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Seabirds have long been used as sentinels for the health of the marine environments since their 
distributions reflect the distribution of marine resources (Hazen et al. 2019). In recent years, movements 
of marine top predators have been used in conservation and management, either for aiding the 
establishment and delimitation of Marine Protected Areas in regions of biological importance (Hindell 
et al. 2020), or to evaluate and manage the impacts of large offshore installations such as windfarms 
(Lieber et al. 2019) on the marine environment. However, in order to correctly interpret the ways in 
which marine top predators relate to their environment, we need to understand the environmental and 
behavioural drivers of their distributions.  
 
Environmental drivers such as sea surface temperature or productivity, and geographical drivers such 
as distance from the coast or bathymetry are the most commonly used to understand seabird 
distributions. However, behaviours such as transfer of information among individuals can also have an 
effect on their distribution at sea. When this information is transferred at sea (local enhancement, 
Thiebault et al, 2014) temporal aggregations of birds occur, regardless of colony of origin and, often, 
species. If the transfer of information occurs at the colony or roost, as it has been shown for some short-
ranging seabird species (Weimerskirch et al. 2010, Wakefield et al. 2013, Jones et al. 2018), the effects 
on the at-sea distribution will be colony-specific.  
 
The most commonly used method to understand drivers of seabird at-sea distribution are species 
distributions models (SDMs). Through SDMs, seabird at-sea positions (obtained from tracking data) or 
counts (obtained from surveys) are aggregated in cells, and then each cell value is related to a set of 
environmental variables. This method is not appropriate to model relationships between individual birds 
since it aggregates individual positions as cell counts. It is also not useful to detect behavioural drivers 
such as information transfer, since these behaviours cannot be expressed as a model predictor.  
 
Spatial point process models aim to analyse the spatial structure in the pattern formed by points in space 
(in this case the spatial locations of seabirds obtained from tracking data). Since the locations of 
individuals in space and time are driven by ecological processes, the point pattern may reflect the 
underlying ecological processes (Illian and Burslem 2017), such as the transfer of information between 
individuals. However, point process modelling is not a common tool in spatial ecology, in part due to 
its complexity and its computational cost. The relatively recent development of the Stochastic Partial 
Differential Equation (SPDE) approach (Simpson et al. 2011) within the Integrated Nested Laplace 
Approximation (Rue et al, 2009, INLA) framework has allowed the efficient fitting of point process 
models in a computationally efficient and accessible way through the R packages R-INLA (Lindgren 
and Rue 2015) and the associated package inlabru (Bachl et al. 2019).  
  
From March to June (2018) I used the Seabird Group grant to support a visit to Prof. Janine Illian at 
CREEM (the Centre for the Research into Ecological and Environmental Modelling) at the University 
of Saint Andrews (Scotland). There, I learned to develop spatial point process models to model the 
distribution of Cory’s shearwaters (Calonectris borealis) breeding at three different colonies in the 
Canary Islands (NW Africa). Data were obtained through GPS tags deployed simultaneously at the 
three colonies during the 2015 chick rearing season.  
 
We detected more spatial segregation than expected by chance between the foraging distributions of 
birds of the three colonies (i.e. birds did not use some of the areas that were accessible to them, thus 
avoiding overlap with birds from different colonies). When we modelled their at-sea foraging locations 
using Bayesian point pattern models, we found that there were at sea hotspots that could not be 
explained by the environmental covariates, suggesting that birds form foraging aggregations driven by 
at-sea transfer of information (local enhancement). In addition, INLA models allowed us to detect a 
spatial structure in the seabird locations that was different for each colony and was not caused by 
environmental variables or local enhancement. We propose that this spatial structure is caused by 
transfer of information happening at the colony as well, which would provide foraging birds with 
colony-exclusive information on foraging areas, thus generating different spatial structures for each.  
 



To date, only one study has studied information transfer events in long-ranging species such as 
Procellariiforms, with complex foraging behaviours (Bastos et al. 2020), using individual based models 
based on a subset of 1-day foraging trips, to detect local enhancement. We hope our study will open a 
new avenue for studying behavioural drivers of at-sea seabird distribution, not by attempting to replicate 
the complicated foraging patterns, but studying instead their consequence, i.e. the at-sea distributions 
of foraging birds.  
 
Figure 1: Cory’s shearwater (Calonectris borealis) breeding in the colony of Veneguera (Gran Canaria, 
Canary Islands). Photo by Raül Ramos. 
 
Figure 2: Segregation among the foraging distributions of Cory’s shearwaters from three neighbouring 
colonies. Birds from Montaña Clara (purple) and Timanfaya (green) foraged mainly to the north of the 
colonies and the Canary Current, while birds from the Veneguera colony (tan) foraged mainly to the 
south. This segregation was more intense than what would be expected at random. Core areas (darker 
colours) and home ranges (lighter colours) from the foraging positions of birds breeding in Montaña 
Clara, Timanfaya and Veneguera. Darker circles mark the location of the corresponding colony. The 
black triangle marks the location of the Concepcion Seamount. Also shown are the locations of Cape 
Juby (a) and the Dakhla Penninsula (b). The inset in the middle plot shows a zoom of the overlap 
between the adjacent core areas of the Montaña Clara and Timanfaya colonies. 
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