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Overview 
 

Changes in marine management, such as fisheries, may 

alter terrestrial processes through biological vectors, 

such as inland-nesting seabirds and waders that 

transfer coastal-derived nutrients1. The fishing 

industry has been discarding large quantities of 

unwanted fish at sea in the last 60 years and this has 

formed the main food source for, and driven 

substantial population increases of, some seabirds, e.g. 

great skuas2 Stercorarius skua, which are a keystone 

species as both top predator and driver of plant 

community changes through nutrient enrichment. 

However, EU policy is phasing in a ban on fish 

discards (started 2015, complete by 2020), which we 

predict will force a prey-switch for skuas and 

precipitate population declines in species of 

conservation importance3. The current discard ban is 

unpopular with the Scottish Fishermen’s Association 

and further discard policy changes may be expected 

under BREXIT. These high-level policy changes 

provide a unique and timely opportunity to test how 

marine management policy can affect the terrestrial 

ecosystem. We will trace how the impacts of the 

discard ban policy cascade through changes in great 

skua diet, population size and nutrient inputs, and 

model population effects and resilience of other 

terrestrial species to which skuas will need to prey-

switch.  
 

We aim to test 

the overarching 

hypothesis that 

EU fish discard 

ban policy will 

have far-

reaching 

consequences 

on the 

terrestrial 

ecosystem. 

Specifically we 

predict that the 

discard ban will 

result in (i) prey switching by great skuas from 

discarded fish to birds and mammals e.g. puffins, 

storm petrels and rabbits; (ii) sudden increases in 

predation on other birds by skuas will cause an initial 

decline in densities of bird prey species (there may be 

important population level impacts on these species, 

e.g. increased great skua predation reduced a 

population of kittiwakes by 54-85% over a 15 year 

period); (iii) Reduced availability of the main food 

resource (discarded fish, that drove major skua 

population increases in the 20th century) will cause 

initial declines in skua colony attendance and eventual 

declines in skua population densities; (iv) reductions in 

skua nutrient inputs will affect soil-plant processes and 

plant and invertebrate communities and diversity. 
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Methodology 
 

Sites: We have already agreed collaborations with 

SNH and NTS for access to colonies for sample 

collection, and for accessing their information on 

population sizes and breeding success of skuas and 

other prey birds. We have selected 8 sites (from 4 

island) in Shetland, comprising the most important 

pelagic and demersal fishing (and discarding) area in 

Europe and where 90% of skua diet is discarded fish; 

and St Kilda where little commercial fishing (or 

discarding) takes place, i.e. the control site where 

skuas live in their “natural” state, feeding primarily on 

other birds. Data collection: We already hold samples 

on skua diet from all these sites from before the ban 

until now (2014-2018) and this will continue beyond 

the ban (2019-2022), providing a unique time series of 

diet and skua population data before, during and after 

the discard ban process. Field surveys include 

collecting pellets for diet analysis4 and monitoring skua 

abundance at each colony; the agencies record 

breeding success of skuas and other birds.  

 

 
 

To trace changes in the skua nutrient’s “marine fish 

signature” through the ecosystem using stable isotope 

tracing, samples will be collected from skuas (feathers 

from nests), their prey species (feathers from prey 

species nests, skua pellets and faeces) and other 

sectors of the terrestrial ecosystem (plants, 

invertebrates). Diet analysis in lab: pellets will be 

dissected and fish species identified from otoliths and 

vertebrae and seabirds/mammals from feathers and 

fur4. Modelling: A suite of models of increasing 

complexity will be constructed to predict the impact 

of the discard ban on (i) other bird populations due to 

prey-switching by skuas, (ii) skua population decline 

and (iii) consequent changes in marine nutrient input 

into soil/plant processes, plant and invertebrate 

diversity. Model parameter values will originate from 

our skua diet data (from pellet collections), our site 

counts of skua colony attendance, reproductive 

success and counts of other seabird species from our 

end-user and collaborator, SNH, and the literature.  

 
Timeline 
 

Year 1: October-June literature review, analyse 

existing diet samples and data; liaise with SNH; 

generic courses and modelling training; create initial 

theoretical prey-switch and seabird population 

models. July-August Fieldwork - skua counts, diet 

sample collection. August-September Diet and data 

analysis.  

Year 2: October-November Create databases of 

seabird life history data from literature and SNH. 

December-May Model prey switching and seabird 

populations effects; draft paper/chapter. June-August 

field work – measure faeces deposition rates; diet 

sample collection; skua counts. September- October 

diet and data analysis.  

Year 3: October-May Create databases of plant-soil-

invertebrate responses to nutrient change. Models of 

cascading effects of nutrient change down ecosystem; 

draft paper/chapter. June-July Draft text of diet change 

manuscript. August Brief fieldwork to collect and 

analyse final (2022) diet samples. September Add final 

data analysis to draft paper/chapter empirically 

demonstrating diet change due to fish discard ban. 

Year 3.5: October-March Polish the papers/chapters 

already in draft, write Introduction and Discussion 

chapters, submit papers if ready, submit thesis. 

 

Training & Skills The project will provide 

excellent training opportunities for the student in a 

wide range of technical and generic skills. 

At IBAHCM the student will be trained in 

experimental design, stratified survey design and a 

range of field and lab techniques. Of particular 

importance, Lucy Gilbert will train the student in-

house in prey species identification from otoliths and 

vertebrae (fish) and sight/odour (birds) from skua 

pellets.  

At St Andrews, there will be a strong focus on 

training in advanced statistical approaches including 

predictive population modelling.  The student will 

attend formal training courses on advanced statistical 

techniques needed, such as the five day course 

Network Analysis for Ecologists Using R. In addition, 

Sophie Smout will help the student with the exact 

statistical expertise, especially cutting edge 

approaches, needed for this project.  

 

The student will learn many generic skills including 

data management and interpretation, writing and 

presenting their work, and a range of communication 

and KE outputs and types will be strongly encouraged. 

Both partner organisations support a wide range of 

training courses for post-graduate students in project 



 

  

planning and management, statistical analysis, 

conference presentations and writing scientific papers 

among others, including generic skills to broaden the 

options for student’s post-PhD. The student will be 

encouraged to attend relevant lectures and all 

departmental seminars and science events to broaden 

their knowledge and aid in “out-of-the-box” thinking. 

The student will benefit enormously from the 

research, for example, St Andrews CBD is 

internationally recognised for its research expertise in 

marine environments and complex statistical 

modelling of inter-species interactions in these 

environments, including fisheries and predator species.  

Crucially, the student will be encouraged to develop 

their own ideas, and to develop their own research 

questions within the scope of the PhD. Regular 

reviews will take place to monitor the student’s 

progress, including the initial literature review and to 

discuss project planning and issues. Stakeholder and 

end user engagement will be an essential component 

of this PhD, with open liaison with SNH, NTS and 

RSPB from the outset.  

It is important that the student eventually learns to 

lead their own research in all aspects, not only while 

exploring their own scientific ideas but also with 

respect to independent working and time 

management.  
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