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Science report



1. Urge its Member States, Observer
countries, and the global society
to reduce the emission of carbon
dioxide as a matter of urgency.

2. Call for enhanced research and
monitoring efforts that expand
understanding of acidification
processes and their effects on Arctic
marine ecosystems and northern
societies that depend on them.

3. Urge its Member States to implement
adaptation strategies that address all
aspects of Arctic change, including
ocean acidification, tailored to local
and societal needs.

Recommendations:Policy report



Key finding 1
Arctic marine waters are experiencing
widespread and rapid ocean acidification

Iceland Sea pH

Extended from Olafsson et al., 2009

East Siberian Shelf omega 



Key finding 2
The primary driver of ocean acidification is 
uptake of carbon dioxide emitted to the
atmosphere by human activities

Adapted from Bellerby 2017. Nature Climate Change



Key finding 3
The Arctic Ocean is especially vulnerable to 
ocean acidification

• The Arctic has inherently low carbonate ion 
concentrations and low salinity.

• For one unit CO2 addition, the resultant 
reduction in pH and omega is larger than in 
other ocean oceans.

• Recipient of large amounts of anthropogenic 
carbon from the Atlantic and Pacific 

• Increasing land based carbon and freshwater 
inputs



Key finding 4
Acidification is not uniform across the Arctic 
Ocean

Reduction in bottom water pHT between 2010 and 2060

Wallhead et al., 2017



Key finding 5
Arctic marine ecosystems are highly likely to 
undergo significant change due to ocean
acidification

National Geographic Images.

Schlüter et al., 2014

https://www.nationalgeographic.com/news/2014/5/140502-ocean-snail-shell-dissolving-acidification-climate-change-science/


Key finding 6
Ocean acidification will have direct and 
indirect effects on Arctic marine life. 

Peter Thor



Key finding 7
Ocean acidification impacts must be assessed
in the context of other changes happening in 
Arctic waters

Adapted from Bellerby 2017. Nature Climate Change; AMAP, 2018 



Key finding 8
Ocean acidification is one of several factors
that may contribute to alteration of fish
species composition in the Arctic Ocean



Key finding 9
Ocean acidification may affect Arctic fisheries

There are contrasting risks 
for fisheries at the sector
and community level

Will have consequences
for social vulnerability



Key finding 10
Ecosystem changes associated with ocean
acidification may affect the livelihoods of
Arctic peoples

Changes in maximum catch potential of Western Canadian Arctic 
subsistence fisheries



It is recommended that the Arctic
Council

1. Urge its Member States, Observer countries, and the
global society to reduce the emission of carbon dioxide as 
a matter of urgency.

2. Call for enhanced research and monitoring efforts that
expand
understanding of acidification processes and their effects
on Arctic marine ecosystems and northern societies that
depend on them.

3. Urge its Member States to implement adaptation
strategies that address all aspects of Arctic change, 
including ocean acidification, tailored to local and societal
needs.



COP25, Cryosphere Pavilion, Monday 9th December 2019

Dr Helen Findlay
Plymouth Marine Laboratory, UK
Global Ocean Acidification - Observing Network (GOA-ON)
North East Atlantic – Ocean Acidification Hub (NEA-OA)

The impacts of ocean acidification on Arctic 
species and ecosystems



AMAP AOA 2018 Report

Darnis et al. 2012



74 /186 studies on OA are Arctic or sub-Arctic
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AMAP AOA 2018 Report

• OA has potential to drive change 
in marine systems

• Change from direct and indirect 
effects

• Likely to be great heterogeneity 
in responses

• Understanding mechanisms 
driving similarities and 
differences allows better 
prediction



Review of OA impacts

• Generally single-species 
experiments

• Big focus on calcifying species
• Varying responses

Update on Fish: of the top 29 ‘most 
landed’ fish in Arctic and sub-arctic, 
7 spp. have OA studies
11 studies: 8 –ve responses

3 neutral responses
Kroeker et al. 2013



Adapted from Turley & Findlay, 2016Trade-offs between processes if energy is limited

Energy matters…



Established arms

Findlay et al. 2011

Energy matters…

Amphiura: cost =
muscle wastage

Patella: cost = 
reduced growth

Mytilus: cost = 
reduced health

Semibalanus: cost = 
reduced growth



Melzner et al. (2011)

Increased energy (food supply) can overcome dissolution

Energy matters…

Low Food

High Food

High Food

Low Food

Will food supply increase in the Arctic?



Phytoplankton - Rhodomonas salina

Copepod - Acartia tonsa

Schoo et al. (2013)

Changes in food quality impacts herbivores

Interactions: Food quality feedbacks



Nilsson et al. (2012)

• Chemical cues can be impacted:
• Decrease predator avoidance and detection

Interactions: Predator – prey

Clownfish

Low pH
~60%

Ambient pH
~10%

Ambient 
~20%

Low pH
~35%

Pink Salmon

Ou et al. (2015)



Lewis et al. (2013)

Behaviour can dictate environmental experience

Natural variability: organism behaviour



Temperature
Dahlke et al. 2018

Multiple stressor impacts



Summary & Thank you!

Increased primary production
But shift is phytoplankton size structure

Changes in key secondary 
consumers, e.g. copepods

Changes in size of organisms, 
nutritional status

Direct impacts on fish early 
life stages, predator/prey 
interactions
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The effects of ocean acidification on 
Inuit communities

Lisa Koperqualuk 
Inuit Circumpolar Council – Canada

Monday 9 December 2019
UNFCCC COP25





Inuit Circumpolar Council

Utqiagvik Declaration 2018

Photo: ICC founder, the late Eben Hopson of Barrow, Alaska 
(https://www.inuitcircumpolar.com/about-icc/)

27. Direct ICC to facilitate the 
development of international Inuit 

protocols on the equitable and 
ethical utilization of Indigenous 

knowledge and engagement of Inuit 
communities to provide the 

guidance to international fora such 
as the Arctic Council. 

https://www.inuitcircumpolar.com/about-icc/
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Marine Region and 
Food Security

✤ Subsistence activities require 
healthy marine environments

✤ Physical, cultural and linguistic 
health is related to Inuit harvesting 
practices and environment

✤ Importance of protecting Arctic 
Marine Environment

✤ Photo: ARTIConnexion, cbc.ca

http://cbc.ca


Pikialasorsuaq: Inuit-led conservation



Knowledge infrastructure: SIKU Inuit knowledge wiki 
and social mapping platform



A group of Inuit, Qilalugarsiuvik, Little Whale River, 1865
Photo:  George Simpson McTavish, Library and Archives Canada. 



Qujannamiik - Nakurmiik - Ma’na - Qujanainni
Thank you - Merci



Arctic Ocean Acidification –
ecosystem services and socio-

economic risks
Arctic Monitoring and Assessment Programme (AMAP)

Rolf Rødven, Executive Secretary



The five case studies



Cod fisheries in the Barents Sea

• Acidification and warming
greatly increase juvenile
mortality

• Annual catch reduction:
900 000 tonn to 150 000
tonn

• Revenue: USD 285 mill to
37 mill USD



Ocean acidification risk assessment for 
Alaska’s fishery sector



Ocean acidification risk assessment for 
Alaska’s fishery sector



RECOMMENDATIONS

1. Urge the Arctic States, Observer states, 
and the international community to reduce 
emissions of greenhouse gases as a matter 
of urgency

2. Support enhanced research and monitoring 
efforts that expand understanding of ocean 
acidification processes, how they interact 
with other environmental stressors, the 
effects on Arctic marine ecosystems, and 
their subsequent socioeconomic impacts

3. Urge the Arctic States to implement 
strategies to help Arctic communities build 
greater resilience in the wider context of 
environmental, social and economic change 
in the Arctic, tailored to local and societal 
needs



THANK YOU
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