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Overview 

 
 

A Laminaria digitata forest 
 

Background: Kelp forests are amongst the world’s 

most productive and extensive habitats, rivalling the 

productivity of tropical rainforests. Kelp is a 

‘foundation’ species, actually forming the habitat for 

the community of species that live in kelp forests.  As 

a foundation species, kelp underpins entire coastal 

ecosystems and forms the basis for coastal resources 

providing essential ecological goods and services (e.g. 

commercial fisheries, nutrient cycling and shoreline 

protection). However, the mechanisms by which the 

diversity and function of these communities are linked 

to the diversity of foundation species (both within and 

between species) are not well understood.  Work in 

the newly emerging fields of ‘eco-evolutionary 

dynamics’ and ‘community genetics’ is showing that 

evolutionary and ecological processes can operate on 

the same short (e.g. decadal) time scales as those 

most relevant to conservation and management, 

implying that understanding how these processes 

interact is essential for effective management1.  Recent 

studies have shown that genetic variation in 

foundation species of plants (such as a forest tree 

species) can be an important driver of ecosystem 

species diversity, and of genetic diversity for individual 

community species2, but most of these studies have 

been in terrestrial ecosystems.  Genetic diversity is 

known to influence ecological processes including 

productivity, resilience and competitive ability (e.g.3,4).  

At the same time, effective population size (Ne), 

natural selection and the degree of connectivity 

among populations influence the level and patterns of 

biodiversity.  

 

 
 

Blue rayed (Patella pellucida) limpets on a kelp frond 

 

Objectives: The primary objective of the study will 

be to better understand the mechanisms that 

determine community structure in coastal marine 

ecosystems.  To that end the student will address 3 

key questions:  

(1) Will the levels of genetic diversity for the foundation 

species and its associated fauna covary?  

(2) Does the genetic diversity of foundation species 

influence the level of functional and species diversity in 
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marine communities or is this instead primarily determined 

by ocean circulation?  

(3) Do biotic interactions among species influence the 

genetic structuring of variation in individual species at loci 

under selection? 

 

Novelty and broader context: An improved 

understanding of the interdependencies among 

community species in the context of environmental 

factors will facilitate more effective conservation and 

management, e.g. towards understanding the impact 

of loss of habitat-forming (‘foundation’) species on the 

genetic diversity and therefore resilience of other 

species within the community. It will advance our 

understanding of the evolution, maintenance and 

function of biodiversity in these important and highly 

diverse coastal marine ecosystems at risk from 

anthropogenic environmental change. Ocean warming, 

in particular, may alter present day associations and 

interactions through the reshuffling of these 

communities because responses to climate change 

may vary among foundation species and associated 

community members. The student will integrate data 

on population genetics, community structure and 

abiotic factors to better understand the mechanisms 

that govern the evolution of species in the context of 

the communities they live in.  This will provide 

inference that is at the cutting edge of research in 

evolutionary biology, and largely lacking for marine 

ecosystems. 

 
Methodology 

 

 
 

Laminaria digitata forest at low tide 
 

The student will study genomic diversity for one 

foundation species (Laminaria digitata) and 3 associated 

herbivore species (all gastropods with varying levels of 

dependency on L. digitata). This will include Patella 

pellucida, a limpet that lives primarily on the fronds of 

kelp, grazing along the surface.  Genome sampling 

(ddRAD5) will be used to assess diversity and 

connectivity among putative populations at 1000s of 

single nucleotide polymorphic (SNP) markers 

comparing 4 putative populations per species. These 

data will provide information on population structure, 

effective population size, local diversity and directional 

patterns of gene flow, and comparative levels of 

neutral and functional diversity between host and 

community species. This will also permit the 

identification of loci putatively under selection and a 

test of the hypothesis that a relationship between 

host and community species diversity is strong at 

functional loci.  Inference for these comparisons 

requires genetic differentiation among the foundation 

species populations included in the study, and 

differences in the level of diversity.  Although not yet 

tested across the species range in the UK, varying 

levels of diversity have been reported among 

differentiated L. digitata populations in Britany 30-

60km apart6.  In addition to genetic diversity, the 

diversity of species communities inhabiting kelp host-

fasts will be compared among populations.  Bayesian 

models will be used to help assess the relative 

influence of biotic (e.g. the interaction between 

community and host species) and abiotic (e.g. ocean 

circulation) factors on patterns of genetic diversity.  

The study will be conducted in a region where ocean 

circulation models and data are available, and all 

species to be sampled are easily accessible within the 

intertidal zone (see image of forest at low tide).

 
Timeline 

 
Year 1: the student will research the background 

literature, be trained in relevant methodologies, 

undertake sample collection trips in the field, and 

work on DNA extraction.  

Year 2: RADseq library construction and sequencing 

and initial bioinformatics.  

Year 3: Further bioinformatics, statistical analyses, 

data interpretation and thesis writing.  

Year 4: Final analyses and writing of thesis and papers 

and writing.  Funding through 3.5 years.

 

Training & Skills 

 
The student will receive training from the supervisory 

team in next generation sequencing and the associated 

bioinformatics and statistical analyses, on the ecology 

of intertidal kelp forest communities, and on 

biodiversity census data.  The student will also be 

integrated into the departmental and IAPETUS 

training programs which provides a breadth of short 

training courses and the opportunity to develop 

valuable generic skills.  
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Further Information 
 

Please contact Rus Hoelzel or Oscar Gaggiotti for 

further information. 
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Annex 1 // Additional Administrative Information 
 

 

Principal Disciplinary 

Theme (s) 

 
Tick the relevant box(s). 

☒  Global Environmental Change 

☐  Geodynamics & Earth Resources 

☐  Carbon & Nutrient Cycling 

☐  Hazards, Risk & Resilience 

☒  Biodiversity & Ecosystem Resources 

 

 

Total of Amount of RTSG Requested: £11,000 
 

Justification for RTSG Request: 

We would require 4 sequencing lanes (£7,600) for the four focal species, each sampled across four 
populations, together with consumables for next generation DNA sequencing libraries and QC (£1600) and 
£1800 for sample collection and DNA extraction.  £3000 CASE support would be budgeted for visits to St. 
Andrews and Marine Scotland in Edinburgh (CASE partner) and for per diem while working there on 
statistical and oceanic current modelling. 
 

 

CASE Partner Contributions & Other Relevant Information: 
In discussions with Marine Scotland about CASE support with Dr. Alejandro Gallego as our CASE partner providing 

a focus on oceanic current analyses to integrate with statistical modelling on the drivers of population structure. 

Where possible, a letter of support from the named CASE Partner should be provided to IAPETUS. 

 

 

If part of an Integrated Studentship Network (ISN), please list the linked projects (title and 

principal supervisor): 

[Add] 

 

 

Any other relevant information: 

[Add] 

 


