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Appendix 1 
 

Table A1. Definition of plants traits used in the discriminant analysis and GLM. 

Trait Description 

Size Measured as the projected area of the plant canopy. Palm canopy area was 
estimated as the area of an ellipse (range 0.06–15.8 m2), by measuring the 
minor and major radius of the horizontal canopy projection. 

Neighbourhood Computed with the nearest neighbor statistic. Calculated as the Euclidean 
distance in meters from each plant location to its nearest neighbour. We 
calculated this variable with the R-package spatstat. 

Aggregation We used the Delaunay triangulation function (Lee and Schacter 1980) to 
obtain the minimum area surrounding a focal palm without conspecifics 
(e.g. larger area meaning less aggregation). 

Density Measured as the number of plants within a 42-m radius buffer 
surrounding a focal plant. We used the radius value reported by Jácome-
Flores et al. (2016) from an spatially-explicit analysis of palm spacing. 

No. of 
infructescences 

Number of infructescences in each individual plant. 

Fruits/infructescence Number of fruits in each sampled infructescence. 

Fruits/plant Fruit set (crop size) produced by the plant. 

Synchrony Degree of fruiting phenology synchrony, estimated as the ratio between 
the individual's fruit initiation mean duration and the overall duration of 
the phenophase. The higher the ratio, the greater the coincidence between 
different individuals.  

 



Frugivore censuses 
Censuses are periodically performed by the ‘Natural Processes Monitoring Group’, Doñana 

Biological Station (<http://icts.ebd.csic.es/en/home>) with different methodology depending on the 

behaviour of the surveyed species. For cervids, wild boar and rabbits censuses are performed in 

vehicle-based distance sampling in a transect of approx. 15 km length, three times a year (March, 

June and September). For badgers and foxes they monitored by means of track surveys along a 

sandy substrate in transects 1.5 m width and 2 km length, surveyed from dawn to midday. 

 

Table A2. Relative abundances of C. humilis frugivores estimated in 2012 and 2013 at Martinazo 

and Matagordas within the Doñana National Park (SW Spain). *Density data obtained by using the 

Formozov-Malyshev-Pereleshin formula (Keeping and Pelletier, 2014). Data of mean daily travel 

distance for foxes and badgers were obtained from Macdonald and Barrett (1993) and Cresswell 

and Harris (1988) respectively. Data indicate mean values ± 1SE. 

 

Frugivore species 

Grazed Ungrazed 

Relative abundance 

(ind.·km-2 ± 1 SE) (ind.·km-2± 1 SE) 

Eurasian badger*  

Meles meles 

0.19 ± 0.09 0.29 ± 0.08 

Red fox* 

Vulpes vulpes 

0.27 ± 0.03 0.14 ± 0.05 

Wild boar  

Sus scrofa 

0.19 ± 0.08 0.12 ± 0.05 

Red deer  

Cervus elaphus, Dama dama 

2.85 ± 1.04 3.96 ± 0.66 

European rabbit Oryctolagus cunniculus 0.19 ± 0.06 11.25 ± 2.3 

 



Table A3. Visits and fruit consumption by each frugivore in the two study plots. To obtain 

the quality component (QLY) of seed dispersal we used the transition probabilities results 

of seedling survival experiments by Fedriani and Delibes (2011), Perea et al. (2013) 

Jácome-Flores (2015), Suarez-Esteban (2013) and Castañeda et al. (2017).  

 

Frugivore 

species 

Fruit handling 

behaviour 

Plot Visits /12 day Fruits day–1 QLY 

Eurasian badger 
M. meles 

Legitimate 
dispersers (long- 

distance dispersers) 

Mt 0.042 ± 0.002 1.222 ± 2.870 
0.179 

Mg 0.020 ± 0.002 0.891 ± 2.726 

Red fox 
V. vulpes 

Mt 0.021 ± 0.001 0.250 ± 0.897 
0.179 

Mg 0.004 ± 0.001 0.087 ± 0.412 

Rabbit  
O. cuniculus 

Pulp consumers 
(short-distance 

dispersers) 

Mt 0.142 ± 0.008 0.426 ± 0.939 
0.240 

Mg 0.150 ± 0.00 1.702 ± 3.295 

Rodents  
(A. sylvaticus, E. 
quercinus, M. 
spretus, M. 
musculus, R. 
rattus, R. 
norvegicus 

Mt 0.014 ± 0.001  0.375 ± 1.837 

0.240 
Mg 0.091 ± 0.004 1.534 ± 3.394 

Cervids  
(C. elaphus, D. 
dama) 

Seed predators 

Mt 0.437 ± 0.008 5.732 ± 5.971 
0.011 

Mg 0.096 ± 0.005 1.037 ± 2.229 

Wild boar  
(Sus scrofa) 

Mt 0.090 ± 0.004 2.042 ± 3.999 
0 

Mg 0.004 ± 0.001 0.152 ± 0.729 

 

 



 

 
Figure A1. Discriminant analysis graph for both populations and plant traits. Dots represent 

individual dwarf palms and groups (colours and ellipses) represent the different interaction 

motifs. Black lines in the center of the graph represent the plant traits: density (D), 

aggregation (Agg), fruits/infructescence (F), fruit set (FS), Neighbourhood (Nn), synchrony 

(Sn) and number of infructescences (Inf). Red line represent the only variable estimated 

with the greedy Wilk’s function with a p-value< 0.05 : size of plants (S)  
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