Bird Conservation International (2014) 24:32—44. © BirdLife International, 2013
doi:10.1017/50959270913000142

Human disturbance and conspecifics influence
display site selection by Great Bustards Otis tarda
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Summary

Understanding habitat selection and assessing habitat quality have an important role in habitat
management and prioritisation of areas for protection. However, interpretations of habitat selec-
tion and habitat quality can be confounded by social effects such as conspecific attraction. Using
7 years’ data from a well monitored Great Bustard Otis tarda population in Central Europe, we
investigated the roles of human disturbance and social cues in display site selection of male Great
Bustards Otis tarda. The spatial distribution of displaying males was best predicted by human
disturbance. In addition, the number of males attending display sites was strongly correlated to
the number of females present and not with disturbance. This suggests that abundance could be a
misleading metric for habitat quality in social species. Our results highlight the roles of distur-
bance and social cues in male habitat choice, and suggest that social factors need to be taken into
consideration for management of endangered populations.

Introduction

Understanding habitat selection and assessing habitat quality have underpinned in situ species
conservation planning (Jones 2001, Morris 2003). It allows conservation managers to make decisions
about how to manage habitats and prioritise areas for protection (Root-Bernstein and Ladle 2010).
It is based on the assumptions that site selection is non-random, and that individuals assess infor-
mation from multiple cues to make an optimal decision about which habitat to occupy (Jones
2001, Morris 2003, Johnson 2007). An animal’s habitat choice can have important fitness conse-
quences. In particular, breeding site choice and quality influence an individual’s reproductive success
(Doligez et al. 2002). Therefore, understanding the factors that influence habitat selection and
habitat quality are important for managing habitats for endangered species. Investigating habitat
selection has primarily been based on the correlation of biotic and abiotic variables with occu-
pancy while habitat quality has been correlated with the number of individuals attending a site
(Vanhorne 1983, Morris 2003).

Conspecific attraction can confound traditional interpretations of habitat selection as it
violates the assumption that each individual independently assesses a site (Vanhorne 1983,
Skagen and Adams 2011). Rather than sampling a location by trial and error, an individual
may use the presence of conspecifics as indicators of habitat quality, thereby reducing search-
ing costs (Muller et al. 1997). In some species, the attraction to choose a site with conspecifics
present may be cumulative and could lead to additive aggregation. Social attraction in habitat
choice may explain why some species are more sensitive to habitat fragmentation and slow to
recolonise empty habitats (Fletcher 2007). Therefore, understanding the roles of social behaviour
in habitat selection can give important insights into improving the conservation biology of social
species (Ahlering et al. 2010).
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The Great Bustard Otis tarda is a globally threatened species (IUCN category “Vulnerable”).
During the 19th and 20 centuries, the European populations of the species had rapidly declined.
Multiple national and local extinctions have left current populations small and highly fragmented
(Palacin and Alonso 2008). The Great Bustard has suffered habitat loss due to increasing non-
lethal human disturbance (Lane et al. 2001, Suarez-Seoane et al. 2002, Sastre et al. 2009, Burnside
et al. 2012). The negative impacts of human disturbance on many threatened species is being
increasingly recognised (Gill et al. 2001, Frid and Dill 2002).

Effective conservation of this species requires not only an understanding of its habitat require-
ments, but also how social attraction influences habitat selection. Great Bustards have a breeding
system which can be described on a continuum between a classical lek and exploded lek as it
does not fit either definition exactly (Morales et al. 2001). However, males gather in loose congre-
gations and display to females. Males are not territorial and display at different sites within larger
areas where display sites are concentrated. These areas contain resources for both males and
females with females nesting in and around the lekking areas (Morales and Martin 2003).
Habitat modelling and direct observations have found that many areas that are deemed suitable
for breeding remain unoccupied and that new leks are rarely established (Osborne et al. 2001,
Suarez-Seoane et al. 2002, Alonso et al. 2004). Conspecific attraction has been suggested as the
mechanism for the presence of unutilised habitat, and this has been corroborated by dispersal
studies (Martin et al. 2008).

Here we use generalised linear models to investigate display site selection and attendance of
Great Bustards from a small and well monitored population in Hungary. Our aims were to estab-
lish the roles of social influences and human disturbance on male display site choice. To achieve
these aims we tested two hypotheses: 1) display site selection: are display site locations different
from random areas within the greater national park in relation to human disturbance and vegeta-
tion structure? and 2) display site attendance: do females influence the number of males at display
sites?

Methods
Study Area

Hortobdgy National Park (henceforth HNP- Figure 1) is a large, unbroken alkaline grassland in
Europe, consisting of steppe interspersed with alkaline marshes (Ecsedi 2004). It is located in
eastern Hungary (47°30’N 21°0" E, Figure 1), and has a Great Bustard population estimated at
140 individuals (Ecsedi 2004). It is managed through grazing of various livestock, including
domestic cattle Bos taurus and sheep Ovis aries.

Survey methodology

Male Great Bustards perform conspicuous mating displays each spring. The displays are usually
performed by congregations of males competing at a display site. Surveys were carried out to
locate displaying males in HNP. At each observation, the number of males and females present
and the centre of the group location were recorded. Any observation with > 3 males present was
defined as a display site. Surveys were carried out between 2000 and 2007 during the breeding
seasons (March to May). Data from 2004 were excluded due to poor quality satellite images
(see below), but were available for model validation after the habitat selection analysis.

Surveys covered the whole national park, and all areas were visited approximately every four
days in a standardised manner. Searches occurred during peak display times in the morning
(o6hoo-oghoo, CET) and evening (16hoo—-19hoo, CET). During each survey, approximately 100
km were covered using four-wheel drive vehicles, bicycles or walking. Surveys involved stopping
at observation points and searching with binoculars and telescopes. The male population is esti-
mated to be 50—70 individuals, all of which can be located during the lekking season. Surveys were
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Figure 1. Location of Great Bustard display sites in Hortobdgy National Park, Hungary and in the
surrounding area. Surveys were carried out both within the National Park, and the grey shaded
area outside.

made by three observers with several years of fieldwork experience; they are permanently
employed to monitor and manage the HNP Great Bustard population (ZV, SK and GK). All observa-
tions were plotted in the UTM 34N reference system using the WGS1984 datum. Random habitat
data were generated from random points within the boundary of the sampling area of HNP
(Figure 1). We used an equal number of random points as display site points, and constrained the
random points by excluding water bodies such as streams, ponds and marshes.

Disturbance and habitat variables

HNP is mainly managed through traditional grazing practices that produce a different intensity
of grazed grassland. In addition, it is open to visitors with several dirt tracks and single lane
tarmac roads for travel (Figure 1): there is only one two-lane tarmac road dissecting the national
park. These roads are potential sources of disturbance. Therefore our a priori hypothesis was that
disturbance by humans, and vegetation characteristics influence the spatial distribution of display
sites. We identified eight disturbance and remotely sensed variables (Table 1) based on this infor-
mation. All variables, except dirt road density, were quantified at a 30-m resolution whereas the
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Table 1. Variables representing human disturbance and vegetation structure were obtained via remote sensing
(mean values + standard error for presence sites, n = 160, and randomly chosen sites, n = 160). The difference
between means was not statistically tested due to spatial autocorrelation in display sites.

Habitat variable Description Display sites Random

Dirt road density (m/km?) The total distance in metres covered 723.2+55.8 821.8 £53.2
by dirt roads within a 1-km square
was used as a metric for road density

Distance to road (m) Distance from observation, in metres, 3001.5 + 66.4 2075.3 £ 118.2
to nearest tarmac road. Calculated
at a 30 m resolution

Distance to settlement (m) Distance from observation, in metres, 5223.2+112.7  5781.2+229.2
to nearest settlement, human
population. Calculated at a 30 m
resolution

Distance to sheep (m) Distance from observation, in metres, 1529.4 + 77.6 2491.3 £ 152.5
to nearest area grazed by sheep.
Calculated at a 30 m resolution

Distance to cattle (m) Distance from observation, in metres, 1428.0 + 64.8 2642.4 + 160.2
to nearest area grazed by cattle.
Calculated at a 30 m resolution

TasCap brightness Tasselled cap brightness 116.8 £ 1.5 114.8 £ 1.5
(soil reflectance). 30 m resolution

TasCap wetness Tasselled cap wetness value -48.9 £ 1.7 -46.3 £ 1.7
(soil moisture). 30 m resolution

TasCap greenness Tasselled cap greenness value 0.05 * 0.01 0.05 * 0.01
(chlorophyll content). 30 m
resolution

latter was quantified at 1-km resolution. These scales were considered fine enough to capture
variation in the variables that would be meaningful for Great Bustards. Differences between pres-
ences and random means could not be preliminarily tested due to spatial autocorrelation in the
presence data. Data for tarmac and dirt roads were obtained from existing shapefiles from HNP.

To estimate the impact of human disturbance, every farm within the study area was mapped
and the number of livestock kept each year taken from the HNP’s livestock register. Herdsmen
keep their livestock at their farms in winter and in spring move the herds outdoors where they
spend the summer. This involves moving the animals to new grazing areas outside the farm each
day. HNP management estimates that an area of 1 ha is needed to graze either 1 cattle or 10 sheep
during spring (Z. Végvari in litt. 2010). The total area required for livestock was calculated for
each farm. A circular buffer of equivalent size was drawn around the farm which represented the
area of disturbance from livestock. Observations within the grazed area were classified as o m
from the disturbed area. All Euclidean distances were calculated using ArcView v 9.1 and dirt road
density was calculated using Hawth’s Tools (Beyer 2004).

To test the influence of vegetation, we chose to use remotely sensed variables. The tasselled cap
transformation provides three orthogonal vegetation indexes that are calculated from six bands
of Landsat 7 enhanced thematic mapper plus (ETM+) data (Kauth and Thomas 1976, Crist and
Cicone 1984), using coefficients for the Landsat ETM+ sensor to reduce reflectance and extract
biological data (Huang et al. 1998). We produced three raster images for each year; tasselled
cap moisture describes the surface water present, tasselled cap brightness describes the soil
characteristics (i.e. bare earth present) and tasselled cap greenness describes the amount of green
vegetation present. We chose Landsat 7 ETM+ multispectral satellite data because of its fine scale
high resolution images (30 m) and images were readily available for the study area. We used 11
scenes acquired from March, April or May from 2000 to 2007 (tile IDs are listed in Table S1 in the
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online Supplementary Material). Images which had the best coverage and least cloud cover were
selected. Landsat 7 images acquired after 2004 are vulnerable to Scan Line Corrector failure-OFF
gaps, leaving data gaps in the image. Therefore scenes from 2004 to 2007 required multiple images
that were temporally close and free of cloud cover, to fill data gaps. Sufficient data were not available
for 2004 to create a satisfactory mosaic and were consequently excluded from the analysis. Satellite
images were downloaded from United States Geographical Service (http://www.usgs.gov). Atmospheric
correction was carried out on bands 1, 2, 3, 4, 5 and 7 and images were then clipped to the extent
of the study area (Figure 1), covering a total area of 3,696 km?. All image processing was done in
Idrisi Kilimanjaro (Eastman 2003).

Statistical analysis

We used generalised linear models (GLMs), and model simplification to identify variables that
influence bustard distribution. A maximal model was fitted with all explanatory variables and
simplified by stepwise deletion of non-significant terms. Each deletion was tested for a significant
increase in deviance by ANOVA. This was repeated until the minimum adequate model (MAM)
contained only significant terms (Crawley 2007). Finally, ANOVA was used to test if there was a
significant increase in deviance between the maximal model and the MAM. Although there is
some debate between the use of stepwise simplification and information theory for best model
selection, both have received criticism for their misuse (Bolker et al. 2008, Burnham and Anderson
2002, Mundry 2011). Here we chose to use stepwise deletion rather than an information theoretic
approach because it retains variables only if they significantly explain variation in the response
variable. The objective of our parsimonious approach was to use the variables that contribute
significantly in habitat selection to further model site attendance. Information theory and model
averaging would likely lead to the inclusion of non-significant variables. We modelled the
probability of Great Bustard presence against random points within the study buffer area
(Figure 1) using binary logistic regression with binomial errors.

Count and distance explanatory variables were normalised and rescaled by square-root and
loge(x + 1) transformations to improve the fit of models to the data, respectively (Crawley 2007).
All pairs of explanatory variables were screened for collinearity. There were no strong correlations
(r > 0.5) between any of the explanatory variables allowing inclusion of all explanatory variables
in the multiple regressions (Freckleton 2002).

To control for spatial autocorrelation in the response variables, often found in spatially aggre-
gated lekking species (Gray et al. 2007), we added a spatially-weighted autologistic term described in
Augustin et al. (1996) to all models following implementation and assessment of Gray et al. (2007).
The term is a distance weighted sum of the numbers of observation points in squares surrounding
the focal observation point and is calculated as follows:

ki
autologistic term = Zh
j=1 h
where i is the survey point, hj; is the Euclidean distance between the surveyed point and the centre
of the square j, k is the lag distance from i and yj is the presence or absence of a survey point
within the lag distance k.

The optimal lag distance k was estimated by calculating the autologistic term for o m to 2,000 m
in steps of 250 m. Each estimate was then added to the maximum model and the k value that
produced the greatest reduction in deviance was chosen for model simplification. The greatest
reduction was found for k = 1,000 m. We used Moran’s I to test for spatial autocorrelation within
the residuals of the MAMs (Osborne et al. 2001).

To assess the fit of the model to the data and to validate its predictive power, we calculated area
under the curve (AUC) for two separate Receiver Operating Characteristic plots (ROC). This
compares the number of correctly predicted versus falsely predicted points from a set of inde-
pendent data. An AUC value of 50% indicates that the model is predicting no better than random
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while 100% means it is predicted all the points correctly (Osborne et al. 2001). We used the previously
excluded 2004 data points to validate the predictive power of the model for independent data. All
statistics were carried out in Program R v. 2.12.1 (R Development Core Team 2011).

Site attendance model

To investigate the influences of habitat quality and conspecifics on the number of male Great
Bustards at a display site, we used counts from all presence points. After finding the MAM for the
habitat selection model, we used the remaining significant variables to construct a model
which also included the number of females observed at the observation. We further examined the
influence of Julian date on male abundance and added an interaction term for date and female num-
bers. Female numbers are likely to decrease with time as females begin to nest. Following the same
procedure as above, a spatial autocorrelation weighting was calculated for the presence only points. The
optimal lag distance was found to be 3,000 m. Initially, Poisson errors were used, however, the residuals
and variance were not normal and constant, respectively. Therefore we square-root transformed
the response and used Gaussian errors which resulted in normal errors and constant variance.

Results
Surveys

There were a total of 160 observations holding three (or more) male Great Bustards. The mean number
of mature males at a display site per observation was 9.5 + 0.4 males (SE unless stated otherwise,
range 3— 29), and the mean number of females at a display site was 7.9 + 0.7 females (range 0-36). The
largest mixed sex group was 56, an estimated 40% of the HNP’s population in a single gathering.

The display sites were non-randomly distributed within the national park (nearest neighbour:
mean observed = 165.9 m, mean expected = 1,050.9 m, z = -31.3, P < 0.01), and mainly found in
the southern part of HNP (Figure 1). Kernel density estimation with 95% probability of occur-
rence, estimated that two lekking concentrations exist in the southern part of the park, covering
67 km? and 79 km?. The centres of the lekking regions were separated by 11 km. They covered a
total of 8% of the surveyed area (study buffer). As there was spatial autocorrelation present in the
display sites, we could not use traditional bivariate tests of difference in means. Table 1 describes
the data for habitat variables.

Habitat selection

The MAM for habitat selection had two disturbance variables that significantly explained the
probability of male Great Bustard occurrence (Table 2). The model indicated that bustards avoided
human disturbance. Bustards were more likely to occur far from tarmac roads and areas with
fewer dirt roads. There was no significant difference in the explanatory power of the maximal
model and the MAM (ANOVA: df = 6, F = 1.48, P > 0.05). The residuals from the MAM displayed
no spatial autocorrelation (Moran’s I, z = -0.25, P > 0.05).

The ROC indicated that the MAM fits the data well and explained 96.9% of the area under the
curve (Figure 2a). Independent validation with survey data from 2004 showed that the predictive
power was good, correctly predicting 80.7% of the presence and absence data (Figure 2b). There
was no significant effect of disturbance from grazing, or from the remotely sensed variables such
as tasselled cap wetness, greenness and brightness (Table 2).

Number of males

Distance from roads and dirt road density were included in the maximal model. After simplifica-
tion, the MAM indicated that there was a strong positive correlation between the number of
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Table 2. Habitat selection model of male Great Bustard Otis tarda display sites using presence vs random sites
(n = 160 observations). Minimum adequate generalised linear model with binomial errors and controlling
spatial autocorrelation with autologistic term. See Table 1 for explanation of variables.

Retained Variables Beta SE 4
Intercept -5.83 2.18 -2.67%
Distance to road (m) 0.56 0.28 1.99%
Dirt road density (m/kmz2) -0.14 0.06 -2.27%
Auto logistic term 14.89 2.25 6.63%**
MAM deviance 166.85
Removed Variables Order of removal ADeviance®
Distance to cattle (m) 6 3.42
Distance to sheep (m) 5 4.00
Distance to settlement (m) 4 0.48
TasCap wetness 3 0.35
TasCap brightness 2 0.19
TasCap greenness 1 0.41
Maximal model deviance 158.00

*The change in deviance caused by the removal of the variable from the preceding model. Significances indicated as:
P <o0.05% P<o0.01% P <o0.001™**.

males and the number of females indicating the importance of social effects on display site attend-
ance (Table 2, Figure 3). Disturbance and habitat features within the male display sites had no
significant effect on the number of mature males attending (Table 2) and there was no significant
loss of explanatory power by maximal model vs. MAM (ANOVA, df = 4, F = 0.44, P = 0.78). There
was no spatial autocorrelation in the residuals of the MAM, (Moran’s I, z = 0.64, P > 0.05).

Discussion

Differentiating between presence and attendance can give important insights into the mechanisms of
habitat selection. We provide models of Great Bustard habitat preference and we examine the role
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Figure 2. Receiver Operating Characteristic (ROC) plots for Great Bustard habitat selection
minimum adequate model to the data (a), and a validation plot (b) for survey data from 2004 not
used in the analysis.
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Table 3. Predictors of number of male Great Bustards attending a display site (response variable, n = 160
observations). Minimum adequate generalised linear model with Gaussian errors and controlling spatial auto-
correlation with autologistic term.

Retained Variables Beta SE t
(Intercept) 2.53 0.10 24.05%%*
Autologistic term 0.02 0.02 0.85
No. of females 0.19 0.03 6.77%**
MAM deviance 92.90
Removed Variables Order of removal ADeviance®
Dirt road density (m/kmz2) 4 0.54
Julian Day 3 0.25
Distance to road (m) 2 0.12
No. of females*Julian Day 1 0.01
Maximal model deviance 91.98

"The change in deviance caused by the removal of the variable from the preceding model. Significances indi-
cated as: P < 0.05%;, P <o0.01™%; P < 0.001%**.

of additive aggregation for determining attendance at sites. We found that male Great Bustards
avoid human disturbance, and that variation in the number of males attending a display site was
strongly correlated with the number of females. These results have implications for bustard
conservation.

Great Bustards have a lek breeding system and consequently spatial autocorrelation and lek
inertia (extreme site fidelity) are potential problems when studying habitat selection (Augustin
et al. 1996, Lane et al. 2001, Osborne et al. 2001). Incorporation of spatial weighting allowed us
to control for autocorrelation. The term was positive, indicating attraction between the locations
of display sites which were likely to be within the 1,000 m lag distance of each other. Conversely,
there was no spatial autocorrelation in the number of males attending display sites. This suggests
that individuals were not simply congregating on traditional sites or close to them, but that num-
bers were dynamic across the large lekking areas. Therefore, lek inertia was unlikely to affect our
interpretation of the attendance (Lane et al. 2001, Gray et al. 2007).
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Figure 3. The number of male Great Bustards in relation to the number of females, and the pre-
dicting model (continuous line). Petals on the datum indicate sample sizes.
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Great Bustards chose displays sites farther from roads than expected by chance indicating
avoidance of disturbance. This agrees with our a priori expectation as the negative impact of roads
and the direct effect of anthropogenic activities have been seen in other populations (Lane et al.
2001, Suarez-Seoane et al. 2002, Sastre et al. 2009). The bustard family (Otididae) seems to have
a predisposed vulnerability to disturbance, probably due to their predominantly terrestrial life
history and ground nesting (Garcia et al. 2007, Gray et al. 2007, Dutta et al. 2011). Non-lethal
anthropogenic disturbance caused by roads is a growing concern for conservationists as they can
cause anti-predator behaviours such as fleeing, and may carry fitness costs (Miller et al. 1998,
Goss-Custard et al. 2006, Cresswell 2008). Further, excessive disturbance may even lead to com-
plete avoidance of otherwise suitable areas and ultimately altering space use and available habitat
(Morales et al. 2006, Garcia et al. 2007, Speziale et al. 2008). This can be particularly acute for
species with complex breeding systems or species that congregate to breed (Carney and Sydeman
1999, Manor and Saltz 2003). Human disturbance is an important consideration when managing
or planning conservation for a species.

The number of males was strongly correlated with the number of female Great Bustards and
not with disturbance. Positive correlation of males and females on display sites has been found in
other lekking species, such as, the Ruff Philomachus pugnax, Black Grouse Tetrao tetrix and Sage
Grouse Centrocercus urophasianus (Bradbury et al. 1989, Alatalo et al. 1991, Hoglund et al.
1993). Three hypotheses have been advanced to explain the behaviour that leads to these aggrega-
tions. Firstly, the hotspot hypothesis suggests that males will congregate on areas where there are
highest concentrations of females or overlapping female home ranges (Bradbury et al. 1986).
Secondly, the hotshot hypothesis suggests dominant males will attract sub-dominant males which
aim to parasitise successful males (Beehler and Foster 1988). Thirdly, female preference for larger
aggregations of males may provide greater opportunities for comparison. Proving causality and
exclusivity of these hypotheses has been problematic as cause and effect cannot be separated
(Hoglund and Alatalo 1995). However, behaviours that lead to aggregation are unlikely to be
mutually exclusive and will likely operate with feedbacks. For example, overlapping female home
ranges may initiate a display area which is visited by dominant males, thereby attracting sub-
dominant males. Then females from other areas may also visit the larger congregation of males.
Nevertheless, there is evidence that the probability of finding either sex is increased with the
presence of the other.

Behaviours that lead to aggregation through influencing habitat choice can have important
implications for population dynamics and species management. For example, conspecific attrac-
tion positively influences juvenile dispersal and in turn spatial metapopulation dynamics of Great
Bustards (Alonso et al. 2004, Martin et al. 2008). Similar patterns are found across a broad range
of animal taxa, including lizards, birds and mammals (Stamps 1988, Hoeck 1989, Weddell 1991,
Gautier et al. 2006). The influence on population dynamics can lead to aggregation of territories,
empty suitable habitat and increased extinction risk of patches (Ward and Schlossberg 2004).

Beyond considerations of habitat management, conspecific attraction could be used to actively
manipulate spatial distribution for conservation purposes (Ahlering et al. 2010). Experimental
studies have shown that site selection can be influenced using decoys and calls to simulate con-
specific presence (Doligez et al. 2002, Ahlering and Faaborg 2006, Parker et al. 2007, Kappes et al.
2011). For instance, Jiguet and Bretagnolle (2006) demonstrated that Little Bustard Tetrax tetrax
lek location, the number of individuals attending it and the composition of individuals, could be
manipulated with the use of decoy conspecifics. Furthermore, decoys have been successfully used
to aid recolonisation of empty habitats for colonial seabirds (Parker et al. 2007; but see Oro et al.
2011). Smith and Peacock (1990) highlighted the importance of considering conspecific attraction
in reintroductions because the probability of utilising unoccupied suitable habitat is low, leading
to a small number of occupied patches. Although we are not aware of formal testing, Great Bustards
have been known to respond to decoys during hunting (Sowerby 1914), and although at an early
stage, there has been promising use of decoys to influence the display sites of males in the UK
Great Bustard reintroduction trial (pers. obs.).
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We found no effect of human disturbance on the number of male Great Bustards. We suggest
two explanations for this. Firstly, the sites where Great Bustards occur were already high quality
or at least minimally suitable for occupancy. It is likely that when a minimum threshold of toler-
ance is reached, decreasing disturbance has no bearing on the perceived quality of the habitat.
Because the number of Great Bustards was not explained by heterogeneity in disturbance, abun-
dance may be a misleading metric for habitat quality in Great Bustards or other social species
(Vanhorne 1983, Stamps 1988, Skagen and Adams 2011). Strong conspecific attraction suggests
that Great Bustards are vulnerable to an “ecological trap”, whereby individuals remain faithful to a
sub-optimal site and dispersing individuals select a site based on their presence (Székely 1992,
Schlaepfer et al. 2002, Patten and Kelly 2010). Secondly, our proxies of human disturbance may not
have captured the correct biological component. We cannot fully discount this argument, although
note that human disturbance was important in influencing the probability of occupancy.

Conclusions

Here we found that human disturbance influences the spatial distribution of display sites although
the abundance of males at a display site was best predicted by the number of conspecific females.
Social cues are undervalued in conservation biology, and are not typically incorporated into habi-
tat selection models (Fletcher and Sieving 2010). For the Great Bustard, which is experiencing
habitat loss throughout its range and increasing fragmentation, the restoration of unoccupied
habitats may prove futile, if the probability of colonisation is low. Ongoing and proposed reintro-
ductions of the Great Bustard could potentially use conspecific attraction to manipulate habitat
choice and to open up new habitats. Our study therefore adds to the growing evidence supporting
the role of conspecific attraction in habitat choice and highlights its significance in conservation.

Supplementary Material

The supplementary materials for this article can be found at journals.cambridge.org/bci
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