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Impacts of Noise on Marine Animals
• Most marine animals use sound for vital functions
• So far, around 150 marine species shown to be impacted by
underwater noise
• 47 species of marine mammals (Erbe et al. 2019)
• 66 species of fish (Weilgart 2018)
• 36 species of invertebrates (Weilgart 2018)

Impacts of Shipping Noise on Marine Animals
• Although there are other common underwater noise
sources, here we focus on shipping noise
• Can travel over large distances (1,000s of km) particularly
when directed downward into Deep Sound Channel
• Can propagate especially well in high latitude, cold water
areas
• Has altered the soundscape of most of the world’s oceans

Impacts of Shipping Noise on Marine Animals
• Development of larvae in fish and invertebrates
• Stress, changes in behavior in invertebrates, fish,
and marine mammals
• Masking of acoustic signals and reduction in
communication space
• Can worsen effects of other stressors
• Ecosystem and ecological services affected

Impacts of Shipping Noise on Fish and Invertebrates
Development
• Larval Atlantic cod had worse body condition and increased
predation
• Invertebrate larvae settled more and faster, increased
biofouling
• Vessel hull fouling responsible for 75% of invasive species brought in
by ships
• Costs U.S. Navy US$1 billion every year

Njin 2018

(Nedelec et al. 2015, Branscomb & Rittschof 1984, Wilkens et al. 2012, Jolivet et al. 2016,
McDonald et al. 2014, Stanley et al. 2014, McDonald et al. 2014)

Impacts of Shipping Noise on Fish and Invertebrates
Stress in Fish
• Cortisol increased
• Acute stress responses
• Change in blood chemistry, intense metabolic activity
• Biochemical changes (stress response)
• Dramatically higher heart rate
• Doubling of breathing rate

(Wysocki et al. 2006, Nichols et al. 2015, Buscaino et al. 2010, Celi et al. 2016, Graham &
Cooke 2008, Purser et al. 2016).

Impacts of Shipping Noise on Fish and Invertebrates
Stress in Invertebrates
• Higher metabolism and oxygen use
• Higher breaks in DNA
• Biochemical stress indicators

(Wale et al. 2013, 2016, Filicotto et al. 2014)

Impacts of Shipping Noise on Fish and Invertebrates
Behavior in Fish
• Impaired parental behavior and lower offspring
survival
• No or fewer eggs in nest
• Greater predation
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(Nedelec et al. 2017, Krahforst 2017, Picciulin et al. 2010, Simpson et al. 2016)

Impacts of Shipping Noise on Fish and Invertebrates
Feeding Behavior
Interrupted feeding, less feeding or foraging, lower
foraging success, fewer feeding attempts
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(Wale et al. 2013, Magnhagen et al. 2017, Bracciali et al. 2012, McLaughlin & Kunc 2015,
Payne et al. 2014, Voellmy et al. 2014, Gendron et al. 2020)

Impacts of Shipping Noise on Fish and Invertebrates
Behavior
• Distraction, inappropriate responses to predators or alarm
odors
• Uncoordinated, unstructured schooling
• Failed learning
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(Chan et al. 2010, Sarà et al. 2007,Ferrari et al. 2018, McCormick et al. 2018)
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Impacts of Shipping Noise on Fish and Invertebrates
Interactions with other stressors
• Worse neurotoxicity to cadmium
• Lower growth rate

(Shi et al. 2019, Charifi et al. 2018)

Noise Impacts on Ecosystem and Ecological Services
• Higher larval death rates
• Sea hares keep corals and algae in balance, graze on
toxic bacteria

• Disrupted orientation and larval settlement
• Could affect population welfare of reef fish

• DNA breaks and stress
• Mussels could not perform important ecological
service of water filtration

• Predator-prey interactions in fish
• Compromised food web dynamics and community
stability
(Nedelec et al. 2014, Simpson et al. 2010, Holles et al. 2013, Wale et
al. 2016, Sabet et al. 2015, Simpson et al. 2016)

Noise Impacts on Ecosystem and Ecological Services
• Less burying and water circulation in lobster burrows
• Clams showed stress response, stayed on top of the seabed, closed
valves

• Clams could not mix upper layers of sea floor and could not
feed
• Noise changed the nutrient cycling on the seabed
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(Solan et al. 2016)

Impacts of Shipping Noise on Marine Mammals
• Less bottom feeding effort in humpbacks
• Less clicks (foraging) in sperm whales
• Less foraging, changes in movement and breathing in
killer whales
• Less foraging movement in Blainville’s beaked whales over
5.2 km away from vessel
• Foraging efficiency down by > 50%, communication range
reduction to 1/5 in Cuvier’s beaked whales
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(Blair et al. 2016, Azzara et al. 2013, e.g. Lusseau et al. 2009, Williams et al. 2014, Pirotta
et al. 2012, Aguilar Soto et al. 2006)

Impacts of Shipping Noise on Marine Mammals
• Less foraging and vocalizations in harbor porpoise
• Interrupted feeding, avoidance, moving to deeper waters in
sirenians
• Change in dive pattern in seals
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(Wisniewska et al. 2018, Hodgson & Marsh 2007, Miksis-Olds et al. 2007, Mikkelsen et al.
2019, Burgess et al. 1998)

Impacts of Shipping Noise on Marine Mammals
• Belugas avoided icebreakers at 35–50 km (point of
detection), travelling up to 80 km away, remaining away for
1–2 days. Narwhals became motionless, sank, and fell silent
• Tankers in Arctic were modelled to be audible over 100 km
away, can affect behavior as far as 52 km away
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(Finley et al. 1990, Cosens and Dueck 1993, Halliday et al. 2017).

Impacts of Shipping Noise on Marine Mammals
• Change in call characteristics in fin whales, right whales, and
belugas
• Avoidance, less resting or socializing, changes in dive and
movement patterns, changes in vocalizations in dolphins
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(Castellote et al. 2012, Parks et al. 2007, 2009, 2011, Lesage et al. 1999, e.g. Lusseau et al.
2005, Guerra et al. 2014, Marley et al. 2017, Heiler et al. 2016)

Blue Whale Call Probability Increases With Ship Noise

From: Melcón et al. 2012
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• Blue whale foraging calls increased with ship noise
• Whales may be trying to overcome the noise
(Melcón et al. 2012).

Right Whales Stressed from Ship Noise

Yearly difference in fecal stress hormone levels post 9/11, with less
LF noise resulting from less ship traffic (Rolland et al. 2012); right whales
do not show a behavioral response to shipping noise (Nowacek et al. 2004).

Masking
The process by which the threshold of hearing for one
sound is raised by the presence of another (masking)
sound
Can prevent animals from:
• hearing prey or predators
• orienting, sensing the environment
• communicating with mates, group members, or
young

Masking and “Communication space”
Loss in whale communication range
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Before Noise

After Noise

• For baleen whales, communicating over long distances, it is
the area of sea that is most relevant, so a 6 dB reduction in
noise typically increases the communication area 4-fold.
• For schooling fish, communicating over short distances
within a 3-dimensional school, it is the volume of sea that is
most relevant, so a 6 dB reduction in noise typically
increases the communication space 8-fold.

Possible Indicator Species
Using the 63Hz and 125Hz Frequency Bands
• Monitoring in bands centred around
63Hz and 125Hz required under
MSFD as are a good indicator of
overall dominance of shipping noise
• Methods to assess impacts and GES
likely to use indicator species known
to be impacted;
• Indicator species known to use the
monitoring frequency bands are
particularly relevant e.g. fin whales
are a possible candidate in Northeast
Atlantic and Mediterranean

From Miller et al. 2021

How much is too much? What are we aiming for with
reductions in shipping noise?
Our own
experience.
Effects on human
health

Short term
displacement
from areas

Long term gaps
in distribution

Masking

Assess impacts on
individuals or local
populations
(including
synergistic effects
with other
stressors)

Assessment of
impacts on
populations

Impacts on prey

Effects on behaviour

Effects on physiology

Summary
• Around 150 marine species shown to be impacted by noise
• Shipping noise is often directed downward into Deep Sound Channel;
sound can propagate particularly efficiently in high latitude, cold
water environments
• Fish and invertebrates: worse body condition, changes in settling,
biofouling, increased stress, impaired reproduction and feeding,
increased predation, impaired schooling, masking, synergistic effects
with toxins
• Marine mammals: impaired feeding, change in behavior, dive
patterns, movement, vocalizations; avoidance, stress, masking
• Noise can change predator-prey interactions and community
structure, compromise food web dynamics and stability, and risk
ecosystem productivity and services

• Even a small reduction in noise can make a big difference to an
animals communication space and the overall number of animals
affected

