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Aquaculture has become the main economic activity 
in Southern Chile since mid 80’s from the last 
century. The target specie is Salmo salar which 
sums up to 70% of the total national production. 
Loose governmental regulations and a self-regulation 
frame set by the very same private investors in the 
early stages of the industry led to an over-
exploitation of the resource, proliferating salmon 
farms all along the coastline with no limits to cage 
fish density. It was not but after the first big outbreak 
of ISA virus (2007) when the Ley General de Pesca y 
Acuicultura (“Fisheries and Aquaculture General 
Law”) was issued. Such law created two types of 
spatial units clustering fish farms under specific 
regulations: a) barrios (“neighborhoods”) hold farms 
with same management protocols and separated 
each other 1.5 miles, alike Scottish “Farm 
Management Areas” or FMAs; b) macrozonas (“large 
areas”) gather two or more barrios together with the 
aim to avoid disease transmission among 
macrozonas with the help of firewalls between them, 
whose Scottish counterpart would be the “Disease 
Management Areas” or DMAs. These regulations 
help somehow to reduce losses due to disease 
dispersion, but since their spatial arrangement (given 
by location, size and firewalls) did not deeply 
considered local dynamics odd incidents still arise 
nowadays regularly. 
 
Instituto de Fomento Pesquero (IFOP) is a Chilean 
government consultant for fisheries and aquaculture 
issues. Since 2014 IFOP is undertaking a series of 
projects to give an estimation of connectivity for the 
whole area where the salmon industry takes place. 
The outcome from connectivity is a tool to sensibly 
determine what sites are sinks and/or sources to 
spread pathogens from/to another sites, so 
eventually we can spot sites of low and high risk. The 
ultimate outcome is a new spatial arrangement of the 
salmon farms within barrios and macrozonas spatial 
management units. 
 
This methodology is mainly based on the advective 
dispersion of 3D field currents of inanimate particles, 

that characterize ISA virus biology only by its span 
life in the environment, life span of 3 days which has 
been deliberately over-estimated to cover the worst 
spread scenario possible. The hydrodynamic is 
resolved by the finite-volume model MIKE3 by DHI of 
regional scale, which is coupled with a particle 
dispersion model. Allocation of the trajectories of 
each particle within a regular grid the connectivities 
are calculated for each spatial unit that define such 
grid, according to the particle horizons (limited by its 
life span) and spread direction (upstream or 
downstream). 
 
After the first 3 stages of connectivity that covered 
successively the X, XI and XII regions of Southern 
Chile, the focus is now set to estimate connectivity 
adding the biological response (death/growth) to 
environmental conditions (temperature, salinity, …) 
of the so far inanimate particles over a range of 
pathogens in a way that their populations can vary 
and so their dispersal flume. Not only ISA virus is a 
concern to Chilean salmon industry but also 
diseases and pathologies caused by Caligus 
rogercresseyi and Piscirickettsia salmonis. Besides 
the adding of biological models coupled along with 
the hydrodynamic one, the next challenge is to 
numerically work out the identification of firewalls, 
that most effectively isolate proposed macrozonas, 
from the result of overlapping the large sets of 
connectivity matrices, overlapping that works a single 
spreading risk matrix given by the number of 
connectivities that each spatial unit stablishes with 
any other spatial unit.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

mailto:pablo.reche@ifop.cl


Mainar et al. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure above: Chilean Management spatial units for 
salmon aquaculture, barrios in red and macrozonas 
in yellow. Left: Southern Chile. Middle top: X region 
de Los Lagos. Middle bottom: XI región de Aysén. 
Right: XII región de Magallanes. 
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Sedimentology and geomorphology have 
traditionally been seen as fields in which physical 
and chemical processes dominate. Even when 
biological processes have been recognised in tidal 
flat landscape, focus has been almost entirely on 
vegetation (e.g., salt marshes, mangroves) or 
sometimes, on microbenthos (e.g., crabs). However, 
microbial communities should never be bystanders, 
because they suffuse all sedimentary environments 
on earth. Under hydrodynamic forces, they take part 
in an impressive range of sediment processes and 
thus exercising a formative influence on coastal 
evolutions. Bio-sediments exhibit more complex 
characteristics than abiotic systems, and lead to 
different modelling methods compared to those in 
traditional settings. For instance, the thresholds for 
sediment initiation and subsequent erosion rates are 
no longer solely related to particle properties (e.g., 
particle size, the most widely used), but mediated by 
glue-like extracellular polymeric substances (EPS) 
secreted by microbes. From this point of view, it is 
easy to understand why sediments in field 
observations behave differently from predictions, 
usually appearing considerably strengthened.  

We designed process studies to isolate the 
temporal and micro-scale spatial variations in 
sediment stability caused by the established EPS 
matrix. Laboratory-controlled sediment beds were 
incubated with Bacillus subtilis for different periods 
before the erosion experiments. We found that the 
bio-bed showed different behaviours in erosion with 
different growth stages. At the first stage (5 days), 
the bed was more easily eroded than the clean 
sediment. With an increase of the growth period, 
bound EPS distribution evolved in vertical profiles 
resulting in bed stabilization. After 22 days, the 
bound EPS was highly concentrated on the surface 
as a biofilm, and extended to a depth of 0.5 cm with 
a relatively high content (> 60 μg/g.DW 

polysaccharide), then decayed sharply at depth. The 
biofilm increased the critical shear stress, 
furthermore, it enabled the bed to withstand that 
threshold for an increased period because time was 
needed to detach the biofilm before eroding the 
sediment. After the loss of biofilm protection, the 
high content of EPS in the sub-layers continued to 
act as biostabiliser by coating and binding the 
sediment particles. Consequently, the bed strength 
did not immediately revert to the non-cohesive 
condition but progressively adjusted reflecting the 
depth profile of the EPS. Our results indicate that the 
EPS mediation in sediment stability may vary with 
the rhythms of microbial growth, and re-profile the 
sediment stability during different stages of 
cementing processes. A conceptual framework for 
sediment erosion is hence put forward to transform 
traditional sediment system to EPS-sediment system. 
It is highlighted that the dynamic variation 
regularities of bio-sediment await to be studied 
under the influences of multiple stressors in coastal 
environments (i.e., tidal and seasonal effects, waves, 
storms, etc.). 

Understanding sediment dynamics has been a 
critical issue for hydraulic researchers and engineers 
for a long time. EPS-sediment systems are 
commonly observed on tidal flats while their 
working mechanisms on sediment erosion have not 
been fully understood. We believe that this 
contribution will benefit the biogeomorphological 
community. 

 
 

Acknowledgements 
 
The related contents have been published on the 

journal of Water Resources Research, 53, doi: 
10.1002/2016WR020105, and more detailed work 
can be found in the manuscript.  

mailto:chenxindi1991@hhu.edu.cn


MASTS: Annual Science Meeting 4-6 October 2017 

 

Machine Learning with Lobsters 
 
Abdallah A. Abdallah1, Kasim Terzic1, Tania Mendo2 and Mark James2 
 
1 School of Computer Science, University of St Andrews, St Andrews, Fife, UK, KY16 9SX 
2 Scottish Oceans Institute, East Sands, St Andrews, Fife, UK, KY16 8LB 
 
Area being submitted to (delete as appropriate):  1) General science session; 
 
Preferred presentation medium (delete as appropriate): (ii) e-poster format. 
 
Are you a student? (Delete as appropriate): Yes 
 
 
 

The European lobster (Homarus gammarus) is an 
important species for the Scottish fishing industry. 
Lobsters are mainly targeted by the small-scale 
fishing fleet (vessels 10 metres and under) as they 
can attain high market prices depending on the 
season. However, current sampling data are 
insufficient for running stock assessments in several 
areas around Scotland. Novel technological options 
for the acquisition of fisheries and biological data 
might complement the data needed to assess these 
stocks.  

In this study, we explored computer vision and 
machine learning algorithms for the identification 
and classification of lobsters. A set of images of 23 
different lobsters were used to form a new dataset, 
including the sex and carapace length of each 
lobster. We applied a number of image processing 
techniques to automatically locate and segment 
lobsters in the images. We then extracted general 
features for each lobster such as size and length, and 
used them to predict the sex and carapace length 
based on a machine-learning classifier. 
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      Carbon nanotubes (CNTs), single-walled  

(SWCNTs) and multi-walled (MWCNTs), are high 

aspect ratio nanostructures with a combination of 

properties making them useful in an increasing 

number of products and applications.  The rapid 

growth in use of CNTs in many applications and 

production processes, is increasing their potential for 

emission to the environment. Investigations of CNTs  

toxicity are complicated by factors such as the large 

variety and synthesis methods, as well as the lack of 

standardized testing procedures, as well as their 

tendency to agglomerate in aquatic systems. The aim 

of the present study was to assess the behaviour of 

CNTs in sediments, where they are expected to 

accumulate, their bioavailability to benthic species 

and their effect on the bioavailability and toxicity of 

other sediment-associated contaminants. CNTs 

(exposed as 500 µgL-1) were recovered and 

confirmed qualitatively using Raman spectroscopy 

(RS). Ecotoxicological effects of sediment-associated 

SWCNTs or MWCNTs (stock suspensions dispersed 

in 0.02% SRNOM (Suwannee river natural organic 

matter)) were investigated by injecting a CNT 

suspension (CNTs 50 µgL-¹, 100 µgL-¹ and 500 µgL-

¹) into seawater (1L) (treatment 1 water spiked) tanks 

containing 0.5Kg of light-coloured washed (three 

times with distilled water and left to dry) play pen 

sand, and the CNTs left to settle onto the sediment. 

CNTs settled down quickly after one hour and 

visually no observable changes in their behaviour 

occurred after 24 – 72 hours. Separate negative 

(sediment/seawater only) and SNORM control tanks 

were prepared in parallel. Healthy cockles 

(Cerastoderma edule) were introduced into the test 

aquaria, left to bury and filter-feed the nephloid layer 

for 72hrs. In order to test whether CNTs could be 

remobilized through bioturbation, an additional 

experiment was conducted where CNTs were mixed  

into the sediment (treatment 2 sediment spiked) 

before adding seawater to give the following  

sediment concentrations of CNTs: 0.1 µg, 0.2 µg and 

1 µg g-1. A suite of biomarkers of exposure were  

studied, including oxidative stress and genotoxicity. 

DNA damage was determined using the Comet assay 

in gill cells and haemocytes. Oxidative stress in gills  

was assessed using the SOD and TBARS assays. The 

results obtained showed both types of CNTs were 

toxic at all concentrations tested compared to the 

controls. There was a significantly increased DNA 

damage in gill cells and haemocytes and oxidative 

stress in gill cells exposed to concentration of CNTs 

≥100 µgL-¹ (Figure1). However, SWCNTs were 

generally significantly more toxic than MWCNTs. In 

general, CNTs mixed with sediment were less toxic 

than CNTs applied to the sediment surface, reflecting  

the feeding behaviour of cockles. Work is currently 

ongoing to determine the interaction of CNTs with 

dissolved metals (Cd and Zn,) in the aquatic 

environment, the degree of bioavailability to cockles, 

and their respective individual and combined 

toxicological effects. 

 
 

 
 
 
 
 
 
 
 
 
 

 

 

 

 

 
Figure 1: DNA damage in treatment 1 and 2 in cockles gill and 

haemocytes. 
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Low-frequency sound levels (10 – 500Hz) 
in the oceans, have increased by at least 100-fold 
globally over the last century, predominantly caused 
by the growing number of commercial vessels. It is 
now known that moderate noise can provoke startle 
responses and mask important sound information, 
whilst high level noise can damage the auditory 
systems of fish and cetaceans, leading to legislation 
such as the Marine Strategy Framework Directive, 
citing underwater sound as a pollutant of concern.  

In comparison to vertebrates, there are few 
peer-reviewed studies of the impacts of noise on 
invertebrates. Of these, even fewer have focused on 
embryos or larvae stages, even though they have 
been shown to be more vulnerable than adults to 
stressors such as dissolved heavy metals, low 
salinities and temperature increases. Environmental 
stress tolerance in early life history may be 
particularly important to an individual's fitness, and 
has been suggested to be a bottleneck for 
reproductive success and recruitment for marine 
species with a larval phase. 

We conducted a controlled laboratory 
experiment to investigate whether and how ship 
noise, played back throughout the larval 
development of Nephrops norvegicus affects the 
development of its larvae. Three different ship 
recordings were used, in combination with 
respective ambient noise recordings taken in same 
three locations. One treatment consisted of ‘busy’ 
ship noise exposure: 15 minutes noise exposure 
followed by 15 minutes of ambient noise playback, 
repeated for the duration of larval development. A 
second treatment involved ‘occasional’ ship noise: 
15 minutes of ship noise, played randomly within a 
two-hour time slot, with the remaining time made up 
of ambient noise, repeated for the duration of larval 
development. A control treatment received constant 
ambient noise. Sample sizes for each treatment were 
n=82. At the zoea-I stage, neither treatment affected 
development time to the next stage in comparison to 
the control. However the duration of the zoea-II 
stage was significantly longer in the ‘busy’ 
treatment. Than in the other two treatments. The 
average duration of the final zoea-III stage, until 

metamorphosis to post-larvae, was significantly 
longer in both the ‘busy’ and ‘occasional’ treatments 
in comparison to the control, with the ‘occasional’ 
treatment showing the greatest delay.  

Our results are the first to our knowledge to 
demonstrate that anthropogenic noise has the 
potential to prolong the larval phase of decapod 
crustaceans. In the wild this would increase the risk 
of predation by planktivores which is generally 
considered to be high. The fact that ship noise 
playbacks only affected the duration of the later 
larval stages of N. norvegicus suggests that a longer 
term exposure is required before observable effects 
on developmental timing arise. Alternatively, it 
could be possible that the later larval stages are 
particularly sensitive to ship noise playbacks. The 
significantly longer duration of the zoea-III stage for 
larvae reared in the ‘occasional’ treatment compared 
to the ‘busy’ treatment suggests that the regular 
timing of the ship noise exposure allowed the larvae 
to attenuate to these conditions, whereas the random 
timings of the noise exposure in the ‘occasional’ 
group did not allow attenuation to the same degree. 
These results have implications for methods used in 
future noise experiments and may highlight a 
potential for noise playback experiments to 
underestimate the likely effects of noise if they 
utilize a regular noise exposure regime. 

Analysis of size, behaviour, metabolic rate, 
L-lactate and  CN composition of the early-juveniles 
14 days post-moulting is currently being conducted 
to generate additional information on the effects of 
noise on the “performance” and “quality” of early-
juvenile N. norvegicus on the individual level. 

The results obtained so far highlight the 
need to investigate the responses of invertebrate 
larvae, including crustaceans, to noise. It is not clear 
(and rather unlikely) that results can be reliably 
extrapolated between species, so a wider range of 
ecologically/commercially important invertebrate 
species deserve further study.  
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In coral reefs ecosystems, scleractinian corals act 
as structural obligate ecosystem engineers (Berke 
2010). By building three-dimensional frameworks 
with their own physical structures, they provide 
shelter and food for corals themselves and the 
associated fauna and flora. In the process, they 
increase environmental heterogeneity and enhance 
diversity and species richness (Graham and Nash 
2013), but the extent to which different 
morphologies or coral assemblages offer diversified 
environmental niches is still undetermined. The use 
of high-resolution and high-frequency 
environmental data sampling within small areas of 
reefs can quantify local differences in the variables 
describing niches. 

Flow is one of the most relevant variables 
defining coral niches (Madin et al. 2014), but 
detecting its variation around coral colonies in the 
field is still a real challenge since there are not 
ready-to-use solutions from the market. For this 
reason, a tailored network of flow sensing units is 
here proposed to detect flow variability in coral reefs 
and overcome this methodological gap. The design 
is inspired by seals’ whiskers and exploits 
accelerometers versatility minimizing the size of the 
sensor units. This gives the possibility of recording 
data simultaneously in several locations, reaching 
small and protected portions of the reef. The 
prototype as work-in-progress is presented along 
with the preliminary results from its calibration, 
highlighting the benefits of this approach and 
discussing future deployments in the field. 
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The northern blue whiting is a mesopelagic fish 
of great importance within the North-East Atlantic. 
However, large stock fluctuations have occurred in 
the last two decades, and the need to manage this 
stock sustainably raises important questions about  
its population dynamics. In this study, we synthesize 
the main results of previous studies, and provide 
suggestions for future investigations. 

 
According to these studies, the huge stock 

fluctuations are related to the recruitment of first-
years. The success of this recruitment is highly 
affected by changes in the environment, especially 
on the spawning grounds, west of the British Isles. A 
potential linkage with the strength of the subpolar 
gyre is highlighted. This circulation process directly 
impacts the physical conditions on the spawning 
grounds. Moreover, the larval dispersal is also 
affected by the subpolar gyre dynamics. This raises 
the question about the importance of the subpolar 
gyre effect on first-year recruitment. 
 

As a consequence of the hydrodynamics on the 
spawning grounds, larvae drift either north to the 
Norwegian Sea, or south to the Bay of Biscay. The 
potential existence of two populations, instead of 
one single population, is highlighted in many recent 
studies, but still needs some proof to be completely 
approved among the scientific community, and then 
to be included in future fishery management 
policies. Our ongoing modelling project will enable 
us to bring new insights to these questions. 
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Abstract 

For 40 years, 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. 
Today, SOTEAG’s role remains both relevant and 
essential – not only to assure the preservation of 
Sheltand’s natural heritage, but also to share with 
the rest of the world its experience of 
environmentally responsible industrial activity in a 
distinctive cultural setting and sensitive natural 
environment. 
 
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.   

SOTEAG’s Monitoring Committee plays a key role 
in monitoring these risks and therefore maintains the 
health of wildlife in Sullom Voe. The Committee 
designs and manages a series of extensive 
environmental monitoring programmes that are 
carried out by scientific institutions and 
consultancies from across the UK. The programme 
is designed to detect and measure both chronic and 

acute changes in the marine and coastal 
environment. 

These monitoring programmes provide ongoing, 
independent assurance to the people of Shetland that 
the environmental impact of the terminal continues 
to be monitored. It provides an unambiguous, 
independent check of the marine and coastal 
environment. 
 
SOTEAG’s engagement aims 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, and 
therefore SOTEAG’s engagement aims to provide 
opportunities for learning at any age. Through 
engagement, SOTEAG and the public participate in 
discussions, where both parties gain knowledge and 
understanding. Questions and concerns can be better 
understood through hands on activities that make 
SOTEAG’s work more relevant to society. 
SOTEAG’s increase in public engagement, 
particularly social media, aims to increase 
environmental awareness globally, to an audience 
that would otherwise not be reached.  
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In recent years, the Arctic regions have become 
the centre of interest for various economic 
developments1. As a result of climate change and 
global warming, the Northwest east passage has 
become a viable transportation route1. Furthermore, 
it has been estimated that nearly one quarter of the 
world’s undiscovered hydrocarbons deposits are 
located in the Arctic1. Licenses for explorations have 
since been allocated in various area of the arctic, 
including offshore Nuuk, southwest Greenland2. The 
prospect of significant economic development 
linked to oil and gas exploration and eventually 
production as well as increased marine cargo transit 
has, however, increased concern over the risk of 
environmental damage to the marine environment, 
particularly important to the local culture3.  

Greenlandic coastal environments are still poorly 
known. Greenland coastline is about 40,000 km long 
with significant numbers of islands and fjords3. High 
local variability in water currents, food availability 
and freshwater input between location and between 
seasons mean that strong differences in benthic 
communities can be observed3. Furthermore, it has 
been estimated that 75% of the animal species 
present in Greenland are marine invertebrates the 
majority of which are benthic species3. Identifying 
marine benthic species present in Greenland and the 
development of an environmental baseline will help 
better understanding Artic benthic ecosystems. 

This poster will present new outcomes of the 
CALVE expedition that took place in July-August 
2016 around Nuuk.  

Sponges (phylum Porifera) were collected during 
successive dives on coralline algae beds (maerl) and 
kelp forests in the vicinity of Nuuk at 6-10 m depth. 
Specimens were brought back to Heriot-Watt 
University and sponge spicule slides for each sample 
were prepared using the nitric acid tissue dissolution 
technique. Nine species of sponges were identified 
encompassing two of the Porifera classes: 
Demospongiae (8 species) and Calcarea (1 species). 
 

 

 
The sponge species present differed greatly 

between dives with the great majority of the species 
found associated with kelp forests. Only one species 
was found associated with the maerl bed and only 
one specimen of this species was collected during 
the expedition. Furthermore, the abundance of 
sponges associated with kelp forests was also very 
variable between dive sites.  

Although this study does not aim to give an 
exhaustive list of sponge species present in the 
vicinity of Nuuk, it is to our knowledge the first 
attempt to describe the sponge diversity in coastal 
environment in southwest Greenland.  
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Anthropogenic noise has now been widely 
recognised as a pollutant in the marine environment. 
Legislation has been created around the world (e.g. 
Marine Strategy Framework Directive 2012, 
Descriptor 11 and IMO MEPC.1/Circ.833) to address 
the rise in underwater noise levels, and to identify its 
effects on marine organisms. . Invertebrates have 
received limited attention regarding their responses to 
anthropogenic noise, despite their importance in 
marine ecosystems and food webs. Preliminary 
evidence suggesting these animals can be very 
sensitive to noise calls for further studies in this 
context (e.g. reports by the Convention of Biological 
Diversity and OSPAR). 

Here, we conducted controlled laboratory 
experiments to investigate how short term (two hour) 
playback of ship noise affects the European lobster, 
Homarus gammarus. The aim was to provide 
information on a behavioural response of H. 
gammarus to anthropogenic noise playbacks. 
Specifically we tested whether the animals move 
away from, or towards intense noise exposure, or 
showed no behavioural change in response to this 
noise. 

A seven metre long, two metre wide tank at St 
Abbs Marine Station (St Abbs, Berwickshire, UK) 
was arranged to present ship noise playbacks, through 
speakers, in a gradient along the tank’s full length. 
Throughout the two hour exposure to ship noise 
playbacks, individual lobsters were filmed by four 
adjacent night vision CCTV cameras each covering 
an exposure zone encompassing a quarter of the tank 
area. The tank area was additionally lit with six 
infrared spotlights allowing exposure at night when 
lobsters are most active. Two experimental runs, each 
testing 10 animals exposed individually, were 
performed, one in summer, and the second in winter, 
to reveal a seasonal influence on the lobsters’ 
responses to noise exposure could then be measured. 
In winter, an additional hour of filming took place 
before the onset, and after the end of noise exposure, 

and the data analysed without (as in the summer 
exposure) and with this additional time. 

Our results show that noise can change the 
behaviour of the lobsters. During the summer 
exposure, they spent significantly more time in the 
zone with the lowest noise level (93% vs 2%) than in 
any other zone within the tank. During the winter 
exposure, the pattern was similar, although non-
significant (41% vs 22%), when considering the data 
collected during the noise exposure only (as in 
summer). However, inclusion of the proportional 
time spent in each zone one hour prior to the onset of 
noise exposure, revealed a significant movement 
away from the highest noise zone (34% to 22% in the 
high noise zone, and 22% to 41% in the low noise 
zone). 

Here, using behavior (i.e. movement) as a 
response metric, it was shown for the first time that 
noise affects the European lobster. The observed 
seasonal differences are likely linked to the lobsters’ 
internal drive to find shelter during winter. This urge 
seems to have had a stronger influence over the 
animals’ behaviour than the desire to avoid high noise 
levels.  

Potential displacement of lobsters from their 
normal territory in a real-world scenario would force 
them to seek a new (less noisy) territory. This would 
decrease lobster abundance (and fishery yields) in 
formerly populated areas, and increase competition 
between individuals in preferred habitats Field 
experiments (with and without shelter), as well as 
longer-term exposures are now needed to fully 
comprehend the effects of anthropogenic noise on 
lobster behaviour, and the implications thereof. 
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