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Appendix 1 
Vegetation structure description 
Traditionally, cultivation on the study areas in this dry landscape is a two-year rotation system. One 

year the field is cultivated with dry cereals after which the next year is set-aside or sometimes 

planted with legumes which naturally enrich soil nitrogen content. During the first autumn, fields 

which will be planted are tilled and prepared for sowing in winter. Cereals are harvested and left as 

stubble in summer. These fields are ploughed several times until the following year such that no 

vegetation is allowed to grow. Alternatively, they can be left undisturbed as fallows. This traditional 

system creates a dynamic landscape mosaic of small fields (mean ± SD = 2.38 ± 1.02 ha) with 

different agrarian habitats, together with olive groves, vineyards, fruit orchards, and pastures to feed 

livestock (Table A1). 

Here, we present data describing the vegetation structure of the agrarian habitats included in 

the isodar analysis (i.e. cereal, legume crops, young fallows and old fallows; ploughed land is bare 

ground so no information on vegetation structure is provided) to illustrate differences on the 

horizontal and vertical structure among these agrarian habitats. Vegetation structure variables were 

measured between April and June, in three study sites in which bird censuses were carried out: 

Camarma in 2006; Campo Real 2005 and 2006; Valdetorres in 2005, 2006 and 2013. Control 

locations falling inside the study area were randomly established over geo-referenced cartography 

using ArcGis. Five sampling points were defined at each random location,: one at the exact point 

corresponding with the ArcGis generated coordinates and the other four N, S, W and E side of the 

central point, separated by 10 m. The agrarian habitat type was determined in each random location 

and seven variables related with the structure and cover of the vegetation were measured inside a 

quadrat of 1 × 1 m (Table A2). The mean value of the five sampling points was assigned to each 

corresponding control location. 

Young fallows and legume crops had a similar vegetation height and density. Both 

substrates presented the lowest vegetation height but their horizontal structure was denser (Table 

A2, Fig. A1–A2). This vegetation structure favored the conspicuousness necessary for little bustard 
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displaying males (Morales et al. 2008, Fig. A3–A4). Cereal had the highest vegetation height, 

followed by old fallows (Table A2, Fig. A5–A6). The high height of old fallows can be explained 

by the presence of shrubs, which can increase the mean vegetation height (Fig. A5). The height of 

cereal and old fallows was more variable than the height of young fallows and legume crops, which 

indicates greater variation in cereal and old fallows between fields within the same study area or 

between regions. Although cereals have been identified as a habitat avoided by little bustards 

(Morales et al. 2008), its great variability (due to differences on the precipitation regime between 

years, soil nutrient conditions or planting) makes some cereal fields suitable for little bustard use 

(Fig. A3). It is unlikely that vegetation height or density limit the habitat use of the much larger and 

taller great bustard. 
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Table A1. Mean (± SD) surface (km2) and proportion (percentage) of each agrarian habitat inside the MCP (minimum convex polygon) built with 

all little and great bustard observations for each study site and year (CC = Campo de Calatrava). DWC (Dry woody cultures) include olive groves 

and vineyards. Other includes pastures, urban substrate, forest and fruit tree orchards. 

 Campo Real Valdetorres Daganzo Camarma CCNorth CCSouth La Solana 

Study years 2010–2012 2010–2011 2010–2011 2006 2007–2011 2007–2011 2010–2011 

Surface 8.41 ± 0.3 5.73 ± 3.33 5.73 ± 1.57 41.99 11.19 ± 2.25 11.82 ± 3.24 14.33 ± 8.58 

Cereal 42.27 ± 3.09 37.83 ± 16.81 38.02 ± 25.16 25.24 49.56 ± 6.95 35.92 ± 8.43 22.86 ± 4.30 

Ploughed land 18.28 ± 2.57 26.48 ± 10.35 20.9 ± 15.11 22.03 17.78 ± 6.00 7.93 ± 5.91 13.36 ± 2.20 

Young fallow 9.87 ± 1.82 21.28 ± 8.28 19.13 ± 11.33 10.51 13.30 ± 1.58 16.46 ± 16.28 8.52 ± 6.10 

Old fallows 8.17 ± 0.64 7.21 ± 0.83 14.3 ±7.15 11.53 1.83 ± 2.00 14.12 ± 4.86 3.84 ± 0.92 

Legumes 8.15 ± 4.3 0 0 1.64 1.74 ± 1.79 7.00 ± 8.94 0.24 ± 0.34 

DWC 5.59 ± 0.95 0 0 0.36 6.86 ± 0.63 5.35 ± 3.63 37.52 ± 7.99 

Other 1.98 ± 0.24 2.21 ± 1.31 0.74 ± 0.99 9.78 1.38 ± 0.50 11.09 ± 2.11 3.67 ± 2.01 
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Table A2. Mean (± SD) of the vegetation structure variables. 

 Cereal Young fallow Old fallow Legume crops 

Modal vegetation 

height (cm) 

59.31 ± 28.96 25.73 ± 19.40 50.49 ± 28.17 27.54 ± 14.86 

No. of contacts 

below 5 cm height 

1.03 ± 0.72 1.49 ± 0.92 1.44 ± 0.87 1.43 ±1.63 

No. of contacts 

from 5 to 10 cm 

height 

1.05 ± 0.66 1.29 ± 0.70 1.10 ± 0.63 1.97 ± 1.94 

No. of contacts 

from 10 to 30 cm 

height 

2.25 ± 1.15 2.82 ± 2.40 1.77 ± 1.62 2.74 ± 2.04 

No. of contacts 

over 30 cm height 

2.95 ± 2.08 0.69 ± 1.15 1.05 ± 1.41 0.54 ± 0.98 

Green vegetation 

cover 

60.05 ± 31.84 43.00 ± 39.62 32.54 ± 39.52 58.50 ± 38.69 

Weed vegetation 

cover 

4.19 ± 8.57 57.65 ± 25.34 54.78 ± 34.08 5.14 ± 9.97 

*The numbers of contacts were measured using a rod of 0.5 cm diameter placed vertically in the 

center of each sampling point. 
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Figure A1. Young fallow vegetation structure with cereal and several weed species. 

 

 

Figure A2. Legume fields (Pisum sativum). 

 

 

Figure A3. Little bustard male in (a) young fallow and (b) cereal of low vegetation height. 

 

 

© Rocío Tarjuelo

© Rocío Tarjuelo © Rocío Tarjuelo

a) b)

© Rocío Tarjuelo © Rocío Tarjuelo



6 
 

Figure A4. Little (a) and great (b) bustards occupying a legume crop. 

 

 

Figure A5. Old fallow covered with annual species and shrubs (Retama sphaerocarpa). 

 

 

Figure A6. Cereal fields of high vegetation height. 
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Appendix 2 
Isodar analysis 
Table A3. Mean (± SD) overall and regional density of little (number of males per km2) and great 

bustards (number of individuals per km2) inside the MCP (minimum convex polygon). We 

calculated the mean (and standard deviations) gathering the data per study site. Overall great 

bustard density was calculated without the ‘La Solana’ study area. 

Site Little bustard density Great bustard density 

Campo Real 5.60 ± 0.65 7.48 ± 1.22 

Valdetorres 2.56 ± 0.99 20.85 ± 10.76 

Daganzo 2.29 ± 0.21 5.22 ± 1.07 

Camarma 0.50 3.39 

Calatrava North 3.79 ± 1.23 3.93 ± 4.02 

Calatrava South 4.59 ± 0.45 0.38 ± 0.32 

La Solana 2.70 ± 0.97 0 

Overall 3.71 ± 1.51 5.52 ± 6.93 

 



8 
 

Table A4. Results of the little bustard’s habitat isodars evaluating interspecific competition. Three isodar equations were formulated to test for 

density-dependent habitat selection between the preferred habitat (fallows) and each of the secondary habitats (cereal and ploughed land), and 

also between the secondary habitats (cereal vs. ploughed land), in the presence of the potential competing species. Habitat isodars were fitted to 

GLMM with Gaussian error distribution. All models included ‘study site’ as a random effect. Densities of great bustard in the preferred and 

alternative habitats were removed from the models when no effect of interspecific competition was detected. 

Best habitat Secondary habitat Variables Estimate ± SE  DF t-value p 

Fallows cereal intercept 21.78 ± 9.18 10 2.37 0.039 

  little bustard density in cereal –4.09 ± 1.68 10 –2.43 0.035 

  great bustard density in cereal 1.86 ± 0.49 10 3.82 0.003 

  great bustard density in fallows –0.23 ± 0.18 10 –1.31 0.220 

Fallows ploughed land intercept 8.39 ± 5.06 12 1.66 0.123 

  little bustard density in ploughed land 2.25 ± 0.71 12 3.15 0.008 

Cereal ploughed land intercept 3.08 ± 0.91 12 3.39 0.005 

  little bustard density in ploughed land –0.07 ± 0.11 12 –0.2 0.546 
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Table A5. Results of the great bustard’s habitat isodars evaluating interspecific competition. 

Three isodar equations were formulated to test for density-dependent habitat selection 

between the preferred habitat (fallows) and each of the secondary habitats (cereal and 

ploughed land), and also between the secondary habitats (cereal vs. ploughed land), in the 

presence of the potential competing species. Habitat isodars were fitted to GLMM with 

Gaussian error distribution. All models included ‘study site’ as a random effect. Densities of 

little bustard in the preferred and alternative habitats were removed from the models when no 

effect of interspecific competition was detected. 

Best 

habitat 

Secondary 

habitat 

Variables Estimate ± 

SE  

DF t-value p 

Fallows cereal intercept 23.64 ± 

15.47 

12 1.53 0.152 

  great bustard density in 

cereal 

0.35 ± 0.36 12 0.99 0.344 

Fallows ploughed 

land 

intercept 22.04 ± 

14.89 

12 1.48 0.165 

  great bustard density in 

ploughed land 

0.54 ± 0.25 12 2.16 0.052 

Cereal ploughed 

land 

intercept 3.82 ± 1.94 12 1.97 0.072 

  great bustard density in 

ploughed land 

0.37 ± 0.18 12 2.08 0.059 

 

 


