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Overview 
 

Shifts in the geographical distributions of species are 

one of the major ecological impacts of global climate 

change. Current warming is associated with the 

poleward and uphill range expansions that have been 

observed across large numbers of species. These 

‘leading edge’ range expansions support the hypothesis 

that range margins represent the limits of species’ 

environmental tolerances, and this hypothesis underlies 

the relatively simple climate envelope models widely 

used to predict biodiversity impacts of climate change. 

However, this hypothesis equally predicts that range 

retraction should occur at the equatorial ‘trailing edge’ 

margin, as populations are pushed beyond the limits of 

their tolerance and yet there is much less evidence for 

such retractions occurring. The dynamics of trailing 

edge populations are not well understood, exposing a 

major gap in our understanding of climate change 

biogeography.  

 
 

Beech-dominated forest at the species range edge in Vall 

d’Aran, Catalonia, NE Spain. 

 

Several explanations for this disparity between theory 

and evidence have been proposed. There may be long 

time lags for climate driven extinction of trailing edge 

populations, masking an extinction debt from climate 

change. Alternatively, trailing edge populations may be 

locally adapted to their environment and therefore 

equally able to tolerate warming as populations in the 

range core. Alternatively, biotic interactions may be a 

stronger determinant of equatorial range margins than 

direct climatic limitation. Clearly, developing a better 

understanding of the dynamics of trailing edge 
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populations will be crucial for improving predictions of 

the biodiversity impacts of climate change. 

 

This project will substantially advance our 

understanding of how climate influences the 

performance of individuals in trailing edge populations 

and how this translates into population trends under 

climate change. To do this, we will build on an ongoing 

study at the range edge of European beech (Fagus 

sylvatica) in Catalonia, NE Spain. Forty study 

populations have been selected to span gradients of 

geographic marginality (isolated or connected to other 

populations) and ecological marginality (growing in 

benign or extreme climatic and ecological conditions). 

Using a combination of existing long-term data and new 

data collected through field work in Mediterranean 

mountain forests, you will perform advanced statistical 

analysis and construct population models tailored for 

individual populations. This will allow us to project 

future population trends and test whether geographical 

and ecological marginality increase or decrease 

resilience to climate change. 

 

 

 
 

The boundary between temperate beech forest and 

Mediterranean holm oak forest in the Montseny Mountains, 

Catalonia. 

 

Methodology 
 

Study system and existing data: An ongoing 

project led from the University of Stirling has 

established a study system of 40 unmanaged Fagus 

sylvatica populations in Catalonia, north east Spain. 

Catalonia represents the southern or ‘trailing’ edge of 

the species’ European range, but within the region 

there is wide variability in the degree of marginality of 

individual populations. The study populations were 

selected to form a crossed factor experimental design 

of geographical and ecological marginality. 

Geographically marginal populations are isolated from 

other populations (few populations within 5 km). 

Ecologically marginal populations are those in the 

hottest and driest locations, and occur in a 

Mediterranean ecological context (typical 

Mediterranean rather than temperate plant 

communities surround the population). There are 10 

replicate populations for each of the four combinations 

of geographically marginal/not marginal and ecologically 

marginal/not marginal. In each population, data on 

individual trees has already been collected, including 

species identity, size (dbh), long term growth from tree 

rings, mortality and canopy defoliation. 

 

Field work: In the summers of years 1 and 2, you will 

carry out field work at the boundary between beech-

dominated temperate forest and evergreen oak forest 

in the Pyrenees and neighbouring mountain systems. 

Field work will involve re-surveying populations to 

record stand structure, mortality and canopy condition 

and to measure fecundity and recruitment. Climate 

data loggers will be placed at ground and canopy level 

to assess microclimatic differences between adult and 

regeneration niches in addition to working with 

gridded climate data at larger spatial scales. 

 

Statistical modelling: As the basis for population 

models, advanced statistical modelling will be used to 

investigate the relationships between individual 

performance and climate across the different types of 

marginality, using the existing and newly collected data. 

Statistical models will be developed to predict 

individual performance (growth, mortality and 

fecundity) based on climate (seasonal temperature and 

drought measures, including lagged indicators) as well 

as intrinsic tree characteristics (e.g. size) and biotic 

context (conspecific and heterospecific neighbour 

density). Interactions between these effects and the 

types of marginality will be introduced to test whether 

geographical and ecological marginality mediate 

performance. The modelling will exploit generalised 

linear and additive mixed models, in order to 

characterise variability among individuals and 

populations. 

 

Population modelling: Using the performance 

relationships derived from the statistical analyses, 

mathematical models will be developed to predict 

population trends in each population. The population 

modelling will either be performed using the 

framework of matrix population models, integral 

projection models or through individual-based models, 

whichever is deemed most appropriate following the 

earlier work in the project. The models will be 

evaluated using population trends derived from Spanish 

National Forest Inventory plots. From these models, 

future trends for each population will be estimated for 

the current climate and for climate change scenarios. 

Finally, the variability in resilience among populations 

and marginality types will be assessed to test whether 



 

  

marginal populations are more or less vulnerable to 

climate change and to predict population loss and 

retention at the regional scale. 

 

Timeline 
 

Year 1: Literature review and training in population 

modelling using published models for Fagus sylvatica. 

Summer field season in Catalonia. 

Year 2: Field data processing and database 

compilation. Statistical modelling of individual 

performance. 2nd field season. 

Year 3: Population modelling and climate change 

projections. Begin write up. 

Year 3.5 (six months): Final model analyses, 

publication and project dissemination. 

 

 

Training & Skills 
 

You will benefit from training to develop a diverse 

range of complementary skills strongly benefiting your 

career prospects in what is an ever-increasing 

requirement for interdisciplinary working.  

Specific training will be given in: 

1. Use of R for statistical modelling using generalised 

linear and additive mixed models. 

2. Mathematical and computational analysis of 

population models, involving coding in R and use of 

high performance computing clusters. 

3. Field techniques necessary for sampling tree 

populations, e.g. forest inventory, species 

identification, trait measurement, growth 

assessment. 

4. Data management using GIS and database software. 

The supervisory team complement each other in ability 

to deliver project-specific training on field methods and 

tree ecology (Jump and Vilà-Cabrera), statistical 

modelling (Chapman and Vilà-Cabrera) and population 

modelling (Bullock and Chapman). 
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