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Over 16000 tons of sunscreens are used in tropical 
countries annually and their ingredients are released 
into the water either through swimming or via 
wastewater treatment plants1. Suncare products are 
complex mixtures of UV filters, emollients and 
emulsifiers and, given the lipophilic characteristics 
and the resistance against degradation of these 
compounds, they can potentially have important 
consequences on environmental contamination. At 
present, coral reefs are facing multiple stresses as a 
consequence of human activities, and elevated 
seawater temperatures are recognized as the major 
cause of coral reefs decline worldwide2.  

This project aims to assess the impacts of 
inorganic sunscreens, containing titanium dioxide 
nanoparticles (nTiO2) as UV filter, on tropical corals 
in a changing ocean by evaluating the effects of 
inorganic sunscreen formulations on both cultured 
endosymbiotic algae (Symbiodinium spp.) and coral 
hosts under present and projected future ocean 
warming conditions. 

Coral tolerance and recovery to environmental 
stress depends on their endosymbiotic algae3, 
therefore first of all the toxicity of three nTiO2, 
commonly used in cosmetic products was tested on 
Symbiodinium spp. nTiO2 were dispersed in a 
mixture of emollients and emulsifier, to mimic the oil 
phase composition of commercially-available 
sunscreens. Two Symbiodinium phylotypes, known 
for their different tolerance to environmental change 
and stress, were exposed to oil:nTiO2 dispersions at 
both ambient temperature (26°C) and thermal stress 
conditions (32°C) to evaluate growth rate, maximum 
photosynthetic activity and reactive oxygen species 
(ROS) production.  

Two coral species (Seriatopora hystrix and 
Porites sp.) were then exposed to a custom-made 
sunscreen lotion, formulated with one of the nTiO2 
previously tested as UV-filter, to characterize the 
corals’ response at both ambient and warming 
conditions, as predicted by global climate change 
scenarios.  

Sunscreen ingredients induced stress in both 
endosymbiotic algae and coral species. Symbiodinium 
spp. exposed to oil:nTiO2 dispersions showed growth 
reduction, impaired photosynthetic activity and 
increased ROS production, while sunscreen exposure 
severely affected net photosynthesis and respiration 
in both coral species at both tested temperatures. This 
stress is enhanced with warming, indicating that 
sunscreen exposure may exacerbate bleaching 
response in corals ultimately affecting corals’ 
survival in a changing ocean.  

Interestingly, all nTiO2 types produced similar 
effects, and Symbiodinium exposed to high oil 
treatments exhibited the same trends both with and 
without nTiO2 dispersed in the oil phase. Our 
findings indicate that toxicity of inorganic sunscreens 
is likely driven by the oil carrier, a major ingredient 
in all sunscreen products, underlying the importance 
of taking into account oil phase ingredients, along 
with UV filters selection, in developing 
environmentally friendly sunscreens. 
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It is important to understand how anthropogenic 
stressors interact with natural stressors to impact 
wild populations. Persistent organic pollutants 
(POPs) are toxic, ubiquitous, fat-soluble chemicals 
that resist breakdown. They accumulate in living 
tissue and biomagnify up food webs, generating high 
concentrations in top predators, such as marine 
mammals (Jones & Voogt 1999). POPs were 
identified as environmental toxins in the 1970s and 
are endocrine disrupters. They are toxic to the 
immune system, cause skeletal abnormalities and 
reduce fertility. Environmental levels fell initially 
after restrictions on their production, transportation 
and use. However, emissions continue from poorly 
regulated and unidentified sources. POPs remain a 
major risk to marine mammal and ecosystem health. 

 
At subtoxic doses POPs alter energy balance in 

humans and other speces by inducing fat tissue 
dysfunction (Grün & Blumberg, 2009). Marine 
mammals have high POP concentrations in blubber, 
and rely heavily on fat as a metabolic fuel. Their 
survival and reproductive success is dependent on 
healthy fat tissue. They are therefore on the front 
line of energy balance dysregulation by POPs. Some 
studies show POP-induced alterations to expression 
of metabolic genes in marine mammal fat and liver 
(Castelli et al. 2014). However, consequences for 
tissue metabolism and fat tissue function during 
natural periods of physiological stress, such as 
fasting, are unknown. This type of information is 
difficult to obtain for marine mammals because 
whole animal experiments are logistically and 
ethically challenging to perform. 

 
We used explants (small pieces of tissue ex vivo) 

of blubber (Bennett et al. 2017) from wild, grey seal 
(Halichoerus grypus) pups to investigate impacts of 
simultaneous natural (fasting) and anthropogenic 
(POPs) stressors on blubber metabolism. Glucose 

use by the explants was inversely related to blubber 
dioxin-like poly-chlorinated biphenyls (DL-PCB) 
and increased with organochloride pesticides (OCP) 
or acute PCB exposure, irrespective of whether the 
tissue came from feeding or fasting animals.  PCB 
and OCPs transferred to pups during suckling are 
therefore high enough to alter blubber function early 
in life, when fat deposition and mobilisation are 
vital. Such POP-induced alterations may alter 
energy balance regulation in marine top predators 
and impact on their fitness and survival. 

 
 Future work will explore consequences of POP-

induced altered fat function for whole animal energy 
balance. We will also investigate effects on fat 
metabolism, blubber health (including oxidative 
stress) and energy balance of simultaneous exposure 
to pollutants and other stressors, such as heat, 
dehydration, disturbance and disease.  
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Offshore renewable energy developments can 
impact marine mammals primarily as a result of the 
underwater noise generated by the installation of 
foundations. Mitigation is available to prevent 
injury, but the wider consequences of disturbance 
for marine mammals also include behavioural and 
physiological changes. These changes can affect the 
health and vital rates of individual animals which, in 
turn, can translate into population effects.  
 
The iPCoD (Interim Population Consequences of 
Disturbance) model has been developed as a means 
of assessing the predicted impact of marine 
developments on the long term population dynamics 
of marine mammals (King et al 2015). The iPCoD 
framework was developed specifically to deal with 
the current situation, where there is limited data on 
the way in which changes in behavior and hearing 
sensitivity affect the ability of individual marine 
mammals to survive and reproduce. However, the 
model still requires the user to input a number of 
parameters, many of which cannot be easily 
estimated. This includes the proportion of the 
population vulnerable to disruption, the number of 
days of disturbance experienced by the population 
and the proposed piling schedule. 
 
Here we explore the sensitivity of the model to 
changes in these often difficult-to-estimate 
parameters. This work provides a basis for future 
cumulative assessments carried out using the iPCoD 
framework and will also help to identify which 
elements of the interaction between noise and 
marine mammal species have the most important 
effect on population dynamics. Furthermore, we also 
investigate how the iPCoD framework could be used 
to carry out a cumulative assessment of the impact 
of proposed wind farm developments across the east 
coast of Scotland on several key priority species of 
marine mammals. 
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Marine mammals can act as sensors for the 
health of the ecological communities they 
depend on and sentinels of population and 
ecosystem health. Monitoring health in 
marine mammal populations is critical to 
identify and quantify the role of disease, 
trauma and environmental factors affecting 
these populations. It is also often required 
to meet statutory obligations and inform 
strategies for effective population 
management.  
 
Assessing the impact of a single stressor on 
an individual is non-trivial, and quantifying 
how the  individual and interactive effects 
of multiple stressors effect a marine 
ecosystem is, currently impossible. 
Nonetheless assessing the cumulative 
effects of multiple stressors (eg climate 
change, bycatch, underwater noise and 
pollution) is a key issue in marine ecology 
and management. Insights into cumulative 
effects guide decisions about which 
stressors, or combinations of stressors, 
should be mitigated in order to maintain a 
population or ecosystem in a favorable 
state.  
 
A number of stressors can be assessed 
through detailed examination of strandings.  
Systematic and coordinated surveillance of 
marine animal strandings around the UK 
coast has been in operation since 1992. In 
the 27-year period between 1991 and 2017, 

19,186 marine strandings were reported; 
Systematic gross necropsy and, where 
applicable, ancillary histopathological, 
microbiological, diet, life history and 
contaminant burden analysis were 
undertaken on 4285 cases during this 
period. Here we present a summary of these 
long term data and highlight what we have, 
and have not, been able to conclude based 
on these data. In specific, we use the 
example of a mass stranding event, where 
multiple stressors were identified as 
potential factors, and discuss the difficulties 
of attributing causation in these cases. 
Finally, by demonstrating what can 
potentially be established by pathological 
examination of beach-cast carcasses, we 
hope to generate discussion into the value 
and applicability of such long-term 
datasets, and their potential contribution to 
the issue of understanding the effect of 
multiple stressors on the marine 
environment.  
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     Deep-sea habitats are increasingly at threat from 
anthropogenic activities and the multiple pressures 
they cause. To assess the sensitivity of habitats to 
these pressures, the Marine Evidence-based 
Sensitivity Assessment (MarESA) method (Tyler-
Walters et al., 2018) was developed by the Marine 
Biological Association. Until now, this has only been 
used for shallower water biotopes, and there is a large 
evidence gap on deep-sea biodiversity sensitivity. As 
such, JNCC are applying this method to undertake 
sensitivity assessments on the deep-sea biotopes 
listed in the Marine Habitat Classification for Britain 
and Ireland. Information on the effects of a range of 
physical, biological and chemical pressures relevant 
to the deep-sea is being reviewed from existing 
literature, to assess the resistance and resilience of the 
key species associated with each biotope, and 
therefore their sensitivity to those pressures. The 
resulting assessments will provide sensitivity scores 
for each biotope, for the range of pressures, alongside 
a three-part confidence score. These assessments can 
be used by industry, researchers and conservation 
bodies to inform Environmental Impact Assessments 
and conservation advice. 

 
     This presentation will describe the sensitivity 
assessment process and the deep-sea pressures which 
assessments are being undertaken for. The 
preliminary results of selected sensitivity assessments 
to a range of pressures will be presented, alongside 
the key gaps and challenges faced, for which 
discussion will be invited.  
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In today's oceans, organisms are confronted with 

multiple anthropogenic stressors. Since these can 

combine in an additive, synergistic, potentiational or 

antagonistic manner (and can result in nonlinear 

responses), it is important to study multi-stressor 

effects on biota to understand and predict their 

responses6. Here we investigate the single and 

combined effects of anthropogenic noise and 

elevated water temperatures. While a considerable 

number of studies have focused on the responses of 

marine invertebrates to increased temperature, few 

have tested responses to noise, and the combination 

of these two stressors has never been studied for any 

marine species. 

Levels of anthropogenic underwater noise have 

increased drastically over the last century, and man-

made noise is now recognized as a marine pollutant1. 

Marine invertebrates were initially overlooked in the 

field of noise research. Given their omnipresence 

and diverse ecological roles, they are key to 

understanding both large- and small-scale 

ecosystemic effects of noise. There is increasing 

evidence that some invertebrate species are 

negatively affected by exposure to man-made noise, 

but the responses of most species are currently 

unknown. It is necessary to gain relevant 

information for a broad range of species to inform 

regulatory bodies and government of the wider 

effects of noise in the environment, and to advise on 

the development of mitigation strategies1. While 

many mobile animals are deterred away from noise 

sources (e.g. seals2), there are also examples where 

sound acts as an attractant (e.g. biofouling3, larval 

settlement4). Hence, there is potential for applying 

man-made noise as a deterrent or attractant, 

depending on the desired species-specific responses5 

and the specific purpose. 

We chose the urchin Echinus esculentus as our 

model species for our co-exposure experiment. It is 

a potential keystone species controlling the structure 

of subtidal rocky reef communities, with a tendency 

for episodic mass aggregations, and can be a 

significant contributor to the natural soundscape7. If 

E. esculentus responds to noise, this could 

potentially be used for mitigating negative 

ecological impacts of acute urchin aggregations. We 

exposed replicate urchins to randomized 30min 

playbacks of anthropogenic noise playbacks or silent 

controls in large tanks over 48 hours. The 

experiment was repeated in three temperature 

contexts (ambient (AT), intermediate (IT), high 

(HT)) and conducted with urchins (10 per treatment) 

acclimated for four days to the experimental 

temperatures (0.5, 0.2 and 0 °C increase per day for 

HT, IT and AT, respectively). Multidisciplinary 

response parameters are: spine loss, feeding/egestion 

rate, levels of oxidative stress indicators (SOD, 

TBARS, GPx, GSH) and structural DNA damage 

(Comet assay) extracted from coelomic fluid and/or 

gill tissues. The following hypotheses are tested: (i) 

noise alone reduces the urchins' feeding/egestion 

rates, increases spine loss and oxidative stress/DNA 

damage; (ii) temperature alone influences 

feeding/egestion rates (highest at IT, lowest at HT) 

and oxidative stress/DNA damage (increasing with 

temperature); and (iii) feeding/egestion rates are 

lower in HT/noise compared to HT/control, with the 

reverse being true for oxidative stress/DNA damage, 

due to additive or positive synergistic effects of both 

stressors. Data analysis is ongoing. 
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