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Plastic pollution has been observed around the globe 
and is an ubiquitous threat to the marine environment 
and biota. The larger debris are degraded through 
biotic and abiotic pressures, creating a new sort of 
pollution; Microplastics (MP), referenced to be 
comprised between 5 millimetres and 1 micrometre 
(Andrady, 2011). 
 
Many studies have aimed to produce a global 
quantification of the MPs present in the ocean 
(Desforges, Galbraith, Dangerfield, & Ross, 2014; 
Lusher, Burke, O’Connor, & Officer, 2014; Van 
Sebille et al., 2015), but these are mainly focused on 
open water areas. In 2017 microscopic MP fragments 
were first observed in water samples collected from 
sites around Scotland. 
 
The samples were collected from areas around the 
Scottish coast, weekly in summer and monthly in 
winter. Five sites were selected in the Shetland 
islands and three sites in Scotland. The quantification 
process involved the Utermöhl method (Utermöhl, 
1958) with Hydrobios settling chambers. 
 
Two approaches were used, transect and total counts 
of the chambers. The quantification of the plastic 
particles permitted a comprehensive comparison 
between the different sites and lead to select the most 
probable sources to help future research. A Scanning 
Electron Microscope produced images of the particles 
for further investigation via visual observation.  
 
The high-resolution imaging allowed the increased 
potential of these particles to produce a future 
nanoplastic contamination, to be hypothesised. 
Furthermore, the comparison between the sites 
proposed different explanations of the MP source, 
which demonstrates the need for further 
investigations. Moreover, the current limitations in 
identifying and classifying the type of polymer 
observed restricts the exact determination of the 
sources. 

Further, the presence of this threat around aquaculture 
sites can have an important impact on these principal 
economic resources. A good understanding of their 
abundance and spatial/temporal distribution is 
required to allow policy makers and governmental 
organisations to make the right decisions and protect 
marine economic activities. 
 
This study also highlights the lack of knowledge 
observed throughout the scientific community and 
proposes a different technical tool to study a smaller 
range of MP in nature. 
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The Northern Lighthouse Board (NLB) is the General Lighthouse Authority for Scotland and the Isle of Man. 
NLB operates two multi-function vessels around the coast of Scotland and has a history of co-operation with 
marine scientists to support the economic well-being of Scotland. 
 
The poster will highlight the capabilities and capacity of NLB’s fleet and estate to support scientific endeavor. It 
will show examples of previous co-operations afloat and ashore including hydrographic survey, benthic habitat 
mapping, biofouling, marine mammal monitoring and radar imaging. 
 
Options for engagement will be discussed, including involvement in the MASTS Research Vessel Calendar.
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It is widely acknowledged that marine plastic debris 
is of global environmental concern, and although 
bring considerable societal benefits, their 
inappropriate use and disposal has led to the 
contamination of marine habitats worldwide. 
Amphipods play an important role in the breakdown 
of organic matter on the shoreline and are an 
important food source for marine and coastal fauna, 
such as birds and fish. Here we examined the 
ingestion and shedding of plastic carrier-bags by the 
intertidal marine talitrid amphipod, Orchestia 
gammarellus, a common inhabitant of highshore 
strandline habitats that are frequently heavily 
contaminated with plastic litter. A laboratory 
experiment revealed O. gammarellus shred plastic 
carrier bags, generating an abundance of micro-sized 
plastic fragments (average diameter: 488.6 μm). The 
presence of a biofilm on the surface of the plastic 
significantly increased the amount of shredding, but 
plastic type (conventional, degradable and 
biodegradable) had no effect. Subsequent field 
observations confirmed similar shredding of plastics 
debris in the strandline. Although rates of shredding 
vary according to amphipod density, our data indicate 
that shredding by organisms could substantially 
accelerate the formation of microplastics in the 
marine environment. Our data suggest that under a 
hypothetical scenario, O. gammarellus has the 
potential to shred one plastic carrier-bag into 
approximately 1.75 million microplastic. Due to their 
small size, these microplastics have the potential to 
be ingested by a wide range of organisms. Currently, 

the majority of studies in the field of plastic research 
focus on its impacts at the individual level, whereas 
information on population-level effects are limited. 
Could the presence of plastic in the diet of organisms 
have effects on energy allocation and ultimately 
individual fitness? The environmental and seasonal 
effects on O. gammarellus reproductive biology are 
well studied at the choocen study site, The Ilse of 
Cumbrae, Scotland. Using further laboratory 
experiments we aim to research the changes in O. 
gammarellus feeding rate, alteration in energy 
allocation and use, and it’s consequential impacts on 
fitness (e.g. egg production; egg energy content; 
juvenile survival), when exposed to plastics. 
Measuring deleterious impacts on fitness, in terms of 
reproductive output, could have wider scale 
implication on the population and potentially the 
intertidal ecosystem as a whole. 
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The west coast of Scotland has some of the UK’s 
most biologically diverse waters and hosts a range of 
mobile marine species and habitats. Such 
charismatic species regularly observed in these 
waters include cetaceans (whales, dolphins and 
porpoises) as well as seals and basking sharks. 
Important populations of seabird species breed and 
feed around these coasts.  
 
Collecting data on these species can often be 
difficult and our knowledge about their distribution, 
abundance and behaviour is rarely complete. There 
have been a number of projects collecting data 
across the region over several years. Examples 
include dedicated boat-based surveys operated since 
2002 by the Hebridean Whale and Dolphin Trust 
(HWDT); land- and boat-based surveys of Risso’s 
dolphins in the northern Minch by Whale and 
Dolphin Conservation (WDC); and basking shark 
surveys by Scottish Wildlife Trust (SWT). These 
efforts have contributed to the identification and 
designation of protected sites for some of these 
species. 
 
Complementing these existing datasets, the new 
CalMac Ferries Marine Awareness Programme is 
designed to combine the powers of citizen science 
and industry in order to collect data on marine 
wildlife in west coast waters. Trained volunteers 
travel on the bridge and forward-facing platforms of 
the ferries to record effort-related sightings.  
 
A key benefit of this approach is that the ferry routes 
provide repeatable fixed-line transects, allowing the 
opportunity of regular effort-related surveys to be 
conducted year-round.  
 
Initial pilot surveys for marine mammals were 
successfully run in 2017, carried out by ORCA 
volunteers. Three initial ferry routes were chosen, 
which pass through designated and/or proposed 
protected areas. During the pilot surveys, five 
species were identified with 326 individual animals 

recorded. These surveys have been expanded to a 
full survey programme on the three routes in 2018.  
 
The approach for recording marine bird data for this 
project uses the European Seabirds At Sea (ESAS) 
methodology. To make this suitable for volunteer 
surveyors, JNCC have been working with a number 
of Programme partners to design a mentoring 
scheme to recruit and train volunteers. During 2018, 
a limited number of pilot surveys for seabirds have 
been undertaken across the CalMac Ferries network 
to establish the most suitable routes for future 
surveys. The surveys will be expanded in 2019. 
 
As well as collecting data, the project aims to 
engage with passengers on-board the ferries to raise 
awareness of the marine environment amongst 
visitors and locals across the west of Scotland.  
 
The CalMac Ferries Marine Awareness Programme 
will contribute to a long-term dataset of sightings 
which will help to inform the monitoring of marine 
wildlife inside and outside of protected areas. The 
data will be publicly available, and could contribute 
to a range of research questions and enhance other 
regional and national monitoring programmes. 
 
The project is an example of positive partnership 
work, engaging with citizen scientists to achieve 
greater understanding of our coasts and seas. 
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Marine litter and marine plastics are increasingly 
recognised as a serious pollutant of our seas. The 
Marine Strategy Framework Directive  
acknowledges this by including marine litter as a 
descriptor of good environmental status. In Scotland 
the National Marine Plan and Marine Litter Strategy 
both aim to monitor and manage sources and sinks 
of plastics in our seas. Working with OSPAR 
Scotland has been monitoring the composition, 
amount and spatial distribution of seabed litter in 
order to inform our national and regional policies. 
 

Survey results for the occurrence of litter on the 
seabed are available from the International Bottom 
Trawl Surveys (IBTS). These surveys, although 
primarily designed for demersal stock assessment 
purposes (ICES, 2012), count the number of litter 
items and the mass of litter assigned to standard 
litter categories. A previous report (Maes et al., 
2018) provides information for some of the  waters 
around Scotland. We are undertaking work to 
describe the quantities and patterns of marine litter 
around the entire Scottish coastline.  
 

Litter data from the 2012 to 2017 IBTS cruises 
of the Scottish Government’s marine research vessel 
(MRV) Scotia were collated. Descriptive statistics 
for all litter and also for plastic bags were estimated. 
The statistics comprise: 
• annual average probabilities of recovering at 

least one piece of litter or plastic bag per square 
kilometre (km2);   

• annual average masses of litter or plastic bag in 
grams (g) per km2.  

Average probabilities of recovery were estimated 
from the annual mean number of counted items per 
km2 assuming a Poisson distribution. Average 
masses were estimated as the annual mean mass. 
Ninety-five percent confidence intervals (CI) were 
calculated utilising the non-parametric percentile 
bootstrap (Efron, 1987). 
 

Results for 2017 indicate that, on average, the 
probability of recovering at least one piece of marine 
litter per km2 exceeded 99% and for plastic bag was 
77 % (CI 57 to 89 %). 

Results for 2017 indicate that, on average, the 
mass of recovered marine litter per km2 was 14x103 
g (CI 2x103 to 41x103 g) and for plastic bag was 239 
g (CI 41 to 678 g).  

 
Confidence intervals are wide, consistent with 

the occasional occurrence of a relatively large 
number of items or mass in a haul. (e.g. Fig. 1). 

  

 
Fig. 1. Distributions of number of litter items and mass of 
litter items per haul during 2017. The average area of 
hauls was 66 m2 (2.5 and 97.5 percentiles = 37 and 77 m2). 

 
Our work over the coming year will focus on the 

statistical modeling of spatial distributions. 
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Abstract 

For over 4 decades SOTEAG has continued to look 
after the interests of the environment around 
Shetland’s Sullom Voe Terminal and Port. It is 
recognised globally as a pioneering, world-class 
model of integrated coastal management based on its 
independent scientific monitoring and expert advice. 
The Sullom Voe Terminal is one of the biggest and 
most complex of its kind in Europe, with a high 
operational turnover. As a result, there is the 
potential for large and irreparable risks to the 
surrounding environment. These naturally beautiful 
coasts and seas surrounding Shetland support a rich 
and diverse wildlife, which deserves to be preserved.   

One key focus of SOTEAG’s environmental 
monitoring is the seabird monitoring programme. 
The seabird monitoring programme surveys seabird 
populations across Shetland and has been carried out 
since 1973. Factors such as innate mobile nature of 
birds, migration patterns of cliff-breeding 
populations, winter counts of diving seabirds, 
beached bird surveys, a seabird ringing scheme, and 
their vulnerability to floating oil slicks and illegal 
discharge from passing tankers have all been 
considered when designing the programme. The 
monitoring programme is designed to detect and 
measure both acute and chronic changes in the 
marine and coastal environment and, provide 
assurance that the environmental impact of the 
terminal continues to be monitored.  
 

 
SOTEAG engages with the public through outreach 
activities to increase public knowledge and 
understanding of SOTEAG and increase familiarity 
with the local environment. This interaction between 
interested stakeholders is essential to build on public 
understanding. 

 SOTEAG’s seabird engagement activities focus not 
only on the results but provide an insight into the life 
of a bird monitor. The activities aim to increase 
awareness of the knowledge and skills required to 
monitor the seabirds on Shetland, in potentially 
hazardous conditions. These activities transform 
detailed reports and statistics into accessible, hands 
on activities for a range of ages and abilities.  
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Seagrass ecosystems exist globally and are 
considered one of the most productive and 
economically valuable habitat within coastal waters. 
In Scotland, their important ecological value and 
vulnerability has been recognised by the inclusion of 
seagrass in Scotland’s Priority Marine Features List. 
Seagrass beds are sensitive habitats and vulnerable 
to a range of human induced pressures, including 
their ongoing exposure to marine litter, such as 
microplastics. Orkney has previously been identified 
as having comparable microplastic levels to that of 
urbanised mainland Scotland. In this pilot study, a 
large and dense Zostera marina bed in Deerness 
Sound, Orkney was selected to determine if 
microplastics accumulate in seagrass beds. Using 
systematic sampling methods along a 100m transect 
20 sediment samples; 20 seagrass blades samples; 
biota from the sediment and on the seagrass blades, 
were collected before taking surface water and water 
column samples. Microplastics were extracted from 
the samples using filtration methods, including a 
super-saturated NaCl flotation technique and 
chemical digestion (10% KOH) and visually sorted 
into shape (fibre, flake and fragment) and colour 
categories. Microplastics were recorded in 87.5% of 
biota samples collected and identified in all water, 
sediment and seagrass samples. Furthermore, this 
study has identified the number of microplastics 
recorded within the seagrass bed is statistically 
significant, in comparison to bare sand control sites. 
This may suggest the occurrence of microplastic 
loading in seagrass beds. Therefore, further analysis 
is required to determine the scale and impact of 
microplastic concentrations in Scotland’s seagrass 
beds. 
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Microbial community composition on marine plastic 
particles has been investigated after long-term 
incubation periods (weeks or months), whereas little 
is known about the early stage colonisation process 
(first few hours). Understanding the patterns of early 
stage plastic colonisation is important, because the 
first colonisers may have the ability to influence the 
dynamics of the biofilm and the Plastisphere 
formation. For instance, species with potential to 
degrade plastics require access to the plastic surface 
for biodegradation to occur, and whether this is 
achieved or not will assumingly depend on the initial 
establishment of the microbial community. The role 
of substrate surface parameters in relation to 
environmental factors in the early stages of microbial 
attachement to microplastics is likewise unclear 
(Oberbeckmann et al. 2018).  
 
Here I will discuss results of recent fieldwork on the 
Mallorcan coastline of the Mediterranean Sea, aimed 
at characterising early stage plastic colonisation as 
well as isolating a marine phototroph that is able to 
colonise plastic surfaces. The phototroph we 
discovered will allow us to establish a minimal but 
environmentally relevant, self-sustaining community 
of plastic-colonising marine micro-organisms 
enabling the detailed quantitative study of early stage 
colonisation dynamics within controlled settings. 
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The plastic plague has become one of the greatest 

environmental challenges of our time with 

parliament, media and general awareness at an all-

time high. There are a multitude of journals looking 

into environmental levels and effects of MPs on 

organisms although no standardisation of 

methodology has been adopted (Greven et al, 2016).  

The aim of this study was to investigate the spatial 

variation of MPs in a mussel bed in Musselburgh 

and compare highly populated areas to remote areas 

such as Loch Gilp and West Loch Tarbet on the west 

coast of Scotland. This project also observed the 

rates at which wild mussels depurate Bovine 

solution coated MP. The highest levels of MPs 

found were surprisingly at the edges of the mussel 

bed and not by the outflow pipe. The levels varied 

from 0.15/g to 1.82/g and 0.6 to 8 per mussel. The 

sites at the mouth of the River Esk and Brunstane 

Burn were both the highest (1.82/g and 8 per 

mussel) which suggests the MPs are carried in the 

rivers. As Musselburgh was significantly different 

from both the west coast sites and correlates with 

respective population densities, this reinforces the 

idea that MPs are heavily associated with population 

and anthropogenic factors (Andrady, 2003). 

Although despite being relatively rural, West Loch 

Tarbet samples still all contain MPs (0.2/g and 0.6 

per mussel). The most common MP found was the 

black fibre (52%) with only 3% being particles. The 

FT-IR resulted in 69% PET, 8% PE, 8% PS and 

15% Rayon. As the levels of MPs varied in the 

mussel bed, future environmental sampling should 

be taken at different locations to ensure no bias is 

involved. The depuration experiment resulted in 

MPs decreasing as depuration time increased. For 

MP/Mussel days 1 and 3 were significantly different 

to 0 mins and 2 hours. For MP/g, days 1 and 3 were 

significantly different to 0 and 10 mins. Although it 

has been shown that low levels of MPs in seafood 

are insignificant compared to household MP fallout, 

public perception will still govern how shellfish 

farmers deal with MP contamination (Catarino et al, 

2017). 

 
 

Acknowledgements 
 
Thanks to my supervisor M.Hartl for support and 

H.Barras, Z.Gajda-Meissner, N.Kanase for technical 
support.  

 
References 

 
Andrady, A.L., 2003. Plastics and the Environment. John Wiley & 

Sons, Inc., New Jersey, pp. 13–22. 

Catarino A.I, Macchia V, Sanderson W.G, Thompson R.C, Henry T.B 

(2018) Low levels of microplastics (MP) in wild mussels indicate 

that MP ingestion by humans is minimal compared to exposure 

via household fibres fallout during a meal. Environmental 

Pollution. 227:675-684 

Greven A.C, Merk T, Karagöz F, Mohr K, Klapper M, Jovanović & 

Palić D (2016) Polycarbonate and Polystyrene Nanoplastic 

Particles Act as Stressors to the Innate Immune System of 

Fathead Minnow (Pimephales promelas) Environmental 

Toxicology and Chemistry. 35: 3093-3100 

mailto:zvl1@hw.ac.uk


 

 

  
 

 

Figure 1: Depuration times for Microplastic in Mussels (Mytilus sp.) over time represented as a) Microplastic per 
gram of wet weight mussel tissue and b) Microplastic per mussel. Error bars are standard error. In graph a) 
significance of a time is shown by a red α or * to a black α or *. 0 minutes (*) was significantly different from 1 day 
(p=0.012) and 3 days (p=0.012). 10 minutes (α) was significantly different from 1 day (p=0.02) and 3 days (p=0.02).  
 
Not exposed (†) was significantly different from 0 minutes (p=0.00008), 10 minutes (p=, 1 hour and 2 hours. 0 minutes 
(*) was significantly different from 6 hours, 1 day and 3 days. 2 hours (ß) was significantly different from 3 days. 1 
day (α) was significantly different from 0 minutes, 10 minutes, 30 minutes, 1 hour and 2 hours.  
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Figure 2: Map of sample sites indicating average MP/g at a) Musselburgh (n=13) and b) West coast (n=2). MP 
distribution in Musselburgh indicates MPs are settling at the edge of the mussel bed and that spatial variation is not 
uniform across the bed. Future sampling should be carried out at varied locations in mussel beds to ensure reliable 
results.  
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In November 2017 the European Commission 
contacted the European Chemicals Agency (ECHA) 
to request them to prepare a proposal for the 
restriction of microplastics under the EU REACH 
Regulation.  ECHA held a consultation on the 
proposal of a restriction on microplastics with a 
deadline of 11th May 2018. 

To order to capture all potential microplastic 
substances, applications and other issues, the ECHA 
definition and scope of their consultation was 
purposefully broad with the following working-
definition of a microplastic: 

“Any polymer-containing solid or semi-solid 
particle having a size of 5mm or less in at least one 
external dimension” 

 
On behalf of the upstream oil and gas industry, 

the European Oilfield Specialtity Chemicals 
Association (EOSCA) agreed to collate data from 
OSPAR Contracting Parties and chemical supplier 
and service companies to collate the most 
comprehensive assessment to date of microplastics 
in the oil and gas industry. 

National Contracting Parties with an offshore oil 
and gas industry were asked to provide the reported 
use and discharge figures for all chemicals used in 
2016.  Chemical service and supply companies were 
asked to provide information on the quantity (%) of 
microplastics by product name in their oilfield 
portfolio.  These data were then combined and 
analysed to provide summary data on the use and 
discharge of microplastics. 

 
The analysis of the data showed that in 2016, 

3252 products were used in the North Sea for oil and 
gas exploration and production, and 2439 products 
were discharged.  71% of discharges however, were 
classified by OSPAR as PLONOR (substances that 
Pose Little or No Risk to the Environment, OSPAR, 
2018).  In terms of quantities reported, 910,670T of 
chemical products were used, and 310,359T were 
discharged.   

Initially it was calculated that 487T of 
microplastics may have been discharged based on 
reported figures.  However, during the processing of 
the data it was noted that many demulsifiers were 
being reported as 100% discharged. On a more 
detailed inspection these (whilst polymers that could 
meet the microplastic definition), are actually 
polymers dissolved in an organic solvent, and so are 
likely to remain in the organic phase. As such, they 
are unlikely to be discharged offshore with produced 
water.  This leaves a figure of 102T of microplastics 
that were reported as discharged, <0.05% of total 
discharges. 

 
This paper looks in detail at the data gathered, 

the results of the analysis, and issues arising.  The 
work will be reviewed in light of an updated 
definition and scope from ECHA, due in Q3/2018, 
and will reflect on the effect of a REACH 
restriction, as well as potential OSPAR measures to 
control the use of microplastics in oilfield chemicals. 
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The issues with marine litter and microplastics 
are well known. What is less well known is how do 
we tackle these issues. Much has been said about the 
possible effects of microplastics on marine life but 
first and foremost for Scotlands’ seas it was 
necessary to establish if microplastics were present 
in the water, sediment and biota and ultimately, 
through monitoring, to try and determine if the 
quantities found presented a risk to the marine 
ecosystems. 

 
Sea surface water samples have been collected 

since 2014, biota since 2015 (mainly fish stomachs 
but some shellfish also) and sediments since 2016. 
The sea surface samples were collected using a 333 
μm neuston net mounted on a catamaran swimmer 
body (Neuston Net acc. to David/Hempel Model 
300, supplied by Duncan & Associates, Cumbria, 
England) and the sediment samples as 2 cm surface 
scrapes from a Day Grab. Figure 1 shows the 
catamaran in perfect sampling conditions off 
Stonehaven. 

 

 
Figure 1 Microplastic sampling off Stonehaven 

 
Most work to date has been carried out on the 

sea surface water samples and preliminary results 
for 2014 – 2018 (microplastics per km2) are shown 
in Figure 2.  

 
 As presented at MICRO2016 (Russell et al., 

2017) some of the higher counts were obtained after 
the severe winter storms at the end of 2015 but other 

areas in other years also exhibit higher counts, for 
example around the Atlantic facing coasts of the Sea 
of Hebrides.  

 
Figure 2 Microplastics per km2 in Scotlands’ seas 
(2014-2018) 

 
Future work will be on fine tuning the 

fluorescent tagging method of Maes et al. (2017) to 
look at the gut contents of the collected fish samples 
and also the shellfish and sediments.   
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The microphytobenthos are a diverse group of 
microscopic, photosynthetic eukaryotic algae and 
cyanobacteria (MacIntyre et al. 1996). Although a 
variety of organisms contribute to the diversity of 
MPB, epipelic diatoms are generally the dominant 
members. Diatoms are very diverse, with a large 
number of species inhabiting many aquatic 
environments including planktonic and benthic 
systems. Allogenic ecosystem engineers, such as 
benthic macrofauna, alter the chemical, physical and 
biological properties of estuarine sediments through 
bioturbation (Braeckman et al. 2011). Corophium 
volutator (C.v.) and Nereis diversicolor (N.d.) are 
both invertebrate ecosystem engineers found in 
intertidal sediments that bioturbate the sediment 
through feeding, burrowing and surficial burrowing 
(MacIntyre 1996, Murray et al. 2017). Little is known 
about how differing bioturbation effects the 
biodiversity and community structure of diatoms.  
 
Diatom populations from 5 different treatments were 
compared to investigate the effects of infaunal 
bioturbation. Surface scrape samples were taken from 
5 different benthic microcosm treatments; C.v. only, 
N.d. only, C.v and N.d together, no infauna and 
manual turbation, to allow for observation of the 
diatoms. Samples were cleaned and mounted on 
permanent slides using a novel preparation method. 
The diatom populations in each sample were 
analysed, comparing the presence of individual 
species and their proportions within the populations. 
Statistical analysis in PRIMER provided insight into 
how bioturbation from ecosystem engineers effects 
the biodiversity and population structure of the 
diatom species. 

The results indicate that different modes of infaunal 
ecosystem engineering influence the population 
structure and biodiversity of epipelic diatoms in 
different ways. Manual turbation also influenced 
diatom communities in a different manner to 
bioturbation.  

Our understanding of which factors impact the 
distribution and biodiversity of the 
microphytobenthos is of great importance as MPB 
can contribute up to 50% of the carbon budget of 
estuaries (Sullivan and Moncrieff 1988). This 
investigation is peripheral to an ongoing research 
project which is examining the effects of ecosystem 
engineers on niche construction, with a focus on 
microbial communities.  
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The Scottish Coastal Observatory (SCObs), started 
in 1997, is a network of currently ten coastal 
ecosystem monitoring sites around Scotland, 
providing baseline descriptors of 135 physical, 
chemical and biological parameters [1].  
 
Temperature is recorded continuously at a fixed 
depth at all sites using Vemco© Miniloggers but 
discrete water column measurements are taken by 
CTD deployments at Stonehaven and Loch Ewe.  
Water samples for salinity, nutrients and plankton 
are collected weekly by Marine Scotland Science 
(MSS) staff (Stonehaven) and volunteers or 
contractors at other selected sites. Supporting 
meteorological data are obtained from the UK 
Meteorological Office.  
 
Here we focus on four sites: Loch Ewe (west coast), 
Scapa (Orkney), Scalloway (Shetland) and 
Stonehaven (east coast), all of which with extended 
time series of multiple parameter data-sets. The 
parameters of interest include temperature, salinity, 
dissolved inorganic phosphorous, dissolved silicate, 
total oxidized nitrogen and phytoplankton, with 
associated proxy variables.  
 
Through investigation of the spatial-temporal 
variation of temperature, salinity, nutrients and 
phytoplankton, we examine discrete nutrient events 
in the coastal marine system and the associated 
water column response. Low salinity measurements, 
indicative of freshwater influx, appear to be 
associated with spikes of silicate and chlorophyll. 
While storms and other extreme weather events can 
be observed within the data, the impact on the 
physics, chemistry and biology of specific sites is 
not yet sufficiently characterised.  
 
The continued collection of multiple parameters at 
each SCObs site is important to monitor baselines 
for Scottish coastal waters, e.g. to describe 
“prevailing conditions” for the Marine Strategy 
Framework Directive, and highlight any long-term 
changes e.g. as a result of climate change, but also to 

identify particular events of importance to the region 
throughout the seasonal cycle.   
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Abstract 
Plastic debris in the marine environment is of particular interest, as the issue is one on a truly 
global scale. The ubiquitous presence of micron-sized plastic particles and the knowledge 
that these will break down into ever smaller, nanometre sized particles, has resulted in a surge 
of recent research into nano-plastics. However, the difficulty in detection of nano-plastics has 
made it difficult to predict the specific risks involved in their presence within a marine 
environment. We recently showed that nano-plastics are readily incorporated into marine 
snow (MS) particles as mediated by ‘sticky’ polymeric substances and other particulates. MS 
particles are described as a heterogeneous matrix composed of polymeric substances, such as 
EPS, faecal pellets, invertebrate casts and microorganisms. It is therefore expected that the 
association of nano-plastics with MS would include plastics to the total pool of suspended 
particulate matter in the ocean. Studies to assess the fate and impacts of this pool of MS-
associated nano-plastics, however, are lacking, including the microorganisms found 
colonizing these particles. Since microorganisms, in particular bacteria, are major colonizers 
of MS and contribute significantly to the fate of these particles in the marine water column 
and sediment, we hypothesized this would also be the case for MS-associated nano-plastic 
particles. To assess this, we generated MS-associated nano-plastic particles using natural 
seawater collected from a subarctic northeast Atlantic region and nanometre-sized 
polystyrene spheres. Analysis of the nano-plastic-MS particulates by barcoded 16S rRNA 
gene MiSeq sequencing revealed that the addition of nano-plastics introduced some minor 
variability within treatments with respect to microbial composition. The presence of the 
nano-plastics marginally increased the α-diversity of the community associated with the 
particles, compared to the community associated with MS in the absence of nano-plastics. 
Statistical analysis, however, did not provide substantive evidence to suggest that these 
differences and variabilities were significant. Therefore, while nano-plastics may have some 
minor effect in terms of the diversity of bacteria that colonize MS, it was less than the natural 
variability observed for the microbial communities that colonized non-exposed (no nano-
plastics) MS particles. These results suggest that pristine polystyrene nano-plastics do not 
exert a major influence in altering the bacterial communities associated with MS particles. 
Our current research aims to determine if this is consistent over the long-term (weeks to 
months) and whether the nano-plastics are ingested or susceptible to biodegradation when 
associated with MS.  
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Antarctica and surrounding waters are often 
considered pristine, but may be subject to local 
pollution from tourism, fishing and governmental 
research programme activities (Waller et al. 2017). In 
particular, the quantification of microplastic pollution 
within the Antarctic Treaty area (south of latitude 
60°S) has received little attention (Grondahl et al. 
2009). We examined microplastic particle 
concentrations in sediment samples from 20 locations 
up to 7 km from Rothera Research Station. The 
highest concentrations of microplastic (<5 particles 
10 ml−1) were recorded in sediment collected near the 
station sewage treatment plant outfall. The 
microplastic particles from the sediments were 
diverse in colour, including white and vibrant reds, 
green and turquoise; however, 20% of the particles 
were black or blue. The microplastic particles were 
almost all fibres, commonly 2–5 mm in maximal 
length and <0.1 mm in diameter. The concentrations 
were similar to levels recorded in shallow and deep 
sea marine sediments outside Antarctica (Napper et 
al. 2016). Analysis of the composition of the particles 
showed that rayon, a semi-synthetic fibre, was most 
common (comprised 42% of all the particles 
examined) and found only in samples collected from 
North Cove and Cheshire Island, the two locations 
closest to the research station outfall. The detected 
microplastics had characteristics similar to those 
commonly produced by clothes washing (Woodall et 
al. 2014). Antarctic Treaty Consultative Parties, and 
in particular their Committee on Environmental 
Protection, have yet to undertake comprehensive 
discussions on the issue of microplastics. However, 
given the paucity of studies on microplastic pollution 
within Antarctica, and those near research stations 
and popular tourist visitor sites in particular, we 
would encourage further research on microplastic 
pollution levels and likely impacts to inform policy 
discussion and recommendations on possible 
practical responses. 

This paper contributes to the British Antarctic Survey (BAS) 
Polar Science for Planet Earth (PSPE) Biodiversity, Evolution 
and Adaptation programme and the Environment Office Long 
Term Monitoring and Survey (EO-LTMS) project. This work was 
supported by the British Antarctic Survey Environmental Office 
and The University of Plymouth. The Rothera Research Station 
Marine Team is thanked for assistance with sample collection and 
Laura Gerrish of the BAS Mapping and Geographic Information 
Centre (MAGIC) for map preparation. 
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There is an urgent need to measure the extent of plastic pollution in the environment in order to maximise the 
impact of active research efforts and to inform practical solutions to this global epidemic. Objectively and 
accurately quantifying contamination now, and on an ongoing basis, presents a considerable challenge. I will 
discuss the development of a novel imaging technology adapted from a well established, laboratory-based plastic 
identification technique, for detection and mapping in the environment with a small Unmanned Aerial Vehicle 
(UAV). The imaging system decouples data collection from the influence of an individual operator and thus 
addresses limitations of current sampling techniques, such as effort bias of and the inconsistent application of 
measurement units across studies conducted by different researchers. Digital image capture removes the need for 
time-consuming and nuanced preparation, transport, and extraction of physical samples. Collecting data by 
unmanned vehicle offers additional advantages of increased access to remote locations and reduced survey 
operation costs. Initial technology deployments will test equipment performance in increasingly extreme 
environments, with sites located in Western Scotland and in the Arctic region of Svalbard. 
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Plastic pollution and its ubiquity in natural systems is 
an ever growing issue. As a significant global 
environmental problem, it contributes to biodiversity 
loss whilst threatening human health. As larger pieces 
of plastic debris break down into particles less than 5 
mm in size (microplastics), they interact with the 
environment in an increasing number of ways. For 
example, microplastics have been shown to enter the 
food web via ingestion by filter feeding primary 
consumers. Once in the food web these microplastics 
risk becoming biomagnified and potentially increase 
the complexity of their impact.  
 
While the threat to marine ecosystems is a major 
target for study, less is known of the range of effects 
microplastic pollution has within freshwater 
ecosystems. Therefore in this study we investigated 
the rate uptake of microplastics (fluorescent 
microplastic spheres, 10 µm in diameter) by the 
ubiquitous UK freshwater invertebrate species 
Daphnia magna and its subsequent trophic transfer to 
the common freshwater predator, Notonecta glauca. 
We also measured changes in swimming behavior in 
D. magna after being exposed to contaminated 
feeding environments. 
 
Populations of D. magna were allowed to feed in 
aged-water contaminated with known concentrations 
of fluorescent microplastic spheres at a range of 0, 5, 
50, 500 and 5000 particles per ml. After gut-loading, 
D. magna were placed into tanks with a single N. 
glauca for 3 h to allow the backswimmer to predate 
on the loaded prey. N. glauca were then dissected and 
the microplastics contained counted using fluorescent 
microscopy. A separate set of D. magna populations 
were fed under the same conditions. After removal to 
an uncontaminated observation chamber, they were 
filmed and their swimming distances and turning 
rates quantified.  
 
Our analysis found that there was a significant 
decrease of 30% in D. magna swimming distances at 
the highest concentration. Surprisingly, each N. 
glauca consumed an average of 2 microplastics 
across all trials and as such there was no significant 
difference in the amount of microplastics transferred 

to N. glauca between any of the treatment 
concentrations.  
 
These results illustrate that after exposure to heavily 
polluted environments D. magna is susceptible to 
reduced swimming performance, which may increase 
its risk of predation. As there was very little transfer 
of microplastic into N. glauca, this suggests there 
may be limiting factors blocking the uptake of 
microplastics. Whether these factors are 
morphological or behavioural in nature is unclear and 
identifying these limiters or any other selective 
mechanisms are subjects that may benefit from 
further study.  
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