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Overview 

 
Marine (mostly plastic) debris is a global societal issue, 

with an exponential increase in use of convenient 

products in daily life and a lack of efficient waste 

management (Jambeck et al 2015, Galloway et al. 

2017). Large amounts of marine debris (up to 580,000 

pieces km-2) have been recorded and can impact on 

the environment, the economy and the health and 

safety of humans and marine wildlife (Gregory 2009). 

Over 663 marine species have been reported to be 

affected by marine debris, including reptiles, mammals 

and birds, and the issue has been described as one of 

the key threats to marine biodiversity (Secretariat of 

the Convention on Biological Diversity and the 

Scientific and Technical Advisory Panel - GEF, 2012). 

However, while many studies have described the 

extent of individuals are exposed to marine debris, we 

don’t know yet the extent it impacts on demographic 

rates, and thus the significance of marine debris as a 

population-level threat has not been rigorously 

assessed (Avery-Gomm et al 2018). Studies that 

elucidate whether marine debris pollution impacts on 

populations are therefore urgently needed. 

 

It is known that seabirds are particularly sensitive to 

marine debris, where at least 59% of species ingest, 

get entangled in or incorporate into their nests 

marine debris (Wilcox et al 2015). Within the North 

Atlantic the majority of studied seabird species were 

described to ingest marine debris but few were 

studied for nest incorporation (O’Hanlon et al 2017). 

In the North Atlantic the UK, and Scotland in 

particular, is home to international important, but 

declining seabird populations. The reasons for the 

declines are likely manifold and the potential 

population-level threat posed by neither ingestion, 

entanglement nor nest incorporation of marine debris 

has yet been assessed. Incorporation of marine debris 

into nests can be common (80% of nests in a gannet 

colony in Wales contained marine debris with direct 

evidence of entanglement killing birds every year, 

Votier et al (2011)), and is on the increase (nest 

incorporation in a colony of black-legged kittiwakes 

increased by 11% in 13 years, Hartwig et al (2007)). 

The nest is a key functional structure affecting 

reproductive success, and therefore alterations to its 

function may well impact on fitness-related traits with 

potential population-level consequences. Effects of 

marine debris incorporated into seabird nests may 

change the nest’s microclimate and the 

conspicuousness of nests which have not been 

investigated yet at all. A robust quantitative 

assessment of the potential threat of marine debris 

incorporated into nests is, however, currently lacking.  

 

The research proposed here will address this 

knowledge gap by (1) identifying the main sources of 

marine debris incorporated into nests and quantifying 

factors that affect the between- and within-colony 

variation in marine debris incorporated into nests; (2) 

how incorporation of different types of marine debris 

into nests affects key demographic variables using 

manipulation of content of marine debris in nests; and 

(3) from the information of the extent of exposure to 

and the magnitude of the effect on demographic rates 
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of marine debris in the nest, we can then examine the 

population-level effect of debris incorporation into 

nests. The project will focus on gulls (Larus spp.) and 

European shags (Phalacrocorax aristotelis) as both can 

incorporate large amounts of  debris in their nest 

(pers obs, e.g. Fig. 1), their nests are accessible for 

assessment and manipulation of content, and with 

shags we have access to a colour-ringed population 

with known age and experience on the Isle of May. 

This new knowledge will allow us to assess the 

importance of debris incorporation relative to other 

threats to seabirds and help to identify new actions to 

achieve positive conservation outcomes.  

 

 
 

Fig 1. Gull nest containing multiple pieces of debris. 

Inchkeith, Scotland, 2018 ©Danni Thompson 

 
Methodology 

 
Our first objective is to determine whether birds 

selectively incorporate marine debris into their nests 

depending on (a) availability of marine debris in their 

environment, (b) availability of natural nesting material 

in their environment, (c) detectability of debris items 

(size and colour), and (d) age/experience of the nest 

builder. Previous studies have found that selection of 

marine debris for nesting material may not be random 

(Votier et al 2011, Verlis et al 2014) and that nest 

incorporation is more likely to occur at open coastal 

sites with little natural vegetation (Lavers et al 2013, 

Witteveen et al 2017). We will quantify the relative 

amount of all nest material (natural and debris) 

photographically (random point count methodology, 

Kohler & Gill 2006) and by collect material from 

nests. We will also survey the availability of the 

different nesting materials (natural and debris) using 

stratified sampling across habitats nest building 

individuals are likely to visit. In both cases we will 

characterise each debris item by material, type, size, 

colour and likely source of the debris following 

methodology of Cheshire et al (2009) and Tudor & 

Williams (2004). This will be repeated at 10 sites 

along the Scottish coast, which will allow us to 

determine whether incorporation of plastic debris in 

gull and shag nests is driven by the availability of 

natural nesting material (which may be moderated by 

competition through the colony size), availability of 

debris and/or their detectability. We will also 

investigate whether different individuals incorporate 

different amounts of debris depending on their status 

(peripheral vs central nest location), individual quality 

(number and size of eggs) and age (where ringed birds 

are present). This will provide information on what 

numeric and demographic fraction of the population is 

vulnerable to plastic incorporation in nests and under 

what conditions. 

 

Our second objective is to quantify the impact of 

marine debris in nests on breeding success. Seabirds 

incorporate debris of different types, shapes, sizes and 

colours which could have a number of consequences 

for reproductive success: coloured debris may make 

nests more vulnerable to predation, filaments may 

increase nestling mortality through entanglement, and 

sheet plastic may affect moisture and thermal 

properties of nests, which could affect hatching 

success and hatchling quality. Each of these can be 

assessed correlatively by quantifying the amount of 

different categories of debris in the nest 

(methodology as in the first objective) and record 

reproductive success. We will also use an 

experimental approach where we experimentally 

reduce the amount of different kinds of debris in the 

nest and assess the impact on the nest microclimate, 

the rate of heat loss of eggs, and measures of 

reproductive success. Reproductive success will be 

measured as the probability of eggs hatching, the 

weight of young chicks and the likelihood of chicks 

surviving over the period they are associated with the 

nest. 

 

Our third objective is to model the potential impact 

of marine debris nest incorporation on the 

population, based on information gained from the first 

two objectives (the fraction of the population that is 

exposed and the magnitude of the negative impact on 

reproductive success). We will develop population 

models incorporating knowledge of the fraction of the 

population suffering reduced reproductive success, 

together with estimates of survival, to quantify the 

impact on population growth rate. The models will 

use a baseline estimate of survival from the literature 

and also cover assumptions of the potential impacts of 

marine debris on this demographic rate. The model 

structure will depend on the findings from the first 

two objectives, for example whether the extent of 

exposure varies between sites and individual quality of 

breeders or whether the magnitude of the effect on 

reproductive success depends on age-dependent or 

type of incorporated debris. We will also make 

predictions of how predicted amounts of marine 



 

  

debris in the environment in the future may affect 

seabird populations. 

 

Finally, if the work identifies a negative population-

level impact of certain marine debris types we will aim 

to identify specific actions that can reduce the impact 

of that category of marine debris in collaboration with 

our CASE partner. For example what types of plastic 

have the greatest impact and where are they collected 

and therefore what actions can reduce exposure (e.g. 

targeted beach clean-ups; better disposal for 

particular sources of debris). 

 
Timeline 

 
Year 1: Literature review, planning, applying for 

relevant permits and carrying out field work for 

objective 1. 3 months placement with the CASE 

partner to learn current conservation issues and 

solutions with marine debris in Scotland. Data 

analyses and write-up of objective 1.  

Year 2: Finalising data analyses and write-up of 

objective 1. Planning building on year 1, applying for 

relevant permits and carrying out fieldwork for 

objective 2. Data analyses and write-up of objective 2.   

Year 3: Finalising analyses and write-up of objective 2, 

which will establish magnitude of the effects of marine 

debris on reproductive parameters that will feed into 

the population modelling (objective 3), which will be 

the core of year 3. Write-up objective 3. Formulating 

relevant and appropriate conservation actions related 

to marine debris, and finalise thesis write-up up until 

year 3.5.

 
Training & Skills 

 
The student will be based at the Institute of 

Biodiversity, Animal Health & Comparative Medicine 

(Seabird Ecology Group) and CEH Edinburgh who 

both can provide training in identifying intrinsic and 

environmental drivers of seabird population dynamics 

and how to safely and responsibly survey seabird 

nests and breeding success. In addition the student 

will be advised by Dr N. O’Hanlon (Environmental 

Research Institute, Thurso) in effective monitoring 

debris in seabird nests. 

 

The student will require quantitative skills in analyses 

of spatially explicit data sets for which training and 

advice can be provide in-house (advance post-

graduate quantitative skills courses; Spatial Ecology 

Group in Glasgow). Additional advice on population 

modelling will be provided by Jason Matthiopoulos 

(Glasgow). 

 

The student will interact with National Trust of 

Scotland (NTS) who manage a number of important 

seabird breeding sites in Scotland to gain practical 

experience in formulating and applying new 

conservation actions. 
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