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Abstract

Land-use change is the single most important cause of global biodiversity loss. Over
millennia, European grassland birds concentrated in low-intensity agro-steppe
habitats that are now experiencing intensification largely in line with European
market forces. Great Bustard (Otis tarda, GB) is a globally threatened species and a
symbol of the Iberian agro-steppes. In Extremadura (Spain) and Alentejo (Portugal)
the conservation status of GB and other agro-steppe species is unclear. GB
subpopulations were monitored in these two regions between 1985 and 2015, and
their trends were related to land-use changes using open-access databases. There
was regional variation in trends, and | report here a sharp decline in numbers across
the study area since 2010. Trends were not related to moderate reduction of agro-
steppe habitats, but were negatively related to changes in livestock densities,
implying that livestock management of habitats is crucial for conservation. Using
field counts in spring 2017 across a network of EU Special Protected Areas (SPAs)
designated to protect GB, | found that GB is not a good indicator for other agro-
steppe species of conservation concern. Selection of further indicator species is
recommended for better conservation of agro-steppe bird assemblage. In an SPA in
Extremadura, GB productivity rates decreased dramatically between 2005 and
2016. If current productivity rates continue, population modelling predicts a steep
decline in numbers at this site. Results of this study raise concerns over the function
of the SPA network in Extremadura and Alentejo to protect GB and their agro-
steppe habitat. To sustain numbers of GB and other agro-steppe species, their
habitats need to be better protected from further intensification, including control

of livestock densities, preferably using agro-environmental schemes in PAs.
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Chapter 1 — general introduction

1.1 Land-use changes and the biodiversity crisis

With increasing global human population numbers and the pressure they place on
ecosystems (Venter et al. 2016), land-uses are changing rapidly, to accommodate
the population increase in numbers and consumption (Elmhagen et al. 2015;
Steffen et al. 2004). With the continuing increase in human populations, global
biodiversity is being lost rapidly, with extinction rates often referred to as ‘The Sixth
Extinction’ (Fig. 1.1; Ceballos et al. 2015; Ceballos, Ehrlich, & Dirzo 2017; McCallum
2015). A global assessment estimated species richness declines of 13.6%,
rarefaction-based richness declines of 8.1%, and total abundance declines of 10.7%
‘compared to what they would have been in the absence of human effects’
(Newbold et al. 2015). Although birds have not necessarily been more affected by
land-use changes than other taxa (Pimm et al. 2006), they are well studied and can
be used as indicators for broader biodiversity (Gregory et al. 2003; Lawton et al.

1998).
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Figure 1.1: Cumulative vertebrate species recorded as extinct or extinct in the
wild by the IUCN (2012). Graphs show the percentage of the number of
species evaluated among mammals (5513; 100% of those described), birds
(10,425; 100%), reptiles (4414; 44%), amphibians (6414; 88%), fishes (12,457,
38%), and all vertebrates combined (39,223; 59%). Dashed black curve
represents the number of extinctions expected under a constant standard
background rate of 2 E/MSY. (A) Highly conservative estimate. (B)
Conservative estimate. Source: Ceballos et al. (2015) Science Advances, 1,
DOI: 10.1126/sciadv.1400253

Land-use changes generally include conversion of natural habitats to
anthropogenic land-uses, fragmentation, intensification of existing anthropogenic /
semi-natural habitats, and degradation of natural habitats to systems that support
lesser levels of biodiversity (Fahrig 2003; Foley et al. 2005; Hanski 2011; Mora &
Sale 2011). Land-use change is the single biggest cause of current and projected
biodiversity loss, with other significant factors being climate change, nutrient
increase, exploitation and invasive species (Bellard et al. 2014; Doherty et al. 2016;
Isbell et al. 2017; Mollot, Pantel, & Romanuk 2017) and their interactions (Mantyka-

Pringle, Martin, & Rhodes 2012).

In Europe, agricultural land-use changes have shaped the structure of

ecosystems for millennia. There is evidence of European landscape transformation
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by humans thousands of years ago (Blondel, 2006; Klein Goldewijket al. 2011). As a
result, European biodiversity is mostly retained in low-intensity agricultural systems
(Bignal & McCracken, 2000). During the 19t and 20" centuries, a marked change in
European agricultural landscapes has been noted. Mutual processes of
intensification and abandonment of agricultural systems, especially crop and
livestock systems, resulting from local and global economic processes and social
dynamics, alter the structure of agricultural landscapes (Queiroz et al. 2014;
Reidsma et al. 2006; Thébault et al. 2014; van Vliet et al. 2015, Young et al, 2007).
Protecting biodiversity in low-intensity agricultural systems has become a priority
for European conservation authorities, often using agri-environmental schemes in
High Nature farmland (Batary et al. 2015; Giakoumi et al. 2018; Lomba et al. 2015;

Sutcliffe et al. 2015).

Agricultural land-use changes contribute to biodiversity loss worldwide,
including in regions where high species endemism and intensive agricultural use
coincide (Kehoe et al. 2015). Agricultural intensification is a global process, in which
extensive, marginally-viable agricultural systems transform into more efficient,
modern systems. With past, present and predicted future increases in global food
demands (Godfray et al. 2010; Tilman et al. 2011), the need for more efficient food-
production systems increases, to ensure global food security (Tscharntke et al.
2012). The responses of European farmland birds to agricultural intensification have
been well studied. There are several types of agricultural intensification processes
that have been shown to contribute to biodiversity loss of birds and other taxa in
European low-intensity agricultural landscapes. Pesticide use was linked with

reduced abundance of habitat generalist birds in France (Chiron et al. 2014). In a
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Europe-wide study it was found that the use of insecticides and fungicides had
consistent negative effects on wild plant, carabid and farmland bird richness, and
herbicide use had negative effects on wild plant richness (Geiger et al. 2010).
Irrigation was found to severely effect open-habitat specialist bird species in a dry
cereal agroecosystem in northwestern Spain increased mechanisation and irrigation
(De Frutos, Olea, & Mateo-Tomas 2015). Loss of structural heterogeneity at
different spatial scales might affect biodiversity too. Landscape simplification was
associated with a loss of farmland bird species diversity in France (Chiron et al.
2014). In a study on farmland birds in France, diversity and community responses to
landscape homogenisation were found to be scale-dependent (Jeliazkov et al.
2016). Compositional heterogeneity was positively linked with the richness of

farmland and steppe birds in southern Portugal (Santana et al. 2017).

Grasslands cover about 30% of the Earth surface, and supply important
ecological services to humans such as support for livestock grazing and its economic
products, climate and weather amelioration and soil conservation (Sala & Paruelo
1997). Grassland systems managed for fodder crops and livestock are especially
sensitive to land-use changes, due to their natural dependency on intermediate
levels of disturbance (Collins & Glenn 1997; Shea, Roxburgh, & Rauschert 2004),
and their attractiveness for conversion into cropland and other land-uses (Fargione
et al. 2009; Sala & Paruelo 1997). Grassland systems have suffered considerably
from land-use change processes, and are among the most altered ecosystems in the
world, with 54.2% of their historical area lost (Heidenreich 2009; Hoekstra et al.

2005).

11
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The area of grasslands in EU declined by 12.8% from 1990 to 2003 (Silva et
al. 2008). As a result, grassland biodiversity in Europe is fast declining (Pe’er et al.
2014; van Swaay et al. 2015). Over millennia of agricultural land transformations in
Europe, grassland biodiversity survived mainly in extensive agricultural systems
(Donald, Green, & Heath 2001). Farmland birds include many grassland species, and
are the fastest declining group of birds in Europe (Butler et al. 2010; Inger et al.
2015). The decline of European farmland birds has not been halted, despite
considerable conservation and research efforts to preserve them through a
network of targeted protected areas to conserve farmland birds and targeted agri-
environmental schemes (Palacin & Alonso 2018; Silva et al. 2018; Gamero et al.
2017; Pe’er et al. 2014). Most bustard species survive in low-intensity agricultural
systems, and not surprisingly 15 out of 26 bustard species are globally threatened
(7 NT, 4 VU, 2 EN, 2 CR; BirdLife International 2017a). Long-term studies of Iberian
farmland and grassland bird species are few (Palacin & Alonso, 2018; SEQ/BirdLife,
2015). The reasons for their declines are not fully clear, and the conservation status
of the agro-steppe bird assemblage that relies on anthropogenic extensive pastoral
— cereal system, that contains several globally threatened species, need to be
clarified. Understanding large-scale, long-term processes of both temporal trends of
study species and land-use changes, may allow a unique and insightful approach to
understand conservation implications and priorities. The implications for
conservation of understanding the effects of agricultural land-use changes on
population trends can be applied in other systems worldwide, especially in open,
low-intensity agricultural systems that are often important for biodiversity

conservation (Wright, Lake, & Dolman 2012).

12
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1.2 Biodiversity conservation

With the biodiversity crisis described in section 1.1, the need to conserve
biodiversity in the world has developed mainly in the 19t and early 20 century, as
researchers started to understand and address factors related to biodiversity
declines (Soulé 1985; Van Dyke 2008). Biodiversity conservation aims to manage
management of natural resources for the purpose of sustaining biodiversity

in species, ecosystems, and evolutionary processes (Bowen, 1999) and human
culture and society (Chan et al., 2007). The developing science of conservation
biology informed actions that were at first mainly directed towards protection of
important areas for biodiversity (Butchart et al., 2012), and actions aimed directly
at declining and threatened species (Maczulak, 2010). In recent decades, realising
the effects of climate change on biodiversity (Araujo & Rahbek, 2012; Hampe &
Petit, 2005), global conservation planning efforts include climate change
considerations (Bellardet al. 2012; Groves et al. 2012). More holistic approaches,
connecting between human population livelihoods and ecosystem services (Haines-
Young & Potschin 2010) also drive global conservation efforts (Daily et al. 2009;

Pressey et al. 2007; Sunderlin et al. 2005).

In the European Union, the main tools for conservation are nature and
biodiversity laws (Birds Directives 2009/147/EC, Habitats Directive 92/43/EEC),
species protection, development of knowledge and data webs, protection of key
sites for biodiversity through NATURA 2000 network, and promotion of Green
Infrastructure for sustainable development (source:
http://ec.europa.eu/environment/nature/). In Europe, a focus in biodiversity

conservation through declaration of PAs is on low-intensity agricultural landscapes,
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where most European biodiversity has concentrated after millennia of human
alterations of landscapes (Bignal & McCracken, 2000; Blondel, 2006; Klein Goldewijk
et al. 2011). Despite these efforts to conserve biodiversity in low-intensity
agricultural SPAs, terrestrial biodiversity, and especially farmland biodiversity, is still
declining in Europe (Butler, Vickery, & Norris 2007; Pe’er et al. 2014). See Section
1.1 for explanation about causes of these declines. The effectiveness of SPAs in
Europe to halt land-use changes is unclear. Europe’s oldest PA were found to be
effective in limiting the land use change within their boundaries between 1900 and
2000 (Camilo & Concha 2015). At the EU level, between 2000 and 2006 artificial
surfaces and agricultural areas showed lower rates of transformation within PAs
than outside (Kallimanis et al. 2015). However, in a network of agro-steppe SPAs in
Spain and Portugal, area of agro-steppe habitats decreased in 10 SPAs between
2004-2006 and 2010-2013 by 5%, but greater losses were observed outside SPAs

than inside SPAs (Gameiro 2015).

Identifying farmland biodiversity declines through monitoring and research,
and understanding the causes of such declines, remains of high priority in European
conservation (Gamero et al. 2017). Research and conservation of single species is
still important, especially if they are regarded as surrogate species (EEA 2007;

Gregory et al. 2005); this study contributes to this knowledge-base.
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1.3 Wildlife monitoring for conservation

For decades, data on the distribution and abundance of wildlife have been used in
conservation (Nichols & Williams 2006). While monitoring efforts were traditionally
diverted towards threatened taxa (Campbell et al. 2002), in recent decades more
monitoring attention is focused on monitoring of common taxa. Because funds for
wildlife monitoring are always limited, wildlife monitoring for conservation
constantly changes and revises methods to achieve efficiency, accuracy and
effectiveness (Stem et al. 2005). Among the most important methods to reach
efficiency, accuracy and effectiveness of monitoring are development of citizen-
science systems (Conrad & Hilchey 2011; Dickinson, Zuckerberg, & Bonter 2010;
Sullivan et al. 2014, 2017), the use of indicator, umbrella or surrogate species or
groups of taxa to indicate wider biodiversity (Gilby et al. 2017; Lambeck 1997;
Pakkala et al., 2014; Simberloff 1998), and development of large-scale monitoring
schemes that share and pool together knowledge and resources (Messer, Linthurst,
& Overton 1991; Proenca et al. 2017). In the EU, member states are obliged to
monitor habitats and their biodiversity according to the relevant agreements and
treaties (under e.g. Birds Directive 2009/147/EC, Habitats Directive 92/43/EEC).
Such large-scale monitoring schemes provide data that inform habitat management
(Nichols & Williams 2006; Perkins et al.2011), species conservation (Zimmerman et
al., 2015), hunting quotas (Molinari-Jobin et al. 2003; Otis 2006; Tautin, Metras, &
Smith 1999) and more. Threatened taxa, as well as common taxa, and especially
birds, are monitored in national programmes (Ram et al. 2017) or pan-continental
monitoring schemes (Eaton et al. 2017; Heidenreich 2009; North American Bird

Conservation Initiative 2007, 2017).
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As funds are often limited, and monitoring cannot include entire ecosystems
(Carignan & Villard 2002), wildlife monitoring for conservation is often limited to
surrogate species: flagships, umbrella or indicators, which are assumed to represent
the conservation status of a larger species assemblage, community or system
(Carter, Resh & Hannaford, 2017; Hansson 2000; Osborne & Seddon 2012;

Verissimo et al. 2014).

The use of single species as indicators for wider biodiversity is still common
practice in many cases, despite evidence showing variable effectiveness of the use
of single-species indicators (Branton & Richardson 2011; Fleishman, Blair, &
Murphy 2001; Gao, Nielsen, & Hedblom 2015; Heino 2010). Multi-taxa indices that
incorporate several species (Lambeck 1997; Simberloff 1998), indigenous local
knowledge combined with science (Ngo & Webb 2017), functional traits (Ricotta,
Carboni, & Acosta 2015; Vandewalle et al. 2010) or niche-based lists of indicators
(Butler et al. 2012; Wade et al. 2014) are used in increasing frequency to indicate

the state of the wider environment.

Several types of single-species indices are used in conservation to indicate
wider taxa, generally named surrogate species, including flagship, umbrella,
indicator, and keystone species (Andelman & Fagan 2000; Caro & O’Doherty 1999).
The distinction between these groups is not often clear, and they are occasionally
used confusingly in different contexts (Armstrong & Caro 2002). Generally,
surrogate species can be divided into three groups with some overlap: species used

to locate areas of special environmental importance — Keystone, Indicator; species

used to indicate environmental change in biological systems — Indicator, Umbrella;

16
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and species, often iconic, used in to address public, farmers etc. — Flagship (Caro
2010). Despite their common deployment in conservation monitoring, evidence on
the effectiveness of surrogate species as indicators of wider biodiversity is still
limited, especially for unique species with extraordinary life cycles which, because

of their broader habitat needs, may include more taxa ‘under their umbrella’.

Monitoring single species and single populations is still important, especially
if those species are threatened and/or declining. According to EU regulations
manifested in the Birds Directive, EU members are obliged to monitor Great
Bustards in their area. Monitoring Great Bustards is also important because of its
possible function as a flagship species for conservation of agro-steppe bird species,
or an indicator for the conservation status of those species (see Section 1.4 for
explanations of these terms). Currently, there is no formal definition of Great
Bustard as an indicator or flagship species in Iberia, but in practice it is used as a
flagship species to promote public activity in at least Castro Verde in Alentejo (see
Fig. 1.2), and in ZEPA Llanos de Caceres y Sierra de Fuentes in Extremadura (Agustin
Mogena, pers. comm.). It is important to monitor Great Bustards in the regional
concentration in Extremadura and Alentejo, because it holds a substantial
proportion of the total numbers in Iberia (see Chapter 2), because of its possible
use as a study species to investigate links between population trends and land-use
changes (see Chapter 3) and because of its possible use as an indicator species for
agro-steppe birds (see Chapter 4). In threatened species, the study of demographic

mechanisms that drive population changes is important too (see Chapter 5).
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Bem Vindo a

s. Marcos da Ataboeira

© Yoav Perlman

Figure 1.2: Entrance to the village Sao Marcos de Ataboeira in Castro Verde,

Alentejo. Photo by Yoav Perlman.
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1.4 Monitoring the effectiveness of Protected Areas

Currently, 15% of Earth is designated as some form of ‘Protected Area’ (PA) (Fig.
1.3; UNEP-WCMC and IUCN 2016). In Europe, 21% of European Economic Area
were protected in 2012 (European Environment Agency 2012). Natura 2000
network is a network of protected area designated to ensure the long-term survival
of Europe's most valuable and threatened species and habitats, listed under both
the Birds Directive and the Habitats Directive of the European Union. This network
covers 787,606 km? that are 18% of Europe’s land area, and 360,350 km? that are
6% of its marine area (Kati et al. 2015). Natura 2000 network was founded upon the
Birds Directive (Council Directive 2009/147/EC on the conservation of wild birds)
first adopted in 1979, that protects the most important sites for birds (Special
Protection Areas, SPAs), and the Habitats Directive (Council Directive 92/43/EEC on
the Conservation of natural habitats and of wild fauna and flora) adopted in 1992,
that protects the most important sites for organisms that are not birds, and for
habitats, especially particular types of forests, grasslands and wetlands (Special
Areas for Conservation, SACs). SPAs are designated directly by each EU member
state, while SACs are designated through more elaborate process that includes
approval by the European Commission. In the USA, 12.9% of land area and 41% of
marine area are protected (UNEP-WCMC 2018). Most federally protected land is
part of the National Park Service network, along with United States Forest Service,
Bureau of Land Management and United States Fish and Wildlife Service (PAD-US

Partnership 2009).
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Figure 1.3: Protected areas of the world. Green are terrestrial protected area.
Blue are marine protected areas. Source: IUCN and UNEP-WCMC (2016). The
World Database of Protected Areas (WDPA) [On-line], April 2016, Cambridge,

UK: UNEP-WCMC, Available at www.protectedplanet.net

Evaluating the effectiveness of protected areas in conserving biodiversity is
a challenging task, because of the need for suitable indicator species (Timko & Innes
2009), the need for long-term, large-scale data, and the necessary comparison with
similar habitats outside protected areas that are often lacking. Most studies that
have evaluated the effectiveness of protected areas focus on single species or
single sites (e.g. Palacin & Alonso 2018; Santana et al. 2014; Silva et al. 2018). Large-
scale studies that have evaluated the effectiveness of networks of protected areas
in protecting biodiversity directly, and not through habitat indices such as forest
cover or land-use change (Bruner et al. 2001; Figueroa & Sanchez-Cordero 2008),
are rather few, and have not been wholly positive (Ferraro & Pattanayak 2006;
Kleijn et al. 2006; Leverington et al. 2010; Parrish, Braun, & Unnasch 2003). In

northern ltaly, the effects of agri-environmental schemes in protected areas were
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found to be very limited and not all positive (Calvi et al. 2018). In Spain and
Portugal, protected areas reasonabely represented 73-98% of plant and animal
species considered in this study, but amphibians, birds, reptiles and gymnosperms
were not found in protected areas at a rate higher than expected by chance
(Araujo, Lobo, & Moreno 2007). A network of protected areas in Portugal did not
halt declines of Little Bustards (Tetrax tetrax) (Silva et al. 2018). In a protected area
in central Spain, trends of four agro-steppe birds of conservation concern were
negative (Palacin & Alonso 2018). In southern Portugal, mixed effects of
conservation investment in a NATURA 2000 protected area were found: while
several priority and specialised fallow species fared better inside the protected area
compared to outside, the opposite was found for total bird species, farmland,
ground-nesting and steppe species, species associated to ploughed fields, and
species of European conservation concern (Santana et al. 2014). Certainly, further
large-scale studies of the Natura 2000 network are necessary to determine ways to
improve its ambiguous effectiveness for biodiversity conservation using agri-

environmental schemes as the main tool (Pe’er et al. 2014).

There is a gap in knowledge about the effectiveness of the network of
NATURA 2000 agro-steppe SPAs for the protection of Great Bustard and other agro-

steppe bird species. This study contributes to fill this gap of knowledge.
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1.5 The Great Bustard

The Great Bustard (Otis tarda) is used as a study species in my research. In this
section | outline its relevant life history attributes and its conservation worldwide,

especially in the context of its vulnerability to modern agricultural developments.

The Great Bustard is the heaviest flying bird in Europe. It demonstrates the
most extreme sexual dimorphism among birds (Alonso et al. 2009). Body size of the
male is 90-105 cm and weight is 5.8-18 kg; female body size is 75-85 cm and weight
is 3.3-3.5 kg (Collar & Garcia, 2018). As a result of this extreme sexual dimorphism,
both sexes are potentially exposed to different conservation threats. Size
differences between the sexes are apparent from an early stage. Males, because of
their size, experience higher mortality rates than females already in their first
months of life. The male chick’s faster growth rate (Quaisser et al. 1998 in: Martin
et al. 2007) and higher vulnerability to reduced food availability at early stages was
suggested as a reason for sexually-differential juvenile mortality rates (Martin et al.
2007). In adulthood, male mortality is again higher than female mortality, possibly
as a result of their high collision rates with powerlines (Palacin et al. 2016). These
sexual differences in mortality rates lead to uneven sex ratios in Great Bustard
populations. A biased sex-ratio is expected even is stable populations, as observed
in Castro Verde in southern Portugal, where sex ratio was reported to be 1 male :
1.26 female (Morgado & Moreira 2000). In declining populations, an even stronger
bias in sex-ratio can be expected (Donald 2007), as demonstrated in the threatened
population in Andalusia, where a highly biased sex ratio of 1 male : 3.28 females
was reported (Alonso et al. 2005). Interestingly, in the rapidly declining population

in Saratov, Russia, sex ratio was 1.08 males to 1 female (Oparin et al. 2013).
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Great Bustards use a lekking mating system, in which males congregate to
perform display communally in display arenas, sometimes several tens of males
together, and they take no part in parental care (Alonso, Alvarez-Martinez & Palacin
2012; Morales, Jiguet & Arroyo 2001). Great Bustards use a non-classical lekking
system called ‘Exploded Lek’, in which concentration of males is detectable only
across a large spatial scale ( Morales, Jiguet & Arroyo 2001). Lekking typically takes
place in late March to early April. Females concentrate in the lek, in which they
copulate with their chosen male, often a dominant male; dominance is determined
by age, weight and display effort (Alonso et al. 2010). Females may travel
considerable distances to mate in a lek. In central Spain, nest locations of 55% of
tagged females were <5 km from leks, and mean nest-to-lek distance was 7.73 km
(range 0.22-53.82 km, SD = 9.49, n = 55 birds) (Magafa et al. 2011). After breeding,
typically in mid-May — early-June, males leave the lek and disperse towards their

non-breeding grounds (Palacin et al, 2009).

Great Bustard breeding performance and productivity has been studied in
several parts of Iberia. In Alentejo, mean clutch size was 2.12 (SD=0.69, n=86);
overall nesting success was 71% (n=107) (Rocha, Morales, & Moreira 2012). In
northwestern Spain, overall productivity was low, with 0.14 chicks reared per adult
females (c. 700 adult females), and high inter-annual variability among a sample of
32 marked females (mean=0.15, range 0.04-0.29). Productivity was found to be
positively correlated with winter precipitation prior to each breeding season
(Morales, Alonso, & Alonso 2002). In a later study in northwestern Spain, mean

productivity was 0.24 (SD=0.35, 0-3) (Martinez 2008).
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Great Bustard is a partial migrant in Iberia and in central Europe (Alonso,
Morales, & Alonso, 2000; Streich et al., 2006), while it is an obligate migrant farther
east in its range in Russia and China (Kessler et al. 2013; Oparin, Kondratenkov, &
Oparina 2003). In Iberia, while both males and females show high fidelity to their
nesting areas during the breeding season (Alonso et al. 2001; Palacin et al. 2009),
sexes differ in their tendency and consistency of non-breeding migrations: females
are more sedentary and more consistent in their partial migration strategies than
males: In central Spain, 86% of males carried out post-breeding migration, while
only 51% of females did so; males migrated to a mean of 109.4 km, females to 49.8
km (Palacin et al. 2009; Palacin et al. 2011). Iberian males have a capacity for
medium length migration, and have been recorded migrating up to 172 km
between lek site and non-breeding site (Palacin et al. 2009). Therefore, males in
Iberia are more exposed to risks along their migration routes and on their non-
breeding grounds comparted to females (Palacin et al. 2016). Extreme site fidelity
during the breeding season may also expose both sexes to higher risks when habitat
is lost or degraded, as they will often not leave their original breeding sites to
occupy suitable and available patches of habitat (Lane, Alonso, & Martin 2001;

Osborne, Alonso, & Bryant 2001).

Great Bustards typically utilise flat or undulating grasslands and
anthropogenic low-intensity agricultural landscapes. They have been found to
select various components of traditional cereal-pastoral agricultural systems:
fallows, stubbles, cereals and pastures (Alonso, Alvarez-Martinez, & Palacin 2012;
Lane, Alonso, & Martin 2001; Lopez-Jamar et al., 2010; Magafia et al. 2010; Rocha,

Morales, & Moreira 2012; Schwandner & Langgemach 2011), which in lberia are
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components of the three- or four-year cereal-pastoral rotational system (Caballero

et al. 2009; Suarez, Naveso, & De Juana 1997).

Some sexual differences were found in habitat selection during the breeding
season, affected by their lekking mating system in which males congregate in
display arenas (Morales et al., 2001). Males require good visibility from their
elevated lek sites, often provided by short grass (Alonso et al. 2012). Females leave
the lek after copulating to breed in tall-grass fallows and cereal fields (Rocha,
Morales, & Moreira 2012) with good horizontal visibility, suggesting a trade-off in

nest location selection between concealment and visibility (Magafa et al. 2010).

Great Bustards are exposed to several anthropogenic threats. Agricultural
intensification has long been suggested as a cause of population declines (Alonso et
al. 2000; Lane & Alonso 2001; Oparin et al. 2013; Pinto, Rocha, & Moreira 2005;
Raab et al. 2010; Sanchez & Garcia - Baquero 2012) but this proposition, while of
course entirely plausible, has not been formally tested. Other anthropogenic causes
of direct mortality have been better documented. Collision with powerlines is one
major cause of mortality (Palacin et al. 2016; Raab et al. 2014; Vadasz & Lérant
2014). Nest destruction by farming machinery is another threat, primarily involving
eggs and chicks in hay fields and early-harvested crops, although females can also
be killed (Faria, Morales, & Rabaca 2016; Rocha et al. 2012; Vaddsz & Lérant 2014).
Until the 1980’s, hunting was a major cause of mortality, but hunting seems to have
been largely eliminated in Iberia as a result of legislation (Alonso 2014), although it

may still occur in less-regulated regions (Karakas & Akarsu 2009).
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Great Bustard is a globally Vulnerable species which occupies open,
relatively flat landscapes from Morocco and Portugal in the west of its range to the
far eastern regions of Russia and China (BirdLife International 2018). Global
numbers increased in the 1990’s and 2000’s to 44,100-57,000 (Alonso & Palacin
2010), and have been considered to be currently stable (Alonso 2014). Despite its
overall population stability, it is still threatened and its numbers have been
reported to be in decline also in European Russia (Oparin et al. 2013), and in

Morocco, Iran and Turkey (in Alonso 2014).

In Europe, the population size was last estimated in Alonso (2014) at 41,754-
50,917. The largest proportion of the global population (60-70%) is found in Iberia
(Alonso & Palacin 2010). However, current numbers in Europe might be reduced as
a result of ongoing declines in European Russia, reported at a rate of 70% compared
to the late 1990’s (Oparin et al. 2013). It is possible that numbers in Iberia are
declining in recent years, with potentially worrying reports of declines in
Extremadura, down from 5,500 — 6,500 in 2003 (Alonso et al. 2005) to 2,319 in 2015
(Chapter 2), and an annual decrease of 1% in an SPA in central Spain, Estepas

cerealistas de los Rios Jarama y Henares (Palacin & Alonso 2018).

Great Bustard conservation efforts globally have had mixed success. Such
efforts include habitat protection, and captive breeding and reintroduction. Ban on
hunting was introduced in most of its range in the 1980’s (Alonso 2014). West-
Pannonian Great Bustards have experienced dramatic declines from at least 3,500
individuals in 1900 to 130 in 1995, as a result of agricultural transformations,

development of human infrastructure and hunting pressure. Recently, numbers
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there increased to 400 birds in 2013 through the establishment of cross-border
protected areas, habitat management and burying of powerlines (Faragg,
Spakovszky, & Raab 2014; Raab et al. 2010). In Germany, numbers dropped from
ca. 4,000 in 1940 to 55 in 1995. Conservation efforts that included habitat
protection and captive breeding program prevented the extinction of the German
population, and currently numbers recovered slightly to 165 in 2014 (information

available from http://www.grosstrape.de). After becoming extinct in the UK during

the 19t century due to hunting, egg collection and changes in agriculture, intensive
reintroduction efforts from the 2000’s have resulted in partial success and first
breeding (Burnside et al. 2012). In Russia, captive breeding efforts and nest
protection have been so far unsuccessful (in Alonso 2014), as manifested by the
dramatic population declines there (Oparin et al. 2013). In Hungary, numbers
dropped from 3,000 in the mid 20" century to 1,200 in 2008, as a result of

agricultural changes and habitat loss (information available from www.tuzok.hu). In

recent years, conservation efforts that included habitat management towards
extensive agricultural practices, predator control and captive breeding, have
increased numbers to 1,466 in 2014 (in Alonso 2014). In Villafafila Lagoons Reserve
in Castilla y Ledn in northwesten Spain, heavy investment in agri-environmental
schemes, manifested mainly in expansion of alfalfa growing targeted at Great
Bustards, has had positive effects on the numbers there, with a 34% increase from
1998 to 2008, up to 14,025 birds (Martin et al. 2012). In southern Portugal,
effective implementation of agri-environmental schemes has resulted in a steady

increase of numbers in Castro Verde, which is now the national stronghold of the

27


http://www.grosstrape.de/
file:///C:/Users/Yoav%20Perlman/Dropbox/PhD/Final%20chapters/final%20chapters%20for%20email/www.tuzok.hu

Chapter 1 — general introduction

species and one of the most important sites in Iberia (Pinto et al. 2005; Santana et

al. 2014).

In the study area of this research, Extremadura and Alentejo, an important
proportion of the Iberian population is found. However, estimates for Iberia require
update. In Extremadura (updated for 2005, based on data from 2002-2003:
Corbacho et al. 2005) and Alentejo (updated for 2009: Alonso & Palacin 2010)
comprise 20—27% of the estimated total Iberian population of 31,293-36,193
(Alonso & Palacin 2010). Bringing into account the results found in Chapter 2, with
somewhat outdated estimates of the total Iberian population (Alonso & Palacin

2010), the proportion found in the study area drops down to 9.7 — 11.2%.

To conclude, Great Bustard is vulnerable to modern development, because
of its dependency on low-intensity agriculture, and its high risk of mortality from
anthropogenic structures, especially powerlines. Despite deep research on the
biology and ecology of Great Bustard, it is still threatened and apparently declining.
Gaps in knowledge about the causes of declines prevent effective conservation, and

need to be addressed.
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1.6 Research aims

This study aims to fill gaps in our knowledge on conservation of Great Bustards and
other open country birds in the agro-steppe systems of Extremadura (Spain) and
Alentejo (Portugal), on the use of indicator species in biodiversity monitoring, and
on the function of the agro-steppe Natura 2000 network across Extremadura and

Alentejo to protect threatened grassland and farmland birds.

Using long-term large-scale Great Bustard monitoring data from
Extremadura and Alentejo, | described temporal trends of demographic units
(subpopulations) and searched for regional patterns among those trends (Chapter

2).

Assuming that agricultural land-use changes have had an important impact
on Great Bustard subpopulation trends, | aimed to link those trends with
agricultural land-use changes, using open-access land-cover and agricultural

databases, to explain the trends identified in Chapter 2 (Chapter 3).

Great Bustard is used as a surrogate for other agro-steppe bird species
across a network of agro-steppe Natura 2000 protected areas. | aimed to
understand whether sites that are good for Great Bustards are good also for other
agro-steppe bird species, by linking counts of bird species that belong to that
species assemblage with Great Bustard counts, inside protected areas and outside

them (Chapter 4).

In my final data chapter, | used an exceptional dataset of productivity counts
of Great Bustards from their stronghold in Extremadura. | aimed to understand

whether Great Bustard productivity at this site is decreasing, and to use current
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demographic rates to predict what the trend of the Great Bustard population will

be at this stronghold in the future (Chapter 5).

Finally, | acknowledge the key findings of this study, discuss their potential
importance for conservation and applications for management of protected areas
for agro-steppe birds in Extremadura and Alentejo, and propose future research

directions (Chapter 6).
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1.7 Author contributions

Chapter 2 in its current form is a result of extensive joint work with my supervisors
towards submission of the chapter as a manuscript to a journal. In the process of
the manuscript preparation, deep editing was carried out by my supervisors,
especially by Nigel Collar. Chapter 2 was submitted as a manuscript to Oryx, and
was returned with reviews and an invitation to resubmit. In further data chapters,
and more so in Chapter 3, all supervisors contributed advice and editing in various

iterations and drafts.
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2.1 Abstract

Up to 27% of the Iberian population of the globally Vulnerable Great Bustard Otis
tarda occurs in Extremadura (Spain) and adjacent Alentejo (Portugal). Estimates of
breeding numbers in these areas have been uncoordinated and used divergent
methods. We explored the appropriate spatial scales at which to identify
subpopulation trends, examined whether subpopulation trends varied spatially and
temporally, tested whether subpopulation trends were linked with SPA declaration,
and updated population estimates for the study area. Using spring counts between
1980 and 2014, we recognise 16 ‘subpopulations’ as distinct demographic units.
Subpopulation-specific trends varied during the study period: numbers in four
subpopulations decreased significantly, and increased significantly in three
subpopulations. We used generalised linear models examining subpopulation
temporal trends to estimate that overall breeding numbers, derived from models,
decreased from 3,614 in 1985 (95% Cl 3,484-3,747) to 2,548 (2,414-2,678) in 2002,
but increased to 4,610 (4,474—4,712) in 2014, with model estimates for 1985 and
2011 consistent with actual counts. Between 2010 and 2014 actual counts apparently
declined by 30% from 4,966 to 3,512, and continued in parts of the region until 2017,
although the selected quadratic structure of the generalised linear models was unable
to represent more recent declines. The latest actual count is much lower than
previously published figures. No trend differences were found between Extremadura
and Alentejo, and there is no evidence that SPA declaration has meaningfully altered
trends across these subpopulations. The potential causes of these trends, especially

concerning agricultural land-use change, require urgent study.
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2.2 Introduction

The Great Bustard Otis tarda is Europe’s heaviest flying bird, with extreme sexual
dimorphism related to its lekking mating system (Alonso et al. 2009, Collar & Garcia
2018). In this unique breeding system, males concentrate in display arenas, to
which females are attracted to copulate (Alonso, Alvarez-Martinez & Palacin 2012;
Morales, Jiguet & Arroyo 2001). Because of sexual differences in mortality rates
(Martin et al. 2007; Palacin et al. 2016), in most populations sex-ratios are skewed

towards females (see Section 1.5).

Despite research and conservation over many decades (see Alonso 2014),
the Great Bustard remains a threatened species (IUCN Vulnerable: BirdLife
International 2018). Global numbers were judged to have declined by over 30%
from the 1960s to 1982 (Collar 1985), but then increased from an estimated 27,000
in 1991 (Collar 1991) to between 44,100 and 57,000 individuals in 2010 (Palacin and
Alonso 2008, Alonso and Palacin 2010). This increase has been explained by two
processes: (1) real numerical augmentation in Iberia, from 17,000-19,000 in the
1990s to 24,000—34,300 in 2010 (Alonso and Palacin 2010) and (2) improved
information on the species’ range permitting more accurate counts and population
estimates (Alonso & Palacin 2010). Nevertheless, the main threats to Great Bustard
conservation remain loss, fragmentation and degradation of habitat through land-
use change, and decreased survival through infrastructure development (Nagy
2009). More specifically, intensification of low-intensity agricultural systems are
thought to have caused population declines in several central and eastern European
countries (Faragd, Spakovszky & Raab 2014; Oparin et al. 2013; Raab et al. 2010;

Schwandner & Langgemach 2011). Additionally, powerline collision mortality is a
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major threat to Great Bustards worldwide (Alonso 2014). Conservation institutions
seeking to manage the species effectively against these threats therefore need
regular updates on population sizes and trends, especially in Iberia where 57-70%

of the global population is judged to occur (Alonso & Palacin 2010).

The population and conservation status of the Great Bustard in south-west
Iberia (Fig. 2.1), i.e. Extremadura (Spain; with two provinces, Caceres and Badajoz)
and Alentejo (in adjacent Portugal), is not well understood. Estimates for
Extremadura indicated 5,500-6,500 individuals in 2005, with 3,500—4,000 in
Badajoz and 2,000-2,500 in Caceres (Corbacho et al. 2005). More recently 1,653
birds were estimated in Badajoz for 2011 (Sanchez & Garcia-Baquero 2012),
suggesting a major decline. In the Alentejo, which holds the entire Portuguese
breeding population, numbers were 1,150 in 2002 (Pinto et al. 2005) but 1,893 in
2009 (in Alonso & Palacin 2010), suggesting a major increase. Together these
published counts for Extremadura (updated for 2005, based on data from 2002—-
2003: Corbacho et al. 2005) and Alentejo (updated for 2009: Alonso & Palacin 2010)
comprise 20—-27% of the estimated total Iberian population of 31,293-36,193
(Alonso & Palacin 2010). These published counts for Extremadura and Alentejo are
outdated, and require update. Additionally, because of the relatively large number
of Great Bustards in Extremadura and Alentejo, and indications of mixed trends in
parts of the region (Pinto et al. 2005), there is a need for a clear picture of local and

overall trends in this important region.

To improve the conservation status of agro-steppe bird species in the

region, including the Great Bustard, 21 Special Protection Areas (SPAs) (eight in
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Extremadura, 13 in Alentejo) have been designated under the EC Birds Directive
(Directive 79/409/EEC) under Natura 2000 network (European Commission 2017,
see Table 2.1). However, large-scale effective conservation measures, starting in
1993 and including the restriction of irrigation, afforestation and perennial crops
plus the adjustment of harvest cycles, have been documented only for a single SPA
in the region, Castro Verde in southern Alentejo (Pinto et al. 2005; Santana et al.
2014). These measures were judged to have increased Great Bustard local
productivity and attracted immigrants from other areas (Pinto et al. 2005); the
abundance of the species was certainly higher inside than outside this SPA (Santana
et al. 2014). Some conservation interventions, such as fence and powerline
markings to reduce collisions, and restriction of open habitat conversion (YP, JPS
pers. obs.), have been implemented in the other 20 SPAs, but documentation and
evidence of their effectiveness are both lacking. Other than in Castro Verde the
conservation status of Great Bustards in the Alentejo is alarming, with extirpations
in eight (44%) of 18 known sites in the short period 1980-2002 (Pinto et al. 2005).
No recent information on status and trends of Great Bustards in Extremadura and

Alentejo has been published.

Until now the Great Bustard populations of Extremadura and Alentejo have
been studied and managed independently, even though some areas for the species
are adjacent and even contiguous across the international frontier (Pinto et al.
2005). Moreover, the methods for identifying and monitoring populations in the
two regions have been somewhat different. Population assessments in the region
have focused on lekking areas—display concentrations of males in spring (Alonso et

al. 2012). Lekking areas are the focal points used in Alentejo to identify

55



Chapter 2 — Great Bustard subpopulation trends

conservation units (Pinto et al. 2005). In Extremadura, conservation units labelled
“sub-nuclei”, lie within wider zones (“nuclei”), judged by accumulated experience to
encompass the areas occupied by breeding females (Corbacho et al. 2005).
Conservation units in Alentejo except Castro Verde therefore exclude potential
breeding areas between leks (Magaia et al. 2011, Alonso et al. 2000) and treat
adjacent localities (e.g. 5 km apart) as distinct, even though they may frequently

exchange individuals (PR, MVP, JPS, YP unpubl. data).

This study describes overall changes in Great Bustard numbers across the
unified region of Extremadura and Alentejo between 1985 and 2015, seeking to
update and standardise population estimates for this important region. This study
identifies the spatial scale at which Great Bustard groups into meaningful
demographic units used to track local changes in numbers, based on classic
metapopulation theory concepts (Levins 1969). Additionally, this study sought to
describe regional patterns that may explain changes in local population numbers,
notably differences in local trends Extremadura and Alentejo, and whether

declaration of SPAs altered local trends within them.
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Table 2.1: Pseudo-steppe SPAs in Extremadura and Alentejo. Subpopulation

names that overlap with SPAs correspond with Figure 2.2a.

Province | SPA name Overlaps with | Year Area % overlap
subpopulation | designated | (ha) with
subpopulation
Badajoz | Campifa Sur - Embalse de Campina Sur 2004 44809 100
Arroyo Conejos
Badajoz | La Serenay Sierras La Serena 2000 154974 | 72
Periféricas
Badajoz | Llanos y Complejo Lagunar | NAWB 2004 36463 71
de la Albuera
Cdceres | Llanos de Alcantara y Central Cdceres | 2004 46579 97
Brozas
Cdceres | Llanos de Cdceres y Sierra Central Cdceres | 1989 69665 100
de Fuentes
Cdceres | Llanos de Trujillo Central Cdceres | 2003 7707 100
Cdceres | Magasca Central Cdceres | 2004 10869 100
Cdceres | Llanos de Zorita y Embalse | Campo Lugar | 2003 18696 100
de Sierra Brava
Alentejo | Campo Maior NAWB 1999 9579 73
Alentejo | Mourdo / Moura / Villanueva del | 1999 80608 |51
Barrancos Fresno and
Mouréo
Alentejo | Castro Verde Castro Verde 1999 79007 | 100
Alentejo | Vale do Guadiana Castro Verde 1999 76547 | 54
Alentejo | Monforte NAWB 2008 1887 100
Alentejo | Veiros NAWB 2008 1959 100
Alentejo | Vila Fernando NAWB 2008 5260 100
Alentejo | SGo Vicente NAWB 2008 3565 35
Alentejo | Evora Evora 2008 14707 100
Alentejo | Reguengos Villanueva del | 2008 6043 3
Fresno and
Mouréo
Alentejo | Cuba Cuba 2008 4081 100
Alentejo | Picarras Castro Verde 2008 2827 100
Alentejo | Torre de Bolsa NAWB 2008 869 100
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2.3 Methods

2.3.1 Data sources, reliability and comparability

Great Bustard numbers have been monitored in both Extremadura and the Alentejo
(Fig. 2.1) since the early 1980s. In Extremadura the Junta de Extremadura (regional
government) has counted Great Bustards in spring since 1981, but not annually or
consistently between provinces (13 and 10 counts in Caceres and Badajoz
respectively between 1981 and 2015) (Corbacho et al. 2005; Sanchez and Garcia-
Baquero 2012, AS unpublished data). Independently, JH conducted five counts
across Caceres province at four-year intervals between 1999 and 2015, in years not
surveyed by the Junta de Extremadura. In the Alentejo, annual spring counts were
conducted from 1980 to 2014, with a four-year gap between 1996 and 1999 (Pinto
et al. 2005). For 2013 and 2014, counts for some peripheral areas of the Castro
Verde (southern Alentejo) subpopulation were not available; however, counts from
the surveyed part for these years were included in the analyses as the missing
sections had previously contributed only 5.4% (years 2002—2012, mean 59 Great
Bustards, range 39-131, SD = 38) of the mean count for the greater Castro Verde
(mean=1,100). A list of data used in analyses and a table of count results are

available in Appendices 2.1 and 2.2.
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Figure 2.1: Study area in relation to south-western Europe. Borders of
Extremadura (Spain) and Alentejo (Portugal) in thick black lines; border

between provinces of Cdceres and Badajoz in dashed line.

Since their inception, counts in the region have conformed with principles
subsequently formalised by Alonso et al. (2005) relating to timing, experience of
personnel and accessibility of areas. Counts are here judged most efficient in the
spring display season (March—April), owing to a combination of factors: males
concentrate in leks to display and are thus very visible, females also concentrate to
copulate, heat-haze is relatively weak during morning census work, and vegetation
cover is both shorter (allowing more visibility) and greener (providing greater
contrast with the birds’ plumage) (Alonso et al. 2005a, 2012, NJC pers. obs.). Counts

were conducted by the same personnel from one survey to the next throughout the
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entire study period, professional ornithologists and rangers, all familiar with the
species, the survey areas and the local landowners, and all using 4x4 vehicles to

access all areas.

In Extremadura, locations of birds were recorded on maps and later digitised
to create spatially explicit layers. In Alentejo, counts were available per site, and not
as spatially explicit layers. Across Extremadura and Alentejo, only a small proportion
(mean 4.5%, SD = 12.5%) could not also be recorded by sex or age, but Junta de
Extremadura counts (n = 34, mean = 10.0%, SD = 1.56%) had a higher percentage of
unclassified birds than other data sources (n = 108, mean = 3.1%, SD = 1.09%, F1, 141
= 8.023, p<0.01). Unclassified birds were excluded from adult male figures but

included in total numbers.

One potential source of error concerns the misidentification of females as
yearling males, or vice versa. Their difference in plumage is slight, while the
considerable size difference is not easy to gauge at a distance and with no adult
males for reference (Alonso et al. 2005). The ratio of yearling males to females was
lower in Junta de Extremadura counts (mean = 0.05, SE = 0.011) than for other data
sources (mean =0.21, SE = 0.026, F1, 205 = 25.3, p<0.001). This difference might
relate to true regional differences in productivity and recruitment resulting from
local management interventions differentially affecting breeding success. It might,
however, result (at least in part) from methodological differences: in count timing
(so that fewer females are present if counts occur after the peak lekking season)
and/or in field skills, potentially resulting in different detection rates and the mis-

classification of the individuals detected. As we cannot be confident that
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differences in relative numbers of yearling males to females represent biological
differences rather than sampling error we have not attempted separate analyses of
females and yearling males. Nevertheless, both total counts, and counts of adult

males, are not affected by such classification error.

Censuses by the Junta de Extremadura involved multiple teams working
simultaneously over 1-2 days across the entire area, to minimise a perceived risk of
double-counting. However, census dates were fixed long in advance and could not
be adjusted to weather conditions or variations in timing of breeding season (AS),
so counts were more likely to underestimate numbers of females (which
concentrate for shorter periods than the males) than other age or sex classes. In the
period 1980-1995 surveys in the Alentejo were conducted by a single team making
multiple site visits within the display season, with the highest count registered as
the most accurate record; but since 2000 these surveys have generally followed the

method of the Junta de Extremadura.

For our analyses we used long time series, and analysed total counts, given
that these are methodologically consistent across time, sites and teams even if
subject to greater sampling error due to underestimates of the more cryptic
females in sites or years when count timing did not coincide with the peak of lek
attendance. Separately, we examined temporal trends in counts of adult males (for
which sampling errors and differences among survey teams were expected to be

minimal).
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2.3.2 Definition of subpopulations as demographic units

To minimise the risk that inter-annual variation in counts merely reflects localised
movements and chance sampling, we defined demographic units based on
empirical evidence that shows that adult males and females are faithful to breeding
areas over a scale of several kilometres. A small proportion of females (1 of 55
tagged individuals, 2%) in central Spain attended different lekking sites c. 5 km
apart within one season (Magaia et al. 2011) and 2 of 27 tagged females (7%) in
north-western Spain attended different lekking sites 2—10 km apart in successive
years (Alonso et al. 2000). A single tagged adult male out of a sample of 13 (8%) in
north-western Spain visited multiple lekking sites about 10 km apart within a
season and among years, while 12 showed high fidelity to the same lek (Morales et
al. 2000). In finer resolution, adult males have been observed to move between
lekking sites about 5 km apart (YP, JPS pers. obs.). Furthermore, 64% of tagged
females in central Spain nested outside of the lekking area they had attended, and

often closer to other lekking sites (Magafia et al. 2011).

In this study, the biological definition of semi-independent subpopulations
was based on classic metapopulation theory (Levins 1969), in which changes in
numbers within subpopulations are a result of changes in demographic rates
(productivity, recruitement, immigtaion, mortality), and not as a result of local
movements that may cause underestimates or double counting. While some
yearling and subadult males may immigrate between subpopulations, adult males
and females are highly philopatric (Alonso et al. 1998, 2004; Martin et al. 2002,
2008; Rocha 2006) and the changes in counts in subpopulations are likely to

represent actual changes in numbers in those subpopulations. We therefore
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defined subpopulation units by buffering and aggregating lekking areas in the
Alentejo and Extremadura to include the potential area where females breed. To
determine the most appropriate buffer distance by which to delineate demographic
units (hereafter ‘subpopulations’), we compared the temporal variance explained
by models aggregating spatially explicit count data from Extremadura into units

defined by buffers at scales from 3 km to 15 km (see below).

2.3.3 Buffer scale for subpopulaton definition

To test at what scale aggregation of census data into subpopulation units improved
the ability to explain temporal trends, we examined spatially-explicit data from
Extremadura only (not Alentejo) available for years 1985, 1988, 1993, 1999 (partial,
i.e. only small parts of Extremadura surveyed), 2002, 2003 (partial), 2004 (partial),
2005 (partial), 2010, 2011, 2012 and 2014. A grid of 3 km x 3 km was overlaid on
each annual count layer in ArcMap (ESRI 2014), and annual totals per cell calculated
(n= 393 cells with one or more counts; cells where bustards were not found in any
year were excluded). Of the 2,612 annual cell totals used for the model, 940 (36%)
had a count of one bird or more. A baseline generalised linear mixed model
(GLMM ) related annual count per grid cell to year (coded as 1999=0 to centralise
data) and year? as fixed effects, with cell identity as a random factor to account for
lack of independence of repeated counts. A second polynom of year was added to
the model to represent potential natural processes in populations. A negative
binomial error distribution (with log link) was the most appropriate (residual
deviance / df= 0.84), as it avoided over-dispersion that can lead to biased

parameter precision and poor inference (Richards 2008).
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Using different aggregation buffers around male locations (3 km, 5 km, 7
km, 9 km, 12 km and 15 km), respectively 43, 22, 16, 12, 7 or 3 ‘subpopulations’
were defined in Extremadura only. Buffers were created around male locations in
1985, 2002 and 2011, merging all intercepting buffers for each time snapshot
(1985, 2002 or 2011), and then merging all intercepting buffers of the three
different time snapshots to create a maximum extent across the entire study
period. Further GLMMs of temporal changes of annual (all available years) counts
per cell were developed, again including fixed effects of year, year?, and cell ID as a
random effect to account for repeated annual counts in the same cell, and fixed
effect of the cell’s unique ‘subpopulation identifier’, and the interaction between
subpopulation and year (to account for different trends between subpopulations).
To identify at which buffer size models have the strongest predictive power, these
alternative models were compared using the Akaike Information Criterion (adjusted
for small sample size; AlCc). Subsequently, the best-supported buffer scale was
applied to lekking sites (Alentejo) and spatially explicit observations (Extremadura)
to define subpopulation units, with counts in each year summed within these
subpopulations. Subsequent analyses considered observations per subpopulation

per year.

2.3.4 Analysis of temporal trends
First counts of each subpopulation (from 1980 or 1981) were excluded from all
analyses, as the initial inexperience of surveyors might have resulted in

underestimates (Alonso et al. 2005). Counts of two cross-border subpopulations
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(Northern Alentejo—Western Badajoz, and Mourdo—Villanueva del Fresno) were
included only in years when they took place on both sides of the border. Six sites
holding fewer than six Great Bustards in two consecutive years between 1980 and
1985 (Pinto et al. 2005), and one location in Extremadura that held two males in
2002 only, were included in overall totals but excluded from subpopulation
analyses. Trend analyses were conducted separately for total counts (n= 259
subpopulation-specific counts, excluding first counts and incomplete counts from

cross-border subpopulations) and adult males (n=199).

For visualisation purposes, complex changes in numbers a second-order
LOESS curve (a scatterplot-smoothing method based on fitting a locally weighted
polynomial; Cleveland & Devlin 1988), was fitted with a smoothing parameter of
0.75 (so that each local prediction is based on 75% of the data). Because of
difficulties of LOESS to deal with too many missing values, LOESS curves were not
fitted for subpopulation time series comprising fewer than eight counts (excluding
one subpopulation for total counts, and four for adult male counts). To examine
changes in individual subpopulation size, subpopulation counts (logio(1+n)
transformed) were related to year using separate generalised linear models (GLMs)

with normal error.

To examine temporal trends between 1985 and 2014 simultaneously across
all subpopulations, annual subpopulation-specific counts (logio(1+n) transformed)
were related to year (with 1999 = 0) using GLMs with normal error, including
subpopulation identifier as a fixed factor and the interaction between

subpopulation and year. Potentially more complex patterns of population change
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were then examined in a series of additional models that incorporated second- and
third-order orthogonal polynomial terms of year (maintaining the independence of
the linear slope; Bright & Dawkins 1965) and their interactions with subpopulation,
to simulate natural processes in populations. The most parsimonious model was
selected based on changes in AlCc value. This temporal model was used to estimate
the overall totals across Extremadura and Alentejo in each year (including years
where one or more subpopulations lacked census data), by summing the
subpopulation-specific estimates, with the 95% confidence interval (Cl) of

estimated totals obtained as the sum of the population-specific Cl’s.

The selected temporal model was then used to examine whether
subpopulation trends differed between (A) Extremadura [reference level] and
Alentejo [additive effect] (assigning subpopulations in Northern Alentejo—Western
Badajoz and Mourao—Villanueva del Fresno to Extremadura and Alentejo,
respectively, based on the greater area in each province), or (B) Castro Verde (and
adjacent subpopulations Moreanes and Cuba) [reference level] and all remaining
subpopulations [additive effect]; in each case incorporating both the relevant
categorical variable and its interaction with year. To examine whether remaining
Great Bustard numbers had concentrated within a few key sites, potentially
continuing the process suggested by Pinto et al. (2005), a Gaussian GLM was
performed relating the proportion (arcsine square-root transformed) of the Great
Bustard count of the three subpopulations with the highest mean count between
1980 and 2014 (Castro Verde, Central Caceres and Northern Alentejo—Western

Badajoz; see Appendix 2.2) out of the total count for the entire region, to count
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year, considering only those years with complete coverage (1985, 1988, 1993, 2002,

2010, 2011, 2012 and 2014).

In all cases, models were considered strongly supported if the AlCc value
reduced by at least 2 AICc units (Burnham & Anderson 2004) relative to alternative

models.

Links between SPA designation and subpopulation trends

Information about SPA designation year and area was obtained from

http://extremambiente.gobex.es/index.php?option=com content&view=article&id

=103&Itemid=461 (Extremadura) and

http://www.icnf.pt/portal/pn/biodiversidade/rn2000/rn-pt/rn-contin/zpe-pt

(Alentejo), summarized in Table 2.1, but data on the extent, duration and nature of
conservation interventions in most of the 21 SPAs in the region are lacking. In
addition to the TRIM analysis above, | sought to examine whether SPA declaration
had long-term benefits for Great Bustard subpopulations. | used a GLM approach to
test whether subpopulation trends were linked with SPA declaration. The recent
linear trend in subpopulation count between 2010 and 2014 (calculated using
logio(1+n) counts) was related to the proportion of subpopulation area designated

as SPA (arcsine-square-rooted) in a GLM with normal error.
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TRIM analysis

Additionally, TRIM (Trends & Indices for Monitoring Data) analysis was carried out
using ‘rtrim’ package in R (Bogaart et al. 2018) on the entire dataset of annual
subpopulation total spring counts (not adult males). In this method, loglinear
poisson regression methods allow estimations of annual indices and trends, and
tests the effects of covariates (van Strien et al. 2004). This analysis was used to
identify the overall linear trend for the entire study period, and to evaluate the
importance of SPA declaration on trends. In the analysis, for each subpopulation
count, SPA declaration was added as a covariate to the analysis. Using Wald test,
the signifiance of the overall linear trend, and the effect of SPA declaration
(whether SPA was declared at a specific subpopulation in a specific year, see Table

2.1) were tested.

All analyses were carried out in RStudio version 1.1.383 (R Core Team 2017),
using packages Ime4 (Bates et al. 2015) to carry out mixed modelling, rtrim (Bogaart

et al. 2018) for TRIM analysis, and MuMlIn (Bartort 2013) to obtain AICc values.
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2.4 Results

2.4.1 Identification of subpopulations

Initial GLMs showed that the attribution of individual counts per 3 km x 3 km grid
cell to larger subpopulation units increased the explanatory power of models (Table
2.2). For every buffer scale, inclusion of an interaction term between subpopulation
and year substantially reduced AlCc relative to the model with only subpopulation
identity, indicating that temporal trends differed among subpopulations. The best-
supported models considered subpopulations buffered at scales of 3 km, 5 km, 7km
and 9 km. Although models considering subpopulations based on 3 km and 5 km
had the greatest reduction in AlCc values compared to the null model (AAICc = -
1233.09 and AAICc = -942.6 respectively, Table 2.2), adult males were observed
moving between ‘subpopulations’ defined when leks were buffered at 3 km and 5
km (YP, JPS, MVP pers. obs.). Thus, these buffer sizes may fail to define
subpopulations that contain all regular movements of adults within them. Models
considering subpopulations based on 9 km buffers received much strong support
(AAICc =-712.83) compared to models considering subpopulations based on 7 km
buffers (AAICc = -539.22). Therefore, subpopulations based on 9 km buffers around
male locations were selected as the most appropriate spatial scale for subsequent
analysis of trends. Based on this, 16 subpopulations of Great Bustards were defined

across the region (Figs. 2.2a and 2.2b).
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Table 2.2: Results of generalised linear mixed models (with negative binomial

error) for Great Bustards in Extremadura only between 1985 and 2014,

relating changes in annual count totals per 3 km x 3 km cell (393 cells, 2,612
counts) to year, year?2, subpopulation identity (depending on scale of spatial
aggregation) and the interaction of year and subpopulation identity. All
models include cell identity as a random effect. AAICc values represent the
change in AICc value compared to the baseline model (year and year?, no
aggregation of cells within subpopulations). AAICc values in bold represent

strong support.

Model Subpopulation |B SE AlCc AAlCc
buffer radius

Year 0.004 0.001 |36420.81 |0

Year? -0.003 |<0.001

Year 3 km (n=43) 0.003 0.001 |36106.23 |-314.58

Year? -0.003 |<0.001

subpopulation

Year -0.004 |0.004 |35187.72 |-1233.09

Year? -0.001 |<0.001

Subpopulation

Subpopulation*year

Year 5km (n=22) 0.004 0.001 |36145.72 |-275.09

Year? -0.003 |<0.001

Subpopulation

Year -0.004 |0.004 |35478.21 |-942.6

Year? -0.001 <0.001

Subpopulation

Subpopulation*year

Year 7 km (n=16) 0.004 0.001 |36411.82 |-8.99

Year? -0.003 |<0.001

Subpopulation

Year 0.177 0.044 |35881.59 |-539.22

Year? -0.004 |<0.001

Subpopulation

Subpopulation*year

Year 9km (n=12) 0.004 0.001 |36219.8 |-201.01

Year? -0.003 |<0.001

Subpopulation

Year -0.035 |0.043 |35707.98 |-712.83

Year? -0.004 |<0.001

Subpopulation

Subpopulation*year

Year 12 km (n=7) 0.004 0.001 |36320.17 |-100.64

Year? -0.003 |<0.001

Subpopulation

Year -0.038 |0.029 |36224.1 -196.71
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Year? -0.004 <0.001

Subpopulation

Subpopulation*year

Year 15 km (n=3) 0.004 0.001 |36424.28 |+3.47
Year? -0.003 |<0.001

Subpopulation

Year 0.004 0.001 |36407.4 -13.41
Year? -0.003 |<0.001

Subpopulation

Subpopulation*year
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2a 2b

Figure 2.2a and 2.2b: Great Bustard subpopulations in Extremadura (Spain)
and Alentejo (Portugal) defined by buffering adult male observations by 9 km,
shown for (a) maximal extent across 1985-2012 (light grey = extant; hatched =
extirpated in 2011) derived by dissolving polygons of extent for 1985, 2002
and 2011, (b) separately for 1985 (hatched), 2002 (light grey) and 2011 (black
outline). Subpopulation names and abbreviations: 1: Castelo Branco (CBR); 2:
Guijo de Coria (GJC); 3: La Mata (LMT); 4: Central Caceres (CCR); 5: Campo
Lugar (CLG); 6: La Serena (SER); 7: Montijo (MTJ); 8: Northern Alentejo-—
Western Badajoz (NAWB); 9: San Vicente de Alcantara (ALC); 10: Retamal
(RTM); 11: Campifia Sur (CMS); 12: Mourdo—Villanueva del Fresno (VLF); 13:

Evora (EVR); 14: Cuba (CUB); 15: Castro Verde (CVD); 16: Moreanes (MOR).
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2.4.2 Subpopulation trends and their regional differences

There were considerable differences in trends between subpopulations. Four—
Guijo de Coria, Castelo Branco, Mourao—Villanueva del Fresno and Evora—
decreased significantly between 1980 and 2014, while three—Castro Verde, Cuba
and Moreanes—increased significantly (Figs. 2.3 and 2.4). The Castelo Branco
subpopulation was extirpated by 2000, and the Mourdo—Villanueva del Fresno
subpopulation is practically extirpated, with two birds counted there in 2014 and
zero in 2015. Five of the six largest subpopulations either increased significantly
(Castro Verde) or remained stable (Central Caceres, Northern Alentejo—Western
Badajoz, Campiiia Sur and Campo Lugar) across the entire study period. Trends of

total counts (Fig. 2.3) were visually similar to trends of adult males (Fig. 2.4).
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Figure 2.3: Annual counts of total Great Bustard numbers in subpopulations in
Extremadura and Alentejo between 1980 and 2014. Abbreviated
subpopulation names and numbers refer to Figure 2. Red lines are LOESS
models fitted to the count data (black dots); thin black lines are linear
regressions relating logio subpopulation count to year, for which a significant
slope is indicated next to the subpopulation name (* p<0.05, ** p<0.01, ***

p<0.001). First counts were excluded from LOESS and linear models.
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Figure 2.4: Annual counts of adult male Great Bustards in subpopulations in

Extremadura and Alentejo between 1980 and 2014. Abbreviated

subpopulation names and numbers refer to Figure 2. Red lines are LOESS

models fitted to the data (black dots); thin black lines are linear regressions

relating logio subpopulation total count to year, for which a significant slope

is indicated next to the subpopulation name (* p<0.05, ** p<0.01, ***

p<0.001). First counts were excluded from LOESS and linear models.
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Results of GLMs examining temporal trends in total counts of
subpopulations between 1980 and 2014 showed strong support for a non-linear
trend best explained by a quadratic term, indicating an overall decline from the
1980s into the 1990s, and an increase in the 2000s (Fig. 2.5). The best-supported
model also included the interaction between year and subpopulation, confirming
different temporal trends among subpopulations (Table 2.3 section A). Total
numbers in the region (from the sum of subpopulations) were estimated to be
3,614 (95% Cl 3,484-3,747) in 1985, 2,548 (2,414-2,678) in 2002, and 4,610 (4,474~
4,712) in 2014. Numbers predicted for the start of the period (1985) were similar to
actual counts in that year: 3,417. However, this model did not indicate the recent
decline in most of Extremadura and northern Alentejo noted in actual counts (see

below), likely due to the short duration of these declines, so that the use of a
guadratic term but not higher polynomials was supported in model selection. In

2011 the actual count was 4,783, similar to the end-point prediction of the model
(4,610) in 2014, but due to the quadratic structure of the model it did not predict
the subsequent decline from 2010 to a total actual count of 3,512 in 2014
(Appendix 2.2). A model that included a cubic term was not better supported based
on the change in AlCc values (Table 2.3 section A), but estimated a total of 2,956

(2,821-3,087) in 2014, close to the actual number in that year (above).
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Figure 2.5: Trends of 16 Great Bustard subpopulations (259 annual counts) in
Extremadura and Alentejo between 1980 and 2014. Grey points and lines are
subpopulation-specific annual counts with fitted GLMs relating
logio(subpopulation total +1) to both year and the second-order orthogonal
polynomial term of year. Thick black line represents the mean overall trend,
based on a GLM relating logio(mean of all predicted subpopulation total +1) to
year, a second-order orthogonal polynomial term of year, subpopulation
identifier (categorical) and an interaction term between year and

subpopulation identifier.
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Table 2.3: Results of Gaussian generalised linear models of annual counts of
Great Bustards in subpopulations (n = 16 subpopulations, 259 counts,
logio(n+1) transformed) in Extremadura and Alentejo between 1985 and 2014.
AAICc values of models in section A represent changes in AlCc values
compared to the null model, those in sections B and C represent changes
relative to the best-supported model (in bold) of group A. AAICc values in bold

represent best supported model.

Group Model B SE AlCc AAlCc
A) Models of Null model 698.72 | 0

year (with Year -0.002 0.006 | 700.62 | 1.9
orthogonal Year -0.004 0.003 | 408.03 | -290.69
polynomials), | Subpopulation
subpopulation | Yeqr 0.075 0.298 | 332.30 | -366.42
, and their Subpopulation
interactions Year:subpopulation

Year 0.075 0.291 | 320.83 | -377.89

Year? 1.621 0.457

Subpopulation

Year:subpopulation

Year 0.073 0.280 | 328.94 | -369.78

Year? 1.149 1.729

Year® -0.084 0.468

Subpopulation

Year:subpopulation

Year 0.075 0.279 | 325.85 | -372.87

Year? 1.131 1.722

Subpopulation

Year:subpopulation

Year?:subpopulation

Year 0.073 0.280 | 328.94 | -369.78

Year’ 1.149 1.729

Year® -0.084 0.468

Subpopulation

Year:subpopulation

Year"?:subpopulation

Year 0.106 0.280 | 356.80 | -341.92

Year? 0.689 1.766

Year® 2.093 2.001

Subpopulation

Year:subpopulation

Year”3:subpopulation

Year 0.106 0.280 | 356.80 | -341.92

Year? 0.689 1.766

Year® 2.093 2.001

Subpopulation

Year?:subpopulation

Year®:subpopulation
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Year 0.106 0.280 | 356.80 | -341.92
Year? 0.689 1.766

Year® 2.093 2.001

Subpopulation

Year:subpopulation
Year?:subpopulation
Year®:subpopulation

B) Add province Year 0.075 0.291 | 320.83 |0
and Year? 1.621 0.457
interaction Subpopulation

Province (Alentejo)
Year:subpopulation

Year:province
C) Add Castro Year 0.075 0.291 | 32083 |0
Verde and Year? 1.621 0.457
interaction Subpopulation

Castro Verde (no)
Year:subpopulation
Year:Castro Verde

No support was found for an overall difference in trends between
Extremadura and Alentejo (Table 2.3 section B), or for a difference in trends
between Castro Verde (plus the adjacent Cuba and Moreanes) and all other
subpopulations (Table 2.3 section C). No support was found for a concentration
process within the three largest subpopulations during 1985-2011 (Table 2.4).
Recent (2010-2014) subpopulation trends were not affected by the proportion of

the subpopulation designated as an SPA (Table 2.5).
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Table 2.4: Results of Gaussian generalised linear models predicting proportion
(arcsine square-rooted transformed) of Great Bustards in the three largest
subpopulations relative to total counts across Extremadura and Alentejo,
based on 8 years with complete counts. df shows model error degrees of

freedom; AAICc represents the change in AlICc compared to the null

model; bold represents strong support.

Model | df | B SE AlCc AAICc
Null 7 -16.44 0
Year 6 |0.004 |0.002 |-16.68 -0.22

Table 2.5: Results of Gaussian generalised linear models relating linear
temporal trends of logio(1+n) counts for 15 subpopulations between 2010 and
2014, to the proportion (arcsine-square rooted) of subpopulation area
designated as SPA. df shows model error degrees of freedom; AAICc
represents the change in AlICc compared to the null model; bold

represents strong support.

Model | df |B SE AlCc AAICc
Null 14 -15.73 0
SPA 13 | 0.028 |0.119 |-12.61 3.12
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TRIM analysis revealed an overall non-significant negative linear trend
across the study period (Wald chi-square (1, df=2)= 1.690, p=0.429; Figure 2.6), and

no significant effect of SPA declaration on trends (Wald chi-square (1, df=1)=1.484,

p=0.223).

4500 —

~ il

3000 —

Count

T T | | T T |
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Figure 2.6: TRIM analysis of overall trends of Great Bustards in Extremadura
and Alentejo between 1980 and 2015. Red line is the overall linear trend. Blue

circles are the annual estimates and SE (grey vertical lines). Shaded grey area

is 95% confidence intervals.
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2.4.3 Recent decline in Great Bustard numbers

Despite the general increase in the numbers of Great Bustards recorded in actual
counts and in model estimates from the early 1980s to recent years, from 2010
onwards actual counts declined in 13 subpopulations of the 15 viable
subpopulations in the region (excluding extirpated Castelo Branco). Between 2010
and 2014, count totals declined from 4,966 to 3,512. The total actual count in
Extremadura and the northern section of Alentejo decreased from 3,656 in 2010 to
2,244 in 2014. In Badajoz province, the total count (excluding cross-border
subpopulations) decreased from 1,666 in 2010 to 821 in 2015. These results
indicate negative trends in several subpopulations: in La Serena in eastern Badajoz,
counts dropped steeply from 945 in 2004, to 501 in 2011, and to only 426 in 2015;
in Central Caceres, counts dropped from 1227 in 2010 to 768 in 2015. In Northern
Alentejo—Western Badajoz, counts dropped from 1,035 in 2010 to 354 in 2014.
Counts in both small peripheral subpopulations in northern Caceres—Guijo de Coria

and La Mata—also dropped, from 56 in 2010 to only 11 in 2014.
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2.5 Discussion

2.5.1 Updated estimates of Great Bustard numbers in Extremadura and Alentejo

Great Bustard numbers fluctuated considerably in Extremadura and Alentejo
between 1985 and 2014, with an initial decline in the 1990s followed by a recovery
in the 2000s, the latter driven particularly by population growth at Castro Verde,
from 520 in 2000 to 1,482 in 2009 (Fig. 2.5). Alonso (2014) suggested that a ban on
hunting in Spain in 1980 caused numbers to rise in the 1980s, but also that
improvements in census methodology contributed to higher counts (so some of the
‘recovery’ may not have been real). The predicted overall decline in the 1990s

based on the selected GLM was not apparent in actual counts.

The total regional count of 3,512 Great Bustards in 2014 is 52—-58% lower
than the previous published totals (see below) — put at 7,393-8,393 by combining
the estimate for Extremadura in 2003 (Corbacho et al. 2005) with the census data
for Alentejo in 2009 (Alonso and Palacin 2010) —and reduces the estimated Iberian
population from 31,263-36,163 (Alonso & Palacin 2010) to roughly 28,000-32,000.
In 2015 only 2,319 birds were counted in Extremadura, far lower than the previous

published estimates by Corbacho et al. (2005) of 5,500-6,500 for 2003.

Between 2010 and 2014/5 a decrease in observed numbers in several large
and medium-sized subpopulations in Extremadura and northern Alentejo indicates
a potential decline in parts of the region (Appendix 2.2). However, this decline in
observed numbers is probably too recent to alter the shape of the fitted temporal
GLM across the study period, with the best-supported model incorporating a

guadratic but lacking the cubic term required to describe this recent downturn. This
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decline seems to have driven the overall non-significant TRIM linear trend (figure
2.6). Additionally, it may be that this drop in observed numbers does not represent
true population declines, but is a result of a systematic failure to count birds
effectively. However, it must be noted that during this period several other agro-
steppe bird populations in Iberia have shown similar declines (Silva et al. 2018,
Palacin & Alonso 2018, de Juana 2009), supporting the suggestion here that a
dramatic decline in Great Bustard numbers is occurring in Extremadura and

Alentejo.
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2.5.2 Subpopulations and their trends

Trends in subpopulations across the region show two interesting patterns. First, as
noted above, five of the six largest subpopulations either increased significantly or
did not change significantly during the entire study period, reinforcing the notion
that large subpopulations may be more resilient to declines (Alonso et al. 2004).
Second, increases in the two small subpopulations in the southern Alentejo
adjacent to Castro Verde (Cuba and Moreanes) are possibly linked to the parallel
increase in Castro Verde, and may represent a ‘spillover’ from it, though there is no

direct evidence for this yet.

The concentration process at Castro Verde, Cuba and Moreanes suggested
by Pinto et al. (2005) stalled later in the study period. Numbers at this
subpopulation levelled off or even decreased slightly during 2010-2014, and

numbers in other large subpopulations also failed to increase.
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2.5.3 Definition of subpopulations — methodological considerations

Use of spring counts in this study resulted in substantially lower figures than
previous estimates based on winter counts (Alonso et al. 2003; Corbacho et al.
2005). Alonso et al. (2003) and Corbacho et al. (2005) suspected that spring counts
underestimate the numbers of females and consequently regarded the higher
winter counts as more reliable. Conversely, estimates of breeding numbers based
on winter counts are considered here more likely to be inflated. Winter count totals
in Extremadura were on average 86% higher (n =10, range 17-212 %, SD 56 %)
than corresponding spring counts (Corbacho et al. 2005). Additionally, comparison
of subpopulation trends using spring and winter counts suggested that trends were
different between seasons, indicating that numbers in winter are augmented by
birds from external sources (Appendix 2.3). Such higher winter numbers may result
at least partly from immigration from breeding populations, as far as 200—300 km
away (Alonso et al. 2005). Great Bustards can migrate over long distances (Palacin
et al. 2009; Kessler et al. 2013), and wintering sites in Caceres are both lower (c.
400 m a.s.l.) and warmer (1961-1990: January mean minimum daily temperature
7.9°C) than major breeding sites near Salamanca, Castilla y Leon (c. 800 m a.s.l.,
mean 3.6°C) (Meteorologisk Institutt 2017). Moreover, Great Bustards are probably

more mobile in winter, increasing the risk of double-counting.

By contrast, any underestimation of females in spring counts will have been
modest, for several reasons. (1) The census methods in the region conform, as
noted above, with principles formalised by Alonso et al. (2005), and carried out by
professional teams that have full access even to private areas. Acknowledging the

potential limitations of spring census data, i.e. the potential to undercount females,
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and the variability in identification skills among teams, | evaluate these spring count
data as still valid (2) | base my approach on the analysis of long-term trends rather
than individual counts. (3) Trends of adult males are visually consistent with trends
of total counts. Adult males are conspicuous, aggregate in focal areas during the
study period before ‘lek explosion’ (Alonso, Alvarez-Martinez & Palacin 2012), and
are unlikely to be underestimated. If female numbers were significantly
underestimated, different trends between total counts and adult males would be

expected, but are not evident (Figs. 2.3 and 2.4).

It is acknowledged, however, that the spatial movement data used in this
study come from Great Bustard populations that are relatively stable or increasing
(e.g. Alonso et al. 2009; Magaiia et al. 2011), from different parts of Iberia, and
from some years ago. Potentially, climatic differences and other environmental and
biological factors (including dramatic demographic changes) may cause birds in
Extremadura and Alentejo to use space and habitat in different ways to other parts

of Iberia.
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2.5.4 Conservation implications

The overall increase in numbers in SPA Castro Verde (Pinto et al. 2005) and
adjacent Moreanes is probably the result of successful agri-environmental schemes
in these areas (Santana et al. 2014), that may have also provided a source for
numbers in Cuba. However, we found no link between subpopulation trends and
SPA declaration, although this may partly reflect our use of a simplified metric to
rank SPA effectiveness. Indeed, several recently declining subpopulations include
large areas designated as SPAs: La Serena, Campifia Sur, Evora, Mourdao—Villanueva
de Fresno, and most of the Alentejo section of the Northern Alentejo—Western
Badajoz subpopulation. This raises concerns about the performance of SPAs in
protecting agro-steppe habitats and bird species, and suggests that some
subpopulations might benefit from greater coordination of management between
Spain and Portugal. With better information on actual conservation activities on the
ground, function of the SPA network across Extremadura and Alentejo in protecting

agro-steppe birds needs to be studied more thoroughly.

Agricultural systems are intensifying over large parts of the region, and are
believed to be negatively affecting Great Bustards and other steppe bird species
(Corbacho et al. 2005; Sanchez and Garcia-Baquero 2012; Pinto et al. 2005; Santana
et al. 2014). Land-use and infrastructural changes affect reproduction rates,
mortality rates and recruitment in Great Bustards (Martin et al. 2007; Raab et al.
2010, 2011; Rocha et al. 2012). The recent declines observed in so many Great
Bustard subpopulations indicating an overall population decline, require the urgent
need to understand the reasons for these potential declines that are still unstudied.

It is imperative to confirm (and then decisively counter) the link between Great
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Bustard declines in Extremadura and Alentejo and land-use and infrastructural

intensification, that may be the main drivers for declines of agro-steppe birds.
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Appendices
Appendix 2.1: Great Bustard spring count data between 1980 and 2014

provided for this study.

Black boxes are data provided ICNF, dark grey boxes are data provided by Junta de

Extremadura, and light grey boxes are data provided by WWF / J. Hellmich.
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Appendix 2.2: Subpopulation total counts in Extremadura (Spain) and Alentejo

(Portugal) 1980 — 2015.
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Appendix 2.3: Comparison between trends in winter and spring counts
To test if trends in winter subpopulation counts are different from trends in spring
subpopulation counts, we used data published in Corbacho et al. (2005) that
includes spring and winter subpopulations counts in Extremadura between 1981
and 2002. Junta de Extremadura stopped winter counts in 2003 across
Extremadura. Additionally, for this analysis we used data provided by Agustin
Mogena with spring and winter counts in ZEPA Llanos de Caceres only between
2003 and 2013. Winter counts were never carried out in Alentejo. 133 winter

counts and 69 spring counts of 10 subpopulations were used in the analysis.

Using generalized linear models with negative binomial error distribution
(selected based on residual deviance/df= 1.17; Gaussian, log(n+1)= 0.12; Gaussian,
sqrt = 40.57; Gaussian, raw= 118376.54; Poisson= 144.48), year-specific
subpopulation counts were related to year, subpopulation ID (factor) and
interaction term between year and subpopulation ID. To this model, season of
count was added as factor (winter is additive effect, spring is reference level) as
well as the interaction term between year and season, to create models with
seasonal differences between trends. Models were compared based on changes in
AlCc, and was considered to be strongly supported if AlCc values reduced by >2

(Burnham & Anderson 2004)

Results of the comparison between the models support the seasonal
difference between trends of subpopulations, with alternative models that do not
include season as a predictor not receiving significant support (AAICc=39.13; Table

A2.3.1).
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Table A2.3.1: Results of generalised linear models relating year-specific
subpopulation counts in Extremadura between 1981 and 2002, and in ZEPA
Llanos de Caceres only between 2003 and 2013, and season of count (spring or
winter). AAICc value is change in AlCc values between basic model and
developed models that included season. Bold indicates strong support.

Model B SE AlCc AAlCc
Year 0.003 0.075 2574.46 0
Subpopulation ID

Subpopulation ID : year

Year 0.009 0.029 2536.41 -38.05
Subpopulation ID

Subpopulation ID : year

Season (winter) 0.605 0.085

Year 0.019 0.029 2535.33 -39.13
Subpopulation ID

Subpopulation ID : year

Season (winter) 40.804 19.859

Season : year -0.020 0.010
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Declines in Great Bustard
subpopulations across Extremadura
(Spain) and Alentejo (Portugal) may be

related to increases in livestock densities
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Chapter 3 — Great Bustards and land-use changes

3.1 Abstract

In Iberia, an important region for farmland and grassland birds, agricultural systems
are intensifying, yet long-term studies linking landscape-scale agricultural changes
to changes in populations of Iberian farmland birds are few. For this study,
monitoring data on Great Bustards in Extremadura (Spain) and Alentejo (Portugal)
between 1980 and 2014 were used alongside open-access agricultural databases to
examine links between changes in Great Bustard numbers and agricultural
practices. Across the study area, extent of habitats important to Great Bustards
changed during the period for which land-use data were available (1990 to
2012declined. During the period for which livestock data were available (1989—
2009), densities of sheep-plus-goats increased markedly across the study area in 12
subpopulations and densities of cattle increased in 3 subpopulations. Using
generalised linear models, annual geometric growth rates (trends) of 15 Great
Bustard subpopulations were related to changes in the extent of different agro-
steppe land-cover types across three discrete time periods (1990 to 2000, 2000 to
2006, 2006 to 2012). In separate generalised linear models, subpopulation trends
across two discrete time periods (1989 to 1999, 1999 to 2009) were related to
changes in densities of (1) cattle (dairy and beef), (2) sheep and goats combined,
and (3) Livestock Units (LSU). No support was found that trends in Great Bustard
subpopulations were related to long-term changes in the extent of different land-
use classes (n=43 changes). Strong support was found that trends of Great Bustard
subpopulations were negatively related to long-term increases in LSU density in
subpopulations (n =18 changes). The results suggest that management of livestock

at landscape scales had stronger links with Great Bustard trends than moderate
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changes in the extent of different land-uses. To protect Great Bustards, key habitat
types should be protected from extreme changes, and livestock densities should

not increase.
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3.2 Introduction

Anthropogenic land-use changes such as agricultural intensification, urbanisation
and infrastructure development have generated considerable biodiversity loss
globally (e.g. Pimm & Raven 2000; Foley et al. 2005; Green et al. 2005; Jetz, Wilcove
& Dobson 2007). Agricultural intensification has caused declines in farmland birds in
Iberia (Diaz, Naveso & Rebollo 1993; Stoate, Borralho & Araujo 2000), the United
Kingdom (Chamberlain et al. 2000; Chamberlain & Fuller 2000) and elsewhere in
Europe (Donald et al. 2006; Wretenberg et al. 2006; Reif et al. 2008; Berg et al.
2015). More specifically, breeding farmland birds may be negatively affected by the
intensification of agricultural practices, including loss of landscape elements,
development of irrigation systems, higher application of fertilizers, herbicides,
fungicides and pesticides, and increases of livestock densities, leading to loss and
degradation of habitats for breeding birds (Kamp et al. 2015, Geiger et al. 2010).
Intensification of livestock densities on pastoral land may have strong effects on
ground-breeding birds that use these systems for breeding. The effects of livestock
grazing on farmland and grassland birds vary spatially and between bird species. In
Portugal, several grassland species showed mixed responses to different levels and
types of livestock grazing — Short-toed Lark Calandrella brachydatyla favoured
higher grazing intensity, mainly by sheep, and Corn Bunting Emberiza calandra
favoured taller grass in cattle pastures, as did Little Bustards Tetrax tetrax (Reino et

al. 2010).

In Iberia, several farmland and steppe bird species are declining, and

classified as endangered both globally Endangered, e.g. Great Bustard Otis tarda
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(VU) and Little Bustard (NT), (BirdLife International 2018), and threatened in
Europe, e.g. Black-bellied Sandgrouse Pterocles orientalis (EN), Little Bustard (VU)
and Dupont’s Lark Chersophilus duponti (VU) (BirdLife International 2015).
Additionally, 11 Iberian farmland bird species that appear in Annex 1 of the
European Union Birds Directive 2009/147/EC are of conservation concern in
Europe. In Iberia, changes in agricultural practices have apparently had
considerable consequences on farmland birds. Traditional agricultural practices are
giving way to modern practices: Agro-pastoral three- or four-year rotational
systems of dry cereals, mainly barley and wheat with fallow periods and sheep
grazing, of great importance for Iberian farmland birds, have been partially replaced
with more economically favourable agricultural schemes, such as irrigated and
permanent crops, and have partially lost their rotation cycles (Suarez, Naveso & De
Juana 1997; Correal et al. 2003). Furthermore, livestock grazing has expanded its
area in southern Portugal between 2000-2002 and 2008-2010 by 34% (cattle
grazing) and 50% (sheep grazing) (Ribeiro et al. 2014), and landscape heterogeneity
has reduced (Sudrez, Naveso & De Juana 1997, Cabanillas, Aliseda & Gallego 2012,
Martin et al. 2012a). Alongside increases in cattle densities, the area used to
produce hay and silage in Iberia has increased (e.g. 34% increase of the surface of
the main crops used for haying in southern Portugal: data from www.ine.pt in Faria,
Morales & Rabaca 2016b). In hay fields, extremely high rates of nest destruction
were recorded (Green et al. 1997; Griiebler et al. 2008; Faria, Morales & Rabaca

2016a; b).

Understanding how landscape-scale agricultural processes affect threatened

species might aid conservation managers to plan sustainable agricultural systems
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that better support biodiversity, e.g. conservation interventions through agri-
environmental schemes (Batary et al. 2011). However, detailed long-term studies
that link changes in agricultural practices to changes in the conservation status of
Iberian farmland birds are few, despite the importance of Iberia to threatened
farmland birds, and the widespread processes of agricultural intensification in both
Spain and Portugal. The Great Bustard is one of the most-studied species of the
Iberian grasslands (see summary of current knowledge in Alonso 2014). However,
even for this charismatic species, large-scale long-term responses to agricultural
intensification have not yet been studied. Martin et al. (2012) showed a positive
correlation between local development of non-irrigated legume cultivation and
provincial increases of Great Bustards in northwestern Spain. Increase in irrigation
schemes and permanently irrigated crops, decrease in non-irrigated arable land,
and increase in livestock densities in pastoral systems have been suggested as
causes of declines and extirpation of Great Bustards in multiple studies in
southwestern Iberia, but these hypotheses have not been tested (e.g. Corbacho et
al. 2005; Sdnchez & Garcia-Baquero 2012; Santana et al. 2014). Pinto et al. (2005)
showed several significant changes in the extent of those land-uses that are
associated with Great Bustards in Alentejo, Portugal, but did not explicitly seek to

relate changes in agricultural practices to changes in Great Bustard numbers.

Extremadura (Spain) and Alentejo hold 15-17% (see Chapter 2) or 20-27%
(based on older published totals, (Alonso & Palacin 2010) of the Iberian Great
Bustard population, in a complex scenario of mixed trends of local increases and
decreases (see Chapter 2). Therefore, it is important to understand whether and

which changes in agricultural practices in Extremadura and in Alentejo contribute to
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trends in the species. With this work | specifically aim to relate long-term
monitoring data on Great Bustards to lanscape-scale agricultural data from
Extremadura and the Alentejo, to test whether trends in Great Bustard numbers
are linked with landscape-scale changes in the extent of different land-uses. Based
on information detailed above, | predict that Great Bustards respond negatively to
intensification of agricultural systems, more specifically to changes in the extent of
favourable and non-favourable land-uses, and changes in livestock densities. Great
Bustard is a slow-reproducing species: females settle at their first breeding site at
an age of two or three years, while males join their first lek (display congregation of
males) at the age of two to four years (Alonso et al. 1998). After their first year of
life, mortality rates are below 10% (Martin et al. 2007). Lagged demographic
responses to environmental conditions were shown in Scottish Northern Fulmars
Fulmarus glacialis, another long-lived bird (Thompson & Ollason 2001). Therefore,
it is predicted that demographic trends caused by land-use changes, specifically
decreases in breeding productivity, become apparent after a lagged period of
approximately six years, based on the age of sexual maturity of Great Bustard
(Alonso et al. 2004). In this study | test whether lagged responses of subpopulation

trends to land-use changes do occur.

| also predict that the composition of different components of the agro-steppe
system, cereal growing and livestock growing, affect Great Bustard demographic
processes. Therefore, | explore whether trends in Great Bustards differ in relation
to the relative landscape composition of sites in the study area, i.e. those

dominated by arable agriculture or by pastoral systems.
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Investigating trends in Great Bustard numbers in replicate subpopulations as
independent observations increases statistical power, particularly as different
subpopulations have experienced different rates and types of land-use and
livestock change. This work aims to contribute to the knowledge of the effects of
land-use and livestock changes on biodiversity, and to aid local land-managers to

devise better conservation tools for agro-steppe birds in Iberia.
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3.3 Methods

3.3.1 Study area and overview of agricultural system

This study focuses on the autonomous community of Extremadura in Spain, which
is divided into two provinces — Céceres in the north (19,868 km?) and Badajoz in the
south (21,766 km?) — and on Alentejo province (31,551 km?) in Portugal. Together,
Extremadura and Alentejo form a contiguous region, with dimensions of roughly
350 km x 350 km (Fig. 1). The open landscapes that covered substantial parts of
Extremadura and Alentejo were originally dominated by a traditional rotational
system of arable cereal and fallow crops and low-intensity sheep grazing (Suarez,
Naveso & De Juana 1997; Correal et al. 2003). In this agricultural system, cereals
(mainly wheat and barley) are sown typically in June and July (Olea & Miguel-Ayanz
2006). After cereal harvest, livestock grazing typically spreads out from winter
grazing grounds on fallows, pastures and other grasslands onto stubble as well
(Correal et al. 2003). However, during late March and early April, when Great
Bustards are counted (see below), livestock are normally concentrated on fallows,

pastures and grasslands, and rarely cereals.

Intensification of agricultural systems has accelerated across the region
since Spain and Portugal joined the EU in 1986, especially through the introduction
of the Common Agricultural Policy (CAP) in 2003 (Brady et al. 2009). In extensive
agricultural systems, CAP promoted increased agricultural productivity involving an
increase in irrigated crops, decrease in fallows and stubbles, and increased livestock
densities (Donald et al. 2002; Jones et al. 2011). For example, in Castro Verde in

southern Alentejo, between 2000-2002 and 2008-2010, the area occupied by
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cattle and sheep increased by 34% and 50% respectively, while the area of
traditional grazing and annual crop systems decreased by 65% and 54% respectively
(Ribeiro et al. 2014). In accordance with increased livestock numbers, the area used
for hay production has also increased in the region (Faria, Morales & Rabaca
2016a). Agroforestry was noted as a cause for local extirpation and two local
declines of Great Bustards in Portugal (Pinto et al. 2005). Agroforestry has also
developed in the region, e.g. in the Mértola district (Alentejo) the area dedicated to

agroforestry rose from 1% in 1986 to 22% in 2006 (Jones et al. 2011).
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3.3.2 Great Bustard counts

Counts of Great Bustards during the lekking season (late March — early April) have
been carried out in Extremadura by Junta de Extremadura and by Joachim Hellmich
on behalf of WWF Spain, and in Alentejo by Instituto da Conserva¢ao da Natureza e
das Florestas (ICNF). In Alentejo, counts have been almost annual (31 between
1980 and 2014). In Extremadura 12 annual counts took place in Caceres between
1981 and 2014, and in Badajoz nine counts took place during that period. Despite
slight variations in methodology and frequency of counts between different data
sources, data are comprehensive and comparable across space and time. Details of
the methodology used to count Great Bustards by the different sources, and about
possible caveats and biases in the count data and how these were dealt with, are

elaborated in Chapter 2.
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3.3.3 Definition of subpopulations and measurement of temporal trends

An appropriate spatial scale is needed in order to seek to relate local responses of
Great Bustards to land-use changes. The semi-independent demographic unit of
‘subpopulation” was used, based on adult male locations in spring during the
breeding season. At this time, males loosely aggregate and display in traditional
lekking areas, typically covering several tens of square kilometres, into which
females move to mate; depending on the distance between such areas, these
gatherings are defined as subpopulations, with 16 in the study area (Fig. 3.1; full
details about the methodology used to define subpopulations, and the limitations
of this method, are elaborated in Chapter 2). During the breeding season local
movements of adults and young birds occur regularly within subpopulations, but
movements between subpopulations are considered to be rare and irregular.
Therefore, changes of Great Bustard numbers in subpopulations are assumed to
result from internal changes in rates of mortality, reproduction and recruitment,

and to be influenced by land-use changes in that locality.
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Figure 3.1: Extremadura (Spain) and Alentejo (Portugal) provincial borders

(black lines) and their location in southwestern |beria (see inset), Great

Bustard subpopulations (grey polygons, named) and municipal boundaries in

Extremadura and Alentejo (thin grey lines).

Because of relatively few counts in Extremadura, some subpopulations did

not have counts in those years for which land-use data were available or for the

start and end point of the periods analysed for population change. Therefore,

LOESS models fitted to annual subpopulation counts between 1985 and 2014 were

used to predict subpopulation numbers in missing years (see Chapter 2 for full
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methodology of this procedure). The subpopulation of Montijo had too few data
points to generate a reliable LOESS model and calculate trends, and was excluded

from the analyses.

To calculate subpopulation trends over intervals between years when land-
use data are available, following basic concepts in e.g. Southwood et al. (1974) and
Krebs (2001), mean annual geometric population growth rates (A) were used over
each discrete period, calculated as A=el(tn(Nt+1)) = (Ln(No+1))} /t \yhere N, is the number
of Great Bustards at start year (e.g. 2006), N: is the number of Great Bustards at

end year (e.g. 2012), and t is the number of years between start year and end year.
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3.3.4 Land-use and infrastructure data
For this study two open-access agricultural data sources that provide information
on land-use were used. CORINE Land Cover (hereafter CLC, downloaded from

http://www.eea.europa.eu/publications/COR0O-landcover) is used to detect land-

use changes, and data from Agrarian Surveys (hereafter AS, downloaded from
www.ine.es [Extremadura] and www.ine.pt [Alentejo]) are used to detect livestock
density changes. CLC and AS data are available for different years, so they cover
different time periods in different intervals. Therefore, Great Bustard responses to

land-use changes and to livestock density changes are analysed separately.

CLCis a pan-European land cover open-access mapping project, carried out
by the European Environment Agency, and provides four detailed profiles of land
use for four of the past 22 years — 1990, 2000, 2006 and 2012. For each snapshot in
time, a satellite-derived layer of coarse land-cover types is available that allows
calculation of the area of each land-use type in any defined region with a minimal
cartographic unit of 25 ha (European Environment Agency 2007). CLC advantages
include the complete and consistent geographic coverage of the entire study area
and spatially explicit structure of the data that allows detection of land-cover type

changes within defined subpopulations.

CLC land-cover types were aggregated into land-use classes relevant to
Great Bustards at two levels of resolution. First, | considered models that related
subpopulation trends to detailed land-use classes that included non-irrigated arable
land, pastures and grasslands, agricultural non-habitat and non-agricultural non-

habitat. Second, | examined models that aggregated favourable land-uses (pooled
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as ‘habitat’) and unfavourable land-uses (pooled as ‘non-habitat’) (a list of these
land-cover classes and their corresponding CLC land-cover categories is in Table

3.1).
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Table 3.1: Explanation of land-use classes used as predictors in analyses,
based on CLC aggregated land-cover types, downloaded from

https://www.eea.europa.eu/publications/CORO-part2.

Detailed land-use classes and definition of contributing | Aggregated land-use classes
CLC land-cover types
Non-irrigated arable land (CLC code 211): Lands under a | Habitat:

rotation system used for annually harvested plants and Sum of non-irrigated arable
fallow lands, which are not irrigated. These crops include | land, permanent pastures
cereals, dry legumes, fallow land, fodder crops and dry and grasslands.

fields. Components of the rotation system.

Pastures and grasslands:

Permanent pastures (CLC code 231) are lands, which are
permanently used (at least 5 years) for fodder production.
Includes natural or sown herbaceous species, unimproved
or lightly improved meadows and grazed or mechanically
harvested meadows (i.e. hay). ‘Natural’ Grasslands (CLC
code 321) are areas with herbaceous vegetation
(maximum height is 150 cm and gramineous species are
prevailing) which cover at least 50% of the surface
covered by vegetation which developed under a minimum
human interference (not mowed, fertilized or stimulated
by chemicals which might influence production of

biomass).

Agricultural non-habitat: Permanent and irrigated crops. | Non habitat:

Including permanently irrigated land (CLC code 212), Sum of agricultural and non-
olives (CLC code 223), vineyards (CLC code 221), agricultural non-habitat.

agroforestry (CLC code 244), and annual crops associated
with permanent crops (typically cereals grown in Cork
Oak plantations, CLC code 241).

Non-agricultural non-habitat: Anthropogenic land-uses,
planted forests and wetlands, including urban and
suburban land-cover types, water bodies, mixed
cultivation with housing, construction sites, mineral
extraction, roads, railway lines, airports, planted
coniferous and mixed forests.

Changes in the extent of land-use classes were calculated as proportionate
change, defined as the absolute change in area of land-use class relative to

subpopulation area: (‘Habitat’++1— ‘Habitat’t) / (subpopulation area).

CLC may have some limitations in identification of land-use classes, based

on the spatial resolution of maps it is projected on. In a modelling study testing the
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effectiveness of CLC in identification of CLC classes in NW Spain, CLC was found to
have limitations in classification of land-use classes at increasing spatial resolutions
of maps (Garcia-Llamas et al. 2016). In order to verify the use of CLC to track
temporal changes in land-cover types favoured by Great Bustards, a field validation
of CLC was carried out. In April and May 2017, habitat within 445 locations each of
125 m radius, distributed in eight subpopulations across Extremadura (n=227) and
Alentejo (n=218) was recorded. Locations of these circles were pre-selected in the
most recent CLC available, from 2012, either in non-irrigated arable land (n=204) or
in pastures and grasslands that cannot be separated in the field (n=241), but not in
other land-cover types. Habitat in each circle was characterised by a dominance
index, in which each circle was visually divided into 8 equal sections; then for each
habitat type, the number of sections in which it is dominant was recorded. Only
circles with a score of 8 homogeneous habitat sections were selected for this
validation. For each circle, land-cover type in CLC 2012 was compared with in-situ
habitat recorded in 2017. There was a good match between CLC 2012 land-cover
type and in-situ habitat: in 96% of non-irrigated arable land circles, and 97% of

pastures and grasslands circles.

AS provide municipal numbers of cattle, sheep and goats, and land-use
statistics as well (see explanation below). Because of the municipal structure of the
data, it is unclear whether livestock and the potential available land for grazing are
evenly distributed within each municipality. | assume that the municipal figures
reflect the situation where Great Bustards are concentrated within municipalities.
Therefore, the structure of the data allows only estimation of livestock densities

and land-uses within subpopulation boundaries. Municipalities in Alentejo are
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fewer and larger (n=62, mean=62.6 km?, SD=38.5 km?) than in Extremadura (n=392,
mean=11.6 km?, SD=16.5 km?; see Fig. 1). As a result, in Alentejo the mean
proportion of municipalities that overlap with subpopulations (n=36 municipalities,
mean=0.39, SD=0.35) was lower than in Extremadura (n=220, mean=0.52, SD=0.37).
Therefore, livestock data from Alentejo are coarser and potentially contain larger

errors.

In Extremadura, AS data are available online for 1999 and 2009 providing
only one interval of change (1999-2009); in Alentejo, AS data are available online
also for 1989, providing two intervals of change (1989-1999, 1999-2009). Two
subpopulations that stretch across borders, Northern Alentejo—Western Badajoz,
and Mourado—Villanueva del Fresno, were included in analyses only in years when

AS data were available from both sides of the border (1999 and 2009).

A strong advantage of AS data is that municipal statistics on the extent of
detailed land-use types are available too for the same years — 1989 (Portugal only),
1999 and 2009. AS land-use data, both in Spain and Portugal, provide the municipal
area of detailed categories of land-uses. In this study, land-uses relevant to Great
Bustards were regarded separately: temporary pastures (apparently including
pastures and fallows, but no detailed description for AS land-use data is available)
and permanent pastures, cereals for grain, dry legumes for grain (i.e. chickpeas),
and fodder crops. These land-use data allow calculation of municipal livestock
densities, by dividing the livestock numbers by the area of pastures (and fallows

that are assumed to be available for grazing), as this is where livestock are
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concentrated during the period in which Great Bustards are counted, in late March

and early April (Correal et al. 2003; Alonso et al. 2005a).

Hay is an increasing component of the agro-pastoral system in the study
area (Faria, Morales & Rabaca 2016a). Both in CLC and AS it is treated with some
uncertainty. In CLC, fodder crops are not represented by a unique land-cover type,
but may be included both in non-irrigated arable land and in pastures. In AS, a
unique category of fodder crops is defined, but it is unclear whether these fodder
crops include only hay or also other fodder crops like legumes. Due to this

uncertainty, it was impossible to include hay as a predictor in the analyses.

To test whether AS land-use data are related to equivalent CLC data, |
performed a regression of AS 2009 municipal area of permanent pastures
(dependent) related to CLC 2012 municipal extent of pastures and grasslands per
municipality (predictor), across Extremadura and Alentejo (n=454 municipalities).
Results showed a strong correlation between the two land-use data sources
(r=0.91, SE=0.001, p<0.0001), although it produced a slope of 0.75, meaning that AS
underestimate the combined area of grassland and pastures by 25% relative to CLC.
As livestock are not on hay (a fodder crop) in spring, and AS measure of pastures
excludes hay, livestock density calculated using AS data (in terms of livestock
number per area of pasture) is relevant for spring livestock grazing density.
Acknowledging the various potential biases and errors in AS and CLC data, AS
livestock and land-use data and CLC land-use data are regarded as valid for my

analyses.
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For each subpopulation, mean livestock density weighted by relative area
contribution of each municipality was calculated using the following equation: S
=2 Pi = o, where S is the livestock density (number of livestock divided by area of
AS pastures) of a subpopulation that overlaps with municipalities i to n, P;is the
proportion of the subpopulation area that overlaps with municipality i, and g is the
livestock density of the municipality. Changes in livestock densities used the same
metric of annual geometric growth rate used to calculate subpopulation trends (A,

see above).

Subpopulation livestock density values were calculated separately for (1)
cattle, (2) sheep and goats combined, and (3) total Livestock Units (LSU, whereas 1

LSU =1 cow or 10 goats and sheep, e.g. 2 cows and 10 sheep = 3 LSU).
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3.3.5 Statistical analysis

Because CLC and AS data are only available for four and three years respectively
with different interval lengths between data years, models related changes in Great
Bustard numbers in subpopulation per interval to changes in land-use over the

same interval, with subpopulation-period as the unit of replication.

The modelling processes were based on model inference, where complex
models were compared to simple or null models based on changes in AlCc values
(second-order bias correction Akaike information criterion, Burnham & Anderson
(2004)), to select the most parsimonious models with strongest support. A decrease
of 2 AICc units or more indicates strong support, following Burnham & Anderson

(2004). Models that were within 2 AlCc units from null models were not supported.

A generalised linear model (GLM) that related subpopulation-period-specific
A (unit of replication; n=43 trends) to subpopulation ID (n=15 subpopulations,
factorial) was not supported relative to the null model (AAICc=14.46), thus
subpopulation trends were not consistently different from each other (across time
periods). Additionally, a GLM that related subpopulation-period-specific A to period
(n=3, factorial) was not supported relative to the null model (AAICc=6.26), thus
trends were not consistently different between CLC periods (across replicate
subpopulations) (Table 3.2). Therefore, subpopulation identity and period were
excluded from subsequent models that related period-specific subpopulation A to

changes in land-use.

122



Chapter 3 — Great Bustards and land-use changes

Table 3.2: Results of General Linear Models relating Great Bustard period-

specific subpopulation A (43 trends across 15 subpopulations and three time
periods) to subpopulation identity, to time period and to both. AAICc values
are changes in AlICc compared to the model with the lowest AlCc value. Bold

means support for this model.

Model B(SE) AlCc AAICc
Null -45.37 0
Period -0.004(0.026) -43.06 2.31
Subpopulation identity -30.91 14.46
Period -0.025(0.022) -27.26 18.11
Subpopulation identity

In order to test the prediction that subpopulations dominated by pastoral
agriculture showed different trends from subpopulations dominated by arable
agriculture, a GLM that related period-specific subpopulation A to the ratio
between the proportionate area of CLC pastures and grasslands, and non-irrigated
arable land (n=43 trends), was compared with a null model. Square-rooted-arcsine

transformations of the proportions were used.

In order to test the prediction that there was a link between subpopulation
A and changes in the extent of CLC-based land-use classes, GLMs that related
subpopulation A to change in the extent of detailed and aggregated land-use classes

in subpopulations (n=42 trends) were used separately.

In order to test the prediction that subpopulation A might show a lagged
response to changes in the extent of CLC-based land-use classes, these analyses
were repeated with subpopulation A calculated with six-year lags after CLC years

(n=28 trends). The number of subpopulation-period-specific trends used in this
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analysis is lower because six-year-lag after 2012 did not allow the calculation of

trends for this future period.

In order to test the prediction that subpopulation A were linked to livestock
densities, GLMs that related subpopulation A to livestock density changes in that
subpopulation were compared to the null model and used separately for cattle,
sheep and goats, and LSU, because of the small sample size (n=18 subpopulation-
period-specific A). Results of these GLMS were then used to predict subpopulation

trend outcomes in different livestock density changes.

All analyses were carried out in RStudio version 2.15.0 (R Core Team 2017),

using package MuMIn (Barton 2013) to obtain AlCc values.
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3.4 Results

3.4.1 Overview of demographic processes in Great Bustard subpopulations

There was non-significant variation in period-specific subpopulation A (n=43, 15
subpopulations, three time periods) between subpopulations and between CLC
periods: no support was found for GLMs relating A to subpopulation identity
(factorial) or to CLC period compared to null model (Table 3.2). Out of 15
subpopulations, 11 showed consistent A across the three time periods (either
consistently decreasing or consistently increasing), while four subpopulations
switched trend directions between periods (Table 3.3). Between 1990 and 2000,
mean A was 0.981 (SD=0.073, CI95%= 0.943-1.019, n=14 subpopulations). Between
2000 and 2006, mean A was 1.048 (SD=0.205, CI95%= 0.940-1.156, n=14). Between
2006 and 2012, mean A was 0.987 (SD=0.098, CI95%, 0.936—1.038, n=14). Based on
confidence intervals, mean A of each time period was not significantly different

from 1.
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Table 3.3: Period-specific annual geometric growth rates for each of 15 Great
Bustard subpopulations included in trends analyses (Tables 6 and 7) during

three time periods: 1990 to 2000, 2000 to 2006, 2006 to 2012. Mean rates, SD
and 95% Cl’s are also shown for each time period. Missing values indicate the

subpopulation did not contain any Great Bustards during that time period.

Subpopulation 1990 to 2000 | 2000 to 2006 | 2006 to 2012
La Mata 1.011 1.124 1.001
Guijo de Coria 0.957 0.957 0.901
Central Caceres 0.999 0.996 0.990
San Vicente de Alcantara 0.941 0.890 0.975
Campo Lugar 0.978 0.929 1.182
La Serena 1.082 1.034 0.894
Retamal 1.032 1.045 1.012
Campina Sur 0.999 0.952 0.972
Villanueva del Fresno -

Mourao - Safara 0.971 0.831 0.825
Northern Alentejo and western

Badajoz 0.983 1.028 0.929
Evora 0.963 0.939 0.940
Cuba 1.024 1.191 1.174
Moreanes 1.682 0.987
Castro Verde 1.029 1.074 1.036
Castelo Branco 0.763

Mean 0.981 1.048 0.987
SD 0.073 0.205 0.098
95% upper Cl 1.019 1.156 1.038
95% lower Cl 0.943 0.940 0.936
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3.4.2 Overview of agricultural changes across Extremadura and Alentejo

Based on CLC data, the total area of non-irrigated arable land (pooled across all 16
subpopulations) decreased by 42.8% between 1990 and 2012, the area of pastures
and grasslands increased by 5.5%, the area of agricultural non-habitat increased by
20%, and the area of non-agricultural non-habitat decreased by 20% (Fig. 3.2).
However, there was considerable variation in land-use changes among
subpopulations that experienced different rates of land-use change. Across
individual subpopulations, the mean change in non-irrigated arable land was a
decrease of 29.7% but with high variability (SD=27.4%) and wide 95% confidence
intervals of 45%, while for pastures and grasslands it involved an increase of 28.3%
(SD=91.2%) and wide 95% confidence intervals of 45%. Agricultural non-habitat
increased by a mean of 38.3% (SD=53.2%). Non-agricultural non-habitat decreased

by a mean of 11% (SD=34.5%).

When these land-use classes were aggregated to ‘habitat’ and ‘non-habitat’,
the total area of habitat suitable for Great Bustards (pooled across all
subpopulations) decreased by 32% between 1990 and 2012, and the area of
unsuitable habitat increased by 6% (Fig. 3.2). Again, there was considerable
variation across individual subpopulations, with habitat decreasing by a mean of
23.8% (SD=35.4%), and non-habitat increasing by a mean of 10.7% (SD=37.2, Fig.

3.3).

There were significant mean increases in cattle densities in subpopulations
in Alentejo between 1989 and 1999 (mean=1.027, Cl 1.015-1.039), in goats and

sheep densities in all subpopulations between 1999 and 2009 (mean=1.064, CI
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1.026-1.103), and in LSU densities in Alentejo between 1989 and 1999
(mean=1.025, Cl 1.010-1.040) (Table 3.4). There was a marked increase between
1999 (1989 in Alentejo) and 2009 in densities of cattle in three of the 16
subpopulations, in 12 subpopulations sheep and goat density increased, and in six
subpopulations LSU density increased (Figs. 3.4a-c). Changes in LSU density were
primarily affected by changes in cattle density (regression of LSU density changes in
response to changes in cattle density: R?=0.69, F116=36.69, p<0.0001; in response to
changes in sheep and goat density: R?=0.16, F116=4.31, p=0.054). No correlation
was found between changes in cattle densities and changes in sheep and goat
densities (r=-0.016, SE=0.908, p=0.95). In 1999 and 2009, the overall contribution of
cattle numbers to LSU across all municipalities was 90.97% and 63.32%

respectively.
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Figure 3.2: Overall temporal changes in area of land-use classes in
subpopulations across the study area in Extremadura and Alentejo, 1990 —
2012. | are data from 1990. are data from 2000. [] are data from 2006.

] are data from 2012.
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Figure 3.3: Mean temporal changes in area of land-use classes in 16
subpopulations in Extremadura and Alentejo, 1990 — 2012. . are data from
1990. are data from 2000. are data from 2006. [J] are data from 2012.

Vertical thin lines are standard deviations.
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Table 3.4: Changes in livestock densities in subpopulations (n=16) in
Extremadura and Alentejo, including Montijo (which was excluded from trends
analyses) (Tables 6 and 7). Between 1989 and 1999, data are available only for

Alentejo (n=4). Bold are mean changes significantly different from 1.

Cattle Sheep LSU
Subpopulation 1989- | 1999- | 1989 - | 1999- | 1989 - | 1999-

1999 | 2009 | 1999 | 2009 | 1999 | 2009
La Mata 0.995 1.065 1.005
Guijo de Coria 0.991 1.082 0.995
Central Caceres 0.959 1.113 0.979
San Vicente de Alcantara 1.047 1.211 1.068
Campo Lugar 0.983 1.100 1.001
Montijo 0.998 1.095 1.013
La Serena 0.999 1.163 1.047
Retamal 1.002 1.118 1.025
Campina Sur 0.967 1.079 0.985
Villanueva del Fresno - Mourao -
Safara 1.029 1.038 1.030
Northern Alentejo and western
Badajoz 0.998 1.052 1.002
Evora 1.027 | 1.017 | 0.995 | 0.985 | 1.026 | 1.016
Cuba 1.025 | 0.980 | 0.937 | 0.969 | 1.017 | 0.978
Moreanes 1.008 0.949 0.998
Castro Verde 1.013 | 0.978 | 0.996 | 0.947 | 1.011 | 0.974
Castelo Branco 1.043 1.045 1.046
Mean 1.027 | 0.997 | 0.993 | 1.064 | 1.025 | 1.008
SD 0.012 | 0.023 | 0.044 | 0.077 | 0.015 | 0.026
95% upper Cl 1.039 | 1.008 | 1.036 | 1.103 | 1.040 | 1.021
95% lower Cl 1.015 | 0.985 | 0.950 | 1.026 | 1.010 | 0.994
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Figure 3.4: Changes in (A) cattle densities (B) sheep and goat densities (C) LSU
in Great Bustard subpopulations in Extremadura and Alentejo between 1989

and 2009.

Cattle numbers (AS, square-rooted) were positively correlated with the area
of permanent pastures (AS, square-rooted): (454 municipalities in Extremadura and
Alentejo: r=0.743, p<0.0001). AS cattle numbers were also positively correlated

with AS area of hay (fodder crops) (r= 0.753, P<0.0001).
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3.4.3 Great Bustard subpopulation trends related to land-use changes

Great Bustard subpopulation trends were more positive in subpopulations where
arable agriculture was more dominant based on the negative slope of the relation
between subpopulations trends and the ratio between the proportionate area of
pastoral land-uses and arable land-uses (B=-0.038, Table 3.5), although the
difference in trends between subpopulations dominated by arable agriculture and
subpopulations dominated by pastoral agriculture was not significant. The relation
between subpopulation trends with the ratio of the proportionate area of pastures
and grasslands (out of the entire subpopulation area), and the proportionate area
of non-irrigated arable land (n=43 subpopulation trends), did not receive strong

support relative to an intercept-only null model (AAICc=0.06, Table 3.5).

Table 3.5: Results of general linear models relating period-specific A in Great
Bustard subpopulations to the ratio between the arcsine-square root-
transformed proportionate area of pastures and grasslands out of the entire
subpopulation area and the arcsine-square root-transformed proportionate
area of non-irrigated arable land out of the entire subpopulation area (43
trends in 15 subpopulations across three time-periods). AAICc values are
changes in AICc compared to the model with the lowest AlCc value. Bold

means support for this model.

Model B(SE) AlCc AAICc
Null -45.37 0
Ratio -0.038(0.026) -45.38 -0.01
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Relating period-specific subpopulation A to changes in the extent of detailed
land-use classes, no support was found for models that included changes in the
extent of non-irrigated arable land (AAICc=1.07), pastures and grasslands
(AAICc=4.09), agricultural non-habitat (AAICc=2.02) and non-agricultural non-
habitat (AAICc=0.66) relative to the intercept-only null model (Table 3.63;
parameter Cls overlap zero, Fig. 3.5a). Similarly, in models relating period-specific
subpopulation A to changes in the extent of aggregated land-use classes, no support
was found for the effect of habitat (AAICc=0.87), or non-habitat (AAICc=0.65) (Table

3.6b; parameters Cls overlap zero, Fig. 3.5b).

A B
Pastures and grasslands L g :
: Non-habitat ——.——
T Non-irrigated arable land - — i :
T H e
(<} : (<}
= Non-agricultural non-habitat - ————— = ;
; Habitat - ————
Agricultural non-habitat 4 —-.'— !
-2 -1 0 1 -1.0 -0.5 0.0 0.5 1.0
Estimate Estimate

Figure 3.5A and 3.5B: effect sizes (circles), standard errors (thick lines) and
95% confidence intervals (thin lines) of models relating subpopulation trends
to changes in extent of CLC-based detailed land-use classes (A) and

aggregated land-use classes (B).
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Table 3.6a: Results of general linear models relating subpopulation-period-
specific A in 15 Great Bustard subpopulations, over three discrete time periods
(n=43 trends) to changes in extent of four detailed land-use classes. Models
are ranked according to increasing AlCc values. For each model, B(SE) of each
predictor used are shown; model without any parameters shown is the null
model. Models with * indicate alternative null models that include
subpopulation (categorical) or period. AAICc values are changes in AlCc
compared to the model with the lowest AlICc value. Bold represents strong

support for the model.

Agricultural Non- Non- Pastures & Subpop’n | Period | df | AlCc AAlCc
non-habitat agricultural irrigated grasslands
non-habitat arable land
2 | -4537 |0
-0.619(0.486) 3 | -44.71 | 0.66
-0.759(0.490) | -0.304(0.216) 4 | -44.35 | 1.02
-0.237(0.215) 3 | -44.30 | 1.07
0.067(0.190) 3 | -4317 | 2.20
* 2 | -43.06 | 2.31
0.052(0.189) | -0.610(0.493) 4 | -42.34 | 3.03
0.065(0.189) -0.236(0.217) 4 | -41.98 | 3.39
0.046(0.187) | -0.751(0.498) | -0.302(0.218) 5 |-41.83 | 3.54
-0.504(0.876) 3 | -41.28 | 4.09
-0.766(0.533) -0.847(0.900) 4 | -40.98 | 4.39
-0.914(0.535) | -0.319(0.219) | -0.931(0.885) 5 | -40.67 | 4.70
-0.248(0.220) | -0.517(0.873) 4 | -40.16 | 5.21
0.075(0.194) -0.528(0.888) 4 | -38.97 | 6.40
0.061(0.192) | -0.757(0.540) -0.863(0.909) 5 |-3849 | 6.88
0.057(0.189) | -0.905(0.543) | 0.318(0.222) | -0.945(0.898) 2 |-38.01 | 7.36
0.073(0.193) -0.248(0.223) | -0.541(0.885) 5 |-37.72 | 7.65
* 2 |-30.91 | 14.46
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Table 3.6b: Results of general linear models relating A in Great Bustard
subpopulations to proportionate changes in extent of two aggregated land-use
classes (15 subpopulations, 42 changes, over three discrete time periods).
Models are ranked according to increasing AlCc values. For each model, B(SE)
of each predictor used are shown. Model without B(SE) is null model. AAICc
values are changes in AICc compared to the model with the lowest AlCc value.

Bold represents strong support for the model.

Habitat Non-habitat df | AlCc AAICc
2 -45.37 | 0
0.171(0.211) 3 -44.72 | 0.65
-0.246(0.207) 3 -44.50 | 0.87
-0.243(0.208) | 0.166(0.210) |4 |-42.72 | 2.65

When these analyses were repeated with six-year-lagged subpopulation A,
no support was found for models that included changes in the extent of non-
irrigated arable land (AAICc=1.50), pastures and grasslands (AAICc=2.15),
agricultural non-habitat (AAICc=2.13) and non-agricultural non-habitat (AAICc=1.71)
relative to the intercept-only null model (Table 3.7a). Examining the link between
six-year-lagged subpopulation A and changes in the extent of aggregated land-use
classes, no support was found for models that included habitat (AAICc=0.29), and

non-habitat (AAICc=2.52) (Table 3.7b).
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Table 3.7a: Results of general linear models relating six-year-lagged A in Great

Bustard subpopulations to changes in extent of four detailed land-use classes

(15 subpopulations, 28 changes, over two discrete time periods). Models are

ranked according to increasing AlCc values. For each model, B(SE) of each

predictor used are shown; model without any parameters shown is null model.

AAICc values are changes in AlICc compared to the model with the lowest AlCc

value. Bold represents strong support for the model.

Agricultural non- | Non-agricultural | Non-irrigated arable | Pastures and df | AlCc AAICc
habitat non-habitat land grasslands
2|-4864 |0

-0.224(0.156) 3| -48.27 0.37
-0.339(0.661) 3|-46.41 | 223
-0.031(0.143) 3|-46.18 | 2.46
-0.069(0.382) 3|-46.16 | 2.48
-0.240(0.388) -0.254(0.165) 4| -4596 | 2.68
-0.228(0.158) -0.380(0.648) 4| -4592 |2.72
-0.021(0.141) -0.223(0.159) 4| -45.56 | 3.08
-0.124(0.399) -0.392(0.694) 4| -43.78 | 4.86
-0.027(0.146) -0.331(0.675) 4| -43.71 | 4.93
-0.326(0.407) -0.270(0.167) -0.527(0.678) 5| -43.67 | 4.97
-0.032(0.146) -0.069(0.389) 4| -43.47 | 5.17
-0.020(0.143) -0.240(0.396) -0.252(0.168) 51 -43.00 | 5.64
-0.016(0.143) -0.227(0.161) -0.374(0.663) 51-42.94 | 5.70
-0.027(0.148) -0.124(0.407) -0.385(0.709) 51-40.83 | 7.81
-0.012(0.144) -0.325(0.415) -0.269(0.171) -0.523(0.694) 6| -40.41 | 8.23
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Table 3.7b: Results of general linear models relating six-year-lagged A in Great

Bustard subpopulations to changes in extent of two aggregated land-use
classes (15 subpopulations, 28 changes, over two discrete time periods).
Models are ranked according to increasing AlCc values. For each model, B(SE)
of each predictor used are shown. Model without B(SE) is null model. AAICc
values are changes in AICc compared to the model with the lowest AlCc value.

Bold represents strong support for the model.

Habitat Non-habitat df | AlCc AAICc
2 -48.64 | 0
-0.222(0.151) 3 -48.35 | 0.29
0.010(0.166) 3 -46.13 | 2.51
-0.223(0.154) | 0.020(0.163) |4 |-45.63 | 3.01
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3.4.4 Links between Great Bustard subpopulation trends and changes in livestock
densities

There was strong support for the model relating subpopulation trends to overall
LSU density changes (AAICc=-2.4 compared to null model, 95% Cl does not overlap
zero), but not for models that included sheep and goat density changes (AAICc=-
0.63) or cattle density changes (AAICc=0.06) individually. The explanatory power of
the models was relatively poor (Fig. 3.6, Table 3.8). Subpopulation trends were
negatively correlated with all livestock types (effect sizes, standard errors and
confidence intervals are in Fig. 3.7). Based on these results, an annual decline of
2.8% in numbers of Great Bustards in a subpopulation is predicted for an annual
increase of 2.6% in LSU density in that subpopulation. To reach stability in GB

annual trends, an annual decrease of 0.1% in LSU density is required.
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Figure 3.6: Trends of Great Bustard subpopulations in Extremadura and

Alentejo related to changes in (A) cattle density (B) sheep and goat density (C)

LSU density.
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Table 3.8: Results of general linear models relating A of Great Bustard
subpopulations in Extremadura and Alentejo to changes in cattle, sheep and
goats, and LSU densities in those subpopulations (15 subpopulations, 18
changes). AAICc values are changes in AlCc values compared to the best
supported model. Bold means strong support for this model. R? values are of

General Linear Models using the same variables.

Model B(SE) R? AlCc AAICc
LSU -3.137(1.339) | 0.256 -13.24 0
Sheep and goats -0.879(0.472) | 0.179 -11.47 1.77
Null -10.84 2.40
Cattle -2.463(1.486) | 0.147 -10.78 2.46

Sheep ————-
- |
S Lsu- o ;
= |

Cattle - & ;

-6 4 -2 0
Estimate

Figure 3.7: Effect sizes (circles), standard errors (thick lines) and 95%
confidence intervals (thin lines) of models relating subpopulation trends to

changes in livestock densities — sheep and goats, cattle, and LSU.
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3.5 Discussion

Breeding Great Bustards select non-irrigated arable land, pastures and grasslands
(e.g. Lane, Alonso & Martin 2001; Moreira, Morgado & Arthur 2004; Magafia et al.
2010; Rocha, Morales & Moreira 2012), and their subpopulations were therefore
predicted to respond negatively to loss of such habitat and to the expansion of
unfavourable habitats. However, no statistical link was found between period-
specific Great Bustard subpopulation trends and changes in the extent of different
land-use classes, both detailed and aggregated. For non-irrigated arable land, this
result is surprising, as this land-use class is a major component of the traditional
cereal-livestock grazing rotational system in Iberia (Correal et al. 2003; Caballero et
al. 2009), and an important breeding habitat for Great Bustards in Iberia. This result
may also be explained by misclassification of land-cover types by CLC, including mis-
identification of direct-sown crops with the associated increases in pesticide use,
and mis-identification of the loss of the traditional rotational agricultural systems to
permanent cereal or livestock system (Ribeiro et al. 2014), or the abolition of
compulsory fallows under 2008 CAP regulations (Matthews 2013), that prevented

correct identification of land-use changes relevant to Great Bustards.

Other ecological forces than agricultural changes may be at play in this
system. In the scenario of subpopulations in Extremadura and Alentejo that
experienced moderate loss of breeding habitat, it is possible that Great Bustards
may have the ability to relocate over short distances within subpopulations as a
response to habitat loss, and concentrate in sections of subpopulations that

maintain high-quality habitat. There is some indirect evidence to that - Pinto et al.
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(2005) suggested through modelling that a concentration process over large
distances has taken place in Castro Verde in southern Alentejo, as a result of
processes of habitat improvement within and habitat loss outside the area.
However, there is no tracking or ringing recovery evidence available yet
demonstrating the capacity of Great Bustards to concentrate within subpopulations
or migrate between subpopulations. It must be stressed that, in sites that undergo
dramatic land-use changes, local extirpations may be expected, as reported in

Pinto, Rocha, & Moreira (2005).

Despite not finding statistical support for models that incorporated lagged
subpopulation trend responses to land-use changes, it is possible that the six-year
lag period used in this study to detect demographic changes of Great Bustard in
response to land-use changes is too short. CLC and GB data do not cover the years
after 2012 and 2014 respectively, in which indications of declines in several Great
Bustard subpopulations in Extremadura and Alentejo were reported (Chapter 2). It
is possible that with extension of CLC data in the future, such a lagged demographic

response to land-use changes can be detected.

The results suggest that, across the entire study area, changes in habitat
quality may have a stronger effect on subpopulation trends than changes in habitat
extent, based on the strong statistical support received by a model that linked
Great Bustard subpopulation trends and LSU density changes. Although links
between subpopulation trends and cattle densities or sheep and goat densities
were not supported directly, the close visual relationship and similarity of effect

sizes and directions (Fig. 3.7) found between cattle densities and LSU densities
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imply that increases in cattle densities have contributed more to negative
subpopulation trends. This is also supported by the lack of correlation found
between changes in cattle densities and changes in sheep and goat densities.
Despite the overall increase in the availability of pastures and grasslands across the
study area (Fig. 3.2), livestock densities increased in some subpopulations (Fig. 3.4),
which may lead to overgrazing, that may increase predation risk, and may reduce
availability of at least some groups of arthropods that depend on taller grass,

and/or higher levels of disturbance.

Importantly, the caveats in the data used for livestock density analyses
should be brought into account when considering the different results. The tiny
sample size (18 subpopulations changes), across two time periods only and with
imbalanced numbers of changes per time period (two between 1989 and 1999, 16
between 1999 and 2009), and only two hypotheses testing links between
subpopulation trends and livestock densities, indicate the need for caution in
accepting the strong support received by the model linking subpopulation trends to
LSU density changes. In an equivalent to Bonferroni correction, an increase of the

strong support threshold in AlCc values to 4 would result in no support at all.

With the increase in cattle numbers, hay production increased too. Hay
fields might act as ecological traps (Gilroy et al. 2011; Hale & Swearer 2016) for
breeding Great Bustards, as pastures are increasingly grazed by livestock, and
females may be forced to breed in hay fields that are cut early and cause higher
rates of nest mortality (Faria, Morales & Rabaca 2016a; b). Therefore, the pressure

on Great Bustards breeding in the pastoral agricultural systems of Extremadura and
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Alentejo is increasing. The results suggesting that Great Bustards respond
negatively to increased livestock densities add to the understanding of the variation
among species and spatial variation of bird responses to livestock grazing. This is
also the first indication of long-term responses of birds to changes in livestock

densities, at a landscape scale.

The mechanisms by which livestock grazing might affect Great Bustard
subpopulation trends are not totally clear. Increased livestock densities could
decrease breeding success in several ways. Nest destruction by trampling is a
possible problem. In a small sample of Great Bustard nests studied in Alentejo, two
out of 11 nest failures were as a result of sheep trampling (Rocha, Morales &
Moreira 2012). Moreover, at high livestock densities, disturbance might increase to
levels that reduce breeding success, by forcing females to breed in suboptimal

microhabitats, or causing nest abandonment.

There are several more potential, indirect effects of increased livestock
densities on breeding success of ground-nesting birds. It is possible that increased
livestock grazing reduces nest safety against predators — female Great Bustards
were found to select land-uses characterised by denser grass for breeding in central
Spain, possibly for better concealment from predators (Magafia et al. 2010).
Overgrazing might expose nests of females breeding in pastures and fallows to
higher predations risks. It is also possible that increased livestock grazing reduces
food availability for Great Bustard chicks, which are fed mainly on invertebrates
(Gewalt 1959; Bravo et al. 2012). In different parts of the year, both Great Bustards

and Little Bustards select land-uses that are rich in invertebrates (Lane et al. 1999;
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Salamolard & Moreau 1999). In France, Little Bustard breeding productivity was
positively related to grasshopper abundance (Bretagnolle et al. 2011). Livestock
grazing was found to decrease grasshopper abundance (O’Neill et al. 2003, 2010),
spider, bug and beetle numbers (Dennis et al. 2008) and Hymenoptera richness and
diversity (Debano 2006), all important components of Great Bustard diet (Lane et
al. 1999; Rocha, Marques & Moreira 2005). Therefore, it is likely that the limited
availability during the breeding season of some invertebrates that requite tall grass

affects fledging success of Great Bustards too in cases of intensive livestock grazing.

It is possible that other mechanisms rather than agricultural land-use
changes contributed to trends of Great Bustard subpopulations in this region,
hence the relatively little variance the models explain. Other factors that were
suggested to have links with changes in Great Bustard numbers are hunting, which
was banned in Spain and Portugal in the 1980s but apparently continues illegally
(Alonso, Palacin & Martin 2003; Alonso et al. 2005b; c), general human disturbance
(Sastre et al. 2009; Burnside et al. 2014), and development of infrastructure:
powerlines, fences, roads, railways, and wind turbines (Lane, Alonso & Martin 2001;
Alonso et al. 2005c; Raab et al. 2010). Construction of powerlines and wind-
turbines in Europe increases mortality rates through collisions (Haas et al. 2005).
Powerlines may also cause behavioural avoidance and change spatial use and
migration routes (Raab et al. 2010; Palacin et al. 2016). Large species such as Great
Bustard are more vulnerable to powerline collisions, especially when these
structures form prominent features in an open area (Drewitt & Langston 2008).
Fence collisions also increase mortality rates of farmland birds (Patten et al. 2005;

Wolfe et al. 2007; Vaddsz & Lérdnt 2014). It is possible that these factors affected
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subpopulation trends in the study system as well by increasing adult mortality
rates, but were not studied here thoroughly. In April-May 2017, data on fence
densities were collected in eight subpopulations across Extremadura and Alentejo,
counting fence intersections along 682 500 m transects (Appendix 3.1). These data
demonstrated the current variation between subpopulations in fence densities.
Long-term data on infrastructure development across all subpopulations might

offer an insight on further factors affecting subpopulations trends.

The agricultural databases that the analyses used have limitations that
might affect the results. The relatively poor explanatory power of models,
especially in the analyses that link trends of Great Bustard subpopulations to land-
use changes, may lead to inaccurate interpretation of the results. Both CLC and AS
agricultural databases have limitations in classification of different types of
agricultural practices and of livestock, and have large time steps between years that
are covered by surveys (especially AS data), intervals that may not match speed of
biological processes of Great Bustards. Additionally, changes in agricultural regimes
that have been documented in Alentejo, such as the loss of the rotational system
and direct sowing year after year (Ribeiro et al. 2014), and early sowing and harvest
(Jodo Paulo Silva, pers. comm.), are not detected in CLS or AS. It is possible that,
with more elaborate and precise agricultural databases, intricate demographic
responses of Great Bustards could be better detected. However, despite the
medium-sized sample sizes and data limitations, the negative effects of livestock

densities are clearly shown. This does increase my confidence in the results.
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For the future sustainability of Great Bustard populations in Extremadura
and Alentejo, and possibly for other associated farmland birds in the region as well,
careful planning of the development of agricultural practices in the region is crucial.
Protection of a sufficient amount of breeding habitat is a key, but the management
of the existing habitats for conservation is also important. More specifically,
reduction of livestock densities in areas that hold Great Bustards is especially
challenging in respect to the large spatial effects of the CAP in Europe (Donald et al.
2002; Ribeiro et al. 2014), and the possible subsequent effects of CAP on farmland
birds. However, it is important that the regional administrations in Extremadura
and Alentejo find successful measures to allow sustainable agriculture, perhaps via
the respective networks of Special Protection Areas — Zonas de Especial Proteccién
para las Aves (ZEPA) in Spain, and Zonas de Protecgdo Especial (ZPE) in Portugal.
Conservation-based management of protected areas in the region has the potential
to lead to beneficial processes for biodiversity, potentially through the
implementation of agri-environmental schemes (Brady et al. 2009). The example of
Castro Verde in southern Alentejo is noteworthy. Implementation of agri-
environmental schemes that included protection regulations restricting irrigation,
afforestation and perennial crops, and adjustment of harvest cycles to conservation
needs (Santana et al. 2014), led to outstanding increases of Great Bustards (Pinto et
al. 2005), and to higher richness and abundance of several agro-steppe breeding
bird species (Santana et al. 2014). With leadership and creativity of conservation

managers, such success stories can be replicated in other parts of the region.

Future research in this field should address the effects of fine-scale

agricultural changes and infrastructure development on farmland birds, and about
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the role of protected areas as safe havens for agro-steppe bird species. Using fine
and accurate agricultural databases, rather than coarse databases such as CLC and
AS, may lead to interesting ecological insights into the responses of birds to

agricultural intensification.
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Appendices

Appendix 3.1: Data on fence densities (n is number of 500 m transects)

collected in spring 2017 in eight subpopulations.

Fence intersections / 500 m

Subpopulation mean (SD), n

Central Cdceres 1.91(1.92), n =141

Campo Lugar 2.06 (1.21), n=35

Castro Verde 1.41(1.53), n=93

Cuba 0.48 (0.51), n=23

Evora 1.11 (0.96), n=18

La Serena 1.26 (0.97), n=116

Montijo 1.00 (1.05), n=63

Northern Alentejo and western Badajoz | 1.36 (1.53), n=193
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Chapter 4 — Great Bustard as surrogate for agro-steppe species

4.1 Abstract

Indicating wider biodiversity using surrogate species is common practice in
conservation with mixed effectiveness. Species with complex life histories and
habitat-uses may function as appropriate indicators for assemblages comprising
species with varying ecological requirements. The threatened Great Bustard (GB) is
the only regularly-monitored species of agro-steppe bird-assemblages in
Extremadura (Spain) and Alentejo (Portugal), and shows mixed trends across the
region. This study tested whether GB is a good surrogate or indicator species for the
agro-steppe species assemblage. Using generalised linear models and nonmetric
multidimensional scaling, GB monitoring data and field surveys (956 point counts
and 759 transects) for other agro-steppe species, and measurement of several
environmental variables across a network of Special Protection Areas (SPAs) | show
that GB is not a good predictor for richness of all breeding farmland species, for
agro-steppe specialists and for species of conservation concern. Correlation
coefficients between densities of 14 species and GB counts were not significant
apart for Montagu’s Harrier (r?= 0.361, p<0.05). Several environmental variables—
(a) land-cover types (cereals, pastures, stubbles and dry fields), (b) region and (c)
presence of point count inside or outside SPA—were significantly linked with
species assemblage composition. GB presence was not significantly correlated with
species assemblage composition. Agro-steppe specialists and species of
conservation concern (Little Bustard, Lesser Kestrel, Short-toed and Calandra Larks)
were found in point counts more outside of SPAs, and were also associated with
pastures and stubbles. In central Caceres and eastern Badajoz several agro-steppe

species were under-represented. Statistical links between abundances of different
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species and several environmental factors were partially scale-dependent. This
study suggests that GB may not act as a good or surrogate or indicator for the
entire agro-steppe bird assemblage. Additional species need to be monitored
regularly, to allow better understanding of changes in this important bird
assemblage. This study also indicates that not all SPAs in Extremadura and Alentejo
provide adequate conditions for agro-steppe species. A regional assessment of the

function of SPAs, and of monitoring priorities, is needed.
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4.2 Introduction

Indicator species are commonly used to monitor multi-taxa biodiversity status and
change in response to environmental changes (e.g. Hansson 2000; Dale & Beyeler
2001; Gregory et al. 2005). The selection process of species that best represent
multi-taxa has been widely addressed using different approaches (e.g. Roberge &
Angelstam 2004; Siddig et al. 2016). Currently a niche-based approach to selecting a
group of indicator species that cover the entire breadth of niches in a landscape is
efficiently used in some large-scale bird monitoring schemes (Butler et al. 2012;
Wade et al. 2014). Multi-species indices are often regarded as more useful to
nature conservation than single-species indices, as they better indicate the true
condition of the environment (Hansson 2000; Verissimo et al. 2014). However, such
monitoring programs need to be considered carefully as they can be costly, so
single species are still in use as indicators, often because they are rare and
endangered, or de facto treated as flagship or umbrella species (Lambeck 1997;
Simberloff 1998). The effectiveness of using single bird species to indicate the
status of a wider biota has seldom been studied, with ambiguous results in different
landscapes and management intensities, almost exclusively in complex forest
systems (see meta-analysis by Branton & Richardson 2011 and by Gao, Nielsen &
Hedblom 2015). For example, Roberge & Angelstam (2006) showed that
woodpecker species can be used to indicate richness and abundance of common
forest bird species in northern Europe, but there was considerable variation among
habitats and different levels of forest management in the effectiveness of the
indicator species. More specifically, species richness of deciduous forest birds in

central Sweden was 13% higher in atlas squares with White-backed Woodpecker
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(Dendrocopos leucotos) than in squares without woodpeckers (Roberge, Mikusinski
& Svensson 2008). Most studies on the effectiveness of single indicator bird species
focused on species with simple life histories or did not address their complex life
histories (e.g. Pakkala et al. 2014; Gao, Nielsen & Hedblom 2015). However, it may
be instructive to study the use of species with complex life histories that result in
complex multi-habitat requirements as surrogates for an assemblage of species
with different habitat requirements. For example, the distribution of Capercaillie
(Tetrao urogallus) was linked with mountain bird diversity but not with forest bird
diversity in the Swiss Pre-alps (Suter, Graf & Hesst 2002), and no Capercaillie studies

explicitly addressed its complex life history and use of multiple habitats.

Great Bustard (Otis tarda) is globally Vulnerable (BirdLife International,
2017a) and appears in Annex 1 of the European Birds Directive (2009/147/EC). In
the past two decades a network of Natura 2000 agro-steppe Special Protection
Areas (SPAs) and Special Areas of Conservation (SACs) in Extremadura (Spain) and
Alentejo (Portugal) was set up under the European Birds Directive and the Habitats
Directive (1992/43/EEC), to ensure favourable conservation status of Annex |
species, by protecting areas where Great Bustards, Little Bustards (Tetrax tetrax)
and Lesser Kestrels (Falco naumanni) were concentrated. The network aims to
protect agro-steppe habitats mainly by mitigating agricultural intensification and
development through legislation. Agro-environmental schemes set up to actively
improve habitat quality have only been documented in Castro Verde in southern
Alentejo (Santana et al. 2014). Elsewhere in Extremadura and Alentejo active

conservation measures, if any, are probably local and undocumented.
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Great Bustard (GB) biology in Iberia is intensively studied (see review in
Alonso, 2014), because of its size and prominence, and because of its global
Vulnerable conservation status (BirdLife International 2017a). Although it is not
officially defined as an indicator or surrogate species in Extremadura and Alentejo,
in practice, GB is the only agro-steppe species monitored regularly in Extremadura
and Alentejo, and as such it may be assumed to act as an indicator species for other
agro-steppe species. Additionally, elsewhere in Iberia, management of SPAs was
directed more towards Great Bustard than other agro-steppe species (Moreno et al.
2010). GB has a complex life history, where both sexes utilize micro-habitats in the
landscape differently, due to their different roles in the lekking breeding system:
males often lek on low, sloping hills with good visibility and short grass (Alonso,
Alvarez-Martinez & Palacin 2012) whereas females select sheltered micro-habitats
with tall vegetation to breed (Magafia et al. 2010; Rocha, Morales & Moreira 2012).
However, this sexual segregation in habitat selection is probably scale-dependent,
as in a study in central Spain no niche partitioning was found between male and
female Great Bustards (Traba et al. 2015). Therefore, it may be expected that in
sites with high GB density all species that share these different micro-habitat
requirements will be represented in good densities as well. This link between the
density of an indicator species and the density of other species, through habitat
requirements, may occur at varying spatial scales, based on the spatial scale at

which species select their habitat (Pakkala et al. 2014).

Species coexsistence may be facilitated by different habitat selection at
various spatial scales, and also by resource partitioning if resources are shared

(Traba et al. 2015). GB has wide breeding habitat selection, not only due to sexual
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differences. GB was found to favour fallows, similar to other agro-steppe species
such as Eurasian Stone-curlew (Burhinus oedicnemus), Black-bellied Sandgrouse
(Pterocles orientalis) and Calandra Lark (Melanocorypha calandra) (Delgado &
Moreira 2000). GB was also found to select stubbles, cereals and pastures for
breeding (Alonso, Alvarez-Martinez, & Palacin 2012; Lane, Alonso, & Martin 2001;
Lopez-Jamar et al., 2010; Magafia et al. 2010; Rocha, Morales, & Moreira 2012;
Schwandner & Langgemach 2011). Habitat local-scale requirements of GB and Little
Bustard were found to be different (Tarjuelo et al. 2014) and resource partitioning
was found at microhabitat scale according to their body size (Traba et al. 2015).
This scale-dependency of habitat links between GB and other agro-steppe species is
a clear intimation that GB might be an imperfect indicator species for the entire
agro-steppe bird assemblage. An overall evaluation of the Great Bustard as an
indicator surrogate species for agro-steppe bird assemblage is necessary, especially
in context of understanding the habitat preferences and resource partitioning with
other species. It is also necessary to identify whether more agro-steppe species
need to be monitored, or whether GB is a satisfactory indicator species for agro-
steppe species. Using this information, bird monitoring priorities in this region may
be evaluated. Additionally, understanding whether a complex life history species
acts as a good indicator might provide an important scientific insight, and infer
monitoring decisions in other systems. Because of its broad habitat use, | predict

that GB is a good indicator species for the entire agro-steppe assemblage.

Little is known about the function of the Natura 2000 network across
Extremadura and Alentejo to ensure favourable conditions for Annex 1 species, and

few efforts are set towards monitoring other species of conservation concern in the
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same agro-steppe assemblage. A recent study revealed that the Natura 2000
network in Alentejo did not prevent an overall 49% decline of Little Bustards
between 2003—-2006 and 2016 (Silva et al. 2018). In Castro Verde SPA, Alentejo,
temporal changes in abundance of Great and Little Bustards and Lesser Kestrel
were more favourable inside the SPA than outside, but the reverse was found for
several other bird groups, including species of conservation concern (Santana et al.
2014). Additionally, implementation of agri-environmental measures in SPAs may
benefit some agro-steppe species but not others, as suggested by an expert-opinion
study in Spain (Moreno et al. 2010). An evaluation of the function of the SPA
network in Extremadura and Alentejo in creating favourable conditions for
unmonitored agro-steppe species is necessary. | predict that in SPAs, the agro-

steppe bird species for which the network was declared will fare better.

This study examined whether GB is a good surrogate for other agro-steppe
species, so sites that are good for Great Bustards are also good for other agro-
steppe species and for the entire agro-steppe bird assemblage. More specifically,
this study (a) tests whether GB counts are correlated with species richness of
farmland breeding species, (b) relates GB counts to relative densities of individual
species of this assemblage, and (c) relates patterns in assemblage composition to
GB presence, land-cover types, vegetation structure, SPAs and differences between

regions at multiple spatial scales.
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4.3 Methods

4.3.1 Study area and sampling design

A description of the agricultural system in Extremadura and Alentejo is in Chapter 3.
Predominately agro-steppe cells (n= 50, each 5 km x 5 km, 25 km?) were pre-
selected, distributed across the study area from southern Alentejo to central and
eastern Caceres (Fig. 4.1), according to their habitat, based on Corine Land Cover
(Coordination of Information on the Environment Land Cover, CLC) 2012 and recent
Google maps. In all cells, 50% or more of the cell area was identified as agro-steppe
habitat: non-irrigated arable land (mainly cereals), and pastures and grasslands.
Cells were stratified according to two attributes: (a) occurrence or absence of Great
Bustards by intersecting cells with where Great Bustards were seen after 2010, and
(b) whether the cell was inside or outside an SPA. Lack of data prevented the
creation of a metric to describe the levels of conservation efforts applied in
different SPAs, so whether the cell was inside and SPA or not was used as an index
for conservation efforts, acknowledging the limitations of this index. In addition to
their attributes mentioned above, cells were selected according to their limited
availability — there were very few available cells outside SPAs and without Great
Bustards. Inside SPAs, where GB occurred, cells were selected to provide complete
coverage of SPAs, bringing into account access issues (private properties and

availability of paved tracks).

In the field, the dominance of agro-steppe habitat was verified visually and
using knowledge of local experts. Ten pre-selected cells were not surveyed, two
due to access difficulties and eight due to recent conversion to irrigated or

permanent crops which decreased the area of agro-steppe habitat in the cell below
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50%. However, five cells that were pre-identified as agro-steppe but not initially
selected were surveyed as well, after field verification that they included 50% or
more agro-steppe habitat and had good access. In total, 45 cells were surveyed, of
which 29 cells had Great Bustards and 16 cells did not; and involving 26 cells inside
SPAs and 19 cells outside SPAs (Fig. 4.1). Both bird and habitat data (see below)
were recorded in the field using a free, bespoke app designed on Survey123

platform (ESRI 2017).

The sampling effort included point counts (PC) and line transects, which
recorded both birds and habitat. PC and transects were located within cells in or
bordering agro-steppe habitats only, in pre-selected positions, to represent the
relative proportionate extent of CLC 2012 non-irrigated arable land, grasslands and
pastures. The number of PC and transects per cell in each of the land-cover types
was proportionate to the relative area of that land-cover type out of the entire

agro-steppe habitat in the cell.
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Figure 4.1: Study area in Extremadura (Spain) and Alentejo (Portugal). Thick
black lines are outer boundaries of Extremadura and Alentejo. Dashed line is
provincial boundary between Céceres and Badajoz. Grey rectangles are 25 km?
cells surveyed in spring 2017. Polygons with pale green outline are agro-
steppe SPAs (ZEPA in Spain, ZPE in Portugal). Thin black lines are Great
Bustard subpopulations as defined in Chapter 2. Colour circles represent
regions. Blue — central Caceres. Yellow — eastern Badajoz. Red — northern
Alentejo and western Badajoz. Green - southern Alentejo. These regions

correspond with Figures 4.4a-b.
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4.3.2 Bird surveys
Fieldwork was carried out between 10 April and 20 May 2017. In each 25 km? cell,
bird counts (PC and transects) were used to collect data on breeding bird species.
Bird counts started 30 minutes after first light, and extended up to four hours (less
if heat load was too heavy), in order to maximize the number of PC and transects,
until heat load reduced bird activity. Bird counts recommenced two hours before
sunset, and finished before dusk when diminishing light prevented bird detection.
They were carried out by three observers using binoculars and vocal cues after
group training in the field and calibration of field methods. PC were at least 500 m
from each other, to ensure their independence. Similarly, transects were between
point counts, at least 500 m between end point of one transect to start point of the
next, to ensure their independence. To avoid damage to crops or risk of encounter

with livestock, PC and transects were conducted on dirt tracks.

In each cell, a mean of 21.2 points counts were carried out (total=956,
range=9-31, SD=4.5). PC focused on terrestrial agro-steppe species — Little Bustard,
Red-legged Partridge (Alectoris rufa), Stone Curlew (Burhinus oedicnemus), Lesser
Kestrel, Calandra Lark (Melanocorypha calandra), Short-toed Lark (Calandrella
brachydactyla), Thekla Lark (Galerida theklae), Zitting Cisticola (Cisticola juncidis)
and Corn Bunting (Emberiza calandra), but all species seen during PC were
recorded. Each point count lasted 5 minutes, and surveyed a circle with a radius of
125 m from central point (area= 49087 m?). Within this radius, all birds were
identified and counted and the distance to each individual bird was measured using
Nikon Coolshot 20™ rangefinder, accurate to the distance of 500 m. Because of

their larger territory size, Little Bustards were recorded up to 300 m. Recently-
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fledged juveniles were excluded from counts. At each point count, wind speed
(categorical: no wind, light, strong) and precipitation (categorical: dry, light rain,
heavy rain) were recorded. However, fieldwork was not conducted in conditions of

substantial rain or strong wind.

In addition to PC, in each cell a mean of 16.9 line transects of 500 m
(total=759, range=5-26 SD=5.0) were surveyed, primarily to increase encounter
probabilities of three scarce and mobile species, i.e. Montagu’s Harrier (Circus
pygargus), Pin-tailed Sandgrouse (Pterocles alchata) and Black-bellied Sandgrouse.
To record these species, it was essential to add this different method as PC could
under-record these species. As these species are normally seen in flight, not
necessarily utilising habitats below them, habitat was not recorded along the
transect. Along each transect, all individuals of the three target species were
located, identified and counted, and the perpendicular distance to each individual
measured up to 500 m. If a bird was flying towards or away from the transect, the

nearest distance of its flight trajectory to the transect was recorded.

Although GB are best monitored in late March and early April (see count
design and methods in Chapter 2, Alonso et al. 2005), they were visible also at large
distances during fieldwork for this study. GB were noted and counted both in PC
and transects, also beyond the PC radius and transect boundary. A total GB count
per cell was noted, accumulating all individuals observed by all observers in the cell.
Observers communicated using radio and phone to avoid double-counts of GB. GB
cell totals in 2017 fieldwork were correlated against 2012—-2014 mean count per cell

(count methods as described in Chapter 2). Although well correlated (results of
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correlation between GB cell count in 2017 and GB cell mean count 2012-2014: logio
[GB cell count late spring 2017] = 0.471* log1o [GB cell mean of early spring count
2012-2014] + 0.228; t=4.162, df=33, P<0.0001, r=0.587), and there was a 100%
match between where GB were present or absent in 2017 and in 2012-2014, 2017
counts underestimated 2012—-2014 mean counts. Therefore, for this study, GB
mean counts 2012-2014 were regarded as more reliable, even though a decline
might have occurred in some subpopulations between 2014 and 2017 that may
account for at least part of the underestimation of 2017 GB counts (see Chapters 2
and 5). Mean counts in 2012-2014 were used for further analyses, acknowledging

the problematic use of data from different years in the analyses.

In every 25 km? cell, a mean 37.9% (SD=10.6, range=13.5-58.1) of total cell
area was physically sampled for birds, combining the area of PC and transects.
Therefore, the combination of PC and transects in cells provided a representative
picture of the bird assemblages and habitats (see below) in each cell.

4.3.4 Habitat measurements

Habitat was recorded visually in all 125 m radius PC using a dominance index of
land-cover types (agro-steppe components: cereals, pasture, stubble (recently
harvested cereals), dry field, fallow, other land-cover types: olive, vineyard, scrub,
and other less frequent types), visually recording the number out of eight equal
segments of PC in which the habitat type was dominant. Additionally, in each
segment, mean sward height was visually estimated to the nearest 10 cm, and

ground cover was visually estimated to the nearest 10%.
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4.3.5 Data analysis
In order to test whether GB annual counts predicted cell species richness,
generalised linear models (GLMs) relating cell species richness (eight cells from
Castro Verde were excluded as annual GB counts were not explicitly available,
n=37; species counted in PC and transects, relative to number of PC and transects in
that cell) to GB mean cell count, season effect (number of weeks after start of
fieldwork, 1 to 6, continuous) and geographic gradient (a straight line between the
southwesterly corner of the study area and the northeasterly corner was drawn; for
each cell centroid, a perpendicular line was drawn to the southwesterly-
northeasterly line; the distance in km from the southwesterly bottom of the line to
the intersection of the two lines was used) were compared with null models. This
analysis was repeated separately for all breeding farmland species, agro-steppe
specialists (in accordance with Suarez et al. 1997), and conservation concern
species (IUCN and EU; BirdLife International 2015, 2017b). Using multimodel
inference methods with package MuMIn (Barton 2013), best supported models
were selected based on changes in Akaike information criterion (AICc) values, when
decrease of 2 AlCc values or more compared to simpler models indicated strong
support (Burnham & Anderson 2004). Potential spatial autocorrelation in richness
similarity between cells was tested using Moran’s-l in R package spdep (Bivand &

Piras 2015).

Using DISTANCE package in R (Miller 2017), densities of 14 species in point
counts (12 species recorded in PC, 2 in transects) were calculated by compensating
for detectability biases. These 14 species selected had sufficient non-zero counts

(60 counts or more, Buckland et al. 2005, Appendix 4.1) to produce valid DISTANCE
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models. Potential detectability variables that were initially brought into the
analyses included observer (categorical, three observers), morning or evening
(categorical), hours after dawn / hours before dusk (integer, 1 to 4), week after
start (integer, 1 to 6), sward height (strongly correlated with ground cover,
contonuous) and wind (categorical, yes/no). Rain was excluded as it was recorded
only in two PC. For each species, models including each one of these variables
separately were compared with null models based on changes in AlCc values.
Sample size was not large enough to produce valid results using a full model. For
each species, variables whose statistical link with bird numbers were not strongly
supported were removed from subsequent analyses. A similar process was
repeated for transect-only species (excluding sward height as a detectability
variable, as habitat was not recorded along transects), to produce density of each
species per transect and per cell. For all species, hazard-rate detection function

performed better than half-normal, and was selected.

To bring together density data of species recorded in PC and species
recorded on transects, | generated standardised mean cell density values. Rather
than using DISTANCE-generated density values directly, for each species z-
transformations were used as metric for density, relating the standard deviation of
each observation to the difference between observation and the mean density of
that species across all PC (Z-score=(observation-mean)/standard deviation). This
generated standardised mean cell density values (i.e. z-scores). In order to test
whether GB mean count was linked with densities of single species, using
correlation models, the correlation coefficient (r) of each species’ cell density

(n=37) with GB mean count was computed. In a graph presenting the relationship
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between species mean cell density and GB mean count, 14 species are organised by
subsets (all species, agro-steppe specialists, and species of conservation concern),
and along a habitat gradient from scrub specialists to bare ground specialists.
Information on species habitat preferences was obtained from BirdLife

International (2017b).

In order to visually explore patterns in assemblage composition, assemblage
composition was examined using nonmetric multidimensional scaling (NMDS)
performed on a matrix of Bray-Curtis dissimilarities of DISTANCE-generated
abundance data, in R package Vegan (Oksanen et al. 2017). For this analysis, 12
most frequent species recorded in PC were included. Because responses of
different bird species to environmental variables are expected at different spatial
scales, visualisations of dissimilarities in species assemblage were carried out,
between PC (n=955) where results are for birds counted within the PC area, and
between 25 km? cells (n=45) where both bird abundances and environmental
variables were averaged across the cell (because PC design in cell represented
CLC2012 agro-steppe habitats in the cell, mean of environmental variables recorded
in PC represents the habitat at cell-scale). Dissimilarities in assemblage composition
were plotted as two-dimensional distances along unconstrained ordination axes.
Ordinations with stress value of below 0.2 were considered meaningful (Clarke &

Warwick 1994).

In order to identify which environmental factors shape assemblage
composition, function envfit in Vegan was used to fit potentially significant

environmental and geographic factors onto ordinations, by plotting the best
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correlation between NMDS ordinations and environmental variables. The following
environmental and geographic variables were fitted onto ordinations (at PC scale
and at cell scale) using (999 permutations): (a) dominance of land-cover types that
appeared in more than 10% of PC (between 0 and 8, continuous: pasture, cereal,
stubble, olive, dry field, legume and scrub), (b) region (4 regions; factorial), (c)
overlap with Great Bustard subpopulations (yes/no), (d) SPA legislation (yes/no), (e)
mean ground cover (continuous) and (f) habitat complexity (number of different
land-cover types within PC area, continuous). The importance of geographic
variables (region) was evaluated by partitioning variance explained by habitat
variables (land-cover types, habitat complexity and ground cover) from variance
explained by geographic variables, following an approach developed by Borcard,
Legendre & Drapeau (1992). To determine which environmental factors significantly
correlated with NMDS ordinations, correlations (r?) of the cosine vector of each

environmental and geographic variable with NMDS ordinations were computed.

Environmental variables that were significantly correlated with NMDS
ordinations were used in a series of single-species GLMs, relating the abundance of
each species per PC and per 25 km? cell to those environmental factors. The large
number of variables resulted in hundreds of models to assess, of which many
models were within 2 AlICc values from top models. To identify variables which have
overall stronger predictive power, model averaging was used to identify the mean
effect sizes of environmental variables. In this procedure, effect sizes and standard
errors of variables in the all models that received the strongest support (within 2

AlCc values of the model with the lowest AlCc) were averaged.
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All analyses were done in R version 1.0.136 (R Core Team 2017).
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4.4 Results

In all PC and transects, a total of 98 species were encountered. Of them, 42 were
potentially breeding farmland species (Appendix 4.1). Species richness, controlled
for sampling effort per cell, varied between cells: out of 42 farmland species, a cell
mean of 20.32 (SD=3.17, range 15-26) were seen; agro-steppe specialists 10.08

(1.72, 6-13); species of conservation concern 11.95 (2.22, 7-16; Table 4.1).

Table 4.1: Total, mean (and SD) species richness per 25 km? cell of breeding

farmland birds in Extremadura and Alentejo, April-May 2017.

All Agro-steppe | Species of Number of
farmland | specialists conservation | samples
species concern (PC & transects)
Total number of 42 16 24
species in all cells
Mean number per cell | 20.32 10.08 11.95 39.38
Range 15-26 6-13 7-16 23-57
SD 3.17 1.72 2.22 8.24

No support was found for models relating cell species richness per sample to
GB mean counts 2012-2014 (square-rooted). AlCc values of models including GB
counts were not distant enough from the null model in all three species subsets to
consider GB as supported predictor (all species, agro-steppe specialists and species
of conservation concern; Figs. 4.2a-c, Tables 4.2a-c). No spatial autocorrelation was
found between species richness in cells (Moran’s | index=-0.04, p=0.415), implying

that richness in cells was spatially randomly distributed.
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Figure 4.2a-c: Links between species richness per sample (point count or
transect) in 25 km? cells across Extremadura and Alentejo, April-May 2017,
and Great Bustard mean counts (square rooted) in the years 2012-2014, in
those same cells. Correlations were examined for three species subsets: (a) all
breeding farmland species, (b) agro-steppe specialists, and (c) species of
conservation concern. Correlations of all three species subsets were not

significant.
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Table 4.2a-c: Results of generalised linear models relating species richness of:

3a: all farmland species; 3b: agro-steppe specialist species; 3c: species of

conservation concern) per 25 km? cell in Extremadura and Alentejo, April-May

2017, showing parameter estimates (SE). Models ranked by AlCc; best-

supported model shown in bold.

Table 4.2a: All farmland species

Model Great Bustard Week Location df | AlCc AAICc
(square-rooted)

1 -0.012(0.006) -0.017(0.020) 34 |-5543 |0

2 (Null) 36 |-55.50 | 0.07

3 -0.012(0.006) >-0.001(<0.001) | 34 | -55.52 | 0.09

4 -0.012(0.006) -0.008(0.031) | >-0.001(<0.001) | 33 | -52.90 | 2.53

Table 4.2b: Agro-steppe specialists

Model Great Bustard Week Location df | AlCc AAlCc
(square-rooted)

1 (Null) 36 |-9531 |0

2 0.001(0.004) >-0.001(<0.001) | 34 | -91.49 | 3.82

3 0.001(0.004) -0.006(0.012) 34 |-90.78 | 4.53

4 0.002(0.004) 0.006(0.019) >-0.001(<0.001) | 33 | -88.92 | 6.39

Table 4.2c: species of conservation concern

Model Great Bustard Week Location df | AlCc AAICc
(square-rooted)

1 (Null) 36 |-84.64 |0

2 -0.002(0.004) >-0.001(<0.001) | 34 |-82.45 | 2.19

3 -0.003(0.004) -0.017(0.014) 34 |-81.90 | 2.74

4 -0.002(0.044) -0.005(0.022) | >-0.001(<0.001) | 33 |-79.83 | 4.81
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When comparing the correlation coefficients between z-scores (based on
DISTANCE-generated density) of 14 species, in different species classifications, and
GB mean count, no overall pattern was found, and for almost all species
correlations were not significant: only Montagu’s Harrier’s density was significantly

correlated to GB mean count (t= 2.536, r=0.361, p<0.05, Figs. 4.3a-b).

181



Chapter 4 — Great Bustard as surrogate for agro-steppe species

0.35

Correlation coefficient

S et gr g

! E

- |

m f

== |
_ * W

=

|

3

(=]

[=]
wu o
1
I

0.1
-0.15 " . " -
= w [s] 0 [ = — = o = [ 2]
g 2z z &8 = g =8 € = F g
s 2 & £ 3 3§ = 2 & & & £ 2 3
= f 0z g5 &g 5 ¢ & = £ g o 3
- - S8 2
- f 5
g ES g
= LY
g
g
Agro-steppe specialists
Species of conservation concern
®
0.35
- L |
c
v 0.25
2 02
= :
[h 0.15
Q
o 0.1
c
QO oos I I I I I
= N
T 0 | =]
Y oo0s I
—
o 0.1
9]
-0.15
w = ] o s w
b4 T S = 153 @ £ & :SE E z v el g
i § 2z & = & & =z =T £ g 32 =z £
i 5 5 © z & ¢ % & =z § g E
S - S | s § g %
Tg =5 = g = 2
% 5" 3
g & =
= 3
c
z
Scrub specialists Bare ground specialists
A— ——

Figures 4.3a and 4.3b: Correlation coefficients between densities of single
species in 25 km?2 cells across Extremadura and Alentejo, April-May 2017, and
Great Bustard mean counts in the years 2012-2014, in those same cells.
Dashed line is expected r to achieve p=0.05. Species are ranked according to
two gradients or subsets: (a) agro-steppe specialists, species of conservation
concern, all breeding farmland species, (b) gradient from scrub specialists,
through cereal and pasture species, to bare ground specialists. Information on

species habitat preferences is from BirdLife International (2017b).
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Results of NMDS ordinations, visualising the Bray-Curtis dissimilarities in
species assemblages between PC, demonstrated that species assemblages of most
PC were clustered together (Figs. 4.4 a,c,e). NMDS models had a good explanatory
power: stress value was 0.18 for models using PC as replication, and 0.17 for
models using 25 km? cell as replication, and NMDS ordinations were correlated with

NMDS axes (‘raw’ data versus ‘summary’) with r?=0.43 and R?=0.62 respectively.

Variance (r?) explained by geographic variables (region) solely was 25.17% at
PC scale, and 12.17% at cell scale; therefore, region was included in envfit analyses
at both scales. Environmental and geographic factors that were found to be
significantly correlated with NMDS ordinations (the distances between PC; Table
4.3, Figs. 4.4a,c,e and 4.5a,c,e) were cereals (r>=0.015, p<0.001), stubbles (r?=0.012,
P<0.01), pastures (r?=0.007, p<0.05), dry field (r?=0.006, p<0.05), region (r’=0.031,
p<0.001), and SPA (‘yes’ significantly distant from ‘no’, r>=0.008, p<0.01).
Environmental and geographic factors that were found to be significantly correlated
with NMDS ordinations (the distances between cells; Table 4.4, Figs. 4.4b,d,f and
4.5b,d,f) were cereals (r>=0.163, p<0.05), stubbles (r?=0.248, P<0.01), pastures
(r’=0.188, p<0.05), olives (r?=0.134, p<0.05), habitat complexity (r?’=0.196, p<0.05)
and region (r?=0.192, p<0.01). GB presence was not significantly correlated with
NMDS ordinations at PC scale and at cell scale. When the significant environmental
factors were overlaid on species in NMDS visualisation, ordination distances of
agro-steppe specialists (Calandra Lark, Short-toed Lark [Calandrella brachydactyla)
and Little Bustard) and species of conservation concern (Lesser Kestrel, Thekla Lark
[Galerida theklae] and Red-legged Partridge [Alectoris rufa]) from each other were

shorter outside of SPAs than inside SPAs.
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Figures 4.4a-f: Nonmetric multidimensional scaling (NMDS) ordinations of
Bray-Curtis dissimilarity coefficients comparing assemblage composition of
point counts (n=955) and 25km? cells (n=45). Points represent the placement
of point counts or cells within multidimensional space. Categorical
environmental factors are colour-coded. (a-b) regions: blue=Central Caceres,

red=Northern Alentejo and Western Badajoz, green=Southern Alentejo,
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= Eastern Badajoz (c-d) SPA: green= yes, red= no (e-f) GB presence:
blue= yes, = no. Region colour-coding corresponds with Figure 4.1.
Correlations between ordinations and ‘region’ and ‘SPA’ were significant at PC
scale (r?=0.031, p<0.001 and r?=0.008, p<0.001 respectively). At cell scale,
correlation with region was significant (r>=0.192, p<0.001). Stress of point

count plots is 0.18, and of cells 0.17.
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Figures 4.5a-f: Nonmetric multidimensional scaling (NMDS) ordinations of
Bray-Curtis dissimilarity coefficients comparing assemblage composition of
point counts (n= 955) and 25 km?2 cells (n=45). Species locations (in red)
represent their placement within multidimensional space. Environmental
factors (in blue) that significantly correlate with these ordinations are (a)
land-cover types, (b) regions (NAWB is northern Alentejo and southern

Badajoz, see Figure 1), and (c) ‘SPA yes’ or ‘SPA no’. Species abbreviations are:
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Aler=Red-legged Partridge (Alectoris rufa), Calb=Short-toed Lark (Calandrella
brachydactyla), Cisj=Zitting Cisticola (Cisticola juncidis), Cotc=Quail (Coturnix
coturnix), Embc=Corn Bunting (Embriza calandra), Faln=Lesser Kestrel (Falco
naumanni), Galc=Crested Lark (Galerida cristata), Galt=Thekla Lark (Galerida
theklae), Melc=Calandra Lark (Melanocorypha calandra), Saxr=Stonechat

(Saxicola rubicola), Tett=Little Bustard (Tetrax tetrax), Upue=Hoopoe (Upupa

epops). Stress of point count plots is 0.18, and of cells 0.17.
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Table 4.3: Correlations (r2) of cosine vector of each environmental factor with
NMDS ordinations of species assemblages in point counts in Extremadura and
Alentejo, April-May 2017. The significance of correlations was computed in
envfit function in Oksanen et al. (2017). The goodness of fit statistic is the
squared correlation coefficient (r2). Levels of significance are indicated by *

<0.05, ** <0.01, *** <0.001.

Environmental factor r p

Olives 0.004 0.114
Scrub 0.002 0.446
Legume 0.001 0.799
Stubble 0.012 <0.01**
Dry field 0.006 0.04*
Cereals 0.015 <0.001***
Pastures 0.007 0.04*
Ground cover 0.001 0.57
Habitat complexity 0.006 0.054
Region (factorial) 0.031 <0.001***
SPA (yes/no) 0.008 <0.001***
Great Bustard presence (yes/no) <0.001 0.739
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Table 4.4: Correlations (r2) of cosine vector of each environmental factor with
NMDS ordinations of species assemblages in 25 km? cells in Extremadura and
Alentejo, April-May 2017. The significance of correlations was computed in
envfit function in Oksanen et al. (2017). The goodness of fit statistic is the
squared correlation coefficient (r2). Levels of significance are indicated by *

<0.05, ** <0.01, *** <0.001.

Environmental factor r p

Olives 0.134 <0.05*
Scrub 0.044 0.366
Legume 0.028 0.535
Stubble 0.248 <0.01**
Dry field 0.117 0.077
Cereals 0.163 <0.05*
Pastures 0.188 <0.05*
Ground cover 0.115 0.065
Habitat complexity 0.196 <0.05*
Region (factorial) 0.192 <0.01**
SPA (yes/no) 0.049 0.122
Great Bustard presence (yes/no) 0.004 0.837
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However, GLM results did not show that abundance was significantly related
to SPA in any species (Fig. 4.6). Abundances of Calandra Lark (B(SE)=-1.58(0.80),
p<0.05) at PC spatial scale), Corn Bunting (-3.16(0.52), p<0.001 at PC scale, -
0.82(0.33), p<0.05 at cell scale), Red-legged Partridge (0.33(0.15), p<0.05 at PC
scale), Quail (-0.48(0.21), p<0.05 at PC scale) and Zitting Cisticola (-1.20(0.33),
p<0.001 at PC scale) were significantly lower in central Caceres. Abundance of Little
Bustard (0.63(0.28), p<0.05 at PC scale) and Lesser Kestrel (3.66(1.33), p<0.01 at cell
scale) were significantly higher in southern Alentejo. Abundances of Calandra Lark (-
3.51(0.81), p<0.001) and Short-toed Lark (-1.31(0.43), p<0.01) were lower in
eastern Badajoz at PC scale, but not at cell scale. Full results of GLMs are in

Appendices 4.2.1 and 4.2.2.
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Figure 4.6: Results of generalised linear models relating abundances of

breeding farmland species in point counts (black, n=955) and 25 km? cells

(light grey, n=45) to environmental variables, in Extremadura and Alentejo,

April-May 2017. Circles are effect sizes. Thick lines are standard errors. Thin

lines are 95% confidence intervals. Significance of variables indicated with

‘k¥*'= p<0.001, ‘**'=p<0.01, “*'=p<0.05. Regions (central Caceres, southern

Alentejo, eastern Badajoz), and SPA, are categorical variables.
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4.5 Discussion

Great Bustard is potentially a unique example of a surrogate species that may act as
an indicator, umbrella and/or flagship species for other steppe species that co-habit
agro-steppe systems in southwest Iberia. It is a large species in which both sexes
utilise varied habitats during the breeding season, including fallows, cereals,
pastures and stubbles (Alonso, Alvarez-Martinez & Palacin 2012; Rocha, Morales &
Moreira 2012; Martin et al. 2012). However, results of this study indicate that GB is
not a good indicator species for all other agro-steppe species in southwest Iberia,
especially for species utilising drier habitats: (1) GB numbers did not predict species
richness in 25 km? cells of any subsets of breeding farmland birds, (2) GB numbers
were not correlated with the density of individual farmland-breeding species, apart
for Montagu’s Harrier, and (3) GB presence was not significantly linked to agro-

steppe bird assemblage composition.

Only Montagu’s Harrier densities were found to be significantly correlated
to GB counts, possibly because both species may benefit locally from similar active
conservation measures, such as delay of cereal and hay harvest post fledging, and
compensating farmers for their economic loss (Arroyo, Garcia & Bretagnolle 2002;
Torres-Orozco et al. 2016). The semi-colonial breeding habits of Montagu’s Harrier
(Arroyo, Mougeot & Bretagnolle 2001; Arroyo, Garcia & Bretagnolle 2004) should
be brought into account when evaluating this result. In France, density of breeding
Montagu’s Harrier was 4.96 + 0.77 pairs/100 km? (Millon et al. 2002). At the spatial
scale at which correlations between Montagu’s Harrier densities and GB numbers
were found, 25 km? cells, the independence of cells can be assumed. Contrastingly,

densities of other species that also breed in tall grass, such as Little Bustard, were
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not correlated with GB numbers. It is possible that other, currently unknown,
factors may affect the relationship between GB and other breeding farmland

species.

This study suggests that wider monitoring programs of agro-steppe and
conservation concern species should be established in Extremadura and Alentejo.
Current monitoring programs in Extremadura and Alentejo apparently do not
provide the scientific basis for analysis of long-term trends apart from Great and
Little Bustards (Chapter 2, De Juana 2009). Identification of long-term trends may
have important consequences for conservation, by identifying links between land-
use changes and bird numbers (see Chapter 3). Identification of the important,
best-representative species list for conservation is essential for a sustainable, long-
term monitoring program. Niche-based monitoring might be applicable in this
system too (Wade et al. 2014), possibly focusing also on species of conservation
concern that require bare ground and short grass (e.g. Short-toed Lark and Black-
bellied Sandgrouse), whose habitat requirements different from Great Bustard. It is
also important to consider the possibility that some of the results presented here
reflect differences in habitat selection at different spatial scales (Traba et al. 2015),
and other differences between life histories of species. Further research and
analysis are necessary to better understand the exact habitat preferences of

different species, during different periods of the annual cycle.

This study represents a snapshot in time, in 2017, and does not account for
potential annual variation in densities and abundances of agro-steppe species.

Long-term monitoring of additional agro-steppe species may account for annual
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variation. However, the study has provided an insight into which environmental
factors shape the agro-steppe bird assemblage composition at different spatial
scales. Another major limitation of this study is the comparison of GB counts from
2012-2014 with bird counts in 2017. This limitation should be taken into account

when considering the results of this study.

The dominance of pastures, stubbles and cereals was shown here to affect
both abundances of individual species, and the structure of species assemblages, as
implied by overlaying environmental factors on NMDS ordinations both at PC scale
and cell scale. Little Bustard, Calandra Lark and Short-toed Lark, all threatened agro-
steppe specialists, were more represented in PC dominated by drier land-cover
types, pasture and stubble, while generalist farmland species, Crested Lark, Corn
Bunting and Zitting Cisticola, were more represented in PC dominated by cereals.
Pastures and stubbles are important components of the traditional rotation system
(Sudrez, Naveso & De Juana 1997; Correal et al. 2003), which is currently
undergoing a process of intensification (see Chapter 3). Results of this study
highlight the importance of pastures and stubbles, as part of cereal and pastoral
rotational systems, for agro-steppe specialists and species of conservation concern

at the landscape scale.

Additionally, overlaying environmental variables on NMDS ordinations
implied that several agro-steppe specialists and species of conservation concern
(Little Bustard, Lesser Kestrel, Calandra Lark and Short-toed Lark) were found more
in PC outside of SPAs than inside SPAs. Acknowledging the serious limitations of our

basic metric to evaluate the level of conservation interventions in SPAs, this study
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indicates that at least in some SPAs, land management potentially failed to provide
favourable breeding conditions for priority species compared to outside SPAs.
Santana et al. (2014) showed that in Castro Verde trends of GB, Little Bustard and
Lesser Kestrel were more favourable inside the SPA than outside, but for all other
farmland breeding bird species groups the reverse was the case. Results from this
study, demonstrating that abundances of Little Bustard (at PC scale) and Lesser
Kestrel (at cell scale) were higher in southern Alentejo (most cells surveyed were
within SPA Castro Verde) compared to other regions, complement the results by
Santana et al. (2014), suggesting that the effectiveness of SPAs could be enhanced

by focusing on a wider range of species, rather than on GB alone.

The composition of PC assemblages in central Caceres was significantly
different from other regions, and several important species’ abundances were
significantly lower in this region, both at PC scale and cell scale. Abundances of
Calandra Lark and Short-toed Lark were significantly lower in eastern Badajoz at PC
scale, but were not found to be statistically linked with southern Badajoz at cell
scale. This indicates that agro-steppe species are perhaps faring less well in those
large regions, and their responses may be scale-dependent. The scale-dependency
of links between assemblage composition and environmental factors is also
demonstrated by the statistical link found between habitat complexity and
assemblage composition at cell scale, but not at PC scale. It is also possible that
other environmental and geographical factors, such as climate, latitude, altitude
and soil type — which results in different agricultural systems at landscape-scale (i.e.

more pastoral systems in poor soils, more arable cultivation in rich soils
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(Montserrat & Fillat 1990; Silva, Faria & Catry 2007)) — might contribute to the

structure of agro-steppe bird assemblages in this region.

In SPAs in eastern Badajoz, GB were found to have experienced a recent
decline (Chapter 2). In SPAs in central Caceres, recent indications show that GB
experience low productivity (Chapter 5). It is possible that agro-steppe SPAs in
Extremadura are being degraded and need to be better managed, for GB and for
other agro-steppe species as well. There is a need to adopt a regional view of land
management policies, SPA management and monitoring, to benefit the agro-steppe

bird assemblage across Extremadura and Alentejo.
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Appendices

Appendix 4.1: list of agro-steppe breeding species recorded during fieldwork
in spring 2017. For each species, information about its incidence in PC or
transect (species recorded in transects marked with *), and number of
registrations are provided. Additionally, data are provided on which variable
was used in DISTANCE to predict its mean density (and standard deviation).
‘EX’ — species present in Extremadura only. ‘1’ means species of conservation
concern in Europe (BirdLife International 2015); ‘NT’, ‘VU’ mean IUCN Near

Threatened and Vulnerable respectively (BirdLife International, 2017a).

Species Incidence | Registrations | Detectability Mean density
(no. of PC formula (SD) per km?
/
transects)
Corn Buntingt 692 1792 Null 53.0(33.8)
Calandra Larkt 532 4016 Null 76.9(110.0)
Zitting Cisticolat 477 1266 Null 27.0(11.2)
Little Bustardt"™ 324 556 Null 3.5(2.4)
Quailt 276 718 Null
26.5(12.0)
Crested Lark 252 860 Null 34.8(16.2)
Short-toed Larkt 170 846 Sward height 50.7(43.5)
Great Bustardt"V 169 234 Null 2.9(1.6)
Thekla Lark 145 618 Morning / evening | 43.4(21.6)
Stonechatt 130 474 Null 37.1(15.7)
Lesser Kestrelt 129 399 Null 15.7(63.0)
Montagu’s Harrier*t 102 129 Null 2.6(1.1)
Black-bellied Sandgrouse*t | 99 420 Morning / evening | 8.6(13.3)
Hoopoe 71 144 Morning / evening | 20.7(2.4)
House Sparrow 57 386
Pin-tailed Sandgrouse*Ext | 54 191
Bee-eatert 52 186
Marsh Harrier*t 46 49
Spotless Starling 41 119
Linnett 38 132
Goldfinch 28 76
Stone Curlewt 25 43
Spanish Sparrow 25 210
Black-winged Kite*t 24 29
Tawny Pipitt 24 26
White Stork 20 24
Iberian Grey Shriket 19 26

203



Chapter 4 — Great Bustard as surrogate for agro-steppe species

Great Spotted Cuckoo 18 24
Rollert 16 31
Woodchat Shriket 14 14
Raven 10 14
Little Owlt 10 10
Red-billed Chought 30

Black-eared Wheateart

Melodious Warblert

Common Whitethroat

Red-rumped Swallow

9
9
8
Collared Pratincolet 7 32
4
2
1

Spectacled Warblert
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Appendix 4.2.1: results of average generalised linear models relating

abundance of single species to environmental factors, in point counts (n=955):

region (factorial, 3 regions, NAWB is reference), SPA (factorial, yes/no, no is

reference), stubble, pastures, dry field and cereals. Average models included

all models within 2 AICc values of the model with lowest AlCc. For each

species, mean B(SE) of each variable is provided. Additionally, variables that

were found to have significant relationship are in bold, with indication of the

level of significance: ‘“***’=<0.001, ‘**'=<0.01, ‘*'=<0.05. Abbreviation NAWB

= northern Alentejo and western Badajoz.

Species Region northern Region Region southern SPA yes Stubble Pastures Dry field Cerzals

Caceres southern Badajoz

Alentejo

Corn Bunting -3.16{0.52)*=* -0.54{052) -0.81(0.53) 0.21{0.12) -0.15{0.05) -0.02[0.02) 0.04{0.04) 0.02{0.02)
Crested Lark -0.21{0.18) 0.03(0.16) 0.12(0.16) -0.05(0.04) <0.01{<0.01) 0.01(0.02) -0.02(0.01) -0.02(0.01)*
Zitting Cisticola -1.20(0.33)"** -0.35(0.33) -0.44(0.34) 0.07(0.08) <0.01(<0.01) | 0.03(0.03) «0.01(<0.01)
Quail -0.48(0.26)* <0.01{0.20) -0.15{0.21) 0.01{0.05) -0.01{0.02) -0.01{0.01) 0.01(0.01)
Short-toed Lark -0.69(0.42) -1.07(0.42)* | -1.31(0.43)* 0.15(0.10) -0.07(0.04) -0.01(0.01) 0.05(0.03) -0.01(0.02)
Red-legged 0.33(0.15)* 0.15(0.14) 0.02(0.15) -0.06(0.03) 0.04(0.16)** 0.01(0.01) -0.02(0.01) -0.01(0.01)
Partridge
Thekla Lark -0.03(0.03) 0.01(0.01) 0.03(0.01)*
Calandra Lark 1.58(0.80)* _2.58(0.79)** | -3.51(0.81)*** 0.18(0.19) -0.1B(0.08) -0.02(0.02) 0.04(0.06)
Stonechat -0.37(0.22) -0.04{0.21) -0.11j0.22) -0.01(0.05) -0.010.02) <0.01{0.01) -0.01(0.02) 0.01{0.01)
Hocpoe 0.01(0.02) -0.03(0.01) -0.01{0.01)** | -0.02(0.01) <0.01(0.01)
Lesser Kestrel 0.29(0 68 0.65(0.67) 0.08(0.68) 0.02(0.16) 0.01(0.03) 0.03(0.05) -0.05(0.03)
Little Bustard 0.30(0.28) 0.63(0.28)* 0.30(0.29) -0.07(0.07) 0.04(0.02) -0.01(0.01)
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Appendix 4.2.2: results of average generalised linear models relating
abundance of single species to environmental factors, in 25 km? cells (n=45):
region (factorial, 3 regions, NAWB is reference), habitat complexity, stubble,
pastures, olives and cereals. Average models included all models within 2 AlCc
values of the model with lowest AlICc. For each species, mean B(SE) of each
variable included in the average model are provided. Additionally, variables
that were found to have significant relationship are in bold, with indication of
the level of significance: “***'=<0.001, ‘**'=<0.01, ‘*'=<0.05. Abbreviation

NAWB = northern Alentejo and western Badajoz.

Species Region Region Region southern Habitat Stubble Pastures Olives Cereals
northern southern Badajoz complexity
Cdceres Alentejo
Comn Bunting -0.82(0.33)* -0.31(0.29) -1.39(0.36)*** -0.30(0.29) 0.20{0.10) 0.22(0.22)
Crested Lark 0.340.12)** | 0.220.11) 0.34{0.19)* 0.28(0.15) -0.20(0.15) -0.43(0.41) -0.0B{0.05)
Zinting Cisticola 0.07(0.16) 0.12(0.14) -0.46(0.17)* 0.14(0.16) -0.03(0.03) 0.63(0.52) 0.04(0.05)
Quail -0.16(0.24) 0.04{0.04) 1.50(0.80)
Short-toed Lark -0.81(0.52) -0.50(0.53) 0.13(0.08) -1.65(1.75) -0.1B(0.13)
Red-legged Partridge 0.23(0.31) 0.27(0.32) 1.22{1.05)
Thekla Lark -0.18(0.45) 0.57(0.38) -0.71]0.48) -0.80(0.42) -0.24{0.20) -3.19{1.38)* -0.34(0.23)
Calandra Lark 0.74(0.40) 0.38(0.37) 1.91{0.46)*** -0.74{0.51) -0.11]0.11)
Stanechat -0.62{0.34) -0.43(0.34) 0.12{0.06)* -0.80{1.27) -0.18(0.09)*
Hoopoe 0.33(0.30) -0.49(0.30) -0.04{0.05) 0.05(0.08)
| esser Kestrel 0.56(1.50) 3.66(1.33)** | D.4D[165) _5.47(2.03)* -0.82(0.39)*
Little Bustard -0.43(0.35) 0.39(0.30) 0.44(0.38) -0.57(0.33) 0.08{0.06) -0.98{1.00) -0.12(0.09)
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Decreasing productivity of Great Bustards in
their stronghold in Extremadura (Spain)

drives a predicted population decline

Photo credit: David Kjaer / Great Bustard Group http://greatbustard.org/



Chapter 5 — decreasing productivity predicts population decline

5.1 Abstract

Productivity is one of the four factors that determine population trends. Understanding
population trends and what drives them is crucial for the conservation of threatened
species. In Extremadura (Spain), the largest concentration of the globally threatened Great
Bustard (Otis tarda) occurs in a protected area in central Caceres, ‘Zona de Especial
Proteccién para las Aves (ZEPA) Llanos de Caceres y Sierra de Fuentes’, although total spring
counts there decreased from 1180 in 2008 to 695 in 2017. Using an exceptional database of
spring counts and productivity counts in late summer between 2005 and 2017 in the
protected area, it was found that Great Bustard productivity decreased significantly over
time. To test if Great Bustard productivity was linked with plant productivity through the
study period, Great Bustard productivity rates were correlated with NDVI values through the
breeding season, but were not found to be significantly linked. Using spring count data and
late summer productivity counts to predict future population outcomes in stage-class matrix
population models, it is predicted that numbers of Great Bustards in the study area will drop
to under 500 individuals in 10 years, and after 25 years the population would drop below
150 individuals. If productivity rates return to rates similar to those in the mid 2000’s, it is
predicted that the population would remain stable. Urgent action is needed to clarify the
factors that cause these low and decreasing productivity rates, and mitigate these threats to

sustain the future of Great Bustards in their core distribution in Extremadura.
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5.2 Introduction

Across Europe, farmland species are the fastest declining group of birds (Butler et al. 2010).
Understanding the demographic processes that lead to declines, or increases in populations,
is crucial for the development of management plans (see review in Newton 2004).
Demographic processes are determined by four factors: 1) Adult survival 2) Productivity 3)
Juvenile survival and 4) Immigration and emigration (Begon, Townsend & Harper 2006).
Understanding each one of these components might help to identify the causes,
anthropogenic or natural, for demographic changes. This is crucial for the conservation of

threatened species (Norris 2004).

In 2010, 57-70% of the global population of the globally Vulnerable Great Bustard
(Otis tarda) (BirdLife International 2017) were concentrated in Iberia (Alonso & Palacin
2010). In 2014, 6.7-7.6% of the Iberian population were found in Extremadura (Chapter 2).
The largest concentration in Extremadura was in central Caceres, most of which occurred
within a protected area, ‘Zona de Especial Proteccidon para las Aves (ZEPA) Llanos de Caceres
y Sierra de Fuentes’ (Fig. 5.1). Across the study period of 1985 to 2015, Great Bustard
numbers there stayed relatively stable between 1985 and 2015, but in recent years
indications of a consistent decline in numbers have been noted, with numbers counted in
spring dropping from 1,180 in 2008 to 695 in 2017 (Appendix 5.1). The reasons for the
apparent decline at ZEPA Llanos de Caceres y Sierra de Fuentes are unclear, nor are the
mechanisms that lead to the correlational link between Great Bustard subpopulation trends
and changes in livestock densities, indicated in Chapter 3. This study investigates the links

between changes in Great Bustard productivity and changes in plant productivity,
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speculating that decreased productivity rates may have contributed to the apparent decline

in total numbers counted in spring.

| hypothesize that Great Bustard productivity responds primarily to above-ground
plant productivity (ANPP) that is in turn affected by a) weather patterns, and b) livestock
grazing during nesting period. The mechanisms in which Great Bustard productivity is linked
with ANPP might include the availability of good cover for breeding, affecting nest
concealment (Magafia et al. 2010), the links between plant productivity and physiological
condition of breeding females, influencing the percentage of females breeding, clutch size
and viability (suggested by Morales, Alonso & Alonso 2002), and the availability of
arthropods, which are necessary food sources for young chicks (Bravo et al. 2012; Lane et al.

1999; Rocha, Marques, & Moreira 2005) .

Different weather conditions were found to correlate with breeding productivity of
Great Bustards in north-west Spain: Winter rainfall was positively correlated with
productivity, and spring rainfall was negatively correlated (Morales, Alonso & Alonso 2002).
Obviously, ANPP is linked with rainfall. With continuing climate change, reduced winter
rainfall and more extreme weather patterns (Acero et al. 2017a; b) may relate to Great
Bustard productivity in Extremadura as well. Livestock grazing has varying effects on
arthropod densities. Livestock grazing was found to decrease grasshopper abundance on
cattle rangelands in Montana, USA (O’Neill et al. 2003, 2010), spider, bug and beetle
numbers on upland grasslands in Scotland (Dennis et al. 2008) and Hymenoptera richness
and diversity on semi-arid grasslands in Arizona, USA (Debano 2006), all important
components of Great Bustard diet (Lane et al. 1999; Rocha, Marques & Moreira 2005).

Conversely, in Scotland, numbers of arthropods recognised as components of the diet of
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moorland birds were affected by grazing treatments differently through time (Dennis et al.
2008). A meta-analysis found varying effects of sheep grazing on arthropod populations,
including spider abundances that were higher in grazed compared to ungrazed plots
(Scohier and Dumont 2012). With increasing livestock densities in southwest Iberian
pastoral systems (Chapter 3), Great Bustard nest mortality rates are expected to increase
due to higher predation and nest trampling (both are documented causes of Great Bustard
nest mortality, Rocha, Morales & Moreira 2012), and chick mortality may increase due to

insufficient food supply.

This study first examines the temporal changes in breeding productivity of Great
Bustards in ZEPA Llanos de Caceres y Sierra de Fuentes. Then, this study investigated the link
between Great Bustard productivity and ANPP levels. | predicted that Great Bustard
productivity and NDVI throughout the breeding season were linked. NDVI is a vegetation
growth index that reflects both weather conditions and livestock grazing (Osborne 2006).
Further, using contemporary Great Bustard counts, population models were used to predict
whether current productivity rates sustain future population trends in ZEPA Llanos de
Céceres y Sierra de Fuentes, and what productivity rates are necessary to predict a stable

population.

Results of this study may initiate conservation actions in Spain, and delineate
directions for further research on causes and mechanisms of Great Bustard population

trends.
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5.3 Methods

5.3.1 Bird counts

This study used a time-series of Great Bustard counts from ZEPA Llanos de Caceres y Sierra
de Fuentes between 2005 and 2017 of exceptional quality by a team of professional field
ornithologists. Great Bustards were counted in late March (2005 to 2017), when maximum
counts of breeding adult males and females are expected (Alonso et al. 2005). Productivity
counts were carried out in late August / early September each year (2005 to 2016). Late
summer counts record females and their offspring, which, following high mortality rates in
the incubation and hatching periods (Ena, Martinez & Thomas 1987; Morales, Alonso &
Alonso 2002; Rocha, Morales & Moreira 2012), move around in cohorts and can be counted
easily (Alonso et al. 2005). After August / September, mortality rates drop considerably
(Martin et al. 2007). Counts were done from a 4X4 vehicle, with frequent stops and scans
from vantage points. Each year, the census was carried out over four days, and covered 290
km. Census routes, dates and methodology were repeated precisely each year. In both
spring and late summer censuses, coverage of the study area was maximal and included all
suitable habitats. Identifiable age classes in spring counts involved yearling males, non-
yearling males and females (all ages aggregated). Productivity counts recorded all pulli,

without separating them for sex.
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Figure 5.1: Study area (thick black polygon on right map; ZEPA Llanos de Caceres y
Sierra de Fuentes) location in Extremadura (Spain) and Alentejo (Portugal). NDVI

values of first half of April 2005 are shown here, in spatial resolution of 250 m.
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5.3.2 NDVI

Because plant productivity during the nesting season is affected by complex weather
patterns during winter and spring, and explicit livestock data were not available at satisfying
spatial resolution, normalised difference vegetation index (NDVI) was used as a proxy for
plant productivity. As plant productivity was found to be positively related with arthropod
biomass (Perner et al. 2005; Pan et al. 2017), and NDVI was found to predict arthropod
biomass in Arctic tundra (Sweet et al. 2015), it may be assumed that also in Iberian agro-
steppes NDVI predicts arthropod biomass. NDVI was found to be strongly related to rainfall
in Iberia (Immerzeel, Rutten & Droogers 2009) and in a non-montane shrubby semi-arid
study system in Uzbekistan (Formica, Burnside & Dolman 2017). NDVI, the difference
between the red (RED) and near infrared (NIR) spectral bands, expressed as (NIR - RED)/(NIR
+ RED), is positively associated with more green vegetation, as leaves absorb the

photosynthetically active red band and reflect in the NIR (Osborne 2006).

EROS Moderate Resolution Imaging Spectroradiometer (eMODIS, satellite
MYD13Q1) NDVI tiles were used, downloaded from USGS Earth Explorer, at

https://earthexplorer.usgs.gov/. This product has 250 m spatial resolution, higher than

other leading products (Pettorelli et al. 2005; Jenkerson, Maiersperger & Schmidt 2010).
NDVI values below zero were excluded from analyses as they likely were non-vegetated
areas that do not respond to rainfall (Huete, Justice & van Leeuwen 1999). To compare plant
productivity development through the breeding season between years, 16-day composites
of three important periods were used: a) for the first half of April, when maximal
photosynthetic activity in this region occurs (Osborne, Alonso & Bryant 2001; Osborne 2006)
were used. NDVI values at this period across different land-use are likely to represent cover

available for breeding female Great Bustards, which depend on pre-harvest cover provided
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by cereals, fallow and pastures for breeding (Magaia et al. 2010; Rocha, Morales & Moreira
2012); b) for the second half of May, when cereals are cut, but fallows, stubbles and
pastures remain uncut; and c) and for the first half of August were used, representing the
vegetation condition during the chick-raising period when drying up is extreme. NDVI cell
values in each year from 2005 to 2016 were extracted for a layer that included all agro-
steppe land-cover types together (identified in Corine Land Cover (Coordination of
Information on the Environment Land Cover) 2012; non-irrigated arable land, pastures,
fallows and grasslands) in ZEPA Llanos de Caceres y Sierra de Fuentes (see example if Fig.
5.1), and their means were computed and rescaled at 0.0001 (Didan 2015). NDVI was
extracted for all cells, including cells that only intersected with the agro-steppe land-over
type layer. Additionally, changes in mean NDVI values between April and May, and between
May and August were computed, to represent the differential drying-up process between
different land-uses and years. NDVI data were extracted and analysed using R package

‘raster’ (Hijmans & van Etten 2012).
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5.3.3 Data analysis
To test if productivity rates changed through time, Gaussian generalized liner models that
related annual near-fledging productivity rates with year and with a quadratic term of year

(added to test possible non-linear relationships) were used.

To test if productivity rates were related to NDVI values, | used general linear models
that related annual near-fledging productivity rates with annual early April, late May, late
August NDVI mean values, and changes between April — May and May — August NDVI mean

values.

Near-fledging productivity rates were based on actual productivity counts in this
study. Productivity in all analyses was computed as number of near-fledged pulli counted in
late summer, divided by the number of adult females in the previous spring. Because of the
structure of the count data, in which sexes of pulli, and ages of females and of non-yearling
males could not be identified in the field, numbers of those stage classes were estimated.
Numbers of adult females were equal to number of all females in spring counts minus
estimated numbers of yearling and subadult females. These estimates were based on pulli
numbers in previous years, differential yearling mortality rates for males and females, and
subadult mortality rates (different mortality rates are in Table 5.2). Females are highly
philopatric and their numbers vary as a result of local productivity and mortality only, and
immigration is not expected in females (Alonso et al. 1998). Therefore, numbers of yearling
females and subadult females were computed based on mean actual pulli numbers in three
preceding years (in 2005 and 2006 for which there are no data from three preceding years,

means were calculated with two nearest years), and sexually-different mortality rates of
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yearlings. Numbers of subadult females were the numbers of yearling females in previous

year multiplied by the relevant mortality rates.

To generate a prediction what will be the demographic outcome if current
productivity rates continue, stage-classified matrix models (Caswell 2001, 2006) were used
to predict total numbers of Great Bustards in ZEPA Llanos de Cdaceres y Sierra de Fuentes in
30 years (life expectancy of Great Bustard (Alonso et al. 2004)), and overall lambda (A,
geometric growth rate: exponent of the slope of linear model relating logio(total number+1)
to year), using 1000 permutations. Geometric growth rate was used here even though Great
Bustard is a long-lived organism, to provide an intuitive metric for population change. A
mean predicted model that averages all 1000 permutations was used to predict the overall

end numbers and A of the population. No carrying capacity was introduced to the models.

Female Great Bustards appear generally to breed first at the age of three years,
while males are considered to get their first opportunity to breed at around the age of five
(Alonso et al. 2004). Therefore, females developed in the models in three stage classes —
yearling, subadult (two years old) and adult (three years old or older). Males developed in
five stage classes — yearling, subadultl (two years old), subadult2 (three years old),
subadult3 (four years old) and adult (five years old or older). In the model, males and
females developed independently, and connected through male pulli produced by breeding
adult females, and the necessity of adult males to occur, even in small numbers, in the total
population to sustain it. Yearlings and subadults (both males and females) did not remain in
the same stage class but either progressed to the next stage class or died. Fecundity occurs

only in adult females. Population vectors are in Fig. 5.2; formulae that include stage classes
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and demographic parameters in the model matrix are in Table 5.1; rates and data sources of

demographic parameters are in Table 5.2.
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Figure 5.2: Projection vectors of females (top) and males (bottom), describing the

population structure used in the matrix models.

Similar to the computation of productivity rates, it was necessary to estimate
numbers of some age groups that could not be identified in the field. The method used to
calculate the numbers of each age group in Year 1 of the model is elaborated here. Numbers
of adult females were equal to number of all females in spring counts minus estimated
numbers of yearling and subadult females. These estimates were based on pulli numbers in
previous years, differential yearling mortality rates for males and females, and subadult
mortality rates. Females are highly philopatric and their numbers are a result of local
productivity only (Alonso et al. 1998). Therefore, numbers of yearling females and subadult
females were computed based on mean actual pulli numbers in the three nearest years

(mean of the year, year before and year after, or for 2005 and 2016 year and next two years
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or year and two preceding years, respectively), and sexually-different mortality rates of
yearlings. Numbers of subadult females were the numbers of yearling females in previous
year multiplied by the relevant mortality rates. Numbers of subadult males (three stage
classes) were computed based on counts of yearling males and relevant mortality rates.
Mortality rates used in these computations were means. However, in the modelling process,
stochasticity was introduced through variation in Year 1 start numbers, productivity,

mortality and immigration rates (see below).

Table 5.1: Formulae used in population modelling, including definitions of stage
classes and demographic parameters. Abbreviations: Naf = Adult female (three years
old or older) number. Nsaf = Subadult female (two years old) number. Nyf = Yearling
female number. Nam = Adult male (five years old or older) number. Nsam3 = subadult3
male (four years old) number. Nsam2 = Subadult2 male (three years old) number. Nsam1
= Subadultl male (two years old) number. Nym = Yearling male number. M, =
productivity rate. Pas = adult female mortality rate. Pam = adult male mortality rate.
Pim = immature mortality rates. Pys = yearling female mortality rate. Pym= yearling

male mortality rate. Iym = yearling male immigration rate.

Stage class Formula

N (Nofe1* (1-Pag ) + (Nsofe1* (1-Pim))
Nsaft Nyf t—l* (1'Pim)

Nyf Nafe1* Mr *(1-Pyr)

Nom ¢ (Nam t1¥ (1‘Pam)) + (Nsam3 +-1* (1'Pim))
Nsam3 t Nsamz t-1 * (1 'Pim)

Nsam2 t Nsaml t-1 * (1'Pim)

Nsarnl t Nym t—l* (1'Pim)

Nym ¢ Nofe1* Mr * (1- Pym ) * ( 1+lym )
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Table 5.2: Demographic parameter estimates and data sources used to construct

population models. SD reflects interannual variation in the data used to derive

estimates.

Parameter Estimate + SD | Source Remarks

Pom - adult male 0.133 +0.05 Alonso et al. SD from Alonso et al. 2004

annual mortality 2004

Pt - adult female 0.075 £+ 0.05 Alonso et al. SD from Alonso et al. 2004

annual mortality 2004

Pim-immature annual | 0.133 + 0.05 Alonso et al. No significant difference between

mortality 2004 mortality rates of immature males
and immature females. SD from
Alonso et al. 2004

P,s - yearling female 0.546 £ 0.03 Martin et al. SD from Martin et al. 2007

mortality (after 2007

August)

P,m - yearling male 0.824 + 0.06 Martin et al. SD from Martin et al. 2007

mortality (after 2007

August)

lym - yearling male 0.96+1.17 This study SD from this study

immigration

M, —annual female 0.018 + 0.06 This study Per sex. Total productivity is double

productivity

Yearling male numbers counted in spring were higher than expected from local

productivity only, implying that inwards immigration from surrounding subpopulations into

the study area occurs. Based on other studies, immigration rates of yearling males are

significant: in a study in northwestern Spain, 13 yearling males settled in a lek at a mean

distance of 18.6 km (+16.0 km) from their natal site (Alonso et al. 1998). In this study, only

inward immigration of yearling males was assumed to occur, because of the attractiveness

of large subpopulations to dispersing yearling males (Martin et al. 2008); Great Bustard

numbers in ZEPA Llanos de Caceres y Sierra de Fuentes are the largest in the region (Chapter

2). Immigration is not expected in yearling females that are highly philopatric (Alonso,

Morales & Alonso 2000; Morales et al. 2000). In the model, immigration rates of yearling

males were estimated from counts, assuming that immigration rates differ between years.
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Immigration rates were computed using the mean (and SD) difference between expected
yearling male numbers based on pulli numbers in previous year and yearling male mortality

rates, and observed counts of yearling males.

Other demographic parameters plugged into the model were derived from the
literature (primarily Alonso et al. (2004); see Table 5.2 for parameter estimates). Sampling
variation and inter-annual variation were introduced into the model in several ways.
Normally-distributed mortality, reproduction and immigration rates around the mean rate
and SD were randomly used as an annual observed estimate in predictions of transfer
between each stage class, to imitate environmental stochasticity, truncated at 0 and 1. SD

values were derived from literature, reflecting inter-annual variation.

In the matrix model, numbers of all stage classes in Year 1 of the models, used to
derive predictions, were based on actual counts and computations of stage class numbers
that are unidentifiable in the field (including non-discrete numbers). In the models, Year 1
numbers were randomly selected from a normal distribution derived from the mean count
(or derived computation) of each stage class 2015 to 2017 and SD, truncated below 0,
imitating variation based on sampling error. Fig. 5.3 shows the matrix model structure,
Appendix 5.1 the actual counts in ZEPA Llanos de Caceres y Sierra de Fuentes 2005 to 2017,

and Appendix 5.2 the numbers in Year 1 used in the modelling process.

The use of mean counts from three years to estimate productivity rates and numbers
of different stage classes in Year 1 aims to overcome effects of large interannual variation in
productivity rates and count numbers (e.g. in 2014, 2015 and 2015 pulli counts were 9, 28
and 20 respectively), while acknowledging the error this introduces to rates and number

estimates through the smoothing-out of interannual variation.
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Figure 5.3: Matrix models used to predict numbers of Great Bustards. Projection
matrices for females (top) and males (bottom) are on the left (formulae) and centre

(rates); start numbers are on the right.

An elasticity analysis of the effect of a change of each model parameter on overall A
(geometric growth rate: exponent of the slope of linear model logio(total number) ~ year)
was undertaken, following Crowder et al. (1994). In the elasticity analysis, each parameter
was changed by 10% up and down, and its outcome on all 1000 predicted A was averaged,
to determine a measure of elasticity (E), using: E = [Ax+0.1) — Ax-0.1)] / [0.2 * A], where x is the
model parameter, weighted against E of other parameter changes to sum up to 1 (Caswell

2001).

All analyses were carried out in R version 1.1.383 (R Core Team 2017). R code used

for population modelling is in Appendix 5.3.
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5.4 Results

Between 2005 and 2016, Great Bustard productivity decreased from a peak of mean of 87
pulli per 665 adult females in 2005-2008 (0.118 pulli per female), to a low 17.5 pulli per 548
adult females in 2014-2017 (0.035 pulli per female, Fig. 5.2). There was strong support for
the model that related productivity with year (AAICc= -4.11, Table 5.3), though there was no
support found for a non-linear relationship between productivity and year (F1,9=9.69,

r2=0.518, p<0.05).
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Figure 5.2: Changes in Great Bustard productivity in the study area between 2005 and
2016. Productivity is measured by number of pulli per breeding-age adult female. The

black line is the regression line between year and productivity.

224



Chapter 5 — decreasing productivity predicts population decline

Table 5.3: Results of general linear models relating Great Bustard productivity with
year and with the quadratic term of year. AAICc values are changes in AlCc compared
to the model with the lowest AICc value. Models are ranked by descending AlCc

values. Bold means support for this model.

Model B(SE) df AlCc AAICc
Null 10 -32.67 0

Year -0.020(0.12) 8 -32.77 -0.10
Year? 0.001(0.001)

Year -0.009(0.003) 9 -36.78 -4.11

There was a strong significant link between NDVI mean values in April and in May
(May=0.001*April — 0.22, r>= 0.47, F1,10=10.7, p<0.01), but no significant link was found
between NDVI in May and in August (August=0.005*May+0.59, r2>0.001, F1,10=0.004,
p=0.953). No statistical link was found between Great Bustard productivity in the study area
between 2005 and 2016, and NDVI mean in April (F1,0=0.46, r>=0.049, p=0.51), in May
(F1,0=1.875, r’=0.08, p=0.20), and in August (F1,9=0.36, r’=0.038, p=0.561). There was also no
statistical link found between Great Bustard productivity in the study area between 2005
and 2016, and NDVI changes between April and May (F19=1.4, r?=0.038, p=0.267) and

between May and August (F1,9=1.58, r’=0.054, p=0.242).

Based on the population model using mean productivity rates in the years 2014—
2016 (11 female pulli and 8 male pulliin Year 1, 0.036 + 0.018 pulli per female), the mean
model predicted that within 10 years the population would drop under 500 individuals, and
after 25 years the population would fall below 150 individuals, with an overall A of 0.919
(Fig. 5.3). If breeding parameters were to improve to mean productivity rates similar to

those in 2005-2008 (100 pulliin Year 1, 0.182 £ 0.025 pulli per female) with similar starting

225



Chapter 5 — decreasing productivity predicts population decline

numbers of all other stage classes, the population would remain stable in its numbers

throughout the prediction period (Fig. 5.4).

226



Chapter 5 — decreasing productivity predicts population decline

Predicted total number
600 800 1000 1200
| |

400
|

200
|

Year

Figure 5.3: Predicted total numbers of Great Bustard in ZEPA Llanos de Caceresy
Sierra de Fuentes in 30 years. Predictions were generated using a population model
(1000 permutations), based on actual productivity counts (0.036 + 0.018 pulli per
female, 11 female pulli and 8 male pulli in Year 1) and other demographic parameters
taken from the literature. Thin grey lines are individual predictions. The black line is

the mean of all 1000 permutations.
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Figure 5.4: Predicted total numbers of Great Bustard in ZEPA Llanos de Caceresy
Sierra de Fuentes in 30 years. Predictions were generated using a population model
(1000 permutations), based on productivity rates similar to those in 2005-2008 (0.182
+ 0.025 pulli per female, 100 pulli in Year 1) and other demographic parameters taken
from the literature. Thin grey lines are individual predictions. The black line is the

mean of all 1000 permutations.
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Elasticity analysis showed that overall changes in demographic parameters led to
minor changes in A (Fig. 5.5). Overall population A in the matrix model was most sensitive to
changes in adult female mortality (E=0.47), in yearling male immigration (0.16), and in

productivity (0.14) (Fig. 5.6).

Adult male mortality +10% - -
Adult male mortality —10% - -
Adult female mortality +10% < ==
Adult female mortality —10% - .
Immature mortality +10% -
Immature mortality —10% - -
Yearling male mortality +10% - b
Yearling male mortality —10% - -9

Yearling female mortality +10% - -

Yearling female mortality —10% -
Yearling male immigration +10% - -
Yearling male immigration —10% - o

Productivity +10% - -
Productivity —=10% - -9

0.915 0.920 0.925
A

Figure 5.5: Effects of changes in model parameters on overall A. Black circles are mean
A of all 1000 permutations of models with altered parameters. Black horizontal lines
are 95% confidence intervals of those models. Dashed grey vertical lines are 95%

confidence intervals of 1000 original, unaltered models.
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Figure 5.6: Weighted elasticities of model parameters, representing response of

overall A to change of 10% in those parameters.
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5.5 Discussion

In its core distribution in Extremadura, the globally Vulnerable Great Bustard (BirdLife
International 2017) was found to show alarmingly low productivity rates that have
decreased significantly during the study period. These low productivity rates may explain
declines in several subpopulations in Extremadura and Alentejo in recent years (see Chapter
2). Current productivity rates in the study area, 0.035 pulli per female, that are much lower
than previous published productivity figures from elsewhere in Iberia: mean annual
productivity of 0.24 chicks reared per female in central Spain (Martinez 2008), and 0.14 in

northwestern Spain (Morales et al. 2002).

The reasons for this decline in productivity are, however, unclear. NDVI values
through the breeding season that reflect how seasonal vegetation growth is affected by
weather and by livestock grazing (Osborne, Alonso & Bryant 2001; Osborne 2006; Formica,
Burnside & Dolman 2017) were not found to be statistically linked with Great Bustard near-
fledging productivity in this study. In a study on Great Bustard distribution in Spain, only
minor differences were found in NDVI between patches occupied and unoccupied by Great
Bustards (Osborne, Suarez-Seoane & Alonso 2007). How Great Bustard productivity at local
scale is affected by livestock management still needs to be investigated. It is also possible
that land-use changes other than changes in livestock densities affected productivity, such
as loss of rotational systems (Ribeiro et al. 2014), the abolition of compulsory fallows under
2008 CAP regulations (Matthews 2013) and increases in herbicide use, associated with
direct-sown agricultural practices that may have increased in the study region (Juan Traba
pers. comm.). The links between Great Bustard productivity and these potential land-use

changes were not tested in this study.
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Population modelling predicted that current productivity rates may be detrimental
to the sustainability of Great Bustards in ZEPA Llanos de Caceres y Sierra de Fuentes, and
perhaps also elsewhere in Extremadura and Alentejo. Sensitivity analysis showed that adult
female survival and productivity were most important for population sustainability, in line
with other bustard population modelling studies (Alonso et al. 2004; Dutta, Rahmani & Jhala
2011; Dolman et al. 2015). Yearling male inward immigration was found to impact overall
trends too, highlighting the importance of surrounding Great Bustard populations in the

region as a source of male settlement in ZEPA Llanos de Caceres y Sierra de Fuentes.

Population modelling carried out here was based on demographic rates from other
parts of Iberia, from the 1990’s and early 2000’s (Alonso et al. 2004; Martin et al. 2007). It is
possible that, with demographic rates more relevant to Extremadura in current times,

results of population models would have been different.

Urgent action needs to be taken, to identify the causes of the current low
productivity rates, and to increase these rates to realistic levels that will allow population
stability. It is somewhat perplexing to explain such a dramatic change in productivity within
ten years, when the entire area is supposed to be managed under an EU-funded Special
Protection Area. Perhaps the most important line of investigation should be into the
abundance of insects in the chick-rearing period, in case increases in pesticide spraying in
surrounding areas have had an impact. Moreover, studies of harvesting practices in these
surrounding areas may also reveal an intensification of mechanisation associated with the
loss of nests and chicks. Understanding the mechanisms underlying the decrease in
productivity may allow their mitigation. Adult mortality rates, especially of females, need to

be kept low too, because of their strong influence on overall trends.
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Appendices

Appendix 5.1: Counts of Great Bustards in ZEPA Llanos de Cdceres y Sierra de Fuentes,
incorporating spring counts of adults and yearlings, and productivity counts of pulli in

late summer.

Year Not-yearling Yearling Female, Pulli,
male, male, spring spring summer
spring

2005 280 35 582 66

2006 327 5 740 93

2007 N/A N/A N/A 116

2008 279 105 786 74

2009 296 75 786 16

2010 351 30 676 54

2011 368 17 602 65

2012 334 56 728 19

2013 344 13 623 13

2014 318 12 613 9

2015 321 8 572 28

2016 185 69 484 20

2017 163 63 469 N/A
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Appendix 5.2: Stage classes numbers(SD) in Year 1, used in matrix models. In the
‘Realistic’ model, numbers are based on counts between 2014 and 2016. In the
‘Optimistic’ model, yearling female numbers and SD are based on breeding rates in
2005-2007; yearling male numbers and SD are based on yearling male numbers 2008 -
2010. Subadult numbers and SD were computed using immature mortality rates; adult

numbers and SD are similar to ‘Realistic’ model.

Stage class ‘Realistic’ model ‘Optimistic’ model
Adult female 548.28(65.91) 548.28(65.91)
Subadult female 3.74(4.77) 18.47(12.51)
Yearling female 4.31(4.77) 20.81(12.51)
Adult male 207.32(77.67) 207.32(77.67)
Subadult3 male 19.33(5.02) 45.62(37.75)
Subadult2 male 22.30(5.02) 52.62(37.75)
Subadultl male 25.72(5.02) 60.69(37.75)
Yearling male 29.67(5.02) 70(37.75)
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Appendix 5.3: R code for population modelling — realistic model.

##t#define means and SD of demographic rates
admale_mort<- ¢(0.083,0.133, 0.183)
adfemale_mort<- ¢(0.025,0.075, 0.125)
imm_mort<- ¢(0.083,0.133, 0.183)
yearling_male_mort<- ¢(0.764, 0.824, 0.884)
yearling_female_mort<- ¢(0.543, 0.546, 0.549)
yearling_male_immig<- c(-0.21,0.96,2.13)

pull_prod<- ¢(0.012, 0.018, 0.024) #per sex. Total productivity rate is double

HHHHHHEHHEHHEHEHHEHEHE
Hi#Hicreate distributions of demographic rates, truncate

##adult male mortality

sd1 <- admale_mort[2]-admale_mort[1]

mn1 <- admale_mort[2]

ad_mort <-rnorm(1000,mn1,sd1)

ad_mort[ad_mort<0]<-0

ad_mort[ad_mort>1]<-1

##adult female mortality

sd2 <- adfemale_mort[2]-adfemale_mort[1]
mn2 <- adfemale_mort[2]

fem_mort <-rnorm(1000,mn2,sd2)
fem_mort[fem_mort<0]<-0

fem_mort[fem_mort>1]<-1
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## imm mortality

sd3 <- imm_mort[2]-imm_mort[1]
mn3 <- imm_mort[2]

im_mor <-rnorm(1000,mn3,sd3)
im_mor[im_mor<0]<-0

im_mor[im_mor>1]<-1

## yearling male immigration

sd4 <- yearling_male_immig[2]-yearling_male_immig[1]
mn4 <- yearling_male_immig([2]

year_imig <-rnorm(1000,mn4,sd4)
year_imig[year_imig<0]<-0

year_imig[year_imig>1]<-1

#yearling female mortality

sd5 <- yearling_female_mort[2]-yearling_female_mort[1]
mnb5 <- yearling_female_mort[2]

year_female_mort <-rnorm(1000,mn5,sd5)
year_female_mort[year_female_mort<0]<-0

year_female_mort[year_female_mort>1]<-1

#yearling male mortality
sd6 <- yearling_male_mort[2]-yearling_male_mort[1]

mn6 <- yearling_male_mort[2]
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year_male_mort <-rnorm(1000,mn6,sd6)
year_male_mort[year_male_mort<0]<-0

year_male_mort[year_male_mort>1]<-1

### pulli productivity per female
sd7 <- pull_prod[2]-pull_prod[1]
mn7 <- pull_prod[2]

prod <-rnorm(1000,mn7,sd7)
prod[prod<0]<-0

prod[prod>1]<-1

HHHHHHH S R
Hittgenerate first rows for each age class

## ad male

mn8<-207.32

sd8<-77.67

ad_male <- matrix(nrow=30,ncol=1000)

ad_male[1,] <- rnorm(1000,mn8,sd8)

ad_male[ad_male<1]<-1

#subadl male
mn9<-25.72
sd9<-5.02

subadl_male<-matrix(nrow=30,ncol=1000)
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subadl_male[1,] <- rnorm(1000,mn9,sd9)

subadl_male[subadl_male<0]<-0

#subad2_male

mn10<-22.3

sd10<-5.02
subad2_male<-matrix(nrow=30,ncol=1000)
subad2_male[1,] <- rnorm(1000,mn10,sd10)

subad2_male[subad2_male<0]<-0

#subad3_male

mnl11<-19.33

sd11<-5.02
subad3_male<-matrix(nrow=30,ncol=1000)
subad3_male[1,] <- rnorm(1000,mn11,sd11)

subad3_male[subad3_male<0]<-0

##tyearling male

mnl2<-29.67

sd12<-5.02

year_male <- matrix(nrow=30,ncol=1000)
year_male[1,] <- rnorm(1000,mn12,sd12)

year_male[year_male<0]<-0
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## ad female

mn13<-548.28

sd13<-65.91

ad_female<- matrix(nrow=30,ncol=1000)
ad_female[1,] <- rnorm(1000,mn13,sd13)

ad_female[ad_female<0]<-0

##tyearling female

mnl4<-4.31

sd14<-4.77

year_female <- matrix(nrow=30,ncol=1000)
year_female[1,] <- rnorm(1000,mn14,sd14)

year_female[year_female<0]<-0

#ttsubad female

mn15<-3.74

sd15<-4.77

subad_female<- matrix(nrow=30,ncol=1000)
subad_female[1,] <- rnorm(1000,mn15,sd15)

subad_female[subad_female<0]<-0

HtHH B R H
###loop for all age classes

for(k in 1:1000){
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for(iin 2:30){

ad_female[i,k] <- ad_female[i-1,k]*(1-fem_mort[sample(1:1000,1)])+subad_femalel[i-1,k]*(1-
im_mor[sample(1:1000,1)])

ad_male[i,k] <- ad_male[i-1,k]*(1-ad_mort[sample(1:1000,1)])+subad3_male[i-1,k]*(1-
im_mor[sample(1:1000,1)])

subad3_male[i,k]<- subad2_male[i-1,k]*(1-im_mor[sample(1:1000,1)])
subad2_male[i,k]<- subad1l_male[i-1,k]*(1-im_mor[sample(1:1000,1)])
subadl_male[i,k]<- year_male[i-1,k]*(1-im_mor[sample(1:1000,1)])

year_male[i,k] <- ad_female[i-1,k]*prod[sample(1:1000,1)]*(1-

year_male_mort[sample(1:1000,1)])*(1+year_imig[sample(1:1000,1)])
subad_femaleli,k] <- year_female[i-1,k]*(1-im_mor[sample(1:1000,1)])

year_femaleli,k] <- ad_female[i-1,k]*prod[sample(1:1000,1)]*(1-

year_female_mort[sample(1:1000,1)])

HHHHEH R R R
##tHtcalculate totals

totals <- ad_male +

ad_female+year_male+year_female+subad_female+subadl_male+subad2_male+subad3_male
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6.1 Key findings

This study addressed knowledge gaps about conservation of Great Bustard (Otis tarda) and
other agro-steppe birds in Extremadura and Alentejo. This study followed a general theme
of multi-scales, started from looking at demographic responses at landscape scale,
continued to link these demographic responses with land-use changes, then addressed the
entire agro-steppe bird assemblage, and finally scrutinized fine-scale mechanisms that

might explain demographic responses. The following key evidence is provided in this thesis:

Great Bustard subpopulations experienced variable trends between 1980 and 2014.
Negative trends of four subpopulations and positive trends of three subpopulations were
significant. Trends of other nine subpopulations were not significant either direction.
Overall, large subpopulations remained stable or increased, while small subpopulation
decreased, though this difference in trends was not statistically significant. No statistical link
was found between subpopulations trends and SPA area. Current counts are much lower
than previously published estimates for the region. Since 2010, an alarming decline is noted

in most subpopulations (Chapter 2).

Across the study area, the area of habitat types used by breeding GB decreased by
11% between 1990 and 2012, and livestock densities increased between 1989 and 2009
(cattle by 2.7%, sheep by 6.7%). Great Bustard subpopulations trends were not found to be
statistically linked with changes in the extent of various land-cover types. However,
subpopulation trends were negatively correlationally linked with changes in Livestock Units

(Chapter 3).

Great Bustard was not found to be a good surrogate species for agro-steppe bird

species. Great Bustard was not found to be a good predictor for richness and densities of
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almost all agro-steppe species, apart for Montagu’s Harrier (Circus pygargus). Great Bustard
presence was not significantly statistically linked with agro-steppe assemblage composition.
Furthermore, several species of conservation concern were found more outside SPAs than

inside SPAs (Chapter 4).

In their stronghold in Extremadura, Great Bustard productivity declined steeply
between 2005 and 2016, but was not found to be statistically linked with early April NDVI. If
current productivity and other demographic rates continue, this population is predicted to

experience a dramatic decline in the next decades (Chapter 5).
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6.2 Applications and further research

In this section | will develop the key findings of this study into recommendations for
conservation of Great Bustard, other agro-steppe species and their habitats in Extremadura
and Alentejo, in hope that these recommendations will be useful for other study species and
systems, especially low-intensity agricultural systems. Additionally, | will address the main
research priorities that remain unanswered after this study.

6.2.1 Great Bustard monitoring

In the latest assessment of its global conservation status, in 2017, Great Bustard is classified
as globally Vulnerable, despite some local increases; preliminary results provided from this
study, indicating local decreases in numbers (Chapter 2) and productivity (Chapter 5)
contributed to this assessment (BirdLife International 2017b). As a threatened species,
Great Bustards are monitored by both relevant government agencies in Extremadura (Junta
de Extremadura) and Alentejo (Instituto da Conservacdo da Natureza e das Florestas, ICNF).
This study shows that spring counts of Great Bustards conducted by both agencies are more
reliable and consistent in detecting temporal trends than winter counts (Chapter 2). It is
important to count Great Bustards frequently, and to improve the quality of counts, e.g. by
ensuring the perfect timing of counts in relation to peak lekking period, improving the
consistency of count methods across the region, and improving the identification skills of
sexes and ages by observers, because of the considerable annual variation in counts of
adults, that might occur because of mistiming between counts and peak lekking period.
Using long time-series, rather than individual years dotted along the study period, allows
modelling that overcomes potential count errors in individual years, to study development

of numbers over extended periods (Chapter 2). This methodology is useful for other species
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too, and has been used to derive e.g. European bird indices (Gregory et al. 2005; PCEBMS

2016).

It is important to identify the appropriate spatial scale to define meaningful
demographic units at which changes in numbers of patchily-distributed species represent
actual changes in mortality, productivity and immigration rates (Dolman et al. 2007; Paradis
et al. 1999, 2000), affected by internal processes such as land-use changes, and all casual
movements are contained within the demographic unit. This study combined information
about movements of birds using tracking data from other studies, with statistical analyses
examining the spatial scale at which trends explain most variation, to define robust,
independent or semi-independent demographic units. In the case of this study they were
defined as subpopulations, including those subpopulations stretching across national
borders of Extremadura and Alentejo, using 9 km buffers around male locations to indicate
potential breeding areas of females (Chapter 2). Acknowledging the methodological
limitations of this method (see below), tracking subpopulation trends gives an as-accurate-
as-possible picture of Great Bustard population dynamics in the study area. This
methodology should become useful to document temporal trends of other species that are

monitored regularly and are patchily distributed in the landscape. Similar criteria could be
used for other bustard species, which is of considerable conservation value when dealing

with transnational populations.
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6.2.2 Great Bustard numbers and trends
This study shows that Great Bustards are declining in a globally-important region,
Extremadura and Alentejo, with some local variation in subpopulation trends. Across their
range in the study area, except for Castro Verde in southern Alentejo, spring counts show a
recent from 2010 onwards. Since 2010, numbers of Great Bustards in 13 of the 15 extant
subpopulations have dropped considerably (Chapter 2). In ZEPA Llanos de Caceres y Sierra
de Fuentes, the core of Central Caceres subpopulation, declines in numbers of adults were
accompanied by decrease in breeding productivity (Chapter 5), that may be a main driver
for these declines in numbers. In long-lived birds, adult mortality rates are often the most
important factor in determining the fate of a population, as demonstrated both in field
studies and modelling (Dolman et al. 2015; Michael et al. 2017; Saether & Bakke 2000; Tuck
et al. 2001). However, as predicted in Chapter 5, severe declines in productivity rates may

lead to population declines also.

The lower estimate provided in this study of the total number of breeding Great
Bustards in the study area (about 3,500 birds), lower than previously published estimates
(5,500-6,500 birds; Alonso & Palacin 2010; Corbacho et al. 2005), requires attention from
conservation authorities, in prioritising research of the causes for this decline in one of the
strongholds of this species globally. Further research of the links between demographic
trends and land-use changes is necessary; clarification of the mechanisms that lead to

reduced productivity, and perhaps increase in mortality rates, is important.
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6.2.3 Great Bustard conservation
Agricultural intensification in the study area is ongoing (Chapter 3), as traditional
agricultural systems are replaced by modern systems. Traditional systems that typically
include low-intensity and heterogeneous cereal — pastoral three- or four-year rotational
systems are replaced by modern agricultural systems that lose their rotational function, lose
their spatial heterogeneity, and increase their intensity by using more irrigation, more
permanent crops, more pesticides and higher livestock densities (Cabanillas, Aliseda, &
Gallego 2012; Sudrez, Naveso, & De Juana 1997). Intensive agricultural practices, in which

rotational systems are replaced with permanent cereal and pastoral systems, are becoming
more common in the region (Ribeiro et al. 2014). Additionally, abolition of compulsory

fallows under 2008 CAP regulations may have led to declines in bird species that select
fallows for breeding (Matthews 2013). This study showed that the extent of land-cover
types that are important for breeding Great Bustards decreased between 1990 and 2012 by
11%, and livestock densities increased between 1989 to 2009 (2.7% increase in cattle, 6.4%
in sheep), but land-use databases used in this study were not able to detect such changes.
Great Bustard subpopulation trends were found to be negatively statistically related to
livestock densities, which is not unexpected, because of the potential adverse effects of high
livestock densities on Great Bustard occupancy and breeding. Different bird species show
different responses to livestock grazing intensity — some species favour bare ground and
select intensively grazed land; other species require tall grass and select lightly grazed land.
In Castro Verde, grazing regimes were found to be major drivers of grassland breeding bird
densities, with marked variation between different species (Reino et al. 2010). In a study in
Hungary, grassland species of conservation concern showed contrasting responses to

livestock grazing intensity, and Great Bustard showed preference to extensive, lightly-cattle-
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grazed pastures (Baldi, Batary, & Erdos 2005). The mechanism in which livestock grazing
may be detrimental to Great Bustard population trends are not fully clear yet. Reduction of
cover, necessary for nest safety (Magafia et al. 2010), may increase nest predation.
Reduction of cover may also reduce available arthropod biomass, important food source for
chicks (Lane et al. 1999; Rocha, Marques, & Moreira 2005). Breeding conditions for Great
Bustards are expected to deteriorate across the region because of (a) increased livestock
densities, (b) disturbance increases (Burnside et al., 2014), (c) increase in hay production
that is cut early and causes increased nest mortality (Faria, Morales, & Rabaca, 20163,
2016b), and (d) greater mechanisation and use of fertilisers. In landscapes dominated by
heavily-grazed pastures, hay fields may act as ecological traps, attracting females to breed in
the only tall-grass crop present in the landscape, and exposing nests to high mortality due to

early cutting.

Interestingly, subpopulation trends were not found to be statistically related to
changes in the extent of land-cover types, including those that are important for breeding —
non-irrigated arable land, pastures and grasslands. It is possible that in scenarios of
moderate land-use change, Great Bustards have a limited ability to concentrate in sites that
retain good habitat quality. It is also possible that subpopulation trends are driven by other
factors, e.g. increases in mortality rates of adults that were not studied here. For several
bustard species, infrastructure development in low-intensity agricultural landscapes were
identified as main drivers for their decline (Dolman et al. 2015; Dutta, Rahmani, & Jhala
2011; Gray et al. 2009; Jenkins et al. 2011; Mahood et al. 2016; Marcelino et al. 2017;
Santos 2016; Silva et al. 2010). Development of infrastructure, mainly powerlines, in the

study area may have serious effects on adult mortality rates.
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It should be stressed that in sites that undergo dramatic land-use changes, local
extirpations may be expected, as reported in Pinto et al. (2005). Additionally, several species
of conservation concern were found more in sites dominated by pastures and stubbles, both
within and outside SPAs (Chapter 4), emphasizing the importance of these land-cover types

for conservation of the agro-steppe bird assemblage, not only for Great Bustards.

The sharp decrease in breeding productivity in ZEPA Llanos de Caceres y Sierra de
Fuentes (Chapter 5) is alarming, not only because of its local demographic consequences on
the population there, but also because it may reflect what is happening across much of the
study area, as agricultural intensification continues across the study area. It is possible that
in other fast-declining important subpopulations, such as La Serena, breeding productivity is

very low too; this needs to be studied urgently.

To sustain Great Bustard populations in the region, these recommendations may

improve the conservation status of Great Bustards and other agro-steppe species:

e Further conversion of sensitive, extensive agro-steppe habitats into intensive land-
uses such as permanent crops, irrigated crops and afforestation should be controlled
and halted, especially inside SPAs where Great Bustards are concentrated.

e Livestock densities should remain stable or decrease across large spatial scales, with
spatial heterogeneity in livestock densities, acknowledging that some priority species
for conservation require short grass (Chapter 4).

e Late timing of harvest of cereals and hay is crucial to reduce breeding failure of Great
Bustard and other agro-steppe species (Faria, Morales, & Rabaca 2016; Faria,
Rabaca, & Morales 2012; Rocha, Morales, & Moreira 2012). Controlling timing of

harvest in areas where Great Bustards breed is crucial for their long-term survival.
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e These land-management changes could be achieved through implementation of
further Agri-Environmental Schemes (AES) that have proven to be especially
successful in Castro Verde in increasing numbers of Great Bustards (Pinto et al. 2005)

and Little Bustards (Chapter 4). More on AES in section 6.2.5.

Within the framework of European agricultural policies that shape the structure of
agricultural systems around Europe (Gamero et al. 2017; Guerrero et al. 2012; Pe’er et al.

2014; Ribeiro et al. 2014), these tasks are challenging but necessary.
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6.2.4 Great Bustard as surrogate for agro-steppe bird species
This study provides several pieces of evidence that demonstrate that Great Bustard is not a
perfect surrogate for other agro-steppe bird species in Extremadura and Alentejo (Chapter
4). Great Bustard was not a good predictor for 25 km? box species richness; Great Bustard
was not a good predictor for density of individual species, except Montagu’s Harrier; Great

Bustard presence did not shape the structure of the agro-steppe species assemblage.

It is not necessarily accurate to assume that Great Bustard monitoring provides data
that indicate the conservation status of other agro-steppe species, especially those of
conservation concern. One reason for this may be the interspecific competition shown to
take place between Great Bustard and Little Bustard (Tetrax tetrax) in Spain at multiple

spatial scales (Tarjuelo 2014, 2017, 2016).

Besides Great Bustard, only Little Bustard is monitored regularly in Extremadura and
Alentejo, giving insight to its dramatic decline in the study area (De Juana 2009; Silva et al.
2018). Other agro-steppe species, including those of conservation concern, are not
monitored in any regularity in the study area. To fully understand the conservation status of
the entire agro-steppe species assemblage, extension of monitoring efforts to further
species will be necessary. Chapter 4 provides ideas for the selection of additional monitored
species, including the bare-ground specialists Black-bellied Sandgrouse and Short-toed

Larks, and Lesser Kestrel.

This study adds to the general understanding of the selection of surrogate species to
indicate the state of the wider biodiversity, by providing information about the ambiguous
effectiveness in selection of a large species with complex habitat use to indicate the status

of other species sharing different niches in the landscape occupied by the potential
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surrogate species. In this study system, Great Bustard is a large, attractive species, and uses
multiple land-use types during the breeding period as part of its unique lekking mating
system (Alonso, Alvarez-Martinez, & Palacin 2012; Magafia et al. 2010; Martin et al. 2012).
However, it does not perform well as a surrogate for other agro-steppe bird species. It is
possible that despite its varied use of different niches by both sexes, Great Bustard breeding
takes place only in a specific niche, tall grass or crops, and other agro-steppe species that
require different conditions for breeding, e.g. short grass, bare ground or scrub verges, are
therefore not well represented by Great Bustard. This result contributes to the knowledge
on the selection of surrogate species that should be based on detailed research that links
local densities or abundances of supposed surrogate species with those of other species
whose conservation status needs to be fully evaluated, based on their niche specificity or
generality. It is not safe to assume that a large species that uses multiple habitats during its

life cycle would necessarily act as a good surrogate species.
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6.2.5 Management and monitoring of protected areas
This study provides several indications that the network of agro-steppe SPAs and SACs that
are part of the Natura 2000 network of protected areas in Extremadura and Alentejo may
not provide adequate protection for Great Bustard and other priority agro-steppe species.
Great Bustard subpopulations trends were not statistically linked with SPA legislation
(Chapter 2). It is possible that SPA legislation is not sufficient to ensure favourable habitat
management in them, and additional management activities inside SPAs are necessary.
Furthermore, abundances of any species were not related to SPA legislation in the point
count (Chapter 4). This evidence joins two recent publications that address the function of
SPAs in Iberia. Silva et al. (2018) showed that population trends of Little Bustards were
negative within Portuguese SPAs, although densities were higher than outside SPAs. This
result is not wholly consistent with the results of Chapter 4, possibly because Little Bustards
were studied at different spatial and temporal scales. Elsewhere in Iberia, Palacin & Alonso
(2018) showed that all four species studied (Great and Little Bustards, Montagu’s Harrier
and Black-bellied Sandgrouse (Pterocles orientalis)) showed negative trends in a protected
area in central Spain. In a study in SPA Castro Verde, variation in richness and abundance of
Great and Little Bustards and Lesser Kestrel between 1995-1997 and 2010-2012 were more
favourable inside the SPA than outside, but not favourable for other species assemblages

including grassland specialists and species of conservation concern (Santana et al. 2014).

All these indications provide a broader picture of the function of the agro-steppe
SPAs in Extremadura and Alentejo, and about the function of protected areas in general,
and show a diversity of conservation conditions within protected areas. These results raise
concerns about the conservation status of agro-steppe birds in these protected areas,

implying that legislation alone is not sufficient for the SPA network to provide beneficial
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conditions for agro-steppe birds. AES are used widely across Europe as an important tool for
better agricultural management of SPAs, especially for farmland birds, in debatable success
(Stoate et al. 2009, Gamero et al. 2017). However, in the study area, effective AES were
implemented and/or documented only in Castro Verde, leading to impressive success in
increasing Great Bustard numbers there (Pinto et al. 2005) as well as benefits for other
steppe species (Santana et al. 2014). Elsewhere in Extremadura and Alentejo, if AES or other
conservation actions were carried out at all, they are local and undocumented. Recent
evidence indicates the failure of SPAs to protect target species — Portuguese NATURA 2000
network failed to halt declines of Little Bustards (Silva et al. 2018), and four flagship agro-
steppe species declined in an SPA in central Spain (Palacin & Alonso 2018). Based on
personal observations, it is evident that some local conservation activities were carried out
in SPAs, for example fence marking to prevent collision in several subpopulations, provision
of water in late summer in ZEPA Llanos de Caceres y Sierra de Fuentes, nest protection for
Montagu’s Harriers in La Serena (Manuel Calderon pers. comm.) etc. However, advanced
habitat management that includes control of the quality and management of habitats via
proactive conservation through AES contracts with farmers has yet to be practised
elsewhere in the study area. When AES are competitive economically compared to intensive
agriculture (especially in regions with low land costs such as Castro Verde), and lead to
advanced habitat management, they can result in impressive success stories, as happened in
Castro Verde. This success can be replicated elsewhere in the study area, especially in
regions with poor soils and low land costs. This is a major goal for conservation
organisations in Extremadura and Alentejo, both governmental and NGO’s, to generate

interest and allocate sufficient funds to sustain a network of AESs across the study area, that
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will actively protect and nurture substantial agro-steppe regions, and enable agro-steppe

birds to bounce back from their dire conservation status.

This study also contributes to the effort to evaluate the effectiveness of protected
area networks and conservation efforts within them worldwide. Monitoring of wider
biodiversity in protected areas is necessary, to ensure that conservation activities, i.e.
application of AES in protected areas benefit as many target species as possible (Moreno et
al. 2010). Using large-scale and long-term data, which systematically compare conservation
status inside protected areas and outside them, and across national borders, is a useful tool
in conservation. Management of cross-border protected areas is often challenging (Agrawal,
2000; Farhadinia et al., 2015; Kutal et al. 2016). Applications of methods used in this study
to dilute national borders and adopt a regional approach to conservation may be useful in
other study systems too. However, limited information about the conservation activities
carried out in protected area confounds the evaluation of the effectiveness of protected

areas.
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6.2.6 Methodological limitations
This study used several methodologies that necessarily have limitations. First, comparison of
Great Bustard counts from early 1980’s to counts of modern days is based on assumptions
of standardised efforts throughout the period. However, there have been inevitable
advances in optics and technology that allowed improvement of the abilities to spot and
count birds, identify their sex and age, and accurately record their location. Additionally,
through the years, knowledge of the biology of Great Bustards, and their distribution in the
study area, has increased, which might have led to increases in the numbers of birds
counted during the 1980’s (Alonso et al. 2005). In this study, these potential biases were
minimized by use of counts of adult males as well, not only of total counts, to detect
temporal subpopulation trends. Adult males are very large and prominent during the count
period, and the chances that they were under-recorded even in the 1980’s are lower.
Secondly, many of the staff of Junta de Extremadura and ICNF have been taking part in the
counts throughout the study period. This gives more confidence in the consistency of count

methods between early years and recent years.

The peak lekking period of Great Bustards in spring, at which most females are
attracted to and concentrated around lekking males, varies between years (Alonso et al.
2005, 2012). Exact timing of counts, in relation to the peak lekking period of Great Bustards,
is important in order to reach maximal accuracy in counts. Throughout the study period,
count dates were adjusted as much as possible to coincide with peak lekking. However, in a
few years, mismatches of a few days between peak lekking and count dates did occur, for
various logistical reasons (Angel Sanchez, pers. comm.). This may have led to inaccurate
counts, especially of the more secretive females that leave the lek quickly after mating

(Magafia et al. 2011). Count of adult males are not expected to be affected by a delay of few
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days because males do not leave the ‘exploded leks’ until late April or early May (Alonso,
Morales, & Alonso 2000; Morales et al. 2000; Morales, Jiguet, & Arroyo 2001). In this study,
this potential count error was accounted for by using long time-series in modelling to
estimate total numbers, thereby ‘smoothing’ count errors in specific years. Additionally, the
comparison between subpopulation trends of total counts and adult males indicates that if

there were any underestimates of female counts, they were minimal.

In two analyses (Chapter 2 and Chapter 4), a simple and limited metric of SPAs was
used: whether the relevant area was under SPA legislation or not. Detailed information on
what SPA legislation actually translates to on the ground was unavailable at the time of
study. Only in Castro Verde was documentation of active conservation activities available. In
both chapters, the limitation of this metric for SPA effectiveness is acknowledged, and
therefore the results based on the analyses using this metric need to be accepted with

attention to this limitation.

In Chapter 4, bird counts were carried out in spring 2017 only. It is clear that local
animal densities and abundances may vary between years (e.g. Campbell et al. 2015;
Nicolaus et al. 2016; Moreira et al. 2007), possibly because of varying climatic conditions
(Moreira et al. 2012). In this study, it was not possible to replicate the study efforts in
several consecutive years. Still, the study was carried out in a normal climatic year, and the
bird densities and abundances recorded are considered here to represent well the
conservation status of agro-steppe species assemblage. This limitation is acknowledged in

the chapter.

In Chapter 5, population modelling is used to predict the fate of the Great Bustard

population in ZEPA Llanos de Caceres y Sierra de Fuentes. First, several demographic
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parameters used in the modelling process were estimated based on studies from elsewhere
in Iberia, in the 1990’s and early 2000’s (Alonso et al. 2004; Martin et al. 2007, 2008). Using
these estimates might have led to errors in modelling. This uncertainty about demographic
parameters needs to be acknowledged when discussing the results presented in Chapter 5
regarding the dramatic decline predicted in the population there. Further, Caswell (2001)
phrased nicely that ‘population modelling is equivalent to driving at 60 km/h’, implying that
modelling predicts the future but does not guarantee that the prediction will actually fulfil
itself. These are the results of the population modelling that predict a negative outcome for
the population if current demographic rates do not change. However, population modelling
predictions need to be taken with the necessary caution, aiming to minimize uncertainty in

demographic parameters to make predictions more robust.
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6.2.7 Further research priorities
Analysis of temporal trends of Great Bustard subpopulations in Chapter 2 was based on
tracking data available from the 1990’s and early 2000’s, mainly from other parts of Iberia
(e.g. Alonso et al. 2004; Alonso et al. 1998; Martin et al. 2007, 2008). Validating the
assumptions upon which the spatial definitions of subpopulations were defined using up-to-
date tracking data of birds from the study area would allow more confidence in the

methodology used.

Great Bustard counts used in Chapter 2 were up-to-date until 2014 (Alentejo) and
2015 (Extremadura). Completing the time series until 2018 would allow further tracking of

the decline across the study area noted in Chapter 2.

Infrastructure development is a cause for population-level changes in other bustards
(Jenkins et al. 2011; Mahood et al. 2016) and a major cause of mortality of Little Bustards in
the study area (Marcelino et al. 2017; Silva et al. 2010). Understanding how long-term Great
Bustard subpopulations trends are linked with infrastructure development may provide an
important insight on why some subpopulations are declining. At the time of this study on
Chapter 3, data on powerline transmission lines was not readily available for Extremadura. If

those data do become available, interesting research opportunities might open up.

The study in Chapter 4 did provide evidence that Great Bustard is not a good
surrogate for all agro-steppe species, but did not provide direct suggestions which species
should be selected for monitoring to represent the entire agro-steppe assemblage. Further
research could use the same data to develop more advanced monitoring indices. One option
is to follow the niche-based framework (Wade et al. 2014) and define indicators based on

their niche-use in the landscape.
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Detailed livestock data were not available when analysing changes in Great Bustard
breeding productivity in ZEPA Llanos de Caceres y Sierra de Fuentes in Chapter 5. If livestock
data and productivity data are available other regions (for example the well-studied Great
Bustard population in Castro Verde), it may be possible to statistically link changes in
productivity, similar to those reported in Chapter 5 with changes in livestock densities or in

livestock types (e.g. sheep vs. cattle).

Furthermore, it might be possible to carry out experimental productivity studies, in
which productivity of Great Bustards in large fenced parcels of pasture excluded from
grazing in a heavily grazed landscape (e.g. Brozas in Caceres) would be compared with

control plots with grazing.
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