destruction of
clutches, broods or even incubating females during mowing (Bretagnolle et al. 2011,
2018), a land-sharing conservation strategy was set up mostly through the applica-
tion of agri-environmental schemes (AES) (see chapters “Threats affecting little
bustards: human impacts” and “Little bustard and humans: conservation and man-
agement”, Bretagnolle et al. 2018). Little bustards selected grasslands (i.e. alfalfa
fields and prairies) for breeding, which represented less than 15% of available
habitat, and avoided all other habitats irrespective of traits such as vegetation height,
distance to field border or plant species composition (Bretagnolle et al. 2018). The
quantity and quality of this rare selected habitat (grasslands in general) has shrunk
(Silva et al. 2018; Traba and Morales 2019), suggesting the species is now strongly
habitat-limited.

Female bustards, therefore, are much attracted to this rare but sub-optimal
(because grasslands, such as alfalfa, are regularly mown) habitat. They behave as
“grassland specialists” in regard to available habitat, but as “grassland generalists” in
regard to the characteristics of the grasslands preferred, which leads to temporary
grasslands such as alfalfa acting as ecological traps, since they are mown every
4 weeks on average (Faria et al. 2016; Kershner and Bollinger 1996). In addition,
frequently mown grasslands are usually poor in prey items (especially large insects;
Badenhausser et al. 2009). Such grasslands can be considered to be attractive sinks
because there is a mismatch between habitat selection and habitat quality. Mowing
every 4 weeks is too high for allowing females to breed successfully (Bretagnolle
et al. 2018) and therefore females breeding in temporary grasslands do not produce
enough chicks in the long term, since half of the nests are destroyed, and brood
reduction further decreases family size to 0.3 female fledglings per adult female,
which is approximately one-third of the replacement rate (Bretagnolle and Inchausti
2005). The temporary grasslands habitat is thus not a sink but a trap, since females
prefer temporary grasslands to other habitats (they could, for instance, lay eggs in the
safer cereal crop habitat, then rear their chicks in temporary grasslands). Although
the AES strategy had positive results, since nests in AES fields were rarely destroyed
by mowing (Bretagnolle et al. 2011), there are no significant effects of the AESs on
clutch size, egg volume and habitat choice, suggesting habitat quality was not
improved by the AESs (Bretagnolle et al. 2018), and females did not prefer fields
under AES for breeding. Unsurprisingly, female little bustards still bred in remaining
non-AES grassland fields, which reduced breeding success as they were not
protected. Therefore, even AES grasslands function as ecological traps, because
their proportion in the landscape is very low and thus they do not allow sustainable
populations. A similar ecological trap could be functioning in Iberia in fallows that
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are selected for nesting and later ploughed to prepare the next crop cycle (Morales
et al. 2013).
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Introduction

Most studies identifying the major threats to the little bustard have been carried out
in western Europe, mainly in France, Spain and Portugal. Much attention has been
given to the species in these countries, owing to a severe decline observed in France
at the end of the last century (Jolivet 2001; Bretagnolle and Inchausti 2005; Inchausti
and Bretagnolle 2005). This decline prompted the need to promote its conservation
also in Iberia, which was considered at the time as the species world’s stronghold
(De Juana and Martinez 1996, 2001). The population decline in France (92% in only
18 years) was halted at the beginning of the 2000s (Bretagnolle and Inchausti 2005;
Inchausti and Bretagnolle 2005). Since then and until 2012 the French population
slowly recovered, mainly in the southern subpopulations, after which a slow decline
started again (minus 6% between 2012 and 2016; Gendre et al. 2019). Simulta-
neously, little bustards have steeply declined in Portugal and Spain, with a 50% loss
over a 10-year period (Garcia de la Morena et al. 2018; Silva et al. 2018). Eastern
populations, mainly those located in Russia and Kazakhstan, are thought to have
increased due to greater availability of breeding habitats after the dismantling of the
USSR (Kamp et al. 2011), but they are nevertheless thought to be particularly
vulnerable on their wintering grounds due to hunting pressure (Kamp et al. 2011;
Collar et al. 2018; Yousefi et al. 2018). Overall, the little bustard is a highly
vulnerable species and improving our understanding of its main threats is essential
to plan sound conservation strategies. In this chapter, we outline the main threats
known for the species, grouped in four categories: habitat loss and degradation,
impacts of infrastructures, climate change and hunting. We highlight that most of
these threats are related to human activities.

Habitat Loss and Degradation

Habitat loss and degradation are major causes of little bustard decline throughout its
entire range (Ifiigo and Barov 2010; BirdLife International 2021), although the
drivers are still not fully understood (see also chapter “Migration, movements and
non-breeding ecology” for an overview of the little bustard winter conservation).
In western Europe the little bustard is well adapted to extensive farming systems,
traditionally presenting a diversity of land uses including cereal fields, legume crops
and grazed fallows, which would be rotated over time (e.g. Martinez 1994;
Salamolard and Moreau 1999; Morales et al. 2005b; Chapter “Habitat selection
and space use”). These systems provide suitable breeding and non-breeding habitat
throughout the year (Silva et al. 2004, 2007; Faria and Silva 2010). However, they
are economically uncompetitive and marginal (Suarez et al. 1997), and therefore
highly vulnerable to either agricultural intensification or abandonment. This habitat
is prone to land use changes, driven principally by agricultural markets, resulting
sometimes in complete habitat loss from one year to the next. In western Europe, the
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Common Agricultural Policy (CAP), which was created to increase self-sufficiency
in food, has been the main driver of habitat loss and degradation for farmland birds,
by providing incentives for farmers to adopt new technologies and methods, expand
average farm size, encourage specialization and increase yields of all supported
crops, mostly cereals, but also fodder for livestock for the production of meat and
milk (Pain and Dixon 1997; van Vliet et al. 2015; Reif and Vermouzek 2019).

The eastern populations of Russia and Kazakhstan seem to have benefited from
agricultural extensification at the end of the last millennium as a consequence of the
dismantling of the USSR, and of significant cultivation of legume crops (Collar et al.
2018) and large-scale farmland abandonment, thus favouring a reversion to breeding
habitat (Lesiv et al. 2018). However, current and future trends towards the intensi-
fication of agriculture in those areas may also lead to the decline of grassland species
in the near future (Kamp et al. 2011), and farmland abandonment may ultimately
lead to habitat encroachment, thus evolving towards inappropriate vegetation struc-
ture for little bustard breeding (Fonderflick et al. 2010; Devoucoux 2014).

Agricultural Intensification

Agricultural intensification has enabled remarkable advances in food production
globally, but it has also led to biodiversity loss (Matson et al. 1997; Emmerson et al.
2016). The western range of the little bustard has suffered major agricultural
intensification, mainly driven as previously mentioned by the CAP (Santos and
Suérez 2005). Agricultural intensification leads to landscape simplification, mono-
culture, increased use of pesticides and fertilizers, increased irrigation schemes,
intensification of the agricultural rotation, and suppression of fallow land (Matson
et al. 1997), all of which may or do affect little bustards. Additionally, it may allow
for the appearance or expansion of certain crops more profitable under current
markets, such as the significant expansion of permanent crops in Iberia, which we
frame as habitat conversion, as it radically changes the habitat.

Intensification of Traditional Dry Cereal Agriculture

The traditional cereal rotation scheme ensured the presence of fallow land in the
landscape, fundamental for little bustard breeding (e.g. Morales et al. 2005b; Silva
et al. 2010a; chapter “Habitat selection and space use”). Traditionally, fallow land
has been extensively grazed and specific plots were often maintained as fallow for
2 consecutive years in many areas. One common effect of agricultural intensification
is the implementation of faster cereal/fallow rotations (through the increased use of
fertilizers), which reduce or even suppress the use of fallow in the rotation system,
depending on the productivity of the soils. This in turn leads to landscape homog-
enization and the loss of the main breeding habitat for little bustards. In France,
intensification driven by CAP has been linked to a 92% decline of the national
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population over an 18-year period (Inchausti and Bretagnolle 2005). The species’
decline in Spain is associated at the national scale with a loss of 1.1 million ha of
fallow across the country in 15 years (Traba and Morales 2019). The maintenance of
fallows and the promotion of their ‘extensive’ (non-intensive) management have
been shown to benefit farmland birds (Ribeiro et al. 2014; Sanz-Pérez et al. 2019)
and should be promoted in future CAPs to halt farmland bird declines and assist little
bustard population recoveries (Tarjuelo et al. 2020).

Within the little bustard’s range in Spain (principally in Castilla—La Mancha and
Extremadura) it is still relatively common to find dry cereal farming using a short
rotational scheme of cereal/fallow/legume. However, annual fallows there are
ploughed between April or May (to prevent weed growth), i.e. during the little
bustard’s nesting period. Such intensification of fallow management is now wide-
spread and is likely to have a major impact on breeding populations, as it turns fallow
into an ecological trap: birds are attracted early in the season to this land use for
breeding, where subsequently habitat and nests are destroyed through ploughing
(Morales et al. 2013). Replacement clutches are more likely to be unsuccessful
(Cusc6 Martinez 2019), in part as a mismatch with trophic availability for adults
and chicks, as vegetation dries out during late spring and summer and cereal harvest
takes place. Conservation measures should include delaying the ploughing of fal-
lows at least until the end of June, when most chicks have left the nest.

The use of more economically profitable crop varieties such as fodder can also
lead to earlier harvesting/mowing, conflicting with the incubation and chick-rearing
stages. Furthermore, modern machinery can operate at high speed, so its use can also
be a source of chick and female mortality. In France, at least 25% of the egg loss in
some regions and overall 36% of nest failure occurs in cultivated habitats (Inchausti
and Bretagnolle 2005), mainly due to alfalfa mowing operations (70%) or abandon-
ment by females after vegetation loss around the nest during harvest (Bretagnolle
et al. 2011, 2018). Moreover, earlier ripening of cereals (and thus earlier cereal
harvest dates) has been observed in recent decades (Berger-Geiger et al. 2019). After
harvesting, stubbles that are a preferred winter habitat (Silva et al. 2004) now
represent a shorter sward, which compromises their quality as post-breeding and
winter habitat because the low vegetation increases exposure to predators.

Additionally, public subsidies promoted by the CAP have encouraged the amal-
gamation of landholdings within landscapes previously dominated by small fields,
thereby reducing landscape diversity and field edge density, which provide impor-
tant nesting habitat and trophic resources for chicks (Wolff 2001, 2004; Morales
et al. 2005b).

Increased Use of Agrochemicals

Pesticide use is a major cause of farmland bird declines, either through indirect
effects on food supply or through direct toxic effects on the survival, health and/or
reproduction of birds (Geiger et al. 2010; Mineau and Whiteside 2013; Hallmann
et al. 2014).
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Arthropods are crucial for the development of little bustard chicks during the first
2/3 weeks of life (Jiguet 2002). Reduced availability of arthropods (particularly
beetles and grasshoppers) can lead to the starvation of chicks (Bretagnolle et al.
2011) and is likely to be a limiting factor for productivity (Traba et al. 2008).
Moreover, food shortage may limit the ability of females to meet the energetic
demands made by egg laying and chick rearing. A 15-year study in France confirmed
that the provision of targeted agri-environmental schemes, increasing plant species
diversity and grasshopper abundance, reversed the decline of a little bustard popu-
lation there, thus confirming that the intensification of agricultural practices and use
of agrochemicals represent the major drivers of the decline (Bretagnolle et al. 2011).

Modern techniques of minimal soil mobilization and direct sowing, which
attempt to reduce soil erosion, are concomitant with the widespread application of
herbicides for winter and spring crops. These practices can critically reduce trophic
resources for adults, which feed on green plants. Nevertheless, Faria and Morales
(2019) reported a greater abundance of little bustard males on unploughed fields of
Evora region (Portugal), but only in dry years, when such habitat provides cover and
food availability.

Nothing is known about the direct lethal or sublethal effects of agrochemicals on
little bustards. However, studies conducted on other farmland birds, particularly
red-legged partridges Alectoris rufa, have documented a wide range of sublethal
effects (Lopez-Antia et al. 2013, 2015a, b), including important reductions in
productivity (Lopez-Antia et al. 2018). Little bustards are potentially exposed to
agrochemicals sprayed over crops (fungicides, herbicides) or used as seed coating
(which are subsequently present in seedlings). Future studies should assess pesticide
exposure levels and their potential adverse effects on wild little bustards.

Conversion to Unsuitable Land Uses

The landscape transformation of extensive agricultural farming is a consequence of
both agricultural intensification (in most areas) and abandonment (in the less pro-
ductive ones), driven by agricultural policies such as the CAP and market demands
(Fig. 1). The level and type of transformation are highly dependent on the quality of
the soil for agriculture and on whether it can be irrigated.

Irrigation of Annual Crops

Irrigation is an important driver of habitat intensification within Mediterranean
countries. It not only increases the density and yield of traditional crops such as
winter cereal, but also enables the production of spring/summer industrial horticul-
tural crops such as tomato but also corn (the latter usually used as fodder). Most
irrigated crops, being denser, form an unsuitable breeding habitat for the little
bustard (see chapter “Habitat selection and space use”). The level of pesticides and
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Fig. 1 Example of land use conversion over an 11-year period of an area near Evora, Portugal. The
landscape was dominated by extensive cereal farming and pastures in 2006 (left) but was rapidly
converted to a landscape dominated by irrigation of annual and permanent crops by 2017 (right).
Based on Google Earth imagery

fertilizers used is often greater than for dry cereal farming, and irrigated land usually
involves high levels of human disturbance, as more interventions occur throughout
the agronomic cycle (Sudrez et al. 1997). However, the irrigation of legume crops
such as alfalfa can improve the quality of this habitat for little bustards by providing
cover, food and water during the critical summer season, as well as in winter
(Sehhatisabet et al. 2012; Garcia de la Morena et al. 2015; Yousefi et al. 2018).
These irrigated legume crops usually occur within a matrix of land uses that include
cereal and fallows which may also provide cover but which have low food avail-
ability in the dry summers (Fig. 2). Irrigated alfalfa fields can also be used during the
breeding season for nesting by re-laying females, as found in Catalonia (north-
eastern Spain). But in such cases, the probabilities of success are very small owing
to the frequent mowing of this crop, so these alfalfa fields can become ecological
traps (Cusc6 Martinez 2019).

The relationship between irrigation, farming landscapes and little bustards is
relatively well documented in the Iberian Peninsula, but less known in France.
However, there is at least one population where impacts have been described: the
irrigation of hayfields by flooding in La Crau, southern France, prevented its use by
nesting females but promoted suitable habitat during the non-breeding season (Wolff
2001, 2004).

Shift to Permanent Crops

Conversion of cereal fields or other extensive annual crops to permanent woody
crops is a trend that comes with market demands and fluctuations, facilitated by
agricultural intensification, as it is a form of agricultural specialization in which
irrigation allows for denser yields. Although woody crops in the Mediterranean
region have been traditionally rainfed, the trend now is towards the use of irrigation
to maximize production (Ribeiro et al. 2014). The commonest permanent crops
replacing cereal fields are vineyards and olive groves (FAO 2017), and more recently
also almond and pistachio trees (Diaz et al. 2012; Rabadan et al. 2017). This
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Fig. 2 Example of how irrigation can benefit the little bustard: movements of an adult male in
Extremadura (Spain) during the post-breeding summer period (Silva, in prep.), where there is a
marked complementary strategy of habitat use between stubbles and pastures (on the right of the
picture), which offer cover, and irrigated alfalfa (on the left), offering higher trophic availability.
Based on Google Earth imagery

conversion tends to occur on more productive soils, which in Mediterranean coun-
tries usually coincide with land that can be irrigated. Permanent crops radically
change the habitat, by shifting towards a tree-dominated landscape, representing,
very rapidly, a total habitat loss for steppe birds.

Permanent Pastures

Large areas of dry cereal farming covering most of the Alentejo, Portugal, and parts
of Spain, principally Extremadura, have been converted to permanent pastures over
the last 30 years (Fig. 3), mostly for beef production (Faria 2015), concomitant with
an increase in livestock density, particularly over the last 20 years (Silva et al. 2018).
Permanent pastures are grazed all year round, being managed in rotational schemes
that result in variable grazing intensities (Faria et al. 2012). Additionally, to ensure
supplementary food during winter or in drought periods, livestock farms increas-
ingly produce hay or silage. Pastures tend to be overgrazed, thus providing limited
breeding and post-breeding habitat for the little bustards because of the low height of
the vegetation. Females may use hay or fodder fields (mostly seeded barley fields)
for nesting, but their mowing in late April-early May can threaten nests and nesting
females. In rainy years, grasslands can also be fertilized and mowed during the
critical nesting period. In the Alentejo, chick and adult mortality by farm machinery
in fodder crops has been found to be a serious threat (Faria et al. 2016). In France,
mowing machinery caused 40% of clutch failures prior to implementing manage-
ment measures (Ifiigo and Barov 2010; Bretagnolle et al. 2011, 2018). Another
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Fig. 3 Land use dynamics in the open farmland area of Alentejo, Portugal, between 1989 and 2019
(INE 2021). Most open, nonirrigated agricultural areas in Alentejo were replaced by permanent
pastures over the course of the last 30 years. Permanent pastures more than tripled since 1989, while
open agricultural areas decreased 2.3 times compared to the area it occupied in 1989. Permanent
crops (mostly olive groves, orchards and vineyards) doubled its area between 2007 and 2019

consequence of conversion to pastures is a very significant increase in fencing that
might cause mortality by collision. The little bustard’s negative trends in Portugal
between 2003-2006 and 2016 are significantly related to the shift of livestock
species, from sheep to cattle, and also to an intensification of grazing (Marques
et al. 2020b).

However, medium densities of livestock can favour little bustard breeding habitat
(Wolff et al. 2002; Faria et al. 2012). Extremely high densities of both breeding
males and nesting females are found in permanent pastures that are not grazed during
the breeding season in consecutive years (Silva et al. 2010a, 2014).

Afforestation and Farmland Abandonment

During the late 1980s and 1990s, the CAP promoted the afforestation of agricultural
areas in EU countries through economic incentives. This occurred mainly in areas
where the soils were less productive, but often of high conservation value, such as at
Castro Verde in southern Portugal. Additionally, there has been a trend towards
agricultural abandonment in less productive areas, which may change the landscape
physiognomy. As seen in the south of France, at a first stage agricultural abandon-
ment can lead to high density of breeding numbers for the species (Devoucoux 2014;
Devoucoux et al. 2019), but over time, as the habitat evolves into shrubland, it leads
to habitat loss (e.g. Fonderflick et al. 2010).
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Linear Infrastructures

The little bustard’s European action plan identified industrial and urban development
as a threat to the species, as new human facilities grow rapidly in the countryside.
Such developments may cause a reduction in overall population density and lead to
local extinctions. To begin with, at the beginning of the millennium, linear infra-
structures were considered as having a low impact on the little bustard (De Juana and
Martinez 2001), but a decade later they were classified as having a medium impact
(Inigo and Barov 2010).

Linear infrastructures like roads and powerlines are usually long, occur in all
types of landscapes and are omnipresent, crossing many natural and semi-natural
habitats, including key areas for nature conservation, such as Special Protection
Areas designated for steppe bird conservation. Moreover, these infrastructures are
often spatially clustered, as successive developments tend to occupy existing corri-
dors or adjacent areas, and new facilities usually require new linear infrastructures
like powerlines and roads.

There is evidence that linear infrastructures magnify the negative effects of land
use changes on little bustard habitats. Other than direct effects, linear infrastructures
cause discontinuities in open landscapes, contributing to their deterioration and
negatively affecting the species (Garcia de la Morena et al. 2007; Santos et al. 2016).

Power Lines

Overhead cables, mainly transmission and distribution powerlines, are responsible
for a high rate of bird mortality due to collision (Loss et al. 2014). Such fatalities
occur when birds fail to detect these infrastructures and fly into wires.

Bustards are among the bird group most vulnerable to collision with overhead
wires. Their morphological features, particularly high wing loading (ratio of bird
weight to wing area) and low-medium wing aspect ratio (ratio of wingspan squared
to wing area), are identified as one of the main factors influencing collision risk
(Bevanger 1998; Janss 2000). Bird sensorial perception is also a key factor. Eye
characteristics and position in the head determine the visual field of an animal.
Bustards, with eyes located laterally, have broad visual coverage of their surround-
ings but have a blind frontal area above the binocular field, meaning that these birds
have a restricted ability to detect obstacles that lie ahead of them (Martin and Shaw
2010; Martin 2011). Due to these family-specific features, the little bustard can be
considered a collision-prone species.

Little bustard deaths by collision with powerlines are documented throughout the
species’ range (Table 1, Fig. 4). Although the majority of studies focusing on this
source of mortality are from the Iberian Peninsula, several authors report little
bustard fatalities by collision in France, Italy and the eastern range, in Kazakhstan
and Azerbaijan. A recent study pooling data from tracked birds over a 12-year period
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Fig. 4 Little bustard deaths by collision with powerlines. Patch of feathers and a carcass next to
powerlines—presumed mortalities caused by the utility infrastructure (photos: A.T. Marques)

in Iberia found that collision with powerlines is the main anthropogenic threat for the
adult population, with an estimated adult yearly mortality rate of 3.4-3.8%
(Marcelino et al. 2017). This is one of the highest mortality rates due to collision
with powerlines ever recorded for a species.

Collision risk with powerlines changes significantly both spatially and temporally
with seasonal changes in the species’ behaviour and movements (Silva et al. 2014).
A study pooling mortality data recorded from 2003 to 2015 along 280 km of
transmission powerlines in Portugal found that little bustard collisions show two
major annual peaks: one in the post-breeding season (mainly during the driest
months), when the birds move longer distances and perform more frequent flights
at powerline collision height; and another at the beginning of the breeding season
when females perform movements between lekking areas (Marques et al. 2020a).

To date, burying a powerline is the only solution that completely prevents birds
collisions. This option is usually discarded owing to technical constraints and high
financial costs (APLIC 2012; Bernardino et al. 2018). The use of technical config-
urations with smaller pylons, fewer cables displaced vertically and smaller distances
between top and bottom wires help reduce collision risk (Marques et al. 2020a).
However, wire marking, aiming to increase wire visibility, is the mitigation strategy
most commonly used. Marking is achieved with bird flight diverters like spirals,
plates, flappers, swivels or spheres (Barrientos et al. 2011; APLIC 2012). Several
studies have shown that flight diverters can decrease bird collisions, but their
effectiveness still seems to be species-specific and apparently low for collision-
prone species like bustards (Alonso et al. 1994; Janss and Ferrer 1998; Jenkins
et al. 2010; Barrientos et al. 2012). Therefore, avoiding the construction of aerial
powerlines in important areas for bustards, including breeding, post-breeding and
wintering grounds, should be a priority (Marques et al. 2020a).

The disturbance caused by these structures and their avoidance also have key
effects on little bustards. Transmission powerlines affect little bustard habitat selec-
tion, with birds avoiding the areas closest to these structures even when they are
otherwise highly suitable for the species (Silva et al. 2010b; Santos et al. 2016). Such
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behaviour may occur due to increased perceived predation risk, as tall structures are
usually used by predators to perch, or neophobia, as birds may respond negatively to
a novelty in their environment (Walters et al. 2014).

Roads

Roads are recognized as being responsible for habitat fragmentation, mortality,
sensory disturbance and chemical pollution, among other impacts (Fahrig and
Rytwinski 2009). Wildlife abundance may decrease near roads and/or in landscapes
with high road density either because of high mortality rates through collisions with
vehicles or because animals avoid these locations due to traffic disturbances like
noise, lights, pollution or motion (Fahrig and Rytwinski 2009). Little bustards may
be more affected by the latter than the former, as deaths by collision with vehicles
have not been identified as a serious source of mortality for the species (Marcelino
et al. 2017). Nevertheless, roads and paths with low traffic intensity may represent a
risk of roadkill, as they are sometimes used by displaying males due to their
increased visibility, or by females and fledglings as corridors between feeding sites
(Fig. 5).

Over recent decades, the development of motorways and highways has negatively
affected the suitability of important areas for little bustards in Spain, Portugal and
France (Hedo et al. 1999; Garcia 2004; Devoucoux 2014). Construction work,
although temporary, brings additional disturbance and may have an important effect
during the breeding season, if no mitigation is undertaken.

Most studies dealing with habitat selection have found the little bustard avoiding
the vicinity of roads during the breeding season (Sudrez-Seoane et al. 2002; Garcia
et al. 2007; Osborne and Suarez-Seoane 2007; Santangeli and Dolman 2011; Santos
et al. 2016) and at stopover sites during post-breeding movements (Alonso et al.
2020) and wintering sites. However, other studies have not found this relationship
during the breeding season (Martinez 1994) or in winter (Silva et al. 2004; Suérez-
Seoane et al. 2008). Road size and traffic intensity may play an important role in

Fig. 5 Little bustard male displaying on a track in southern France and a roadkilled young little
bustard in western France (photos: P. Devoucoux)
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determining the occurrence or intensity of road avoidance (Rytwinski and Fahrig
2015; Devoucoux 2017), and may explain the differences between these studies.
However, to date no studies with little bustards have focused on such variables.
The mechanisms underlying road avoidance by birds are still not understood.
Traffic noise is frequently reported as the main driver of such behaviour, mainly in
songbirds, but most studies on this topic failed to discard confounding effects such as
visual disturbance, collisions or chemical pollution (McClure et al. 2013). A recent
study conducted by Martinez-Marivela et al. (2018) did not find an effect of traffic
noise on male little bustard habitat selection and spatial distribution during the
breeding season. This may be because the male territorial call frequency range is
only masked to a small degree by traffic noise. Moreover, some recent results
suggest that little bustards may adjust their sexual display to anthropogenic road
noise. Using directional recordings and noise mapping, Barrero et al. (in press)
determined that little bustard males showed higher call rates at sites exposed to
higher traffic noise levels. Moreover, call duration decreased under higher levels of
traffic noise before calling. These results suggest that little bustards are able to make
fine-scale adjustment of signals, despite some behavioural constraints that may
compromise communication with low-pitched calls in noisy environments.

Railways

The effects caused by railways are quite similar to those of roads, although they are
assumed to be lower due to the lower traffic flow and narrower corridors of railways
(Borda-de-Agua et al. 2017). However, unlike roads, railways are usually coupled
with aerial wires for energy supply, the catenary, which is an additional collision risk
factor.

Railways generally have high technical layout constraints as they require gentle
slopes and smooth turns. These features make new high-speed trains developments
likely to impact important areas for wildlife and steppe-birds in particular.

Transport infrastructures are in steady development in European countries, and
the construction of new high-speed trains in important areas for the little bustard in
Spain, France or Portugal has been authorized despite their great potential impact
(Hedo et al. 1999; Devoucoux 2014; le Coent et al. 2017; Malo et al. 2017).

Malo et al. (2017) assessed occupation and bird behaviour in farmlands crossed
by different high-speed railways in central Spain. An exclusion effect is shown in
bustard species, including the little bustard. The density of this species decreased
after the construction of these infrastructures, and birds significantly increased their
distance (by 60—150 m) from the railway once the trains started running. Also, the
little bustard exhibits frequent flights (ca. 40% of the flights recorded for the species)
through the collision risk area (i.e. under or between the wires of the catenary),
revealing that the species is highly vulnerable to collision with the trains or with the
aerial wires of the catenary. In southern France, a new high-speed train crossing
Natura 2000 key sites for little bustard conservation has also induced an avoidance
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effect on displaying males (Devoucoux 2017). The latter also showed higher impacts
of the high-speed railway compared to traditional railway, being exclusion distances
about twice larger for females than for males (Devoucoux 2014).

Other Infrastructures

Habitat loss and disturbance caused by proximity to urban areas are important issues
for the conservation of little bustards in the western population. For example, in
southern France, where there have been very few changes in agricultural practices,
urban encroachment is considered a major threat to the species (Devoucoux 2014).
In Portugal, Silva et al. (2004) found that little bustards are sensitive to inhabited
houses, with occurrence probability increasing with distances from them. However,
such effects may be context dependent, as other studies have not found any response
of little bustards to buildings (Martinez 1994; Faria and Rabaga 2004).

Airports

Airports impose costly environmental disturbances including habitat loss, noise and
reduced air quality. For birds, such infrastructures pose an additional risk of mor-
tality through collision with airplanes during take-off or landing (Blackwell et al.
2009). Besides occupying large areas, airports often represent major land use
changes beyond their boundaries, as complementary infrastructures such as high-
ways, railways and new urban areas are usually constructed in the surroundings.
Such changes render occupied land basically unsuitable for grassland and steppe
birds like the little bustard. Moreover, they can favour changes in space and habitat
use patterns associated to, for example, land abandonment near the airport, as
described in the great bustard Otis tarda (Lépez-Jamar et al. 2011), which may
give rise to ecological traps.

On the reverse, airport and the way vegetation is managed may attract little
bustards and cause problems with flight activities. The vegetation of airport fields
is typically managed to assure unattractive habitats to wildlife, aiming to reduce
long-term hazard to aviation (Blackwell et al. 2009). However, due to the charac-
teristics (height and structure) of the vegetation at these places, some airports in
North America have been identified as key areas for the conservation of arthropods
and grassland bird species, when certain management actions are undertaken
(Blackwell et al. 2013). Even so, grassland areas in most airports are typically patchy
and non-contiguous, hence too small to support viable populations of grassland bird
species (Blackwell et al. 2013) like the little bustard. Still these habitats may favour
the occurrence of wintering flocks, representing a major risk for aviation safety. A
good example is provided by the military airport of Getafe (Madrid, Spain), where
the presence of little bustard wintering flocks of up to 400 individuals has been
reported for more than 15 years, along with a few breeding birds both males and
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females (Cano 2009). In more recent years these numbers have declined to zero
(J. Cano, pers. com.). The presence of large winter flocks has historically been
observed in Madrid’s Barajas Airport and was the original cause for the use of
falconry as a means of bird collision control there (Cano 2009).

In France, breeding and wintering little bustards can be observed at airports, next
to the runways (Devoucoux and Wolff, in prep.). Vegetation height, arthropod
availability and lack of predators (like dogs and foxes, which are managed by airport
staff) seem to be key factors attracting the birds, despite the disturbance caused by
plane movements and the noisy environment. For these reasons, conservation
measures targeting little bustards were promoted inside airports since the start of
the millennium. In 2012, in the Provence—Alpes—Cote d’ Azur region (Mediterranean
France), approximately 20% of the regional breeding population (number of
displaying males) was making use of civil or military airports. Attraction of airports
to little bustards has resulted in at least 94 collisions (and death) between 2010 and
2019 at Marignane, Marseille Airport. The Marseille airport has been a particularly
concerning issue: after two major bird strikes at this and another airport in 2013, the
bustards were then disturbed and flushed, using falconry and dogs, in order to
prevent their further use of airport fields (Devoucoux and Wolff, in prep.). A culling
program has even been implemented, with up to 71 little bustards being killed
between 2013 and 2019 by legal authorities (with a ministerial authorization).

Wind Farms

Wind energy developments have increased immensely in recent decades, mainly due
to their contribution in preventing anthropogenic climate change (IPCC 2011).
Despite its overall environmental benefits, four adverse effects of wind energy on
birds have been identified: death by collision with wind turbines, displacement due
to disturbance, barrier effects and habitat loss (Drewitt and Langston 2006).

Little information is available on the effect of wind farms on the little bustard,
possibly because few monitoring programme results are published or accessible
(Marques et al. 2014) or because few places used by this industry overlap with the
species’ distribution range so far. Nevertheless, in a study that determined a global
vulnerability index to collision mortality at wind farms of over 9000 bird species
based on ecological, morphological and life-history traits, the little bustard was
found among the most vulnerable species, ranking 150th (among 9568 species) to
such a mortality source (Thaxter et al. 2017). Even so, to date we have only found a
single record of mortality of this species due to collision with wind turbines, in
Albacete, south-east Spain (Atienza et al. 2012) and one possible case in Poitou-
Charente Region, France, in spring 2019.

Monitoring programmes of four wind farms within the little bustard’s western
range (one in the Important Bird Area ‘Sdo Pedro de Sélis’, southern Portugal; one in
La Crau plain, France; and two in the Languedoc—Roussillon region, Aude depart-
ment, France) did not find mortality or avoidance effects (CEN-PACA 2009;
Bioinsight 2016; Mathieu Bourgeois, pers. comm.). This is, however, a small
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dataset, and results should be analyzed with caution, as direct and indirect impacts
are still greatly unknown. Still, suitable habitats that favour the occurrence of little
bustards under these plants should be avoided, as they may act as ecological traps by
increasing collision risk with wind turbines. In any case, an expected impact of wind
farms is related to the transmission or distribution powerlines that connect these
structures to the general electric grid, which increase mortality risk due to collision
(see section “Power Lines”). This collision risk could be higher than expected if
wind farms are installed in remote sites, far from urban areas, so that long stretches of
transmission lines are needed to connect with the power grid (Piwko et al. 2005).

Solar Facilities/Solar Power Plants

Habitat loss and fragmentation are probably the largest impacts associated with the
construction, operation and maintenance of solar energy facilities. These infrastruc-
tures are enclosed by a fence and the vegetation below the solar panels is typically
removed or altered to accommodate the considerable amount of infrastructure
required at these facilities (Turney and Fthenakis 2011). Altogether solar farms
render large areas of the landscape unsuitable for bustards.

The flat open farmland areas of the Iberian Peninsula where the little bustard
typically occurs seem highly suitable for this industry, due to their smooth topogra-
phy and open land and high insolation levels. Although single developments may
cause relatively little habitat loss for the species, cumulative effects may be impor-
tant. Portugal’s Alentejo is one of the regions in Europe with the highest photovol-
taic solar electricity potential (Botelho et al. 2017), and it supplied ca. 41% of the
solar production of mainland Portugal in 2016 (DGEG 2016). Moreover, 103 of the
nation’s 168 photovoltaic projects licenced or in licencing process are located there
(DGEG 2017). This is also the main area of occurrence of steppe birds in the
country, including the little bustard (Equipa Atlas 2008). Important areas for the
post-breeding and wintering seasons are the most vulnerable to such developments,
as they typically lack adequate conservation status. Some examples are the solar
power plants at Amareleja (250 ha, 46 MW peak capacity), Ferreira do Alentejo
(94 ha) and Brinches (60 ha, 11 MW peak capacity) (ACCIONA Energy 2017,
Botelho et al. 2017; Catavento 2017).

The solar power sector, principally solar photovoltaic and thermo-solar plants,
has also witnessed rapid development in open areas in Spain. In southern France, the
solar panel industry is also increasing, and solar farms are interfering with little
bustard areas. The current advice of environmental authorities is for solar parks
mainly to avoid SPAs, but as demands increase pressure to build inside SPA limits
will also increase. Indeed, some projects have already been approved and
constructed inside SPA limits in Spain (Andrés-Ruiz et al. 2015).

Other potential impacts on little bustards from this industry are still unknown.
There are records of other species of bird being attracted by the reflective surfaces of
the heliostats or the photovoltaic panels and ending up colliding with these struc-
tures, and of birds being burned when they fly within the beam of concentrated
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sunlight generated in solar plants (McCrary et al. 1986). It is however unknown
whether such things may affect little bustards.

As in the case of wind farms or airports, the effects of solar developments on the
little bustard may extend far beyond those posed by the solar power plant itself, as
these projects require additional infrastructures, principally powerlines (often several
kilometres in length) and new roads.

Climate Change

Climate change is raising average temperatures within the little bustard’s range and
increasing the frequency and intensity of extreme events such as droughts and heat
waves. Even though the species’ range is expected to shift gradually over time, the
little bustard is not predicted to disappear from its current distribution within the next
100 years (Estrada et al. 2016). Still, climate change is expected to alter the species’
behavioural patterns. Notably, little bustard activity has been found to be signifi-
cantly constrained by elevated temperatures during the day, possibly related to a
thermoregulatory response essential to reduce metabolic rates (Silva et al. 2015).
Inactivity levels are thus expected to increase by 37% and 59% during the breeding
and post-breeding season, respectively, during the hottest hours of the day in the
Iberian Peninsula, under a scenario of 5 °C temperature rise (Silva et al. 2015). This
will likely affect breeding activity as well as foraging patterns, and thus potentially
affect breeding success and population dynamics (Silva et al. 2015; Gudka et al.
2019). Impacts are expected to be exacerbated by heatwaves, reducing the activity
time window even more, which is likely to compromise birds’ fitness seriously.
When heatwaves occur during drought episodes, which also significantly limit food
availability, the bustards’ survival may be even more jeopardized by the overall
cumulative impacts. Extreme drought events, such as those that occurred in 2005 or
2017 in different parts of Iberia, led to reduced time windows for reproduction that
could have compromised the breeding season altogether, particularly in areas where
soils are less productive (Juhlin and Silva, n.d.).

Droughts also pose a very serious threat for little bustard habitat, particularly in
pastures, as vegetation productivity will be reduced, and vegetation structure may be
further simplified if grazed under a stocking density geared to normal weather years.
Consequently, during the post-breeding and winter seasons the little bustard will be
vulnerable to higher levels of predation owing to degraded habitat and limited
trophic availability.

Finally, climate change may also produce shifts in breeding phenology. In
western France, the average lay date now occurs earlier than 20 years ago
(Bretagnolle et al. 2018). On the other hand, in Mediterranean countries climate
change is expected to lead to an earlier end to the breeding season.
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Hunting

Hunting is a widespread activity in many landscapes occupied by little bustards,
including the agricultural areas of western Europe, where it can provide an added
value to rural economies. There is growing evidence that hunting is a significant
source of non-natural mortality and disturbance for declining little bustards (Casas
et al. 2009; Tarjuelo et al. 2015; Marcelino et al. 2017; Yousefi et al. 2018; see also
chapters “Interspecific relationships: predation, competition or coexistence, para-
sites” and “Migration, movements and non-breeding ecology’’). Direct mortality by
hunting (shooting) is an important threat in the species’ western stronghold, in
Iberia, and the eastern wintering quarters, principally Azerbaijan and Iran, where
most of the population is thought to congregate (Ifiigo and Barov 2010). Given that
adult and juvenile survival are key demographic parameters (Morales et al. 2005a),
any increase in anthropogenic mortality can have a major negative impact on the
viability of little bustard populations, particularly those with low breeding produc-
tivity (Bretagnolle et al. 2011; Lapiedra et al. 2011). In Iberia, where productivity is
currently low (see chapters “Breeding biology and demographic traits” and “Little
bustard population dynamic”), mortality from shooting has recently been found to be
an important cause of mortality, even though it is not a game species. In fact,
mortality from shooting represented 2.4-3% of annual mortality in Iberia, so it
could still be a relevant driver of the decline of little bustards at least locally
(Marcelino et al. 2017). In the eastern range, hunting is an important source of
mortality and disturbance during the winter, so this factor could threaten the
populations (Gauger 2007; Sehhatisabet et al. 2012). In Iran, wintering populations
of the little bustard are thought to have responded to heavy persecution by concen-
trating next to the international border where strict exclusion zones imposed by the
military provide safe areas for the species (Yousefi et al. 2018).

In addition to direct effects, hunting may negatively influence little bustards
through disturbance during hunting activities (Mougeot and Arroyo 2017). Animals
often perceive humans as potential predators and alter their behaviour accordingly
(Beale and Monaghan 2004). Increases in human population density and leisure
activities have amplified the potential consequences of human disturbance on wild-
life (Blanc et al. 2006; Arlettaz et al. 2007), and hunting as a leisure activity has been
shown to affect non-target protected species (Arroyo and Razin 2006; Thiel et al.
2007; Sastre et al. 2009). Two studies have quantified this in little bustards (Casas
et al. 2009; Tarjuelo et al. 2015). In western France, hunting activities have been
shown to increase flight frequency and time spent vigilance to the detriment of
resting or feeding, and on hunting days little bustards concentrated in hunt-free areas
(Casas et al. 2009). In central Spain, disturbance due to hunting was also shown to
affect the behaviour and physiological stress of wintering little bustards (Tarjuelo
et al. 2015). During weekends, when hunting activities took place, little bustards
flew more frequently (which can also lead to higher collision risks, if linear infra-
structures are present), spent more time vigilant, and changed their habitat use, with
an increased use of stubble fields. Greater physiological stress levels, measured
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through glucocorticoid metabolite concentrations in faeces, were also associated
with increased human disturbance during hunting weekends (Tarjuelo et al. 2015).
Glucocorticoid metabolite levels were affected by hunting shot rates more than by
other human activities. Faecal corticosterone metabolites in little bustards remained
high on Mondays after hunting weekends, suggesting that the negative effects may
persist for some time (Tarjuelo et al. 2015). Hunting disturbance may thus imply
energetic costs, which coupled with the shorter time available for foraging may
result in reduced condition and increased mortality risk through natural causes
(e.g. predation, diseases). Indeed, after hunting weekends, a change in little bustard
foraging patterns was observed which pointed to a strategy for recovering energy
stores after disturbance (Tarjuelo et al. 2015).

Suitable winter habitat and adequate management (in terms of its size, location,
network structure and vegetation cover) of hunt-free reserves could reduce the
impact of hunting disturbance on little bustards. When hunt-free reserves occur in
the landscape, as in western France, little bustards almost exclusively use them
during the hunting season, even when they are very small in size, confirming their
importance (Casas et al. 2009). Birds confined to hunt-free reserves might however
have a reduced choice of feeding habitat. For little bustards, crops such as rape-seed
or alfalfa are particularly important for foraging during the non-breeding season
(Wolff et al. 2002), probably because they provide relatively high energy as com-
pared with other available crops. Therefore, habitat availability inside and outside
hunt-free reserves should be an important factor to consider in their design.

On the other hand, hunting management can also benefit little bustards through
the maintenance or restoration of suitable habitats, or the provision of key resources
(Arroyo et al. 2013). It has been shown, for example that little bustard abundance in
hunting estates in central Spain is higher with increasing levels of fox control on the
estate, which suggests that predator suppression carried out to benefit partridges may
indirectly benefit little bustards (Estrada et al. 2016).

Concluding Remarks

In this review, we describe and update the main threats known for the little bustard,
highlight new threats and direct attention to the little-known eastern populations.
Looking back to the first version of the European action plan written nearly 20 years
ago (De Juana and Martinez 1997), there is now a much deeper understanding of the
scale of the threats and how they can impact populations.

Notably, the CAP continues to be a major driver of changes in farmland leading
to habitat loss and degradation for little bustards. There is an urgent need for the
implementation of an agricultural policy that takes into account biodiversity conser-
vation needs, such as fallow maintenance and effective agri-environment schemes
that promote appropriate habitat conservation and management.

Energy development in steppic habitats will likely increase in the future and solar
plants will clearly have a more direct impact on the little bustard, as these infrastruc-
tures occupy large areas in open landscapes, particularly those located on poorer,
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less productive soils where breeding populations persist. These energy develop-
ments require a significant expansion of the electricity grid, posing a greater risk of
collision events.

We would like to stress that threats should not be analyzed in isolation, as many
of them occur synchronously and may have cumulative (even multiplicative) effects
on the species. For example, more intensified farmland requires more infrastructure
such as roads and powerlines, so the impacts go beyond land use change, bringing
more frequent disturbances and greater risk of collision with powerlines.

A key question relates to whether many of the threats to the western European
populations also apply to the eastern populations, which now hold the world’s
highest numbers. There have been increases there, possibly due to the greater
availability of breeding habitat, but there is now a risk of fresh declines again with
intensifying farming methods. Hunting and poaching, moreover, appear also to be
threatening the eastern population, principally in the wintering grounds of
Azerbaijan and Iran. Hunting pressure is such that disturbance and persecution
seem to be major drivers of the species’ winter distribution in the eastern range,
where birds tend to concentrate in areas with less human pressure. Moreover, direct
and indirect effects of hunting in the western range seem important enough to
deserve further attention.
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Introduction

A thorough review of the world conservation status of little bustard is provided in
chapter “The little bustard around the world: distribution, global conservation status,
threats and population trends”: in summary, the species shows declining trends over
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all its western distribution range, while trends in the eastern part are less well known
but the species has increased over the last two decades, although it is suspected to
have declined again in some areas very recently (see chapter “The little bustard
around the world: distribution, global conservation status, threats and population
trends”). The causes of decline in the western range are now well documented (see
chapters “The little bustard around the world: distribution, global conservation
status, threats and population trends”, “Habitat selection and space use” and “Threats
affecting little bustards: human impacts”), and are mainly attributable to major
changes in European farmland landscapes, which are currently intensively managed
at both regional and field scales. Landscape homogenization, shifts from traditional
to more productive crops, the disappearance of fallows and meadows, irrigation,
mechanization and the use of agrochemicals have all drastically reduced food and
nesting site availability (Collar et al. 2016; Traba and Morales 2019), and increased
additive mortality (Inchausti and Bretagnolle 2005; Faria et al. 2016). In the near
future, the conservation status of the species needs to be reviewed and updated (see
Morales and Bretagnolle 2021), urgent actions in regard to protection and manage-
ment, and periodic censuses assessing the situation of the species in the various parts
of its range need to be undertaken to reverse the drivers of decline.

The dramatic decrease of the little bustard in Europe (see chapter “The little bustard
around the world: distribution, global conservation status, threats and population
trends”) has prompted the inclusion of the species in several conservation and action
plans, both at European and at national levels, and the funding of projects aiming to
improve the conservation status of the species. However, the population trends of the
species have not reversed over the past 20 years, or only locally, despite these efforts.
So far, the strategy for little bustard conservation in Europe has been almost exclusively
restricted to protected areas (e.g. Natura 2000). This may work in countries like France,
where 80% of little bustards in western France are now located in such networks (see
below), but is less effective for instance in Iberia where the species is still widespread in
major tracts of unprotected land. There, little bustard conservation may require apply-
ing measures directly targeting the species’ potential habitat (Wolff et al. 2002; Ausden
2007), whether it is included in the protected area network or not. This latter strategy
would better connect with Common Agricultural Policy (CAP) implementation, both
within and outside protected areas. The new CAP (after 2020) should offer alternatives
for many of the problems already identified, although conflicts with ever more inten-
sive agriculture are to be expected. Several projects aimed at the conservation of the
little bustard, among other pseudo-steppe birds, have been carried out in recent years in
Spain, France and Portugal. But most projects, benefitting from EU funds, concerned
Natura 2000 sites, leaving out unprotected areas important for both breeding and
wintering sites, which are critical to the maintenance of current populations (chapter
“Migration, movements and non-breeding ecology’). Aside from habitat management
for little bustards, reintroduction and reinforcement projects have also been carried out
in the last 20 years, especially in France but also in Italy (see chapter “Captive breeding,
handling and care, and the impact of releases on wild populations”).

While chapter “Threats affecting little bustards: human impacts” makes a relevant
synthesis about threats to the little bustard over the whole distribution area, in this
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chapter we provide a general review of the global, European and national conserva-
tion activities dedicated to this species, evaluate its level of protection in different
countries, examine some of the most relevant management measures carried out to
improve its conservation status, and propose several new ones to reverse its precip-
itate decline.

Legal Protection and Conservation Status

The little bustard is included in CITES Appendix II (species that are not necessarily
threatened with extinction but that may become so, unless trade is closely con-
trolled). At present (2022), the species is included on Appendices I and II of the
Convention on the Conservation of Migratory Species of Wild Animals. Listing on
Appendix II promotes international cooperation to protect this migratory bird. The
species is included in Annex II of the Bern Convention, as well as in Annex I of the
European Union Birds Directive (2009/147/CE Birds Directive), which includes
species that are threatened with extinction, are rare or require special attention due to
the vulnerability or specificity of their habitats, and should be subjected to special
conservation measures regarding their habitat in order to ensure their survival and
reproduction in their distribution area.

The little bustard is included in 12 national red lists or national catalogues of
threatened species under IUCN criteria (Table 1) and listed as Vulnerable and Near
Threatened under the European and Global IUCN Red Lists, respectively. An
upgrading of the European status into the Endangered category, due to rapid overall
population decline in the western range, has been recently proposed (Morales and
Bretagnolle 2021), while hunting pressure in the eastern populations may be also a
reason for concern (BirdLife International 2015; Collar et al. 2017). Indeed, the little
bustard seems to meet the requirements for listing as globally threatened under
TUCN criteria A2abcd + 3bcd + 4abcd. A thorough review of population size and
trends at national levels is presented in chapter “The little bustard around the world:
distribution, global conservation status, threats and population trends”.

In countries in which the little bustard is included in red data books as Vulnerable
or Endangered, which are the commonest situations (Gauger 2007; Ifiigo and Barov
2010; Table 1), periodic assessments of population status should be carried out.
However, no general information about periodic national assessments is available,
except for three countries. National censuses take place every 4 years in France,
5 years in Portugal and 10 years in Spain (despite national legislation stating that
these assessments should be carried out every 6 years), and no periodic monitoring
has been done in the remaining countries. But even when these surveys are done,
uplisting or downlisting conservation status may not be immediate: in Spain for
instance, the species should be upgraded to Endangered according to the results of
the Second National Survey, since the situation complies with TUCN criteria
a2abc + a3b (JUCN 2012; Garcia de la Morena et al. 2018). Then, following
upgrading, a National Recovery Plan should be produced, including the delineation
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of critical areas as well as dedicated conservation funding. Finally, beyond the legal
consideration of the species, insufficient law enforcement seems to be a problem in
several countries (e.g. Turkey, Ukraine and Italy) (Ifiigo and Barov 2010).

Census and Monitoring

Monitoring populations from large to local scales is critical to document general
population trends (and possibly detect sudden shifts in population trajectories), as
well as to inform management and conservation. Coordinated surveys with a multi-
scale approach (local, regional, national and European) are necessary to obtain an
up-to-date estimate for the population at any given scale. These must be time
continued, to allow for real-time monitoring of population trends. Censuses of
males are now carried out, more or less routinely, in several countries (see chapter
“The little bustard around the world: distribution, global conservation status, threats
and population trends”), less often at regional scales (but see below), and rather
regularly in some protected areas of the Natura 2000 network. However, information
on females is urgently needed, particularly relating to productivity (number of
young/female/year), since any value below 1 young of at least 30 days per female
per year is probably below the minimum threshold for guaranteeing the long-term
survival of populations (Morales et al. 2005; Inchausti and Bretagnolle 2005).

In the eastern part of the distribution range, there is a need for a nationwide survey
in Iran (Sehhatisabet et al. 2012), as well as in Kazakhstan where numbers and
habitat use are virtually unknown (see chapter “The little bustard around the world:
distribution, global conservation status, threats and population trends”). Regular
national censuses are currently being carried out in Portugal, Spain and France,
irregularly in Sardinia. In Portugal, three censuses were carried out in 2003-2006,
2010 (partially, only within SPAs) and 2016. In France, little bustards have been
counted every year in Poitou-Charentes Region from 2008 (V. Bretagnolle), and at
regular intervals in La Crau and southern France in winter. They are also yearly
monitored in every SPA in western France, and at regular intervals in southern
France SPAs. Post-breeding flocks are counted four times a year in western France,
and irregularly in La Crau and southern France. In France, therefore, the little bustard
is monitored from local up to national scale on a fairly regular and constant basis.

In Spain, as the species is listed as Vulnerable, legislation requires that national
censuses must be carried out every 6 years, documenting changes in distribution
(both occupation and numbers), population dynamics and viability, evaluating
habitat quality (extent and degree of fragmentation, carrying capacity and main
threats), and providing a risk assessment. However, the only information available
comes from the two National Censuses carried out with an 11-year interval between
them. SEO/Birdlife carried out the second national census in 2016, with the explicit
support of relevant regional administrations, and showed a severe decline in
populations for the 2005-2016 period, with a mean density reduction of 53%
(17-79% depending on the region) (Garcia de la Morena et al. 2018). Besides,
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SEO/BirdLife’s common bird monitoring programme (SEO/Birdlife 2018) detected
a 76% decline in the Spanish little bustard population in the period 1998-2017,
which means a 3.5% annual decline (Garcia de la Morena et al. 2018). At a local
scale, some regular regional censuses have been carried out every 5-6 years from
2004 onwards in areas like Catalonia (Mafiosa et al. 2020). In some relevant SPAs
like the Reserve of Villafafila (north-west Spain), breeding male surveys are carried
out on a yearly basis.

European and National Action Plans

Despite being one of the most threatened birds in Europe because of the very steep
decline observed during the last three decades, only a single Action Plan at a
European scale has been developed so far (first draft in De Juana 2001; later update
in Ifiigo and Barov 2010). An action plan details conservation problems and threats
to the target species, and the actions to be carried out to reverse the decline. But in the
little bustard (as in many other species) the time lag between science-based proposals
and direct action has been huge in key countries like Spain (more than 10 years),
probably due to political and management difficulties in their implementation, and in
the meantime the conservation status of the species has deteriorated further.

In the first draft of the Action Plan (De Juana 2001), conservation priorities were
focused on general actions and the need for improving knowledge of the species’
ecology as well as on the effectiveness of agri-environmental schemes (AES)
(Table 2). Ten years later, the revised Action Plan (Ifiigo and Barov 2010) consid-
ered more specific measures aimed at improving female and juvenile survival as well
as habitat quality, both being considered key parameters for the maintenance of little
bustard populations (Morales et al. 2005). As the latter authors stated, management
measures aimed at increasing little bustard productivity had to be considered as a
priority in the conservation strategy. Therefore, measures focusing on agrarian
extensification (i.e. de-intensification) and promoting practices that both minimize
nest losses and favour insect availability for chicks (e.g. fallow and field border
management, reduction of pesticide input) were included in this new Action Plan
(Table 2).

Rather few national action plans have been produced, however. None for instance
exists for Italy, where the last population survives in Sardinia (Santangeli and
Dolman 2011). In Portugal, a national action plan for the conservation of steppe
birds was drafted in 2007 (Cardoso et al. 2007), including the little bustard among
many others. No great advance since then has occurred, besides the definition of
main threats and proposal of conservation measures, but this has not been updated.
In Spain, no national action plan or national conservation strategy has been prepared
until now, despite the species’ national threat category of Vulnerable, which makes
both documents mandatory. Only an academic initiative has been addressed so far to
draft the National Conservation Strategy (Garcia de la Morena et al. 2019) and to
request the re-listing of the species as Endangered. At a regional scale, Andalucia
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Table 2 Priority measures included in the first draft (2001, top) and the final Action Plan (2010,

bottom) for the conservation of the little bustard in Europe

2001 (De Juana 2001) Priority
Maintaining large areas of extensive arable/pastoral land and enhance habitat quality | Essential
within them, through application of agri-environment policies (i.e. by increasing

legume crops, unploughed fallows and set-aside fields, and by preventing irrigation,
concentration of landholdings, afforestation, tree crops, pesticide application and

inappropriate stocking densities)

Designate and manage protected areas High
Determine movement patterns and locate main wintering concentrations in Iberia High
Research to determine factors that may influence breeding success High
Evaluate the effectiveness of management/conservation measures High
Inform farmers of the need to protect the Little Bustard and the farming practices High
which may affect it

2010 (Inigo and Barov 2010)

Develop and implement a set of suitable mitigation measures to be applied to harvest | High
machinery and harvesting methods to protect nesting females and juveniles. Take into

account crop type and calendar in relation to the species phenology

Maintain diversity of crops and farmland mosaics in areas of predominantly arable High
farming

Promote crops that require later (e.g. wheat) instead of earlier harvesting (e.g. barley) | High
Maintain fallow land, avoid tilling of fallow between April-July and ensure vegeta- | High
tion does not become too dense on older fallows

Promote less pesticide use (e.g. organic cereals), and farm manure instead of mineral | High
fertilizer

Leave grassy strips and bare ground uncultivated to maintain diversity of Medium
microhabitats

Improve the impact assessment of irrigation plans at national/regional level High
(ES) including the analysis of cumulative impacts

Improve the impact assessment of large-scale crop conversion schemes (in Rural High
Development Plans)

Discourage the concentration of landholdings to prevent intensification of farming High
(through, e.g. SPA management plans, incentives to small farms, protection of

landscape features and obligatory maintenance of set aside areas)

Ensure that steppe habitats are conserved and not damaged by infrastructure devel- | Medium
opment (e.g. power lines, transport, renewable energy)

Develop management plans for individual SPAs or for groups of SPAs with similar | High

habitats, threats and management objectives

adopted a Recovery Plan for Steppe Birds that includes the little bustard, outlining
the most important areas where to carry out conservation measures. However, it has
been unable to stop the decline (app. —41% between 2006 and 2016; Garcia de la
Morena et al. 2018). Other regional plans have been created, although the results are
discouraging due to the huge decreases in a number of males, e.g. in Navarra
(Astrain and Etxeberria 1997; ca. —85% between 2006 and 2016; Garcia de la
Morena et al. 2018) or La Rioja (Astrain and Etxeberria 1998; ca. —57% between
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2006 and 2016; Garcia de la Morena et al. 2018), where the populations are very
small or almost extinct, respectively. Active habitat management for the conserva-
tion of the little bustard has been carried out in Catalonia (Maifiosa et al. 2015), where
several conservation actions within SPAs have been developed, with focus on fallow
management, and results seem encouraging (Mafiosa et al. 2020).

In France, where the species faces a critical situation, with dramatic declines in
the 1980s and 1990s (Jolivet and Bretagnolle 2002), the species is red-listed and
classified as Endangered, and three successive National Action Plans plus a specific
recovery plan have been in place. A first national action plan covered the period
2002-2006, at the end of which 75% of the French population of little bustard was
present within Natura 2000 Special Protection Areas (SPAs), in which management
measures could be more easily implemented. As a result, more than 1300 ha of AES
were specifically implemented for the little bustard and female productivity signif-
icantly increased. AES aimed to impose constraints on mowing dates in order to
prevent nest destruction and female mortality, and to increase insect abundance and
hence food availability for chicks. In one particular area with intensive monitoring
and conservation action (Deux-Sévres), these measures, coupled with population
reinforcement from ex situ programmes, helped reverse the negative trend, increas-
ing the population from six males in 2003 to around 30 in 2009 (Bretagnolle et al.
2011).

Despite the overall positive result after the first national plan, strong geographical
disparities persisted, and a special effort had to be made to help the last migratory
populations of the west-centre of the country (Bamiere et al. 2011; Bretagnolle et al.
2011). A second National Plan was therefore run for the 2011-2015 period, based on
rigorous scientific evidence. In addition, a National Recovery Plan was submitted,
aimed at reducing the risk of extinction of the migratory population in the Atlantic
area of France. One of the objectives was to incorporate new, unprotected areas into
the Natura 2000 network, both in the Atlantic and in the Mediterranean regions.
Seven key goals were included in this second national action plan, namely (1) to
improve the implementation of agri-environmental policy, (2) purchase land and
manage it appropriately, (3) work with military and civil aviation to maintain or even
improve the conditions for the species at the airfields, airports and military camps,
(4) release little bustards bred in captivity, (5) monitor accurately changes in little
bustard numbers, (6) intervene in development projects (e.g. urbanization,
powerlines, roads and railways, wind farms and solar fields) and (7) disseminate
information on these conservation actions to the general public. Currently, a third
national action plan for the period 2019-2028 is running, including the population
reinforcement program started in 2005 (see chapter “Captive breeding, handling and
care, and the impact of releases on wild populations”), along with conservation
actions aiming at improving agri-environmental measures, and attempts to acquire
private lands for the conservation of steppe birds. Although the dramatic decline of
the species in France stopped after 2008, the situation is far from favourable, and
decisive urgent actions are still needed to prevent the extirpation of the species from
France (Bretagnolle et al. 2018).
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The distribution of the little bustard throughout lowland agricultural landscapes
explains a large number of SPAs (‘Special Protection Areas’ for safeguarding
threatened bird species) declared for its effective conservation in Europe under the
Natura 2000 network. Indeed, the European Union has designated no fewer than
249 SPAs (up to July 2019) explicitly based on the presence in them of little bustards
(Table 3). However, it has been estimated that the species in fact occurs or occurred
in over 750 SPAs, which would include half the European breeding population
(fiigo and Barov 2010). Most of the 249 SPAs explicitly established for little
bustards hold breeding populations, either as residents (120; 47.1%) or as spring
and summer visitors (60; 23.5%).

Official EU documentation reports around 28,643-30,580 birds within these
249 SPAs (Table 3), but this information seems to be outdated, at least for several
countries. In France, 75% of the population is located within SPAs. In the case of
Italy, more than 50% of the species’ breeding range lies outside SPAs (Barov and
Derhé 2011). Recent information from Portugal indicates that only 5008 little
bustard males (min. 2701; max. 7790) breed within Portuguese SPAs (Silva et al.
2018). These authors assessed the effectiveness of the Portuguese Natura 2000
network for little bustard conservation, by comparing population trends across
time (between 2003-2006 and 2016) in 51 areas, 30 without EU protection and
21 within 12 Special Protection Areas (SPA) mostly designated for farmland bird
conservation. Overall the Portuguese little bustard population declined by 49% over
the previous 10-14 years, more sharply outside SPAs (64% decline) than within
them (25% decline). As a consequence, the estimated proportion of the national
population (males) within SPAs increased from ca. 38% to ca. 56%. However, the

Table 3 Status of the little bustard within European network of protected areas Natura 2000

Minimum Maximum
Minimum Maximum density density
Number | Total area | number of number of (birds/ (birds/

Country | of SPAs | (ha) birds within | birds within 100 ha) 100 ha)
Spain® 158 3,815,271 | 14,334 15,335 0.38 0.40
France 37 799,117 1096 1270 0.14 0.16
Italy 24 439,646 435 655 0.10 0.15
Latvia 1 51,353 55 150 0.11 0.29
Portugal® |28 999,416 12,713 13,140 1.27 1.31
Slovakia |1 7002 10 30 0.14 0.43
Total EU | 249 6,111,805 |28,643 30,580 0.45 0.48

“See text for more information on recent data

We show the number of Special Protection Areas (SPA) per country (and overall for the European
Union) that included the occurrence of little bustard as a criterion for their designation. We give the
total area (ha) of these SPAs, as well their estimated minimum and maximum number of birds and
density (only for resident and breeding birds). Source: European Environment Agency (last
consultation 2020/04/03; EEA 2019). See text for more information on recent data
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absolute male density decline was significantly larger within SPAs. As in other
countries, Natura 2000 alone seemed ineffective in preventing the population decline
(Silva et al. 2018), indicating that the designation of steppe or farmland SPAs is not
enough to secure little bustard populations, but has to be combined with specific
agricultural measures that guarantee both habitat availability and quality.

In Spain, considering an average estimation of around 38,900 males (app.
27,000-59,000, 95% CI) for the whole Spanish population (Garcia de la Morena
et al. 2018), between 36.8 and 39.4% (14,334-15,335 males) would be within SPAs
according to Table 3. However, some of these data could be outdated. We have
intersected data from the European Breeding Bird Atlas (centroids of 50 x 50 km
UTM grids, later assigning them a 5000 m buffer) for the little bustard and the
location of all Natura 2000 sites, and found that ca. 30% of little bustard pixels were
outside any Natura 2000 site, considering both SPAs and Special Areas of Conser-
vation (SACs). A complementary analysis was carried out to evaluate the effective-
ness of SPAs in the protection of little bustards in Spain. Using unpublished data
from the second National Census (Garcia de la Morena et al. 2018), the breeding
population size within each SPA was estimated for each UTM 10 x 10 km cell with
little bustard presence. In addition, habitat data from Information System on Land
Occupation of Spain (SIOSE) was used to provide information about the area of
potential habitat for the species in each UTM cell. Assuming that the entire habitat
within SPAs was optimal for the species (which is certainly an overestimation), the
difference between total available habitat and SPA area, within each cell, was used
as a proxy for optimal habitat outside the SPA. The comparison of little bustard
abundance inside and outside SPAs for each cell showed that only ca. 30% of the
Spanish little bustard population was indeed protected under the Natura 2000 SPA
network (Table 4; Fig. 1). This was already suggested in the 2000s by Traba et al.

Table 4 Population size, and number of males and percentage within SPA in Spain and the
Spanish regions with presence of the species (unpublished data and own elaboration based on
Garcia de la Morena et al. 2018)

Autonomous region Number of males Males within SPA % males within SPA
Andalucia 3387 527 16
Aragoén 1804 625 35
Castilla—La Mancha 25,436 5874 23
Castilla y Le6n 1871 1092 58
Catalufia 1162 923 79
Comunidad Valenciana 44 25 57
Extremadura 3871 2512 65
Galicia 26 6 23
La Rioja 15 0 0
Madrid 909 363 40
Murcia 140 75 53
Navarra 148 39 26
Spain 38,813 12,062 31
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Spanish SPA for Litthe bustard

Distribution and density
Potential breeding cistibution not censused
Negative sampling result
<1 male per square km
Between 1 and 2 males per square km
> I - 2 mades per square km

Fig.1 Abundance of little bustard males during the breeding season in Spain (in UTM 10 x 10 km
cells) and distribution of Spanish SPAs designated based on little bustard occurrence. Source: Own
elaboration from Garcia de la Morena et al. (2018)

(2007), who detected that less than 20% of the Spanish range of little bustard was
included in the SPA network. Using data from Garcia de la Morena et al. (2018) we
have estimated that 69% of the little bustard population is outside protected areas,
and male density being significantly higher inside (mean + sd = 0.21 £ 0.01 males
within 250 m buffers around census stations) than outside SPAs (0.13 4 0.01;
ANOVA F = 57.22; df = 1; p < 0.0001). These figures, however, only refer to
males, while a complete assessment of the conservation status would also require
estimates of female numbers and distribution, which are unavailable.

In addition, at a more local scale, numbers of little bustards within protected areas
may be even lower. Castilla-La Mancha, the administrative region currently holding
the largest little bustard breeding population in Spain and hence Europe (it represents
65.6% of the Spanish breeding population), is a good example. Only just over 20%
of its breeding population is within SPAs (Table 4; Fig. 2). In Andalusia, even fewer
little bustards are within SPAs (16%; Table 4; Fig. 2). However, in Extremadura,
which was also historically important for the species at Spanish and European levels,
ca. 65% of breeding birds are within SPAs, in spite of which the population has
strongly declined in recent years (Garcia de la Morena et al. 2018) (Table 4; Fig. 2).

We compared the two Spanish national breeding surveys to examine extinction
rates estimated at 100 km? scale, assuming that a UTM 10 x 10 km cell with species
presence was in a protected area when >10% of cell surface was within an SPA.
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Fig. 2 Percentage of little bustard breeding males for each region in relation to total Spanish
population size (blue) and that within SPA (orange). Data presented for the 10 Spanish regions with
presence of the species. Source: Own elaboration based on Garcia de la Morena et al. (2018)

Overall, 19% of cells with extinction events between the first (2006) and second
(2016) census were within SPAs (Table 5). Finally, we assessed the SPA cover
during the non-breeding period and found that 80% of the birds and 74% of the
flocks were detected outside SPAs during the last winter national census in Spain
(Fig. 3), an even lower proportion compared to that for the breeding period.

SPAs differed between EU countries regarding their habitat quality, and little-
bustard conservation efficiency and status: only 20 SPAs (8.0%) showed excellent
conservation status (Table 6), according to information provided by member states.
In 86 SPAs (34.5%) with little bustards, the conservation status is moderate or
unsatisfactory, while in 49 other SPAs (19.7%) information is simply lacking
(Table 6). In the case of Spain, comparison of little bustard distribution maps with
the SPA network revealed major shortcomings and inconsistencies, since many of
the best areas for the little bustard have been simply omitted from the Natura 2000
network (Suarez-Seoane et al. 2002; Traba et al. 2007).
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Table 5 Total number of UTM 10 x 10 km cells where the species has become extinct between
First (2006) and Second (2016) Spanish National Censuses, and number of extinct cells with
recorded local extinctions outside and within SPA, and percentage of extinct cells within SPA in
relation with the total of extinct cells

Autonomous region Extinct total Extinct no SPA Extinct SPA % Extinct SPA
Andalucia 102 91 11 11
Aragoén 46 39 7 15
Castilla—La Mancha 4 4 0 0
Castilla y Ledn 149 123 26 17
Extremadura 51 35 16 31
Galicia 9 6 3 33
La Rioja 2 2 0 0
Madrid 8 3 5 63
Navarra 15 8 7 47
Spain 386 311 75 19

Based on data from Garcia de la Morena et al. (2006, 2018)

_' Spanish SPA cesignated for Litthe bustard conservation

UTMI0K sampled during 2016 winler national censuses

@  Little bustard flock dufing winler censuses

Fig. 3 Abundance of little bustard flocks during winter in Spain (in UTM 10 x 10 km cells) and
distribution of Spanish SPAs designated for little bustard presence. Source: Own elaboration based
on Garcia de la Morena et al. (2018)
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Table 6 Status of little bustard conservation within European network of protected areas Natura
2000. Values in parentheses indicate %

Conservation status

Country Number of SPAs | Excellent | Good Averaged or reduced | No data
Spain 158 10 (6.3) 63 (39.9) |60 (38.0) 25 (15.8)
France 37 4 (10.8) 7 (18.9) 16 (43.2) 10 (27.0)
Italy 24 3 (12.5) 6 (25.0) 8 (33.3) 7(29.2)
Latvia 1 - 1 (100) - -
Portugal 28 3 (10.7) 17 (60.7) |1 (3.6) 7 (25.0)
Slovakia 1 - - 1 (100) -

Total EU | 249 20 (8.0) 94 (37.8) |86 (34.5) 49 (19.7)

We show the number of Special Protection Areas (SPAs) per country (and overall for the European
Union) that in their designation included the occurrence of little bustard. Only countries with
resident or breeding little bustards are included. Conservation status refers to a global assessment
of conservation status of the SPA (not specifically of little bustard): Excellent value; Good value;
Averaged or reduced value; and No data available. Source: European Environment Agency (last
consultation 2019/07/15; EEA 2019)

LIFE Projects

The LIFE programme, created in 1992, is the European Union’s funding instrument
for the environment, nature conservation and climate action. LIFE projects are the
only European-scale funding opportunity for applying conservation measures for
this and other threatened species and habitats, and it is principally focused on Natura
2000 sites.

Since 1993, the little bustard has been the main or partial subject of no fewer than
23 LIFE Nature projects (Table 7) in France (N = 7), Spain (N = 6), Italy (N = 4)
and Portugal (N = 6). The total cost of these projects has been 40.1 million euros,
with an EU contribution of more than 23.5 million euros. Regarding little bustard-
specific projects (i.e. excluding those considering other target species), seven LIFE
projects (four in Italy, two in France, one in Portugal) have addressed the conserva-
tion of the species, with more than 9.03 million euros (over 5.6 million euros of EU
contribution) (Table 7).

No species-specific LIFE project has yet been carried out in Spain, even though
this country is the stronghold of the little bustard in the EU. However, six LIFE
projects have included the species as a secondary target, some of them aimed at
making crop-farming and livestock-rearing compatible with the little bustard’s
requirements, and whose eventual success on the species conservation should be
fully evaluated. The latter include the promotion of fallows, sowing of small plots to
improve feeding resources for steppe birds, modification of harvest and mowing
times and methods (e.g. avoiding agricultural work during nesting), and sowing
legume crops and improving farm infrastructures (pools, enclosures, etc.) by way of
compensations to private owners. These measures are very close to the active habitat
management for the little bustard that has been implemented in other projects in
central and western France (Bamiéere et al. 2011; Bretagnolle et al. 2011), and in



287

Little Bustard and Humans: Conservation and Management

(panunuoo)

8¥€L00 (seotgjued seidlg

ON SH| 000T| /A/LVN OOHAIT| £ eudrds e, [DS-VSd oUl JO JUSWASeURN—LUSIRS ¥ VJHZ €TT'LOT'T OLT €SS T
LTELOO (uredg ‘eInpewanxy) SoIL], 9p BLDIS—BUIIOS

ON Sd| 000C| /d/LVN 00ddI'T e [DS oY) JO [9pour JUsWaSeueur Je)IqeH—SOIl [ —RUudIdg €IY°TSS 16S°9€L
9L¥800 ofdyuary

SOA Id| 200T| /d/LVN COHAIT| Ul pIeisng a[nr jo UONEAIASUOD ayl—xena], joolorg—xenay, €L8°0TL 1'TPYL96
80000/d adoing

ON 1d €00C | /dD/LV €0ddI'T WIS AN UT 2000eId 1599 UONEAIASUOD pIeIsng JO UOHEN[EAT ¥80°001 T9L°901
BINPRWANXH Ul  BIaNq[y
750000 €7, PUBTIOM JSA10)UT AJUnwwo)) Jo 9IS spig 1oy VdS

ON e €00 | /A/LVN €0HAIT| 9 JO JUSWATEURW PUE UONEAIOSUO)—RINPLWANXE eIong[y ISy 6VLESS
160000 Qouel Ul X0.412] X032 ] ‘pIeysng I oy jo suonendod

SOA dd|  $00T | /d4/LVN 0911 Surpaaiq A101eIIW Ay JO JUSWROIOJUIY—X VILAL INHI TLLOLS 0TT€8S°T
$59000 soddays [ea100 ofayuary oxreq Qyj ul [aNSIY] 19SS

ON Id LOOT | /d/LVN LOHAIT| Pue presng dury ‘prejsng jeals jo uonearesuo)—serrydalsy 910°€0T°1 120%09°T
9¢¥000 erutpres ordde)s ur xv.4a1 0442 [

SOA 11 LO0T | /LI/LVN LOFAIT| JO UOHEAISSUOD) IO SUONOY JUSWASEUBN—'S'S L' 0D SV N 8¥0°0L6 000°SSY°1
BISN[EPUY
890000 ur sparq addays 10§ seare uonosjoid [eroads jo juoweSeurux

ON sS4 800C | /d/LVN 80ddI'T pue uoneAlsuod—VIDNTVANY SVIdVddLSH VddZ 0Tr'TeL'y 991°9€9°8
250100 xp.4321 X412 ] Jo uonerndod

SOA 1I| <loc| /LI/LVN CIddI'T Tensuruad ueref 1se[ oY) JO UONBAIISUOD—XENR, + HAI'T €LY 66E°T $96°598°1
L£01000 SO[[Id[y Sop 2IreINBUNUILIOD 1QIPIUI P XNBISIO

ON dd | CI0C| /dA/LVN 1941 so[ nod sjearqey sap 915Ut UONSID—sSINIA[Y SOp HAT'T 800°T6L'T T10°88€°C
$€L000 uoneAIISUOd spiiq odda)s 10J BYSUBIA BT

ON SH| S10T| /SH/LVN STHAIT| -BINSeD JO SVJS Ul Suruirey oqeureisng—saurutiey addoys g1 €51°650°T SST'SIL'T

QAISN[OX?d | Anunod Ieok Joquinu J23fo1g opn 109fo1g | (3) uonnguyuod | (3) Surpung

pleisng oIy peo |  [eni] nda

pIeISNq S[NI] Y} JO UONEAIASUO0D dy) 0} A[[enied 1o Aurewr payesrpap adoing ur jno parued spoafoid g1 jo Arewwung £ d[qe,


http://m.as.co

J. Traba et al.

288

(WY XPUI/JI]/SOATYOIEJUSWIUOIAUY/NY ed0INa-09//:sd)1y) aseqerep 10ofoid T Wwolj paloenxa eje

006£T10

ON Id| T661| /d/LVN T6HAIT| 9pIOA onse) ur spiiq drddays jo uonearasuod oy jo aseyd s 000°000°T €EEEEE’T
00+0T10 (V 10[04)

ON MA| €661 | /I/LVN €6HAIT| @seyd puodes—oyors Ner) A JO JUSWaSeurll pue UondaoId 000°0S6 000°058°¢
00€010

ON MA|  €661| /A/IVN €6dATT £d1onQ) NP SISSNEY) PUE SISSNED) SPUBID) 000009 000°00C°T
8L1000 OpIOA onse) ur

ON Ld| $661| /d/LVN S6HAIT| spiiqaddass jo uonearssuod ayj 1oj 100{oxd oy jo aseyd puooog 006719 L98°618
SITI00 g 1ed—(oseyd

ON MAd | S661| /A/LVN S6HATT PU039s) 3RS NEILD) A JO JUSWATLUL PUE UOTISI0I] ST84T 05961
25000 v med—oseyd

ON MA|  S661| /A/LVN S6HATT PU029s—aYORS NEILD) A} JO JUSWATLULL PUE UONII0L] SL8‘9YY 00S°L8L'T
S91€00 syeaqey orddays

LN II| 9661 | /LULVN 96HAIT ueruIpIeg oY) jo uondajord oy 1oj suonoe Jussin—addarg LOSTL'YEY | €T8EI6LS
L02€00 QduRI] Ul eUNR] PIJRIOOSSE PUR XD.1JI] XDAJI ]

SO MA| 9661 | /A/LVN 96HAIT| Preisng o[nr Jo UoneAIssuod oy uo swersord eyuowriiodxg LS'8EE0T6 | TY'9LYOFS'T
701€00 RINPRWANXH Ul [21)SY 19SS pue preisng jealn)

ON SH| 9661 | /A/LVN 968AIT ‘preysng S[NI] oY) JO UONLAISSIIJ—LINPEWANXH/SYIAZ PPEEKITE | TO'LLS'ST
SECs00 opeg/ens

ON Ld| 8661 | /d/LVN 86HAIT| -Ulued [eqmag o) JO YI0MIdU 0007 VINLYN—OPeS/[Eqmios ¥80°88L°C | ¥I'LL6TR6'E
121500 "d "N ouesIen ayy ur uon

LN LI| 8661 | /LILVN 86HAIT| -09101d sa)is 000 VIN.LVN 2} 10] SUOndE Juasin—ouesieny SLYLL'69E |  1S6¥S'6EL

QAISN[OX?d | Anunod Ieok Joquinu J23fo1g opn 109fo1g | (3) uonnguyuod | (3) Surpung
preisnq oIy peaT | [enmuf ng

(Ponunuod) £ dqe],


https://ec.europa.eu/environment/archives/life/index.htm

Little Bustard and Humans: Conservation and Management 289

Catalonia (Mafiosa et al. 2020), where focused renting or acquisition and manage-
ment of fallow land for little bustard coupled with more generic development of agri-
environmental schemes for steppe birds is halting the population decline.

In Portugal, six LIFE projects have been implemented in key ecological areas for
the little bustard and other threatened birds, including land purchase, as well as the
implementation of pilot projects in order to design specific measures to strengthen
the preservation of the species and/or its pseudo-steppe habitats. As in Spain,
post-LIFE evaluation is needed in order to know the level of success in the
implementation of such measures.

In France, two LIFE projects were specifically dedicated to the little bustard: an
“Experimental programme on the conservation of the little bustard and associated
fauna in France (1996-2001)” and a project for the “Reinforcement of migratory
populations (2004-2009)”. Both increased scientific knowledge of the species and
tested conservation measures. The latter project successfully reinforced little bustard
populations in target areas (see chapter “Captive breeding, handling and care, and
the impact of releases on wild populations”), although it showed that care had to be
taken in regard to source populations, since differences in migratory behaviour were
shown in relation to egg origin: chicks hatched from Spanish eggs did not migrate
during winter, suggesting a genetic component to migratory behaviour (Villers et al.
2010). In addition, these projects allowed two breeding centres to be established—
one for rearing young chicks and another for breeding adults (chapter “Captive
breeding, handling and care, and the impact of releases on wild populations”).
Monitoring confirmed that released birds of local origin integrated with the wild
populations and migrated over the winter (Villers et al. 2010).

Agrarian Policy and the Little Bustard in Europe

Reversing the habitat and land use changes over recent decades in European agrarian
landscapes is an unavoidable requisite for improving the little bustard’s conservation
status, and this implies a serious reform of the CAP after 2020. Unlike other wildlife
species of conservation concern, whose preferred habitats can be located in more or
less pristine areas, the European populations of little bustard, as well as other
European pseudo-steppe birds, depend on anthropogenic ecosystems,
i.e. traditional farming systems, including both for agriculture and livestock (chapter
“Habitat selection and space use”). The crucial importance for the little bustard of
traditional farming systems, which provide suitable cover of pastures and fallows,
has already been mentioned in this volume (see chapter “Habitat selection and space
use”). Hence, the relationship between the little bustard (and other coexisting bird
species) and humans may be seen as a tense trade-off between food production and
wildlife conservation. This has been the case since the mid-1960s, when agricultural
intensification steeply increased in central and northern Europe during the ‘Green
Revolution’ (Pain and Dixon 1997). In Spain and Portugal, these changes occurred
later, from the mid-1980s, after the entry of these countries into the European Union.



290 J. Traba et al.

There is strong consensus that agricultural intensification is the main reason for the
decline of little bustard (and other steppe birds) in Europe (Goriup 1994; Morales
et al. 2005; Osborne and Sudarez-Seoane 2007; Delgado and Moreira 2010; Lapiedra
et al. 2011; Bretagnolle et al. 2018; Traba and Morales 2019).

In this context, it was expected that the implementation of agri-environmental
measures (AESs, see below) might have helped reduce threatening factors. How-
ever, although some specific measures seem to have been successful in France
(Wolff et al. 2001; Bretagnolle et al. 2011) and Portugal (Ribeiro et al. 2014), in
general, the scale of AES application has been insufficient to ensure a positive effect
(Barov and Derhé 2011; Bretagnolle et al. 2018). In Spain, AESs have failed to stop
the dramatic decline of the species, despite initial hopes that economic incentives to
farmers would maintain extensive agriculture (see Sudrez et al. 1997).

Agri-environmental Schemes and Little Bustard Conservation

Overall the effectiveness of AES in preserving biodiversity in agrarian landscapes
has scarcely been explored (Moreno et al. 2010; Concepcién et al. 2008). Until 2020
CAP had two main tools to promote agrarian measures compatible with biodiversity
conservation: greening, a set of minimum practices compulsory for farmers to
qualify for subsidies of Pillar 1; and voluntary agri-environmental schemes
(AESs), locally focused, whose target was the promotion of agrarian practices
compatible with biodiversity conservation. Greening included setting ecological
focus areas (including fallow land), increasing crop diversity and the maintenance
of permanent grasslands, another measure with important implications for little
bustards. AESs have been changing ever since 1992, as they were implemented in
all successive CAP reforms, but in all cases they showed a common factor: a
relatively low uptake by farmers. This has been shown in particular when AESs
competed with other subsidies and/or could reduce the productivity of farms (Llusia
and Ofate 2005; Santana et al. 2013). Other problems lie in the spatial dispersion of
farms under AESs, which undermines their overall efficiency: several studies on
different animal and plant taxa have shown that effectiveness of AESs for biodiver-
sity increased with their spatial extent and the proportion of fields at regional scale
(e.g. Henckel et al. 2015; Caro et al. 2016). Altogether, these problems call for a
re-thinking of AES in the face of the new CAP after 2020 (Pe’er et al. 2019; Tarjuelo
et al. 2020).

In the case of the little bustard, only a few local studies have quantified the effects
of both greening and AES on the conservation of the species (see for instance
Concepcion et al. 2020). Indeed, the negative trends in the whole European range
suggest little or no success. However, the continuous decline of fallow land in
Europe over the last 20 years may have been the main problem, masking any positive
effects of AESs, the latter being insufficient to counteract the decrease in the main
preferred habitats (Traba and Morales 2019), besides the above-commented effects
of spatial dispersion of AES, the level of intensification and landscape structure and
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the ecological contrast created between under-AES fields and the matrix with
conventional management (Caro et al. 2016; Tscharntke et al. 2005). In addition,
it is possible if not likely that some AESs, designed and applied for other flagship
species such as the great bustard, may have hindered or prevented the success of little
bustard conservation measures (Moreno et al. 2010; Tarjuelo et al. 2014). In France,
dedicated AESs have been implemented since 2004, including delayed mowing of
alfalfa and grasslands, restoration of grassland to replace arable crops, and a ban on
insecticides and herbicides. Little bustards responded positively and at first increased
(Wolff et al. 2001; Bamiere et al. 2011; Bretagnolle et al. 2011); however, successive
CAP reforms, with strong changes between them, resulted at least in some areas in a
decrease of land area under contract, and a concomitant decrease in little bustard
populations (Gendre et al. 2018). In addition, Bretagnolle et al. (2018) showed how
grasslands in some contexts could become ecological traps if the ratio of grasslands
in AESs to uncontracted land is too low.

Nevertheless, in Spain there is a wide consensus between scientists and managers
that AESs represent the main management tool for the long-term conservation of the
species (Tarjuelo et al. 2020). Unfortunately, however, AESs in Spain show a very
poor uptake by farmers, who generally choose to increase profitability through
agrarian intensification (Llusia and Ofiate 2005). After nearly 25 years of AES
application in Spain, implementation has been insufficient and geographically too
scattered, so that the positive effects are weak and dispersed (Llusia and Ofiate 2005;
Concepcidn et al. 2008, 2012; see Traba and Morales 2019).

Mixed effects of specific long-term conservation measures on little bustards have
been found in Portugal, including those promoting agrarian extensification. Santana
et al. (2014) detected positive local effects, which supports the view that targeted
efforts plus legal regulations, intended to prevent afforestation, the conversion to
permanent crops, and the expansion of irrigated agriculture, might be beneficial to
the species. However, Silva et al. (2018) reported a major national population crash
of ca. 50% in the period 2006-2016. This decline was likely more associated with a
decrease in habitat quality than with overall habitat loss inside SPAs, while the
expansion of irrigated and permanent crops resulted in a dramatic loss of habitat
outside SPAs (Silva et al. 2018). Thus, general measures may no longer be enough to
halt the decline of the species in Portugal, if no specific measures are taken to control
the expansion of olive and almond crops. In the Evora region, the area converted to
irrigation inside the study area was around 15% (with no significant changes in land
uses in the remaining 85%), while the area converted to irrigation around the study
area was 40-50%, resulting in an overall little bustard population decline of 80-90%
(own unpublished data). In permanent grasslands, changes in livestock management,
with increased stocking rates and the replacement of sheep by cattle, seem to have
contributed to the population decline (Silva et al. 2018; Marques et al., unpublished).
Such generalized habitat degradation outside Portuguese SPAs and nearby areas
may have favoured longer post-breeding migration movements, which may expose
little bustards to a greater mortality risk (Silva et al. 2018).
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Promotion and Conservation of Fallows, Set-Asides
and Appropriate Pasture Management

Existing evidence clearly suggests that the conservation of the little bustard and other
steppe birds requires management measures aimed at promoting agricultural exten-
sive practices and particularly fallows and other fields with spontaneous herbaceous
cover and high floristic diversity, like set-asides and extensively grazed pastures
(Giralt et al. 2018). Fallow land may be defined as cultivated land not seeded for one
or several growing seasons (Traba and Morales 2019). Thus, fallows include differ-
ent semi-natural grasslands and pastures that will eventually be ploughed for a new
crop cycle, and with temporal or occasional extensive grazing (Peco et al. 1999).
Maintenance and promotion of fallows, set-asides and extensively grazed pastures
are one of the most important habitat management measures for the conservation of
the little bustard and other steppe birds, given the amount of resources they offer to
birds (feeding, refuge, nesting substrate) (Delgado and Moreira 2010; McMahon
et al. 2010; Morales et al. 2013; Giralt et al. 2018).

The decrease in the area of fallow land is a major factor explaining the decrease in
Spanish little bustard populations (Traba and Morales 2019), while changes in
pasture management are likely a main driver of the decline in Portugal (Faria
et al. 2016; Silva et al. 2018) and France (Bretagnolle et al. 2011). Therefore, the
promotion of fallows, set-asides and adequately grazed pastures should be a priority
to reverse this trend. We argue that the upcoming revision of CAP after 2020 should
encourage the maintenance of fallows, set-asides and adequately grazed pastures. To
promote fallow lands in the European agrarian landscape, Traba and Morales (2019)
suggested: (1) requiring farmers in receipt of subsidies to leave fallow a minimum
area of their land; (2) returning to the obligation to keep at least 10% of the agrarian
land as fallow; and (3) reducing field-level intensification, specifically in the use of
agrochemical inputs. This last point is of extreme importance, as not only is the
presence of fallows critical but also their appropriate management in order to meet
little bustard requirements. This includes the reduction in the application of agro-
chemicals, which could negatively affect food resources for adults (weeds) and
chicks (insects), and the use of extensive grazing during the breeding period. Indeed,
grazing may allow the coexistence of both high vegetation cover in some areas,
which is suitable for nesting, with a relatively open structure important for anti-
predator vigilance, the performance of the males’ sexual display (Morales et al.
2008) and the capture of insects when females are feeding their offspring
(Bretagnolle et al. 2011).

Other fallow management practices have been shown to benefit little bustards,
including shredding and early (February) herbicide application in small doses, as this
may maintain an appropriate herbaceous cover (Roblefio et al. 2017; Sanz et al.
2019), although herbicide application is controversial and questioned by technicians
and scientists, and should be avoided until more evidence is made available.

In terms of livestock management, it is important to implement a total decoupling
of livestock, particularly cattle, in the next CAP reform, so that farmers are to be paid
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Table 8 Summary of general recommendations related to the management of fallows, set-asides

and pastures

Measure/action

Minimum value/
viable threshold

Effects on little bustard

References

Spatial distribution
of fallows,
set-asides and
similar

10% of total agrar-
ian area should be
dedicated to fallow

Reducing dependency of
landscape-scale processes
and negative effects of agrar-
ian matrix

Traba and Morales
(2019)

Minimum field size

>2-3 ha

Species’ specific habitat
requirements

Chapter “Habitat
selection and
space use” (this
volume)

Diversity at land-
scape scale

Network of fallow
plots of 5-10
hectares

Easing connectivity

Lapiedra et al.
(2011)

Diversity at field
scale

Diversity agricul-
tural treatments in
fallows

Increase intra-field
heterogeneity

Roblefio et al.
(2017) and Sanz
et al. (2019)

Reducing Single tillage early | Avoid nest losses and direct | Roblefio et al.

machinery in the year, two mortality (2017) and Sanz
maximum. No et al. (2019)
herbicide

Increase fallow age | 10% of the fallows | Increase habitat diversity Giralt et al. (2018)
>2-4 years

Grazing fallows
extensively

Light to moderate
stocking rates
(0.2-0.6 LU/ha)

Species’ specific habitat
requirements

Faria et al. (2012)

Excluding grazing
and ploughing in
stubbles during
winter

Only during winter

Promotion of natural or
seeded fallows to avoid high-
mortality post-breeding
movements

Cuscé et al. (2018)
and Giralt et al.
(2018)

Based on Giralt et al. (2018)

per unit area with a fixed maximum livestock density rather than per head, which just
encourages the maximization of livestock numbers.

In relation to the management of fallows, set-asides and pastures, Giralt et al.
(2018) made a series of general recommendations applicable to little bustard and
other steppe birds, which should be made compulsory in the post-2020 CAP, at least
in Natura 2000 areas, including (see a summary in Table 8):

» Spatial distribution. Due to the dependence of little bustards and other species on
processes occurring at the landscape scale (Brotons et al. 2004; Traba et al. 2013;
Cardador et al. 2015), fallows, set-asides and grazed pastures should be spatially
concentrated so that their effects are detectable at a large scale. The minimum
total agrarian area dedicated to fallow should be 10% per individual property
(Traba and Morales 2019), as was compulsory under CAP until 2008.

e Minimum field size. Each particular fallow field should be above 2-3 ha, to be
able to meet the habitat requirements of both males and females (see chapter
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“Habitat selection and space use”), avoiding the use of perimeter fences when the
field size is below 4-5 ha.

* Diversity at landscape scale. Lapiedra et al. (2011) proposed the creation of a
network of fallow plots of 5-10 ha, separated by a maximum of 500 m from each
other and connected by grassy margins with herbaceous cover. The promotion of
leguminous dry crops, with prescribed harvesting/mowing dates, as well as the
maintenance of medium and long-term fallows and set-asides (Traba and Morales
2019), is also advised. However, this is dependent on geographical context, as in
several parts of Portugal the landscape is already dominated by extensive grass-
lands. In these areas, management should focus on maintaining habitat quality
through extensive field management measures.

* Diversity at field scale. In order to increase heterogeneity within fields it is
recommended to diversify agricultural treatments in fallows, or apply the same
treatment but at different times (Roblefio et al. 2017; Sanz et al. 2019).

¢ Reducing machinery. Nest losses and direct mortality due to machinery during
breeding are two of the main threats to little bustard and other species (Faria et al.
2016; Bretagnolle et al. 2018; Ponce et al. 2018; chapter “Threats affecting little
bustards: human impacts”). Therefore, tillage, application of herbicides and/or
fertilizers, or reaping should be avoided during the breeding season.

To avoid plant overcover in fallows, a single tillage early in the year should be
applied, two maximum (Sanz et al. 2019), and only when light to moderate
grazing is unavailable (see below). Tillage may also benefit invertebrates,
which can be crucial both for feeding fledglings (and adults) and for pest
control in the following year’s crop. Repeated tilling should be avoided
(Roblefio et al. 2017; Sanz et al. 2019). Herbicide application, even though
it may generate plant structure somehow suitable for the species (Roblefio
et al. 2017), is not recommended. Little bustard males eat mainly plant
material (leaves, flowers, stems) (Jiguet 2002; Bravo et al. 2017), so the risk
of herbicide poisoning may be expected.

* Fallow age. Old (over 1 year) fallows may offer a greater diversity of habitats,
plants and invertebrates, offering greater food availability for little bustards
(Traba et al. 2008; Tarjuelo et al. 2019). At least 10% of the fallow area should
be maintained for extended periods of 2—4 years (Giralt et al. 2018).

* Grazing fallows extensively. In areas where long-lasting fallows, set-asides and
pastures exist and grazing is common, it must be low to moderate (Silva et al.
2004; Faria and Morales 2017). For example, Faria et al. (2012), in a Portuguese
area with cattle grazing (a livestock management model increasing in the south-
west of the Iberian Peninsula), recommended that grazing management aiming to
conserve little bustard populations should consider: (1) the maintenance of larger
long-term pastures; but (2) using light to moderate stocking rates (0.2-0.6 LU/
ha). In Navarra (Spain), Astrain and Etxeberria (1997) recommended 0.5 sheep
grazing units per ha.

* Excluding grazing and ploughing in stubbles during winter. Several studies have
indicated the importance of stubbles in the post-breeding and winter periods
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(Faria and Silva 2010; Silva et al. 2007). The lack of fallows after haying and
cereal harvesting is one of the causes (along with temperature) that forces little
bustards to undertake post-breeding movements (Garcia de la Morena et al.
2015), thus incurring higher mortality risks such as collision with powerlines
(Silva et al. 2007; Marcelino et al. 2017; chapter “Threats affecting little bustards:
human impacts”). In wintering grounds, the promotion of natural or seeded
fallows is also recommended. In these areas, alfalfa under irrigation was a crop
frequently used by the species during winter, at least in central Spain and
Catalonia (Garcia de la Morena et al. 2015; Cusco et al. 2018), and alfalfa is an
important component of the species’ diet during winter (Bravo et al. 2017). In
recent years, alfalfa fields have decreased in the landscape, probably due to CAP
recommendations and frequently replaced by irrigated woody crops, and these
changes may have had negative effects on the winter survival of the species (see
chapter “Migration, movements and non-breeding ecology”).

Concluding Remarks

In this chapter, we have reviewed the main conservation actions taken during the last
30 years for the protection of the little bustard, with a special focus on Portugal,
France and Spain, the stronghold (>99%, see chapter ‘“The little bustard around the
world: distribution, global conservation status, threats and population trends”) of the
species in Western Europe. Despite the time elapsed since the first draft of the
European Action Plan (De Juana 2001) and the scientific knowledge acquired, the
situation of the species not only has not improved but has clearly worsened. Despite
its critical status in several countries, the little bustard is still listed as Near Threat-
ened and Vulnerable under the Global and European IUCN Red Lists, respectively,
and Vulnerable in Spain, requiring an urgent reclassification at all the three levels
that realistically reflects the dramatic decline of the species. Greater efforts in census
and field studies are needed to maintain a constant monitoring of population trends,
and to address female status and productivity.

During the last 20 years, the European Union has declared a relatively high
number of Special Protected Areas designated specifically for the species. However,
the conservation status of the little bustard is not greatly helped by such intervention,
since many populations are located in farmland outside protected sites. Protection of
the little bustard by the Natura 2000 network is clearly inadequate, and this is
particularly well exemplified in Spain, which holds the main European populations
yet where only about 30% of little bustard numbers are within Natura 2000 sites.
Furthermore, the populations within SPAs appear not to be feasibly maintained
either. There is a wide consensus between both technical officers of regional
governments and scientists that SPA cover is insufficient to guarantee the conser-
vation of the species in Spain (Bota et al. 2020). Portugal is in a similar situation
(Silva et al. 2018). Time is running out in some regions of the species’ western range,
and efforts are needed to designate new SPAs, focusing on both breeding and
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wintering grounds. An important part of the population is migratory (Garcia de la
Morena et al. 2015), spending most of the year outside the breeding grounds, so
identification and protection of non-breeding areas is critical for the long-term
maintenance of the species.

The LIFE programme has dedicated general and specific projects to improving
the conservation status of the little bustard. However, perhaps with the exception of
France, the situation has not notably changed, probably due to the need for conser-
vation measures in wide areas outside of protected sites, and beyond the time-frame
of specific conservation projects. Positive results have been achieved only locally,
where targeted funding has been provided in combination with specialized expert
support (Barov and Derhé 2011). In most part of the western range, efforts and
money invested have not prevented the degradation of the agrarian matrix nor the
decline of populations. Notably, CAP continues to be the major driver of agricultural
intensification leading to habitat loss and degradation that threaten little bustards (see
chapter “Threats affecting little bustards: human impacts”). The application of AESs
has not reversed the dramatic decline of the species, owing to difficulties associated
with the specific design of measures (Moreno et al. 2010) and irregular implemen-
tation (Llusia and Ofiate 2005; Ofiate et al. 2007).

There is an urgent need for an agricultural policy that takes into account the needs
of biodiversity conservation such as fallow maintenance and effective schemes that
promote appropriate habitat conservation and management. This entails the mainte-
nance of fields with permanent plant cover on arable land and reducing the use of
agrochemicals, achieved by means of well-designed financial and policy instru-
ments. Berthet et al. (2012) and Traba and Morales (2019) have suggested that
leaving a minimum of 10% cover of fallow land, as was compulsory under CAP until
2008, could represent the threshold to maintain viable little bustard populations. To
achieve this, landowners, farmers and agricultural administrations need to be
involved. The non-linear nature of the effects of intensification on biodiversity
may require the implementation of more flexible measures than current AESs
(Concepcién and Diaz 2013). The view that there are win-win strategies for
biodiversity conservation as well as for farming profitability if AESs are adequately
applied (Ofiate et al. 2007; Tarjuelo et al. 2020) should be promulgated among
farmers. Their engagement should be pursued on a scale well beyond current levels.
Given that it is voluntary, efforts should be made to make farmers prone to
uptake AES.

Some views of nature conservation and management advocate for a return to
wilderness, which would imply the abandonment of farming in Europe and other
regions whose landscapes have been shaped by centuries-long agricultural activity.
Wilderness should be understood as ecosystems that develop in the absence of
human management (Ceausu et al. 2015). However, abandoned farmlands in Europe
often evolve into structurally complex forested ecosystems (Rey-Benayas and Bull-
ock 2015), which are avoided by the little bustard and other steppe birds. In regions
where steppes or natural grasslands are in equilibrium with prevailing geological and
climate factors forests do not develop and their rewildering might be an option for
these species. A complementary and ongoing debate about the future of farming is
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the land sharing—land sparing dichotomy. While land sharing can be interpreted as
a “wildlife-friendly farming”, promoting the improvement of the farmed environ-
ment as discussed in this chapter, land sparing advocates for a separation of land
designated for farming from that destined for conservation (Phalan et al. 2011). This
may confine steppe bird populations to a few designated areas, jeopardizing the
natural dynamics of populations and metapopulations. However, the sparing from
intensive land use of a large network of farmland areas managed in a wildlife-
friendly manner so that biodiversity and associated ecological functions are
maintained (a mixed model between land sharing and sparing), could offer a chance
for the conservation of these species.

Finally, it is critical to consider the effects of climate change in any agricultural
policy aimed at conservation. Due to dispersal constraints and site fidelity, current
geographical distribution likely restricts future changes in little bustard (and other
steppe birds’) distribution tracking climate changes (Estrada et al. 2016). Such
constraints should be considered in any long-term conservation policy and local
climate mitigation measures implemented.

Of course, other aspects need also to be addressed, such as working with
landowners, farmers and other stakeholders to reduce hunting pressure in some
countries (Yousefi et al. 2017), as well as other causes of non-natural mortality
such as collision with powerlines or poaching (see chapter “Threats affecting little
bustards: human impacts”). The current and future development of energy infra-
structures (solar and wind farms) should be closely monitored. The conservation of
the little bustard should be a priority in coming years at European, national and
regional levels, with clear social and science-based strategies coordinated among the
different key actors at different scales. In synthesis, we encourage a strategy framed
under the agroecological transition concept, in which a network of sufficiently large
land expanses (important for farmland birds) should be managed with the joint
efforts of main stakeholders, citizens and many farmers. Those areas would function
as population sources for the little bustard and other species, sustaining
metapopulation and thus species’ persistence at a large scale.

Scientific research deserves a final mention. The little bustard is now a well-
studied species, and much specific research has been published in the last 20 years as
reviewed in this volume. Around 47 studies were carried out in the Iberian Peninsula
(Spain and Portugal) and another 17 in France in recent years (Morales and Traba
2016; see chapter “Why a monograph on little bustard?””). Most of these studies
involved the estimation of population size, analyses of habitat selection, efficiency of
habitat management measures and AES associated with the Common Agricultural
Policy (CAP), and general biology and ecology (Morales and Traba 2016). As a
consequence, our knowledge of the species and its requirements has strongly
improved and has contributed to defining and refining conservation measures.
However, the translation of this knowledge into practical conservation is still scarce,
although ongoing experiences in some regions provide hope in this respect.
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Check for
updates

Manuel B. Morales, Juan Traba, and Vincent Bretagnolle

Compiling and synthesizing all relevant evidence available on a species’ ecology is a
formidable challenge. Honestly, we do not know if we have adequately accom-
plished the task. Nevertheless, we have tried and, with the same honesty, believe that
the result (i.e., the present monograph) may be a solid ground for those that today
and in future years might continue studying and conserving the little bustard.

The Little Bustard, Not a Stranger Anymore

As highlighted by this book, there is a huge amount of information on little bustard
ecology, mainly information acquired over the last two decades. For example, no
nest description was published from France until 1997, and yet Bretagnolle et al.
(2018) reviewed the nesting ecology of the species at a single French study site
analyzing 157 nests! This formidable increase in knowledge of the species is mainly
attributable to its threatened conservation status, which has motivated research and
conservation efforts from both scientists and NGOs in particular over its western
distribution range. The information presented in this book spans from, among other
issues, phylogenetic relationships, mating systems, parental care, habitat and niche,
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movements, population dynamics, and biotic interactions, to responses to human
land use and management, conservation, climate change, and conditions of captive
breeding. This has entailed a tremendous advance in scientific knowledge about the
little bustard in particular, but also beyond it, contributing to general aspects of
ecological theory such as sexual selection and mating systems, species coexistence,
or the role of conspecific attraction in habitat selection and species distribution.
Such wealth of information required the major synthesis attempted in this volume.

A Unique Family, a Diverse Species

A second lesson arising from the book is the distinctiveness of bustards among birds
and, to a lesser extent, of the little bustard among other bustard species. The bustard
family has long been known as a strikingly different group. Indeed, its taxonomic
affiliations have been long argued, and as described in chapter “The little bustard and
its family: an overview of relationships”, the latest proposal, arising from DNA
analyses of all avian families, defies more intuitive classifications largely based on
morphological traits, by grouping bustards with turacos and cuckoos rather than
cranes. However, science is often counter-intuitive and the spectacular advance of
phylogenomics will surely test the consistency of these relationships. Beyond
phylogeny, chapter “Natural history of the little bustard: morphology, biometry,
diet, sexual dimorphism, and social and breeding behaviour” highlights many
morphological and behavioural traits of the little bustard that are common among
the members of its family, but rare or exceptional in other avian groups. These traits
make the little and other bustards fantastic (although challenging) models to test
different evolutionary hypotheses. Chapter “Natural history of the little bustard:
morphology, biometry, diet, sexual dimorphism, and social and breeding behaviour”
also highlights biometric variation between different geographical areas within the
species’ distribution range which, rather than rehabilitate the abandoned taxonomic
split between subspecies, may at least substantiate the recognition of two evolution-
ary—hence conservation—units. This morphological variation indeed calls for
further work with genetic evidence and phylogeographic analyses, if evolutionary
significant population units (ESUs, Moritz 1994) are to be identified and conserved.

Diverging Fates Between Increasing Eastern and Collapsing
Western Populations

As reviewed in chapter “The little bustard around the world: distribution, global
conservation status, threats and population trends”, the fates of the western and
the eastern populations are very different. This chapter’s main message is that, if
the strong decline of western populations continues in the coming years, the future of
the species will rely on the eastern range, whose populations appear to have grown in
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the last 30 years, mainly due to the abandonment of intensive agriculture after the fall
of the Soviet Union. In fact, the eastern range, comprising the populations found
from the Volga basin in European Russia through Kazakhstan to eastern China, has
become the stronghold of the species at world level. This raises at least two
conservation issues. The first is the possible future extinction of the western range
ESUs. Regional extinctions have already occurred in recent years in northern Africa
and continental Italy, and we have little or no idea of their ecological, genetic, and
evolutionary singularities. A clear example of potential ESU extinction that can be
hopefully prevented is that of little bustards from western France. This is the only
and last remaining fully and long-distance migrant population of the western range
and, as such, it can be considered as evolutionarily distinct from others in that range.
The second issue is the risk of agricultural re-intensification in the eastern range,
particularly in southern Russia and Kazakhstan, which may hamper or even reverse
the current recovery of the species in that region.

Population trends ultimately reflect the behaviour of demographic parameters.
Chapter “Breeding biology and demographic traits” shows that, although we still
lack quantitative information on some demographic parameters of little bustard
populations (e.g. survival and natal dispersal) and how they respond to environmen-
tal change, important progress has been made in a few intensively studied
populations of Western Europe. They reveal low breeding success and male-biased
sex ratios, as well as lower female survival than would be expected for a bird of its
size and characteristics. The lack of information is evident for populations in the
eastern range, where there are virtually no quantitative studies on the species’
breeding biology and demography, which would be necessary to prevent the nega-
tive population trends observed in the west.

Little Bustard Habitat Selection: Heterogeneity Is the Key

Habitat selection by the little bustard is synthesized at different spatial scales in
chapter “Habitat selection and space use”. At a large geographical scale, the asso-
ciation of little bustard distribution with temperature-related variables suggests the
sensitivity of the species to temperature changes forecasted by future climate
models. Moreover, the important role of conspecific attraction and philopatry in
the species’ spatial distribution, along with its strong dependence on grasslands and
extensive farmland, make it vulnerable to climate change. At the landscape scale,
chapter “Habitat selection and space use” highlights the role of natural and semi-
natural grasslands (long-term fallows, extensively grazed pastures, extensive alfalfa
cultures) as a critical habitat for little bustards, and reinforces the role of young
fallows and more temporary grasslands as an alternative habitat, especially since
they may offer some inter-annual stability. At an even more local scale, spatial
variation in vegetation structure seems to drive little bustard microhabitat selection.
Little bustards select a particular range of vegetation structure as a result of trade-offs
between anti-predator vigilance, food requirements, and sex-related constraints,
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regardless of landscape composition or type of land use. Vegetation structure
variation also seems important in how little bustards share their habitat with other
grassland and farmland birds with similar requirements.

One central aspect emerges when analyzing little bustard habitat selection from
different perspectives: heterogeneity at every scale. The species depends on a
heterogeneous environment that can provide the different and complementary
resources required for its vital purposes. At the landscape scale, the mosaic of
agricultural habitats that are managed differently, as is typical of extensive farmland,
produces such heterogeneity. In more uniform landscapes like those dominated by
grassland or natural steppe, heterogeneity is provided at a smaller scale by variation
in vegetation structure, often generated by low or moderate grazing. The loss of such
heterogeneity through agricultural intensification is identified throughout this vol-
ume as the prime cause of the steep population declines experienced by the little
bustard in many parts of its distribution range.

Beyond Reproduction

The yearly non-breeding period for the little bustard comprises at least 8 months,
from August to March. It is therefore unsurprising that the fate of populations relies
strongly on what happens in these two-thirds of the year. Migration is a crucial
process occurring in that period. From chapter “Migration, movements and
non-breeding ecology”, we learn that little bustard seasonal movements are more
complex than the traditional classification of the species suggests (i.e. migratory
versus resident). Besides the fully migratory populations that have been long known
to perform classic directional winter migration (i.e. those of western France, Russia,
and central Asia), there are others that are also fully migratory, but perform shorter
migrations, such as many from northern Spain, or partially migratory, such as those
from central Spain, in both cases wintering in the south of the Iberian Peninsula.
Moreover, there are other seasonal movement patterns different from winter migra-
tion that also entail a directional round trip movement after breeding (summer
migration) or a combination of the latter with a winter directional migration from
summer sites to wintering sites and a return to the breeding grounds. Lastly, there are
resident populations in southern Iberia and other regions like Sardinia that perform
short-distance movements, tracking resource availability.

Because little bustards often move they are exposed to threats, e.g. those involv-
ing anthropogenic features (powerlines, wind farms). In addition, habitat selection
outside the breeding season is not constrained by breeding requirements and thus
little bustards can be found in places where the proximity of linear infrastructures, or
irrigated farmland, is more likely because such threats are usually reduced or absent
in protected breeding sites. In synthesis, threats faced by little bustards outside their
breeding areas (powerline collision, poaching, disturbance from human activity) are
driven by land use changes and infrastructure development.



Conclusions and Perspectives 307
Lek Mating Systems: What the Little Bustard Has Taught Us

Habitat use and habitat selection are two aspects of a species’ general behavioural
ecology. In lek-like mating systems, the use that females make of habitat in display
arenas is key in determining the type of mating strategy used in a particular
population. Chapter “Behavioural ecology of the little bustard: sexual selection
and mating systems” shows that little bustards are highly flexible in regard to mating
strategies, comprising basically all possible mating systems in which males do not
participate in parental care, and again this flexibility depends mainly on habitat
heterogeneity, landscape structure and/or resource dispersion. To a lesser extent, the
mating system found in a given population further depends on bird density
(e.g. monogamy could be found in little bustard populations with very low density).
These factors in turn may be influenced by the intensity of agricultural management.
Knowledge of little bustard mating strategies, sexual display, and secondary sexual
traits has also contributed to sexual selection theory. This contribution should be
particularly acknowledged, given the great methodological, logistic, and even ethical
challenges posed by the study of little bustards in the wild. As a consequence, some
other aspects, such as multiple-paternity clutches, the level of sperm competition,
sibling interactions or natal dispersal remain very poorly documented and deserve
future attention.

Predators, Parasites, and Competitors

A largely unexplored aspect of little bustard ecology is the role of biotic interactions
in regulating little bustard population dynamics. Chapter “Interspecific relation-
ships” presents the first complete account of this issue, compiling results from
both historical and recent studies. The little bustard has been shown to suffer
asymmetrical pre-emptive competition for its preferred habitat with the great bus-
tard, with which it coexists in many parts of its distribution. This may have important
conservation consequences, since the extent of preferred habitats has markedly
declined in recent years (Traba and Morales 2019). Predation seems to be the
main natural cause of mortality in the species, with raptors and opportunistic
mammals being the most important predators, while the role of parasites and their
transmission from released gamebirds deserves deeper research. Positive interac-
tions are ubiquitous in nature and may occur in little bustards as well, but remain to
be confirmed. The best example concerns the frequent formation of mixed flocks
with the pin-tailed sandgrouse, a possible form of either mutualism or mere com-
mensalism by the smaller species. Greater research effort possibly involving chal-
lenging pseudo-experimental design is needed to understand the role of biotic
interactions in little bustard population dynamics, which would in turn help improve
conservation strategies.
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Intensive Care Conservation

Ex situ conservation and population reinforcement programmes are usually put in
place when wild populations show symptoms of an extinction vortex. That was
probably the case of the little bustard population of Poitou-Charentes, in western
France, where barely 300 males remained in the year 2000. This programme, whose
general aims and technical details are described in chapter “Captive breeding,
handling and care, and the impact of releases on wild populations”, made possible,
in combination with habitat management measures, to halt this population’s decline,
avoid its extinction, and contribute to its present stability (although the population
does not show any sign of increase). But it also generated a huge amount of
information on many aspects of the species’ biology, such as incubation, hatchabil-
ity, chick growth, or disease. Such new knowledge has provided feedback to
improve many aspects of the captive breeding programme. A nice example was
the strategic shift from a captive stock based on birds from Spain to one based on
locally rescued eggs, after verifying that little bustards hatched from Spanish eggs
did not exhibit the migration behaviour of local birds and stayed in the region
through the winter. This allowed two important conclusions to be reached: the
survival of released birds from sedentary populations would be compromised if
hard winter conditions appear, and if migration behaviour is genetically controlled,
then genetic configuration of the local population would be significantly modified.

Responsive Population Dynamics

Although little bustard populations have decreased precipitously in many areas of
the western Palearctic, they can show very positive dynamics when conditions are
favourable, growing exponentially and reaching high densities from very low
numbers in a relatively few years, as discussed in chapter “Little bustard population
dynamics”. Another lesson from the species’ population dynamics is that many
aspects of its ecology are largely governed by density-dependent processes, which
means that, even in very large populations, declines in abundance produce steeply
negative exponential growth rates. This is a challenge for managers since declines
are usually faster than they expect, particularly in their initial stages. The importance
of density dependence is also reflected in lekking dynamics, so that small lek size
may result in strong breeding depression and lead to increased risk of population
extinction via an Allee effect and to the accumulation of individuals in the largest
aggregations. Population viability analyses (PVAs) show that the persistence of little
bustard populations requires high adult survival (>60%) and a fecundity rate of at
least 0.9 fledglings per female and year. These parameters are particularly sensitive
to habitat changes and govern the species’ population trends. As regards sex ratio,
populations tolerate a moderate shortage of males, but no shortage of females, which
is consistent with the species’ lek mating system. Therefore, conservation efforts
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should addressed improving adult survival, particularly female survival, and fecun-
dity. PVAs also illustrate the relevance of connectivity in the dynamics of little
bustard metapopulations, and highlight the importance of guaranteeing a secure
landscape matrix for dispersing birds.

Old and New Threats

Factors that negatively impact population parameters and compromise the viability
of the species have been fully reviewed in chapter “Threats affecting little bustards:
human impacts”. Above all, agricultural management is the main determinant of
habitat quality for the little bustard worldwide. In the EU, the Common Agricultural
Policy (CAP) continues to be a major driver of agricultural intensification, leading to
loss and degradation of little bustard habitat. Implementation of an agricultural
policy that takes into account biodiversity conservation is more urgent than ever.
In this context, the maintenance of ecologically functional fallows and other grass-
land habitats along with effective agri-environmental schemes that promote adequate
habitat conservation and management are critical if the little bustard and associated
farmland biodiversity are to be conserved. In addition, the development in steppe
habitats and more generally open farmland landscapes of energy production facilities
is likely to increase in the future. Solar farms occupy large areas in open landscapes,
generally on poorer and less productive soils (thus less intensified) where breeding
bustard populations persist, and are expected to have the greatest direct impact. In
any case, threats cannot be assessed in isolation, as many factors operate synchro-
nously and may have cumulative or even synergistic effects on the species. There-
fore, impacts go beyond land-use change, since they also bring more frequent
disturbances and other risks that reduce survival and may act as drivers of the
extinction vortex for small and isolated populations. In a global perspective, a key
question is whether the threats identified here have a significant impact on
populations in the eastern distribution range, which is now the world’s stronghold
for the species. The evolution of agriculture in Russia and Kazakhstan will be
determinant, and probably already is, for the fate of eastern populations, as discussed
also in chapter “The little bustard around the world: distribution, global conservation
status, threats and population trends”, although hunting and persecution in the winter
quarters and during migration have been identified as additional threats to these
populations.

What Has Been and Can Be Done for Little Bustards?

In spite of this clear identification of threats and the assessment of their impacts,
there has been little progress in the implementation of successful conservation
measures in the last 20 years in Europe, and across the whole distribution range,
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as concluded in chapter “Little bustard and humans: conservation and management”.
Moreover, the main threats have persisted or even intensified during this period.
Positive results of conservation action reversing negative population trends have
only been achieved at particular sites where targeted funding has been provided
(e.g. via LIFE projects) in combination with specialized expert support on the
ground. A good example of a successful experience combining these two elements
comes from Poitou-Charentes, western France, where the joint effect of targeted
agri-environmental schemes and a population reinforcement programme (see chap-
ter “Captive breeding, handling and care, and the impact of releases on wild
populations”) under two LIFE projects has halted the decline and favoured some
level of recovery of the French migratory population.

A relevant gap in the strategies to conserve the little bustard in Europe is the lack
of effective integration of conservation measures with agricultural practices through
legislation and policy actions. European agricultural policies should incorporate
biodiversity-targeted measures that farmers view also as a way to maintain or
increase the profitability of their activities and/or the added value of their products.
To achieve this, the involvement of farmers and agriculture administration is
required. Win-win strategies for biodiversity conservation and for farm profitability
when AES are adequately applied (Ofiate et al. 2007; Tarjuelo et al. 2020) should be
better advertised to farmers. Recent studies have also shown that such win-win
strategies exist even in the absence of AES or compensatory payment (Gaba and
Bretagnolle 2020; Catarino et al. 2019a, b). Farmers’ engagement should be
achieved at a sufficiently large scale (not reached at the moment) to guarantee
efficiency at the landscape scale. To this end, other than farmers, other stakeholders
involved in the food production chain should be empowered (Gaba and Bretagnolle
2020; Bretagnolle et al. 2019). A strategy in which a network of sufficiently large
territories (important for farmland birds) would be best suited to achieve this. In
those territories which would function as population sources for the little bustard and
other species, the main stakeholders, citizens, and many farmers should join efforts
for an agro-ecological transition.

Perspectives

What are the challenges of little bustard research and conservation for the coming
years? Despite huge gains in scientific knowledge of the species biology and ecology
over the last two decades, a few unanswered questions remain. In addition, conser-
vation of the species will surely require more scientific research in order to be more
effective. We list below areas that, in our view, should be considered as a priority.

A first aspect is relevant for both basic knowledge and a global conservation
strategy: a complete and accurate phylogeography of the species is currently miss-
ing. This should consider genetic markers sampled in the main populations of the
western and eastern subranges. Detailed biogeographic and phylogeographic ana-
lyses should then help define ESUs in order to best secure the main genetic lineages
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and therefore genetic diversity within the species. The combination of this genetic
information with the particular ecological characteristics of each population will
additionally allow more focused and efficient conservation actions across the entire
distribution range.

Second, basic biological knowledge is still missing in several areas, such as
sensorial perception or physiological trade-offs related to sexual selection and
reproductive investment. Some life history traits also remain poorly known, such
as adult survival which is critical data for population viability analyses (Morales
et al. 2005; Inchausti and Bretagnolle 2005). Adult survival analyses should be now
feasible since a large number of birds have been tracked in Western Europe.

Third, trophic ecology of the little bustard should be better understood. Although
we already know much about its diet, at least in some sites, we need to know the
extent to which agricultural habitats are providing the amount and quality of food
resources to guarantee the good physiological condition of individuals, particularly
females since they must afford the costs of laying, incubation and chick rearing.
There is some evidence that the survival of re-laying females may be limited by an
impoverished physiological condition in a context of reduced food supply due to
agriculture management. A more precise knowledge of feeding behaviour and food
selection in relation to habitat type and agriculture management, in combination with
eco-toxicological studies, should help elucidate the role of pesticides and other
agricultural chemical inputs on little bustard populations. In a wider context, knowl-
edge on how little bustards partition their food niche with coexisting ecologically
similar species like the great bustard, pin-tailed sandgrouse, and partridges would
contribute both to the understanding of interspecific interactions and to more
species-targeted management measures in areas of sympatry.

Fourth, there are also a few areas of little bustard behavioural ecology that need
further investigation, such as sperm competition, multiple-paternity clutches (which
could reveal the existence of polyandry, as found in other bustards, see Lesobre et al.
2010), sibling and mother—offspring conflict, and natal dispersal. We acknowledge
they all pose significant methodological challenges, but advances in genetic analysis
techniques or remote monitoring, along with current work on captive stocks, may in
the future provide the chance to address them.

Fifth, in regard to conservation, we need to better appreciate the status and trends
of the eastern population. Our review work for this volume demonstrates that there is
a non-negligible amount of literature in Russian about population sizes, trends, and
distribution of the species in different regions of the eastern range, and that there are
researchers in the region interested in the little bustard. The collaboration between
western and eastern scientists and conservationists should thus be encouraged from
national and international institutions. It is critical that comparable and repeatable
surveys and estimation methods are put into practice to adequately assess population
trends and distribution. In addition, the study of the species’ ecology and behaviour
in its natural steppe landscapes would be of highest interest. For instance, we
currently do not know which type of mating system occurs in pristine habitats.
Similarly, we know very little about migration ecology and the migration routes of
eastern birds. Are there migration routes other than the massive flyway crossing the
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Caucasus? What is their relative importance? How much do post- and pre-breeding
flyways differ? Are all little bustard populations fully migratory throughout the
extant eastern range? Are there summer migrants in most arid areas as found in the
Iberian Peninsula? If so, summering sites could be important for those populations’
survival and thus should be considered in conservation plans.

The greatest challenge of the future, however, has to do with the current collapse
of western populations. In a more general perspective, meeting this challenge will
have to answer the critical question posed by Bretagnolle et al. (2018): are farming
and birds, such as little bustards, irreconcilable? In line with this question, we may
further ask whether managing farmland to conserve the little bustard would contrib-
ute also to the conservation of other species, and to what extent. Preliminary
evidence suggests that most farmland birds relying on extensive grasslands could
also benefit from conservation measures for the little bustard, although the species’
role as an umbrella needs to be further investigated.

As discussed above, the involvement of farmers is needed in win-win agricultural
practices incorporated into CAP prescriptions, so that entire regions important for
little bustards and other farmland birds could be managed under an agro-ecological
framework. Unfortunately, this is a difficult task requiring social and political
engagement, and the time required to achieve this may be too long, particularly in
countries like Spain and Portugal where agricultural intensification is still underway.
Our synthesis suggests that the Western Europe population and the eastern range are
two separate conservation units, given their strongly diverging population trends,
ecological differences, and possibly some genetic divergence. This would allow
classifying the rapidly vanishing western population in the “Globally Endangered”
TUCN category, thus favouring a more coordinated and better funded (and therefore
more ambitious) conservation action. In such countries, local and national adminis-
trations will probably implement specific national conservation strategies, thereby
allowing a more targeted application of favourable agricultural management mea-
sures in areas important for the species. It should also involve the enforcement of
limitations on the development of rapidly growing renewable energy infrastructures,
particularly solar farms. As regards the eastern population, although this conserva-
tion unit would probably maintain the current status of near threatened, a more
efficient conservation strategy focused on its particular ecology and requirements,
would be required.
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