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Tipping Elements and Points – what are they?

Lenton et al. 2008 PNAS, Lenton 2013
IPCC SROCC 2019

Tipping Element: “large-scale component of the Earth 
system that may pass a tipping point”

Tipping Point: “a critical threshold at which a tiny 
perturbation can qualitatively alter the state or 
development of a system”

-”thresholds associated with rapid and abrupt changes 
even when the underlying forcing changes gradually”

The term first coined in social science (sociology) by 
Morton Grodzins in late 1950s – adopted from Physics
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Heinze et al. 2021
PNAS

Changes in 
compartments 
of the ocean

» Through external 
drivers or couplings 
between the 
compartements
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Major Climate-
Earth System 
Tipping Elements 
and Points
» Several tipping elements 

and points identified in the 
global climate-ocean 
system

Armstrong McKay et al. 2022
Science 7



Tipping elements, points, cascades 
– measurable, identifiable, predictable?

Martone et al. 2017, Selkoe et al. 2015 

» It is about more than one point, 
more than one compartment and 
more than one context!

» Studies of changes in multiple 
contexts, groups and functions 
have a better chance to identify & 
mechanistically characterise  
system-wide shifts

Hillebrand et al. 2023, Heinze et al. 2021
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Arctic biodiversity change in 
benthic and pelagic compartements

Change in functioning - coupling 
between sea surface and seafloor

Illustration: André Visser, Ecotip

Biological pump
Food web transfer
Pelagic-benthic coupling

Melting of ice (+ pollution, invasive species..)
Stratification 

Plankton community structure
Ecosystem functions

Nutrient input

Human systems

New sp. to fisheries:
Atlantic herring
Atlantic Mackerel

Catch data from East Greenland waters. ICES
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Tipping cascades 
in East Greenland

Heide-Jørgensen et al. Global Change Biology 2022
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Tipping cascades in East Greenland
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Reduced ice export 
from north

Warmer sea 
temperatures

Faster ice 
melting 

+

+

Drivers of change Ecological consequences
More access to 
coastal & shelf 

habitats for warm 
adapted spp.

+
Altered sp. 

distributions

New food web 
links and flows

+

Heide-Jørgensen et al. Global Change Biology 2023



Space-for-time can inform of a likelihood 
of a “tipping point”/regime shift:

Zooplankton community composition

Station
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The hypothesised changes for 
Arctic benthic systems:

Expect fish production to become more 
pelagic as climate changes: pelagic fish 
pathways which are favored in more stratifiied 
systems

Benthos: disruptions in benthic-pelagic coupling

Brown & Belt, 2012, Pol.Bio; Fadeev et al., 2021 Science.

Fig. Phoebe Armitage
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Spatial distribution of traits

There are clear
spatial patterns in 
functioning (traits) 

across fjord to 
slope habitats.

Slide orig. from Phoebe Armitage- ECOTIPArmitage et al. in prep. (Fredriksen et al. 2020) 14



Benthic-pelagic coupling in a system 
with little/no historical (baseline) data
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Prelim. analysis!



Lessons from the most studied 
system in the world
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Pecuchet et al. 2019 Ecography
Tomczak et al. 2022 Limnol. Oceanogr.  

Piecing together the puzzle: From a 
benthic to a pelagic state in 80 yrs. 80yrs 

Törnroos et al. 2019 Global Change Biology
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Can we learn from our sea & mistakes?

Blue Carbon production, 
export, and sequestration in 
emerging polar ecosystems

European Union’s Horizon Europe 
Research and Innovation Programme

(In GA agreement phase)

MARBEFES has received funding from 
the European Union's Horizon Europe 
research and innovation programme 
under Grant Agreement no 101060937



Summary

19

System-wide changes in the Arctic:
• Biological changes from microbes to whales identified.
• Hypothesised changes are already happening with drivers being 

both abiotic, biogeochemical (e.g. temperature, salinity) and 
biotic (food-web), all interlinked. 

• These changes already now affect local communities and will 
need management adaptations and policy decisions.

System-wide changes in the Baltic Sea:
• At a stage where biodiversity changes really hit home (fisheries)
• How to learn from this? Could holistic approach to identifying 

changes have helped (multiple taxon groups, multiple functions)? 
Can “tipping point” discussion be helpful to prevent it? à requires 
multidisciplinary collaborations.



Tack, Kiitos
Thank you for listening!

Contact: 
email: anna.m.tornroos@abo.fi
Twitter: @annatornroos
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