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EE2. Receptors and Stressors



▪ Receptors

▪ Marine mammals

▪ Fish

▪ Birds

▪ Benthic environment

▪ Humans
• Commercial Fisheries

• Tourism and Recreation

• Socio Economics

What will be covered in this module

▪ Stressors

▪ Collision risk (Tidal turbines)

▪ Underwater noise

▪ Electromagnetic fields

▪ Habitat change

▪ Socio economic change



Receptors



▪ Cetaceans and pinnipeds

▪ Basking shark and sea turtles and otters

▪ Many species have legal protection

▪ Many species have wide ranges and 
migration routes

▪ Many species have defined sites of 
reproduction, protection of young, and 
feeding

Marine Mammals



▪ Resident populations

▪ Migratory populations

▪ Breeding areas 

▪ Feeding areas

▪ Species at risk

▪ Many species are protected

Birds



▪ Types of bedrock

▪ Any sediment thin, thick or mobile 

▪ Types of seabed faunal turf

▪ Formed by common and widespread species 
or sensitive and rare species

▪ Sessile and mobile species

▪ Benthic and demersal species 

Benthic habitat



▪ Varying life history strategies

▪ Reef based

▪ Migratory 

▪ Many species 

▪ have legal protection

▪ have wide ranges and migration routes

▪ have defined sites of reproduction, protection of young, and 
feeding

▪ are of commercial importance

▪ Are important to the survival of fishing communities

Fish



Stressors



▪ The potential for marine animals to encounter and collide with 
tidal turbines, along with the biological, ecological, and 
regulatory consequences of any such interactions 

▪ Areas of uncertainty:

▪ Understanding of how animals interact with tidal turbines

▪ Understanding of damage that may be caused if an animal 
collided with a turbine

▪ Methods on how to monitor animals to reduce these 
evidence gaps

▪ There has been significant learning on this topic in recent 
years, but uncertainties still exist

Collision Risk

Source: OES Environmental, 2020



▪ Many marine animals rely on sound for biological 
functions.

▪ Marine energy devices as well as the vessels 
installing and maintaining them create noise in the 
marine environment

▪ There are many other sources of human created 
noise in the marine environment.

Underwater Noise

Source: OES Environmental, 2020



▪ All electrical cables emit 
electromagnetic fields

▪ Some marine animals can sense these 
fields because they use the naturally 
occurring geomagnetic fields for 
navigation and for finding prey

▪ Can attract or disturb animals 

▪ Underwater cables have been in the 
marine environment for many years-
telecommunications, grid connectors, 
power to offshore platforms etc. 

Electromagnetic fields (EMF)

Source: OES Environmental, 2020



▪ Loss/ disturbance of 
habitat

▪ Addition of hard structures

▪ Scour

▪ Colonisation

▪ Introduction of marine 
non-native species

▪ Artificial reef effect

Habitat Change

Source: OES Environmental, 2020. Expert Forum on Habitat Change. Due to be published on Tethys in September 2020



▪ Oceanographic processes:

▪ the flow of water

▪ the concentrations of dissolved gases and nutrients

▪ sediment transport forming and shaping coastlines 

▪ wave action

▪ local and basin-scale ocean currents

▪ temperature and salinity gradients

▪ the exchange of heat and dissolved gases at the air-water 
interface. 

▪ Removal of energy

▪ the nearfield

▪ the farfield

▪ No likely significant effects for single device projects or small 
array projects (2-3 devices)

Oceanographic changes

Source: OES Environmental, 2020



▪ Mooring lines, inter array cables & 
anchors

▪ Marine animals may become entangled or 
entrapped in them, or confused by their 
presence remains an issue of uncertainty

▪ These cables and lines do not have loose 
ends, loops or sufficient slack to create an 
entangling loop as does fishing gear

▪ Therefore considered highly unlikely that 
an entanglement event would occur

Entanglement

Source: OES Environmental, 2020



Addressing knowledge and 
evidence gaps



▪ Baseline data collection & post installation monitoring

▪ Should be fit for purpose and designed to answer specific 
questions being investigated

▪ Passive acoustic monitoring

▪ Active acoustic monitoring 

▪ imaging sonar

▪ Echsounders

▪ Video data collection

▪ Still photography

▪ Underwater and above surface video cameras

▪ Vantage point surveys/ Marine mammals observers

Monitoring & Research



▪ Challenges in addressing knowledge gaps

▪ Novel aspect and variety in wave and tidal 
energy technologies

▪ Often sites are remote with limited 
connectivity

▪ Highly energetic environments

▪ Cost

▪ Power

▪ Data mortgages

▪ Corrosion and biofouling

▪ Solutions

▪ Strategic research & collaboration

▪ Integrated monitoring systems

▪ Taking power from device

▪ Proportional risk management

Monitoring challenges & solutions

Source: Williamson et al., 2020. Hastie et al., 2020. Joslin et al., 2020



Key studies



Aims

1. Reduce scientific uncertainty around potential effects of operational
tidal current turbines on marine wildlife through an extensive review of
existing environmental monitoring data

2. Contribute to de-risking and reducing the cost of future environmental
monitoring activities through the collation and communication of key
technical lessons learned to date.

Development of an Ocean Energy Impact 
Monitoring System (DOEIMS)

Video monitoring data sample: interaction of bird with

an underwater camera mounted to a tidal turbine



Conclusions

▪ 36 x monitoring system recommendations

▪ Planning and design

▪ Data collection

▪ Review and analysis

• Continue collecting high quality underwater video data

• Manual visual analysis = time and resource considerations

• Progress to automated analysis software and processes

Development of an Ocean Energy Impact 
Monitoring System (DOEIMS)

Video monitoring data sample: interaction of bird with

an underwater camera mounted to a tidal turbine



▪ Seal tagging study (Onofriou et al., 2020 in prep)
▪ Seal distribution primarily driven by tidal dynamics

▪ Did not change with installation of the turbines

▪ Did change with operation of the turbines

▪ Seals are actively avoiding the turbines when they’re 
operating but continue to use the site during no-
operational periods.

▪ Overall, movement behaviour does not appear to be 
hindered by the presence of the turbines suggesting 
that pre-installation foraging sites have not been 
significantly obstructed

SMRU collision risk studies



▪ Harbour porpoises avoid operations tidal turbines (Palmer et al., not yet published)

▪ Passive acoustic methods for tracking the 3D movements of small cetaceans around marine 
structures (Gillespie et al., in review)

▪ Harbour porpoises exhibit localized evasion of tidal turbines (Gillespie et al., not yet published)

SMRU collision risk studies



▪ Operational noise assessment on 
Pelamis P2 at Billia Croo, EMEC

▪ Development of the methodology

▪ Conclusions: 

▪ Noise was within hearing range of 
most marine mammals

▪ Detectability of noise dependent on 
varying background noise 

▪ Shallow water ‘ambient’ noise is 
relatively poorly understood

Pelamis Wave Power; P2

https://tethys.pnnl.gov/publications/annex-summary-operational-underwater-noise-wave-energy-converter-system-emec-wave

https://tethys.pnnl.gov/publications/annex-summary-operational-underwater-noise-wave-energy-converter-system-emec-wave


▪ Surface monitoring of seabird behaviour at the Pelamis P2 
device (Jackson, 2014)

▪ Automated stills

▪ Data on tide, wave height and wind speed recorded

▪ Results:

▪ No presence of birds in February- March period

▪ Regular use of the machine for resting, roosting in 
May

▪ Weak negative correlation between presence of birds 
and wave height

▪ No correlation between presence of birds and tidal 
cycle 

▪ Successful, low cost methodology to monitor 
behaviour of birds around operational WECs

Pelamis Wave Power; P2

Arctic terns resting on the P2 machine

https://tethys.pnnl.gov/publications/riding-waves-use-pelamis-device-seabirds

https://tethys.pnnl.gov/publications/riding-waves-use-pelamis-device-seabirds


Habitat use by seabirds at a marine renewable wave energy test facility (Leesa et 
al., 2015)

▪ Kernel density estimates used 

▪ Baseline seasonal and interannual variation 

▪ Change as a result of WEC

▪ Results:

▪ High variation in baseline distribution

▪ Density at the mooring points of the device increased for certain 
species at certain times of year

▪ No avoidance behaviour or significant change in distribution recorded

Pelamis Wave Power; P2

https://tethys.pnnl.gov/publications/using-kernel-density-estimation-explore-habitat-use-seabirds-marine-renewable-wave

https://tethys.pnnl.gov/publications/using-kernel-density-estimation-explore-habitat-use-seabirds-marine-renewable-wave


Assessing the impact of man-made underwater noise from marine 
renewables in the Outer Hebrides (Ward, 2014)

▪ Baseline noise data collected 
▪ Construction (drilling) noise recorded during installation of device at 

EMEC
▪ Noise propagation model

Results:

▪ Low levels of noise generated, propagated short distances before 
falling below background noise level

▪ No likely fatality or hearing damage (permanent or temporary)

▪ Disturbance possible depending on background noise

▪Overall impact deemed to be negligible

Aquamarine Power; Oyster 800



▪ Key impact pathways for marine energy devices and the marine 
environment

▪ There are key receptors of these impacts that we must examine 
in detail

▪ There are challenges in monitoring these devices to gain a better 
understanding of these impacts

▪ Much work done, more to do

Conclusions
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